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Abstract
Early identification of hypertensive target organ damage (TOD) emerges as important for global cardiovascular risk assessment. Retinal vascular alterations, capillary rarefaction, and microalbuminuria represent different forms of microvascular
TOD. However, data regarding their concomitant presence in the early stages of hypertension, the association of the number
of affected organs with cardiovascular risk, and aldosterone effect on multiple TOD are lacking. We studied na€ıve, nevertreated patients with recent duration of hypertension and healthy volunteers. Innovative software was developed to estimate
retinal vascular diameters and capillary density. Biochemical parameters including microalbuminuria and serum aldosterone
were derived. Framingham Risk Score was used to determine cardiovascular risk. In total 103 subjects, 66 hypertensives and
37 normotensives, were included. Hypertensive patients exhibited a greater number of affected target organs compared with
normotensives (P ¼ .014), with retinopathy and capillary rarefaction (40.9%) representing the most common TOD among
hypertensives. The number of affected organs was linearly correlated with increased Framingham score and serum aldosterone, analyzed with univariate (P < .001 and P ¼ .002) and multivariate analysis (P ¼ .025 and P ¼ .004), respectively.
Physicians dealing with hypertensive patients should be aware of the possibility of diffuse microvascular impairment and
seek multiple TOD even in the early stages of hypertension. J Am Soc Hypertens 2014;8(8):542–549. Ó 2014 American
Society of Hypertension. All rights reserved.
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Introduction
Hypertension represents the leading cause of morbidity
and mortality worldwide, exerting its deleterious effects
through its cardiovascular complications. Given that
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hypertension has been acknowledged as the most important
reversible risk factor for cardiovascular diseases,1 early
identification of hypertensive target organ damage (TOD)
and assessment of global cardiovascular risk emerge as
extremely important in terms of life prolongation, qualityof-life improvement, and health-care resources sparing.
A well-promising concept for assessing global cardiovascular risk in hypertension is implementation of quantitative
microcirculation measures in everyday clinical practice.
Structural and functional changes in small vessels of the
retina, skin, and kidney are now considered inherent to hypertension. In particular, several qualitative and quantitative alterations, including arteriolar narrowing and decrease of the
arteriovenous ratio (AVR), are observed in the hypertensive
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fundus,2 and a decreased number of capillaries per area of
measurement, described as capillary rarefaction, is typically
observed in the skin.3 Both measures are used for the identification of structural changes of the microvasculature,
although increased excretion of albumin in urine is traditionally used as an early and reliable index of functional microvascular kidney damage in hypertension.4
Despite the mutual presence of hypertension and microvascular abnormalities, the prevalence of the previously
mentioned microvascular changes in the very early stages
of essential hypertension is not precisely known. Given
that hypertensive retinopathy, capillary rarefaction, and microalbuminuria have been identified as different forms of
TOD in hypertensive patients, estimation of their prevalence
compared with normotensives emerges as an unbridged gap
in the relevant literature. Recently, we showed for the first
time that quantitative, more accurately, measured retinal
vascular alterations are present even in untreated, otherwise
healthy, recently diagnosed hypertensives,5 but whether they
frequently coexist with capillary rarefaction and microalbuminuria and to what extent remains unknown.
Furthermore, although the predictive value of each microcirculation index (early-stage hypertensive retinopathy, microalbuminuria) in terms of cardiovascular morbidity and
mortality has been validated in several studies,6,7 not a single
study has so far addressed the hypothesis that accumulating
microvascular damage indicated by the previously mentioned
measures may as well denote increasing cardiovascular risk.
In addition, there is lack of data regarding the identification of potential factors inducing accumulation of multiple
microvascular organ damage. Whether activation of the
renin-angiotensin-aldosterone system, which is primarily
involved in the pathogenesis of hypertensive vascular disease, is associated with the development of multiple microvascular TOD, has not yet been addressed.
Of note, identification of microvascular TOD largely lies
on the development of the essential technology that will
allow the clinician to visualize retinal and skin vessels
routinely, rapidly, and non-invasively and obtain robust
microcirculation quantitative measures.
Therefore, the aim of the present study was to examine (1)
the prevalence of functional and structural microcirculatory
changes in early-stage hypertension compared with normotension, through the simultaneous investigation of the status
of small vessels of the kidney, eye, and skin; (2) whether
combined microcirculatory damage represents a predictor
of increased cardiovascular risk, estimated by the Framingham Risk Score (FRS), even in these early stages and long
before the development of cardiovascular complications;
and (3) whether an association exists between accumulating
microvascular damage and activation of the reninangiotensin-aldosterone system, in a group of meticulously
selected, na€ıve, never-treated, hypertensive patients and
normotensive individuals, confirmed by 24-hour ambulatory
blood pressure monitoring (ABPM).
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Methods
Participant Characteristics
Consecutive patients attending the Hypertension Unit
of the 2nd Propedeutic Department of Internal Medicine,
Aristotle University, Thessaloniki, were included in the
study. All subjects were Caucasian and gave written
informed consent. The study was approved by the ethics
committee of our University and was conducted in accordance with the principles of the Helsinki declaration. Participants had never been treated with antihypertensive agents
and had no other known health problems. Only patients
with recent appearance of hypertension (blood pressure
[BP] measurement within normal limits during the previous
year) were included. The group of normotensives was recruited from subjects admitted for regular check-up. Patients
with secondary causes of hypertension and other comorbidities, such as diabetes or dyslipidemia, verified by their medical history or diagnosed through medical examination and
laboratory tests, were excluded.

BP Measurements
After 10 minutes of rest, office BP (oBP) was measured
using standard methodology and was determined as the
mean of the second and third value of three consecutive
BP recordings taken at a 2-minute interval. Hypertension
was defined as oBP >140/90 mm Hg according to guidelines.8,9 ABPM was then performed using a SpaceLabs
90,207 device according to a standard protocol. BP was
measured at 15-minute intervals during a usual working
day and 30-minute intervals during the night. Only
ABPM assessments that achieved a minimum of 70% of
successful readings were regarded as technically sufficient.
Only patients with true hypertension (oBP140/90 mmHg
and ABPM135/85 mmHg) or confirmed normotension
(oBP<140/90 mmHg and ABPM<135/85 mmHg) participated in the protocol.9

Microcirculation Assessment
Retinal Photography and Analysis
All patients underwent bilateral, nonmydriatic digital
fundus photography using a NIDEK AFC-230/210 camera.
Two photographs were obtained from each eye, and the best
one was examined by a trained grader masked to the subjects’ identity and BP group assignment.
To achieve retinal vessel measurement and analysis,
semiautomated computer software was developed by our
hypertension unit and the Institute of Computer Science,
Foundation for Research and Technology–Hellas. Retinal
photographs were assessed according to a standard protocol, which has been described in detail elsewhere.5,10,11
The measurement area was defined as the area from one
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half to one disc diameter from the optic disc margin. Parr
and Hubbard formulas, as modified in the Atherosclerosis
Risk in Communities protocol12 were calculated automatically to summarize indices of the average retinal arterioral
and vascular diameters, referred to as the central retinal
artery (CRAE) and central retinal vein equivalent, respectively,12,13 and their ratio (AVR ¼ CRAE/central retinal
vein).

Capillaroscopy Photography and Analysis
All participants were examined with nailfold capillaroscopy (DS Medica, Milan, Italy—200 magnification).
A semiautomated software, for the detection and measurement of the capillaries in each image, was developed by our
hypertension unit and Foundation for Research and Technology–Hellas.14
The software was comprised by a measurement module
and a graphical user interface module. The measurement
module segments the input image and detects capillaries.
The user interface provides methods for the automatic and
interactive measurement of capillaries at regions of interest.
In addition, it provides methods for editing the obtained
capillary representation to correct segmentation errors.
The best two microscopic images were chosen and examined by a grader masked to the subjects’ identity and BP group
assignment. At least two measurements from each participant
were analyzed semiautomatically by a trained operator. Intraclass correlation coefficient for a set of 20 patients was 0.951
(with 95% confidence intervals, 0.859–0.983).

Biochemical Measurements
The determination of microalbuminuria was made by
immunoturbidimetric method in samples of 24-hour urine
collection, which is considered the most reliable method
of microalbuminuria estimation.15 Microalbuminuria was
defined as an albumin excretion rate between 30–300 mg/
24 h.
Plasma renin activity (PRA; ng/mL/h) and serum aldosterone (ng/dL) levels were estimated with radioimmunoassay.
Patients rested in the supine position for 2 hours before blood
sampling, which was performed in the morning between 8
and 10 AM.

Framingham Risk Score
FRS was calculated using the Wisconsin calculator based
on age, sex, smoking, diabetes, BP, and cholesterol level.16
Information was applicable only for the ages 30–74.

Statistical Analysis
Analysis was performed using the Statistical Package for
Social Sciences (SPSS) 19. Student t or Mann–Whitney
test was used to estimate differences between mean values

between two groups and analysis of variance (ANOVA),
with Bonferroni multiple comparisons test, between more
than two groups. Analysis of qualitative variables was
made by chi-square or Kendall’s t b test when the categories were more than two. Correlation coefficients were
calculated with Pearson and Spearman rank tests. To
explore the relationship between the number of microcirculation TOD forms and aldosterone, while controlling for
other covariates, we applied multivariate linear regression
analysis. For retinal and capillary parameters, the lower tertile of a population consisting of 250 otherwise healthy,
except for the high BP (data not yet published), individuals
were considered as normal values. Intrarater probability
was calculated with intraclass correlation coefficient.
Where needed to transform a non-to-normal distribution,
we used the logarithmic mean of the parameter. A probability value of P  .05 was considered statistically
significant.

Results
In total, 103 subjects with a mean age of 41.8  11.2 years
were included in the study. According to their office and
ABPM, 66 participants were classified as hypertensives
and 37 comprised the normotensive–control group. Baseline
demographic and clinical characteristics of the study population are depicted in Table 1.

Prevalence of Different Microcirculation TOD in
Hypertensive and Normotensive Individuals
Prevalence of TOD per BP status is depicted in Figures 1
and 2. Hypertensive patients exhibited a significantly greater
number of affected organs compared with normotensives
(P ¼ .014). Only 27.3% of hypertensive patients were free
from any form of microvascular organ damage, compared
with 48.6% of normotensives (Figure 1). Compared with
normotensives, hypertensive patients exhibited higher rates
of early-stage hypertensive retinopathy (40.9% vs. 10.8%;
P ¼ .001), capillary rarefaction (40.9% vs. 27%; P ¼ .05),
and microalbuminuria (28.0% vs. 19.5%; P ¼ .685). It
should be noted that none of our patients exhibited progressive (stage III & IV) retinopathy signs (retinal hemorrhages,
cotton wool spots etc). Presence of multiple (at least two
different of the previously mentioned forms) microvascular
damage was observed in 30.3% of hypertensive patients,
compared with only 5% of normotensives individuals
(P ¼ .003).

Association Between the Number of Affected
Target Organs and Cardiovascular Risk
Estimated by the FRS
Increase in the number of microcirculatory TOD was linearly correlated with increased Framingham score (Spearman
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Table 1
Baseline characteristics of the study population
Characteristic

Overall (n ¼ 118)

Hypertensives (n ¼ 77)

Normotensives (n ¼ 41)

P Value

Age, years
BMI, Kg/m2
Smoking (% yes)
SBP, mm Hg
DBP, mm Hg
24h SBP, mm Hg
24h DBP, mm Hg
Day SBP, mm Hg
Day DBP, mm Hg
Night SBP, mm Hg
Night DBP, mm Hg
Total cholesterol (mg/dL)
LDL (mg/dL)
Plasma renin activity (ng/mL/h)
Aldosterone (ng/dL)

42.9  11.6
27.2  4.3
39.5
138.8  19.4
88.0  13.7
131.2  14.9
83.0  11.1
136.7  15.5
87.4  11.1
118.8  15.6
73.2  11.8
186.1  28.8
114.7  28.6
0.51 (0.01–4.96)
10.4 (2–34)

43.3  11.4
27.7  4.1
41.6
149.9  13.8
94.8  10.8
139.7  10.3
88.5  9.3
145.6  10.4
92.9  9.3
126.8  12.6
78.2  11.1*
200.9  39.1
128.7  32.2
0.93 (0.01–4.96)
12.5 (2–34)

42.4  11.9
26.1  4.7
35.1
118.1  9.4
75.4  8.8
115.5  7.7
72.8  5.3
120.2  7.7
77.2  5.4
104.3  8.5
64.6  6.5
187.9  32.9
111.2  40.2
0.82 (0.01–2.90)
7.5 (2.2–27.4)

.434
.112
.511
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
.396
.228
.661
.004

BMI, body mass index; DBP, diastolic blood pressure; LDL, low density lipoprotein; SBP, systolic blood pressure.

test; r ¼ 0.358, P < .001), and individuals with multiple TOD
exhibited higher FRS (ANOVA test; P < .001), as depicted in
Figure 3. Moreover, both early-stage hypertensive retinopathy (estimated by CRAE) and capillary rarefaction (estimated by the mean density of capillaries) were negatively
correlated with Framingham score (r ¼ 0.295, P ¼ .002
and r ¼ 0.204, P ¼ .038, respectively), whereas the same
correlation was not observed with microalbuminuria
(r ¼ 0.078, P ¼ .435).
In the multiple linear regression model, Framingham
score was associated with the number of affected organs
independently of other variables including age, smoking,
body mass index, office and ambulatory BP, and aldosterone levels (P ¼ .025).

Interaction Between Microcirculatory Damage
and the Renin Angiotensin Aldosterone System
Aldosterone levels were increasing (Figure 4) and linearly correlated (r ¼ 0.358, P < .001) in accordance with
the number of microcirculatory TOD. On the contrary,
PRA was not significantly associated with the number of
affected organs in our population (r ¼ –0.032, P ¼ .785;
ANOVA P ¼ .949). Likewise, PRA-to-aldosterone ratio
did not differ significantly according to the microcirculatory organ damage (r ¼ 0.187, P ¼ .107; ANOVA
P ¼ .702).
Multiple linear regression analysis revealed that aldosterone remained a significant predictive factor of the number

Figure 1. Concomitant presence of
different forms of target organ damage
per hypertension status. Microalbuminuria is defined as 24 h urinary albumin
excretion 30 mg/dL, retinopathy is
defined as the smallest tertile of central
retinal arterial equivalent, and capillary
rarefaction is defined as the smallest
tertile of capillary number per visual
field. On the side of the columns the
percentages of the specific type of damage according to the number of affected
organs are depicted. The test of statistical significance was made by chisquare test.
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Figure 2. Prevalence of different forms
of microcirculation target organ damage
in hypertensive and normotensives participants. Microalbuminuria is defined
as 24 h urinary albumin excretion
30 mg/dL, retinopathy is defined as
the smallest tertile of central retinal arterial equivalent, and capillary rarefaction
is defined as the smallest tertile of capillary number per visual field.

of microcirculatory TOD after adjustment for other variables (P ¼ .004; Table 2).

Discussion
To our knowledge, this is the first study investigating the
concomitant presence of different forms of microvascular
TOD, both structural (capillary rarefaction, impaired retinal
diameter calibers) and functional (microalbuminuria), in a
series of ‘‘na€ıve’’, never-treated, true, hypertensive patients
with only recently established hypertension, compared with
their normotensive healthy individuals. This was achieved

Figure 3. Cardiovascular risk score according to microcirculation TOD.

using easily applicable in the everyday clinical setting
methods and specifically developed technology that allows
rapid, noninvasive visualization of retinal and skin vessels.
We thus managed to show that even in the very early stages
of arterial hypertension (within just 1 year of elevated BP),
the majority of hypertensive patients (72.7%) already
exhibit one or more forms of the examined microvascular
organ damage.
Of the examined target organs, the skin and the retina
appear to be mostly affected by high BP even in the very
early stages of essential hypertension. The deleterious effects of hypertension on retinal microcirculation are overt
in 40.9% of hypertensive population compared with only

Figure 4. Aldosterone levels according to microcirculation
TOD.

A. Triantafyllou et al. / Journal of the American Society of Hypertension 8(8) (2014) 542–549

547

Table 2
Multiple linear regression models of microcirculation TOD
Number of Microcirculatory TOD-Adjusted R Square ¼ 0.204, R Square ¼ 0.254, P < .001

Age (years)
Smoking
BMI (Kg/m2)
Office BP (DBP; mm Hg)
Ambulatory BP (night SBP; mm Hg)
Framingham Risk Score
Aldosterone (ng/dL)

Stand. C

LB (95% CI)

UB (95% CI)

P Value

0.117
0.060
0.095
0.00
0.150
0.287
0.273

0.023
0.360
0.015
0.012
0.003
0.005
0.012

0.008
0.180
0.047
0.010
0.017
0.076
0.061

.340
.511
.309
.851
.151
.025
.004

BMI, body mass index; BP, blood pressure; CI, confidence intervals; DBP, diastolic BP; LB, lower bound; SBP, systolic BP; Stand. C,
standardized coefficient; TOD, target organ damage; UB, upper bound.

10.8% of normotensives (P ¼ .001), whereas capillary rarefaction affects 40.9% of hypertensives and represents the
most frequently encountered form of microvascular impairment in normotensive individuals (27%). The increased frequency of capillary rarefaction in hypertensive patients may
be at least partially explained by the fact that capillary rarefaction often precedes the development of hypertension17,18
as also implied by the increased portion of normotensives
exhibiting this particular TOD (Figure 2). Microalbuminuria followed the same pattern of increased prevalence
among hypertensives (28.0% vs. 19.5%), although it did
not reach statistical significance, possibly due to sample
size. In addition, prevalence of multiple organ damage (at
least two of the previously mentioned forms) was observed
in 30.3% of hypertensive patients, compared with a minimum of 5.0% of normotensive individuals (P ¼ .003).
We attempted to approach the microvasculature in essential
hypertension because the biological basis of hypertensioninduced TOD lies on both functional and structural alterations
in the small arteries, arterioles, and capillaries. Abnormal
regulation of vasomotor tone, resulting in increased vasoconstriction or impaired vasodilation, may underlie microvascular
changes in the background of hypertension. Structural alterations have also been found to contribute to hypertensionrelated TOD, both in precapillary resistance vessels resulting
in increase in wall-to-lumen ratio and subsequent arteriolar
lumen narrowing (which may be quantitatively measured
with CRAE and AVR), and at the level of capillary network,
through a reduction of their density within a given vascular
bed (rarefaction).19 The latter may be quantitatively assessed
with nailfold capillaroscopy in the skin in the dorsum of the
fingers, where it is mainly perceived as a result of anatomic
rather than functional rarefaction.3 On the other hand, microalbuminuria is considered an index of functional microvascular injury, with several mechanisms (including endothelial
dysfunction and impaired metabolic profile) implicated in its
development.20
Through the previously mentioned microvascular abnormalities, microcirculation represents a major player in the
dynamic process of vascular resistance control. Evidence

suggests that microcirculatory changes may initiate, maintain, or amplify high BP through increase of peripheral
vascular resistance, although the pathogenic sequence is
traditionally considered reverse.21 Other than affecting
resistance, the cellular delivery of nutrients and oxygen
may be impaired by microvasculature abnormalities, thus
contributing to hypertensive end-organ damage. This may
explain why the previously described microvascular lesions
(retinal arteriolar narrowing, capillary rarefaction in the
skin, microalbuminuria) may be observed in normotensive
individuals as well, often preceding hypertension. Overall,
it seems that microvascular abnormalities are both a cause
and consequence of high BP.22 Either way, the great challenge lies on understanding the clinical significance of
microcirculatory abnormalities, which are easily detectable
and quantified even at early stages by use of appropriate
tools, rather than identification of the direction of the previously mentioned association.
Although further research is warranted toward this direction, the clinical interpretation of the findings of the present
study could be of critical importance. The predictive value
of mild hypertensive retinopathy and microalbuminuria in
terms of cardiovascular morbidity and mortality has been
verified in several studies.6,23,24 Of equal or even greater
significance, we showed that the concomitant presence of
mild retinopathy, and/or microalbuminuria, and/or capillary
rarefaction, reflected by the number of the affected organs,
is linearly correlated with increased FRS (Figure 3) and aggravates a subject’s cardiovascular risk profile, even after
adjustment for other parameters (Table 2). Therefore, identification of multiple TOD with intelligent software may
denote higher risk for subsequent development of cardiovascular disease. Identification of either hypertensive
retinopathy or capillary rarefaction was significantly associated with increased FRS (P ¼ .002 and P ¼ .038, respectively), while the same correlation was not observed with
microalbuminuria. Because microalbuminuria was the less
frequently encountered form of microvascular organ damage in our population, it could be assumed that microalbuminuria develops in the progression of hypertension,
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suggesting that mild hypertensive retinopathy and capillary
rarefaction might represent earlier markers (within only one
year of hypertension duration) of TOD and subsequent cardiovascular risk stratification. Either way, clinicians should
be alert for the possibility of patients with multiple TOD,
who might represent a significant portion even in the newly
diagnosed hypertensive population (30.3% in our study), to
decelerate its progression and identify those with a worse
cardiovascular risk profile. Whether aggressive treatment
of hypertension aiming at the reversal of the examined
microvascular damage would lead to cardiovascular risk
reduction, remains to be investigated in future studies.
Although hypertensive vascular disease has been traditionally conceived as a result of altered hemodynamics,
several factors are now implicated in the development of
adverse structural and functional changes within the vessel
wall under the continuous effect of high BP. Of them, aldosterone has been shown to exert a direct effect on the cardiovascular system, mediating myocardial fibrosis and the
accumulation of collagen fibers and growth factors in the
arterial wall, eventually leading to remodeling of hypertensive vessels, vascular injury, and TOD.23 We showed for the
first time that aldosterone levels significantly and linearly
correlate with the number of the affected organs. In addition,
aldosterone was identified as a significant predictor of the
number of affected organs even after adjustment for other
factors. Our results suggest that aldosterone-mediated effects may play a prime role in the development of multiple
TOD in the early stages of essential hypertension.
There are significant strengths in the present study. First,
the meticulous selection of our study population (na€ıve,
otherwise healthy, never-treated hypertensive patients with
hypertension onset within a year confirmed by 24-hour
ABPM, and healthy volunteers) allows the assessment of
net BP effect on target organs, independently of other cardiovascular risk factors and diseases. Most importantly,
innovative software for microcirculation assessment was
developed and applied. Easy and prompt applicability of
such noninvasive methods in everyday clinical practice is
a prerequisite for the conduction of large studies investigating the impact of microvascular alterations on the cardiovascular system and their subsequent wide use within the
clinical setting. Available data regarding the prevalence of
early-stage hypertensive retinopathy and capillary rarefaction in newly diagnosed hypertensives are scarce or even
nonexistent, although we found those to be the most prevalent forms of microvascular organ damage among hypertensive patients, associated with a worse cardiovascular profile.
A limitation of our study is that the prevalence of any TOD
was influenced by the cutoff values used to define TOD in a
categorical way. Because the software used to quantitatively
assess retinal and capillary vasculature varies in different
studies and no large population databases have been studied
with the purpose of determining cutoff limits, there is no
consensus regarding normal values of nailfold capillaries

per visual field or retinal caliber diameters. We therefore
used a population consisting of 250 hypertensive and normotensive, otherwise healthy individuals, to define the lower
tertile for retinal and capillary parameters as normal values.
Using the previously mentioned cutoff values, we did find a
relatively increased prevalence of hypertensive retinopathy
(10.8%) and capillary rarefaction (27%).
Although available data regarding precise prevalence of
the previously mentioned microvascular organ damage in
healthy, normotensive individuals are extremely scarce,
our findings are in accordance with other studies showing
that microvascular organ damage24–26 may be present in a
nonnegligible portion of normotensive groups as well.
Future, large-scale studies are warranted to determine
normal values for the addressed parameters per age, sex,
and BP status. Presence of such microvascular abnormalities in normotensive individuals might imply a predisposition to hypertension, as has already been suggested in
previous studies.25,27 Identifying the hypertension-prone individuals from the normotensive pool using their baseline
microvasculature status would be of paramount clinical significance, but requires a prospective design and was beyond
the scope of our study.

Conclusions
We showed that newly diagnosed patients with recent
onset of hypertension exhibit a significantly greater number
of affected target organs compared with normotensives,
with early-stage hypertensive retinopathy and capillary
rarefaction being the most common forms of TOD among
hypertensives compared with their normotensive counterparts. Accumulation of multiple microvascular TOD was
associated with an aggravated cardiovascular risk profile,
underlining the significance of quantifying and revealing
TOD (by fundoscopy and capillaroscopy), even at the
very time of the establishment of hypertension diagnosis.
Aldosterone levels correlated with and significantly predicted the number of microcirculation TOD even after
adjustment for other variables, highlighting its detrimental
effects on the arterial wall. Physicians dealing with the hypertensive patient should be aware of the possibility of
diffuse microvascular impairment and seek multiple TOD
even in the early stages of hypertension, to apply appropriate treatment and decelerate its progression toward cardiovascular disease.

References
1. Kearney PM, Whelton M, Reynolds K, Muntner P,
Whelton PK, He J. Global burden of hypertension:
analysis of worldwide data. Lancet 2005;365:217–23.
2. Porta M, Grosso A, Veglio F. Hypertensive retinopathy:
there’s more than meets the eye. J Hypertens 2005;23:
683–96.

A. Triantafyllou et al. / Journal of the American Society of Hypertension 8(8) (2014) 542–549

3. Antonios TF, Singer DR, Markandu ND, Mortimer PS,
MacGregor GA. Structural skin capillary rarefaction in
essential
hypertension.
Hypertension
1999;33:
998–1001.
4. van d V, Halbesma N, de Charro FT, Bakker SJ, de ZD,
de Jong PE, et al. Screening for albuminuria identifies
individuals at increased renal risk. J Am Soc Nephrol
2009;20:852–62.
5. Triantafyllou A, Doumas M, Anyfanti P,
Gkaliagkousi E, Zabulis X, Petidis K, et al. Divergent
retinal vascular abnormalities in normotensive persons
and patients with never-treated, masked, white coat hypertension. Am J Hypertens 2013;26:318–25.
6. Redon J, Liao Y, Lozano JV, Miralles A, Baldo E,
Cooper RS. Factors related to the presence of microalbuminuria in essential hypertension. Am J Hypertens
1994;7:801–7.
7. Sairenchi T, Iso H, Yamagishi K, Irie F, Okubo Y,
Gunji J, et al. Mild retinopathy is a risk factor for cardiovascular mortality in Japanese with and without hypertension: the Ibaraki Prefectural Health Study.
Circulation 2011;124:2502–11.
8. Chobanian AV, Bakris GL, Black HR, Cushman WC,
Green LA, Izzo JL Jr, et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension 2003;42:1206–52.
9. Mancia G, Fagard R, Narkiewicz K, Redon J,
Zanchetti A, Bohm M, et al. 2013 ESH/ESC Guidelines
for the management of arterial hypertension: The Task
Force for the management of arterial hypertension of
the European Society of Hypertension (ESH) and of
the European Society of Cardiology (ESC). Eur Heart
J 2013;34:2159–219.
10. Karamaounas P, Manikis G, Zabulis X. Retinal Images
Analyzer. Institute of Computer Science-FORTH: Heraklion Greece, 2011: Technical Report 416. Available
at: www.ics.forth.gr/tech-reports/2011/2011.TR416_
Retinal_Images_Analyzer.pdf.
11. Manikis G, Sakkalis V, Zabulis X, Karamaounas P, Triantafyllou A, Douma S et al. An image analysis framework
for the early assessment of hypertensive retinopathy signs.
Paper presented at: International Conference on e-Health
and Bioengineering, Iasi Romania, 24–26 November
(Best conference paper award) (http://www.ics.forth.gr/
wzabulis/EHB11_Retina_Analysis.pdf). 24-11-2011.
12. Hubbard LD, Brothers RJ, King WN, Clegg LX,
Klein R, Cooper LS, et al. Methods for evaluation
of retinal microvascular abnormalities associated with
hypertension/sclerosis in the Atherosclerosis Risk
in Communities Study. Ophthalmology 1999;106:
2269–80.

549

13. Parr JC, Spears GF. General caliber of the retinal arteries expressed as the equivalent width of the central
retinal artery. Am J Ophthalmol 1974;77:472–7.
14. Karamaounas P, Zabulis X. Capillaroscope. Heraklion
Greece: Institute of Computer Science-FORTH; 2011.
Technical Report 417. Available at: http://users.ics.
forth.gr/wzabulis/2011.TR417_Capillaroscope.pdf.
15. American Diabetes Association. Diabetic nephropathy.
Diabetes Care 2000;23(Suppl 1):S69–72.
16. Wilson PW, D’Agostino RB, Levy D, Belanger AM,
Silbershatz H, Kannel WB. Prediction of coronary
heart disease using risk factor categories. Circulation
1998;97:1837–47.
17. Feihl F, Liaudet L, Waeber B, Levy BI. Hypertension: a
disease of the microcirculation? Hypertension 2006;48:
1012–7.
18. Antonios TF, Singer DR, Markandu ND, Mortimer PS,
MacGregor GA. Rarefaction of skin capillaries in
borderline essential hypertension suggests an early
structural abnormality. Hypertension 1999;34:655–8.
19. Levy BI, Ambrosio G, Pries AR, Struijker-Boudier HA.
Microcirculation in hypertension: a new target for treatment? Circulation 2001;104:735–40.
20. Garg JP, Bakris GL. Microalbuminuria: marker of
vascular dysfunction, risk factor for cardiovascular disease. Vasc Med 2002;7:35–43.
21. Cohuet G, Struijker-Boudier H. Mechanisms of target
organ damage caused by hypertension: therapeutic potential. Pharmacol Ther 2006;111:81–98.
22. Struijker-Boudier HA, Rosei AE, Bruneval P,
Camici PG, Christ F, Henrion D, et al. Evaluation of
the microcirculation in hypertension and cardiovascular
disease. Eur Heart J 2007;28:2834–40.
23. Duprez DA. Aldosterone and the vasculature: mechanisms mediating resistant hypertension. J Clin Hypertens (Greenwich) 2007;9:13–8.
24. Antonios TF, Rattray FM, Singer DR, Markandu ND,
Mortimer PS, MacGregor GA. Rarefaction of skin capillaries in normotensive offspring of individuals with
essential hypertension. Heart 2003;89:175–8.
25. Ding J, Wai KL, McGeechan K, Ikram MK,
Kawasaki R, Xie J, et al. Retinal vascular caliber and
the development of hypertension: a meta-analysis of individual participant data. J Hypertens 2014;32:207–15.
26. Jones CA, Francis ME, Eberhardt MS, Chavers B,
Coresh J, Engelgau M, et al. Microalbuminuria in the
US population: third National Health and Nutrition Examination Survey. Am J Kidney Dis 2002;39:445–59.
27. Wang TJ, Evans JC, Meigs JB, Rifai N, Fox CS,
D’Agostino RB, et al. Low-grade albuminuria and the
risks of hypertension and blood pressure progression.
Circulation 2005;111:1370–6.

