
Correspondence
The association between fatty liver
disease and blood pressure in a
population-based cohort study

Katharina Lau, Roberto Lorbeer, Robin Haring,
Carsten O. Schmidt, Henri Wallaschofski,
Matthias Nauck, Ulrich John, Sebastian E.
Baumeister, and Henry Völzke
I
n our recently published paper in the Journal of
Hypertension [1] we investigated the cross-sectional
and longitudinal association of fatty liver disease

(FLD) with blood pressure (BP) and hypertension in a
general population cohort. Furthermore, we analyzed the
specific contribution of alcohol consumption to this
association. We drew four main conclusions: first, FLD
as evidenced by liver hyperechogenicity and increased
serum alanine aminotransferase (ALT) levels is associated
with BP-related variables and hypertension at baseline.
Second, FLD predicts the progression of BP and the
development of hypertension after 5 years. Third, alcohol
consumption has a minor contribution to the association of
FLD with BP-related variables and hypertension. Fourth, the
findings emphasize the necessity to implement liver
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 1. Association between baseline fatty liver disease and blood pr

US� and ALT�
(N¼1912)

US

SBP; mmHg 132.6 (131.7–133.4) 132.

DBP; mmHg 81.2 (80.8–81.7) 80.

Incident increased SBP (�140 mmHg)a Ref. 1.

Incident increased DBP (�90 mmHg)a Ref. 0.

Incident hypertensionb,a Ref. 0.

ALT levels above the 75th percentile were considered increased. ALT, alanine aminotransferase;
�P<0.05 compared with individuals without hyperechogenic liver pattern and without increase
increased SBP, incident increased DBP and incident hypertension. Models were adjusted for age
consumption and the use of antihypertensive medication. Analyses of covariance were addition
confidence interval) or odds ratio (95% confidence interval).
aPatients with prevalent disorder at baseline were excluded from analyses.
bNot in the model for hypertension, because antihypertensive medication was included in the o

TABLE 2. Association between baseline fatty liver disease and blo
individuals without antihypertensive medication (n¼2151)

US� and ALT�
(N¼1432)

US

SBP; mmHg 128.0 (127.2–128.8) 127.

DBP; mmHg 80.3 (79.9–80.8) 79.

Incident increased SBP (� 140 mmHg)a Ref. 1.

Incident increased DBP (�90 mmHg)a Ref. 0.

Incident hypertensiona Ref. 0.

ALT levels above the 75th percentile were considered increased. ALT, alanine aminotransferase;
�P<0.05 compared with individuals without hyperechogenic liver pattern and without increase
increased SBP, incident increased DBP and incident hypertension. Models were adjusted for age
consumption. Analyses of covariance were additionally adjusted for blood pressure at baseline.
confidence interval).
aPatients with prevalent disorder at baseline were excluded from analyses.
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ultrasound in routine medical care to detect FLD if ALT levels
are elevated.

Due to two errors in our analyses we have to withdraw
the second and fourth conclusion. First, we mistakenly did
not adjust for BP measurement at baseline or excluded
prevalent cases at baseline. Therefore, no proper inferences
were possible on any progression of BP and incident
hypertension. Second, due to an error in the analysis
syntax, an incomplete subset of individuals was included
in regression models. We re-analyzed our data using
appropriate methods. All corrected tables are displayed
below.

Whereas higher BP values and higher odds ratios for
increased systolic BP, increased diastolic BP and hyperten-
sion in longitudinal analyses were observed among indi-
viduals with FLD as evidenced by liver hyperechogenicity
and increased ALT levels compared to individuals without
FLD, all effect sizes were small (Tables 1 and 2). The only
statistically significant associations concerned diastolic BP
in the whole study population (Table 1) and systolic BP in
the subgroup of individuals not receiving antihypertensive
medication (Table 2). In this subgroup, the association of
FLD with diastolic BP was borderline significant (P¼ 0.08).
Although these results give some support to our hypothesis
that FLD is associated with progression of BP and incident
hypertension, we cannot maintain our previous conclusion
that FLD is a strong risk factor for the progression of BP over
horized reproduction of this article is prohibited.

essure-related variables at follow-up in the total sample (n¼3210)

� and ALTþ
(N¼342)

USþ and ALT�
(N¼492)

USþ and ALTþ
(N¼464)

0 (130.3–133.8) 132.6 (131.0–134.1) 134.2 (132.5–135.9)

4 (79.4–81.5) 81.2 (80.4–82.1) 82.4 (81.4–83.4)�

2 (0.7–1.8) 0.9 (0.6–1.4) 1.3 (0.8–2.0)

9 (0.5–1.4) 0.8 (0.5–1.3) 1.0 (0.8–1.6)

7 (0.4–1.2) 1.0 (0.6–1.7) 1.2 (0.7–2.2)

US, ultrasound.
d ALT levels. Analysis of covariance for SBP and DBP; logistic regression for incident
, sex, waist circumference, body mass index, diabetes mellitus, mean daily alcohol
ally adjusted for blood pressure at baseline. Data are given as adjusted mean (95%

utcome definition.

od pressure-related variables at follow-up in the subgroup of

� and ALTþ
(N¼250)

USþ and ALT�
(N¼236)

USþ and ALTþ
(N¼233)

7 (125.8–129.6) 127.9 (126.0–129.8) 130.5 (128.4–132.6)�

8 (78.8–80.8) 81.1 (80.0–82.2) 81.7 (80.3–82.9)

1 (0.6–1.8) 0.9 (0.6–1.5) 1.4 (0.8–2.3)

9 (0.5–1.5) 1.1 (0.6–1.9) 1.0 (0.5–1.8)

7 (0.4–1.2) 1.0 (0.6–1.7) 1.2 (0.7–2.2)

US, ultrasound.
d ALT levels. Analysis of covariance for SBP and DBP; logistic regression for incident
, sex, waist circumference, body mass index, diabetes mellitus and mean daily alcohol
Data are given as adjusted mean (95% confidence interval) or odds ratio (95%
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TABLE 3. Association between fatty liver disease and blood pressure-related variables in the total sample at baseline (n¼3210)

US� and ALT�
(N¼1912)

US� and ALTþ
(N¼342)

USþ and ALT�
(N¼492)

USþ and ALTþ
(N¼464)

SBP; mmHg 135.1 (134.3–135.9) 136.8 (135.1–138.5) 136.1 (134.5–137.8) 138.0 (136.2–139.6)��

DBP; mmHg 83.2 (82.7–83.7) 84.4 (83.4–85.3)� 83.2 (82.2–84.1) 84.9 (83.9–85.8)��

Increased SBP (�140 mmHg) Ref. 1.2 (0.9–1.6) 1.1 (0.8–1.4) 1.4 (1.1–1.9)�

Increased DBP (�90 mmHg) Ref. 1.5 (1.1–2.0)� 0.9 (0.7–1.2) 1.4 (1.1–1.8)�

Hypertensiona Ref. 1.7 (1.2–2.2)�� 1.2 (1.0–1.6) 1.9 (1.4–2.5)��

ALT levels above the 75th percentile were considered increased. ALT, alanine aminotransferase; US, ultrasound. �P<0.05 or ��P<0.05 compared with individuals without
hyperechogenic liver pattern and without increased ALT levels; linear and logistic regression analyses. Models were adjusted for age, sex, waist circumference, BMI, diabetes mellitus,
mean daily alcohol consumption and the use of antihypertensive medication. Data are given as adjusted mean (95% confidence interval) or odds ratio (95% confidence interval).
aNot in the model for hypertension, because antihypertensive medication was included in the outcome definition.

TABLE 4. Association between fatty liver disease and blood pressure-related variables at baseline in the subgroup of individuals without
antihypertensive medication (n¼2151)

US� and ALT�
(N¼1432)

US� and ALTþ
(N¼250)

USþ and ALT�
(N¼236)

USþ and ALTþ
(N¼233)

SBP; mmHg 128.1 (127.3–128.9) 130.7 (128.8–132.5)� 128.9 (127.0–130.9) 132.2 (130.2–134.3)��

DBP; mmHg 80.4 (80.9–83.1) 82.0 (80.9–83.1)�� 80.4 (79.2–81.7) 83.0 (81.8–84.2)��

Increased SBP (�140 mmHg) Ref. 1.4 (0.9–2.0) 1.0 (0.7–1.4) 1.7 (1.2–2.5)��

Increased DBP (�90 mmHg) Ref. 1.7 (1.2–2.5)�� 0.9 (0.6–1.3) 1.6 (1.1–2.3)�

Hypertension Ref. 1.7 (1.2–2.3)�� 1.1 (0.8–1.5) 1.7 (1.2–2.4)��

ALT levels above the 75th percentile were considered increased. ALT, alanine aminotransferase; US, ultrasound. �P<0.05 or ��P<0.05 compared with individuals without
hyperechogenic liver pattern and without increased ALT levels; linear and logistic regression analyses. Models were adjusted for age, sex, waist circumference, BMI, diabetes mellitus and
mean daily alcohol consumption. Data are given as adjusted mean (95% confidence interval) or odds ratio (95% confidence interval).
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time and incident hypertension. It might be assumed that
changes in the presence of FLD may have contributed to the
weak and nonsignificant association of FLD with BP and
hypertension in longitudinal data as we did not investigate
whether FLD was also present at follow-up. Furthermore,
intra-individual random BP variation within and across
measurement waves and measurement error may have
contributed to the nonsignificant association of FLD with
BP and hypertension.

Re-analyzing cross-sectional associations of FLD with
BP-related variables confirmed that FLD as defined by liver
hyperechogenicity and increased ALT levels was signifi-
cantly associated with all BP-related variables at baseline
(Table 3). However, particularly our findings in the sub-
group of individuals not receiving antihypertensive medi-
cation indicate no advantage of using a combination of liver
hyperechogenicity and increased ALT levels over increased
ALT levels alone in predicting BP-related variables
(Table 4). Only a slight advantage of defining FLD on
the basis of liver hyperechogenicity together with increased
ALT levels resulted for the prospective associations of FLD
with BP-related variables. Therefore, we cannot maintain
the recommendation to conduct ultrasound if ALT levels are
elevated to detect FLD. Further evidence would be needed
for this inference.

No changes concern our conclusions with regard to the
contribution of alcohol consumption to the association of
FLD with BP-related variables.

We sincerely regret our mistake and apologize for
these errors!
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Lackof relationshipbetween success of
angioplastyandbloodpressure
response inpatientswith renal artery
stenosis: longitudinal follow-up
byangiography

Kwok-Wai Muia,b, Patricia Stassena,b,
Jan H. Kouwenbergc, Huib van den Houtc,
Gerjan J. Navisa, and Arend J.J. Woittiezb

ecently, two randomized controlled trials showed
R no evidence of relevant clinical benefit from
revascularization in patients with atherosclerotic
orized reproduction of this article is prohibited.
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TABLE 1. Principal results of percutaneous transluminal angioplasty in atherosclerotic renal artery stenosis patients

PTA patency
(immediate)

D BP 1-month
systolic/diastolic

in mmHg
PTA patency
(after 1 year)

D BP 1-year
systolic/diastolic

in mmHg

URAS (n¼24) Yes: 23 �2�37/�0�13� Yes: 10 �4�30/�10�15�

No: 1 �39/�15 No: 14 �2�27/1�16

BIRAS (n¼16) Yes: 12 �8�55/0�21� Yes: 8 �7�28/�11�18�

No: 4 �10�50/3�15 No: 8 �32�56/�4�15

BIRAS, bilateral renal artery stenosis; PTA, percutaneous transluminal angioplasty; URAS, unilateral renal artery stenosis. Stenosis defined as lumen reduction more than 70% before PTA
and patency defined as residual stenosis less than 50% after PTA.
�P¼NS versus baseline.

Correspondence
renal artery stenosis (ARAS) [1,2]. One possible explanation
could be restenosis, but no data are available with system-
atic angiographic follow-up that allow to establish the
association between blood pressure (BP) effect and per-
sistent patency of the vessel. Therefore, we analyzed the
radiological and clinical data of a series of 40 patients with
ARAS and hypertension, who underwent an angioplasty
(percutaneous transluminal angioplasty, PTA) with a pro-
tocol including repeat angiography after 1 year, irrespective
of the BP response.
Forty patients, 21 women and 19 men, aged 64� 6 years
were investigated for therapy resistant and longstanding
(7 years) hypertension (>140/90mmHg on triple therapy
consisting of an angiotensin-converting enzyme inhibitor,
b-blocker and a diuretic, or more) by means of an intra-
arterial digital substraction angiography. Renal artery steno-
sis was considered to be significant as a lumen diameter
reduction of more than 70%. In case of stenosis, a PTA was
performed. The patency of the renal artery (<50% residual
stenosis after angioplasty, measured with Dinavision, quan-
titative angiography by Siemens, Netherlands) was re-
established after 1 year with angiography (judged by a
blinded radiologist, H.dvH.). BP was measured by an
oscillometric device (Dinamap model 8100, Critikon Inc.,
Fla., U.S.A.), during 30min, after 1 month (short-term), and
1 year (long-term) after PTA. The hypertension was con-
sidered as improved when the SBP fell to 140 mmHg or less
or DBP fell 90mmHg or less with the same or less medi-
cation. In a total of 88 renal arteries in 40 patients, there
were 60 renal artery stenoses. Twenty-four patients had a
unilateral renal artery stenosis (URAS) and 16 patients had
bilateral renal artery stenosis (BIRAS); of the latter, seven
stenoses had a diameter of less than 3 mm and were not
dilated. Before intervention, mean BP was 180� 24/
98� 12mmHg in the patients with URAS and 178� 29/
95� 17mmHg in the patients with BIRAS. PTA was per-
formed in 53 arteries, 25 in URAS and 28 in bilateral lesions.
No major complications occurred after PTA. Immediate
patency was 96% in the URAS group (one failure) and
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 2. Association patency after 1 year and blood pressure improv

URAS PTA patent PTA not patent

BP improved 5 5

BP not improved 5 9

BP, blood pressure; PTA, percutaneous transluminal angioplasty.

1262 www.jhypertension.com
75% in the BIRAS group (four failures). The long-term
patency overall was 45%, with 14 restenoses in the URAS
and eight in the BIRAS group. In patients that developed
restenosis after 1 year, D BP from baseline was S2� 27/
1� 16 and S32� 56/S4� 15, respectively, in URAS and
BIRAS group. In comparison, the D BP in patients with
persistent patency was S4� 30/S10� 15 in URAS and
S7� 28/S11� 18 in BIRAS group (Table 1). Neither in
patients with URAS, nor in patients with BIRAS, an associ-
ation between BP response and patency was found after
1 year (URAS: x2 U 0.490, P U 0.484 and BIRAS: x2 U 0.291,
P U 0.590, Table 2).

In this study there was no relationship between the
patency success of angioplasty and BP response at 1 year.
Previous studies have shown restenosis in at least half of the
patients after 6 months [3], suggesting that restenosis
accounts for the return of the hypertension. Of note, repeat
angiography is usually performed only when BP response
is insufficient or when BP rises again. Our study is the first to
report on a cohort, albeit small, wherein all patients under-
went repeated angiography 1 year after angioplasty, irre-
spective of BP response, thus avoiding bias by indication. In
five of the patients in URAS with restenosis, BP was
improved, and in addition, in five of the patients with
patent renal arteries, hypertension returned. At variance
with common belief, in our patients with URAS, the
relationship between patency of the renal artery and BP
response is not one-to-one. For patients with BIRAS, the
association between BP response and patency is more
ambiguous. In our group of patients with BIRAS, there
were seven stenoses not dilated because of the vessel size,
so after successful unilateral dilatation, the contralateral
kidney was still underperfused, which may have caused
the hypertension. Furthermore, in bilateral lesions, either
kidney (or both) can be the driving force behind the
hypertension, and it is impossible to determine which
kidney is the culprit without invasive biochemical measure-
ments. So, the impact of restenosis on BP cannot be
assessed noninvasively in presence of a contralateral
horized reproduction of this article is prohibited.
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BIRAS PTA patent PTA not patent
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stenosis. However, the URAS data are clear-cut, and our
findings support the increasing body of evidence showing
that ARAS is not the main pathogenetic factor in the elev-
ated BP in the majority of ARAS patients with hypertension.
ARAS may be superimposed on essential hypertension, and
ARAS can also occur in the absence of hypertension, as
suggested by studies in peripheral arterial disease wherein
incidental RAS was found in about 25% of the patients [4,5],
of whom 29% were normotensive. In many patients with
ARAS, renal arteriolosclerosis is also present. The latter may
be the main factor in renal ischemia, and can be the
perpetuating factor in hypertension despite alleviation of
the ARAS. These factors may explain the disappointing
results of the STAR (STent placement in patients with
Atherosclerotic Renal artery stenosis and impaired renal
function) [1] and ASTRAL (Angioplasty and STent for Renal
Artery Lesions) [2] in patients with ARAS and kidney failure,
which did not show any beneficial effect of stenting, on top
of medical therapy (also 18% failure of the dilating pro-
cedures, and a moderate stenosis of 50%). The limitations of
our study are the small number of patients and the post-hoc
design. Additionally, we did not perform stenting, which
may have affected patency during follow-up. In spite of
these limitations, the prospectively planned repeated
angiography in all patients after 1 year provides unique
data allowing to refute an association between success
of patency and BP effect of anatomical intervention in
ARAS.

In conclusion we could not demonstrate any relationship
between anatomical effects on patency of the renal artery
by PTA, and the BP response, or recurrence of the stenosis
and the return of hypertension. These data cast further
doubt on the concept that ARAS play a major role in causing
so called renovascular hypertension. Other interventions,
focusing on treatment and prevention of small artery dis-
ease rather than dilating an incidental RAS, should be
explored for their therapeutic potential in hypertensive
patients with ARAS.
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Effects of antihypertensive therapy on
female sexual dysfunction: clinically
meaningful?

Michael Doumas, Panagiota Anyfanti, and
Nikolaos Lazaridis
W
e enjoyed reading the article from Ma et al. [1]
regarding the effect of felodipine combined with
irbesartan or metoprolol treatment on sexual

function in hypertensive women. This well designed study
fills a long-lasting need in the arena of hypertension
and female sexual dysfunction, which remains substantially
understudied compared to erectile dysfunction. In the light
of previous reports indicating an increased prevalence
of sexual dysfunction in women receiving b-blockers com-
pared to other hypertensive agents [2], in combination with
accumulating experimental and clinical data suggesting a
positive influence of angiotensin inhibitors on sexual func-
tion [3,4], the lack of studies evaluating their comparative
effect on female sexual function is rather surprising.
We would be really grateful to the authors if they
could provide additional information on some important
aspects.

A significant improvement of sexual function in
hypertensive women with administration of felodipine–
irbesartan compared to felodipine–metoprolol therapy was
observed. However, the mean increase in the female sexual
function index score was less than one point, casting doubts
about the clinical significance of the improvement. It would
be of great value from the clinical point of view to know the
percentage of participants in each group who suffered from
sexual dysfunction and were able to regain normal sexual
function after treatment.

History of cardiovascular disease or cardiovascular risk
factors is known to affect sexual function [5]. However, data
regarding history of cardiovascular events (myocardial
infarction, stroke, transient ischemic attack), diabetes
mellitus, dyslipidemia, renal function (glomerular filtration
rate), and concomitant medication use are not provided,
and would further clarify important associations with
antihypertensive therapy.

Because menopausal and nonmenopausal women were
included in the study and the different antihypertensive
orized reproduction of this article is prohibited.
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treatments were associated with variations on sexual
hormones (estradiol and testosterone), it would be of
clinical importance to perform a separate subgroup analysis
for menopausal and nonmenopausal women.

Overall, this article offers significant insight in the
divergent effects of different antihypertensive agents on
female sexual function. Whether this impact corresponds
with clinically meaningful differences in the FSFI score, as
well as the interpretation of this impact according to specific
population characteristics, remain to be elucidated.
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Reply
Ruixin Ma, Jing Yu, Feng Zhao, Dian Xu,
Longquan Yang, Xin Lin, and Feng Bai
W
e deeply appreciate the comments on our article
from Doumas and colleagues [1] on ‘effects of
antihypertensive therapy on female sexual dys-

function: clinically meaningful?’ We would like to show our
respect to them for the remarkable works they did pre-
viously which inspired us [2,3].
Copyright © Lippincott Williams & Wilkins. Unaut
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As they point out, in our study the mean increase in the
female sexual function index (FSFI) score was less than
one point in the felodipine–irbesartan group. We quite
agree with their suggestion to detail the percentage of
participants in each group who suffered from sexual dys-
function and were able to improve after treatment.

The percentage of participants in each group who
suffered from female sexual dysfunction (FSD) at baseline
was 62.5% in the felodipine–irbesartan group and 57.5% in
the felodipine–metoprolol group. There were two patients
in each group in whom an initial FSFI score lower than
25.5 at baseline increased to above 25.5 after 48 weeks
treatment. In fact, the average value of FSFI in participants
with FSD was rather low, that is 21.12 at the beginning of
our study, whereas it was 28.18 in women without FSD. The
difference was quite large. It is unlikely that the FSFI score
rises remarkably after only 48 weeks of antihypertensive
therapy. Female sexual function is associated with age,
BMI, education, income level, psychological factors and
sociocultural factors [4–6]. Considering the number of
factors possibly influencing female sexual function, includ-
ing oxidative stress, a longer treatment duration may be
needed to observe a more significant clinical improvement.
On the contrary, our data show that FSD rates gradually
increase with age in hypertensive women (31–40 years,
15%; 41–50 years, 38%; 51–60 years, 86.6%) [7], and there-
fore most women with FSD were elderly. In Chinese
culture, elderly women, especially those with lower edu-
cation level, are less sexually active, less open about their
sexual desire and even less discuss sexual feelings with
their partners. These obstacles may confound the actual
positive impacts of therapy on womens’ quality of lives.

In our study, patients’ age averaged was 46.9 years. The
percentages of menopausal women were balanced between
two groups at baseline (45.6% in the felodipine–irbesartan
group, 47.5% in the felodipine–metoprolol group). In our
cohort, menopausal and premenopausal hypertensive
women had similar responses regarding sexual function
and hormone levels after 24-week treatment, but a subgroup
analysis cannot bedonebecause the study sample is small. In
a survey of 216 hypertensive women, Doumas et al. [2] found
the prevalence of sexual dysfunction was strongly associated
with the duration of hypertension. In a population with a
more restricted age range, the duration of hypertension
could be evaluated in a more correct way.

About the request of data regarding the history of
cardiovascular disease in the participants of our study,
exclusion criteria included coronary heart disease (myo-
cardial infarction and ischemia), diabetes and a history of
cerebral vascular accidents. The values of serum glucose,
total cholesterol, triglyceride, high-density lipoprotein cho-
lesterol and low-density lipoprotein cholesterol were given
in our article. We did not exclude hypertensive women with
dyslipidemia in this study. The percentage of patients with
serum level of total cholesterol more than 5.80 mmol/l or
triglyceride more than 1.80 mmol/l (cut points of upper
limits of normal in our hospital laboratory) were 46.3%
in the felodipine–irbesartan group and 40% in the
felodipine–metoprolol group at baseline. Participants tak-
ing aspirin, statins or Danshen (Salvia miltiorrhiza Bunge)
in the felodipine–irbesartan group were 92.5, 21.3 and 35%,
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respectively, and 87.5, 22.5 and 33.8% in the felodipine–
metoprolol group, respectively.

In summary, our research was a first approach to explore
sexual function in hypertensive women under antihyper-
tensive combination therapy in a Chinese population.
Future studies should enroll a larger number of individuals
with a longer duration of treatment.
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Reliability of retinal microcirculation
measurements by scanning laser
Doppler flowmetry in humans

Alessandro Bagnisa, Roberto Pontremolib, and
Michele Iestera
W
e were greatly interested in the recent article by
Harazny et al. [1] about new software analysis for
measurements of retinal microcirculation by

scanning laser Doppler flowmetry (SLDF).
Copyright © Lippincott Williams & Wilkins. Unauth
Journal of Hypertension
The authors investigated a group of hypertensive patients
by using the Heidelberg retina flowmeter (HRF) and ana-
lyzed images by way of the newly developed SLDF version
4.0. They concluded that the new software significantly
improved the reliability of assessing the structural
parameters of the retinal vessels when compared with
previous versions.

We recently performed a study on hypertensive patients
using the old SLDF 3.3 version – automatic full-field per-
fusion image analysis (AFFPIA) – in an attempt to evaluate
retinal blood flow and microvessel density [2]. Although our
data showed no differences between a group of 16 hyper-
tensive patients and a control group of 20 healthy individ-
uals for blood flow, there were statistically significant
differences for retinal microvessel parameters, suggesting
a vascular rarefaction in the hypertensive group. Results
appeared to be in keeping with previous histological and
fluorangiographic studies demonstrating both changes in
capillary density and alterations in vessel diameter during
essential hypertension [3].

Regardless of certain methodological limitations in our
study (i.e. the relatively small number of patients and a
significant difference of age and duration of known hyper-
tension between cases and controls), we believe that our
data may possibly be somewhat unreliable. With reference
to this, we found some data yielded by the software (i.e.
‘intercapillar squares’ parameter) difficult to interpret and
possibly misleading. Results from a study performed by
Harazny et al. with the upgraded SLDF 3.7 version reported
no differences between the retinal vascular structure of a
group of treated hypertensive and normotensive indivi-
duals, thereby suggesting a possible disagreement with
our results [4].

SLDF version 3.3 has been extensively reported as a
reliable method to study retinal perfusion, showing good
reproducibility and coefficient of variability with the use of
the AFFPIA algorithm [5,6]. Fewer data are definitely avail-
able for the assessment of the retinal vasculature density by
the same program [7]. On the basis of our experience, we do
not recommend the use of the old SLDF version 3.3 for this
specific purpose.

The availability of in-vivo retinal microcirculation images
by means of a noninvasive approach has great potential for
clinical and experimental purposes. We congratulate the
authors on their efforts at improving the HRF image analysis
software.
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Reply
Joanna Haraznya,b and Roland E. Schmiedera
I
n our article [1] we describe the increased reliability
in analyzing the morphology of retinal arterioles
recorded by HRF (Heidelberg Engineering GmbH,

Heidelberg, Germany) and analyzed by using scanning
laser Doppler flowmetry (SLDF) combined with the
new software version 4.0 (Welzenbach, Schmieder,
Erlangen, Germany) . The analytic tool SLDF version 3.6
(Welzenbach) is a previous version, but has also been
shown to be reliable, although to somewhat lesser extent.
In our studies we did not analyze the retinal vascular
density because the analysis of the microvessel density
is not possible, neither by the SLDF version 3.3 nor
by the new version SLDF 4.0. The perfusion images are
derived from the Doppler shift of the reflected light
by moved erythrocytes in the blood flow, but does not
identify the morphology of capillary structures and the
density of the capillary network. The capillary density in
the retina is decreased in arterial hypertension, and the
decreased perfusion can be caused by various regulative
processes; the rarefiction of capillary density is just one
of them.

In our study [2] we presented data measured noninva-
sively by SLDF. We found that wall-to-lumen ratio is
Copyright © Lippincott Williams & Wilkins. Unaut
1266 www.jhypertension.com
increased in hypertension but did not measure the density
of the capillary network. Rizzoni et al. [3] measured ‘13
hypertensive patients and 15 normotensive individuals. All
participants underwent a neurosurgical intervention for
benign or malignant tumors. A small portion of morpho-
logically normal cerebral tissue was excised from surgical
samples and examined.’ The results of the ex-vivo study
cannot be directly compared with results of obtained
in vivo.

Nevertheless, our data with respect to the results of
the wall/lumen ratio of retinal arterioles are in line
with the invasive study of Schiffrin [4] that further found
that antihypertensive agents correct vascular remodel-
ing of subcutaneous and omental small arteries and
arterioles. Of note, Schiffrin analyzed the subcutaneous
vessels remodelling ex vivo, in the same patients
before and after long-term therapy with antihypertensive
drugs.

The discussion about the perspective of SLDF measure-
ments is important as well as the understanding of the
technical capabilities of this noninvasive approach that
allows us to analyze microperfusion in the retina [5]. We
agree with the authors that this technology has great
potential and should be the subject of further clinical
studies.
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Is it feasible to correct all-cause
mortality frommasked hypertension
for home blood pressure values?

Vasilios Kotsis
M
asked hypertension is a clinical condition that
applies to patients whose clinic blood pressure
(BP) is normal, but out-of-office readings are

elevated. These patients particularly benefit from out-of-
office readings, as they cannot be easily diagnosed by
routine clinic BP measurements. Individuals with masked
hypertension probably have a greater risk for cardio-
vascular morbidity and mortality because they are not
aware of their real BP situation and hypertension might
be underdiagnosed.
The study of Hänninen et al. [1] has reported that masked
hypertension had a significantly higher age-adjusted risk
of cardiovascular events and a higher risk of all-cause
mortality after adjustment for age, sex and office BP than
normotension (hazard ratios 1.64, P U 0.05; and 2.09,
P U 0.01). However, masked hypertension lost its predic-
tive significance after adjustment for home BP. The authors
adjusted for home BP values but the definition of masked
hypertension requires high out-of-office BP values, and
out-of-office BP includes home BP. Adjustment for values
included in the definition of masked hypertension may
introduce statistical bias potentially leading to incorrect
conclusions. In other words, masked hypertension or
white-coat hypertension and home BP cannot be included
into the same model because by definition they are
interrelated.
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Reply
Marjo-Riitta A. Hänninen and Antti M. Jula
W
e thank Dr Kotsis for comments on our manu-
script ‘Prognostic significance of masked and
white-coat hypertensionin the general popu-

lation: the Finn-Home Study’. We can state that masked
hypertension is associated with higher cardiovascular risk
than normotension. However, we wanted to assess whether
it is useful to measure both office and home blood pressure
and classify patients as masked or white-coat hypertensives
in clinical practice. Three previous longitudinal studies have
adjusted cardiovascular risk for office blood pressure, which
did not substantially change the risk associated with masked
hypertension [1–3]. We chose to adjust our results for home
blood pressure, which is more closely associated with car-
diovascular risk than is office blood pressure [4]. We think
that adjustment for home blood pressure is justifiable to
investigate whether masked hypertension has additional
prognostic value beyond home blood pressure level. Our
conclusion is that although masked hypertension is associ-
ated with increased cardiovascular risk, home blood pres-
sure level might be enough to stratify cardiovascular risk in
clinical practice.
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