
UNIVERSITE DE LAUSANNE- FACULTE DE BIOLOGIE ET DE MEDECINE 
Departement de Medecine Interne 

Division de Physiopathologie clinique, CHUV 

Preserved Capillary Density of Dorsal Finger Skin in Treated 
Hypertensive Patients with or without Type 2 Diabetes 

THESE 

preparee sous Ia direction du Professeur Frangois Feihl 

(avec Ia co-direction du Professeur Bernard Waeber) 

et presentee a Ia Faculte de biologie et de medecine de 

I'Universite de Lausanne pour I' obtention du grade de 

DOCTEUR EN MEDECINE 

Par 

Jerome AELLEN 

Medecin diplome de Ia Confederation Suisse 
Originaire de Saanen (Berne) 

Lausanne 
2013 

1 

Bibliotheque Universitaire 
de Medecine I BiUM 

CHUV-BH08- Bugnon 46 
CH-Wi 1 Lausanne 



Preserved Capillary Density of Dorsal Finger Skin 
Treated Hypertensive Patients with or without 
Type 2 Diabetes 

. an 

JEROME AELLEN,*•1 AMIN DABIRI,*·1 ABIGAEL HElM,* LUCAS LIAUDET,t MICHEL BURNIER,+ JUAN 
RUIZ, § FRANc;OtS FEIHL, * AND BERNARD WAEBER* 

*Division de Physiopathologie Clinique; tService de Medecine Intensive Adulte; ~Service de Nephrologie et Hypertension; §Service 
d'Endocrinoloige, Diabetologie et Metabolisme, Centre Hospitalier Universtaire Vaudois and Universite de Lausanne, Lausanne, Switzerland 
Address for correspondence: Prof. Fran~ois Feihl, PPA, BHI0-701, CHUV, CH-1011 Lausanne, Switzerland. E-mail: francois.feihl@chuv.ch 
Prel'ious presentation: Oral communication at the meeting of the European Society of Hypertension, june 20, 2011, Milano, Italy 
1These authors have equally contributed to the study. 

Received 1 September 2011; accepted 30 April 2012. 

ABSTRACT 

Objectives: Capillary rarefaction is a hallmark of untreated 
hypertension. Recent data indicate that rarefaction may be 
reversed by antihypertensive treatment in nondiabetic hypertensive 
patients. Despite the frequent association of diabetes with 
hypertension, nothing is known on the capillaty density of treated 
diabetic patients with hypertension. 

Methods: We enrolled 21 normotensive healthy, 25 hypertensive 
only, and 21 diabetic (type 2) hypertensive subjects. All hypertensive 
patients were treated with a blocker of the renin-angiotensin system, 
and a majority had a home blood pressure :o;l35/85 mmHg. 
Capillary density was assessed with videomicroscopy on dorsal 
finger skin and with laser Doppler imaging on forearm skin 
(maximal vasodilation elicited by local heating). 

Results: There was no difference between any of the study 
groups in either dorsal finger skin capillary density (controls 
101 ± 11 capillaries/mm2

, nondiabetic hypertensive 99 ± 16, 
diabetic hypertensive 96 ± 18, p > 0.5) or maximal blood flow in 
forearm skin (controls 666 ± 114 perfusion units, nondiabetic 
hypertensive 612 ± 126, diabetic hypertensive 620 ± 103, p > 0.5). 

Conclusions: Irrespective of the presence or not of type 2 
diabetes, capillary density is normal in hypertensive patients with 
reasonable control of blood pressure achieved with a blocker of 
the renin-angiotensin system. 

Key words: hypertension, capillaries, microcirculation, video
microscopy, diabetes mellitus 

Abbreviation used: ACE, angiotensin-converting enzyme; ARB 
angiotensin receptor blocker; LDI, laser Doppler imaging; PU, 
perfusion units. 

Please cite this paper as: Aellen ), Dabiri A, Heim A, Liaudet L, Burnier M, Ruiz ), Feihl F, Waeber B. Preserved capillary density of dorsal finger skin in trea
ted hypertensive patients with or without type 2 diabetes. Microcirculation 19: 554-562, 2012. 

INTRODUCTION 

The structural rarefaction of microvascular networks (capil
lary rarefaction) in various organs and tissues is presently 
believed to be a hallmark of all forms of hypertension 
[17,37). Capillary rarefaction has been demonstrated in a 
variety of hypertensive experimental models, in tissues as 
diverse as skeletal muscle [8,10,21,35,44,48], myocardium 
[32,33,38,45-47,58], intestine [23], and skin [20). In 
humans, quantitative evaluation of capilla1y density is 
mainly possible in the superficial dermis, with videocapilla
roscopy of nailfold or dorsal finger skin. To maximize the 
number of open and therefq,re visible vessels, counting is 
carried out with venous return occluded by inflation of a 
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finger or wrist cuff. With this method, skin capillary den
sity has been consistently found to be 10-20% lower in 
patients with untreated hypertension, in comparison with 
normotensive controls [ 6, 13,43,49). This defect might be 
an early feature of hypertensive disease, as it was reported 
in borderline hypertensives [5], and even in normotensive 
offsprings of hypertensive parents [ 4). 

Uncertainty remains on whether capillary rarefaction is a 
secondary manifestation of hypertension (it certainly can 
be, as shown by its occurrence in experimental hyperten
sion) or whether it also expresses a primary abnormality of 
the vascular system, which might be linked to the later 
development of hypertensive disease (as suggested by the 
aforementioned data in normotensive subjects). We are 
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also far from completely understanding the processes 
involved in the hypertensive reduction of capillary density. 
These are nevertheless increasingly thought of in terms of 
an imbalance between vessel destruction (e.g., endothelial 
cell apoptosis caused by oxidant stress [ 31], the latter pos
sibly related to the abnormal, activation of membrane
bound NADPH oxidase by angiotensin II) and regeneration 
through vasculogenesis and/ or angiogenesis [ 17]. Consis
tent with this concept, cancer patients receiving antiangio
genic therapy simultaneously develop hypertension and 
capillary rarefaction [41,55]. 

Whether a primary or secondary phenomenon, capillary 
rarefaction is increasingly believed to play a role in the patho
genesis of hypertensive end-organ damage, notably by promot
ing tissue ischemia [17,24]. It is thus important to know if it 
can be reversed by antihypertensive treatment. Many, although 
not all, experimental studies suggest a positive answer to this 
important question [17,24]. On the clinical side, two cross-sec
tional surveys have reported that treated hypertensive patients 
in whom control of blood pressure was satisfactory had a high
er-indeed normal, or even supranormal-capillary density in 
dorsal finger skin, in comparison with untreated [13] or unsat
isfactorily treated patients [12]. In addition, a low-salt diet was 
associated with an increased skin capillary density when com
pared with a high-salt diet in a cross-over trial carried out in 
mildly hypertensive subjects [22]. 

Of note, the aforementioned experimental and clinical 
studies have all been carried out in nondiabetic animals 
and patients. Diabetes and hypertension are frequently 
associated, aggressive lowering of blood pressure is particu
larly important in this condition [2], and diabetes has a 
specific impact on the microcirculation. One might there
fore wonder whether diabetes can also induce rarefaction, 
and how it could possibly interact with hypertensive disease 
in that respect. There is almost no information relevant to 
this question in the literature. 

In the present study, we have for the first time compared 
the skin capillary densities of hypertensive patients· with or 
without type 2 diabetes. In both groups, a similar level of 
blood pressure control was achieved by a drug regimen that 
included at least one blocker of the renin-angiotensin system. 
Capillary density, measured by two different methods, was 
found identical in both groups of subjects, and did not differ 
from values obtained in healthy normotensive volunteers. 

MATERIAL AND METHODS 

Subjects 
The study comprised three groups of subjects: hypertensive 
only, hypertensive and diabetic, and healthy normotensive 
volunteers (control). Enrolled subjects were caucasian, of 
either gender, aged 40-;;;70 years, and could be smokers or 
nonsmokers. 
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The patients, with or without diabetes, had been diag
nosed and hypertensive according to current criteria by the 
European Society of Hypertension [16]. Hypertension 
could have been of any duration greater than two months, 
and must have been treated with a regimen including at 
least one blocker of the renin-angiotensin system for the 
last two months preceding enrollment into the study. This 
latter requirement was to improve the matching of the two 
hypertensive groups regarding drug treatment, as blockers 
of the renin-angiotensin system have become a compelling 
indication in hypertensive patients with diabetes. Hyperten
sive patients were classified as nondiabetic in the absence 
of any corresponding medical history, and provided that 
fasting blood glucose was <5.6 mM at inclusion time [1]. 
Hypertensive diabetic patients had type 2 diabetes of any 
duration, attested by medical history and ongoing treat
ment with either oral antidiabetic agents and/or insulin. 

At enrollment time, normotensive healthy volunteers had 
unremarkable medical history and standard clinical exami
nation, a blood pressure <140/90 mmHg, a fasting blood 
glucose <5.6 mM [1], and a plasma creatinine <110 J.lM. 
For the subjects to be retained in the final analysis, all these 
criteria had to be fulfilled a second time, on the second visit 
taking place approximately three months later (see below). 

Pregnancy and active skin disease of any kind were 
exclusion criteria for all three groups. Hypertensive patients 
with or without diabetes were not included if on renal 
replacement therapy or with a plasma creatinine >250 J.lM. 

The enrollment of patients was through the relevant spe
cialized outpatient clinics at our hospital. The recruitment 
of normotensive subjects was from hospital staff or through 
paper advertisement. The study was carried out in accor
dance with the principles outlined in the Declaration of 
Helsinki and was approved by the Ethical Committee com
petent for our institution. All participants gave written 
informed consent. 

Investigation of Capillary Density 

Capillaroscopy in dorsal finger skin. Skin capillaries were 
visualized with videomicroscopy in accordance with a 
methodology described by others [ 13]. The forearm was 
placed horizontally on an examination table, at heart level, 
with the subject in the sitting position. To maximize the 
number of visible capillary loops, venous congestion was 
created by inflating at 60 mmHg a miniature pressure cuff 
placed around the base of the middle finger. The dorsal 
skin of its second phalanx was imaged, using an epi-illumi
nated fiber-optic microscope containing a 100 W halogen 
light source with a contact objective for a final magnifica
tion of 200 (PV100, Fort Imaging Systems, Dourdan, 
France). The epidermis was made translucent with immer
sion oil. The middle finger on the left and on the right side 
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were both examined in this fashion. Microscopic video 
sequences were transferred for storage and further analysis 
to a PC via a video image converter. Static images were 
later extracted for the counting of capillary loops in 10 
fields, 5 per side, each with an area of 1 mm2

, using the 
Histolab software (Microvision, Paris, France). The final 
reported count was the mean of these 10 fields. This mean 
was used to calculate the descriptive statistics of the study, 
while statistical analysis was carried out on single counts 
(10 per subject) as explained below. 

The counting of capillaries on the static images of the whole 
study was carried out by the same observer, who was blinded 
to their origin. Preliminary work established a between-obser
ver coefficient of variation of approximately 5o/o. 

Maximal vasodilation in forearm skin. Local heating to a 
temperature of 42-44°C elicits maximal vasodilation in the 
dermis of forearm skin, as can be assessed from the mea
surement of dermal blood flow with laser Doppler flowme
try [28,40]. In healthy subjects, the maximal dermal blood 
flow recorded in these conditions has been positively corre
lated with capillary density measured as above [26,42]. In 
the present study, the maximal vasodilation induced by 
local heating in forearm skin was used as an additional 
index of capillary density. 

Dermal blood flow was assessed using a laser Doppler 
imager (LDI, Moor Instruments, Axminster, UK). With this 
device, a laser beam (633 nm) scans the skin from a distance, 
allowing the mapping of blood flow over an area, which may 
range from a few mm2 to 10 cm2 or more, depending on 
instrument settings. The raw data may be postprocessed to 
obtain spatial averages on user-chosen subareas of interest. 

Local heating was effected by means of custom made, 
annular, water-filled thermocontrolled chambers affixed to 
forearm skin with double-sided tape. An area of 0.8 cm2 of 
skin at the bottom of the chamber was accessible to the 
laser beam. The complete setup has been previously 
described by us in detail [11]. Two chambers were plated 
side-by-side, their temperature simultaneously raised from 
34 to 43°C and kept at that value for 15 minutes, a time 
sufficient for the stabilization of dermal blood flow, which 
was recorded in parallel on both spots by scanning with 
the LDI device. The maneuver was then repeated on the 
contralateral arm. The final value for maximal dermal blood 
flow was the average of data recorded on the four spots 
and was retained as an index of capillary density. This index 
was used to calculate the descriptive statistics of the study, 
while statistical analysis was carried out on single vasodila
tory responses (four per subject), as explained below. 

Protocol 
The study comprised two vi~~s separated by approximately 
three months. Both visits took place in the same quieti\, 
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temperature-controlled room, between 8 and 11 a.m. on 
working days, with the subjects reporting in the fasting 
state. 

On Visit 1, criteria for eligibility and group allocation 
were checked. In all subjects, brachial blood pressure was 
measured (office BP) and peripheral venous blood was 
drawn for routine laboratory assessment, including blood 
glucose and plasma creatinine. Nothing more was done 
with normotensive volunteers, except scheduling the 
appointment for Visit 2. Hypertensive patients with or 
without diabetes were in addition given a validated oscillo
metric device (Omron) for the self-measurement of bra
chial blood pressure at home (home BP). They were 
instructed on its mode of operation and asked to carry out 
with it, in duplicate or preferably triplicate, two evalua
tions per day (morning and evening) of their blood pres
sure for the next three weeks. The appointment for Visit 2 
was set up, and the patients were asked to also record their 
blood pressure twice a day during the three preceding 
weeks. 

On Visit 2, home BP was retrieved from the oscillomet
ric devices and stored on a computer. All measurements 
made on Visit 1 were repeated. Any healthy volunteer with 
an office BP ;:::140/90 mmHg was excluded from further 
examination. All other subjects were invited to recline on a 
hospital bed. After 20 minutes of rest, maximal skin vaso
dilation was evaluated as described above. The subjects 
then were asked to sit at an examination table for the 
videomicroscopic determination of capillary density. 

Data Analysis 
For continuous variables, comparisons among the three 
groups were done with simple analysis of variance. For data 
regarding capillary density, four (thermal-induced vasodila
tion) or 10 values (capillaroscopy) were available for each 
subject. In these cases, we used a mixed-model ANOVA, 
including a single fixed factor with three levels (group), 
and patients as a random factor nested under group. When 
the F value for the group effect was significant, pairwise 
comparisons were carried out with modified t-tests (Fish
er's least significant differences). Chi-square tests were used 
for comparisons of categorical variables between groups. 
The alpha level of all tests was 0.05. Data are summarized 
as means± SD. 

RESULTS 

The study was completed by 67 subjects, 21 in the control 
group, 25 in the hypertensive only group, and 21 in the 
hypertensive + diabetic group. Their demographic and lab
oratory data, as recorded at the time of capillary density 
investigation (i.e., Visit 2), are shown in Table 1. The 
healthy, normotensive volunteers were on the average 

© 2012 John Wiley & Sons Ltd 



Table 1. Demographic and laboratory data 

Control 

Number of subjects 21 
Demographic 

Gender (M/F) 10/11 
Age (years) 53± 8 
Height (em) 168 ± 9 
Weight (kg) 66.0 ± 11.8 
BMI (kg/m2

) 23.3 ± 3.1 
Abdominal 86 ± 11 
circumference 
(em) 

Nonsmoker 18 
Laboratory 

Glucose (mM) 4.5 ± 0.5 
Creatinine (11M) 70 ± 18 
Total cholesterol 5.3 ± 0.8 
(mM) 

HDL(mM) 1.7 ± 0.6 
Total 3.4 ± 1.1 
cholesteroi/HDL 

Triglycerides 1.0 ± 0.5 
LDL (mM) 3.1 ± 0.9 
Hb 1Ac (%) 

Hypertensive Hypertensive 
only and diabetic 

25 21 

17/8 13/8 
61 ± 8** 61 ± 7** 
172 ± 10 171 ± 9 
80.4 ± 13.5** 92.1 ± 15.4**H 
27.0 ± 3.3** 31.5 ± 4.4**tt 
101 ± 9** 110 ± 13**H 

7** 5*"" 

5.5 ± 0.9** 6.7 ± 1.5**H 
84± 13** 78 ± 20 
5.9 ± 1.1 4.8 ± 1.2tt 

1.4 ± 0.4* 1.2 ± 0.4** 
4.6 ± 1.5** 4.4 ± 1.8* 

1.9 ± 1.1** 2.1 ± 1.1** 
3.7±1.0* 2.9±1.1j't 

6.7 ± 0.8 

Data recorded at the time of capillaroscopic examination (Visit 2), 
and presented as means ± SD. Control subjects were nonhyperten
slve volunteers. *p < 0.05, **p < 0.01 vs Control tp < 0.05, H 
p < 0.01 hypertensive and diabetic vs hypertensive. 

somewhat younger (by seven years), markedly leaner, and 
more frequent smokers than their hypertensive counter
parts. The two hypertensive groups were well matched for 
age, sex ratio, and smoking habits, while obesity was more 
prevalent in the diabetics (BMI 230 kglm2 in 5/25 hyper
tensive patients without and 15/21 hypertensive patients 
with diabetes, p < 0.01). Blood glucose was somewhat 
higher in the hypertensive only and markedly higher in the 
hypertensive and diabetic patients, in comparison with the 
healthy normotensive subjects. Concerning the lipid profile, 
the expected generalized trend toward abnormality sepa
rated the hypertensive only from the control group. Lipid 
abnormalities were less marked in hypertensive diabetics, 
who even had lower total cholesterol and identical LDL lev
els when compared with healthy normotensive subjects. 
Concomitantly, respectively 8 and 15 of these 21 patients 
had an Hb1Ac level <6.5% and 7%, attesting to generally 
excellent control of diabetes in this group, a quality, which 
according to a recent survey, seems usual in Switzerland 
and other western european countries [ 7]. Table 2 presents 
data related to the control of blood pressure. Not unex
pectedly, office BP W<lli higher in the two hypertensive 
group than in the control group, on both visits. In the 
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Table 2. Blood pressure at inclusion (Visit 1) and at the time of 
capillaroscoplc examination (Visit 2) 

Control 

Number of subjects 21 
Visit 1 

Office BP (mmHg) 
Systolic 121 ± 9 
Diastolic 78 ± 7 

Home BP (mmHg) 
Systolic 
Diastolic 

Visit 2 
Office BP (mmHg) 

Systolic 119 ± 10 
Diastolic 78 ± 7 

Home BP (mmHg) 
Systolic 
Diastolic 

Hypertensive 
only 

25 

139 ± 16** 
86 ± 8** 

133 ± 9 
82 ± 7 

136±15** 
85 ± 8** 

136 ± 3 
83 ± 7 

Hypertensive 
and diabetic 

21 

133 ± 19** 
81 ± 12 

128 ± 14 
77 ± 8t 

131 ± 13** 
81 ± 8 

130 ± 12 
78 ± 7t 

Visit 2 took place approximately three months after Visit 1. Control 
subjects were nonhypertensive volunteers. Home BP was recorded 
by hypertensive subjects, In the three weeks that followed Visit 1 
and the three weeks the preceded Visit 2. Data are means ± SD. 
*p < 0.05, **p < O.D1 vs Control. tp < 0.05 hypertensive and dia-
betic vs hypertensive. 

hypertensive only group, home BP was :::;135/85 mmHg 
during the three weeks following Visit 1 and the three 
weeks preceding Visit 2 in respectively 13 and 11 of 25 
patients. The corresponding numbers for the hypertensive 
and diabetic group were 15 and 14 of 21 patients. Thus, 
the overall quality of blood pressure control was somewhat 
better in the diabetics, but reasonable and relatively stable 
from Visit 1 to Visit 2 in both hypertensive groups. 

The antihypertensive medications currently received on 
both visits are listed in the upper part of Table 3. Per 
design, all patients were on at least an inhibitor of the 
angiotensin-converting enzyme or an angiotensin II recep
tor antagonist on Visit 1, and remained so on Visit 2, with 
the rest of the medication changing very little between both 
visits. Antidiabetic medication was also quite stable from 
Visit 1 to Visit 2, with one-third of patients receiving insu
lin on both occasions (lower part of Table 3). Finally, one 
half of hypertensive subjects were on lipid lowering ther
apy, essentially with statins. 

Whether directly measured with capillaroscopy on dorsal 
finger skin or indirectly evaluated from maximal dermal 
blood flow on the forearm, capillary density did not differ 
between the three study groups (Table 4). In post-hoc anal
ysis, none of these measurements of capillary density was 
correlated with either office BP, home BP, or HbA1c as 
recorded on Visit 2 (not shown). When using a threshold 
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Table 3. Medications taken by hypertensive patients 

Hypertensive 
only 

Hypertensive 
and diabetic 

Visit 1 Visit 2 Visit 1 Visit 2 

Renin-angiotensin system inhibitors 
ACE inhibitors only 8 7 10 10 
ARB only 17 18 10 10 
Both 0 0 1 1 

Other antihypertensive agents 
Diuretics 19 19 17 16 
{J-Biockers 7 7 6 5 
Calcium channels 10 11 2 2 
blockers 

Antidiabetic agents 
Oral only 13 13 
Insulin only 5 5 
Both 3 3 

Hypolipemlc agents 
Statins 13 11 10 14 
Fib rates 0 0 1 1 

ACE, angiotensin-converting enzyme; ARB angiotensin receptor 
blocker. 

Table 4. Microvascular density data 

Control 

Number of subjects 21 
Capillary density (dorsal finger skin) 

capillary loops/mm2 101 ± 11 
Skin blood flow (forearm skin) 

Baseline (PU) 78 ± 35 
Maximal (PU) 666 ± 114 
Increase from 588 ± 119 
baseline to 
max (PU) 

Hypertensive Hypertensive 
only and diabetic 

25 

99 ± 16 

84 ± 47 
512 ± 126 
528 ± 127 

21 

95 ± 18 

73 ± 22 
520 ± 103 
546 ± 101 

Capillary density was directly measured with vldeomicroscopy on 
dorsal finger skin. On forearm skin, microvascular density was Indi
rectly estimated from the maximal response of dermal blood flow to 
15 minutes of local heating, from 34 (baseline) to 43°C (maximal). 
Skin blood flow, here expressed in perfusion units (PU), was 
recorded with laser Doppler imaging, on the volar face of forearms, 
in baseline conditions, and then after 15 minutes of local heating to 
a temperature of 43°C. Control subjects were nonhypertensive vol
unteers. Data were obtained on Visit 2, and are presented as 
means± SD. There were not statistically significant between group 
differences. 

HbA1c of 6.5o/o to divide the diabetic patients into two 
subgroups, the mean and . .SD of capillary density were 
respectively 102 ± 19 cap/mm2 (HbA1c :>;6.5%, 11 == 12) 
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and 89 ± 15 cap/mm2 (HbA1c >6.5o/o, 11 == 9), a difference 
that was not statistically significant (p == 0.09). 

DISCUSSION 

In hypertensive patients who received a blocker of the 
renin-angiotensin system, we observed that capillary density 
was not reduced in comparison with a control group of 
healthy normotensive subjects, at least in dorsal finger and 
forearm skin. Our main new finding is that this statement 
holds independently of concomitant association of hyper
tension with type 2 diabetes. 

As reviewed in the introduction, capillary rarefaction, 
whether assessed directly in dorsal finger skin [4,6,13,49,50], 
or indirectly in forearm skin [42], has essentially been docu
mented in untreated nondiabetic hypertensives [6,13,49,50], 
or in normotensive nondiabetic subjects with risk factors for 
hypertension [4,42]. On the other hand, recent clinical stud
ies have indicated that, at least in absence of diabetes, antihy
pertensive treatment can positively impact capillaty 
rarefaction, or even completely normalize it, especially if the 
regimen includes an inhibitor of the renin-angiotensin sys
tem [12,13,22]. The lack of capillary rarefaction noted in the 
present study in the nondiabetic hypertensive patients is in 
accord with this recent literature. In particular, the degree of 
blood pressure control achieved in this group was, at least 
on average (Table 1), the same as that reported in the patient 
groups with normal or supranormal capillary density in the 
two aforementioned studies by Debabbi et al. [12,13]. Col
lectively, thesis studies, including the present one, support 
that capillary rarefaction, at least in the skin, is a hallmark of 
untreated hypertension, which may be reversed upon proper 
control of blood pressure, especially if carried out with 
blockers of the renin-angiotensin system. 

Our study is the first one to specifically address the poten
tial interaction of diabetes and hypertension in the modula
tion of capillary density. The information relevant to this 
question is surprisingly scarce in the literature, despite the 
frequent association of both diseases, and despite the major 
impact of diabetes on the microcirculation. Rarefaction was 
observed in skeletal muscle of obese Zucker rats [19,34], a 
model of type 2 diabetes, but these animals are also hyper
tensive [57], and nondiabetic controls of similar blood pres
sure were not available to these studies. In a murine 
normotensive model of type· 1 diabetes induced by stretozot
ocin, several proangiogenic factors were downregulated and 
several antiangiogenic factors upregulated in skeletal muscle. 
These changes were associated with a reduced number of 
capillaries per muscle fiber, although the number of vessels 
per unit tissue cross-sectional area was not affected [30]. An 
abnormally low density of microvessels, selectively concern
ing those with a diameter <30 ~tm, has been described in the 
conjunctiva of patients with type 2 diabetes [18]. The status 
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of blood pressure was not documented in that study. In 
another clinical study [27], capillary density was measured 
with videomicroscopy in dorsal finger skin of 15 type 2 
diabetics, 15 nondiabetic but glucose-intolerant subjects, and 
15 controls with normal glucose tolerance. These three 
groups were well matched for age, gender, body mass index 
and blood pressure level (diastolic <90 mmHg, systolic 
<160 mmHg), and no difference in capillary density was 
found between either [27]. Finally, skin capillary density, 
assessed from maximal thermally induced vasodilation, did 
not differ between normoglycemic, normotensive human 
adults with and without genetic predisposition to type 2 dia
betes [36]. 

In the present study, the diabetic and nondiabetic hyper
tensive patients were well matched for age (Table 1) and 
type of antihypertensive medication (Table 3). In addition, 
the quality of blood pressure control, assessed from 2 three
week periods of home BP monitoring, was good in both 
groups (Table 2). Furthermore, management of diabetes 
was next to optimal, as attested by the high proportion of 
patients with satisfactory control of HbA1c, and the rela
tively mild alterations noted in the lipid profile of this 
group (Table 1). Our results (Table 4) indicate that, in such 
conditions, irrespective of the presence or absence of type 2 
diabetes, well-controlled hypertension is not associated with 
capillary rarefaction, at least in the skin microcirculation. If, 
as seems likely from the information reviewed above, hyper
tension-associated capillary rarefaction is reversible upon 
proper control of blood pressure, then our results mean that 
concomitant diabetes has no bearing on such reversibility. 

The reasons for this state of affairs cannot be inferred 
from our data, and can only be speculated upon. We may 
note, for example, that the diabetic state has profound, and 
at times contradictory, influences on postnatal angiogene
sis, which it may stimulate, due to local ischemia related to 
microvascular obstruction, as in the case of proliferative 
retinopathy [56], or hampered, among others by inducing 
dysfunction of crucial players such as endothelial progeni
tor cells [15,54,56]. Our data convey some suggestion that 
the quality of glucose control has an impact, as capillary 
density tended to be lowest in those diabetics with HbA1c 
above 6.5%. This possibility would be consistent with the 
negative impact of hyperglycemia on the number and func
tion of endothelial progenitor cells noted in several studies 
[ 25,39]. For its evaluation, a larger number of patients with 
more heterogenous metabolic control than in the present 
study would obviously be needed. 

Limitations 
The present study did not include groups of untreated 
hypertensive patients. With hypertensive diabetics, this 
would not have been ethically feasible, considering the par
amount importance of blood pressure lowering in this con-
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clition [2]. Thus, the possibility remains that, regarding 
impact on capillary density, the natural history of com
bined diabetes and hypertension might differ from that of 
hypertension alone. In addition, conclusions might only be 
valid for patients with fairly well-controlled hypertension 
and diabetes, as was the case in the present study. 

Capillary density in the skin tends to decrease with age 
[29], and the normotensive subjects were of younger age 
than the hypertensive patients (Table 1). This factor might 
have confounded comparisons between patients and con
trols, making it more difficult to detect the supranormal 
capillary density associated with good control of blood 
pressure, as observed in one of the studies cited above 
[12]. On the other hand, age was identical in diabetic and 
nondiabetic hypertensives, and therefore could nor influ
ence comparisons made between these two groups. 

In comparison with some of the previously mentioned 
reports, we have included a smaller number of subjects, which 
might leave our results open to the possibility of type II error. 
Calculations assuming 20 subjects per group (i.e., slightly less 
than the actual figures) and based on the within-subject vari
ability of our capillaroscopic data indicate that the power to 
detect a 13% difference in the mean capillary density of any 
two groups was 0.8 at an alpha level of 0.05. The differences 
reported by Debabbi et al. between the mean number of capil
laries/mm2 of age-matched normotensive subjects and 
hypertensive patients who were either untreated [ 13] or 
poorly controlled [12] were respectively 15% and 14%. We 
would have been unlikely to miss effects of that size. 

The respective contributions to our results of blood pres
sure lowering vs other, pressure-independent effects of the 
various drugs administered to the patients remain a matter 
of conjecture. Roughly half of the hypertensive subjects were 
on lipid-lowering therapy with statins (Table 3), compounds 
with known proangiogenic properties [ 14,51]. In an effort to 
reduce heterogeneity, the enrollment of patients was 
restricted to those receiving a blocker of the renin-angioten
sin system, and there is strong experimental evidence for a 
pro angiogenic effect of this drug class too [ 52,53,59]. 

Finally, while in man the skin is the main available win
dow into microcirculation, one may question whether it is 
representative of other vascular beds. This issue is not likely 
to be resolved in the near future. There is, however, some 
evidence for a correlation between abnormalities in the skin 
microcirculation and in other parts of the cardiovascular 
system. In patients with essential hypertension, a parallelism 
was described between the respective time courses of coro
nary flow reserve on one hand, and structural remodeling of 
small subcutaneous arteries on the other [9]. As another 
example, in a group of heart transplant recipients with 
greatly reduced exercise capacity, vasodilation induced by 
iontophoresis of acetylcholine in forerarm skin correlated 
with maximal 0 2 uptake as measured in a treadmill test [3]. 
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In summary, the present study confirms the absence of 
capillary rarefaction in nondiabetic hypertensive patients in 
whom blood pressure is reasonably well controlled by drug 
treatment. It further indicates, for the first time, that this 
statement extends to hypertension combined with type 2 
diabetes. This conclusion is at least valid if the drug regi
men includes a blocker of the renin-angiotensin system, as 
was systematically the case here. 
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