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Introduction: An increase in cerebral pulsatility index (PI), measured by transcranial Doppler, reflects the presence
of cerebral microangiopathy. A decrease in distance between skin capillaries (DISTANCE) and an increase in the ratio
between the area of capillaries and total area of examined skin (COVERAGE), revealed by capillaroscopy, reflects skin
microangiopathy. However, little is known about the association between the cerebral and skin microvasculature
function in patients at risk of microcirculatory dysfunction.

Aim: To assess Pl of the middle cerebral artery by transcranial Doppler and the DISTANCE and COVERAGE of the
nailfold capillaries by quantitative capillaroscopy in patients with type 1 diabetes and control subjects without
diabetes, and to investigate relationships between these parameters.

Material and methods: The study group consisted of 51 patients with type 1 diabetes (median age: 37.5 years) and
23 volunteers free from chronic diseases (median age: 37.9 years).

Results: Median Pl was higher in patients than in control subjects (0.82 vs. 0.75; p < 0.01). Median DISTANCE was
lower in patients than in control subjects (220.9 um vs. 239.7 um; p = 0.03), while median COVERAGE was higher in
patients than in control subjects (20.4% vs. 18.3%; p = 0.01). No correlations between Pl and DISTANCE or COVERAGE
were found, but Pl was correlated with patients’ age and diabetes duration.

Conclusions: In spite of simultaneous presence of cerebral and skin microangiopathy, we found no association
between cerebral and skin microvasculature dysfunction. This seems to indicate independent progression of mi-

crocirculatory injury in cerebral and peripheral vascular beds.
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Introduction

Transcranial Doppler (TCD) is an ultrasound tech-
nique for noninvasive assessment of cerebral circulatory
function. Cerebral pulsatility index (PI) is a TCD parame-
ter that reflects the elasticity of cerebral microcirculation
[1]. Its increase is regarded as a marker of both symptom-
atic and asymptomatic cerebral microangiopathy [2-4].

Skin microcirculation may be noninvasively assessed
by capillaroscopy with measurement of the distance be-
tween capillaries in the nailfold (DISTANCE) and the ratio
between the area of capillaries and total area of exam-
ined skin (COVERAGE) [5]. A decrease in DISTANCE and an

increase in COVERAGE may indicate skin microcirculatory
dysfunction [6].

Patients with type 1 diabetes are at high risk of early
development of both cerebral and skin microvascular in-
jury. Previous reports revealed the presence of cerebral
microangiopathy in young patients with type 1 diabetes,
reflected increased vasomotor reactivity impairment
[7-9]. However, an increase in Pl has been reported only
in middle-aged patients with type 1 diabetes and in pa-
tients with type 2 diabetes [9-11].

Our recent study on skin capillary function has re-
vealed the presence of skin microangiopathy in young
patients with type 1 diabetes [6]. However, little is known
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about the association between cerebral and skin micro-
vasculature function in those patients with type 1 dia-
betes. Thus, it remains unclear if the detection of skin
microangiopathy may predict the presence of microvas-
cular impairment in other vascular beds, especially cere-
bral microangiopathy.

Aim

The aim of the study was to assess Pl of the middle
cerebral artery by TCD measurements as well as the
DISTANCE and COVERAGE of the nailfold capillaries by
quantitative capillaroscopy in young patients with type
1 diabetes and control subjects without diabetes, and to
assess the relationship between those parameters and
the presence of other microangiopathic disorders.

Material and methods

The study group consisted of 51 patients with type
1 diabetes (28 women and 23 men; median age: 37.5
years), recruited from the Regional Diabetological Centre

of the Medical University of Gdansk, and 23 volunteers
without diabetes (11 women and 12 men; median age:
37.9 years) (Table 1). We included patients free of focal
neurologic deficits, with minimum diabetes duration of
6 years. We excluded subjects with a history of cere-
brovascular events or serious head trauma, significant
stenosis or occlusion of extracranial arteries, renal insuf-
ficiency, those with previously diagnosed rheumatologic
diseases, and pregnant females. We also excluded con-
trol subjects with arterial hypertension, proteinuria, and
impaired glucose tolerance.

All examinations were performed at the same time of
day (between 8:00 A.M. and 1:00 PM.). All study subjects
were asked to stop drinking coffee and to stop smoking
tobacco on the examination day and to avoid sleep de-
privation on previous days. The study protocol included
medical history, neurologic examination, fundoscopy,
laboratory testing, carotid and transcranial Doppler, and
capillaroscopy. The Medical Ethics Committee of the
Medical University of Gdansk has approved the study
protocols (NKEBN/335/2008, NKEBN/204/2010). On en-
try to the study, each participant gave informed consent.

Table 1. Characteristics of patients with type 1 diabetes and control subjects

Parameter Group P-value
Patients Control
(n=51) (n=23)
Age [years] 37.5 (29.9-55.7) 37.9 (26.3-51.3) 0.64
F: M ratio 28:23 11:12 0.57
¥? =032
BMI [kg/m?] 24.9 (19.0-37.3) 24.0 (20.1-33.3) 0.61
Systolic blood pressure [mm Hg] 134.0 +20.2 128.5 +21.6 0.29
Diastolic blood pressure [mm Hg] 66.0 (45-120) 70 (45-113) 0.71
Hyperlipidemia (%) 80.4 82.6 0.82
x> = 0.05
Cigarette smoking (%) 23.5 8.7 0.13
x=23
Overweight or obesity (%) 49.0 39.1 0.43
¥’ = 0.63
Statin treatment (%) 21.6 43 0.06
x%2=3.5
Diabetic nephropathy (%) 314 n.a. n.a.
Diabetic retinopathy (%) 47.1 n.a. n.a.
Diabetic neuropathy (%) 49.0 n.a. n.a.
Type 1 diabetes duration [years] 20.5 +6.5 n.a. n.a.
HbA, (%) 7.92 £1.2 n.a. n.a.
[mmol/mol] 63
Circadian insulin demand [units] 56.7 +16.5 n.a. n.a.
Arterial hypertension (%) 23.5 n.a. n.a.
ACEI or ARB treatment (%) 17.6 n.a. n.a.

F: M ratio - female to male ratio, BMI - body mass index, HbA, - glycated hemoglobin, ACEl - angiotensin-converting enzyme inhibitor, ARB — angiotensin

receptor blocker, n.a. — not applicable
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Subject characteristics

Patient histories were obtained, including information
on past and current disorders as well as co-morbid con-
ditions and cigarette smoking. Weight and height were
measured and body mass index (BMI) was calculated.
Overweight and obesity were defined as BMI > 25 kg/m?
and BMI > 30 kg/m?, respectively. Blood pressure control
in all subjects was monitored by conventional sphygmo-
manometry. Arterial hypertension was diagnosed if two
consecutive measurements of systolic and diastolic blood
pressures exceeded 140 and 90 mm Hg, respectively, or if
any antihypertensive medication was used.

Laboratory examinations in patients with type 1 dia-
betes included microalbuminuria, albuminuria/creatinine
index, total serum cholesterol, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) cho-
lesterol, triglycerides, and glycated hemoglobin (HbA ).
Blood and urine samples were collected on the day of
the examination. The assessment of albumin secretion
was based on 3 measurements that were closest in time
to the study.

Hyperlipidemia was diagnosed if total cholesterol
was > 175 mg/dl and/or triglycerides were > 150 mg/dl
and/or LDL cholesterol was > 100 mg/dl. Hyperlipidemia
was also diagnosed if the HDL level was < 40 mg/dl in
males or > 50 mg/dl in females, or if cholesterol-lower-
ing/triglyceride-lowering medications were used [12]. In
the control group, hyperlipidemia was diagnosed if total
cholesterol and/or triglycerides and/or LDL cholesterol
exceeded 190, 150, and 130 mg/dl, respectively, or if the
HDL level was < 40 mg/dlin males or > 50 mg/dl in fe-
males [13].

Diabetic nephropathy was diagnosed on the basis
of presence of microalbuminuria or overt nephropathy.
Based on the criteria of the European Association for
the Study of Diabetes, microalbuminuria was defined as
the albuminuria/creatinine index in a random spot col-
lection (> 30 mg/mg creatinine) or overnight collection
(< 20 mg/min) in two out of three urine collections re-
peated at intervals of up to 6 months [12].

Retinopathy was recognized on fundoscopy per-
formed by an ophthalmologist certified by the Polish
Ophthalmological Society. Retinopathy was graded ac-
cording to the stages of diabetic retinopathy defined by
the American Academy of Ophthalmology [14]. Previous
therapy with photocoagulation was also recognized as
a marker of diabetic retinopathy.

Diabetic neuropathy was diagnosed using the criteria
defined by the Neurologic Symptom Score and Neurolog-
ic Disability Score, based on patient symptoms and neu-
ropathic deficits found on neurologic examination [15].

Carotid Doppler examination

Standard examinations of both carotid arteries were
performed before TCD measurements using a Vivid i
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ultrasound machine (GE Healthcare, USA) equipped
with a linear probe with a central working frequency of
6.3 MHz and range limits of 3.9-8.4 MHz, performed by
a well-trained investigator (GK, with 11 years of experi-
ence). The protocol of the carotid duplex examination
consisted of standard measurement of intima-media
complex, assessment of the presence, echogenicity and
size of atheromatous plaques and measurements of sys-
tolic and diastolic velocities in both common carotid and
extracranial internal carotid arteries to exclude their oc-
clusion or > 50% carotid stenosis. The degree of stenosis
was measured according to von Reutern’s criteria [16].

Transcranial Doppler examination

Middle cerebral artery flow parameters were mea-
sured by TCD through the temporal bone window, using
a MultiDop T2 DWL device (DWL Elektronische Systeme,
Singen, Germany) equipped with a hand-held 2-MHz
PW probe. Flow measurements were performed in both
middle cerebral arteries by a single, well-trained ultraso-
nographer (GK). Measurements were performed in su-
pine position after 10 min of rest. During the test, the CO,
content of expired air (end-tidal CO, concentration) was
monitored continuously (capnograph, Datex Normocap,
Helsinki, Finland). Before the tests, the systemic blood
pressure was measured. Median values of arithmetic
means of velocity measurements at rest (Vmean) and Pl
from both middle cerebral arteries were used for further
off-line analyses.

Capillaroscopy

Subjects participating in the study were asked not to
dispatch the skin of their fingernails for at least 2 weeks
before the start of the study. During examination, pa-
tients remained in a comfortable sitting position, with
the hand conveniently supported and laid stably under
the capillaroscope. Tags were drawn on their nail folds
to establish areas for calculation. The room tempera-
ture was controlled by air conditioning and was kept
the same during all tests. Body temperature was con-
trolled with the use of a contactless thermometer and
was within normal range in all examined patients and
control subjects [6].

The skin capillaries were examined by a stereomicro-
scope with a point light source. The nailfold capillaries
were made transparent by adding a drop of immersion
oil. Images were taken using a digital camera (5MPx;
OPTA-TECH, Warsaw, Poland) attached to the capillaro-
scope, with a lens providing a magnification of 200x
(OPTA-TECH, CS-CREATIVE SOLUTIONS Group, Warsaw,
Poland) and archived on a disc. The image analysis was
performed off-line, semiautomatic with dedicated soft-
ware [17].

Off-line computer analysis included the following
steps: rotation of the image; selection of the part of the
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image for further analysis; tuning the process of selected
area; recognition of capillaries; and final acceptance of
results. The first two rows of capillaries in the nail fold
were evaluated. The images with less than five capillaries
in each row were not considered for statistical analysis.
The image analysis allows determination of the mean
distance between capillaries (DISTANCE) and the ratio
between the area of capillaries and total area of exam-
ined skin (COVERAGE) [6].

Statistical analysis

All the analyses were performed with Statistica ver-
sion 9.1 software (StatSoft Inc, Tusla, OK). Shapiro-Wilk
tests were performed to analyze the distribution of
continuous variables. Differences between groups were
analyzed with Student’s t-test for normally distributed
variables (circadian insulin demand) or with the Mann-
Whitney U test for the other variables (age, type 1 diabe-
tes duration, BMI, diastolic and systolic blood pressure,
Vmean, P, DISTANCE and COVERAGE, and end-tidal CO,
concentration). The y? test was used to compare the
female to male ratio, the prevalence of systemic micro-
vascular complications, and concomitant risk factors in
groups. The correlation was assessed by the Spearman
rank correlation test. The level of p < 0.05 was regarded
as statistically significant.

Results

Based on medical history, physical examination, bio-
chemical analysis, carotid and transcranial ultrasound,
none of the study subjects had an established diagno-
sis of coronary heart disease, diabetic foot, orthostatic
hypotension, chronic renal insufficiency or significant
stenosis (> 50%) of the extra- and intracranial arteries.
The two compared groups (patients with type 1 diabetes
and control subjects) did not differ in terms of age, gen-
der, body mass index (BMI), systolic and diastolic blood
pressure, cigarette smoking, and co-morbidities or treat-
ments (Table 1).

Median Pl was higher in patients with type 1 diabetes
than in control subjects. Median DISTANCE was lower in
the patients and median COVERAGE was higher in the
patients than in the control group. We found no signifi-
cant differences in Vmean, mean arterial pressure, and
end-tidal CO, between the groups (Table 2). No differ-
ences in P, COVERAGE and DISTANCE were detected be-
tween subgroups of patients with type 1 diabetes divided
on the basis of presence/absence of vascular risk factors,
co-morbidities, and treatments (Table 3).

We found significant, positive correlations between PI
and both age and diabetes duration in patients with type
1 diabetes, but no correlation between Pl and age in con-
trol subjects. There were no correlations between Pl and
DISTANCE or COVERAGE in patients with type 1 diabetes
and the control group. No correlations were found also
between Pl and BMI, both in patients and control sub-
jects, and between Pl and glycated hemoglobin (HbA, ) or
circadian insulin demand in patients with type 1 diabetes
(Table 4).

Discussion

Our study demonstrated that Pl of the middle cere-
bral artery in young patients with type 1 diabetes is high-
er than in control subjects without diabetes. We also re-
vealed that the distance between skin capillaries is lower
in patients than in control subjects, and coverage of cap-
illaries in the nail fold is higher in diabetic patients than
in the control group. We found a significant correlation
between patient age and PI, but we have not found any
other associations between cerebral PI, skin microcircu-
latory parameters and other risk factors or concomitant
diseases, both in patients and control subjects. Thus, we
did not confirm the correlation between cerebral and skin
microcirculatory impairment in both groups.

A majority of previous reports that revealed increased
Pl in diabetic subjects, focused on type 2 diabetes [4, 10,
11]. Cerebral Pl in type 1 diabetes has been rarely evalu-
ated so far. A report presented by Siro et al. showed an
increase in Pl in middle-aged patients with type 1 diabe-

Table 2. Comparison of middle cerebral artery blood flow parameters and capillaroscopy findings between patients

with type 1 diabetes and healthy control subjects

Parameter Patients Control group P-value
(n=51) (n=23)
Vmean [cm/s] 66.8 +16.2 65.5 +14.1 0.73
Pulsatility index 0.82 (0.65-1.19) 0.75 (0.60-1.07) <0.01
DISTANCE [um] 220.9 (152.6-311.0) 239.7 (184.8-356.2) 0.03
COVERAGE (%) 20.4 +3.5 183 +2.8 0.01
End-tidal CO, (%) 4.77 £0.5 4.8 £0.5 0.76
Mean arterial pressure [mm Hg] 87.7 (61.0-140.0) 90.3 (61.6-138.3) 0.98

Vmean — mean flow velocity in middle cerebral artery, DISTANCE — distance between skin capillaries, COVERAGE — ratio between the area of capillaries and total

area of examined skin.
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Table 3. Values of pulsatility index, COVERAGE, and DISTANCE in subgroups of patients with type 1 diabetes divided on

the basis of presence/absence of vascular risk factors, co-morbidities, and treatments

Factor Pulsatility index DISTANCE [pum] COVERAGE [%]
Present Absent P-value Present Absent P-value Present Absent P-value
Hyperlipidemia 0.82 0.85 0.73 220.6 222.8 0.82 20.2 21.0 0.56
(n=41) (0.65-1.14) (0.66-1.19) (152.6-311.0) (186.0-255.6) +3.7 +2.8
Hypertension 0.91 0.82 0.10 226.5 22.6 0.75 20.4 20.4 0.99
(n=12) (0.71-1.19) (0.65-1.11) (178.7-311.0)  (152.6-304.7) +35 +37
Neuropathy 0.87 0.81 0.09 220.6 221.0 0.97 20.5 20.1 0.48
(n = 25) (0.65-1.19)  (0.65-1.09) (152.3-311.0)  (171.2-284.9) +33 +37
Retinopathy 0.85 0.82 0.85 223.3 219.6 0.61 20.8 20.1 0.46
(n=24) (0.65-1.19) (0.65-1.1) (178.7-311.0) (152.6-280.9) +4.2 +2.9
Nephropathy 0.81 0,86 0.76 2233 215.6 0.41 19.8 20.7 0.38
(n=16) (0.71-1.19) (0.65-1.14) (152.6-304.7) (171.2-311.0) +3.3 +3.7
ACEl or ARB 0.89 0.82 0.15 225.3 220.7 0.68 20.1 20.5 0.75
treatment (0.71-1.19) (0.65-1.11) (186.0-311.1)  (152.6-304.7) +3.4 +3.6
(n=9)
Statin treatment 0.93 0.81 0.06 227.6 217.6 0.46 20.1 20.5 0.76
(n=11) (0.71-1.19) (0.65-1.11) (178.8-3111)  (152.6-304.7) +3.4 +3.4
Overweight or 0.86 0.82 0.25 2209 220.4 0.89 20.5 20.3 0.90
obesity (n = 25) (0.65-1.19) (0.66-1.14) (178.8-304.7) (152.6-311.1) +3.5 +3.7
Cigarette smoking 0.82 0.83 0.95 221.0 220.6 0.60 21.6 20.0 0.16
(n=12) (0.70-1.09) (0.65-1.19) (152.6-280.4) (171.2-311.0) +3.2 +3.6

DISTANCE — distance between skin capillaries, COVERAGE — ratio between the area of capillaries and total area of examined skin, ACEl — angiotensin-converting
enzyme inhibitor, ABR — angiotensin receptor blocker.

Table 4. Analysis of correlations between the pulsatility index, COVERAGE, and DISTANCE in patients with type 1
diabetes and control subjects

Parameter Correlations for the pulsatility index
Patients Control group
(n=51) (n=23)
DISTANCE [pm] r=0.3,p =034 r=-0.1,p=0.63
COVERAGE (%) r=-0.07, p = 0.60 r=0.10, p = 0.64

Age [years]

r=034,p =001

r=-011, p = 0.60

BMI [kg/m?] r=021,p =014 r=-034,p=011
Smoking load [pack-years] r=-0.04,p = 0.89 n.a.
Type 1 diabetes duration [years] r=0.40, p = 0.003 n.a.
HbA, (%) r=-0.19,p=0.18 n.a.
Circadian insulin demand [units] r=-0.12,p =037 n.a.

Vmean — mean flow velocity in middle cerebral artery, DISTANCE — distance between skin capillaries, COVERAGE — ratio between the area of capillaries and total
area of examined skin, BMI — body mass index, HbA, - glycated hemoglobin, n.a. — not applicable.

tes [9]. On the other hand, our previous report, concern-
ing young patients with type 1 diabetes, did not reveal
any increase in cerebral Pl in this type of diabetes [7]. The
present study shows a Pl increase in patients with type 1
diabetes below 40 years of age. This finding, and the
positive correlation between Pl and patient age, which is
not present in the control group, support the hypothesis
of faster development of cerebral microangiopathy in pa-
tients with type 1 diabetes. These results are also consis-
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tent with previous reports that showed an association of
patient age or disease duration and Pl in type 2 diabetes
[4, 10]. Thus we can suggest the trigger effect of type 1
diabetes on the extent of cerebral microangiopathy.

The influence of type 1 diabetes on skin microcircu-
lation is still an open question. Kuryliszyn-Moskal et al.
detected skin microangiopathy in 81% of patients with
type 1 diabetes [18]. Tibrica et al. showed impaired skin
microcirculation in patients with this type of diabetes
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[19]. Our recent study also revealed skin microcirculatory
dysfunction, which was related to late onset of type 1
diabetes [6]. However, both Meyer et al. and Trapp et al.
demonstrated no difference in density, diameter, and
morphology of capillaries between diabetic patients and
control subjects without diabetes [20, 21]. Likewise, Gas-
ser and Berger found no differences between healthy
subjects and patients in nailfold videocapillaroscopy at
rest and after local cooling [22]. Results of the present
study are in line with those reports that show skin micro-
circulatory impairment in patients with type 1 diabetes.
Similarly, the relationship between the presence of
microangiopathy in the skin and other vascular beds is
not clear. Studies of Jdrneskog et al. reported that skin
microangiopathy in diabetic patients occurs despite the
existence of other microvascular diabetic complications
and mainly metabolic control is of importance for the
nutritive capillary circulation [23, 24]. Trapp et al. also
found no correlation between morphology and density
of capillaries and the presence of diabetic retinopathy
[21]. Our findings are in line with those reports. However,
Kuryliszyn-Moskal et al. showed an association between
the severity of changes in capillary structure and the
presence of chronic complications of type 1 diabetes
[18]. Chang et al. suggested that changes in the retina are
similar to those detected by capillaroscopy [25]. Urban
et al. and Lefrandt et al. suggested that the presence of
autonomic neuropathy significantly affects the skin mi-
crovascular function [26, 27]. Maldonado et al. showed
that the patients with more comorbidities and evolution
of the disease had greater microvascular damage [28].
To date it has remained unclear if the detection of
skin microcirculatory dysfunction could indicate the pres-
ence of cerebral microangiopathy. Our results do not con-
firm the association between skin microvasculature and
cerebral microcirculation functions in patients with type 1
diabetes. This may support the hypothesis that the ex-
tent of microcirculation disturbances may differ accord-
ing to the nature of endothelial injury and may depend
on intrinsic properties of the endothelium, especially due
to different endothelial activity in cerebral and peripheral
microcirculation [29]. It is also in line with former reports
showing different effects of chronic diabetes on vascular
responses in cerebral and peripheral vessels [30, 31].
However, previous reports on cerebral microvascula-
ture in young patients with type 1 diabetes revealed an
association between kidney or retinal microangiopathy
and the presence of cerebral microvascular impairment
[7,32]. Our results show a lack of such an association in
older populations. In our opinion, this may indicate that
the relationship between microvascular injury in different
vascular beds is not fixed and can be affected by patient
age, diabetes duration, and other factors.
Our results do not reveal any associations between
concomitant diseases or vascular risk factors. This is in
line with previous reports, concerning both cerebral and
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skin microvascular beds [6, 7]. Interestingly, in contrast
to previous studies, we did not find any impact of use of
angiotensin-converting enzyme inhibitors, angiotensin
receptor blocker or statins on microcirculatory function
[33, 34].

Our results are also limited by other factors. In our
opinion, the most important is the high presence of hy-
perlipidemia in control subjects without frequent statin
use, which can also influence cerebral microcirculation
[34, 35]. Besides, we realize that functional assessment
of cerebral microcirculation by Pl measurements does
not fully reflect cerebral microcirculatory injury in type 1
diabetes. Morphological assessment, especially detec-
tion of white matter lesions and silent cerebral infarct
by brain magnetic resonance imaging would extend our
knowledge about cerebral microvasculature in those pa-
tients [36, 37].

Conclusions

In spite of simultaneous presence of cerebral micro-
angiopathy (reflected by increased PI of the middle ce-
rebral artery) and skin microangiopathy (reflected in by
decreased DISTANCE and increased COVERAGE of skin
capillaries), we found no significant association between
cerebral and skin microvasculature function. This may
indicate independent development of microcirculatory
impairment in cerebral and peripheral vascular beds.
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