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Abstract
Introduction: Skin microcirculation is recognized as an appropriate model to use when investigating the relationship between cardio-
vascular risk factors and microvascular function. It is currently a matter of debate whether studies on skin microcirculation in young 
type 1 diabetic patients without existing microangiopathy may be helpful in identifying subjects with impaired endothelial function. 
Aim of the study: To evaluate the potential changes in skin microcirculation of patients up age of 18 years using capillaroscopy, post 
reactive hyperaemia (PORH) and venous occlusion (VO) tests, and to establish the relationship between those changes and disease 
duration and metabolic control in patients with type 1 diabetes. 
Material and methods: Study group consisted of 112 pediatric patients aged 8.4–18.0 years, with a median age of 14.95 years. The 
median diabetes duration and age at onset were 5 years and 9.6 years, respectively. The median HbA1c in the studied group was 
7.6% at the time when the microcirculation was being examined. Capillaroscopy studies were focused on type 1 diabetic patients 
and employed non-selective stimuli such as the PORH and VO tests. The relative area covered by capillaries (coverage) was measured 
before the testing and again after the PORH and VO tests. 
Results: The analysis revealed that none of the skin microcirculation indices correlated significantly with patient age, diabetes dura-
tion or metabolic control. 
Conclusions: In young patients with uncomplicated type 1 diabetes mellitus skin microcirculation function is not dependent on age, 
disease duration or metabolic control.
Key words: 
diabetes mellitus type 1, skin microcirculation, capillaroscopy, diabetes duration, metabolic control.

Streszczenie
Wprowadzenie: Mikrokrążenie skóry jest uznawane za odpowiedni model do badania zależności między czynnikami ryzyka sercowo-
naczyniowego a czynnością mikrokrążenia. Trwa dyskusja, czy badania mikrokrążenia skórnego u młodych pacjentów z cukrzycą 
typu 1 bez mikroangiopatii mogą być odpowiednie w identyfikacji osób z upośledzoną funkcją śródbłonka.
Cel pracy: Ocena potencjalnych zmian mikrokrążenia skórnego pacjentów w wieku poniżej 18 lat za pomocą kapilaroskopii, testu 
przekrwienia czynnego (PORH) i okluzji żylnej (VO) oraz ustalenie związku między tymi zmianami a czasem trwania choroby i kon-
trolą metaboliczną u pacjentów z cukrzycą typu 1.
Materiał i metody: Grupę badaną stanowiło 112 pacjentów pediatrycznych w wieku 8,4–18,0 lat, z medianą 14,95 roku. Mediana 
czasu trwania cukrzycy wynosiła 5 lat, a wieku wystąpienia choroby 9,6 roku. Mediana HbA1c w grupie badanej w czasie badania 
mikrokrążenia skórnego wynosiła 7,6%. Wykonano badania kapilaroskopowe łącznie z zastosowaniem bodźców nieselektywnych, 
takich jak testy PORH i VO. Względny obszar pokryty kapilarami (pokrycie) mierzono przed badaniem, po testach PORH i VO.
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Introduction

Skin microcirculation is recognized as a  valid model to 
study the relationship between cardiovascular risk factors and 
microvascular function [1]. The impairment of endothelial fun-
ction in type 1 diabetes leads to typical microvascular compli-
cations, such as retinopathy, neuropathy or nephropathy [2]. 
The impact of diabetes duration on presence of these compli-
cations has been described many times [3–8]. Certain studies 
have also shown that endothelial dysfunction of skin vasculatu-
re in type 1 diabetes is associated with the presence of diabe-
tic complications [9–11]. However, it is still a matter of debate 
whether studying skin microcirculation in young type 1 diabe-
tes mellitus (DM1) patients without existing microangiopathy 
may be helpful in identifying subjects with impaired endothelial 

function. Therefore, investigating the influence of age and dia-
betes duration on skin microvascular function in children with 
non-complicated DM1 is of great importance. 

One of the recognized methods of skin microcirculation as-
sessment is capillaroscopy [12, 13]. In our previous study on 
adult DM t.1 patients we used capillaroscopy and L-arginine in-
fusion to assess the skin microcirculation function. For the stu-
dies in children we chose capillaroscopy with employment of 
non-selective stimuli such as post-occlusive reactive hyperemia 
(PORH) and venous occlusion (VO) tests. Such approach is wi-
dely used in microvascular studies of diabetic patients [14–16]. 

The aim of our study was to evaluate any potential changes 
in skin microcirculation of patients up to the age of 18 years 
using capillaroscopy, PORH and VO tests, and to establish the 
relationship between those changes, disease duration and me-
tabolic control in patients with type 1 diabetes. 

Material and methods

Research design and subjects
The study group consisted of 112 pediatric patients with 

type 1 diabetes (51 men and 61 females, with median age 
14.95 years; Table I), recruited from the Department of Pedia-
trics, Diabetology and Endocrinology Medical University of 
Gdansk. Based on their patients’medical history, physical exa-
mination, biochemical analysis none of the study subjects had 
microangiopathy, including retinopathy, nephropathy and neuro-
pathy according to widely accepted standards [17–19]. All exa-
minations were performed between 8:00 A.M. and 1:00 P.M. The 
study protocol included medical history, capillaroscopy exami-
nation and laboratory testing. In the study group systolic blood 
pressure was 107 ±10.3 mm Hg, diastolic 60 ±6.5 mm Hg and 
heart rate 82 ±11 beats/minute. 

The study protocol was approved by the Medical Ethics Com-
mittee of the Medical University of Gdansk (NKBBN/277/2014; 
NKBBN/277-512/2016). Upon entry to the study, each partici-
pant gave informed consent (Table I). 

All patients followed the same study protocol. After 10 mi-
nutes of rest in a sitting position, blood pressure was measured 
5 times on both arms. PORH test was performed after additio-
nal 20 minutes of rest. VO test followed examination with 5 mi-
nutes break.

Skin microcirculation examination
Subjects participating in the study were asked not to dispa-

tch any skin of their fingernails for least for 2 weeks prior to the 

Wyniki: Analiza wykazała, że żaden z parametrów charakteryzujących mikrokrążenie skórne nie korelował istotnie z wiekiem pa-
cjentów, czasem trwania cukrzycy i kontrolą metaboliczną.
Wnioski: U młodych niepowikłanych pacjentów z cukrzycą typu 1 funkcja mikrokrążenia skórnego nie zależy od wieku, czasu 
trwania choroby i kontroli metabolicznej.
Słowa kluczowe:
cukrzyca typu 1, mikrokrążenie skórne, kapilaroskopia, czas trwania cukrzycy, kontrola metaboliczna.

Table I. Characteristic of study group

Characteristics Diabetic patients 
(n = 112)

Gender M/F 51/61

Age [years] 14.95 (8.4; 18.00) 

Age at onset of DM [years] 9.65 (1.2; 15.20)

Duration of DM [years] 5.05 (0.3; 15.90)

Insulin dose [units/24 h] 45 (1.5; 100)

Insulin dose [units/kg] 0.77 (0.03; 1.36)

Treatment with pump [%] 59.8

HBA1c [%] 7.6 (5.3; 13.6)

Episodes of mild hypoglicaemia  
[N/last month]

6 (0; 30)

Episodes of severe hypoglicaemia  
[N/last year]

0 (0; 4)

Coexistence of other 
autoimmunological disease [%]

26.8

Values are presented in mean ± SD or median (minimum; maximum) 
DM – diabetes mellitus 
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beginning of the study. During examination, patients remained 
in a comfortable sitting position with the hand comfortably su-
pported and laid securely under the capillaroscope. The room 
temperature was controlled by air conditioning and was kept 
the same during all tests. Body temperature was controlled with 
the use of a contactless thermometer and was within normal 
range in all examined patients.

The children were fasting during the microcirculation test. 
Diabetic patients controlled their blood glucose levels accor-
ding to daily self-control routine. As previously described, the 
skin microcirculation was assessed by capillaroscopy [22]. 
Images were taken using a digital camera (5MPx; OPTA-TECH, 
Warsaw, Poland) attached to the capillaroscope (OPTA-TECH, 
CS-CREATIVE SOLUTIONS Group, Warsaw, Poland) and archi-
ved on disc. The image analysis allows determination of the 
ratio between area of the visible capillaries and total area of 
analyzed image (coverage).

For post occlusive reactive hyperemia test (PORH) the 
blood pressure cuff was placed around the patient’s arm and 
inflated to a pressure 50 mm Hg greater than systolic blood 
pressure of the patient to completely stop the blood flow for 
4 minutes [21]. For venous occlusion test (VO) the blood pres-
sure cuff was inflated to 60 mm Hg for 2 minutes. The two abo-
ve mentioned tests were performed 10 minutes apart. 

The following skin microcirculation reactivity parameters 
were measured: capillary recruitment using PORH – assessed 
with D coverage PORH (difference between area covered by 
capillaries after PORH and at baseline) and the effect of venous 
occlusion test - D coverage VO (difference between area cove-
red by capillaries after VO and at baseline).

Statistical analysis
All the analyses were performed using STATISTICA data 

analysis software system, version 12. (StatSoft, Inc., Tulsa, OK, 
USA). Shapiro-Wilk tests were performed to analyze the distri-
bution of continuous variables. Values are expressed as me-
dian and range or as mean and standard deviation, as appro-
priate. Wilcoxon test was used for assessing the significance 
of changes related to tests. Correlation was assessed by the 
Spearman’s rank correlation test for all continuous variables. 
The comparison between skin microcirculation parameters, 
age and diabetes duration was performed using ANOVA test. 
The χ2 test was used to compare the proportion of genders and 
the presence of other autoimmunological diseases, frequency 
of mild and severe hypoglycemia. The level of p < 0.05 was 
regarded as statistically significant.

Results

In Table II the capillaroscopy data obtained at baseline, du-
ring PORH and during venous occlusion are presented. The 
comparison of the coverage at baseline and during both the 
PORH and VO tests for the whole study group differed signi-
ficantly (p < 0.001). The values of skin microcirculation para-
meters such as coverage at baseline, after PORH and after VO 

averaged for one year intervals were obtained. The analysis 
revealed no significant differences between age groups for the 
following variables: coverage at baseline (p = 0.98), coverage 
after PORH (p = 0.66) and coverage after VO (p = 0.75). The 
patient subgroups distinguished by patients’ age differed sig-
nificantly in the duration of diabetes. Therefore, in subsequent 
analyzes, we compared the parameters describing skin micro-
circulation age groups depending on the basis of their median 
diabetes duration.

There was no significant difference between the analyzed 
age groups with regards to diabetes duration for the following 
variables: coverage at baseline (Figure 1), coverage after 
PORH and coverage after VO. The respective statistics and 
significance level for age group comparison are: for coverage 
after PORH (p = 0.57) and for coverage after VO (p = 0.71). 
Evaluation of the relationship between skin microcirculation 
parameters- coverage, age and metabolic control shows that 
the patient age, the onset of diabetes and diabetes duration 
did not correlate significantly with skin microcirculation para-
meters such as coverage at baseline, coverage after PORH, 
coverage after VO or D coverage PORH and D coverage VO. 
In addition, HbA1c level, insulin dose/kg, numbers of mild or 
heavy episodes of hypoglycemia did not correlate significan-
tly with skin microcirculation parameters. No differences were 
found between values describing skin microcirculation when 
the groups were divided by sex, type of treatment (pump or 
pens) or coexistence of other autoimmunological diseases. 

Table II. Skin capillaroscopy data

Characteristics Diabetic patients 
(n = 112)

COVERAGE [%]

[1] BASELINE 17.29 ±2.4

[2] After Post-Oclusive Reactive 
Hyperemia (PORH)

16.62 ±2.92

[3] After Venous Occlusion (VO) 16.56 ±2.88

ABSOLUTE CHANGE IN COVERAGE [%]

Δ PORH [2]–[1] # –0.67 ±2.5

Δ VO [3]–[1] # –0.73 ±2.17

Δ PORH ([2]–[1])/[1] -3.42 ±14.15

Δ VO ([3]–[1])/[1] –3.83 (–39.8; 44.78)

p for comparison with condition before PORH or VO: # p < 0.001; 
Values represented in means ±SD or median (minimum; maximum) 
COVERAGE – the ratio between area of the visible capillaries and total 
area of analyzed image
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Discussion

Our previous study has shown that adults with diabetes 
onset before 19.7 years of age have better skin microcircu-
lation function than those with later onset of disease. Moreo-
ver, in studied subjects we found no correlation between skin 
microcirculation parameters and diabetes duration [22]. In 
this adult diabetic group study we have used capillaroscopy 
combined with l-arginine infusion to assess skin microcircu-
lation reactivity [22]. Unlike l‑arginine, PORH is a completely 
non-invasive test. That is why it was chosen for testing in pe-
diatric patients.

The present analysis based on data collected on 112 chil-
dren with non-complicated diabetes type 1 aged 8–18 years 
showed that studied skin microcirculation parameters are in-
dependent of patient age and diabetes duration. Our data are 
in line with the results of a study by Ladeia et al. [23]. Based 
on the analysis of the endothelial function using PORH test 
and flow mediated dilatation in diabetic children aged from 7 
to 18 years with diabetes duration below 5 years, Ladeia et al. 
concluded that endothelial function was not altered in these 
patients. The report of Tibrica also showed no significant cor-
relation between the skin capillary function and diabetes du-
ration in adults with non-complicated diabetes type 1 patients 
aged 27.1  ±10.6 years with disease duration of 10 (1; 45) 
years [15].

Contrasting results were found by Jörneskog’s and et al. 
in their study on 20 adult diabetes type 1 patients, including 
both subjects with (age of 46.1 ±9.8, diabetes duration 17.7 
±9.6 years) and without complications (age 29.9 ±7.0, dia-
betes duration 4.8 ±2.9 years). They concluded that the re-

duction in maximal blood flow in skin capillaries was more 
pronounced in patients with diabetic complications. Accor-
ding to cited authors, changes in capillary flow could suggest 
that skin microcirculation dysfunction precedes late diabetic 
complications [14]. The same conclusion was presented by 
Khan et al. who studied the endothelium-dependent respon-
ses in relation to diabetes duration using iontophoresis and 
laser Doppler flowmetry [24]. However, it is important to note 
the limitations of some of these reports, such as the relati-
vely small size of the groups studied as well as the conside-
rable progress that has been made in diagnosis as well as 
the prophylactic standards and insulinotherapy in diabetes 
type  1 over the past 20 years. The reports on age related 
reduction of skin capillary density were already described by 
several authors [25, 26]. The researchers observed signifi-
cant reduction of dermal papillary loops in elderly skin when 
compared with young skin. Tibirica had found a positive cor-
relation between functional and structural capillary densities 
with age in 59 adults with type 1 diabetes [15]. Piotto et al. 
found a  significant increase in capillary density with age in 
a  group of 100 healthy subjects aged 5 to 18 years [27]. 
However, the analysis of our data showed no correlation be-
tween skin microcirculation parameters and age of examined 
children. Additionally, these parameters did not correlate with 
metabolic status described by the level of glycated hemoglo-
bin, type of treatment and the number of hypoglycemic episo-
des. The published studies on the relationship between skin 
microvascular parameters and metabolic control [15, 22] in 
adult patients with type 1 diabetes are not consistent. Some 
of them demonstrated that skin microcirculation reactivity 
was independent of the metabolic state described by HbA1c 
level [15, 22]. On the other hand, Jorneskog et al. reported 
significant differences in capillary flow between 20 patients 
with non-complicated disease with bad and good metabolic 
control rather than diabetes duration [16]. Schlager and co-
workers carried out a study on 896 children and adolescents 
(4.3–18.1 years) to investigate the impact of age and gender 
on microcirculatory function during adolescence assessed by 
postocclusive reactive hyperaemia (PORH) and laser Doppler 
fluxmetry. They showed the impact of gender on microvascu-
lar reactivity in adolescents but not at younger ages [28]. Our 
present study not disclose gender related differences in skin 
microcirculation parameters assessed by PORH and capilla-
roscopy. Those findings we have already observed in adults 
with type 1 diabetes mellitus [22] when we used L-arginine 
infusion and capillaroscopy. 

In the current study we did not examine children younger 
than 8 years old because of the need for patient cooperation 
during the time of examination. Our analysis was aimed to find 
first signs of age dependent changes in microcirculation. For 
this analysis we have only included children without retinopat-
hy, nephropathy and neuropathy. The lack of control group 
should not be recognized as a limitation of our study, as we 
intended to analyze the age-related changes in structure and 
function of skin microcirculation in diabetic patients in relation 
to diabetes duration.
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Figure 1. Comparison of coverage at baseline in age groups 
depending on the diabetes duration. Data is presented as 
mean ±0,95 CI
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Conclusions

The final conclusion from our study is that skin microcir-
culation function is not associated with age, disease duration 
and metabolic control in pediatric patients with uncomplicated 
type 1 diabetes mellitus. 
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