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Accoumnaumm GyHKUMOHAABHBIX M BHOXMMHMYECKHMX
napameTpoB AUCOYHKLMH SHAOTCAMSA Y IKCHIUMH

B NOCTMEHONAay3e C Pa3AMUYHbIM COCTOSIHHEM
YrACBOAHOIrO OOMEHa
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ITBOY BIIO Hosocubupckuii cocyoapemeennbiii meduyunckui ynueepcumem Munzopasa Poccuu, Hosocubupck I
2DI'BY HayuHo-uccredosamensckuii UHCmMUmym mepanuu u npoguaraxmuyeckoii meduyunst, Hosocubupck

MHoeue 6onpocel pecyasyuu peoaocu4eckKux u cocyOUCmblx C80UCME 8 HOpMe U NPU HAPYULeHUSX Y2ne800H020 00MeHa 0CMaromcs He-
SACHBIMU, YMO 8AJICHO 8 Namozere3e aneuonamuil. Tak, omcymcmayrom ceedeHust 0 YYHKYUAX SHOOMeAUs N0 8A30MOUUSIM 8 YCAOBUSIX
okkao3uu. Ocoboe 6HUMAHUE NPUBAEKAIOM JCCHWUHbL 8 PAHHEN NOCMMeHONnay3e, K020a HepeoKo KAUHUYeCKU Manugecmupyrom
MemaboauvecKue u 2eMOOUHAMU"ECKUe HAPYUIEHUSL.

Ileas. H3yuums accoyuayuu kKauHuveckux u OUOXUMUYECKUX NOKA3amenell ¢ MUKPOUUPKYASAMOPHbIMU NAPAMEempamu 3H00menu -
anbHo20 0UAana3oHa y NOCMMEeHONAY3aAbHbIX JCEHUWUH 8 eCMeCMEeHHOl NOCMMEHONAy3e npu pazaudHOM COCIOSHUU Y2ne800H020
obMmeHa.

Mamepuaavt u memodot. O6credosannbix 94 nocmmeHONay3anbHbIX JHceHWUHbL pazoeiuau Ha 3 epynnul: 52 ¢ caxapuovim ouabemom
2 muna (C2) cocmasuau epynny 1; 16 ¢ npeduabemom — epynny 2; 26 ¢ Hopmoeaukemueii — epynny 3. Onpedensinu nokazamenu:
anmponomempuyeckue, AUKeMUU Hamowak, 2AUKUPOBAHHbLI 2eMO2A00UH, AUNUA0DAMMY; paKmop pocma IHOomenus cocyoos
(VEGEF) u sndomenun- 1. Mukpouyupkyaayuio oyenusaiu memooom aazeproii donnaeposckoii proymempuu (JLADP). Cmamucmuue-
CKU AHAAu3 npoeoouau ¢ nomouibro npoepamm SPSS (eepcus 17.0).

Pesyaomamot. [lapamempor JIJID 6 epynne 3 docmogepro pazauuanrucs ¢ epynnoii 1 60 epems OKKA3UOHHOU npobbl u npu penepy-
3uu; ¢ epynnoii 2 — 6 ycaogusix baszanvHoeo kposomoka. B epynne 1 npu oxxarozuu PMfEI (vacmoma konebanuii MUKpoKpogomoxa)
oviaa eviue, a SO2aEi (amnaumyoda konrebanuii camypayuu) Huxce, yem 6 epynne 3. Ilokazamenu VraEr u Via/mEr 6 nepuod eoc-
cmanoenerus kpogomoka 6 epynne 1 u VrfEf npu peecucmpayuu 6azanvHozo Kposomoka 6 epynne 2 npegvlulai maxKogwle epynnol 3
(napamempot Vi ompaxcarom 6Kk4a0 KoaeOaHUil OMHOCUMENbHO20 006eMa PpaKyuu Ipumpoyumos 8 30HOUpyemom yuacmee Koxicu
6 modyaauuro cocyoucmoeo monyca). B epynne 1 oxkawozuonnsie noxazamenu JII® koppeauposanu ¢ OT, VEGF u napamempamu
aunudoepammol, penepdysuontsie napamempsl VraEr — ¢ nokazamensmu cucmonuueckoeo AJl, aunudoepammel. B epynne 2 na-
pamemp VrfEf o6pamuo koppeauposan ¢ nokazamenem VEGF; é epynne 3 nokazamenv PMfEi — ¢ noxazameasmu sndomenuna- 1.
3akarouenue. Boissnenvl accoyuayuy memaboauveckKux, AHmponoMempudeckux, eeMoOUHaMU4eckKux oaKkmopos u OUoXUMU4ecKux
mapkepos duchyHKyuu 3H0omenusi c napamempamu MUKPOUUPKYAAYUY 8 PA3NUHHBIX pedcumax (0a3anrbHom, OKKAIOZUOHHOM, penep-
@Y3UOHHOM) IHOOMEAUANbHO20 OUANA30HA Y NOCIMEHONAY3AAbHbIX HCEHUUH 8 3A8UCUMOCIU OM COCIOAHUS YeAe800H020 00MeHa.
Jlemanusupoearo erusHue 803pacma Ha 8a30MOYUU MUKPOUUPKYASMOPHOZ0 PYCAQ.

Karoueente croea: ducynkuus sndomenus,; caxaprulii duabem 2 muna, npeduabem; aa3zepHas 00NNAEPOBCKAs royMempus,; 6a30MOUUU
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Most of the questions regarding vascular and rheological regulation related to normal health and disorders of carbohydrate metabolism
remain unclear, which is important in the pathogenesis of angiopathy. Consequently, in the literature, there is no information about
the function of endothelial vasomotion during occlusion. The present study investigated early postmenopausal women, when clinical,
metabolic, and hemodynamic disturbances often manifest.

Aim. To study the association between clinical and biochemical indicators of endothelial microcirculation in naturally postmenopausal
women with different carbohydrate metabolism statuses.

Materials and methods. We surveyed 94 postmenopausal women who were divided into three groups based on their carbohydrate
metabolism status: group 1, type 2 diabetes mellitus (n = 52); group 2, prediabetes (n = 16); group 3, normoglycemia (n = 26). The
Jollowing indicators were assessed.: lipid profiles and anthropometric fasting plasma glucose, glycated hemoglobin, vascular endothelial
growth factor (VEGF), and endothelin- 1 levels. Microcirculation was evaluated by laser Doppler flowmetry (LDF). Statistical analysis
was performed using SPSS software (version 17.0).
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Results. LDF parameters in group 3 were significantly different from group 1 during occlusion and reperfusion and also from group 2 in
basal blood flow. During occlusion, the frequency of microcirculation oscillation was higher in group 1, whereas the amplitude of oxygen
saturation oscillation was lower in group 3 than those in group 2. VraEr and Vra/mEr indicators during reperfusion in group 1 and
VifEf during basal blood flow in group 2 were higher than those in group 3; Vr parameters reflect the contribution of fluctuations in the
relative erythrocyte volume in the probed area of skin to the modulation of vascular tone. In group 1, occlusal L DF indicators correlated
with waist circumference, whereas VEGF, lipid profile parameters, and reperfusion parameters, VraEr correlated with systolic blood
pressure and lipid profile. In group 2, VifEf inversely correlated with VEGF levels, and in group 3, the frequency of microcirculation
oscillation inversely correlated with endothelin- 1 levels.

Conclusions. We revealed the associations of metabolic, anthropometric, and hemodynamic factors as well as biochemical markers of en-
dothelial dysfunction with microcirculation parameters in various modes of endothelial activity (basal, occlusion, and reperfusion) in post-
menopausal women according fo their carbohydrate metabolism status; we also describe the effect of age on microvasculature vasomotion.

Diabetes mellitus. 2015,18(4):105-112

Key words: endothelial dysfunction; type 2 diabetes mellitus, prediabetes; Laser Doppler Flowmetry; vasomotions

DOI: 10.14341/DM7561

( : ardiovascular diseases (CVDs) are considered to
be predominantly occurring in males; however,
these are a leading cause of death in women

associated with menopause [1]. The most important
risk factor for cardiovascular mortality in women is
type 2 diabetes mellitus (T2DM) because an improper
management of this condition leads to the development
of macro- and microvascular complications. According to
the International Diabetes Foundation in 2013, the apogee
of T2DM incidence lowered to 45—55 years of age, which
coincides with the age range of natural menopause.

Microcirculation disorders and blood rheology play
an important role in the pathogenesis of cardiovascular
disease and complications related to T2DM [2]. In
addition to nerve and local control mechanisms of
skin microcirculation, changes in the lumen of blood
vessels, called vasomotion, are also involved. Although
its origin is not completely elucidated, vasomotion is the
rhythmic oscillation of blood microvessels determined
by endothelial, neurogenic, myogenic, and other factors.
There is a speculation that changes in vasomotion result
in the disruption of blood oxygen transport, which leads
to an increase in tissue ischemia. This is the reason why
microvascular blood flow in T2DM has been gaining more
attention in recent decades.

Of the various microcirculation assessment techniques,
the most common is laser Doppler flowmetry (LDF),
a noninvasive method used to measure the overall
level of perfusion that also shows particularities of
microvascular blood flow. LDF enables the assessment
of microhemodynamic indicators in vivo without direct
contact with microvessels [3]. Results obtained with
LDF can also be used for the evaluation of endothelial
dysfunction (ED) [4].

To assess various risk groups of postmenopausal
women, early discovery of subclinical organ damage with
the help of modern noninvasive methods is very important.
Despite certain advancements in the study of blood flow
quality at the microvascular level, attention has been
focused mostly on basal blood flow and vasomotion.
Moreover, the data obtained in a number of those studies
is inconsistent [5—10]. However, most authors believe that

basal endothelial activity in patients with T2DM is lower
than that in healthy individuals [5, 7, 8, and 11]. However,
the influence of occlusion on endothelial vasomotor
parameters of microcirculatory blood flow in various
disorders of carbohydrate metabolism remains unexplored.

Aim

The purpose of the current research was to determine
the connection(s) between clinical and biochemical
parameters and endothelial parameters in naturally
postmenopausal women with different carbohydrate
metabolism statuses.

Materials and methods

We surveyed 94 women with a mean age *+ standard
deviation (SD) of 58.0 £ 5.9 years who underwent natural
menopause duration 8,4 *+ 6,9 years. The participants were
divided into three groups according to their carbohydrate
metabolism status as defined by the World Health
Organization (1999—2013). Group 1 included 52 patients
with T2DM (mean age, 58.6 & 5.5 years); of these 52 patients,
5 were drug-naive, 22 received metformin monotherapy, and
25 received metformin in combination with sulfonylurea or
gliptin. Group 2 included 16 women with newly diagnosed
prediabetes (mean age, 61.1 £ 5.5 years). Group 3 (control
group) consisted of 26 women (mean age, 54.9 + 4.9 years)
without carbohydrate metabolism impairment (CMI; pl1—3
= 0.005; p2—3 = 0.001). In groups 1-3, 46, 10, and 4
patients, respectively, had arterial hypertension; the mean
duration of menopause was 8.8 £ 6.1, 12.7 £ 8.8, and 4.8 =
5.0 years (p1—3 = 0.006; p2—3 = 0.004), respectively. None
of the participants were alcohol- or tobacco-dependent.

The following anthropometric parameters were
assessed: body mass index (BMI), waist circumference,
and blood pressure (BP). Parameters of carbohydrate
metabolism evaluated were fasting plasma glucose using
the glucose oxidase test and glycated hemoglobin (HbAlc)
on a DCA Vantage analyzer (Siemens, Germany). Lipid
parameters evaluated were triglycerides, high-density
(HDL), and low-density lipoproteins (LDL) using a
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colorimetric method, and plasma atherogenic index [AIP;
calculated using the equation (total cholesterol - HDL)/
HDL ratio]. Levels of vascular endothelial growth factor
(VEGF) and endothelin-1 were determined using enzyme-
linked immunosorbent assay.

Microcirculation was evaluated using a computerized
laser capillary flow analyzer (LAKK-01; R&D Enterprises,
“Lazma,” Russia) that combines two diagnostic techniques,
LDF and optical tissue oximetry [3]. The regulation
of active (endothelial, neurogenic, and myogenic) and
passive (cardiac and respiratory) microcirculation factors
was evaluated using wavelet analysis; microcirculation
reserve capacity was analyzed by an occlusion test. The
following indicators were calculated: basal peak oscillation
frequency relative to the volume of the erythrocyte fraction
in the probed area of skin in the endothelial range (VrfEf);
occlusive peak oscillation frequency of blood flow in the
endothelial range (PMfEi), peak oscillation amplitude
of oxygen saturation in the endothelial range (SO2aEi),
postocclusive peak oscillation frequency relative to the
volume of the erythrocyte fraction in the probed area of
skin in the endothelial range (VraEr), and the ratio of
amplitude fluctuation input relative to the volume of the
erythrocyte fraction in the probed area of skin divided by
the modulation of vascular tone relative to the mean value
of a microcirculation indicator in the endothelial range
(Vra/mEr).

SPSS (version 17.0) software was used for statistical
analysis. For parameters with normal distribution, we
calculated the mean * SD. For nonGaussian distribution,
median and interquartile range was used. For correlation
analysis, the Spearman method and partial correlation
analysis were used. A Bonferroni correction with the
Mann—Whitney criterion was applied for comparison of
the three groups. Statistical significance was set at p < 0.05.
All study participants signed informed consent. This study
was approved by the Ethics Committee of Novosibirsk
State Medical University, Ministry of Health, Russian
Federation, Minutes No. 19, December 18, 2009.

Results

In patients with CMI (groups 1 and 2), the mean BMI
was significantly higher than that in group 3, indicating
the prevalence of obesity (Table 1) and excess abdominal
adipose tissue in patients with T2DM. The mean systolic
and diastolic BP in patients with CMI corresponded to
high—normal levels (World Health Organization, 1999),
which indicates controlled hypertension. Fasting plasma
glucose and HbAlc in groups 1 and 2 were significantly
higher than those in the control group. Systolic BP
measurements were lower in group 3 than those in patients
with T2DM (group 1). Group 3 patients had higher
LDL levels, without an increase in AIP than group 1
patients, despite the fact that patients with T2DM had
the metabolic lipid triad (Table 1). It is possible that LDL
levels in women without CMI were because of the absence
of dietary restrictions; the majority of patients in group 3
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either did not have conditions frequently associated with
an increase in LDL (including CVDs, hypothyroidism) or
such conditions were only marginally expressed (e.g., extra
body mass).

A number of significant differences in ED (Table 2) and
endothelial range LDF (Table 3) parameters were found
between the three groups. Although VEGF levels did not
differ between groups 2 and 3, its levels in these groups
were higher than those in group 1; endothelin-1 levels were
comparable in all groups (Table 2).

LDF demonstrated significant differences in PMfEi and
S02aEi during occlusion testing, and VraEr andVra/mEr
during reperfusion testing between groups 1 and 3, as well
as in VrfEf between groups 2 and 3 during basal recording.
Since there were age differences between groups, to
confirm the validity of these findings, we conducted partial
correlation analysis in the sample of patients with T2DM
but without CMI (Remark: It is unclear whether this refers
to groups 1 and 3, respectively, or a subgroup of group 1.
Please clarify by rephrasing.) using age as control variable.
The results showed that the inverse correlation between
absence of CMI and PMfEi was not statistically significant
(r =-0.145, p = 0.130), but the direct correlation between
absence of CMI and SO2aEi, VraEr, and Vra/mEr were (r
=0.232,p=0.035; r=0.259, p=0.017; and r = 0.375, p
= (0.001; respectively). Hence, the absence of a significant
connection between CMI and SO2aEi (Remark: This
statement is in direct contrast the previous sentence which
states that there was a significant correlation between these
two parameters. Please clarify this issue by rephrasing.)
supports the definitive influence of age on this link. Partial
correlation analysis between groups 2 and 3, using age as
control variable, demonstrated a significant correlation
between absence of CMI and VrfEf (r =-0.402, p = 0.008).

In group 1, PMfEi correlated with waist circumference
(r=0.34,p=0.034) and VEGF levels (r=-0.44, p=0.012),
whereas SO2aFEi correlated with levels of triglycerides (r =
0.36, p=0.03), LDL (r =0.37, p = 0.027), and AIP (r =
0.36, p = 0.033). Following restoration of blood flow, there
were significant correlations between the following LDF
parameters: VraEr and systolic BP (r = -0.33, p = 0.027),
Vra/mEr and systolic BP (r = -0.34, p = 0.023), and Vra/
mEr and AIP (r = 0.34, p = 0.032). In group 2, there was
an inverse correlation between VifEf and VEGF (r = -0.54,
p = 0.045). In group 3, there was an inverse correlation
between PMfEi and endothelin-1 (r = -0.51, p = 0.016).

Discussion

Multilevel control of microcirculation is achieved
through a feedback system. In the process of
microcirculation self-organization, endothelial activity,
neurogenic and myogenic mechanisms, and pulse and
breathing rhythms form positive and negative feedback
connections [12]. Oscillations near 0.01 Hz, which
are slower than neurogenic and myogenic oscillation
frequencies, are the result of endothelial functioning and
periodic changes in the concentration of the vasodilator

e  4/2015

© CaxapHbit guabert, 2015



Cardiology

Diabetes mellitus. 2015,;18(4):105-112

Comparison of clinical and biochemical parameters between groups 1-3
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Table 1

Parameter Cirguspzl i’g”{’: i’g”zp: ****':;1;—323
WC, cm 102.0+ 14.4 93.7%18.0 84.8%105 0.000°
BMI, kg/m2 33.4+6.1 31.0£7.5 258+ 4.1 st
SBP, mmHg 137.1£10.8 133.1£7.3 129.9£10.1 0.006*
DBP, mmHg 85 (76.3; 90) 84 (80; 89.8) 80 (78.8; 85) p>0.05
FPG, mmol/| 6612 54+0.8 51%0.6 e

0.000*
HbATc, % 73£1.1 62402 55+0.4 0.001**

0.000* **
HDL, mmol/I 11403 1540.4 1.640.3 e
LDL, mmol/ | 3.4:1.4 4112 41£09 0.033*
& el 2.1(1.6;2.8) 1.2(1.2; 1.5) 1.3(1.1; 1.6) ool
AlP 4416 3.6%1.6 29%07 0.000*

Data are presented as means * standard deviation and median values at 25% and 75%. p1-3, p1-2, and p2-3, represent the p value
calculated between groups 1 and 3, 1 and 2, and 2 and 3, respectively.
WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;

HbA1¢, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; AlP, plasma atherogenic index

Table 2

Biochemical parameters of endothelial dysfunction

*~pl1-3
Group 1, Group 2, Group 3, e P

Parameter =52 n=16 n=26 ***—p1—2
-p2-3

0.000*

VEGF, pg/ml 66.3 (51.3; 90.3) 163.7 (78.4;211.9) 149.3 (71.2; 232.3) 0.018**
>0.05***

Endothelin-1, fmol/ml 0.188 (0.175; 0.199) 0.194 (0.170; 0.200) 0.186 (0.170; 0.196) >0.05

Data presented as median values at 25% and 75%.

p1-3, p1-2, and p2-3, represent the p value calculated between groups 1 and 3, 1 and 2, and 2 and 3, respectively.

VEGF, vascular endothelial growth factor

Parameters of endothelial range basal, occlusion, and reperfusion laser Doppler flowmetry (LDF)

Table 3

*-p1-3
LDF parameter Gnrc;ug 2] ! Gnrc;u=) 62' Gnrc;ug 63' *****—ppplz—Z3
VrfEf, Hz 0.0190 (0.0150; 0.0200) [ 0,0195 (0.0183; 0.0200) | 0.0180 (0.0120; 0.0190) 0.013***
PMfEi, Hz 0.0190 (0.0180; 0.0200) [ 0.0180 (0.0180; 0.0185) [0.0180 (0.0180; 0.0190) 0.042*
SO2aEi, perfusion units 0.460 (0.245; 0.583) 0.550 (0.395; 0.665) 0.530 (0.410; 0,800) 0.043*
VraEr, perfusion units 0.250 (0.135; 0.393) 0.260 (0.143; 0.365) 0.325 (0.258; 0.428) 0.043*
Vra/mEr, perfusion units 2.43(1.43; 3.19) 2.72(1.89; 4.17) 3.27 (2.41; 4.24) 0.007*

Data presented as median values at 25% and 75%.

p1-3, p1-2, and p2-3, represent the p value calculated between groups 1 and 3, 1 and 2, and 2 and 3, respectively.

VrfEf, basal peak oscillation frequency relative to the volume of the erythrocyte fraction in the probed area of skin in the endothelial range
PMfEi, occlusive peak oscillation frequency of blood flow in the endothelial range
SO2aE;j, peak oscillation amplitude of oxygen saturation in the endothelial range
VraEr, postocclusive peak oscillation frequency relative to the volume of the erythrocyte fraction in the probed area of skin in the endothelial

range

Vra/meEr, ratio of amplitude fluctuation input relative to the volume of the erythrocyte fraction in the probed area of skin divided by

modulation of vascular tone relative to the mean value of an indicator of microcirculation in the endothelial range
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nitric oxide [13]. Kvandel et al. (2003) showed that of the
two vasodilators produced by the endothelium, which were
nitric oxide and prostaglandins, only nitric oxide causes
myogenic contractions with a frequency of about 0.01
Hz [12]. The release of nitric oxide by the endothelium
occurs during the physiological regulation of muscle tone
and plays an important role in regulation of the pressure
and distribution of blood flow [13]. Although the role of
the endothelium as a local regulator of vascular tone was
confirmed previously [3], LDF parameters allow us to
evaluate the degree of ED and adequately demonstrate the
state of microcirculation in tissues [4.12.13].

The current LDF results demonstrated a number of
differences in basal and occlusal parameters as well as
during the reperfusion period between groups 1 and 3.
Partial correlation analysis of patients with T2DM and
without CMI using age as a control variable allowed us to
elucidate the effect of this parameters on microcirculation.
Results showed that the basal VrfEf in healthy women
correlated significantly with absence of CMI (r = -0.40,
p = 0.008). At the same time, the absence of a significant
correlation between CMI and occlusal PMfEi supports
the idea that age has a crucial effect on this correlation.
However, correlation of SO2aEi, another occlusion
parameter thatreflects oxygen saturation in the endothelial
range, with the absence of CMI (r = 0.23, p = 0.035) did
not depend on the age. Furthermore, correlations between
reperfusion VraEr and Vra/mEr and absence of CMI HMD
did not depend on the age (r=0.26, p=0.017 and r = 0.38,
p = 0.001, respectively).

In the available literature, we have not found any
information on the function of epithelial vasomotion under
conditions of occlusion, whereas basal blood flow has been
evaluated in a number of studies. In one of the first studies
in patients with diabetes, a significant decrease of basal
vasomotion was demonstrated in the low frequency range
(0.1 Hz) [5]. However, their sample of patients differed
significantly from ours with respect to the mean duration
of T2DM (17.1 £ 2.3 years) and mean HbAlc (9.1+0.4%).
Moreover, another previous study reported that a sample
of patients with T2DM having similar mean age as that of
ours (58 = 8.2 years) showed an increase in vasodilation
compared with healthy individuals [6]. However, Muris et
al. (2014) reported that healthy individuals and patients
with T2DM who were comparable in age and waist
circumference, but had lower HbAlc levels, did not show
differences in the endothelial range [7]. In all of these
studies, gender differences were not significant. It should be
noted that basal endothelial activity in patients with T2DM
are even lower than that in healthy elderly individuals [8].

In patients with T2DM (group 1), we detected a
correlation between PMfEi and waist circumference
(r = 0.34, p = 0.034), but there were no evidence of a
correlation between epithelial range vasomotion and
anthropometric parameters during ischemia. However,
in a number of previous studies of basal blood flow, a
decrease in endothelial function was demonstrated in
patients with abdominal obesity. For example, in the
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skin of T2DM patients without CVD, there is an inverse
correlation between waist circumference and vasomotion
in all frequency ranges, including the endothelial that
is independent of gender [7]. The subjects in this study
were similar to ours in age and waist circumference
but had lower HbAlc levels. According to Walther et al.
(2015), fluctuations in the endothelial range in response
to acetylcholine and sodium nitroprusside iontophoresis
are predominantly inversely related to the amount of
abdominal adipose tissue and independent of presence or
absence of metabolic syndrome and T2DM [14]. Even in
children, the presence of obesity in metabolic syndrome
results in decreased endothelial activity at the arteriolar
level of basal blood flow regulation, increased vascular
tone, and worsening of hemostatic disorders [11].

At the same time, Sanip et al. (2012) found no
connection between microvascular basal endothelial
fluctuations and obesity indices in a sample of younger
women (mean age, 34.9 = 7.9 years) who had a mean BMI
(32.9 = 4.8 kg/m2) comparable to group 1 in our study [9]
but did not have diabetes. Seywert et al. (2004) also did
not find a difference in the intensity of reactive hyperemia
between healthy obese pre- and postmenopausal women
after hand occlusion testing [10]. Hence, we have reason
to believe that the direct correlation between occlusal
PMfEi and waist circumference in patients with T2DM
in our study is a result of microcirculatory compensation
mechanisms in the early stages of diabetes (mean T2DM
duration herein, 5.8 £ 5.0 years). This is consistent with
findings which show that upon manifestation of type 1
diabetes mellitus, there is an acceleration of blood flow in
microcirculatory vessels due to the increased production
of nitric oxide in response to hyperglycemia [15]; whereas
chronic hyperglycemia results in a decrease of nitric oxide
concentration and predominance of microcirculatory
vasospasms [15].

We also demonstrated statistically significant
correlations between lipid levels and microcirculation
parameters in endothelial range frequencies in patients
with T2DM. The SO2aEi, which indicates the peak
amplitude of fluctuations in the endothelial oxygen
saturation range during the 3-min ischemia occlusion
test, directly correlated with triglyceride and LDL levels.
This is probably due to the higher viscosity of blood in the
presence of dyslipidemia [6, 16] and to a large erythrocyte
fraction in the probed area of skin. It is possible the
same mechanism explains the link between Vra/mEr
and AIP during reperfusion after ischemia in patients
with T2DM. At the same time, both LDF parameters in
women with T2DM were significantly lower than those
without CMI (Table 3). A previous study observed that
lipid profiles influence microcirculation during occlusion
testing, which the authors associated with the decrease
in postischemic vasodilation in obese patients, or more
precisely, the concomitant dyslipidemia (decreased HDL
and increased triglyceride levels) [17]. We believe that the
observed changes are consistent with the glucolipotoxicity
hypothesis, followed by activation of oxidative stress in
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patients with T2DM, and the role of these factors in the
genesis of micro- and macroangiopathy [18].

Kraemer et al. (2012) demonstrated that in middle-
aged and older patients, oxygen saturation of the basal
microcirculation of the skin on the dorsum of the hands is
higher in healthy individuals than in patients with T2DM
[19]. Herein, we found similar changes in women during
occlusion testing: the SO2aEi in healthy individuals was
significantly higher than in patients with T2DM (Table
3). It has also been shown that the microcirculatory
mean relative oxygen saturation and oxygen saturation
perfusion index, which describe the relationship between
microcirculatory blood flow and oxygen not consumed
by tissues, are higher in patients with T2DM (p = 0.05)
compared with controls [6]. This means that increased
basal blood oxygen saturation may indicate a high risk for
development of adverse changes in tissues.

In the current study, we identified a number of
significant differences between groups using parameters of
ED (Table 2). It has been suggested that ED with impaired
physiological vasodilation is a link between development
and progression of diabetes and cardiovascular disorders
[20]. ED may be defined as inadequate or excess production
of biologically active substances in the endothelium, the
level of which correlates with the severity of ED. In our
study, there was no difference in the level of VEGF in
groups 2 and 3, but both were higher than those in group
1; the level of endothelin-1 was comparable in all studied
groups (Table 2).

The paradoxically low level of VEGF in patients with
T2DM may be attributed to the inhibitory activity of nitric
oxide. It is known that VEGF stimulates release of nitric
oxide as an endothelial trophic factor and is a potent
mitogen for endothelial cells. This response is feedback-
regulated [21]; an increased level of nitric oxide inhibits the
activity of VEGEF. With diabetes, this process is disrupted
over time, and the nitric oxide—VEGF link becomes
dissociated; then unrestrained high levels of VEGF lead
to the development and progression of complications
[22]. However, in the early stages of ED, levels of nitric
oxide may be multiplied due to “nitric oxide stress” and its
enhanced inactivation [23]. With a shorter T2DM duration
(as in our study), a temporary decrease in blood VEGF
concentration may result. Analogous to the “diabetes
honeymoon,” we suggest an “ED honeymoon.” As diabetes
and ED progresses, compensatory synthesis of nitric oxide
decreases and VEGF concentration increases which in turn
leads to microvascular complications.

Interestingly, PMfEi inversely correlated with VEGF
levels in group 1 under ischemic conditions (r =-0.44, p =
0.012) and endothelin-1 levels in group 3 (r = -0.51, p =
0.016). We have not seen similar data in the literature. VEGF
is known to enhance vasodilation [24], and endothelin-1
is one of the most potent vasoconstrictors. In patients
without CMI, the perfusion index logically decreased
under conditions of ischemia, when endothelin-1 levels
and corresponding vasoconstriction increased. In T2DM, a
decrease in the level of VEGF (Table 2) did not result in the

reduction of perfusion but enhanced it instead. We believe
that our data indicate a shift in the balance of endothelial
vasodilation mechanisms in patients with T2DM.

In addition, in women with prediabetes, we obtained
higher VIfEf values for basal blood flow compared with
the control group (p = 0.013). Notably, Vr indicates the
percentage of hemoglobin content in the total volume of
the tested biological tissue [5]. If diabetes is not controlled,
hemoglobin glycation determines development of tissue
hypoxia. In this regard, a higher VrfEf in women with
prediabetes compared to controls probably reflects a
compensatory response to local hypoxia, resulting from an
increase in the glycated fraction, by increasing hemoglobin
content. Hence, an increase in hemoglobin content
determines endothelial vasomotion of basal blood flow in
women with prediabetes.

During evaluation of basal blood microcirculation in
the prediabetic group, we observed a significant inverse
correlation between VrfEf and VEGF (r = -0.54, p =
0.045). When the relative hemoglobin content decreases,
local hypoxia develops, resulting in production of
vasodilators, including VEGFE. Our data demonstrates
reciprocal relationships between endothelial vasomotion
of microcirculation and VEGF, a biochemical indicator of
endothelial function.

Occlusion testing demonstrated that during restoration
of blood flow (reperfusion) in patients with T2DM, there
were inverse correlations between systolic BP and VraEr
and Vra/mEr (r=-0.33, p=0.027 and r =-0.34, p = 0.023,
respectively). While the VraEr in women with T2DM was
significantly lower than that in the control group (Table 3),
systolic BP, on the other hand, was higher (137.1 =+ 10.8
versus 133.1 = 7.3 mmHg, p = 0.006). In addition, not only
was the VraEr, which shows the effect of the hemoglobin
amount on the endothelial spectrum vasomotion, lower in
T2DM versus healthy individuals (Table 3), it decreased
further with increasing BP, exacerbating local hypoxia.
We believe that our findings demonstrate the influence of
BP on the disruption of postocclusive microcirculation
restoration in patients with diabetes.

Conclusions

There are direct links between microcirculatory
endothelial range vasomotion under conditions of
occlusion and lipid profile indicators, such as triglycerides
and LDL (SO2aEi) and waist circumference (PMfEi),
in postmenopausal women with T2DM. Furthermore,
we found inverse correlations between endothelial range
LDF parameters (VraEr and Vra/mEr) and systolic
BP during the postocclusive period in female patients
with T2DM. In patients with T2DM, age had a crucial
impact on the occlusal PMfEi but did not influence other
microcirculation parameters, including basal and occlusal
SO2aEi and reperfusion. We also established that occlusal
parameters of vasodilation inversely correlated with
endothelin-1 in postmenopausal women without CMI and
VEGF in patients with T2DM. In prediabetic women, basal
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microcirculation measurement of VEGF levels inversely
correlated with the relative hemoglobin content (Vr).
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