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Abstract. Background. Evaluation of endothelial function by non-invasive methods plays a major role in pre-
dicting the course of various diseases, the risk of complications and assessing the treatment. The purpose was to
evaluate endothelial function in patients with chronic inflammatory bowel disease (IBD) according to their nutritional
status by determining the state of vascular endothelium with reactive hyperemia test and the content of nitrogen
oxide metabolites (NOx). Materials and methods. 120 chronic IBD patients (81 individuals with nonspecific ulce-
rative colitis (NUC) and 39 — with Crohn’s disease (CD)) were divided into groups depending on the anthropomet-
ric characteristics: | — reduced nutritional status (n = 70); Il — normal nutritional status (n = 20); lll — increased
nutritional status (n = 30). In the blood serum of patients, the level of NOx was determined according to V.A. Me-
telskaya technique. To assess endothelial function, endothelium-dependent vasodilation of the brachial artery was
determined by reactive hyperemia test. Results. Based on conducted studies, a significant decrease in the NOx
serum content was observed: 1.7-fold (p < 0.01) — in NUC patients and 1.9-fold (p < 0.001) — in BD patients.
Reduction of the NOx content in the blood serum did not depend on the nutritional status of individuals with chronic
IBD. Violation of vascular endothelial function was found in 76.7 % of cases: decreased endothelial function — in
49.2 %, endothelial dysfunction — in 27.5 %. Changes in vascular endothelial function were found in 75.7 % of
group | patients, 75 % of group Il and 83.4 % of group Il patients, mainly due to decreased endothelial function.
Conclusions. It is shown that 71 % of chronic IBD patients have a significant decrease in serum NOx, which does
not depend on their nutritional status. Patients with NUC have more significant changes in the incidence of de-
tected disorders and more pronounced increase in the diameter of the brachial artery compared with CD patients.
Reduced nutritional status was accompanied with the changes in vascular endothelial function in 75.4 % of cases.
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Introduction

Inflammatory bowel diseases (IBD), including nonspe-
cific ulcerative colitis (NUC) and Crohn’s disease (CD),
lead to chronic inflammation, mainly affecting the gastroin-
testinal tract. This pathology requires surgical intervention
in 16 and 47 % of NUC and CD patients, respectively, every
10 years after the onset of the disease. As a result, patients
with chronic IBD experience a significant decline in the
quality of life, compared to healthy people of the same age
[1]. According to recent epidemiological studies, the annual
incidence of NUC in Europe is 10.4, and CD — 5.6 cases
per 100,000 population, with the largest gradient observed in
Scandinavia (24.5 and 9.2 cases per 100,000, respectively).

In Europe, more than 2.2 million people suffer from these
diseases. NUC is being detected somewhat more often in
men than in women — 1.39 : 1, whereas with CD, the op-
posite ratio is determined — 1: 1.12 [2].

In Ukraine in 2015, intestinal diseases accounted for
3.7 % in the structure of digestive diseases, with a predomi-
nance of NUC over CD (4.4 : 1). Aside from that, it is im-
portant to note that the absolute number of CD among the
working-age population has increased [3].

Endothelial dysfunction is a multifaceted process, one
of the earliest manifestations of which is violation of nitric
oxide (NO) bioavailability under the influence of many
pathological factors [4]. NO belongs to the most important
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biological mediators in the human body and participates in
the regulation of intra- and intercellular processes in various
organs and tissues. Its serum content depends on many fac-
tors: the activity of NO synthase, structural and functional
state of the endothelium, concentration of free radicals, exo-
and endotoxins, inflammatory mediators, etc. [5]. Oxidative
stress is the cause of nitrite and nitrate inactivation and, ac-
cordingly, leads to a decrease in the concentration of NO
in the tissues, preventing vasodilation. Insufficient produc-
tion of endothelial NO is associated with increased tone and
vascular spasm, increased vascular permeability for proteins
and lipoproteins, accelerated proliferation of smooth mus-
cle cells, expression of adhesive molecules on the surface of
endothelial cells without interference, increased thrombus
formation [6]. Various pathological processes in the body are
accompanied by vascular endothelium dysfunction, which
may lead to the progression of vascular insufficiency. The
evaluation of endothelial function by non-invasive methods
plays a major role in predicting disease course, the risk of
complications, and assessing the treatment [7, 8].

Methods for studying the endothelial function can be
divided into two large groups: I — invasive techniques, in
which instrumental, clinical and laboratory methods are
used; II — non-invasive options based on the methods of
functional diagnosis. The golden standard for the study of
endothelial function is currently not established yet [9].
Over the past 25 years, many methodological approaches
have been developed to evaluate the endothelial function
in humans [10]. Possibilities of measuring indicators that
characterize the endothelial function are widely used in sci-
entific studies. However, their use as a clinical tool in daily
medical practice is still not common [11].

The purpose of the present work was to assess the endo-
thelial function in patients with chronic inflammatory bowel
disease according to their nutritional status by determining
the state of vascular endothelium by reactive hyperemia test
and the content of nitrogen oxide metabolites (NOXx).

Materials and methods

120 chronic IBD patients (81 patients with NUC and
39 — with CD) were examined at the department of bowel
diseases of the Institute of Gastroenterology of the National
Academy of Medical Sciences of Ukraine during 2014—
2016; among them 45.8 % of women, 54.2 % of men with
the mean age of (38.13 = 1.08) years. Depending on the an-

thropometric characteristics, all patients were divided into
three groups: I — with reduced nutritional status (n = 70);
IT — with normal nutritional status (n = 20); III — with in-
creased nutritional status (n = 30).

Patients’ blood serum was used to determine the level of
NOx according to V.A. Metelskaya technique, where vana-
dium chloride (Sigma-Aldrich) was used as a reducing agent
for nitrates [12]. The control group included 20 apparently
healthy individuals, and the NOx content in their blood se-
rum was 25—58 pumol/L.

Method for determining endothelium-dependent vaso-
dilation of the brachial artery in reactive hyperemia test was
used to evaluate the endothelial function [13]. The method
is based on determining the growth of the diameter of the
brachial artery (dBA) in response to mechanical stimula-
tion (transient occlusion of the shoulder as a result of com-
pression of the sphygmomanometer cuff above the location
of the vessel). In normal circumstances, post-occlusive
blood flow is characterized by a peak increase in volume
and linear velocity that occurs in the first 30 seconds after
the removal of occlusion, with a gradual decrease in speed.
In response to an increase in blood flow, there is a tempo-
rary increase in the shear stress on the endothelium, which,
in turn, is accompanied by the release of substances that
have vasodilational activity, which causes an increase in
dBA. Toshiba Xario ultrasound machine with a 7.5 MHz
multifrequency linear sensor was used to assess the changes
in dBA (Fig. 1).

Endothelial function index (EFI) (response to the blood
flow increase) was calculated as the difference between dBA
after decompression and baseline, expressed as a percentage:

EFl = (dBA after compression — dBA before compression)
(dBA baseline)

x 100 %.

An increase in dBA by more than 20 % indicated a nor-
mal endothelial function (NEF), by 10—20 % — a decreased
endothelial function (DEF), by less than 10 % — endothe-
lial dysfunction (EDF).

The control group included 20 healthy individuals of
representative age and sex.

Descriptive statistics was used for statistical analysis
of the data; the comparison of the mean values of vari-
ables was carried out using parametric methods (Student’s
t-test) for the normal distribution of the data expressed in
the interval scale.
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Figure 1 — Sonoelastogram of the brachial artery
in patients with chronic IBD

Figure 2 — Number of chronic IBD patients according
to NOx serum levels
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Table 1 — Indices of endothelium-dependent vasodilation determined by the reactive hyperemia test in chronic

IBD patients
EUTR NEF (n = 28) | DEF (n = 59) | EDF (n = 33)
Average increase in dBA, %
Total (n = 120) 27.40+£1.05 14.94 £ 0.71* 7.38 £ 1.77*
NUC (n = 81) 27.08 + 1.50 15.12 + 0.77* 8.51 + 1.51*
CD (n = 39) 25.86 = 1.02 14.45 £ 0.47* 7.72 + 1.44%

Notes: * — p < 0.05 — statistically significant difference between patients with normal and reduced function of
the endothelium; * — p < 0.05 — statistically significant difference between patients with endothelial dysfunction

and decreased endothelial function.

Table 2 — Results of reactive hyperemia test in chronic IBD patients

Patient groups dBA before compression, mm

dBA after compression, mm dBA increase, %

Total (n = 120) 3.32 + 0.62 3.83 + 0.70 15.83 + 0.18
NUC (n = 81) 3.40 + 0.59 3.70 = 0.71 15.29 + 0.49
CD (n = 39) 3.15+ 0.59 3.70 + 0.71 16.94 + 0.47

The correspondence of the characteristics distribution to
the normal distribution law was verified using the Shapiro-
Wilk test. In other cases, a non-parametric method was ap-
plied (Mann-Whitney U-test).

To compare the particle distribution of two or more vari-
ables, the y? test was used. Correlation analysis was performed
by Pearson (for data expressed in the interval scale) and Spear-
men methods (for data not expressed in the interval scale).

All calculations were performed in SPSS 9.0 for Win-
dows [14].

Results and discussion

The analysis showed a significant decrease of NOx con-
tent in patients with NUC. The mean NOx values were sig-
nificantly different from the control group and were reduced:
in the main group of patients — 1.7-fold ((23.83 £ 1.15)
umol/L versus (41.65 = 5.55) umol/L, p < 0.01), in NUC
patients — also 1.7-fold ((24.74 + 1.47) umol/L versus
(41.65 £ 5.55) umol/ L, p < 0.01), and in CD patients —
1.9-fold ((21.70 = 1.70) umol/L versus (41.65 + 5.55)
umol/L, p < 0.001). An intergroup analysis showed that in
NUC and CD groups, the vast majority of patients had a
lower NOx content: 72.0 (p < 0.001) and 68.8 % (p < 0.001),
respectively, as compared to controls (Fig. 2).

The content of NOx in the blood serum of patients with dif-
ferent nutritional status varied as follows: 1.8-fold decreased in
group I ((23.79 £ 1.62) umol/L versus (41.65 * 5.55) umol/L,
p<0.01), 1.9-fold decreased in group I1((22.12 +2.32) umol/L
versus (41.65 £ 5.55) umol/L, p<0.01), and 1.7-fold decreased
in group IIT ((25.12 + 2.26) umol/L versus (41.65 £ 5.55)
pmol/L, p <0.01). Thus, a significant reduction of serum NOx
levels in chronic IBD patients is shown regardless of nutritional
status. Such a decrease in the synthesis of NO occurs more of-
ten with prolonged and severe influence of adverse factors and
corresponds to the stage of exhaustion. This may lead to further
decrease in protective functions of the vascular endothelium.

Taking into account the detected decrease in serum NOx
content, it was decided to investigate the state of the vascular
endothelium in chronic IBD patients.

Results of endothelium-dependent vasodilation of the
brachial artery by reactive hyperemia test in the examined
patients are presented in Table 1.

According to the presented data, changes of vascular en-
dothelium were detected in 76.7 % of patients. Patients with
DEF prevailed in the structure of changes (49.2 %), patients
with EDF were present twice less frequently (27.5 %). The
mean values of the dBA increase rate were lower than nor-
mal values and corresponded to DEF (Table 2, Fig. 3).

Figure 3 — Sonoelastogram of the brachial artery
(diameter before and after compression) in chronic
IBD patients with reduced function of the endothelium
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Figure 4 — Chronic IBD patients distributed by the
vascular endothelium function
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Table 3 — Results of reactive hyperemia test in chronic IBD patients depending on their nutritional status

Index Group | (n =70) Group Il (n = 20) Group Il (n = 30)
dBA before, mm 3.36 + 0.60 3.29 + 0.66 3.25 + 0.65
dBA after, mm 3.93 +0.70 3.72 + 0.71 3.68 + 0.67
dBA increase, % 17.21 + 0.76 14.45 + 0.45* 13.53 + 0.63*

Notes: * — p < 0.05 — statistically significant difference between group | and group Il patients; * — p < 0.05 —
statistically significant difference between group | and group Il patients.

Analysis of nosologies showed that changes in vascular
endothelium were detected in 62 (76.5 %) patients with
NUC and in 31 (79.4 %) CD patients, mainly due to de-
creased endothelial function (Fig. 4). There was a positive
correlation between the percentage of dBA increase and the
age of patients (r = 0.22, p = 0.015), duration of the disease
(r=20.21, p = 0.22). In the group of CD patients, an addi-
tional correlation between the percentage of dBA increase
and the erythrocyte sedimentation rate has been found
(r=0.35, p=0.03) (data are not given).

In NUC patients, DEF was detected in 43.2 % of cases,
EDF —in 33.3 %, and in CD patients — in 64.1 and 15.4 %
of cases, respectively. The statistically significant differences
between nosological groups were not found.

We further investigated the function of vascular endothe-
lium depending on patients’ nutritional status. The results of
endothelium-dependent vasodilation of the brachial artery
determined by the reactive hyperemia test showed that the
percentage of dBA increase was smaller both in group I and
group II patients compared to controls (Table 3).

Group III patients were characterized by the lowest ave-
rage percentages of dBA increase. In addition, in group 11
patients, dBA increase was also lower than in the control
group. A more detailed analysis revealed changes in the
vascular endothelium in 53 (75.7 %), 15 (75.0 %) and 25
(83.4 %) patients of group I, IT and III, respectively, mainly
due to decreased endothelial function.

Thus, a study of the functional status of the vascular en-
dothelium by the reactive hyperemia test with ultrasound
revealed disorders in 76.7 % of chronic IBD patients, with a
predominance of DEF in 50.0 % and EDF in 26.7 % of cases.
More significant changes, both in the incidence of violations
and in the percentage of dBA increase, were found in NUC
patients as compared to CD patients. In patients with nutri-
tional deficiency, changes in the vascular endothelium were
observed in 75.4 % of cases, while the endothelium-depen-
dent vasodilation of the brachial artery was significantly higher
when compared to the patients with normal nutritional sta-
tus — (17.21 £ 0.76) mm vs. (14.45 £ 0.45) mm, respectively.

Conclusions

1. It has been shown that 71 % of chronic IBD patients
(72 % of individuals with NUC and 68.8 % of CD patients)
demonstrated statistically significant decrease in serum NOx
content, which may cause the violation of the protective
functions of the vascular endothelium, which in turn con-
firms inadequate activation of protective antioxidant system
and leads to the disease exacerbation and its chronic course.
The probable decrease in serum NOx content in chronic
IBD patients did not depend on their nutritional status.

2. Dysfunction of the vascular endothelium was de-
tected in 76.7 % of the examined patients, with predomi-
nance of DEF (in 50.0 % of them). Patients with NUC had
more pronounced changes in the incidence of identified
violations and percentage of dBA increase as compared to
those with CD. Changes in the vascular endothelium were
observed in 75.4 % of the reduced nutritional status cases,
while the indexes of endothelium-dependent vasodilation
of the brachial artery were significantly higher compared to
patients with normal nutritional status (p < 0.05).

Conflicts of interests. Authors declare the absence of
any conflicts of interests that might be construed to influ-
ence the results or interpretation of their manuscript.
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AY «HCTUTYT ractpoeHTepoorii HAMH YikpaiHun», M. AHIMpo, YkpaiHa

CTOH CYAUHHOIO €HAOTEAIIO Y NMALIEHTIB 3 XPOHIYHHUMW 3ANAABHUMM
30XBOPIOBAHHAMM KMLLUEYHUKA | Pi3HUM HYTPUTUBHUM CTATYCOM

Pestome. Axmyaavnicmo. BusHaueHHS eHIOTENaabHOI (QYHK-
1ii 3a ITOMOMOIOI0 HEiHBa3MBHUX METO[IB Bilirpa€ OCHOBHY
pOJIb Y MPOTHO3YBAaHHI Mepediry pi3HUX 3aXBOPIOBAHb, PUSUKY
PO3BUTKY YCKJIaIHEHb Ta OIiHIII JIiIKyBaHHsI. Mema: olliHKa €H-
noTenianbHOl (PYHKIIIT B MAILIIEHTIB i3 XPOHIYHUMU 3aMaJbHUMU
3axBopioBaHHSIMM KuineyHuka (X33K) 3amexHo Big iXHBOTO
HYTPUTUBHOTO CTATyCy LIISIXOM BU3HAUYEHHS CTaHY CYIUHHOIO
€HJIOTeJit0 B MPo0i 3 peaKTUBHOIO TiMepeMielo Ta BMiCTy MeTa-
oouritiB okcumy azory (MOA) B cupoBaTili KpoBi. Mamepiaiu
ma memoou. Cto nBanusath mainieHTiB i3 X33K (81 — i3 He-
cnenudivanm BupaszkoBuM koxitom (HBK) ta 39 mauientis i3
xBopob6oto Kpona (XK)) Oynu posnoaisieHi Ha TpyInu 3aJeXkHO
Bill aHTPOMTIOMETPUYHUX XapaKTEPUCTUK: | — 3i 3HUXKEHUM HY-
TpuTUBHUM ctatycoMm (n = 70); Il — i3 HopmanbHUM (n = 20);
Il — i3 migBuIeHUM HYTPUTUBHUM ctatycoM (n = 30). Y cu-
poBaTLi KpoBi nalieHTiB BuMiptoBaiu piBeHb MOA 3a B.A. Me-
TeJNIbChKOI0. I OLIHKM eHAoTelianbHOol (yHKIII BU3HAYAIU
eHAO0TeNii3aekHy Ba3oauIaTallilo IJIevyoBoi apTepii B Mpobi 3
peakTUBHOIO rinepemiero. Pezyibmamu. Ha ocHOBi npoBeneHMX

KoHeHko W.C., KapaumHosa B.A., Crovikesud M.B., KneHuHa VLA,

JOCJTI/IKEHb BCTAHOBJIEHO BiporiaHe 3HMXeHHs BMicty MOA B
cuposarili kposi: y nauienris i3 HBK — y 1,7 paza (p < 0,01) ta
3 XK — B 1,9 paza (p < 0,001). 3umxenns smictry MOA B cupo-
BaTLi KPOBi He 3ajieXXayo BiJl HYTPUTUBHOTO CTATYCy Ialli€HTIB
i3 X33K. [TopymeHHs ¢pyHKIIiT CyTMHHOTO €HIOTEii0 BUSIBICHO
B 76,7 % BUMankiB: 3HUKEHHST QyHKLIT eHpoTemiio — y 49,2 %,
nuchyHkuis — y 27,5 %. 3MiHu GyHKIT CyIMHHOTO €HIO0Te-
J1ito 3apeectpoBaHo B 75,7 % nauienTis I rpynu, 75 % — Il tay
83,4 % mauienTi 111 rpynu, nmepeBaxHO BHACIIIOK 3HUKEHHS
dbyHkuii ennorenito. Bucnosxu. Tlokazano, 1o B 71 % mnanieH-
1iB i3 X33K BimbyBaeThcs BiporimHe 3HMKeHHS BMicTy MOA B
CUPOBATIIi KPOBi, 110 He 3aJeXUTh Bill IXHbOTO HYTPUTUBHOTO
crarycy. ¥ xBopux i3 HBK cnioctepiranucs 6iibin BUpaxXeHi 3Mmi-
HM Y YaCTOTi BUSIBJIEHUX MOPYILLIEHb Ta OUIbII 3HAUHE 3pOCTaH-
H$l JiameTpa IJIedyoBoi apTepil nmopiBHsHO i3 nauieHtamu 3 XK.
3HMXEHHSI HYTPUTUBHOTO CTATYCY CYIPOBOIKYBAIOCS 3MiHAMU
(yHKLIT CyTMHHOTO eHaoTetio B 75,4 % BUITagKiB.

KirouoBi ciioBa: xpoHiuHi 3amaabHi 3aXBOPIOBAHHSA KUIIEYHU-
Ka; CyIMHHMI €eHI0Teii; OKCUT a30Ty

I'Y «iHCTUTYT racTposHTepororm HAMH YkpauHei, r. AHenp, YkpauHa

CocCTOSiHME COCYAUCTOrO SHAOTEAUS Y NALUEHTOB C XPOHUYECKMMU BOCNIAAUTEABHBIMU
3060AEBAHMSIMU KULLEYHUKA U PA3ANYHBIM HYTPUTUBHBIM CTATYCOM

Pestome. Axmyaavnocms. Onpenenenue 3HI0TENUATBHOM (ByH-
KIMK C MOMOIIBIO HEMHBA3UBHBIX METOIOB UIPAeT OCHOBHYIO
pOJb B MPOrHO3MPOBAHUU TEUYEHMSI Pas3IUYHBIX 3a00JieBaHUI,
prcKa pa3BUTHS OCJIOXKHEHUI U oueHKe JieueHus. []eas: oleHka
SHIOTEIMATBHON (DYHKIIMK Y TTAIMEHTOB ¢ XPOHWUYECKUMHM BOC-
MaJIMTeIbHBIMU 3a001eBaHusIMU Kuiieunnka (XB3K) B 3aBucu-
MOCTH OT UX HyTPUTUBHOTIO CTAaTyca MyTeM OIpee/IeHUs COCTOSI-
HUSI COCYIMCTOTO SHIOTENNS B IPOOE ¢ PeaKTUBHOM TUIIEpeMUEi
U coepKaHus MeTaboauToB okcuaa azota (MOA). Mamepuaavt u
memoost. Cto aBanuath nanueHToB ¢ XB3K (81 — ¢ Hecnenudu-
yeckuM si3BeHHbIM KosiutoM (HAK) u 39 naumeHToB ¢ 60e3HbIO
Kpona (bK)) 6bn pasmeneHbl Ha TPYIIIBI B 3aBUCUMOCTH OT
AHTPOITOMETPUUECKHUX XapaKTePUCTUK: | — CO CHUXKEHHBIM HY-
TpuTuBHBIM cTtatycoM (n = 70); Il — ¢ HopmanbHBIM (n = 20);
III — ¢ noBbIlIEHHBIM HYTPUTUBHBIM cTaTycoM (n = 30). B cbiBoO-
pPOTKE KpOBHU TMaLMEHTOB u3Mmepsuin ypoeHb MOA 1o B.A. Me-
TEJIbCKOM. sl OLleHKM SHAOTeNMaNIbHON (DYHKIIMU OTIPEeIsIIv
SHIOTENIMI3ABUCUMYIO Ba3oAMJIATAlMIO TUIEYEBON apTepuu B
npoGe ¢ peakTUBHOM rurniepeMueii. Pezyavmamot. Ha ocHOBe 1ipo-
BEJICHHBIX UCCIIEIOBAHUI YCTAaHOBJIEHO JOCTOBEPHOE CHUXKEHHE

conepxxanust MOA B CbIBOpOTKe KpoBH: Y mauneHToB ¢ HAK — B
1,7 paza (p < 0,01) u c XK — B 1,9 paza (p < 0,001). CHuzxeHue
conepxanuss MOA B CbIBOPOTKE KPOBU HE 3aBUCEJIO OT HYTPU-
TUBHOTO cTaryca nauueHToB ¢ XB3K. Hapymenue dyHkumuu co-
CYIIMCTOTO SHAOTEIUSI OOHAPYKEHO B 76,7 % ciiydaeB: CHUXKEHUE
dbyukmu sHnotenus — B 49,2 %, nuchdyukims — B 27,5 %. Us-
MeHeHHUs QYHKIIMKM COCYAMCTOTO IHAOTEIUS 3apPEerUCTPUPOBAHBI
y 75,7 % naumenros I rpynmsl, 75 % — 1l uy 83,4 % nauueHTOB
111 rpynmbl, MpeuMyIeCTBEHHO BCJISACTBUE CHUKEHUS (DYHKIIUU
sHpoTeaus. Boteodst. [lokazano, uro y 71 % nauuenroB ¢ XB3K
MMPOUCXOIUT IOCTOBEpPHOE YyMeHbIeHHe conepxxaHuss MOA B
CBIBOPOTKE KPOBH, YTO HE 3aBUCUT OT UX HYTPUTHUBHOTO CTaTyca.
V 6onbHbIX ¢ HAK Habmonanuch 6osee BhIpaXkKeHHBIE M3MEHE-
HMSI B YACTOTE BBISIBAICHHBIX HapyLICHUI U 0oJiee 3HAYUTETbHOE
yBEJIMUEHHUE JMaMeTpa IIeYeBO apTepUU 10 CPABHEHUIO C Ml -
eHtaMu ¢ BK. CHUXXeHUMe HYTPUTHBHOTO CTaTyca COMPOBOX/IA-
JIOCh UBMEHEHUAMU (DYHKLIMK COCYIUCTOro sHaoTenus B 75,4 %
cilyyaes.

KiroueBble clIOBa: XpoHuuecKue BOCHAIUTEIbHBLIE 3a00/1€Ba-
HMSI KUIIIEYHUKA; COCYIUCTBII SHIOTEINI; OKCUIT a30Ta
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