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DOI: syndrome (AS).

10.24061/2413-0737. Material and methods. Blood cortisol level was measured in 40 old
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degrees of severity. Control group consisted of 12 patients with CAD
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natasha.pavliukovych@gmail.com and age from patients of research groups. Possible effects of
telmisartan on the degree of chronic hypoxia were also investigated.
Results. In patients of old and senile age with CAD and comorbid
AS, same as in case of CAD and AS on the background of DM,
activation of the cortisol synthesis is observed, likely in response to
hypoxia as a stress factor in anemia. The degree of severity of the
detected changes was different depending on the degree of anemia
severity. There was no normalization of cortisol content in blood in
any of the major experimental groups regardless the prescribed
treatment with ACE inhibitors or telmisartan.
Conclusion. In patients with CAD, same in the case of a comorbid
course of CAD and DM, an increase of cortisol secretion in response
to anemic hypoxia was observed. As the degree of severity of the AS
progressed, gradual decreasing of cortisol blood level was detected.
Reduction of the intensity of stress-limiting systems in the organism
by telmisartan prescription may help to eliminate the adverse effects
of hypercortisolemia on the progression of coronary artery disease,
especially on the background of comorbid diabetes mellitus type 2

and anemia.
Kniouosi cnosa: iwemiuna POJIb T IITEI:KOPTI/IS’OJIEMII" B IIOE€/ITHAHOMY IIEPEBRII'Y
xeopoba cepys, yykposuti diabem IHIEMIYHOI XBOPOBH CEPIIA, L[YKPOBOI'O JIIABETY
muny 2, anemisi, Kopmu3soi. THITY 2 TA AHEMIT

bykosuncoxuti meouunuii gicnux  H./l. IHaentwokosuu, O.B. Ilagniwokoeuu, B.O. Ilynep, O.B.
2020. T.24, Ne 3 (95), C. 68-72. 3anaecvka

Pe3rome

Mema pobomu — 00cnioxNCeHH OUHAMIKU 3MIH CUHIE3Y KOPIMU3OTLY
Y Rayienmie CMAapuiux 6iKOGUX epyn 3 iUeMiyHOw X80poboio cepys
(IXC) 3 xomopbionumu yykposum Oiabemom muny 2 (L) ma
anemiunum cunopomom (AC).

Mamepian i memoou. Pigenv kopmu3zony 6 Kpogi 0ocaioxcysanu 6 40
nayienmis cmapuwozo 6iky 3 IXC 3 komop6ionumu L[/ i AC piznoeco
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cmynens msickocmi. Konmponwny epyny ckaanu 12 nayiecumig 3 IXC
0e3 CynymHix 3axe0pro8ans, AKI 34 CIAMMio ma 8iKoOM 00CMOBIPHO
He GIOPIZHAIUCA 810 nNayicHmis 0ocaionux epyn. Taxoac docniodiceri
MOJICTUBE ehexmu meaMicapmany Ha CIMyniHb XPOHIYHOL 2INOKCII.
Pezynomamu. Y nayicumis nimnvozco ma cmapeyozo 6ixy 3 IXC ma
komopbionum AC, ax i y eunaoky IXC ma AC una mni L],
cnocmepieaemovcsi aKkmueayiss cunmesy KOpMuU3ony, UMOGIPDHO,
8i0n06i0b Ha 2inokciio ax ¢axmop cmpecy npu anemii. Cmynino
BUPANCEHOCTNT BUABLEHUX 3MIH PI3HUMbCA 3ANEHCHO BI0 CMYNeHs
maAxcKocmi cynymmvoi auwemii. He cnocmepizanoca mopmanizayii
BMICIY KOPMU30JLY 8 KPOBL 8 HCOOHII i3 QOCTIOHUX 2PYN, HE3AIEHCHO
8i0  mpusHauenoeo  JiKy8awHs  iHziOimopamu  AII®  abo
MeaAMicapmaHoM.

Bucnosku. Y nayienmie 3 iwemiunoo xeopobow cepys, sk i npu
KOMOpOIOHOMY nepebicy iueMiuHoi Xgopodu cepys ma YyKposum
diabemom, mae micye 30inbUleHHs ceKpeyii Kopmu3ony y 6i0nogiosb
Ha aHemiuHy 2inokciio. I3 npoepecy8auHaM CMYNeHs MANCKOCHI
aHeMiuHO20 CUHOPOMY DpiBeHb KOPMU30LY 8 KpOS8i NOCHYNO8O
SHUNCYEMBCSA.  SHUNCEHHS HANPYICEHOCMI CMpec-TiMimyeanbHux
cucmem Op2aHisMy 6 pe3yabmami NPUSHAYEHHA MeAMICapmany
Mooice cnpusimu - YCYHEHHIO HeCnpusmaueux egpexmis
2inepropmu30iemMii Ha Npocpecy8aHHs ueMiuHoi X80poou cepys,
0COoOIUBO HA MJT CYNYMHIX YYKPOB80o2o diabemy muny 2 ma aHemii.

Knrwueenie cnosa: wvuwevuueckas  POJIb T'HIIEPKOPTH30/IEMHH B COYETAHHOM

bonesHb cepoya, caxapHulii TEYEHHH HIIEMHYECKOH FOJIE3HH  CEP/IIIA,
ouabem muna 2, anemus, CAXAPHOI'O THABETA THIIA 2 U AHEMHH
KOpmMu3oi.

H.JI. Ilagnioxoeuu, O.B. Ilasnioxosuu, B.A. Illynep,
Byrosuncruil meouyuncxul E.B. 3anaeckas
secmuux. 2020. V.24, Ne 3 (95).
P. 68-72. Pe3rome

Lenv pabomwvt — uccredosanue OUHAMUKU UBMEHEHUL CUHMe3d
Kopmusona y nayueHmosd Cmapuiux 603pACMHbIX 2PYNH  C
uwemuyeckoul bonesuvto cepoya (MbC) ¢ komopbuoHviMu caxapHvim
ouabemom muna 2 (C/) u anemuueckum cunopomom (AC).
Mamepuan u memoosl. YposeHv Kopmu3oida 8 Kposu Uccied08aiu y
40 nayuenmos cmapwezo éospacma ¢ UBC ¢ komopouonvimu CI u
AC  pasauunvix cmeneneu maxcecmu. Koumponvuyro epynny
cocmasunu 12 nayuenmos ¢ HBC 6e3 conymcmeyowux
3a60ne6anull, Komopvle NO NOLY U BO3PACY OOCHOBEPHO He
OMAUYANUCL OM NAYUeHmo8 ucciedyemvlx epynn. Taxowce Obiiu
U3YUEHbl BO3MOJCHBlE IPhexmbl meimucapmana Ha CmMeneHsb
XPOHUYECKOU SUNOKCULL.

Pezynomamol. Y nayuenmoes noxcuno2o u cmapueckozo 03pacma ¢
uemu4eckoti boneznvio cepoya u komopouonsvim AC, kax u 8 ciryuae
UBC u AC na ¢one CJ], nHabrodaemcs axmusayus cuHmesa
KOPMU30.1d, 66POSMHO, 8 OMBEM HA 2UNOKCUIO KAK (hakmop cmpecca
npu avemuu. Cmenensb bIPANCEHHOCU BbIAGIEHHbIX U3MEHEHUl
pasauuaemcss 8  3A6UCUMOCIU  OmM  CMeneHu  msdicecmu
conymcmsyiowel  anemuu. He mnabniooanocs nopmanuzayuu
cooeporcanis. KOpMU30aa 8 Kposu 8 OOHOU U3 UCCIe0VeMbIX 2PYhn
He3aBUCUMO OM HAZHAYEHHO20 Nedenus uneubumopamu AIID unu
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MENMUCAPMAHOM.
Boisoowl. Y nayuenmos ¢ uwemuueckoii 6one3Hvro cepoya, Kax u npu
KOMOPOUOHOM MeYeHUU UUeMUYeCKol DONe3HU cepoya U CaxapHoOM
ouabeme, umeem mMecmo yeeaudeHue ceKkpeyuu Kopmu3zoid 6 Omeem
Ha anemuyeckylo eunokcuto. I1o mepe npoepeccuposanusi cmenenu
MAAHCECMU AHEMUYECKO20 CUHOPOMA YPOBEHb KOPMU30Id 6 KPOSU
nocmenenno crudcaemcst. CHUdCeHUe HANPSIHCEHHOCMU CMmpecc-
JUMUMUPYIOWUX CUCEM OP2AHUSMA 6 pe3ybmame HA3HAYEeHUs.
meamMucapmana — Modxcem — Cnocoocmeosams  YCMPAaHeHUo
HeOIa2oNPUSIMHBIX apghexmos 2UNnepKopmu3oIemMul Ha
npoepeccuposanue umemMuyeckol OonesHu cepoya, 0COOEeHHO Ha

@one conymemeyiowux caxapno2o ouabema muna 2 u aHemuu.

Introduction. The human stress response has
evolved to maintain homeostasis under conditions of real
or perceived stress [1]. This objective is achieved through
autoregulatory neural and hormonal systems in close
association with central and peripheral clocks. The
hypothalamic-pituitary-adrenal axis is a key regulatory
pathway in the maintenance of these homeostatic
processes. Cortisol, produced by the hypothalamus-
pituitary-adrenal axis during stress response, is still not
included in the routine evaluation of cardiovascular risk
and requires additional and definitive validation [2].

In acute stress, hypersecretion of cortisol in the body
is observed. There are many possible pathological
reactions associated with this fact [3]: sympatho-adrenal
activation with susceptibility to wvasoconstriction,
decreased heart rate variability, hyperaggregation of
thrombocytes, increased heart rate, arterial hypertension,
increased C-reactive protein and pro-inflammatory
cytokines levels, interleukin-1 and interleukin-6
secretion. Increased levels of cortisol also contribute to
the development and progression of heart failure and
atherosclerotic processes [4, 5]. Through these
mechanisms stress can provoke cardiovascular diseases.

The aim of the study - investigation of changes of
the cortisol secretion in patients with coronary artery
disease with comorbid diabetes mellitus type 2 and
anemic syndrome in patients of older and senile age
and determining possible interconnection between
revealed changes and anemic hypoxia severity.

Material and methods. Due to the fact that synthesis
of certain glucocorticoid in stress conditions is species-
specific, and human beings are characterized by cortisol
secretion, namely by the level of this hormone in the
blood serum we have estimated glucocorticoid function
of the adrenal cortex.

Blood cortisol level was measured in 40 old and
senile CAD patients with comorbid DM and AS of
different degrees of severity. Average age of the
investigated patients was 67+4,5 years. Control group
consisted of 12 patients with CAD without comorbidities
that were not significantly different by gender and age
from patients of research groups. All patients were
treated for their main and comorbid diseases (aspirin,
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beta-blocker, statin, ACE inhibitor), additionally
telmisartan was prescribed. Therefore, patients with
CAD, DM and anemia additionally were randomized into
groups depending on the prescribed treatment: A — 20
patients who received only basic therapy and B — 20
patients whom in the scheme of the basic treatment
replacement of ACE inhibitor by angiotensin receptor
blockers Il telmisartan was performed, the last was
prescribed in a dose 40 mg daily after meals. Duration of
in-hospital treatment was 21-24 days, additionally
telmisartan was prescribed for out-hospital treatment
during 4-6 months.

Investigation of cortisol levels in blood plasma was
performed by immunoassay analysis on the RT-2100C
(Rayto Electronics Inc., China) immunoassay analyzer.
A set of reagents Kortizol-IFA (OO0 Hema-Medica,
Russia) was used with range of normal values from 150
to 650 nmol/l.

Results. Cortisol content in blood serum of patients
of the control group was 390,8+52,67 nmol/l, which was
within the physiological norm (Fig. 1). We did not detect
significant changes in cortisol blood level due to
comorbid course of CAD and DM: cortisol content in the
blood serum was 476,7+39,11 nmol/l (p>0,05 compared
with the control group), which also was within normal
values. In patients with CAD and comorbid anemia of
different degrees of severity cortisol content was 2,02
times higher (p<0,05) and was 966,2+66,51 nmol/l. In
case of complication of CAD by DM and AS cortisol
level in blood was slightly lower (897,4438,43 nmol/l)
and significantly different from the similar value in the
control group (p<0,05 ) and patients with CAD and DM
without anemia (p<0,05).

Thus, as in patients with CAD and comorbid AS,
same as in case of CAD and AS on the background of
DM, activation of the glucocorticoid function of the
adrenal cortex and significant hypercortisolemia are
observed, likely in response to hypoxia as a stress factor
in anemia.

Taking into consideration higher incidence of mild
anemia compared with moderate and severe degree
among patients with CAD and DM type 2, it can be
assumed that the effect and course of the disease affect
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the degree of hypercortisolemia. This made us to
compare the values of the cortisol content in serum in
patients of the main groups depending on the severity of
the comorbid AS.

As seen in Fig. 2, in patients with CAD and mild
anemia compared with patients of the control group
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Fig. 1. Cortisol level in serum of patients with
coronary artery disease, diabetes mellitus type 2 and
anemic syndrome

Note: * — difference is valid against patients of
control group (p<0,05); # — difference is valid against
patients with CAD and DM (p<0,05)
significant increased of cortisol blood content was
observed. Obviously, anemia aggravates hypoxia, which
occurs in CAD patients due to decreased cardiac output
and insufficient perfusion of organs and tissues, which
results in compensatory activation of cortisol secretion.
With progression of anemia severity we observed
tendency to depletion of the glucocorticoid function of
adrenal cortex with decreasing of the content of serum
cortisol, which, however, was not statistically significant
(p>0,05). For CAD and anemia of moderate severity
cortisol level was 883,2+87,78, which was 10% less than
in patients with anemia of mild degree.

nmol/I
-
B

Control CAD+AS CAD+DM CAD+DM+AS
|lMiId anemia @ Moderate anemia |

Fig. 2. Cortisol level in serum of patients with
coronary artery disease and diabetes mellitus type 2
depending on the anemic syndrome severity

Note: * — difference is valid against patients of
control group (p<0,05),; # — difference is valid against
patients with CAD and DM (p<0,05); = — difference is
valid against patients with CAD, DM and mild anemia
(p<0,05)

Similar tendency of the changes of cortisol blood
level due to the degree of anemic hypoxia was observed

in case of comorbid course of CAD, DM and anemia. In
patients with CAD and DM comorbid to mild anemia
there was statistically significant increase of the cortisol
content of blood serum in 2,07 times compared with
patients with CAD and DM (p<0,05), which may be
considered as activation of the stress-limiting
possibilities of the organism in response to hypoxia.
Along with progression of the comorbid anemia degree
of severity, there was a progressive depletion of the
glucocorticoid function of adrenal glands, accompanied
by a statistically significant decrease in cortisol blood
content by 26% compared with the same figure in
patients with CAD, DM and mild AS (p<0,05), the values
of which, however, did not reach the corresponding value
in the group of patients with CAD and DM.

As a result of the conducted treatment, patients in
both experimental groups were characterized by a certain
dynamics of changes in the cortisol blood level, which
was manifested by a marked tendency to reduction of the
hypercortisolemia in the blood serum of patients with
CAD, DM type 2 and comorbid anemia (Fig. 3). The
degree of severity of the detected changes was different
depending on the type of treatment.

nmol/|
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o
o

Control group Group A Group B
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Fig. 3. Cortisol level in serum of patients with
coronary artery disease, diabetes mellitus type 2 and
anemia depending on the prescribed treatment

Note: * — difference is valid against patients before
and after treatment (p<0,05); # — difference is valid
against patients of control group (p<0,05)

In patients of group A, treated by standard scheme of
treatment (aspirin, beta-blocker, statin, ACE inhibitor),
cortisolemia decreased by 12% compared with its
corresponding values before treatment (771,9493,10 and
874,5+41,12 nmol/l, respectively), which, however, was
not statistically significant (p>0,05) and 1,97 times
higher than that in the control group (p<0,05). The
average level of cortisol in patients of group B (where
ACE inhibitor was replaced by telmisartan because of
low adherence of the patients to prolonged treatment by
ACE inhibitor) was 663,7£96,69 nmol/l, statistically
significantly differing by 27% for its corresponding value
before treatment (p<0,05). There was no normalization
of cortisol content in blood in any of the major
experimental groups.

Conclusions. Thus, in patients with CAD and
anemia, same as in case of a comorbid course of CAD,
AS and DM, an increase of cortisol secretion in response
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to anemic hypoxia was observed. As the degree of
severity of the comorbid AS progressed, gradual
significant decreasing of hypercortisolemia level was
detected. Therefore chronic hypoxia in patients with
comorbid course of CAD, DM and anemia, particularly
of mild degree of severity, may contribute to constant
hypercortisolemia, progression of CAD and increasing of
general cardiovascular risk. Progression of comorbid
anemia severity in such patients may partially play a
protective role as it is characterized by decreasing of
hypercortisolemia degree. Reducing the intensity of
stress-limiting systems in the organism may help to
eliminate the adverse effects of hypercortisolemia on the
progression of coronary artery disease, especially on the
background of comorbid diabetes mellitus type 2 and
anemia. Prescription of telmisartan in such patients may
have some benefits over ACE inhibitors taking into
consideration positive its effects on the decreasing of
blood cortisol levels.
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