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HaMmu npeacTaBneHo KAMHMYECKoe HabtoAeHMe NAaLMEHTKU CTapYeCKOro BO3pacTa, FroCnuTann3npoBaHHONW B OTAE/IeHWE peaHUMaLMn U UHTEHCUB-
HOW Tepanuu B CBA3M C BNEPBble Pa3BUBLLENCA C1a6OCTbIO B MPaBbiX KOHEYHOCTAX. [PU KAMHMKO-1a60paTOPHO-UHCTPYMEHTaNbHOM 06CeA0BaHUM
NOATBEPXAEHO OCTPOE HapyLUEHME MO3roBOro KpOBOOGPaLLeHNs MO MULWEMUYECKOMY TUMY Ha GpOHE HapacTaHWUsA B TeYeHWe 5 CyToK siekoumTo3a A0
60 TbIC. KNETOK/MK/ CO C/IBUrOM NeiKOLUTapHOV GOPMY/ibl BIEBO U eKOMMEHCaLMei COCTOAHUA NaLMeHTKM C MOCAeAYIOWMM SIeTalbHbIM UCXOA0M,
HeCMOTP# Ha MPOBOAMMY!HO Tepanuio.

Mpu ayToncum BbiABAEHa HU3KOAUDPEPeHLMPOBaHHAA aZleHOKapLMHOMa XBOCTa MO/KENY/A04HON ee3bl C MHOXeCTBEHHbIM MeTacTaTU4eCKUM
nopa)keHMeM permoHasibHbiX IMMGATUHECKMX Y3/10B U MEYEHU, a TaKKe KOHKYpUpYyoLee 3a6osieBaHMe — OCTPbI MHPEKLMOHHBIN SHAOKApAUT aop-
TasbHOrO K/1anaHa, ABUBLLIMIACA NPUYMHOW Pa3BUTUA CEMNCKUCa MO TUMY CENTUKOMMEMUM M TPOME03ME0IMM KaK Mo 60/1bLLOMY KPYry KpOoBOOGpaLLeHUs
C Ha/IM4YMEM ULIEMUYECKOTO MHpApPKTa FOJIOBHOrO MO3ra, MHPAPKTOB Ce/le3eHKU, TaK U MO MaNoMy Kpyry C pasBuTMeM TPOM603M60/10B B MpaBbIX
CerMeHTapHbIX BETBAX JIErOYHOM apTepum. YUnTbiBas pacnpoCcTpaHeHHbIN XapaKTep paKa NMojXe/y04HOMN Xene3bl U OTCYTCTBUE NPAMbIX JaHHbIX 33
aKTVBHbI MHGEKLIMOHHBIN NPOLLECC Ha 3Tarne NepBUYHO AMArHOCTVKK, 60/iee BepOATEH NapaHeoniacTU4eckmin xapaktep /1P, o4HaKo MHPEKLMOH-
HbI SHAOKapAUT M COMYTCTBYIOWAA NaTONOMMA MOT/IM TaKXKe BHECTU CBOM BKAag, B passutue J1P.

KnroyeBbie C/10Ba: nelikemoudHas peakyus, ocmpbiil UHHEKYUOHHBIT 3HOOKapAUM, a0pmasibHbIl KanaH, adeHoKapyUHOMa Nodxeydo4Hol xe-
/1e3bl, napaHeonnacmMu4yecKuli CUHOpPOM
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Abstract

Leukemoid reaction (LR) associated with solid tumors has been documented for many decades. LR is often associated with an unfavorable prognosis
and aggressive course of the disease. However, the differential diagnosis of LR is of significant difficulty when a patient has several potential etiological
factors, each of them individually may cause LR or, on the contrary, lead to a systemic reaction of the body within a single pathogenetic chain.

We present a clinical observation of an elderly patient admitted to the intensive care unit due to the first-time encountered weakness in the right
extremities. Clinical and instrumental examination revealed an acute cerebral ischemia with leukocytosis increase up to 60.000 cells/plL with leukocyte
formula left shift and subsequent patient decompensation with lethal outcome, despite the intensive treatment.

Autopsy revealed a low-differentiated adenocarcinoma of the pancreatic tail with multiple metastatic lesions in regional lymph nodes and liver, as
well as a competing disease — acute infective endocarditis of the aortic valve, which was the cause of sepsis development with septicemia type and
thromboembolism both in the great circulation circle with the presence of ischemic cerebral infarction, spleen infarcts, and in the small circle with the
development of thromboembolism in the right segmental branches of the pulmonary artery. Given the advanced stage of pancreatic cancer and lack
of direct evidence of sepsis at primary diagnosis, paraneoplastic nature of LR is more likely, but infective endocarditis and concomitant pathology also
may have contributed to the development of LR.

Key words: leukemoid reaction, acute infective endocarditis, aortic valve, pancreatic adenocarcinoma, paraneoplastic syndrome

Conflict of interests
The authors declare no conflict of interests

Sources of funding
The authors declare no funding for this study

Article received on 15.10.2023
Accepted for publication on 08.12.2023

For citation: Reznik E.V., Batov M.A,, Aparina T.V. et al. Leukemoid Reaction in an Elderly Patient with Aortic Valve Infective Endocarditis
and Pancreatic Adenocarcinoma. The Russian Archives of Internal Medicine. 2024; 14(1): 5-14. DOI: 10.20514/2226-6704-2024-14-1-5-14.
EDN: ADHFW]

G-CSF — granulocyte colony-stimulating factor, US examination — ultrasound examination, CT — computer tomography, LR — leukemoid response,
echoCG — echocardiography

Introduction . L , N
not manifest with signs of neoplastic proliferation usu-

Leukemoid response (LR) is characterised by per-
sistent leukocytosis of over 50 k cell/uL in the absence
of bone marrow involvement, where acute or chronic
myelogenous leukaemia has been ruled out. The relative
count of immature forms in LR is negligible or moderate,
myelocytes rarely exceed 5-15 %, blasts are practically
absent, whereas in leucosis these values are high. LR does

ally seen in leucosis, therefore, LR is not associated with
metaplastic anaemia and thrombocytopenia [1].

There are 4 types of LR. Type 1 — myeloid reactions;
most common are neutrophilic reactions with neutrocy-
tosis of over 9 x 10°/L and left shift to metamyelocytes
and myelocytes; promyelocytic reactions with high pro-
myelocyte counts; eosinophilic reactions, if the absolute
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blood eosinophilic leukocyte count is over 0.45 x 10°/L,
and reactions of two and three myelogenesis lineages,
which manifest as neutrocytosis (or leukopenia), hyper-
thrombocytosis (or thrombocytopenia) and normoblas-
tosis (normocytosis) in peripheral blood. Type 2 — a
lymphocytic reaction, which is secondary reactive lym-
phocytosis with an increase in the absolute lymphocyte
count of over 4 x 10°/L. Type 3 is represented by mono-
cytic-macrophagal blood reaction, associated with an
increase in peripheral blood monocytes over 0.8 x 10°/L
as a result of infectious, fungal, rickettsial, and protozoan
diseases. Type 4 is pseudoblast LR, which is character-
ised by the presence of numerous cells with a homoge-
neous nucleus, individual nucleoli, blue thin cytoplasm
without granularity, which are mistaken for blast cells, in
blood and bone marrow [1, 2].

LR is not an independent pathology; usually, it is
secondary to an underlying disease. LR can be caused
mostly by severe infections, various intoxications, heavy
bleeding or blood clots, more rarely — by solid tumours
as part of paraneoplastic syndrome [3, 4]. Despite being
quite rare, paraneoplastic LR is a well-described event
associated with solid tumours, particularly lung cancer,
clear-cell carcinoma and pancreatic cancer [4].

The definitive pathogenesis of paraneoplastic LR is
still unclear due to insufficient materials for a detailed
investigation; however, data from some publications
describe secretion of granulocyte colony-stimulating
factor (G-CSF) in the presence of cytokine-producing
tumour. G-CSF is a natural glycoprotein which stimu-
lates proliferation and maturation of progenitor cells of
bone marrow to become fully differentiated neutrophils.
Normally, G-CSF is produced by endotheliocytes, fibro-
blasts, monocytes, and macrophages. In patients with
paraneoplastic LR, G-CSF is secreted directly by tumour
cells and results in cytokine-mediated leukocytosis [5].

Outcomes in patients with paraneoplastic LR and
solid tumours in various locations show that LR is a
predictor of poor outcome. In a retrospective study by
Granger et al. (2009), 76 % of patients with paraneoplas-
tic LR died within 12 weeks, which correlates with indi-
vidual published clinical observations, describing mostly
adverse outcomes in these patients [6, 7].

We present a case study of an elderly female patient
with metastatic pancreatic cancer, acute infective endo-
carditis of aortic valve with sepsis in the form of septi-
copyaemia and thromboembolism, which caused cardio-
embolic stroke, spleen infarction and marked LR.

Case Study

Female patient E., 83 years old, was admitted to the
ICU for patients with acute cerebrovascular accidents;
she was complaining of marked weakness in her right-
side limbs. Her medical record states that the patient has
had high blood pressure and type 2 diabetes mellitus for
a long time.

Upon examination, patient’s condition is serious; con-
tact with the patient is challenging due to cognitive dis-
orders; skin is pale pink, warm, without swelling. Body
temperature — 37.6 °C, body mass index — 24 kg/m?.

Breathing is regular, rhythmic; chest excursion is
symmetric; respiratory rate is 19 per minute. Saturation
is 93 % atm. Chest auscultation revealed harsh breathing,
bilaterally weakened in lower sections, without second-
ary respiratory murmurs.

Cardiac tones are muffled, rhythm is regular; heart
rate is 87 bpm, blood pressure: 170/85 mm Hg. Main and
peripheral artery pulse is adequate. Tongue is dry, with
brown plaque. Abdomen is symmetric, soft, painless.
Kidney punch is negative on both sides.

Neurological status evaluation: state of conscious-
ness — obtundation, sensorimotor aphasia, meningeal
signs are absent. Pupils are symmetric, sensitive to light.
Eye bulbs are deflected to the left, right gaze deviation.
The right nasolabial fold is smoothened. No nystag-
mus; swallowing is preserved; the tongue is on the mid-
line. Moderate dysarthria. Quadriparesis: right side —
strength reduced to 2 points in the leg, plegia — in the
arm; left side: to 3 points in the leg, 1 point in the arm.
Overactive tendon and periosteal reflexes on the left side.
Babinski’s sign is positive on both sides. Sensory and
coordination impairment cannot be verified due to the
serious condition of the patient. NTHSS (National Insti-
tutes of Health Stroke Scale) score is 20 points.

During hospitalisation, leukocytosis got worse with
thrombocytopenia up to 70 x 10°/L and hypochromatic
normocytic anaemia with Hb values as low as 93 g/L
(Figure 1). The highest recorded neutrocytosis level was
60.86 x 10°/L, with an increase in the relative banded neu-
trophil value to 94.5 % and left shift to metamyelocytes
and appearance of up to 1 % of myeloblasts in peripheral
blood (Table 1). Blood procalcitonin was 1.48 ng/mL.

Blood biochemistry results showed hyperglycemia
up to 14.9 mmol/L, bilirubinemia up to 24.6 pumol/L,
elevated alkaline phosphatase and minor elevation of
aspartate aminotransferase (Table 2). Troponin upon
admission — 50.7 ng/mL.

Coagulation profile was unremarkable.

Clinical urinalysis: significant proteinuria (pro-
tein 6.0 g/L), glucosuria (28.0 mmol/L), erythrocyturia
(25-30 per HPF), bacteriuria.

Cerebrospinal fluid examination: light yellow, liquor
xanthochromia 1+, completely clear, cytosis 81/3, liquor
protein 0.645 g/L, lymphocytes 3, neutrophils 78, liquor
glucose 9.6 mmol/L.

ECG upon admission: sinus rhythm, heart rate:
72 bpm, left-sided axis deviation, signs of macrofocal
cicatrical changes in the myocardium of the lower left
ventricle wall (Figure 2).

Echocardiography (echoCG) showed induration of
aorta and cusps of aortic and mitral valves, calcifications
on cusps of aortic and mitral valves, minor enlargement
of the left atrium to 4.2 cm, left ventricular hypertrophy
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(posterior wall thickness of left ventricle: 1.2 cm, inter-
ventricular septum thickness: 1.3 cm). Absence of ade-
quate systolic induration of anterior, septal walls at the
level of apical segment, apex of left ventricle. Global
contractility is slightly lower than normal, Simpson left
ventricular ejection fraction: 50 %. Doppler imaging:
grade I mitral regurgitation, grade I aortic regurgita-
tion, grade II tricuspid regurgitation. Pericardium is
unremarkable. Minor pulmonary hypertension: elevated
systolic pressure in pulmonary artery to 40 mm Hg. It is
interesting to note that, echoCG upon admission did not
reveal any signs of valve vegetation.

Ultrasound examination (US examination) of neck
vessels showed signs of atherosclerotic changes in bra-
chiocephalic arteries, signs of haemodynamically insig-
nificant left- and right-side stenosis of carotid bifurcation

to 30 %, as well as abnormal tortuosity of internal carotid
artery and left subclavian artery without haemodynamic
disorders.

Brain computer tomography (CT) upon admission
(day 1): intracranial artery atherosclerosis, post-stroke
transformation in right hemisphere and right cerebel-
lum. Brain CT two days later demonstrated signs of an
ischemic cerebrovascular event in the bed of the left
medial cerebral artery and left posterior cerebral artery
related to previous changes.

Chest CT upon admission: moderate hypoplas-
tic changes in the posterior basal surface of the lungs.
Repeated chest CT showed bilateral multisegmental
pneumonia. Microbial examination of blood revealed
growth of Enterococcus faecalis, Klebsiella pneumoniae,
Acinetobacter baumannii.

Table 1. Dynamics of complete blood count with differential during the period of hospitalization

Parameter 07.01 08.01 09.01 10.01 11.01 Reference Units
Erythrocytes, RBC 4,65 4,51 3,31 3,34 3,34 4,2-5,6 10"/L
Hemoglobin, HGB 130 131 92 94 93 131-172 g/L
Hematocrit, HCT 41,2 41,3 29,1 29,4 29,3 39-50 %
Mean corpuscular volume, MCV 88 91,5 88 88 92,2 80-100 pum?
Mean corpuscular hemoglobin, MCH 28 29 27,7 28,2 29,2 27-35 pg
Mean corpuscular hemoglobin concentration, MCHC 316 317 315 320 317 320-360 g/L
Red cell distribution, RDW 13 - 15 17 - 11-14,8 %
Platelets, PLT 151 131 89 78 70 150-400 10°/L
Mean platelet volume, MPV 10 10,1 11 11 14,2 6-11 pum?
Plateletcrit, PCT 0,151 - 0,093 0,088 - 0,1-1 %
Platelet distribution width, PDW 13 - 15 17 - 12-18 %
Leucocytes 18,4 15,18 22,1 53,4 60,86 4-9 10°/L
Myelocytes - - - - 17 0 %
Metamyelocytes - - - - 2 0 %
Myeloblasts - - - - 1 0 %
Promyelocytes - - - - 1 0 %
Segmented Neutrophils - 88 - - 8043 47-72 %
Band Neutrophils - 88,7 - - 94,5 1-6 %
Lymphocytes - 6,6 - - 5 19-37 %
Monocytes - 4,7 - - 2 3-11 %
Eosinophils - 0,1 - - 0 0,5-5 %
Basophils - 0,1 - - 0,6 0-1 %
Neutrophils, ANC - 14 - - 57 2,04-5,8 10°/L
Lymphocytes, ANC - 6 - - 5 1,2-3,0 10°/L
Monocytes, ANC - 4 - - 2 0,09-0,6 10°/L
Eosinophils, ANC - 0,02 - - 0,02 0,02-0,3 10°/L
Basophils, ANC - 0,01 - - 0,38 0,0-0,065 10°/L




Apxusb BHyTpeHHei MeAnumHbl © No 1 o 2024

PABBOP KAMHMYECKUX CAVUIAEB

a b
WBC x 109/a HGB, r/n
534 008 130 131
-——o\gi 94 93
=0 —O0
18,4 15,2 22,1
7-Jan 8-Jan 9-Jan 10-Jan 11-Jan 7-Jan 8-Jan 9-Jan 11-Jan
C
PLT x 109/
151
N 131
? 78 70
® )
7-Jan 8-Jan 9-Jan 10-Jan 11-Jan

Figure 1. Complete blood count dynamics: a — leukocytes; b — hemoglobin; ¢ — platelets; WBC — white blood count,

HGD — hemoglobin, PLT — platelets.

Table 2. Dynamics of the biochemical blood test during the period of hospitalization

Parameter 07.01 08.01 Reference Units
Total protein 68 65,5 66-83 g/L
Albumin - 31,1 35-52 g/L
Total bilirubin 23,6 24,6 5-21 pumol/L
Direct bilirubin 8,3 8 0-4,4 pmol/L
Bilirubin indirect 15,3 16,6 0-16,6 pmol/L
Cholesterol 6,2 6,46 0-5,20 pmol/L
Urea 9,7 10,8 2,8-7,2 pumol/L
Creatinine 82,5 77,5 74-110 pmol/L
Blood glucose 14,9 14,1 4,1-5,9 mmol/L
Potassium 3,82 4,2 3,5-5,1 mmol/L
Sodium 137,6 139 135-145 mmol/L
Chlorine 97,5 98 98-107 mmol/L
Aspartate aminotransferase 46,8 48,8 11-36 U/L
Alanine aminotransferase 23,9 21,7 10-37 U/L
Creatine phosphokinase 116,5 115,5 26-145 U/L
Alkaline phosphatase 515 453 30-120 U/L
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Figure 2. Electrocardiogram of patient E., 83 years old at admission

Abdominal ultrasound examination: due to hepato-
megaly, both hepatic lobes have numerous mass lesions
up to 26 mm with uneven contour, likely to be lot meta-
static spread or abscess formation, diffuse changes in
pancreas, gall bladder congestion.

US examination of lower extremity veins: signs of
vena saphena magna obstruction in the right lower
extremity, varicose transformation in branches of the
vena saphena magna of lower extremities.

Clinical and instrumental examination results were
used to make the final clinical diagnosis: Primary dis-
ease. Ischemic stroke in the bed of the left medial cere-
bral artery and left posterior cerebral artery, unspecified
pathogenetic variant.

Comorbidities: Stage III hypertension, uncontrolled
AH. Dyslipidemia. Type 2 diabetes mellitus, target
HbAlc level < 7.0 %, very high risk (risk 4).

Primary disease complications: Brain swelling. Dislo-
cation syndrome. Vena saphena magna obstruction in
the right lower extremity. Pulmonary embolism. Severe
bilateral community-acquired multisegmental pneu-
monia. Stage III respiratory distress. Sepsis. Hepatic
abscesses, cytolytic syndrome, cholestatic syndrome,
liver cell failure syndrome. Type 2 myocardial infarction.

Killip IIT pulmonary edema. Multiple organ injury syn-
drome. Hypochromic anaemia. Thrombocytopenia.

In in-patient settings, the patient was undergoing
antibacterial (Cefoperazone + Sulbactam), anticoagu-
lation (nadroparin calcium) and detoxication therapy,
corrections of fluid and electrolyte disorders and other
symptomatic therapy (Sterofundin, meglumine sodium
succinate). The patient was consulted by a haematologist
because of a marked increase in leukocytosis and blasts
in peripheral blood; it was recommended to consider
sternal puncture in order to clarify the nature of LR.
However, despite the therapy before the examination,
on day 5 of hospitalisation, cardiac arrest was observed;
resuscitation was inefficient; and natural death was
recorded.

Postmortem examination of the brain showed an area
of softening in parietal-temporal-occipital region of the
left brain. Near basal ganglia, there were cysts with dark
reddish walls 0.1-0.2 cm in diameter; near the right cer-
ebellar hemisphere cortex, there is a cyst with yellowish-
brown walls 1.5 cm in diameter. The tissue specimen
contains cerebellum tissue with marked perivascular and
pericellular swelling, an area of cortex necrosis with a
significant plasmocytic macrophagal reaction.
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Figure 3. Pancreatic tumor of
the tail with parapancreatic
soft tissue and spleen
involvement

Figure 4. Thrombus of
segmental branches of the
right pulmonary artery

Figure 5. Vegetations on the
aortic valve leaflet
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Pancreas examination: the tissue is dense and elas-
tic, 14.0 x 3.0 x 2.0 cm. Near the pancreatic head, there
is grey-pink lobular proliferation with haemorrhag-
ing; near the pancreatic tail, there is an area of dense
whitish-grey tissue, 4 x 3 x 4.5 cm, invading adja-
cent parapancreatic cellular tissue and splenic hilum
area, with haemorrhaging; and also whitish areas of
3.0 x 4.0 x 0.7 cm with clear contours and haemor-
rhaging in 200.0 g splenic pulp. The splenic valve has a
dark-cherry blood clot (Figure 3).

Spleen segment histology: marked hyaline degenera-
tion of artery and vein walls, extensive haemorrhaging
and necrosis — infarction.

The liver is brown-yellowish with nutmeg pattern and
roundish whitish-pink masses in its parenchyma up to
0.5-5 cm in diameter with haemorrhaging and degrada-
tion. Para-aortic lymph nodes are dense, enlarged up to
1.0 x 1.0 x 0.5 cm.

The histological examination confirmed high-grade
ductal pancreatic adenocarcinoma with metastases to
para-pancreatic and para-aortic lymph nodes, lymph
nodes in hepatic hilum and parenchyma: adenocar-
cinoma metastasis with degradation and inflamma-
tory infiltration. Adjacent hepatic tissue has preserved
frame and lobular pattern, marked oedema; necro-
biosis of hepatic cells; between hepatic cells, there is
focal inflammatory infiltration with neutrophils and
lymphocytes; portal ducts have marked lymphatic his-
tiocytic infiltration with some segmented neutrophils,
sinusoidal repletion and uneven repletion around cen-
tral veins.

Dark-red and dark-cherry blood clot parts can be
seen in the lumen of segmental branches of the right pul-
monary artery (Figure 4).

Heart examination: the endocardium of the aortic
valve has a greyish wrinkled polypoid mass, tightly fused
with the valve cusp, 1.2 X 0.7 x 0.6 cm.

The histological examination shows that the flap of
the aortic valve is swollen and has extensive areas of
necrosis, parietal blood clots with segmented infiltration
(Figure 5).

A microbiological examination of the aortic valve
tissue shows Enterococcus faecalis, Klebsiella pne-
mumoniae, Acinetobacter baumannii. A microbio-
logical examination of sputum revealed Acinetobacter
baumannii.

Morphological examination: a sample of red bone
marrow is represented by three hemopoiesis lineages
with haemorrhaging.

According to the postmortem examination results,
the cause of death (primary disease) was adenocarci-
noma of the tail of the pancreas T3bN1M1 with deg-
radation, invasion of parapancreatic cellular tissue and
splenic hilum, with numerous metastases to regional
lymph nodes, liver; concurrent diseases — acute infec-
tive endocarditis of the aortic valve. Immediate cause of
death: sepsis caused by cancer intoxication.

Discussion

This case study describes myeloid LR associated with
verified advanced adenocarcinoma of the tail of the pan-
creas and a concurrent disease — acute infective endo-
carditis. The patient who was admitted to the hospital
with neurological symptoms was diagnosed with signs
of severe multiple organ failure, systemic inflammation
reaction, septicopyaemia in the form of severe bilateral
multisegmental pneumonia, hepatic abscesses, signs of
type 2 myocardial infarction and marked leukocytosis
60 x 10°/L with left shift to myeloblasts.

The postmortem examination showed high-grade
ductal adenocarcinoma of the tail of the pancreas with
degradation and metastases to lymph nodes and liver,
related to acute infective endocarditis, involving the
aortic valve, with sepsis in the form of septicopyaemia
and thromboembolism in the systemic and lesser circu-
lation. The resulting severe combined pathology with a
potential paraneoplastic component caused the develop-
ment of a neutrophilic myeloid reaction with a marked
left shift and an increase in the relative banded neutro-
phil count to 94.5 %.

In this case study, it is not possible to make a firm
conclusion about the onset of infective endocarditis
(IE) and its variant. At the same time, given the extent
of the tumour, presence and aggravation of leucocytosis
from day 1 of hospitalisation, acute IE is possible, taking
into account LR development with patient’s condition
worsening.

In the absence of life-time signs of vegetation on
aortic valve cusps, incomplete correlation of the clini-
cal pattern with the modified Duke criteria, a differen-
tial diagnosis of IE includes non-bacterial thrombotic
endocarditis (NBTE). Life-time diagnosis of NBTE is
challenging, postmortem examinations reveal NBTE
only in 1.2-3.4 % of cases [7]. According to retrospec-
tive studies, NBTE is diagnosed in 4 % of all patients
with advanced solid malignancies; however, its exact
incidence is unknown [8]. In a majority of cases, NBTE
is associated with adenocarcinoma of lungs, pancreas,
stomach and ovaries [9].

The differential diagnosis of NBTE and IE is crucial
for optimal management; however, there are no pathog-
nomonic signs which can reliably differentiate between
these two conditions. It is essential to take into account
a comorbidity or concurrent disease, which can increase
the risk of NBTE, especially malignancies. Neverthe-
less, very often cancer patients have poor immunity as
a result of drug therapy or progressing tumour and are
at high risk of IE due to frequent vein catherisation.
Therefore, the diagnosis of NBTE should include assess-
ment of individual risk factors, clinical, laboratory and
instrumental data in order to rule out other pathologies,
particularly infective endocarditis and endocarditis with
negative blood culture.

Despite the fact that a majority of LR are associated
with solid tumours, LR in pancreatic cancer has been
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described in a few case studies [10-12]. Patients with
paraneoplastic syndrome can have fever, which makes
differential diagnosis of LR more difficult and impels to
search for an infectious pathology as the most common
cause of LR. Various infections should be ruled out in
the first place, not only because they are more common
than paraneoplastic LR, but because they can limit fur-
ther therapy of cancer [13].

If a malignancy has no clinical manifestations,
tumour-associated leucocytosis can be interpreted as an
infection or myeloproliferative disorder, thus resulting
in unnecessary diagnostic procedures, including bone
marrow biopsy and molecular genetic testing. Reduc-
tion in leucocytosis with antitumour therapy can be
an indirect sign of therapy eflicacy, or can be used as
a marker of disease progression in these patients if LR
aggravates [14].

Infective endocarditis is very rarely a separate
cause of LR. Such LR cases are described in patients
with infective marantic (initially non-infective throm-
botic) endocarditis related to an oncological disease
[11]. At the same time, in the absence of a progressing
malignancy, the most common cause of LR is a systemic
infectious process. In a retrospective cohort study con-
ducted in a hospital in Porto Alegre (Brazil), among
105 patients, LR was associated with infection in 55 %
of cases (mostly infections of lower respiratory tract
and urinary tract) [15]. Israeli researchers presented
similar results of an assessment of outcomes in 173 hos-
pitalised patients: an infectious process was a cause of
LR in 48 % of cases, including sepsis in 9 % of patients
[16]. Independent predictors of death were age (odds
ratio 2.5, p = 0.014) and diagnosed sepsis (odds ratio
3.8, p < 0.001) [16].

In microbiological examination of blood samples
taken from patients with LR, the most common finding
is gram-negative microorganisms; however, a potential
pathogen can be Micobacterium tuberculosis in dissemi-
nated tuberculosis [17]. In a number of clinical observa-
tions, a clostridial infection, including pseudomembra-
nous colitis, was also described as one of the causes of LR
[18, 19]. Large retrospective analyses of patients with LR
were conducted before COVID-19; however, the novel
coronavirus infection can also cause LR, particularly in
patients with severe COVID-19 [20].

Conclusion

Therefore, the diagnostic search in LR patients,
including elderly and old patients, with initially unclear
origin should include cancer alertness; however, it
should not neglect assessments for other possible
causes, including IE and NBTE, requiring a multidis-
ciplinary approach in intricate diagnostic situations.
Prognosis in patients with LR is greatly dependent on
the course of the primary disease, and is very poor in
cancer-associated LR.
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Efficacy of Mepolizumab in the Treatment
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Pattern of Airway Inflammation (Case Report)

Pesome

B faHHOV cTaTbe NpeACTaB/ieHO ONUCaHKUe ABYX KAMHUYECKUX HaboA4eHUI NPUMeHeHNUsA Menonn3yMaba y NaLueHToB C TAXKEN0N HeKOHTPonpye-
MO acTMOWi CO CMeLLaHHbIM rpaHy/I0LMTapHbIM NaTTEPHOM BOCMa/ieHNA B 6poHxax Ha GpoHe KOMOPBUAHON NaTONOTUN.

CMelwaHHanA rpaHynoumMTapHas GpopMa TaxKeNnoi 6pOHXMaNbHOM aCcTMbl XapaKTepu3yeTca coueTaHneM B cebe NPU3HAKOB Kak T2-3HA0TUNA, TaK U He-
T2-3Hg0THNa. Hanbonee HacTo cMellaHHbIN rpaHyNoLUTapHbIV MaTTePH TAXE 0 acTMbl BCTPeYaeTCA Npu KOMOPOUAHOM NaToN0rMK, B YaCTHOCTH,
NpU ee COYETaHNMN C XPOHUYECKOIN OBCTPYKTUBHOM 60/1€3HbIO IErKUX NN BPOHXO0IKTa3aMU.

B npescTaBieHHbix Habtog4eHMAX 06a NaLyeHTa OTANYAANCh Ha/IMYMEM CTaXa KypeHUs, No3/Hel MaHndecTaLnei acTMbl C pasBUTUEM LLeHTpUobY-
NApHOMN 3Mur3eMbl, HeO6PaTUMBIM CHUKeHUeM oTHoweHnA O®B /OXKE/1 B pamkax pOpPMUMPOBAHNA XPOHUYECKOW O6CTPYKTUBHO 601€3HM Nerkux.
Oco6eHHOCTbIO OAHOMO M3 C/ly4aeB CTasio HaAM4YMe y NaLueHTa LIMAUHAPUYECKUX BPOHX03KTa30B 060uX ferkmx. Boibop Menonmnsymaba B kauecTse
AOMO/IHUTENbHOTO areHTa nojepxuaatollelt Tepanum Ha ctynenn 5 GINA B 060ovix cyyanx 6bi1 060CHOBaH HEKOHTPOIMPYEMbIM TeYeHUeM acTMbl,
HeCMOTPS Ha NpUMeHeHVe BbICOKOM /103bl UHraIALIMOHHBIX IIOKOKOPTUKOCTEPOU/AOB B COYETaHUM C APYrMM 6a3nCHBIMK NpenapaTaMu 1 NoTpe6-
HOCTb B MPUMEHEHUW CUCTEMHBIX FIIOKOKOPTUKOCTeponsax >50 % BpeMeHM B rogy, UCTOpPUE NOBTOPAIOILMXCA 06OCTPeHWIi B NpeALllecTsyole
12 MecALeB, HaM4YMEM NEPCUCTUPYIOLLEN 303UHOGUAMK KpOBU (>150 KNETOK/MKA), @ TaKKe coueTaHWeM 6POHXMA/ILHOM aCTMbl C MOUMO3HbLIM pU-
HOCMHYCWUTOM Y OJHOTO M3 NaLUeHTOB.

B uenom npumeHeHune Menoamsymaba B gose 100 Mr Kaxzble YeTblpe HeeM NMOAKOXKHO B AOMOJIHEHNE K PeryNsApHO MaKCMMa/bHOW ONTUMU3N-
pOBaHHON NOAAEPXKVBaIOLLEl Tepanun XxapaKTepru3oBasoCh GbICTPON, 3HAUMMON U YCTOMUNBOIN 3P PEKTUBHOCTBIO, KOTOPas BblpaXanach B paHHeM
AOCTUXKEHNM KOHTPO/IA aCTMbl B Te4eHne nepBbix 16 HeAenb OT Havana Tepanum.

KnroueBbie c/0Ba: masxenas 6poHxuansHas acmma, Menonusymab, mapeemras mepanus, XOBJI, 6poHx03Kkmassl, cMewaHHbIl 2paHyaoyumap-
HbIll nammepH BochaneHusa
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Abstract

This article describes two clinical observations of the use of mepolizumab in patients with severe uncontrolled asthma with a mixed granulocytic
pattern of inflammation in the bronchi and comorbid pathology.

The mixed granulocytic form of severe asthma is characterized by a combination of T2 endotype and non-T2 endotype. The most common mixed
granulocytic pattern of severe asthma occurs in comorbid pathology, in particular, when it is combined with chronic obstructive pulmonary disease
(COPD) or bronchiectasis.

In the presented observations, both patients had an experience of smoking, a late manifestation of bronchial asthma with the development of
centrilobular emphysema and an irreversible decrease in the FEV/FVC ratio as part of the development of COPD. A feature of one of the cases was
the presence of cylindrical bronchiectasis in both lungs. The choice of mepolizumab as an additional maintenance agent at GINA stage 5 in both cases
was justified by the uncontrolled course of asthma despite the use of a high dose of glucocorticosteroids in combination with other basic drugs and
the need for the use of systemic corticosteroids > 50 % of the time per year, a history of recurrent exacerbations in previous 12 months, the presence
of persistent blood eosinophilia (>150 cells/pl), as well as a combination of asthma with polypous rhinosinusitis in one of the patients.

Overall, the use of mepolizumab 100 mg subcutaneously every four weeks in addition to regular maximum optimized maintenance therapy was char-
acterized by rapid, significant and sustained efficacy, which was expressed in early achievement of asthma control within the first 16 weeks of therapy.

Key words: severe asthma, mepolizumab, targeted therapy, COPD, bronchiectasis, mixed granulocytic type of inflammation
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ACT — Asthma Control Test, GINA — Global Initiative for Asthma, IgE — immunoglobulin E, nMRC — Modified Medical Research Council

Introduction

Severe bronchial asthma with a mixed granulocytic
inflammation pattern combines signs both of T2 endo-
types and non-T2-endotypes, with a concurrent high
neutrophil and eosinophil count in induced sputum or
bronchoalveolar lavage samples [1]. According to vari-
ous sources, the incidence of this variant of inflamma-
tion in asthmatic patients is 3 % (with eosinophils of
> 3 % and neutrophils of > 76 % in induced sputum)
to 22 % (with eosinophils of > 2 % and neutrophils of
> 50 % in induced sputum) [2]. The mixed granulocytic
inflammation pattern is most common in smokers, in
comorbidities, in particular in bronchial asthma with
chronic obstructive pulmonary disease (COPD) or bron-
chiectasis [1].

Bronchial asthma, COPD and bronchiectasis are
common conditions; their combination makes patient
curationverychallengingandarisk ofan uncontrolled dis-
ease significantly higher; response to conventional main-
tenance therapy deteriorates, necessitating an increase
in the dose of inhaled glucocorticosteroids (iGCS),

administration of additional long-lasting beta-2 agonists
(LABA) and long-lasting M3-cholinoblockers; often,
systemic glucocorticosteroids (GCS) are required; infec-
tion-dependent exacerbations and associated antibiotic
therapy and hospitalisation become more common [3].

In accordance with the staggered approach, patients
with severe bronchial asthma may have genetically
engineered biologic drugs (GEBD) prescribed, includ-
ing mepolizumab, a humanised monoclonal antibody
with high affinity to interleukin-5. In clinical trials,
COPD and bronchiectatic disease are often non-inclu-
sion criteria; therefore, limited data are available on the
efficacy of target therapy in patients with this comor-
bidity.

In 2017, the results of two randomised double-blind
trials (METPEX and METREO) were published; they
compared the 52-week efficacy of mepolizumab and pla-
cebo in COPD patients who had moderate and severe
exacerbations during the previous year while taking
triple maintenance therapy. The use of mepolizumab at a
dose of 100 mg as an adjuvant therapy to the conventional
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baseline therapy was associated with a lower rate of exac-
erbations during the year [4].

In 2021, Crimi C. et al. presented the results of a
single-center retrospective study in patients with severe
bronchial asthma (BA) and bronchiectasis. The authors
concluded that the use of mepolizumab as an adjuvant
to the maintenance therapy improved asthma control,
reduced the number of exacerbations during the year,
and reduced the need for systemic glucocorticoste-
roids [5].

This article describes clinical cases illustrating man-
agement of patients with a mixed granulocytic inflamma-
tion at the Intermediate Therapeutic Clinic of the Federal
State Budgetary Educational Institution of Higher Edu-
cation Siberian State Medical University of the Ministry
of Health of Russia (Tomsk), with long-lasting continu-
ous therapy with mepolizumab at a dose of 100 mg every
four weeks (q4w).

Patients in both clinical cases provided their writ-
ten consent, with their personal data being presented
anonymized.

Case Study No. 1

Severe bronchial asthma, recurrent rhinosinusitis

polyposa and COPD in a patient with a long-last-

ing history of smoking and a mixed granulocytic

inflammation of upper respiratory tract

Male patient M., 70 years old; in June 2021, he was
referred by a pulmonologist, complaining of attack-like
cough with viscous white-yellowish sputum; mixed-pat-
tern shortness of breath while walking (mMRC score:
two points), worsening when the patient walks uphill or
climbs 1-2 flights of stairs; episodes of expiratory suf-
focation, mostly spontaneous in the evening and pre-
dawn time, as well as outside in cold weather. To relieve
the symptoms, the patient used medications containing
short-lasting beta-2-agonists (salbutamol, fenoterol/
ipratropium bromide) up to 3-4 times during the day
and at night.

Past medical history and current therapy

The patient is followed up by a pulmonologist for
the underlying comorbidity, comprising two conflicting
conditions.

In 2014, the patient was diagnosed with bronchial
asthma; however, typical respiratory symptoms (respira-
tory discomfort, expiratory dyspnoea with intense exer-
cises) were noted in 2008. When the condition was diag-
nosed, the patient was 57 years old (late-onset asthma).
Also, in 2014 an entry was made in the medical record
about chronic obstructive pulmonary disease with pre-
dominant emphysematous phenotype, diagnosed with
due account of a long history of smoking and typical
changes seen on CT scans (bilateral centrilobular, mostly
supralobar emphysema, trapped air and hyperinflation)
and respirometry results (persistent obstructive changes

in pulmonary function tests (PFT) with a stable reduc-
tion in the post-bronchodilatatory ratio of forced expi-
ratory volume over first second (FEV ) and functional
lung capacity (FLC) to < 0.7, despite a multi-component
inhalation therapy).

Immediately after diagnosis confirmation, BA sever-
ity was assessed as moderate in accordance with the
current recommendations of the Global Initiative for
Asthma (GINA); thus, in 2014-2017, the patient was
constantly using a fixed combination of a low-dose
iGCS (fluticasone propionate 500 pg/day) and LABA
(salmeterol 100 pg/day). In 2018, when asthma was no
longer controlled, the dose of fluticasone propionate
was increased to 1,000 ug/day, the condition was still
uncontrolled and pulmonary function tests were below
normal values. As a result, from January 2019 and up to
the target therapy initiation, the patient had been con-
stantly using a fixed dose of budesonide/formoterol at a
dose of 640/18 pg/day (metered-dose powder inhaler), as
well 5 pg of tiotropium bromide for inhalation (Respimat
delivery system) and 10 mg of oral monteleukast before
bed. Transition to the three-component inhalation ther-
apy with medium doses of iCGS, LABA and long-lasting
anticholinergic product combined with an oral leukot-
riene receptor antagonist initially improved the clinical
condition of the patient; however, starting from Septem-
ber 2019, the patient was unable to control the disease.
Over the past two years, asthma relapses were recorded
(up to 6-8 episodes a year) and the patient needed bron-
cholytic nebulizer therapy and an increase in the daily
GCS doses: addition of a nebulized budesonide suspen-
sion and/or a short (5-7 days) course of prednisolone at
a dose of 90 mg/day with aminophylline solution 4 times
over 12 months, which preceded the GEBD therapy ini-
tiation. The last course of infusion therapy with systemic
GCSs because of asthma and COPD relapse caused by an
acute viral infection was recorded in May 2021.

The nature of upper respiratory tract

involvement

The patient has had rhinosinusitis polyposa since
1996. Surgery to remove sinonasal polypous vegeta-
tion from the nasal cavity and paranasal sinuses was
performed in 1996, 1999, 2013, 2017, and March 2021.
Upon admission for GEBD therapy initiation, the patient
was taking mometasone furoate, an intranasal GCS, at a
dose of 200 pg/day; however, the patient complained of
nasal airflow obstruction and small amount of pale nasal
discharges.

HiSfOTJ/ Of allergies is unremarkable: there is
no solid evidence of bronchial asthma or allergies in
close relatives. During a detailed interview, review of
the patient’s medical record and taking into account an
Immunocap test of allergen-specific immunoglobulin E
(IgE) concentrations (June 2021), no data were found to
confirm allergic hypersensitivity to the main (domestic,
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fungal, pollen, epidermal) airborne allergens, pharma-
ceutical anaphylaxis or individual hypersensitivity reac-
tions to any medicines, including non-steroidal anti-
inflammatory drugs.

History of smoking

The patient is a former smoker who used to smoke
10-20 cigarettes a day for 45 years. The minimum and
the maximum smoking rates were 22.5 pack/years and
45 pack/years, respectively. The patient quit smoking in
2014.

Physical examination

Height: 165 c¢m, weight: 60 kg, body mass index:
22.33 kg/m? normosthenic composition. Condition is
rather satisfactory.

Chest is normal, painless on palpation. Percussion
sound is slightly hyperresonant, similar above symmet-
ric lung sections. Auscultatory breathing is harsh, with
individual dry rales above the middle section of the
lungs. Respiratory rate is 16 per minute. Peripheral oxy-
genation is 98 %.

Cardiac sounds are clear, rhythmic, with loud second
heart sound above aorta. No pathologic heart murmurs.
Heart rate is 70 bpm. Blood pressure is 124/76 mm Hg.

Other organs and systems are unremarkable.

Laboratory and instrumental examination
results supporting the diagnosis and selected
therapy strateqy

A mixed nature of granulocytic inflammation in the
respiratory tract in this patient is confirmed by cytologi-
cal examination of bronchoalveolar lavage fluid in Feb-
ruary 2019 (eosinophils 40 % and neutrophils 50 % of
the cellular composition), induced sputum in July 2020
(eosinophils 18 % and neutrophils 60 % of the cellular
composition) and in March 2021 (eosinophils 22 % and
neutrophils 68 % of the cellular composition).

When the patient was hospitalised in July 2021, the
anti-T2-cytokine therapy was favoured due to the blood
eosinophil level (4.5 % of WBC count and 390 cell/uL)
and the total immunoglobulin E level (177 TU/mL).

Of note, when the target therapy was initiated, the
patient demonstrated significantly reduced FLC values.
In July 2021, baseline FEV1 was 1.51 L (59.5 % of the
normal value) and 1.64 L (64.5 % of the normal value)
before and after salbutamol test, respectively; post-
bronchodilatatory lung capacity was 94 % and FLC was
104 % of the normal values, with FEV1/FLC being 0.52.
A B2-adrenoceptor agonist test gave positive results:
FEV1 increased by 34 % and 470 mL.

Examinations of other systems of organs, including
ECG and EchoCG, thoracic CT and referral to rule out
systemic eosinophilia (for instance, eosinophilic granu-
lomatosis with polyangitis), did not reveal any other sig-
nificant pathologies which could affect the management
of the patient.

Therefore, based on the complaints, medical record,
examination and test results, the underlying comorbid-
ity has been updated: bronchial asthma, T2-endotype,
non-allergic, eosinophilic phenotype, severe (GINA
stage 5) uncontrolled disease with a high risk of
relapses; chronic obstructive pulmonary disease, mostly
emphysematous phenotype, GOLD 2 obstruction, with
marked symptoms (mMRC: 2 points) and frequent
relapses, group D (clinical guidelines of the Ministry of
Health of Russia, 2021); other diseases: recurrent rhi-
nosinusitis polyposa (surgery in 2012, 2013, 2017, and
March 2021).

Since the optimised multicomponent baseline ther-
apy, including iGCS with the need for frequent courses
of prednisolone due to asthma relapses, was inefficient,
taking into account persistent blood and respiratory
eosinophilia, as well as lack of clinically significant aller-
gic hypersensitivity, regular target therapy with mepoli-
zumab 100 mg q4w SC was initiated in July 2021.

Further follow-up during mepolizumab therapy
demonstrated significant improvements. Early efficiency
of the target therapy noted just four weeks after the first
injection was seen as the absence of shortness of breath
during physical exercises, absence of episodes of suffoca-
tion, and no need for rescue medications. The patient,
however, still had a cough with a small amount of clear
sputum. By the time of the initial GINA-recommended
assessment (16 weeks), the patient noted improvement:
fewer episodes of cough (a cough with a small amount
of white sputum, characterised by the patient as “minor”,
was uncommon), relief of shortness of breath: shortness
of breath appeared only with moderate activities (normal
walking) — two points on the mMRC (Modified Medical
Research Council) scale. Also, the patient noted absence
of episodes of suffocation and need for rescue medica-
tions. Objective improvement in asthma control was
recorded (Asthma Control Questionnaire-5 (ACQ-5)
reduction from 1.5 to 0.8 points).

One year after therapy initiation, the patient does not
have any major complaints; Asthma Control Test (ACT)
was 23 points (well-controlled), ACQ-5 - 0.2 points
(well-controlled).

Respirometry results obtained with the use of
the target therapy demonstrated an increase in pre-
FEV1 from 1.51 L (59.5 % of the normal value) at base-
line to 1.92 L (77.7 % of the normal value) 12 month
after GEBD therapy initiation. An absolute increase in
FEV1 was 300 mL after a year of therapy, meaning sig-
nificant response to the therapy.

Over two years of continuous mepolizumab therapy,
there were no asthma and COPD relapses and no need
for systemic GCS.

Also, rhinosinusitis polyposa improvement was
noted with GEBD therapy. The patient noted better nasal
airflow; nasal discharges disappeared after 16 weeks of
therapy. No rhinosinusitis relapses were recorded over
24 weeks of therapy.
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Table 1. Control of asthma, severity of shortness of breath and respiratory function (clinical observation No. 1)

16 weeks of 12 months 24 months
Parameter Initial results mepolizumab mepolizumab mepolizumab
therapy therapy therapy

Pre-FEV1,1 1,51 1,81 1,92 1,81
Pre-FEV1 % predicted value 59,5 71 77,7 71,6
Post-FEV1, 1 1,64 1,82 2,06 1,82
Post-FEV1 % predicted value 64,5 71,5 80,8 79,4
Post-FEV1/FVC 0,51 0,57 0,56 0,54
mMRC, points 3 2 0 0

ACT, points 17 17 23 25

ACQ-5, points 1,5 0,8 0,2 0,2
Blood eosinophils, cells/ul 390 50 52 50

Note: FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; pre-FEV1 — forced expiratory volume in the first second pre-bronchodilator;
post-FEV1 — forced expiratory volume in the first second post-bronchodilator; ACT — asthma control test; ACQ-5 — Asthma Control Questionnaire-5; mMRC — Modified

Medical Research Council

Changes in scores of the asthma control and dys-
pnoea severity questionnaire, as well as changes in
peripheral blood eosinophils and PFT values, are pre-
sented in Table 1.

Case Study No. 2

Severe bronchial asthma with bronchiectasis in

a patient with a mid-lasting history of smoking and

a mixed granulocytic inflammation of upper respi-

ratory tract

Male patient P., 48 years old; in September 2021, he
was referred by a pulmonologist, complaining of sponta-
neous day-time episodes of suffocation and suffocation
after moderate physical activity (up to four times a week)
and night suffocation 1-2 times a week; need in salbu-
tamol to relieve shortness of breath (up to 2-4 times a
week); expiratory suffocation when the patient walks
uphill or climbs 1-2 flights of stairs (mMRC score:
3 points); wheezing; attack-like cough with a small
amount of viscous yellow-greenish sputum.

Past medical history and current therapy

BA was diagnosed in 2001 (the patient was 28 years
old). Once the diagnosis was made, a therapy was ini-
tiated: a fixed combination of mid-dose iGCS (budeso-
nid 640 pg/day) and LABA (formoterol 18 pg/day) as a
metered-dose powder inhaler. The patient was under-
going this therapy in 2001-2021. Also, during the
past two years, the patient had occasional short-term
(1-2 months) courses of tiotropium bromide (Respimat
delivery system) at a dose of 5 ug/day and monteleukast
10 pg/day.

In 2020-2021, the patient noted stable worsening in
his asthma: worse shortness of breath, more episodes of
suffocation and the need to use rescue medications up to

4-6 times daily, more severe cough with more sputum,
very often it was very viscous and yellow-greenish. Exac-
erbations occurred up to 6 times a year, and GCSs were
required.

In July 2021, a pulmonologist corrected the therapy
and recommended daily use of vilanterol/fluticasone
furoate at a dose of 22/184 g in the evening, tiotropium
bromide for inhalation (Respimat delivery system) at a
dose of 5 ugin the morning and monteleukast 10 ug before
bed. With the corrected therapy, in August 2021 the
patient experienced another (a third within 12 months)
BA relapse, which required a course of nebulizer ther-
apy (budesonide 2,000 pg/day, fenoterol/ipratropium
bromide solution for inhalation) and oral prednisolone
(30 mg for 7 days, then the dose was reduced to 5 mg and
daily systemic GCS at a mentioned dose). Also, since the
patient had large amounts of green sputum, clarithromy-
cin 1,000 mg daily was added for 7 days.

History of allergies

According to the patient, his grandmother and father
have asthma. In 2015, a skin allergen test revealed hyper-
sensitivity to domestic dust, and allergen-specific ther-
apy was initiated, which was later interrupted because of
uncontrolled asthma. Since childhood, the patient has
been suffering from all-year-round nasal allergy; in addi-
tion to domestic dust, he is sensitive to cats, library dust
(itchy eyes, eye tearing), episodes of suffocation during
finishing works. He has a history of itchy skin when
taking bicillin.

History of smoking

The patient confirmed short periods of episodic
smoking for 20 years. An approximate smoking rate is no
more than 10 packs/year. When the target therapy was
started, the patient was a non-smoker.
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Physical examination

Height: 182 cm, weight: 79 kg, body mass index:
23.9 kg/m? normosthenic composition. Condition is
rather satisfactory. Chest is normal, painless on pal-
pation. Percussion sound comes from lungs, similar
above symmetric lung sections. Auscultatory breath-
ing is harsh, with multiple dry rales above the middle
and lower section of the lungs. Respiratory rate is 19 per
minute. Peripheral oxygenation is 96 %. Cardiac sounds
are clear, rhythmic. No pathologic heart murmurs. Heart
rate is 76 bpm. Blood pressure is 138/88 mm Hg. Other
organs and systems are unremarkable.

Key laboratory and instrumental
examination results supporting the diagnosis
and selected therapy strateqy

For a considerable period of time before GEBD ther-
apy initiation, patient’s peripheral blood tests revealed
persistent high eosinophil count > 150 cell/uL. When
GEBD therapy was initiated, blood eosinophils were
2.8 % and 242 cell/pL. Of note, this patient was taking
prednisolone 5 mg daily. Total IgE on August 3, 2021 was
227 IU/mL. However, allergen-specific EIA IgE test
(main allergens — domestic, fungal, pollen, epidermal)
dated August 3, 2021 demonstrated a negative result,
thus ruling out Alternaria tenuis; also, allergen-specific
IgE to it was clinically normal (0.111 kU/L).

In 2018, during one of the asthma relapses caused
by a respiratory infection with long-lasting cough and
purulent sputum, chest CT demonstrated cylindrical
bronchiectasis in individual segmental and subsegmen-
tal bronchi in both lungs. Cytological examination of
sputum revealed a combination of high eosinophil (8 %
of the cellular composition) and neutrophil counts (82 %
of cells). When the target therapy was initiated (August
2021), thoracic CT demonstrated bronchial wall indu-
ration, cylindrical dilation of individual segmental and

subsegmental bronchi (cylindrical bronchiectasis), with
small bands and adhesions in subpleural sections of the
apex of lung, as well small apical overlaps on both sides.

In addition to clear clinical signs of uncontrolled
asthma with frequent relapses, probably associated with
an infectious trigger (bacterial contamination of the respi-
ratory tract), this patient had impaired PFTs. Spirography
results dated August 2021 demonstrated pre-FEV1 of 67 %
and 78 % of the normal value before and after salbutamol
400 ug, respectively (an increase in FEV, was 16.35 % and
610 mL); the post-FLC value was 100 % of the normal
value, while the post-FEV /FLC ratio was 0.63.

Based on the patient’s complaints, past medical
records and examination results, the following condition
was diagnosed: a mixed-type bronchial asthma, eosino-
philic phenotype, severe (GINA stage 5) uncontrolled
disease with a high risk of infection-dependent relapses.
Comorbidities: cylindrical bronchiectasis in individual
segmental and subsegmental bronchi in both lungs.
Moderate persistent nasal allergy caused by domestic
and epidermal allergens.

Since despite the optimal baseline therapy including
a fixed combination of high doses of iGCS/LABA, long-
lasting M-cholinoblocker, leukotriene receptor antagonis
and systemic GCSs at a dose of 5 mg (prednisolone), the
patient could not achieve stable asthma control (ACT:
9 points, ACQ-5: 3.6 points), the medical panel decided
to initiate the target therapy with mepolizumab, an anti-
interleukin-5 GEBD, at a dose of 100 mg q4w SC from
September 2021.

Further follow-up during mepolizumab therapy
demonstrated significant improvements. Early efficiency
of the target therapy noted just four weeks after the ini-
tiation of the therapy was seen as withdrawal from pred-
nisolone, absence of episodes of suffocation at night,
improvement in shortness of breath, absence of wheez-
ing, and smaller amounts of discharges with cough.

Table 2. Control of asthma, severity of shortness of breath and respiratory function (clinical observation No. 2)

16 weeks of 12 months 24 months
Parameter Initial results mepolizumab mepolizumab mepolizumab
therapy therapy therapy

Pre-FEV,, 1 2,57 3,27 3,11 3,17
Pre-FEV, % predicted value 67 83,5 79 81,7
Post-FEV, 1 2,73 3,3 3,04 3,2
Post-FEV, % predicted value 78 84,4 78 82,3
Post-FEV /FVC 0,63 0,64 0,57 0,6
mMRC, points 3 2 0 0

ACT, points 9 25 25 25

ACQ-5, points 3,6 0,4 0,4 0,4
Blood eosinophils, cells/ul 241 47 70 32

Note: FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; pre-FEV1 — forced expiratory volume in the first second pre-bronchodilator;
post-FEV1 — forced expiratory volume in the first second post-bronchodilator; ACT — asthma control test; ACQ-5 — Asthma Control Questionnaire-5; mMRC — Modified

Medical Research Council
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By the time of the initial GINA-recommended assess-
ment (16 weeks), the patient noted improvement: no
episodes of suffocation and no need in rescue medica-
tions, significantly reduced number of episodes of cough
(cough was uncommon, without sputum), improve-
ments in shortness of breath (only with moderate
physical activity). Objective evidence of asthma control
(ACT = 25 points, ACQ-5 = 0.4 points). During the year
after therapy initiation, the patient does not have any
major complaints; his asthma is well-controlled without
new relapses.

Respirometry results obtained with the use of the
target therapy with mepolizumab demonstrated an
increase in pre-FEV, value from 67 % of the normal
value (at the moment of therapy initiation) to 81.7 % of
the normal value (24 months of therapy). An absolute
increase in FEV | over the first 12 months of therapy was
540 mL and over 24 months of therapy — 600 mL, mean-
ing significant response to the therapy. Normalised FEV /
FLC ratio with the use of the target therapy with mepoli-
zumab (post-FEV /FLC > 0.7) is also worth mentioning.

Changes in scores of the asthma control and dys-
pnoea severity questionnaire, as well as changes in
peripheral blood eosinophils and PFT values, are pre-
sented in Table 2.

Discussion

Severe bronchial asthma with a mixed granulocytic
inflammation pattern and a history of smoking in a com-
bination with such comorbidity as chronic obstructive
pulmonary disease and bronchiectasis, is associated with
bacterial contamination. In turn, it increases the risk of
an uncontrolled disease with a worse response to con-
ventional maintenance therapy, necessitating an increase
in the dose of inhaled GCSs, additional long-lasting
beta-2 agonists and long-lasting M3-cholinoblockers;
often, systemic GCSs are required; infection-dependent
exacerbations and associated antibiotic therapy and hos-
pitalisation become more common [3].

Currently, in accordance with the staggered approach,
patients with severe bronchial asthma have GEBDs pre-
scribed, including those binding to the key driver of
interleukin-5. Given the pathogenetic interconnection of
neutrophil and eosinophil inflammation patterns in this
group of comorbid patients, reduction of the number of
recruited eosinophils in the area of inflammation can
have positive effect on the activity of associated neutro-
phil inflammation.

Currently available trials to study the use of mepo-
lizumab in patients with a mixed granulocytic pattern
in severe uncontrolled bronchial asthma with COPD
and bronchiectasis demonstrate high efficacy of the
target genetically engineered therapy, namely: improved
asthma control and patients’ quality of life, reduced
number of relapses per year, and reduced need in sys-
temic glucocorticosteroids [4, 5].

These clinical cases demonstrate the efficacy of mepo-
lizumab in patients with a mixed granulocytic pheno-
type of BA in combination with a comorbidity (COPD,
bronchiectasis).

Conclusion

The use of mepolizumab at a dose of 100 mg every
four weeks subcutaneously as adjuvant therapy to the
optimised maintenance therapy (GINA stage 5) demon-
strated high efficiency in the management of severe BA
with a mixed granulocytic bronchial inflammation with
a history of smoking and comorbidities (COPD, bron-
chiectasis). Therapy eflicacy was seen as early (within
16 weeks after therapy initiation) and steady asthma
control, no need to take systemic GCSs, absence of BA
exacerbations during at least 24 months of follow-up,
and marked improvement in PFT values.
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Abstract

A real-world study with clinical and economic assessment of the use of succinate-containing drugs in patients with alcoholic liver disease was
conducted. The study was based on data from Buyanov City Clinical Hospital in Moscow and Mirotvortsev Clinical Hospital in Saratov. The period
of the study was from 2019 to 2022. The main analyzed factor was the duration of hospitalization and 60 patients with alcoholic liver disease and
blood transaminases exceeding two norms and blood ammonia more than one and a half norms were included in the study. Of 60 patients 36 used
succinate-containing drugs as part of complex therapy (main group) and 24 did not receive them (control group).

The dynamics of indicators of clinical and instrumental status of patients did not differ in both groups (V=0.35; F=0.87; p=0.614). The modelling by
Markov chains was performed. The use of succinate-containing drugs demonstrated 8.3 % reducing of costs per case of alcoholic liver disease cure due
to the average reduction of hospitalization by 2.42 days.
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Relevance

The problem of chronic alcoholism is still relevant,
despite the fact the population is highly socialized and
intellectually developed. According to a systematic
review by G. Max et al. [1], deaths from alcohol con-
sumption account for approximately 10 % of the employ-
able world population. According to an analysis by the
Federal State Statistics Service (Rosstat), in 2017 the inci-
dence of alcoholism in Russia was 1,304,600 people [2].
Chronic alcohol consumption is one of the most common
external causes of hepatic disorders. Ethanol intoxication
over a number of years can result in one of the three key
forms of alcoholic liver disease (ALD): alcoholic steatosis
(60-90 % of all cases), alcoholic hepatitis (10-30 % of all
cases) and alcoholic cirrhosis (8-20 % of all cases) [3].

Modern medical care for patients with ALD includes
a wide range of measures to reduce the intoxication load
for the body, prevention of further damage to hepatic
tissue and progression to a life-threatening disease —
cirrhosis. The professional medical community con-
stantly improves the quality of care and timely updates
clinical guidelines, taking into account both Russian and
foreign experience [2].

Active introduction of new treatment methods and
regimens, as well as new medicinal products to the com-
prehensive management of ALD requires evaluation not
only of clinical efficacy of medication, but also economic
feasibility, which ensures quality care to many patients.
Usually, economic evaluation (EE) starts from the com-
mencement of commercial distribution of the product
and/or its inclusion in a certain system of reimburse-
ment and ends with product withdrawal from the phar-
maceutical market.

One of the tools used to gather information for EE
is the data from the real-life clinical practice (RCP) [4,
5]. A distinctive feature of EE is its non-interventional
nature, associated with some limitations, e.g. no placebo
groups or passive control. Specifically, with personified
therapy, the use of high-potency products and develop-
ment of patient discharge criteria, as in ALD patients [2],
by the end of in-patient care, patients do not demonstrate
any differences in clinical parameters; and even statisti-
cally confirmed differences cannot be treated as markers
of high efficacy (higher efficiency) of a certain product.
At the same time, the rate of action onset also differs and
impacts the overall performance — duration of hospi-
talisation. In-patient bed-days is a key criterion to evalu-
ate not only the clinical, but also economic efficiency
of a medicinal product, since reduction in the duration
of therapy allows increasing the bed turnover, and the
number of paid cases of treatment increases, while costs
reduce, thus ensuring significant savings for the medical
institution.

Succinate-containing products (SCPs) are among
reputable products for the therapy of adult patients with
ALD and are included in the current clinical guide-
lines [2]. By boosting cell resistance to hypoxia, which
is a common sign of any chronic inflammation, SCPs
improve membrane resistance to peroxidation and acti-
vate reparative processes [6]. Overall, products from
similar groups are actively used not only in ALD, but also
in other chronic [7, 8] and acute conditions [9-11].

At the same time, economic evaluation of SCPs in the
real-life practice has not been performed yet, defining
the relevance and the objective of this study.
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Materials and Methods

Given the objective of an economic evaluation of the
use of SCPs in patients with ALD, we have conducted a
prospective real-life clinical study at two study sites: V.
M. Buyanov City Clinical Hospital (Moscow) and S. R.
Mirotvortsev Clinical Hospital of the Samara State Medi-
cal University (Saratov) in 2019-2022.
Patients were diagnosed with ALD if they had a his-
tory of alcoholism, relevant CAGE and AUDIT scores,
identified markers of hepatic pathology (steatosis or ste-
atohepatitis, enhanced echogenicity, increased transami-
nases or GGTP, etc.).
ALD therapy included fluid maintenance, hepatopro-
tectors, glucocorticoids where necessary, and ursodeoxy-
cholic acid. Some patients received infusions Remaxol
400 ml per day.
Inclusion criteria:
1. Patients with ALD (ICD code: K70)
2. Age: 25-70 years old, both males and females
3. 1.5-fold increase in reference values of blood
ammonia (PoketChem) (80-300 umol/L), at least
2-fold increase in ALT or AST vs. ULN (NLT
80 U/L)

4. Signed informed consent from.

Not included were the patients with the following
clinical conditions: HIV infection, syphilis, TB, acute
infectious disease, Child-Pugh class C hepatic cirrho-
sis, viral cirrhosis, obstructive jaundice, autoimmune
hemolytic anaemia (positive Coombs’ test), insulin-
dependent diabetes mellitus, malignancy, acute cerebro-
vascular accident or acute coronary syndrome, hemodi-
alysis-dependent patients, any decompressed condition,
mental disorders, pregnancy, breastfeeding, surgical
pathologies.

Key analysed factor: duration of hospitalisation
(days). Numerous exclusion criteria were due to the need
to eliminate the impact of other medical conditions on
this clinical and economic efficacy endpoint.

Recorded clinical parameters, used by the medical
professional to decide whether the patient was fit for dis-
charge from the in-patient clinic, included: transaminase
activity (AST and ALT), gamma glutamine transpepti-
dase (GGTP), alkaline phosphatase (AP), conjugated
and free bilirubin, Maddrey’s discriminant function (DF)
results, and Number Connecting Test (NCT) results.
These parameters were recorded on day 1, day 5 and
day 9 and were entered to the database.

During the study, data from 60 ALD patients were
collected, of which 36 patients were treated with SCPs
as part of their combined therapy (main group) and
24 patients did not receive SCPs — Remaxol (controls).

A distinguishing feature of RCP data is non-randomi-
sation, which can be a reason for the absence of the bal-
ance in interfering variables between treatment groups.
The non-handling of such variables inevitably leads to
bias of an estimate and incorrect conclusions, while the

non-interventional nature of an RCP study can cause
missing data, since referral to an assessment depends not
on the protocol, but on the doctor’s opinion.

Statistical data processing was performed using
Python 3.9 and IBM SPSS v 23. Given the features of
RCP data, it was supplemented by multiple imputa-
tion and propensity score matching 1 : 1 on a smaller
sample size. Patients were selected using the method to
calculate the odds of randomisation to any of the groups
using logistic regression with the inclusion of recorded
values of transaminases, GGTP, AP, bilirubin, Maddrey’s
DE, and NCT. Changes in the clinical and instrumental
status were evaluated using MANOVA (Pillai’s V-trace)
with the inclusion of the change factor (visit: days 1,
5 and 10) and its correlation with the grouping factor
(group * visit). Duration of hospitalisation was compared
using Student-Welch t-test. Since the time to discharge
is time-to-event data, survival rates were compared using
Gehan generalised Wilcoxon Z-test.

In order to evaluate the economic feasibility, a Mar-
kovian chain was used to model the transition between
“in-patient patient” and “discharged”, with the genera-
tion size of 10,000 patients. For each group, the odds of
discharge on each day were calculated using Kaplan—
Mayer survival analysis. During modelling, the cost of
therapy of the “in-patient patients” was calculated. After
modelling, costs per group were compared, and savings
(overpaid amount) were evaluated in the main group vs.
controls.

The significance threshold to discard zero hypotheses
of the lack of difference was p = 0.05.

The study was approved by the Ethics Commit-
tee of the Autonomous Non-Profit Organisation Cen-
tral Bureau of Forensic Examination No. 1, Order
No. 65 dated 10 December 2018.

Results

Following the interim analysis, missing data were
found to be accidental (Little criterion: x* = 1565.9,
p = 1.0), making it possible to perform MICE (Multiple
Imputation by Chained Equations) imputation. Then,
propensity score matching 1 : 1 was performed. The
smaller group (controls) included 24 subjects; 24 sub-
jects were selected from the main group as well. Baseline
characteristics of subjects in the study groups are pre-
sented in Table 1.

Changes in clinical and instrumental status in the
groups did not differ (V = 0.35; F = 0.87; p = 0.614),
while overall it was statistically significant (V = 0.80;
F =6.40; p < 0.001). MANOVA results demonstrate that
the change factor accounted for approx. 80 % of the dis-
persion (partial n? = 0.799), while its interference with
the grouping factor did not have any statistically signifi-
cant impact.

Analysis of duration of hospitalisation is presented in
Table 2.
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Table 1. Population baseline characteristics

Parameter

Succinate-based therapy
(n=24)

Control
(n=24)

Age

Male

Capillary blood Ammonia
Maddrey’s index

Number connection test

Alanine aminotransferase
Aspartate aminotransferase
Alkaline phosphatase
Gamma-glutamyl transpeptidase
Direct bilirubin

Indirect bilirubin

50,71 (11,92)
9 (37,50 %)
99,23 (34,84)
23,35 (14,2)
79,63 (25,5)
138,42 (152,09)
168,27 (99,98)
398,54 (367,73)
562,8 (599,91)
36,55 (36,14)
39,48 (31,05)

51,67 (11,12)
6 (25,00 %)
90,95 (30,38)
30,96 (27,44)
86,46 (27,06)
130,44 (169,25)
151,02 (119,74)
402,08 (281,99)
421,63 (416,55)
47,99 (70,5)
81,25 (133,9)

Note: data presented as mean (standard deviation) or count (%), there is no statistically significant difference between groups on baseline

Table 2. Mean hospital time comparison results comparison

Parameter Overall Succinate-based therapy Control
(n=48) (n=24) (n=24)
Days in Hospital 14,00 (3,60) 12,79 (3,06)" 15,21 (3,74)"
Survival median - 12,75 16,00

Note: data presented as mean (standard deviation); " — differences between groups are statistically significant (t=-2,45; df=46; p=0,018).
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Tabnuua 3. Pacuemmole 6epoAMHOCINU 8bINUCKU
nayuenmos ¢ ABII 6 ananusupyemuix epynnax
Table 3. Discharge probabilities in experimental
and control group

Day Succinate-based therapy Control
0 0,000 0,000
1 0,000 0,000
2 0,000 0,000
3 0,000 0,000
4 0,000 0,000
5 0,000 0,000
6 0,000 0,000
7 0,000 0,000
8 0,042 0,000
9 0,000 0,042
10 0,250 0,083
11 0,083 0,042
12 0,167 0,083
13 0,125 0,083
14 0,125 0,083
15 0,042 0,083
16 0,042 0,250
17 0,000 0,042
18 0,042 0,042
19 0,042 0,000
20 0,042 0,042
21 - 0,042
22 - 0,042
23 - 0,042

Therapy of alcohol hepatitis
SBT - succinate-based therapy

100

80

- 60
&

ﬁg' 40

20

0

The next step was to analyse survival (Fig. 1). The
survival functions demonstrated statistically significant
difference (Z = 5.69; df = 1; p = 0.017), making it possible
to use the calculated probability (Table 3) in modelling.

The Markovian chain, used to describe the transition
between “in-patient patient” and “discharged”, is given
in Figure 2. For it to be functional, it was assumed that
at a given time unit (day) a patient has “P,” probability
to stay in the in-patient clinic or “P,” probability to be
discharged; no provisions were made for other outcomes
(death, complication, adverse events, etc.). No reverse
transition is possible. Taking into account the two mutu-
ally exclusive conditions (P +P_ = 1.0), Table 3 contains
only the odds of discharging the patient from the in-
patient clinic (P,).

Given that the average duration of hospitalisation in
the total population was 14 days, modelling covered this
period. Costs were calculated on the basis of the clinically
statistical group. st04.003 “Non-viral hepatic diseases
(level 1)”; rate of RUB 35,997.97 (taking into account
the coeficient and relative cost intensity, excluding the
rest coefficients), according to the State Program guar-
antees of free provision of medical services to citizens
Qing aid for 2023 and for the planning period 2024 and
2025. Therefore, the cost of a bed-day during a 14-day
in-patient hospitalisation is RUB 2,571.28 net of input
intensity coefficient, etc.

The modelling result is presented in Figure 3.

The modelling demonstrates that the cost savings of
a medical institution resulting from a shorter period of
hospitalisation when using SCPs (Remaxol 400 ml per
day for 10 days) in the combined therapy of ALD was
8.3 %.

Figure 3. Marcov’s chain

Marcov's chain modelling, n = 10000 modelling of alcohol

hepatitis treatment with
Patients and without succinate-
— InHospital (control) based therapy
~— In Hospital (SBT)

10 12 14
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Discussion

Succinate-containing products offer metabolic sup-
port in a chronic inflammation or in an acute condi-
tion. Their clinical efficacy has been demonstrated in a
number of medical conditions, where these products are
used in a combined therapy.

The key point of SCPs application is the oxidative
process, inevitably associated with ALD [12, 13]. Less
active free-radical oxidation, tissue hypoxia compensa-
tion and antioxidant defence reconstruction facilitate
faster recovery and reduce duration of hospitalisation.
A similar study [14] demonstrated that the use of anti-
hypoxic and antioxidative products helped to mitigate
consequences of liver impairment.

Of note, no adverse drug reactions were recorded in
this study.

This study provided an economic evaluation of SCPs
in the management of patients with alcohol liver damage.
Earlier discharge (2.42 days earlier on the average)
reduces costs of a medical institution by 8.3 %. Similar
studies demonstrate their economic efficiency as a result
of complication prevention by using SCPs in the primary
treatment regimens [15], or by reducing duration of hos-
pitalisation [16]. At the same time, no economic evalua-
tions of SCPs have ever been performed in Russia on the
basis of the real-life practice.

This study has some limitations.

First, it took into account only the clinical statisti-
cal costs. However, this indicator is integral and allows
evaluating a wide range of costs incurred by a medical
institution, from procurement of medications to salaries
to healthcare professionals.

Second, the modelling did not take into account
possible deaths, complications and adverse events from
SCP therapy. This is due to the small size of the study
groups and the absence of such outcomes in the groups.
No doubt, PCP studies can assess rare outcomes as well,
and as soon as SCP therapy is more common, the pro-
cess modelling can be updated for in-patient therapy of
patients with ALD.

Conclusions

The economic evaluation demonstrated that when a
medical institution uses succinate-containing products
in the combined therapy of ALD, its savings are up to
8.3 % as a result of the reduction of hospitalisation dura-
tion on the average by 2.42 bed-days.

This study can be used in the real-life clinical practice
as a starting point for the selection of optimal treatment
regimens for patients with alcohol liver damage. As long
as there are enough data on the real-life clinical prac-
tice, modelling can be repeated in order to obtain a more
accurate result.
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(x>-kpuTepwii = 5,76, p = 0,016), ctagum AT (x*-kputepuii = 9,45, p = 0,002), ypoBHs Mo4eBMHbI KpoBY (X>-KpuTepuii = 8,11, p = 0,004), yMeHbLue-
HUEe CKOPOCTU KAYBOUYKOBOM puabTpauum (x2-kputepuii = 5,0, p = 0,025), yBennyeHne cTagnmn XpoHu4eckoit 60aesHn noyek (x2-kputepuii = 10,32,
p=0,001). Hannuue npusHakos nporpeccmpoBaHus MH, TaK1X KaK NOBbILLEHWE CKOPOCTU oceAaHuns 3putpounTos (COD) uam 6enka B MoYe, CTaTUCTU-
YeCKU 3HAYVMMOTO B/IMAHUA Ha PUCK peMoAenpoBaHus MA He yctaHosuo (p>0,05). Ha BepoaTHoCTb yBesnueHna KM MA BAVSAIOT Hauuve ruanm-
HO3a KarnuAnApHbIX neTesb Kny6ouka (x2-kputepuin = 7,56, p = 0,006), nepurn1oMepynsipHOro ruaamHosa (x>-kputepuii = 6,96, p = 0,008), ckneposa
kny6ouka (x2-kputepwii = 3,9, p = 0,048), yBesmueHne ¢pubposa TybynomHTepcTuums (x>-kputepuii = 12,16, p = 0,0005). 3akatouenue. Mpu TH n AT
pemMo/enMpoBaHMe COCY/0B MOYeK Masioro AvaMeTpa NPOUCXOANT U3-3a BAMAHUA Al U ee BbIPaXKEHHOCTU, TY6YIOMHTEPCTULMA/BbHBIX U3MEHEHWI Mo-
YeyHoM TKaHW. MonyyeHbl HOBble GaKTOPbI PUCKa COCYANCTOro peMo/e/IMpOBaHUA —T1IOMEepPY/IoNaTui, KOTOpble NMPOABAAIOTCA B CKNepo3se Knybouka,
Nepura1oMepyapHOM FManHO3e U F’MannHo3e KanuaaapHbIX neTenb knybouka. B To xe BpeMs, BocnannTe/bHble U ayTOMMMYHHble MexaHu3Mbl [H He
B/IAIOT Ha M3MEHeHVe COCYyANCTON CTeHKW. Ponb Al ABiseTCA onpeAensiolieil B U3MEHEHNM CTPYKTYPbI MOYeK Masioro AvameTpa.

Knroyesbie cnosa: znomepynoredpum, apmepuansHas 2unepmersus, pemodenuposaque apmepuii Mano20 duamempa, Mex00bKOBas apmepust
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Abstract

Objectives. Evaluation of the relationship of clinical, laboratory and morphological factors with remodeling of small-diameter renal arteries in patients
with glomerulonephritis (GN) and arterial hypertension (AH). Materials and methods. The study included 105 patients (average age 37.1+1.2 years)
with primary GN and hypertension who had indications for morphological investigation of kidney tissue. All patients underwent a standard examination
for kidney disease, a morphological study of kidney tissue with a description of the changes that occur in the presence of glomerulonephritis, corre-
sponding to the individual severity of the pathological process. The presence of signs of a tubulointerstitial component of damage (or tubulointerstitial
component — TIC) in the form of tubulointerstitial inflammation (TIV), fibrosis (TIF) was assessed. Vasometry of the interlobular artery (IA) was per-
formed. The value of the intima-media complex (IMC) was considered to be a sign of 1A remodeling. A sign of MA remodeling was considered to be an
intima-media complex (IMC) value of more than 30.43 um. Results. Among clinical and laboratory risk factors, an increase in systolic blood pressure
has a statistically significant effect on the likelihood of increasing IMC (x2-criterion = 5.76, p = 0.016), arterial hypertension stage (x2-criterion = 9.45,
p =0.002), blood urea level (y2-criterion = 8.11, p = 0.004), decrease in glomerular filtration rate (x2-criterion = 5.0, p = 0.025), increase in the stage
of chronic kidney disease (x2-criterion = 10.32, p = 0.001). The presence of signs of GN progression, such as an increase in erythrocyte sedimentation
rate (ESR) or proteinuria, did not have a statistically significant effect on the risk of IA remodeling (p>0.05). The increase in IA IMC is affected by the
presence of hyalinosis of glomerular capillary loops (x2-criterion =7.56, p = 0.006), periglomerular hyalinosis (x2-criterion = 6.96, p = 0.008), sclerosis
of the glomerulus (x2-criterion = 3.9, p = 0.048), increased fibrosis of tubulointerstitium (x2-criterion = 12.16, p = 0.0005). Conclusion. In GN and AH,
remodeling of small-diameter renal vessels occurs due to the influence of AH and its severity, tubulointerstitial changes in the renal tissue. New risk
factors for vascular remodeling have been obtained — changes in the glomerulus. At the same time, the inflammatory and autoimmune mechanisms
of GN were not associated with changes in the vascular wall. The role of hypertension is decisive in changing the structure of small-diameter kidneys.

Key words: glomerulonephritis, arterial hypertension, remodeling of small diameter arteries, interlobular artery
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AH — arterial hypertension, BP — blood pressure, GN — glomerular nephritis, DBP — diastolic blood pressure, IMC — intima-media complex,
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protein, TIT — tubulointerstitial inflammation, TIC — tubulointerstitial component, TIF — tubulointerstitial fibrosis, CKD — chronic kidney disease

Introduction

Kidney vascular supply has a unique anatomical and
functional organisation [1], which determines the vital
physiological functions of the organ with adequate blood
supply, formation and regulation of the perfusion pres-
sure. Vascular structural or functional remodelling is

associated with impaired organ trophism and organ fail-
ure development. It is worth noting that the condition
of the arterial bed should be monitored not only at the
main artery level, but also in the microcirculation. Gen-
eral damage to small arteries and arterioles can result
in irreversible remodelling of main arteries and kidney
dysfunction.
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Glomerular nephritis (GN) is a socially signifi-
cant disease [2, 3]. The natural course of GN results in
chronic kidney disease, associated diseases and con-
ditions (arterial hypertension, anaemia, thrombosis,
etc.), high risk of death and permanent disability. It is
well known that the pathogenic mechanism behind
GN is intraglomerular immune inflammation, that
leads to glomerular and tubulointerstitial damage [4].
However, morphological examination shows not only
damage to glomerulus cells, but also structural changes
in small arteries in the kidney. The nature of vascu-
lar remodelling in arteries and arterioles in GN is still
not completely clear [5]. There are key conditions that
cause structural remodelling in the microcirculation in
patients with GN. “Vascular exhaustion” is a phenom-
enon that underlies the basic theory of changes in small
arteries in response to tissue rearrangements in the
dependent organ. This process can be seen in the patho-
physiological mechanism “function, then form”, i.e. the
vascular bed changes in response to a larger demand by

structurally modified renal tissue. Another condition
for remodelling of small arteries is high blood pressure
(BP) which is a common clinical manifestation of GN.
Also, there can be the effect of endotheliotropic factors,
a higher level of which is observed in cytokine inflam-
mation in response to an autoimmune process, oxida-
tive stress, effect of toxic metabolites in GN.

The objective of our study was to assess the associa-
tion between clinical, laboratory and morphological fac-
tors and remodelling of small renal arteries in patients
with GN and AH.

Materials and Methods

The study enrolled 105 patients with GN and AH, of
which 62 were men and 43 were women. The mean GN
duration was 4.13 [0.04; 20.0] years. The age of patients
was 37.1 + 1.2 years. Clinical study design is presented
in Figure 1.

OnnomomenTHOe uccienoBanue 105 nanuentos ¢ Al' u nepsuunsiv ['H

(62 my>xuuH u 43 KEHITUHBI), CpeaHui Bo3pacT 37,1+1,2 ner.

Simultaneous examination of 105 patients with hypertension and primary GN
(62 men and 43 women), average age 37.1£1.2 years

~

N\

OO0mexkInHUYECKOE 00CIeI0BAHUE:
MoueBuHa U KpeaTUHHUH ChIBOPOTKH kpoBu, COD
benok pa3oBoil yTpeHHeW MOpUUY MOYH, CyTOYHAs
nporeunypus, pacuetHass CK®, XBII cragumn

General clinical examination:
Serum urea and creatinine, ESR
Morning urine protein, 24-hour proteinuria, estimated
GFR, CKD stage

BrinosiHeHNe MyHKIIMOHHOMH Hedpoduoncun:

e CTaHJapTHOE omMcaHue HepoOHonTara,
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BOCHAJICHUS, TJIOMEPYIIOCKIIEepo3a, hudposa
TyOyJTOHUHTEPCTHLIUS
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Performing a puncture nephrobiopsy:
» standard description of nephrobiopsy, definition of
tubulointerstitial fibrosis and inflammation,
glomerulosclerosis, tubulointerstitial fibrosis
* vasometry of interlobular arteries - determination
of the size of the intima-media complex

v
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Statistical data processing, scientific analysis of the results obtained

Figure 1. Clinical study design

Note: AH — arterial hypertension, GN — glomerulonephritis, ESR — erythrocyte sedimentation rate, GFR — glomerular filtration rate, CKD — chronic kidney disease
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The inclusion criterion in this study was arterial hyper-
tension and indication for needle renal biopsy (observa-
tion of any pathologic urine sediment in patients with GN
(spot urine protein concentration over 0.033 g/L and over
150 g/day, erythrocyturia of over 3/HPF), stage 1-4 CKD).
Exclusion criteria were secondary GN, inflammations of
any origin, decompensated comorbidities.

All patients underwent a medical examination. Labo-
ratory tests measured urea, serum creatinine, erythro-
cyte sedimentation rate (ESR), spot urine protein (SUP)
and daily urine protein (DUP). Glomerular filtration rate
(GFR) was calculated using the formula developed by
CKD-EPI (Chronic Kidney Disease Epidemiology Col-
laboration) [6]. Estimated GFR was used to determine
the stage of chronic kidney disease (CKD) (KDIGO,
2012) [7]. Each CKD stage was graded. Grade 1 cor-
responded to stage 1 CKD, grade 2 — to stage 2 CKD,
grade 3 — to stage 3a CKD, grade 4 — to stage 3b CKD,
grade 5 — to stage 4 CKD. AH severity and stage were
recorded; systolic (SBP) and diastolic (DBP) blood pres-
sure were recorded during the first encounter with the
patient; the highest SBP and DBP from the medical
record were recorded as well. Clinical characteristics of
study subjects are presented in Table 1.

At the time of enrolment, out of 105 patients,
75 patients had uncontrolled AH, BP in 17 patients cor-
responded to grade 1, in 44 patients — to grade 2, and in
14 patients — grade 3. 20 patients were diagnosed with
stage IIT AH, 59 patients had stage IT AH, and the rest were
diagnosed with stage I AH. At the time of enrolment, all
patients were taking antihypertensive medications.

Table 1. Clinical and laboratory data of patients with
glomerulonephritis and hypertension

All patients underwent needle renal biopsy and mea-
surement of small renal vessels. Measurements of vessel
diameter were performed using Leica DMD108 micro-
scope (Leica Microsystems, Germany). Inner and outer
diameter, thickness of vessel intima and media were
measured. The intima-media complex (IMC) value was
obtained by adding the values for intima and media.
Of note, microtome sections of renal bioptate created
various combinations of arteries (transverse, longitudi-
nal). In order to establish the true diameter of a small
renal artery, the rules of vascular geometry were used,
and the smallest diameter was used as a true value.

Renal bioptate examination included standard
description of changes in GN, which corresponded to
the individual intensity of the pathological process. The
presence of the signs of tubulointerstitial component of
the damage (or tubulointerstitial component (TIC)) in
the form of tubulointerstitial inflammation (TII), fibrosis
(TIF) were evaluated. Table 2 shows the key results of
renal biopsy in patients enrolled in the study.

Given that interlobular artery (IA) was the most
common observation in renal bioptate analysis, it was
decided to record remodelling results for IA only in order
to ensure statistical homogeneity of the test data. IA IMC
was recorded as a factor characterising the structural
remodelling of IA. Mean IA IMC was 32.26 + 1.34 pum.
The study evaluated grade values of IA IMC based on the
median value of 30.43 pm. IA IMC of less than 30.43 um
corresponded to grade 0, while a value of 30.43 um or
over — to grade 1.

Table 2. Characterization of morphological changes in
the nephrobioptate of patients with glomerulonephritis
and hypertension

Criterion | Average value | | Sign * | Prevalence, abs (%) |

SBP, mm Hg, Me [IQR] 128 [100; 200] Mesangium expansion 77 (73,3)
DBP, mm Hg, Me [IQR] 82,4 [60; 120] Sclerosis of the mesangium 33 (31,4)
SBP max, mm Hg, Me [IQR] 152,7 [90; 240] Glomerulus enlargement 41 (39,1)
DBP max, mm Hg, Me [IQR] 93,7 [60; 130] Segmental sclerosis of capillary loops of the 63 (60,0)
Creatinine, pmol/l, Me [IQR] 104,0 [30,0; 232,7] glomerulus
Urea, mmol/l, Me [IQR] 8,0 [1,8; 38,9] fﬁf‘;ﬁ’;ﬁr&yjshno“s of capillary loops of 26 (24,8)
eGFR, ml/min/1.73m? M+SD 87,1+3,9 Fusion of capillary loops 89 (84.8)
CKD stage 1, abs (%) 52(4952) Obliteration of capillary loops 6 (5,7)
CKD stage 2, abs (%) 31(29,52) Mesangial hypercellularity 62 (59,1)
CKD stage 3A, abs (%) 9 (8,57) Endothelial hypercellularity 9(8,6)
CKD stage 3B, abs (%) 9(8,57) Periglomerular focal fibrosis 77 (73,3)
CKD stage 4, abs (%) 4(3.82) Periglomerular focal hyalinosis 21 (20,0)
ESR, mm/h, M+SD 24,6+18,6 Glomerular hyalinosis 54 (51,4)
;rft&i: [clcén;]entration in urine sample, 2,8 [05 32,0] Glomerular fibrosis 41 (39,1)
24h proteinuria, g/l, Me [IQR] 3.8 [0 26.4] Tubulointerstitial inflammation 64 (60,9)
Note: SBP — systolic blood pressure, DBP — diastolic blood pressure, SBP Tubulointerstitial fibrosis 79(75.2)

.. — maximum values of the patient’s SBP, DBP _— maximum values of the patient’s Tubulointerstitial component 86 (81,9)

BBP, eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease,
ESR — erythrocyte sedimentation rate

Note: * — presence of a sign in the study cohort of patients
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The study was conducted in accordance with the stan-
dards of Good Clinical Practice and the Declaration of
Helsinki. The study protocol was approved by the Local
Ethics Committee at the Federal State Budgetary Edu-
cational Institution of Higher Education Rostov State
Medical University of the Ministry of Health of Russia.
Before inclusion in the study, study subjects signed the
informed consent form.

Statistical data analysis was performed using Statis-
tica 10,0 (Stat Soft, USA). For normal distribution, data
were presented as M + SD (M is arithmetic mean, SD is
standard deviation); otherwise — Me [Q1;Q3] (Me is the
median value, Q1 and Q3 are the first and third quar-
tiles). The probability of effect from a factor on a bipolar
event was determined with logistic regression analysis
with x*. The degree of correlation between test variables
was evaluated with the use of Pearson correlation coeffi-
cient (r). The degree of correlation was interpreted on the
basis of r value: with r = 0.01-0.29, the correlation was
weak, with r = 0.3-0.69 — moderate, and with r = 0.7-
1.0 — strong. Survival analysis was performed under
the Kaplan-Meier method. The zero hypothesis on the
absence of differences and correlations was discarded at
p < 0.05.

Results and Discussion

The logistic regression analysis demonstrated that,
among clinical and laboratory parameters, the risk of an
increased IMC is statistically significantly impacted by
higher SBP values, measured at the time of enrolment
(x* = 5.76, p = 0.016), AH stage (x* = 9.45, p = 0.002),
increased urine urea levels (x> = 8.11, p = 0.004), reduced
eGFR (x> = 5.0, p = 0.025), and a higher CKD stage
()¢ = 10.32, p = 0.001).

The resulting data were used to generate a table of
risk grading for small renal arteries (IA) remodelling in
patients with GN and AH (Table 3). Of note, thicken-
ing of IA IMC was recorded where the result was equal
or exceeded the median IA values (30.43 pum) in the
study group (a graded parameter). The resulting logistic
regression equations were used to calculate the risk of
an increased IA IMC values with account of clinical and
laboratory parameters.

The correlation analysis demonstrated that the IA
IMC value is in direct weak correlation with the SBP
values (r = 0.29, p = 0.005), AH severity (r = 0.25,
p = 0.01) and moderate correlation with AH stages
(r = 0.39, p = 0.0001) and CKD (r = 0.4, p = 0.00008).
Also, an inverse weak correlation with eGFR was found
(r=-0.26, p = 0.01).

Interestingly, higher ESR value and the degree of pro-
teinuria did not have any statistically significant effect on
IA remodelling (p > 0.05).

In order to achieve the objective of the study, we con-
ducted an analysis of the effect of renal tissue changes
on the risk of small renal artery remodelling. It has

been shown that, among all studied parameters, a sta-
tistically significant effect on an increase of the risk of
a higher IA IMC value was observed in the presence of
hyaline degeneration of glomerulus anses capillaires,
focal periglomerular hyaline degeneration and glom-
erulus sclerosis. The probability that IA IMC will be
above 30.43 um in the presence of hyaline degeneration
of glomerulus anses capillaires was 31.28 % (x* = 7.56,
p = 0.006), periglomerular hyaline degeneration —
33.78 % (x* = 6.96, p = 0.008), glomerulus sclerosis —
20.4 % (x* = 3.9, p = 0.048). Besides, the effect of the
presence of hyaline degeneration of glomerulus anses on
the risk of higher IMC values with account to GN dura-
tion (Gehan’s Wilcoxon Test WW = -305.0, Test statis-
tic = -2.097, p = 0.036, Cox-Mantel Test U = -5.66, Test
statistic = -2.28, p = 0.02, Log-Rank Test WW = 5.66,
Test statistic = 2.3, p = 0.02) and periglomerular hyaline
degeneration (Gehans Wilcoxon Test WW = -239.0, Test
statistic = -2.07, p = 0.038, Cox-Mantel Test U = -4.67,
Test statistic = -2.28, p = 0.02, Log-Rank Test WW = 4.67,
Test statistic = 2.29, p = 0.02) has been established. Fig-
ures 2 and 3 show Kaplan-Mayer graphs.

An important result of the study was identification of
a significant probability of an increase in IA IMC values
with higher incidence of TIF (x* = 12.16, p = 0.0005)
(Figure 4), and directly proportional moderate correla-
tion between IMC and TIF (r = 0.38, p = 0.0001).

Table 3. Stratification of the risk of an increase in the
thickness of IMC MA in GN occurring with AH based on
clinical and laboratory parameters

Signs
Risk of
increased IMC SBP mmHg
100 | 140 160 180
Risk, % 30,7 60,6 74,1 84,2
Hypertension, stages
1 11 11
Risk, % 38,1 54,7 70,3
BUN, mmol/l
2 4 6 8
Risk, % 31,6 38,35 45,6 53,0
eGFR, ml/min/1,73 m?
100 80 60 40
Risk, % 45,3 52,1 58,8 65,2
eCKD, Ranks
1 2 3 4 5
Risk, % 37,3 52,6 67,5 79,5 87,9

Note: GN — glomerulonephritis, IMC MA — interlobular artery intima-media
complex, SBP — systolic blood pressure, AH — arterial hypertension, eGFR —
estimated glomerular filtration rate, CKD — chronic kidney disease

The table presents the risk of IMC MA thickening, expressed as a percentage,
depending on changes in clinical and laboratory parameters
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Figure 2. Cumulative curve of MA
remodeling development based on
the presence or absence of segmental
hyalinosis of glomerular capillary
loops

Note: the blue line is the presence of segmental
hyalinosis of the glomerular capillary loops, the
red line is the absence of segmental hyalinosis of
the glomerular capillary loops. GN — chronic
glomerulonephritis, IA — interlobular artery

Figure 3. Cumulative curve of IA
remodeling development based on
the presence of periglomerular focal

hyalinosis.
Note: blue line — presence of periglomerular focal
hyalinosis, red stripe — absence of periglomerular
focal hyalinosis. GN — chronic glomerulonephritis,
IA — interlobular artery

Figure 4. Graph of non-linear
logistic regression of the probability
of increasing the value of intima-
media complex of the interlobular
artery depending on the prevalence
of tubulointerstitial fibrosis and
the logistic regression equation.
Risk of increased intima-media
complex (IMC) = exp * (-0,7 + [0,04
* tubulointerstitial fibrosis (T1F)
(%)])/ (1 + exp *(-0,7 + [0,04 *
tubulointerstitial fibrosis (%)])

Note: IMC — intima-media complex, TIF —
tubulointerstitial fibrosis
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This study demonstrated that a condition for small
artery remodelling in GN is a systemic haemodynamic
factor. First, AH causes damage to arterial intima and
media in any vascular pool, while systemic hypertension
is an adverse prognostic factor of progressive renal tissue
remodelling in numerous diseases [6, 7]. Second, it has
been proven that prognosis of end-stage kidney disease
in GN depends not only on glomerular damages, but
also on the presence of tubular and vascular interstitial
damage [8]. Numerous studies demonstrate high signifi-
cance of AH as a determinant factor in the development
and progression of CKD [9, 10]. However, publications
on AH as a predictor of small artery remodelling in GN
are scant [8, 11, 12, 13].

A publication by Zhuang Y et al. (2020) discusses
analysis of factors affecting intrarenal haemodynamics
remodelling in secondary GN caused by viral hepatitis
B [8]. Their study evaluated the degree of small artery
damage found during a morphological examination of
renal bioptate. The degree of structural remodelling of
the small arterial bed was used for patient grading for
inclusion in the study groups. It has been shown that the
most significant small artery remodelling was associated
with high BP levels, serum creatinine concentrations and
tubulointerstitial damage. Besides, clinical outcomes of
patients with secondary GN were evaluated over a period
of 94.2 + 47.1 months. Multivariate regression analysis
was used to find out that higher serum creatinine levels
(1.011, 1.007-1.016), presence of AH (1.767, 1.004-
3.108) and small artery remodelling (2.194, 1.062-4.530)
were independent predictors of unfavourable outcomes
in patients.

Another study evaluated indirect data on the con-
dition of the microcirculation using sonographic signs
in patients with CKD, 82 % of which had glomerular
nephritis [11]. The study demonstrated that an increase
in the resistive index in segmental and interlobar arteries
directly correlated with the age (r = 0.435, p = 0.0063),
pulse pressure (r = 0.303, p = 0.022), renal tissue atro-
phy (r =-0,275, p = 0,038) and negative correlation with
impaired renal function (r = -0.402, p = 0.0018). The
authors conclude that tubulointerstitial changes and
impaired filtration function are most significant in the
increase of resistive index of small arteries.

Identification of the correlation between small
renal artery remodelling and tubulointerstitial changes
and AH was described in a number of other scientific
research papers with comparable results [12, 13]. How-
ever, the objective of a majority of studies was identifica-
tion of the fact of renal artery changes or comparison of
non-invasive kidney biopsy methods, without analysis of
the association between the degree of such changes and
the degree of AH.

Also, the association between glomerular and tubu-
lointerstitial changes and signs of IA IMC remodelling
has been established. In particular, it was demonstrated
that as long as hyaline degeneration of glomerulus anses

capillaires, focal periglomerular hyaline degeneration
and glomerulus sclerosis, as well as TIF develop and
progress, IA IMC remodelling becomes more common.
This fact is suggestive rather of addition of vascular
remodelling in GN to the overall remodelling process in
renal parenchyma and is not an evidence of the effect of
immune-mediated factors in GN. Apparently, the pres-
ence of AH and the association between the incidence
of IA remodelling and AH duration and severity (stage
and grade) make the haemodynamic effect more impor-
tant for IA remodelling in GN. To be on the safe side
with this hypothesis, future studies will be necessary to
evaluate the condition of IA IMC in patients with GN
in the absence of AH. It is likely that less marked signs
of vascular remodelling in this case would be another
argument in favour of the significance of the haemody-
namic factor in progressive IA remodelling in patients
with GN.

Conclusions

The study demonstrated that in GN with AH, the risk
of small renal artery remodelling depends on the sever-
ity and stage of AH as well as duration of the disease.
Also, small artery remodelling is associated with mani-
festations of renal tissue remodelling in GN, in the form
of tubulointerstitial and glomerular fibrosis. At the same
time, it has been demonstrated that the degree of pro-
teinuria does not correlate with changes in IA IMC.
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YACTOTA U IMTPOTHOCTUYECKOE 3HAYEHUE
OCTPOTr'O MNEPUITPOLEAYPHOTI'O ITOBPEX XK AEHU I
MUOKAPAA ITPU TTAAHOBBIX YPECKOJKHBIX
KOPOHAPHBIX BMEIIATEABCTBAX

E.O. Nalesnik*, A.N. Repin

Cardiology Research Institute, branch of the Federal State Budgetary Scientific Institution
«Tomsk National Research Medical Center of the Russian Academy of Sciences»,
Department of Ambulatory Cardiology, Tomsk, Russia

Frequency and Prognostic Value of Acute
Periprocedural Myocardial Injury in Elective
Percutaneous Coronary Interventions

Pestome

O6ocHoBaHue. OcTpoe nospexaeHve Mrokapaa (OMNM) aeaseTca nepunpoLeypHbIM OCIOKHEHUEM YPECKOMKHBIX KOPOHAPHbIX BMELLATENbCTB
(YKB) y naumeHTOB cO CTabu/bHOM MWweMUYecKoi 601e3Hbio cepaua. Ero yactoTa u cBA3b C NPOrHO30M 3a60/1eBaHNA 0OCO6EHHO BaKHbl B CBA-
311 C HM3KMM PUCKOM MLIEMUYECKUX COBLITMIA B 3TOW KOropTe mauueHToB. TeM He MeHee, MO AaHHbIM INTEpaTypbl CYLLeCTBYIOT 3HaUYNTe/IbHbIe
pasauuuns B kputepuax OMM n nnpapkTom Mmokapaa (MM) 4a Tuna, n, COOTBETCTBEHHO, MX YACTOTE U UX NMPOrHOCTUHECKOM 3HadeHuU. Lienb.
M3yuntsb vactoTy v BeanunHy OMNM npu nnaHosbix YKB no ypoBHto nepunpoLeAypHOro noebilweHns Kapguocneumdpuyeckmnx depmertos (KCD),
a Takxe onpegennTb casb OMM c oTAaNeHHbIMU He61aronpUATHLIMU COBLITUAMMU Y NMAaLMEHTOB C XPOHNYECKOW KOPOHapHOW 60/1e3HbI0 cepa-
ua. Matepuansbi n meTogbl. [IpoBeseHO OAHOLEHTPOBOE OTKPbITOE PETPOCMEKTMBHOE KOrOpPTHOE UCC/eAo0BaHNe, BKAtoYMBLIee 435 nauneHToB
(367/84,4 % MyxuuH, cpegHuii Bospact 58,3+8,6 neT) n3 perncrpa naaHosbix YKB, y koTopbix 6bina oTciexeHa guHamMuka KCO B nepunpo-
ueaypHbi nepuoa. OMNM AMarHOCTMPOBaNOCh NMpU MOBbIWEHUK YPOBHA MB dpakuum kpeatuHdpocpormHassl (CK-MB) wam unm cepaeyHoro
TpononuHa | (cTn 1) >1x99 nepuenTuab URL (Upper Reference Limit — BepxHWit pedepeHTHbIV NpeAen), py 3TOM perncTpupoBascs ypoBeHb no-
BbiweHna KC® >1, 2, 3, 4 nnn >5x99 nepuentunb URL. MosbiweHne KCP >5x99 nepueHTunb URL oueHnsanock Kak 3HauntensHoe OlM, a npu
HaNNYUM KIMHUYECKNX U BU3YanU3UPYIOLMX AOKa3aTeNbCTB HOBOW NOTePU XM3HECNoCcobHOro MnokapAa — Kak nepunpoueaypHein M. lanee
b1 pacCUUTaH OTHOCUTE/bHBIN PUCK (RR) OTAaneHHbIX HE6AaroNPUATHBIX CEPAEYHO-COCYAUCTbIX OCNONKHEHWNIA, CMEPTH, @ TaKIKEe KAHNYECKM
3HaYMMbIX KPOBOTEYEHUI N BHOBb ANarHOCTMPOBAHHbIX 3/10Ka4eCTBEHHbIX OHKO0TMYeCKUX 3a6oseBaHuii B Te4eHne 5 neT nocne UHAEKCHbIX
YKB B 3aBMCUMOCTU OT YpOBHA Nepu npoueaypHoro nosbiweHna KCP. Koppenauua mexay OlNM v BbiluenepeyncieHHbIMA KOHEYHbIMU TOUKaMM
6bi1a oboblyeHa ¢ noMolbio aHanusa KannaHa-Meiiepa. PesyabTatel. YacToTta nepunpouegypHoro OMNM, gnarHocTpoBaHHOrO Mo MoBbile-
Huo KCP >1x99 nepuentunb URL coctaBuna 40,2 %, >2x99 nepueHtunbs URL — 9,7 %, >3x99 nepueHntunb URL — 6,7 %, >4x99 nepueHTunb
URL — 4,8 %, >5x99 nepueHTtunb URL — 3,5 %, M 4a Tuna —y 2 nayueHToB (0,46 %). BbigBaeHa accoumnauma «6oabworo» ONMM (>5x99 nep-
ueHTMab URL) € CepAeYHO-COCYANCTbIMU OC/IOXKHEHNAMM, B TOM YMC/Ie U CMePTe/IbHbIMM, B TedeHune 3-x neT nocae naaHosoro YKB: ans octporo
uHpapkTa Muokapaa (OMM) RR coctasun 6,516, goseputensHbiii untepsan (Cl) [2.375-17.881]; ans cMepTH OT CepAeYHO-COCYAUCTbIX MPUYMH
RR — 6,538, CI [1.695-25.227]. Moka3aHa accoumaums «ymepeHHoro» OMM (>3, Ho <5 x99 nepueHTub URL) C OCTPLIMM ULIEMUYECKUMU COBbI-
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TUAMU B TedeHue 3-x ieT nocsae naaHosoro YKB: gns OMM RR cocrasun 4,073, Cl [1.598-10.378]. BoiseneHa accouymaumns «He3HaYUTENbHOr0»
OMM (>1, Ho <3 x99 nepueHTUb URL) € BHOBb AMArHOCTMPOBAHHbBIMM 3/10Ka4eCTBEHHBIMU OHKONIOrMYeCKMMU 3a601€BaHNAMY B TedeHne 5 neT
nocne nHaekcHoro YKB: RR 2,319; CI [1.248-4.310]. BoifiBneHa accoumanus oTAaNEHHbIX TPOMBOTUHECKMX COBbITUM, TAKUX KaK TPOME03 CTEHTOB
(MHAEGKCHBIX 1 YCTAaHOB/IEHHBIX MPY MOBTOPHbIX BMELATE/IbCTBAX), OKK/IO3UMU CTEHTOB (MHAEKCHBIX M HEMHAEKCHBIX) KaK MPUYMHbLI MOBTOPHOrO
BMellaTeNbCTBa B TeyeHue 5 neT nocne ungekcHoro YKB — ¢ 6osblumntcteom noarpynn ONM. AHanus KannaHa-Meliepa BbiiBUN 3aBUCMMOCTb
KNMHUYECKM 3HAYMMbIX KPOBOTEYEHUI B TeyeHue 5 neT nocne uHgekcHoro YKB oT passuTtus «ymepenHoro» OIMM (p=0,003), a Takke ac-
couMaumio He cepAeYHO-COCYAUCTON CMepTU B TedeHue 5 neT nocne uHgekcHoro YKB ¢ «HesHaunTenbHbiM» OMM (p=0,007). 3akatoueHue.
Perncrpaums yposHa nepunpoueaypHoro nosbiweHna KCP gomkHa npoBoanTca npu naaHosbix YKB He TONbKO C Lenbio AnarHOCTUKM U Npo-
FHO3MPOBAHNA OCTPbIX U OTAANEHHBIX UWIEMUYECKUX COBLITUN, HO U A/If OL@HKN PUCKa Pa3BUTUA OKK/O3UW CTEHTOB, KANHUYECKU 3HaYUMBbIX
KPOBOTEYEHMWIA, MPOrHOCTUYECKN BaXKHOM COMYTCTBYIOLIE NaTONOMMM U CMEPTU B OTAANEHHDIN (5-N1€THUIA) NEPUOZ C Le/Ibio BbIAENEHWUS TPy
nauneHTOB, TpebylolMX akTUBHOIO HabloAeHNA, A0N0HUTENbHOrO 06CNe0BaHNA U NoAGOpa CXxeMbl ONTUMaNbHOMO JieYeHnA Ha ambynaTop-
HOM 3Tane peabuautaumu.

Knroyesbie cnoBa: uwemudeckas 6onesHb cepdya, YpecKoHoe KOPOHapHOe BMewamesbCmao, NepunpoyedypHoe noBpexoeHue MUoKapda,
MB ¢pakyus KpeamuH@pocPhoKuHa3bl, cepoe HbIli MPONOHUH
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Abstract

Background. Periprocedural myocardial injury (PMI) is an acute complication of percutaneous coronary interventions (PCI) in patients with
stable coronary artery disease. Its frequency and relationship with the prognosis of the disease are especially important in elective interventions
due to the low risk of ischemic events in this cohort of patients. However, according to the literature, there are significant differences in the
criteria for PMI and type 4a myocardial infarction (MI), and, accordingly, their frequency and their prognostic value. Aim. To study the frequency
and magnitude of PMI during elective PCl in terms of the level of periprocedural increase in cardiospecific biomarkers, as well as to determine
the relationship of PMI with long-term adverse events in patients with chronic coronary artery disease. Materials and methods. A single-center
open retrospective cohort study was conducted, which included 435 patients (367/84.4 % men, mean age 58.3+8.6 years) from the elective
PCl registry. PMI was diagnosed with an increase in the level of creatine phosphokinase MB fraction (CK-MB) or or cardiac troponin | (cTn 1)
>1x99 percentile URL (Upper Reference Limit), while the level of increase in biomarkers >1, 2, 3, 4 or >5x99 percentile URL was recorded.
An increase in biomarkers >5x99 URL percentile was assessed as a large PMI, and in the presence of clinical and imaging evidence of new loss
of viable myocardium, as periprocedural Ml type 4a. Depending on the level of periprocedural increase in biomarkers, the relative risk (RR) of
developing long-term (within 5 years after index PCl) adverse cardiovascular events, death, as well as clinically significant bleeding and newly
diagnosed malignant oncological diseases was calculated. In addition, the correlation between PMI and the above endpoints was summarized
using Kaplan-Meier analysis. Results. The frequency of periprocedural PMI diagnosed by increased biomarkers >1x99 percentile URL was 40.2 %,
>2x99 percentile URL — 9.7 %, >3x99 percentile URL — 6.7 %, >4x99 percentile URL — 4.8 %, >5x99 percentile URL — 3.5 %, type 4a Ml —in
2 patients (0.46 %). An association of “major” PMI (>5x99 percentile URL) with cardiovascular complications within 3 years after elective PCl,
including fatal ones, was revealed: for acute myocardial infarction (AMI), RR — 6.516, confidence interval (Cl) [2.375-17.881]; for death from
cardiovascular causes RR — 6.538, Cl [1.695-25.227]. An association of “moderate” PMI (>3, but <5 x99 URL percentile) with acute ischemic
events within 3 years after elective PCl was shown: for AMI, RR was 4.073, Cl [1.598 — 10.378]. An association of “minor” AKI (>1, but <3
x99 URL percentile) with newly diagnosed malignant oncological diseases within 5 years after index PCI was revealed: RR 2.319; Cl [1.248-
4.310]. An association of late thrombotic events, such as stent thrombosis (index and re-interventions), stent occlusion (index and non-index)
as a reason for re-intervention within 5 years after index PCl, was found with most PMI subgroups. Kaplan-Meier analysis of the dependence
of clinically significant bleeding within 5 years after index PCl on the development of “moderate” PMI (p=0.003), as well as the association of
non-cardiovascular death within 5 years after index PCI with “minor" PMI (p= 0.007). Conclusion. Registration of periprocedural increase in
cardiac biomarkers should be carried out during planned PCl not only for the purpose of diagnosing and predicting acute and late ischemic events,
but also for assessing the risk of developing stent occlusion, clinically significant bleeding and prognostically important comorbidities in the
long-term (5-year) period in order to identification of groups of patients requiring active monitoring, additional examination and selection of an
optimal treatment regimen at the outpatient stage of rehabilitation.
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sAMI — significant acute myocardial injury, IHD — ischemic heart disease, M — myocardial infarction, CI-AKI — contrast-induced acute kidney
injury, CSF — cardio-specific ferments, HB — heart bypass, mAMI — minor acute myocardial injury, LBO — lateral branch occlusion, AMI — acute
myocardial infarction, ACS — acute coronary syndrome, ACVA — acute cerebrovascular accident, AMIn — acute myocardial injury, AKI — acute kidney
injury, CVD — cardiovascular death, modAMI — moderate acute myocardial injury, CCS — chronic coronary syndrome, PCI — percutaneous coronary
intervention, ecoCG — echocardiography, Adj OR — adjusted odds ratio, CABG — Coronary Artery Bypass Graft Surgery, CI — confidence interval,
CPK-MB — MB fraction of creatine phosphokinase, cTn I — cardiac troponin I, cTnT — cardiac troponin T, KDIGO (Kidney Disease: Improving Global
Outcomes) — a global non-profit organisation which develops and implements evidence-based clinical guidelines in kidney diseases, MACCE — major
adverse cardiac or cerebrovascular event, PACE — patient centred endpoint, PMI — periprocedural myocardial injury, UDMI — universal definition of

myocardial infarction, URL — upper reference limit, RR — relative risk

Introduction

Percutaneous coronary intervention (PCI) is gradu-
ally becoming the primary method of coronary artery
revascularisation and is believed to be a safe proce-
dure with a low level of serious procedural complica-
tions [1], which can be performed even in outpatient
settings. PCI complications, for instance, acute stent
thrombosis, coronary perforation, stroke and death, are
critical, but rare. On the contrary, periprocedural acute
myocardial injury (AMIn) is a common complication
caused by distal embolisation, lateral occlusion, dissec-
tion, blood clot and no-reflow [2-4]. Although major
AMIn are caused by technical procedural complications
in PCI, a majority of patients with higher biomarker
levels do not present with any signs of procedural com-
plications [5]. According to heart magnetic-resonance
tomography, there are two various locations of proce-
dural myonecrosis, where the average area of infarction
is approximately 5 % of the left ventricle weight; their
incidence is similar: the first location is adjacent to
the intervention site and is caused by lateral epicardial
occlusion, whereas the second one is below the inter-
vention site and is likely to be associated with impaired
microcirculation [6].

Several academic groups presented their consensus-
based expert definitions of periprocedural myocardial
injury and infarction, including various biomarkers, such
as MB fraction of creatine phosphokinase (CPK-MB) or
cardiac troponin T (cTn), their thresholds and need/no
need to perform heart imaging assessment, causing sig-
nificant differences in terms of sensitivity and specificity
of proposed diagnostic methods [7-10]. According to the
selected definition, recent studies reported high variabil-
ity in the incidence of periprocedural AMIn or peripro-
cedural myocardial infarction (MI), which is also called
type 4a MI [11, 12], which were [3, 9, 11] or were not
associated [13, 14] with unfavourable ischemic events
and long-term mortality.

Classification of threshold rise in biomarkers with
or without additional criteria as a major AMIn or peri-
procedural MI has potential consequences for patients
and healthcare providers, when it is used as a measure
of the quality of care, and also for the development and
adequate evaluation of new therapies in clinical trials.

However, predictive power of an increase in cardio-
specific ferments (CSF) in terms of recurrent cardiovas-
cular events and long-term mortality is still discussed.
Several studies demonstrated a close association between
high CPK-MB after PCI with subsequent cardiovascular
events [8]. Unfortunately, CPK-MB is no longer used in
a majority of medical institutions. The fourth Universal
Definition of the myocardial infarction working group
[9] included cTn as a biomarker of choice, since it is a
more specific and sensitive CSF for early detection of
myocardial necrosis and, therefore, facilitates early diag-
nosis and triage of patients with acute chest pain. Thus, it
has become the only biomarker which is routinely used
in periprocedural settings. Higher sensitivity can help in
identifying the tiniest differences in devices in clinical
trials. However, attempts to understand the prognostic
value of higher troponin levels associated with coronary
surgery, either individually or together with other cri-
teria, give contradicting results. Moreover, although a
majority of researchers agree that the definition of peri-
procedural MI should be related to early and late mortal-
ity, it is still a matter of argument whether this relation
is causal or just reflects predictive power of more severe
atherosclerosis.

Patients with stable ischemic heart disease (IHD)
referred to elective endovascular myocardial revasculisa-
tion make up the largest population undergoing this pro-
cedure. They have a relatively low risk of ischemic events
as compared to other patients who need PCI, therefore,
it is essential to assess the risk of periprocedural AMIn in
this group of patients [15].

The objective of this study was to evaluate the inci-
dence and extent of AMIn in elective PCI using peripro-
cedural increase in CSF, such as MB fraction of creatine
phosphokinase (CPK-MB) or cardiac troponin T (cTn),
and also to determine the association between AMIn and
late unfavourable events in patients with chronic isch-
aemic heart disease.

Materials and Methods

A single-centre open-label retrospective cohort study
was conducted in 435 patients from the register of elec-
tive PCIs, performed in the Rehabilitation Department
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of the Scientific Research Institute of Cardiology of the
Tomsk National Research Medical Centre at the Russian
Academy of Sciences. 367 subjects (84.4 %) were males;
the patient mean age was 58.3 * 8.6 years. The primary
inclusion criterion was the availability of in-patient
examination and therapy results, including changes in
cardio-specific ferments. The exclusion criterion was
urgent interventions related to the confirmed diagno-
sis of acute coronary syndrome (ACS). This study was
approved by the Local Ethics Committee at the Scientific
Research Institute of Cardiology of the Tomsk Scientific
Centre at the Siberian Branch of the Russian Academy of
Sciences (No. 126 dated December 14, 2008). The study
was conducted in accordance with the Declaration of
Helsinki. All patients included in the register provided
their consent for long-term follow-up.

PCI was performed under the standard method.
A drug-eluting stent, technique and the use of additional
devices and drugs were selected by the operator. Before
PCI, all patients received aspirin and P2Y12 inhibi-
tor (clopidogrel or ticagrelor). During the procedure,
unfractionated heparin or bivalirudin were used as
anticoagulants.

The baseline characteristics of patients and per-
formed index endovascular interventions are presented
in Table 1.

Involvement of index areas of coronary arteries in
the study group was in the form of atherosclerosis de
novo — 360 (82.7 %) patients, stent restenosis and occlu-
sion — 31 (7.1 %) patients, restenosis and occlusion of
previously installed stents — 24 (5.5 %) patients. For 38
(8.7 %) patients, the index PCI was a second step in myo-
cardial revascularisation.

Blood for CSF (CPK-MB and ¢Tn I) was drawn at
baseline, 12, 24, 48 hours after the intervention. CPK-MB
was quantified photometrically using analyser Konelab
60i, cTnl — using ELISA system (Biomerica, USA).
The 99th percentile of the upper reference level (URL)
for CPK-MB was 25 U/L, for cTnI — 1.0 ng/mL. AMIn
was diagnosed at CPK-MB or Tn I > 1 x 99th percentile
of URL; an increase in CSF of >1, 2, 3, 4 or > 5 x 99th
percentile of URL was observed.An increase in CSF of
> 5 x 99th percentile of URL was suggestive of a major
AMIn, and in the presence of clinical and imaging evi-
dence of a new loss of a healthy myocardium — as peri-
procedural IM [7, 9]. The number of acute periproce-
dural complications classified as technical (close to the
target coronary artery), local (at the site of peripheral
arterial access) and clinical (chest pain, blood pressure
response, cardiac rhythm disturbances, allergies, acute
kidney injury (AKI) etc.) was recorded. Periprocedural
AKIT was diagnosed in accordance with KDIGO 2012 cri-
teria [16].

Five years after the index PCI, disease outcomes were
evaluated: a phone interview was conducted, and medi-
cal records were analysed. Primary endpoints were 5-year
survival rate, incidence of cardiovascular deaths (CVD)

and all-cause mortality. Secondary endpoints were acute
periprocedural complications; diagnosed thrombosis
and stent restenosis, including stents deployed during
the follow-up period; incidence of adverse cardiovascu-
lar complications, such as acute myocardial infarction
(AMI), acute coronary syndrome (ACS), acute cerebro-
vascular accident (ACVA); and the incidence of clinically
significant bleeding and newly diagnosed malignancies.
Combined endpoints were MACCE (major adverse car-
diac or cerebrovascular events), including CVD, ACS
and ACVA, as well as PACE (patient centred endpoint),
including all-cause mortality, AMI and ACVA. Also, the
number of repeated interventions in patients from the
study groups one and five years after the index PCI was
evaluated; and primary causes of the damage to areas
of coronary arteries, which required repeated interven-
tions, were analysed.

Continuous data were presented as mean * stan-
dard deviation (M+SD), or as a median value with
interquartile range (Me (Q1-Q3) (depending on the
normality of distribution). Categorial data were given
in percent. Differences in continuous data were veri-
fied using t-test for independent samples (normal data)
or Mann-Whitney U test (asymmetric data). Similarly,
paired variables were verified using t-test for paired
samples (normal data) or Wilcoxon criterion (asym-
metric data). Proportional differences in categorial data
were compared using chi-square or Fisher’s exact test
(Fisher’s exact test was used when the frequency of one
or several cells was less than five). Relative risk (RR)
was calculated using cross tables, with the calculation
of 95 % confidence interval (CI). Correlation between
AMIn and endpoints was summarised using Kaplan-
Meier analysis. All probability values were two-sided;
p < 0.05 was significant.

Results

The incidence of periprocedural AMIn diagnosed
on the basis of increased CSF of > 1 x 99th percentile of
URL was 40.2 %, > 2 x 99th percentile of URL — 9.7 %,
> 3 x 99th percentile of URL — 6.7 %, > 4 x 99th per-
centile of URL — 4.8 %, > 5 x 99th percentile of URL —
3.5 %. Type 4a periprocedural MI (as per the 4-th uni-
versal definition of MI) [9] was diagnosed in 2 patients
(0.46 %).

The incidence of major acute complications from the
index PCI is presented in Figure 1.

According to angiography results performed within
5 years after the index PCI, obliterating atherosclero-
sis of coronary arteries de novo was diagnosed in 123
(29.4 %) patients. Subacute thrombosis (up to 30 days
after PCI) of stents (index or deployed during repeated
interventions) was observed in 5 (1.15 %) patients; late
thrombosis (30 days to 1 year after PCI) — in 18 (4.1 %)
patients; very late thrombosis (over one year after PCI) —
in 22 (5.1 %) patients.
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One year after the index PCI, haemodynamically
relevant restenosis of index stents were recorded in 15
(3.5 %) patients, and index stent occlusions — in 5 (1.2 %)
patients. Five years after the index PCI, their number was
30 (7.1 %) and 14 (3.3 %) patients, respectively.

Repeated interventions within a year after the index
PCI were performed in 85 (19.9 %) patients, within five
years — in 154 (36.5 %) patients. 18 (4.3 %) patients
underwent heart bypass (HB) procedure and 139
(32.9 %) patients had endovascular interventions. Causes
of repeated revascularisation procedures are presented in
Figure 3.

Then, we evaluated the risk of late adverse events
each year during 5 years after the index PCI, depending
on the rate of periprocedural AMIn. The most relevant
associations are given in Table 2.

Hence, we can see that AMIn > 1, but < 3 x 99th per-
centile of URL is not associated with late ischemic
complications of elective PCI, i.e. it is a minor event of
increased CSF and is negligible for prognosis. Moderate
AMIn (> 3, but < 5 x 99th percentile of URL) is associ-
ated with ACS and AMI during 3 years after the index
PCI. Major AMIn (> 5 x 99th percentile of URL) is asso-
ciated not inly with late adverse ischemic events, but also
with cardiovascular death during midterm follow-up.
Therefore, we were able to single out three main groups
of AMIn: minor (miAMIn), moderate (moAMIn) and
major (maAMIn).

Then we compared survival curves using Kaplan-
Meier method for primary and secondary endpoints
(AMI, ACS, CVD, all-cause mortality, non-CDV,
MACCE, PACE, clinically significant bleeding) which
were plotted during the 5-year follow-up after the index
PCI, depending on the AMIn group. The zero (baseline)
group was a group of patients without periprocedural
AMIn. The most important results of this analysis are
presented in Figures 4 to 8.

Analysis results demonstrate that miAMIn is associ-
ated with non-cardiovascular death, modAMIn — with
clinically significant bleeding, and maAMIn — with
major adverse ischemic events during the late (5 years)
period after the index PCI.

Discussion of Results

In this study, the incidence of periprocedural AMIn
was 40.2 %, with an increase in CSF of > 1 x 99th per-
centile of URL, and 3.5 % with an increase of > 5 x 99th
percentile of URL. Type 4a periprocedural MI (as per
the 4-th universal definition of MI) [9] was diagnosed in
2 patients (0.46 %).

Despite the absence of any clear evidence, in accor-
dance with the 2007 universal definition of myocardial
infarction (UDMI), type 4a MI is diagnosed, when CSF
values (cTn or CPK-MB) are 3 times higher than the
respective URL [17]. This rigorous position was softened
in the recent versions (UDMI versions 3 and 4) [7, 9]:

type 4a MI is diagnosed, if cTn values are at least 5 times
higher than 99th percentile of URL in patients with
normal baseline cTn levels, or if there is a 20 % increase
in patients with a high, but stable pre-PCI cTn level,
associated with additional criteria, such as signs of a new
myocardial infarction, or changes on ECG, imaging, or
the presence of procedural complications, which cause
reduction in coronary blood flow (coronary dissection,
occlusion of a large epicardial artery or lateral occlu-
sion/blood clot, impaired collateral blood flow, slow flow
or no-reflow, distal embolisation). A post-procedure
increase in CSF values without any additional criteria
is required in order to diagnose procedural myocardial
injury.

In 2013, the Society for Cardiovascular Angiography
and Interventions (SCAI) released an expert consen-
sus paper to argue the definition of periprocedural MI
proposed by the UDMI working group [8]. Since there
were no post-PCI threshold cTn values, the exceeding
of which impacts the long-term prognosis, the paper
favoured CPK-MB for the assessment of clinically signif-
icant post-PCI events. According to the document, clini-
cally significant MI during post-PCI period was MI with
an increase in CPK-MB values of > 10 x 99th percentile
of URL, or a lower threshold (> 5 x 99th percentile of
URL) in patients with new pathologic Q-waves in more
than two adjacent leads (or a new stable post-PCI left
bunch branch block).

In 2018, the Academic Research Consortium-2
(ARC-2) [18] published a consensus document, noting
that over the past several years, cTn has been gradually
replacing CPK-MB as a preferable biomarker of myo-
cardial damage in clinical practice; and the authors pro-
posed the cTn value of > 35 x 99th percentile of URL as
areasonable value for PCI-associated periprocedural M1.
Also, one more auxiliary criterion was required in addi-
tion to an absolute increase in ¢Tn of > 35 in order to
confirm periprocedural MI (flow-limiting angiographic
complications in a large epicardial vessel or a branch of
> 1.5 mm in diameter, new procedure-associated sig-
nificant Q-waves (or equivalent), or a significant new
abnormal procedure-associated wall movement seen on
echoCG).

Therefore, the incidence of periprocedural MI in
endovascular myocardium revascularisation in patients
with chronic coronary syndrome (CCS) varies depend-
ing on the definition and the cardiac biomarker used.
According to UDMI version 3, the incidence of type 4a
MI was 7 % when using highly sensitive ¢TnT [3] and
10 % when using ¢TnT [12], whereas when the SCAI
guidelines were used to define periprocedural MI, the
incidence was just 1.5-2.9 % [3, 11]. Recent literature
demonstrates that among 4,404 patients with CCS who
underwent PCI [19], periprocedural MI defined as per
UDMI versions 3 and 4, ARC-2 nu SCAI was recorded
in 18.0 %, 14.9 %, 2.0 % and 2.0 % of patients, respec-
tively.
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Table 1. Baseline Patient Characteristics, Coronary Lesions, and Index PCI

Group
Parameters n=435
Age, years, M+SD (min-max) 58,3+8,6 (32-81)
Body mass index, Me (Q1-Q3) 28,6 (25,8-31,7)
Family history of cardiovascular diseases, n/% 198 /46,2
Smoking, n/% 141/32,4
Diabetes mellitus, n/% 101 /23,3
History of acute cerebrovascular accident, n/% 32/74
Arterial hypertension, n/% 391/89,9
Atrial fibrillation, n/% 72 /16,6
Glomerular filtration rate (CKD-EPI) < 60 ml/min/1.73 m?, n/% 33/77
Chronic obstructive pulmonary disease, n/% 54/12,4
Multifocal atherosclerosis, n/% 92 /21,2
Charlson Comorbidity Index, Me (Q1-Q3) 3(2-4)
Previous myocardial infarction, n/% 309/71
. . L o
Previous myocardial revascularization, n/% 134/30.8
- PCI 94 /21,6
- CABG 31771
- PCI+ CABG 9/2.1
Chronic heart failure, NYHA functional class, n/%
-1 279/ 64,1
-2 140/ 32,2
-3 16 /3,7
Number of affected areas of the coronary arteries, n/%
-1 116 / 26,7
-2 155/ 35,6
-3 164 /37,7
Anatomy of a coronary lesion: n/%
- Main left coronary artery 22/5,06
- Anterior descending artery 336 /77,2
- Circumflex artery 269/61,8
- Right coronary artery 300/68,9
Index SYNTAX, Me (Q1-Q3) 11 (7-16,5)
Left ventricular ejection fraction according to ECHO-CG, %, Me (Q1-Q3) 62 (56-66)
n/% =50 % 386/ 89,15
40-49% 35/8,08
<40% 12/2,8
Target vessel, n/% - Main left coronary artery 11/2,5
- Anterior descending artery 211/ 48,5
- Circumflex artery 145/ 33,3
- Right coronary artery 197 /45,3
Intervention on chronic occlusion, n/% 110/ 25,3
Drug-eluting stents, n/% 565/ 86
Index stent length, MM, M=*SD (min-max), 33+16,1(12-107)
Me (Q1-Q3) 28 (23-38)
Index stent diameter, mm, M+SD (min-max), 3,15+0,3 (2,5-5)
Me (Q1-Q3) 3(3-3,5)
Complete revascularization, n/% 252/58,1
Volume of injected contrast, m1, Me (Q1-Q3) 250 (200-300)

Note: M+SD — mean + standard deviation; min-max — minimum and maximum value of the parameters; Me (Q1-Q3) — median with interquartile range; CKD-EPI — Chronic
Kidney Disease Epidemiology Collaboration is a research group with interests in measurement and estimation of GFR (Glomerular Filtration Rate); PCI — percutaneous coronary
interventions; CABG — Coronary Artery Bypass Graft Surgery; NYHA — stage of chronic heart failure according to the functional classification of the New York Heart Association;
Index SYNTAX — scale developed based on the results of the SYNTAX study (Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery);

ECHO-CG — echocardiography
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Figure 1. Acute
complications of index
percutaneous coronary

interventions

Note: AMI — acute myocardial
injury; CI-AKI — contrast-
induced acute kidney injury

Figure 2. Long-term
adverse events within
5 years after index
percutaneous coronary

interventions

Note: ACS — acute coronary
syndrome; CVD — death

from cardiovascular causes;
MACCE — Major Adverse
Cardiac or Cerebrovascular
Events; PACE — patient centered
endpoint.

Figure 3. Causes of
repeat revascularizations
1 year and 5 years after
index PCI
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Table 2. The risk of development of long-term adverse events depending on the magnitude of acute periprocedural
myocardial injury during elective PCI

RR CI S P

PMI >5x99 percentile URL
MACCE within 3 years after index PCI 4,486 [1.680-11.977] 0,501 0,006
CVD within 3 years after index PCI 6,538 [1.695-25.227] 0,689 0,046
AMI within 3 years after index PCI 6,516 [2.375-17.881] 0,515 0,003
PACE within 3 years after index PCI 3,850 [1.371-10.809] 0,527 0,024
Thrombosis of stents (index and non-index) during 5 years of follow-up 3,158 [1.307-7.629] 0,450 0,037
Occ.lusmn of stents (index and non-index) as a reason for re-intervention 5,143 [1.702-15.539)] 0,564 0,024
during 5 years of follow-up

PMI >4x99 percentile URL
MACCE within 4 years after index PCI 2,359 [1.009-5.517] 0,433 0,045
AMI within 3 years after index PCI 4,073 [1.598-10.378] 0,477 0,011
PACE during 5 years of follow-up 2,046 [1.154-3.627] 0,292 0,042
Thrombosis of stents (index and non-index) during 5 years of follow-up 2,658 [1.165-6.062] 0,421 0,042
Occ.lusion of stents (index and non-index) as a reason for re-intervention 5.482 [1.659-18.110] 0,610 0,024
during 5 years of follow-up
Se'cogd—stage revasFularlzatlon as a reason for re-intervention 2.907 1.404-6.021] 0.372 0,017
within 1 year after index PCI

PMI >3x99 percentile URL
AMI within 3 years after index PCI 2,715 [1.113-6.622] 0,455 0,040
Occ.lusion of stents (index and non-index) as a reason for re-intervention 3,657 [1.314-10.183] 0,522 0,032
during 5 years of follow-up
Se'cogd—stage revasFularlzatlon as a reason for re-intervention 2.433 [1.203-4.919] 0,359 0,038
within 1 year after index PCI

PMI >2x99 percentile URL
Occ.luswn of stents (index and non-index) as a reason for re-intervention 4,042 (1.33112.273] 0.567 0,029
during 5 years of follow-up

PMI >1x99 percentile URL
Newly diagnosed malignant oncological diseases during 5 years of follow-up 2,319 [1.248-4.310] 0,316 0,0062
Second-stage revascularization as a reason for re-intervention 1,933 [1.137-3.323] 0.274 0,0059

within 1 year after index PCI

Note: RR — relative risk; CI — confidence interval; S — standard error of relative risk; p — significance level; PMI — periprocedural myocardial injury; URL — upper reference limit;
MACCE — Major Adverse Cardiac or Cerebrovascular Events including cardiovascular death, acute coronary syndrome and acute cerebrovascular accident; CVD — death from
cardiovascular causes; AMI — acute myocardial infarction; PCI — percutaneous coronary interventions; PACE — patient centered endpoint, including death from any cause, acute
myocardial infarction and acute cerebrovascular accident.
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Figure 4. Kaplan-Meier curves for
new cases of ACS up to 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with the «<major»
PMI group (>5x99 percentile URL),
$=0.005

Note: ACS — acute coronary syndrome; PCI —
percutaneous coronary intervention; PMI —
periprocedural myocardial injury; URL — upper
reference limit

Figure 5. Kaplan-Meier curves

for new cases of MACCE up to

5 years after index PCI in

2 groups: comparison of no cardiac
biomarkers elevation group (group
0) with the «major» PMI group
(>5x99 percentile URL), p=0.03.

Note: MACCE — Major Adverse Cardiac or
Cerebrovascular Events including cardiovascular
death, acute coronary syndrome and acute
cerebrovascular accident; PCI — percutaneous
coronary intervention; PMI — periprocedural
myocardial injury; URL — upper reference limit

Figure 6. Kaplan-Meier curves for
new cases of PACE up to 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with the «<major»
PMI group (>5x99 percentile URL),
p=0.036.

Note: PACE — patient centered endpoint,
including death from any cause, acute myocardial
infarction and acute cerebrovascular accident;

PCI — percutaneous coronary intervention; PMI —
periprocedural myocardial injury; URL — upper
reference limit
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Figure 7. Kaplan-Meier curves for
clinically significant bleeding up to

5 years after index PCI in 2 groups:
comparison of no cardiac biomarkers
elevation group (group 0) with the
«moderate» PMI group (>3, but <5
x99 percentile URL), p=0.003.

Note: PCI — percutaneous coronary intervention;
PMI — periprocedural myocardial injury; URL —
upper reference limit
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Figure 8. Survival curves for non-
cardiovascular death at 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with «minor» PMI
group (>1 but <3 x99 percentile
URL), p=0.007.

Note: PCI — percutaneous coronary intervention;
PMI — periprocedural myocardial injury; URL —
upper reference limit
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Similar to type 4a MI, there are various definitions
of periprocedural myocardial injury in patients with
CCS who underwent PCI. UDMI version 4 [9] defines
periprocedural AMIn as any post-PCI increase in c¢Tn of
> 1 x 99th percentile of URL in patients with normal base-
line values (before PCI). According to ARC-2, a major
periprocedural myocardial injury is diagnosed at signifi-
cantly higher increase in post-PCI ¢Tn (= 70 x 99th per-
centile of URL) [18]. Predictably, the incidence of peri-
procedural myocardial injury is also dependent on the
definition and the cardiac biomarker used: 2.9 % as per
ARC-2 criteria [11] — 20 to 43 % for cardiac troponin T
(cTnT) [20], 14 to 52 % for cTnI [21] and 78 to 85 % for
highly sensitive cTnT [22].

Thus, currently there is no consensus on the defini-
tion of periprocedural myocardial infarction and injury;

the definitions by SCAI and ARC-2 set forth significantly
higher thresholds for post-PCI CSF increases as com-
pared to UDMI version 4.

According to UDMI version 4 [7], one of the key
criteria for diagnosing type 4a MI in patients with CCS
after PCI is new myocardial ischemia seen on coronary
angiography scans, suggestive of periprocedural flow-
limiting complications, such as coronary dissection,
occlusion of a large epicardial artery or lateral occlusion/
blood clot, impaired collateral blood flow, slow flow or
no-reflow, distal embolisation. ARC-2 [18] presented
detailed criteria for the definition of flow-limiting coro-
nary angiographic complications in patients undergoing
PCI and suspected periprocedural MI.

According to study results, the key causes of peri-
procedural AMIn and type 4a MI are lateral branch
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occlusion (LBO) and distal embolisation. LBO is the
most common cause of type 4a MI in patients with CCS
undergoing PCI [23, 24], and its effects on the inter-
vention outcome depend on the size of occluded lateral
branches. The incidence of LBO can be associated with
the stent type selected, type of procedure (e.g. chronic
total occlusion, rotational atherectomy, etc.) and target
segment — mid-LAD with the highest density of lateral
branches [25]. Distal coronary embolisation with an
intracoronal clot and atheromatous material can result
in no-reflow/slow-flow during PCI in patients with CCS.
It has been shown that, as of now, embolisation cannot
be completely prevented, despite the use of anticoagulant
and antiplatelet adjunctive therapy and the use of aspi-
rating or protective devices [26].

However, according to the modern idea, PCI compli-
cations seen during angiography are not always associ-
ated with higher cardiac biomarker levels, and increased
CSF can be caused by plaque degradation and local
vascular damage without any apparent coronary angio-
graphic complications [10]. Intravascular imaging meth-
ods can be used as an addition to coronary angiography
in order to better understand the pathophysiology of PCI
complications [27].

In our study, technical complications confirmed by
angiography results, including acute stent thrombosis
(0.7 %), intima dissection (3 %), lateral branch trans-
fixion (9.4 %), etc., were observed in 15.4 % of patients.
Significant AMIn of > 5 x 99th percentile of URL was
recorded just in 3.5 % of patients.

Besides, chronically elevated highly sensitive ¢TnT/I
can be seen in 30 % of patients due to comorbidities and
risk factors, such as chronic kidney disease, diabetes
mellitus, structural heart diseases, skeletal muscle dis-
eases, malignancies and elderly age [28, 29].

A recently published meta-analysis demonstrated
that higher post-PCI CPK-MB and cTn levels were
independently associated with all-cause mortality
within one year; and the following combinations of
an increase in CSF were significant for the outcome:
CPK-MB =5 and ¢Tn = 35, CPK-MB > 10 and ¢Tn < 70,
and CPK-MB > 5 and ¢Tn > 70 x 99th percentile of
URL [11].

Silvain J. et al. (2021) [30] also conducted a pooled
analysis to assess increased post-PCI cTn levels (they
analysed a pool of studies other than a study by Garcia-
Garcia HM et al. (2019) [11]) in 9,081 patients with CCS
who underwent PCI. The incidence of type 4a MI in a
group of 2,316 patients with CCS who underwent PCI
and had normal baseline cTn values, was 12.7 %, and
its presence was a strong independent predictor of all-
cause death in a year (adjusted odds ratio (Adj OR) 3.21,
95 % CI [1.42-7.27], p = 0.005). These results confirm
predictive power of the cuttoff threshold of > 5 x 99th
percentile of URL in elevated post-PCI cTn, selected by
UDMI version 4 for the definition of type 4a MI. The
incidence of periprocedural myocardial injury (seen as

elevated post-PCI cTn of > 1 x 99th percentile of URL as
per UDMI version 4) in patients with CCS and normal
baseline cTn values was 52.8 % (79.8 %, if highly sensi-
tive cTn was used); however, periprocedural myocardial
injury was not associated with all-cause death during
one year [30]. Besides, a study by Silvain J. et al. dem-
onstrated that elevated post-PCI cTn of > 3 x 99th per-
centile of URL was also an independent predictor of
all-cause death within a year in patients with ACS who
underwent PCI, suggesting that even a slight increase in
post-PCI cTn has predictive power.

On the contrary, in a consensus document pub-
lished in 2021 by the working group of the European
Society of Cardiology, patients with elevated post-PCI
cTn levels of > 1, but < 5 x 99th percentile of URL
were found to have a minor periprocedural myocar-
dial injury. A significant prognostic or major peripro-
cedural myocardial injury (in the consensus paper, it
is elevated post-PCI c¢Tn of > 5 x 99th percentile of
URL) was recorded in 18.2 % of patients with normal
baseline ¢Tn values and was an independent predictor
of all-cause damage one year later (Adj OR 2.29, 95 %
CI [1.32-3.97], p = 0.004) [10].

A recent study by Ueki Y. et al. (2022) [19] evaluated
AMIn in accordance with the criteria set forth in UDMI
version 3 and 4, ARC-2 and SCAI using highly sensitive
cTn in patients with stable coronary disease who under-
went PCI and were included in the Bern PCI Register.
This analysis is the first detailed evaluation of up-to-date
definitions of AMIn in patients undergoing elective PCI,
which is based on routine measurements of highly sensi-
tive cTn and routine assessment of additional criteria in
a large real-life population of PCI patients. The primary
endpoint was cardiac death after one year. In patients
with AMIn, one year mortality in accordance with
UDMI version 3, UDMI version 4, ARC-2 and SCAI
was 2.9 %, 3.0 %, 5.8 % and 10.0 %, respectively. ARC-2
(hazard ratio (HR): 3.90; 95 % CI: 1.54-9.93) and SCAI
(HR: 7.66; 95 % CI: 3.64-16.11) criteria were more rel-
evant in comparison with UDMI version 3 (HR: 1.76; 95
% CI: 1.04-3.00) and UDMI version 4 (HR: 1.93; 95 %
CI: 1.11-3.37) for cardiovascular death within one year
after the index PCL

Therefore, a majority of published studies evalu-
ated the association between AMIn and 1-year disease
outcome after elective PCI procedures; and there is no
general expert consensus on this matter. Nevertheless,
the clinical significance of diagnosing maAMIn is stated
in the current guidelines on endovascular myocardial
revascularisation.

We have evaluated the incidence and association
between AMIn and midterm and late adverse events
1-5 years after index endovascular intervention for
chronic coronary syndrome and found out an association
between a major AMIn and late post-PCI cardiovascular
complications, including fatal ones. At the same time, we
have demonstrated the predicative power of moderate
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Table 3. Association of periprocedural myocardial injury with complications and patient survival within 5 years after

elective PCI
Level of increase in cardiac . .
Name . Association with outcomes
biomarkers
1. Minor >1, but <3 x99 percentile URL - no association with long-term ischemic complications and cardiovascular death after
periprocedural elective PCI;
myocardial injur
Y jury — there is an association with non-cardiovascular death in the long-term (5-year)
period;
- there is an association with newly diagnosed malignant cancers within 5 years after
the index PCI;
- there is an association with index stent occlusions as a cause of re-interventions
during 5 years of follow-up;
2. Moderate >3, but <5 x99 percentile URL - there is an association with acute ischemic events (ACS, AMI, MACCE) 3 years after
periprocedural the index elective PCI;
myocardial injur
v jury - there is an association with clinically significant bleeding within 5 years after elective
PCIL;
- there is an association with stent thrombosis (index and non-index) and index stent
occlusions as a cause of re-interventions during 5 years of follow-up;
3. Major >5 x99 percentile URL - there is an association with long-term ischemic events, as well as cardiovascular death
periprocedural within 3 years after the index PCI.

myocardial injury

Note: PCI — percutaneous coronary intervention; URL — upper reference limit; ACS — acute coronary syndrome; AMI — acute myocardial infarction; MACCE (Major Adverse
Cardiac or Cerebrovascular Events) — a composite endpoint including cardiovascular death, acute coronary syndrome and acute cerebrovascular accident.

and minor AMIn in relation not only to cardiovascular
events, but also to clinically significant bleeding, as well
as non-cardiovascular death and newly diagnosed malig-
nancies during 5 years after elected PCI (Table 3).

Conclusions

Periprocedural increase in CSF values should be
recorded during elective PCI not only for diagnosis and
prediction of acute and late ischemic events, but also for
evaluation of the risk of stent occlusion, clinically signif-
icant bleeding, significant predicative comorbidity and
death during the late (5-year) period in order to identify
groups of patients requiring active follow-up, additional
observation and selection of an optimal outpatient reha-
bilitation regimen.
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O6ocHoBaHue. CBOeBpeMeHHas AMarHOCTMKa CapKoneHUN y NaLuueHTOB C HapyLeHUAMU YrieBOAHOro o6MeHa NO3BO/IUT MOBLICUTL Ka4ecTBO
1 MPOAO/MKUTENBHOCTb XU3HN. Llenb: npoaHannsmposaTh Hain4YMe OCHOBHbLIX GaKTOPOB PUCKa Pa3sBUTMA CapKONeHMM y NaLMeHTOB C npecap-
koneHwvel n C/] 2 Tuna. MaTtepuansl u MeToAbl. Y4acTBoBano 82 nauunerTa ¢ C/l 2 Tvna, KoTopble 6bINN pa3AesieHbl Ha 2 TPYNMbl: C NpecapKo-
neHueit v rpynny cpaBHeHus. [IpoBeAeHbI: aHKETUPOBaHWE C MOMOLLbLIO OMPOCHUKOB (KpaTKas ¢popMa oueHKu 340poBbs (Health Status Survey
(SF-36)), oueHka capkoneHun v KayecTBa *m3Hu (Sarcopenia and Quality of Life — SarQol), cvuia, nomowb npu xogb6e, NogbEM CO CTYAa,
NoAbeM Mo fIeCTHULe 1 nageHus — Strength, Assistance with walking, Rise from a chair, Climb stairs and Falls — SARC-F), onpegenenus ¢pusu-
yeckoit akTmeHOCTU (International questionnaire on physical activity — IPAQ), oueHKa ckopocTu XoAb6bl, AMHAMOMETpUs, 6MonMmneaHcoMe-
TpuA, aHann3 nabopaTopHbIx NokasaTeneit. CtaTuctuyeckas obpaboTka NpoBoAMAaCk C MOMOLLbLIO NPOrpaMMHOro obecneyeHus Statistica IBM
(pycckas Bepcus). [lOCTOBEPHBIMU Pasnnuma cunTanuce npu p <0,05. PesynbTaThl. Yalie NaumMeHTOB C npecapKorneHunein 6ecrnoKosT oHeMe-
HME HKHMX KOHEYHOCTEW, FONI0BOKPYXeHWe, CHUKeHUe NaMATH, 1abubHOCTb apTepuanbHOro AaBaeHNs, OAblllKa Npy GU3NYECKON Harpyske.
B o6eunx rpynnax permcTpupoBanoch oxupeHue | cT. B OCHOBHOI rpymne CHuXeHa CKOpPOCTb X0Abbbl — 1,63 M/cek, MO CpaBHEeHUIO C rpynmnoin
cpaBHeHua — 1,25. MNokasaTenun rAKeMumn y ML, C NpecapKoneHueli Bolle -7,6 MMO/L/ /1, 4eM B rpynne cpaBHeHUs — 7,2. YpoBeHb pur3nyecKkom
aKTMBHOCTU B OCHOBHOW rpynne Hubke u cocTaBuna 40 MUH/ B CyTKU, @ TaKKe CHWXeH 06LMii NoKasaTesib KayecTBa Xu3Hu Ao 34,99. MaymneHTsl
C npecapKorneHuen Yale npuHUMatoT: 6uryaHnabl — 46 %, nHI1T-2 — 27 %, npenapaTbl cy/bdpaHUAMOYEBUHbI — 26 %, 46 % noay4yaloT NHCY-
nvHoTepanuio (p<0,05). B rpynne ¢ npecapKoneHnein CHUKEHa XKM1poBas Macca, MnaoLajb 1 NPOLEHTHOE COZepHaHne BUCLEPasbHOrO XKI1pa no
CPaBHEHWIO C FPYNMoii cpaBHeHMs. VIHAGKC anneHANKYNSPHON MycKynaTypbl B 1-0ii rpynne coctasun 7,0 Kr/M?, Bo BTOpoIi 7,5 kr/m?. B 1-0ii rpyn-
e CHXEHO CcoZiepXaHune NpoTenHOB, MMHEPasloB 1 06LLero KoAn4YecTea BoAbl. B nabopaTopHbix NokasaTenax B rpynne c npecapkoneHuen 3a-
perncTpupoBaHbl AUCAUNUAEMUSA, TUMNOKabLeMus, 6onee Bbicokune 3HaveHna HbATc, no cpaBHeHuIo ¢ rpynnoli cpaBHeHMA. 3akaloyeHue. [ina
NepBUYHOIO CKPUHMHIa capkoneHnn y 6oabHbIx ¢ C/l 2 Tna MOXHO MCMONb30BaTh AMHaMOMeTpuio U 6uonMnegarncomeTputo. Moasepxanve
Le/ieBbIX NapaMeTpOB [IMKeMUW, KOPpPeKLMA ANCIMMUAEMUN, KOMNEHCaLMA HeaoCcTaTKa BUTaMuUHa /] 1 runokanbumeMun cnocobcTeyeT coxpa-
HEHMIO MbILIEYHOMN MacChl U CUbI.
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Abstract

Objective. Materials and methods: 82 patients with type 2 diabetes mellitus participated, which were divided into 2 groups: probable sarcopenia
and comparison groups. Conducted: questionnaire surveys (Health Status Survey (SF-36)), Sarcopenia quality and life assessment (SarQol)),
strength, assistance with walking, getting up from a chair, climbing stairs and falling — Strength, Assisted walking, getting up from a chair, Climbing
stairs and Falls (SARC-F)), assessment of walking speed and physical activity, carpal dynamometry, bioimpedancemetry, analysis of laboratory
parameters. Results: the difference between the conducted questionnaires is statistically insignificant. According to bioimpedansometry, obesity
of the 1st degree was recorded in the lesions. In the group with presarcopenia, the main decrease in body composition parameters decreases.
In addition, in the main group, the rate of intake is reduced, and decompensation of carbohydrate and lipid metabolism occurs. Differences were
considered significant at p < 0.05. Conclusion. Dynamometry and bioimpedance can be used for primary screening of sarcopenia in patients with
type 2 diabetes. Maintaining the main indicators of glycemia, correction of dyslipidemia, compensation for obesity D and hypocalcemia of obesity

in muscle mass and mass.
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Introduction

Type 2 diabetes mellitus (DM) is one of the most
common chronic non-infectious diseases. Over the
past decade, the number of patients with DM globally
grew 2-fold; by the end of 2021, the number of patients
with this condition exceeded 537 million people.
According to forecasts by the International Diabetes
Federation, by 2030, the number of patients with DM
will reach 643 million people, by 2045 — 784 million
people [1]. A majority of patients with type 2 DM have
obesity or overweight [2]. In the results of the study
titled NATION (2013-2015), the highest incidence
of type 2 DM was recorded at the age of 65-69 years
old [3]. Also, type 2 DM is associated with a high risk
of cardiovascular disease and sarcopenia. With age,
elderly people have less muscle bulk and strength. This
condition is called sarcopenia and is more common in
patients with type 2 DM [4]. Insulin resistance, dyslip-
idemia, hyperglycemia, oxidative stress contribute to
faster reduction in muscle bulk, causing reduction and
worsening of the quality of life of elderly people [4].
Diabetic polyneuropathy can also cause reduced muscle
bulk and functions as a result of a reduced number of
functional motor neurons and impaired coordination of

L4

muscle contraction. It has been found out that patients
with type 2 DM and diabetic polyneuropathy have pro-
gressing reduction in muscle strength of lower limbs,
whereas patients without diabetic polyneuropathy had
their muscle strength preserved [5]. Nevertheless, cur-
rently available information whether diabetic polyneu-
ropathy or age-associated reduction in the number of
motor neurons have higher impact on reduced muscle
strength is controversial.

Development and progression of sarcopenia in
type 2 DM can cause vitamin B, deficiency. Vitamin a
B,, deficiency results in neurogenic disorders includ-
ing muscle weakness, which increases the risk of falls.
Approximately 25 % of cases of reduced vitamin B , levels
are accounted for metformin therapy [6]. However,
metformin has a reliable evidence base and is a drug of
choice in patients with type 2 DM for insulin resistance
reduction [7].

Data on the incidence of sarcopenia are controversial,
since there are no uniform diagnostic criteria. The results
of a study conducted in the Moscow Region during exam-
ination of patients with type 2 DM of middle and elderly
age (n = 42, mean age: 64 [60;70] years old) with the use
of X-ray densitometry showed that 97.6 % of patients met
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the criteria for sarcopenia [8]. In another clinical trial
conducted at the Federal Bureau for Medical and Social
Assessment of the Ministry of Labour of Russia in and
for Moscow, among 66 subjects over 50 years of age, 17 %
were patients with sarcopenia, the screening of which
used handgrip test, Short Physical Performance Battery
(SPPB) and bioimpedansometry [9]. Based on the results
of several large studies in a large population, Korean and
Japanese researches found out that the incidence of sar-
copenia in patients with DM is 15.7 % [4]. According
to the latest guidelines of the European Working Group
on Sarcopenia in Older People (EWGSOP, 2019), hand-
grip test, Strength, Assistance with walking, Rise from
a chair, Climb stairs and Falls (SARC-F) questionnaire,
4 m walking test, appendicular mass calculations used
X-ray densitometry or bioimpedansometry are optimal
for initial sarcopenia screening [10].

In the revised guidelines (EWGSOP2, 2019), low
muscle bulk is the primary parameter of sarcopenia.
Potential sarcopenia (pre-sarcopenia) is diagnosed when
muscle strength is reduced. Sarcopenia is confirmed if
muscle bulk is inadequate. Sarcopenia is considered
severe in the presence of low muscle bulk, strength and
poor function [10].

There are a number of instrumental methods to diag-
nose reduced muscle bulk, such as magnetic resonance
imaging (MRI), computer tomography (CT), ultrasound,
X-ray densitometry, bioimpedansometry. Each method
has its advantages and disadvantages. In clinical practice,
X-ray densitometry and bioimpedansometry are more
common. The main parameters included in X-ray densi-
tometry are assessment of bone mineral density, mineral
ratio and lean muscle bulk [11]. It has been established
that, unlike total muscle bulk, the results of appendicu-
lar mass measurements using densitometry significantly
correlate with skeletal muscle CT and MRI results [11].
However, densitometry has its drawbacks: mean values
used as control values can differ from mean values in the
general population, depending on the region and ethnic-
ity. Besides, it is impossible to identify adipose infiltra-
tion inside and around muscle fibres, hence the diagnos-
tic value of densitometry in diagnostics of sarcopenia is
reduced drastically [11]. The use of bioimpedansometry
to verify reduced muscle bulk has been studied for over
10 years. It has been demonstrated that under standard
conditions, bioimpedansometry results have positive
correlation with MRI forecasts. Thus, bioimpedansom-
etry can be used instead of densitometry for screening of
reduced muscle bulk [11]. According to available infor-
mation, bioimpedansometry is one of the most acces-
sible methods in clinical medicine for the assessment of
the compositional body analysis in elderly patients with
type 2 DM [12].

A combination of reduced muscle bulk and strength
in patients with DM reduces life expectancy [13]. Sarco-
penia in patients with DM is associated with a higher

frequency of hospitalisations and cardiovascular acci-
dents [14]. Insulin resistance and oxidative stress are
components of the pathophysiological foundation of sar-
copenia [15]; on the other hand, they are associated with
development of endothelial dysfunction [16], chronic
inflammation [17] and lipid infiltration in muscles in
DM patients.

The objective of the study is to analyse the presence
of the primary risk factors of sarcopenia in patients with
pre-sarcopenia and type 2 DM.

Materials and Methods

Study designs: cross-sectional observational com-
parative study. The study was conducted in accordance
with the clinical practice standards and Declaration of
Helsinki. The study protocol was approved by the Ethics
Committee at the Federal State Budgetary Educational
Institution of Higher Education Siberian State Medical
University of the Ministry of Health of the Russian Fed-
eration No. 8888 dated November 29, 2021. All in all, the
study included 82 patients with type 2 DM aged 50 to
85 years old (41 men, 41 women, mean age: 69 [67.5;72]
years old), who signed an informed consent form and
did not meet any exclusion criteria. DM was diagnosed
on the basis of criteria set forth in the Algorithm of Spe-
cialised Care for Patients with Diabetes Mellitus (2021)
[1]. Exclusion criteria were: decompensated cardiovas-
cular, respiratory, musculoskeletal, GIT diseases, stage
4-5 chronic kidney disease (CKD), a history of limb
amputation, vitamin B12 deficiency, alcohol abuse, car-
diac pacemaker, large metal prosthetic devices or struc-
tures, marked lymphostasis of lower limbs.

Potential sarcopenia (pre-sarcopenia) was diagnosed
in accordance with the algorithm recommended by
the European Working Group on Sarcopenia in Older
People (EWGSOP2, 2019), with muscle bulk reduction
of less than 27 kg in men and less than 16 kg in women
[10]. Unlike the EWGSOP2 2019 algorithm, handgrip
test and not SARC-F [18] was used for group differentia-
tion during initial screening.

Patients were divided into two groups: the main
group (reduced muscle bulk) — 55 patients (27 men,
28 women, mean age: 71 [67-71] years old) and control
group (no reduction in muscle bulk and strength) —
27 patients (14 men, 13 women, mean age: 67 [68-73]
years old). The protocol stipulated measurement of hand
strength using handgrip test: recording of the three high-
est values obtained with both hands in isometric con-
traction (the standard position was sitting, with elbow
extended at 90°). The quality of life was assessed using
SF-36 (Health Status Survey, 2006) and SarQol (Sarco-
penia and Quality of Life, 2019); for sarcopenia sever-
ity, SARC-F (Strength, Assistance with walking, Rise
from a chair, Climb stairs and Falls, 2018) was used. The
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degree of physical activity was assessed with the help of
questionnaires (Physical Activity Questionnaire (PAQ
23), 2013) [19], recording the time of physical activity
(min/day) and 4 m walking test (severe sarcopenia was
diagnosed if the speed reduced by < 0.8 m/s) [10]. All
subjects underwent bioimpedansometry at Inbody 770
(Korea) with the body mass index assessment, analysis
of extracellular and intracellular fluid, total body water,
body fat, fat mass percent, visceral fat area, and muscle
bulk. The obtained data were used to calculate the appen-
dicular index of the skeletal mass as the ratio between
lean muscle mass and height in square meters. According
to EWGSOP (2019), low muscle bulk was skeletal mass
index of < 7.0 kg/m?* for men and < 5.5 kg/m? for women
[10]. Carbohydrate metabolism compensation was
assessed on the basis of glycaemia (blood biochemistry).
Laboratory blood parameters (total protein, albumin,
AST (aspartate aminotransferase), ALT (alanine amino-
transferase), total bilirubin, urea, uric acid, creatinine,
AP (alkaline phosphatase), fats (cholesterol, triglycer-
ides, high-density lipoproteins (HDLP), low-density
lipoproteins (LDLP)) were assessed.

Statistical data processing was performed using IBM
SPSS Statistics 23 (Russian version 23.0). Parameters
were assessed for correspondence to normal distribu-
tion; and Shapiro-Wilk’s test was used. Data are pre-
sented as the median value with interquartile range Me
[Q25; Q75] for parameters with distribution other than
normal. Categorical variables are presented as absolute
values and percent. Qualitative parameters of groups
were compared using chi square (x?); for quantitative
comparison of samples, one-way analysis of variance was
used. Correlation analysis was performed using Spear-
man’s or Pearson’s test, depending on the distribution
of parameters. Results with p < 0.05 were statistically
significant.

Results:

When medical records of patients were evaluated,
patients from the group of potential sarcopenia (n = 55)
significantly more often complained of numbness in
their lower limbs — 39 (70 %), dizziness — 18 (33 %),
difficulty remembering — 13 (24 %), unstable blood
pressure — 18 (33 %), dyspnoea during physical activi-
ties — 17 (31 %) vs. controls (p = 0.0001).

The characteristics of subjects are presented in
Table 1.

When evaluated, BMI of patients in the groups dif-
fered: stage I obesity was recorded in 30 (65.2 %) patients,
stage II — in 6 (13 %) patients in the main group; in the
control group, stage I obesity was observed in 18 (72 %)
of subjects and stage IT obesity was recorded in 7 (28 %)
patients. Also, patients in the main group had weaker
muscle function and fewer points in the physical activ-
ity test.

Patients in the main group demonstrated reduced
walking speed vs. controls. The main group had statisti-
cally significant signs of reduced daily physical activity
(PAQ 23).

There were no statistically significant differences in
SARC-F (Figure 1) and SF-36 (Figure 2) between groups
(Figure 1). The low sensitivity of these questionnaires is
likely to be related to the small number of patients in the
study, elderly age, chronic comorbidities in both groups
(Table 2).

When comorbidities in patients with sarcopenia were
assessed, thyroid pathologies, a history of cancer, chronic
anaemia and DM complication — polyneuropathy
(p £0.05) were significantly more common (see Table 2).

Analysis of SarQol results (Table 3) did not show any
statistical significance.

According to medical records, subjects of the study
were taking the following medications (Table 4). Patients
with pre-sarcopenia took insulins, as well as incretin
tablets (dipeptidyl peptidase inhibitors) more often than
controls. The frequency of the use of sulfonylureas was
similar in both groups. Sodium-glucose linked cotrans-
porter 2 inhibitors (SGLC-2), biguanides were used more
often in patients with type 2 DM from the control group.

Table 5 presents the information on the patients’ body
composition based on bioimpedansometry results. Anal-
ysis of data shows reduced fat mass in the main group vs.
controls. Also, in the group of pre-sarcopenia, skeletal
muscle mass and appendicular muscle index are below
the normal value.

Laboratory data (Table 6) show that the patients in
the main group had lower total protein, ALT and calcium
levels (p < 0.05).

Of note, in a majority of cases, patients with pre-
sarcopenia had antihypertensives, whereas in the control
group, menopausal hormone therapy, multivitamins,
including vitamin D (Table 7), were more common.

The correlation analysis demonstrated that potential
sarcopenia is associated with higher fat mass (r = 0.526,
p =0.001) and BMI (r = 0.587, p = 0.001), reduced skel-
etal muscle mass (r = -0.296, p = 0.007).

Discussion

Improved medical care resulted in a higher number
of diagnostic methods to screen pre-sarcopenia and risk
factors in patients with impaired carbohydrate metabo-
lism; however, currently, there is no unified model for
verification of reduction in muscle bulk and strength
[20]. In this paper, SARC-F did not show any statisti-
cal significance of results, which can cause inability to
identify reduced muscle bulk. SF-36 score in the groups
did not have any statistical significance. Since there is no
consensus on its interpretation among researchers, very
often results are controversial and can require its use
together with physical examination results [21, 22].
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Table 1. Characteristics of the main and comparison groups

Main group Control group
Parameters (n=55) (n=27) P
Age, years 71 [67-71] 67 [68-73] 0,771
Hight, centimeters 161 [159- 163] 168[164,3- 171] 0,384
Weights, kilograms 81 [76-86] 93 [87-99] 0,198
Waist circumference, cm 104 [98-114] 110 [104-115] 0,490
Hip circumference, cm 110 [105-120] 112 [107-120] 0,329
Body mass index, kg/m? 31,1 [29,4-32,9] 33,2 [31,2-35,1] 0,011
Waist circumference to hip circumference ratio 0,93[0,93- 0,94] 0,97[0,96-0,97] 0,231
Right arm dynamometry, kg 13 [11-15] 23 [19-27] 0,003
Left arm dynamometry, kg 12 [10-14] 22 [19-25] 0,002
Walking speed, m/s 1,63 [1,47-1,79] 1,25 [1,13 — 1,37] 0,090
Glycemia, mmol/L 7,6 [7,0- 8,1] 7,2 [6,6-7,7] 0,573
Physical activity, points 40 [34- 45] 61 [45-77] 0,040
Note: Data are presented as median with interquartile range.
Figure 1. Results of the
SARC-F questionnaire
Comparison group
Main group
Note: o o5 1 15 2 25 3 35 4 45
p=1
Points
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Table 2. Frequency of occurrence of concomitant diseases in the main group and comparison group

Diseases Mati:zir;))up Con(t ;leg;ouP P
Cholelithiasis 15 (33 %) 2 (8,%) 0,858
Pathology of the thyroid gland 10 (22 %) 2 (%) 0,046
Arterial hypertension 44 (96 %) 23(92 %) 0,668
Cardiac ischemia 24 (52%) 12 (48 %) 0,592
History of stroke/heart attack 8 (17 %) 9 (36 %) 0,099
Atrophic gastritis 8 (17 %) 2 (8%) 0,747
Non-alcoholic fatty liver disease 26 (57 %) 15 (60 %) 0,382
History of cancer 6 (13%) 1(4%) 0,007
Chronic anemia 4(9%) 2 (8%) 0,01
History of coronavirus infection 19 (41 %) 7 (28 %) 0,296

Complications of diabetes
Diabetic polyneuropathy 40 (73 %) 51,8 (56 %) 0,039
Diabetic nephropathy 25 (45,4 %) 14 (51,8) 0,142
Diabetic retinopathy 29 (52,7 %) 16 (59,2) 0,428
Macroangiopathy of the lower limbs 17 (30 %) 5 (18 %) 0,227
Note: Data are presented as median with interquartile range; GSD — cholelithiasis, IHD — coronary heart disease, CKD — chronic kidney disease
Table 3. Assessment of parameters of the SarQol questionnaire
Parameters, points Ma(ililzgsg‘;“l’ Con(t;;)lzi;oup r P

SarQoL general (/100) 34,99 [34,95-45,17] 43,87 [43,9-55,0] -,184 0,970
Physical and mental health (/100) 31,77 [31,1-41] 47,77 [47,77-52,2] 703 0,055
Ability to move (/100) 25 [25-31,25] 30 [30-38,89] ,445 0,790
Body composition (/100) 30 [29,17-33,33] 45,83 [45,83-50] -,008 0,069
Functionality (/100) 32,14 [32,14-36,54] 42,31[42,31-71,15] -,194 0,768
Daily activities (/100) 18,34 [16,67-35] 50 [50-52,78] 1,072 0,757
Leisure (/100) 3, 33[0 -16,62] 0 [0 -33,25] 0,739 0,529
Fears (/100) 0 [10-75] 75 [75-87,5] -,454 0,511

Note: Data are presented as median with interquartile range

Table 4. Antihyperglycemic therapy used in patients with presarcopenia and in the comparison group

Parameters, drugs Ma(:‘fsg‘)’“l’ Con(trrlzlzi;‘mlp p
Insulin therapy 18 (32 %) 6 (22 %) 0,242
Insulin therapy, basal therapy 40 (72,7%) 13 (48,1) 0,004
Metformin 25 (45,5 %) 20 (74 %) 0,002
and DPP-4 inhibitors 44 (80 %) 6(22,2 %) 0,001
and GLP-1 — aronuct 0 1 (4 %) 0,164
and iNGLT-2 type 8 (14,5 %) 23 (85,1 %) 0,001
Sulfonylureas 36 (65,4 %) 12 (33 %) 0,008

Note: i DPP-4 — dipeptidyl peptidase 4 inhibitors (Gliptins), a GLP-1 — glucagon-like peptide-1 receptor agonists, i SGLT-2 — inhibitor of sodium-glucose cotransporter type 2 (Gliflozins)
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Table 5. Bioimpedancemetry parameters in the main group and in the comparison group

Parameters Ma(i:zil;))up Con(trrlglzi;oup P
Fat mass, kg 33,5 [30- 37] 39,3 [34,5- 44] 0,036
Fat mass, % 40 [38- 43] 42 [38- 45] 0,679
Visceral fat area, cm? 176 [158- 194] 200 [177- 223] 0,177
Skeletal muscle mass, kg 25,6 [24,4- 27] 29,4 [27,3-31,5] 0,045
Index of appendicular skeletal muscle, kg/m 7,0 [6,7-7.3] 7,5 [7,1-7.9] 0,011
Protein, kg 9,2 [8,8-9,6] 10,4 [9,7-11] 0,869
Minerals, kg 3,2 [3,1- 3,4] 3,7 [3,5-3,9] 0,998
Total amount of water in the body, 1 35 [33-37] 40 [37-42] 0,862
Intracellular fluid, 1 21[20-22] 24[23-26] 0,951
Extracellular fluid, 1 14[13-14] 16[14,5-17] 0,672
Cell mass, kg 30[29-32] 34,5[32-37] 0,941
Note: Data are presented as median with interquartile range
Table 6. Biochemical parameters in the main group and the comparison group
Parameters Main group (n=55) Control group (n=27) P
Total cholesterol, mmol/L 5,1 [4,6- 5,6] 4,9 [4,4- 5,4] 0,567
HDL, mmol/L 1,3 [1,2- 1,4] 1,2 [1,1- 1,3] 0,762
LDL, mmol/L 3,8 [2,1- 5,5] 2,8 [2,4- 3,2] 0,628
Triglycerides, mmol/L 3,7 [0,8- 6,3] 2,5 [1,9- 3,1] 0,496
Total bilirubin, mmol/L 13,9 [11,5-16,3] 11,4 [9,7-13.1] 0,238
Total protein, mmol/l 68 [67- 70] 70 [68-72] 0,005
AST, U/L 23 [20- 27] 27 [19-36] 0,057
ALT, U/L 24 [19-29] 37 [21-52] 0,001
Alkaline phosphorus, U/L 64 [54-73] 66 [50-82] 0,523
Creatinine, pmol/L 90 [82-97] 87 [78-95] 0,090
Sodium, mmol/L 135 [128-143] 141 [140-141] 0,331
Potassium, mmol/L 3,8 [3,5-4,0] 4 [3,8-4,0] 0,849
Calcium, mmol/L 1,1 [1,0-1,2] 1,2 [1,1-1,3] 0,001
Uric acid, pmol/L 318 [290-346] 310 [263-357] 0,719
Albumin, g/l 38 [35-41] 33 [26-40] 0,607
Glycated hemoglobin, % 8,2 [7,4-9] 7,6 [6,3-9] 0,200

Note: Data are presented as median with interquartile range; ALT — alanine aminotransferase, AST — aspartate aminotransferase, HDL — high density lipoproteins,

LDL — low density lipoproteins, ALP — alkaline phosphatase
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Table 7. Additional drug therapy in patients with presarcopenia and in the comparison group

I'pynna cpasHenns/ Control group

Parameters, drugs Main group (n=55) (n=27) p
Antihypertensive therapy 54 (98%) 16 (59,2%) 0,001
Antiarrhythmics 54 (98%) 25 (92,5%) 0,198
Disaggregants 39 (85%) 20 (80%) 0,080
Statins 33 (71,74%) 18 (72,00%) 0,259
Thyroxine 3(5,4%) 1 (3,7%) 0,966
Menopausal hormone therapy 1(1,8%) 6 (22,2%) 0,001
Vitamin D 3(5,4%) 8 (29,6%) 0,006
Hepatoprotectors 9 (16,3%) 5 (18,5%) 0,747
Bronchodilators 5 (9%) 2 (7,4%) 0,198
Glucocorticosteroids 2 (3,6%) 1(3,7%) 0,122
Multivitamins 0 5 (18,5%) 0,014

An TIranian study (2012) of the quality of life of
elderly and old patients with type 2 diabetes mellitus
using SF-36 and WHOQoL-BREF (World Health Orga-
nization’s Quality of Life) demonstrate that SF-36 and
WHOQOoL-BREF are reliable clinical questionnaires;
however, WHOQoL-BREF results were more specific
than SF-36 [23]. According to the study results, it can
be suggested that SF-36 can have moderate screening
capability to assess the quality of life of patients with
type 2 DM and reduced muscle strength. The efficiency
of this questionnaire in middle-aged subjects without
carbohydrate metabolism disorders requires verification
in other clinical trials [24].

Handgrip test results were worse in the main group;
it is caused by reduced secretion of anabolic hormones,
mitochondrial dysfunction induced by chronic hyper-
glycemia and inflammatory reaction under the influence
of cytokines and free radical [25].

According to some authors, reduced walking speed
in patients with potential sarcopenia can be associated
with diabetic polyneuropathy and atherosclerosis of
lower limb arteries, as well as high glycaemia values.
Long-lasting hyperglycemia is known to cause glycosila-
tion of myelin sheath of nerves and neuron death, result-
ing in reduced muscle fibre innervation and reduced
walking speed [26]. Reduced walking speed in patients
with type 2 DM can be caused by long-term use of met-
formin, resulting in cyanocobalamine deficiency and
reduced myelin synthesis [27]. Although this study did
not find any difference between the use of biguanides
in the groups, the fact of the use of this medication was
associated with reduced muscle bulk. Timely prevention
of complications at early stages of type 2 DM (alpha-
lipoic acid and cyanocobalamine) will improve neural
trophism and facilitate slower reduction in mass bulk in
patients with type 2 DM due to better endoneurial blood
flow and higher glutathione values [28].

According to the data obtained during the study, there
were no significant differences in glycaemia and HbAlc.
However, it is well-known that chronic hyperglycaemia
is caused by an increase in the number of glycation end-
products, which accumulate in cartilages and skeletal
muscles and lead to reduced muscle strength and joint
elasticity [29]. Earlier studies revealed that high levels of
glycation end-products are associated with low values of
handgrip tests and walking speed in elderly people [29].
Based on the results, maintenance of the target glycaemia
levels in patients with type 2 DM will help to prevent
reduction in muscle bulk and strength [30].

Assessment of the body composition using bioimped-
ansometry demonstrated that the fat mass percentage
was high in both groups; however, in the pre-sarcopenia
group, fat mass and BMI were higher. The results are
comparable with the study conducted by the Federal
Bureau for Medical and Social Assessment of the Min-
istry of Labour of Russia (2017) [9]. Allegedly, this vari-
ant of fat mass distribution can correspond to sarcopenic
obesity, which contributes to reduced muscle bulk [9].

In serum of patients with potential sarcopenia, pro-
tein levels were reduced as compared to controls, which
causes reduction in skeletal muscle mass [9]. This trend
is a result of physical inactivity as one of the leading
causes of reduced muscle bulk and strength [31] and is
confirmed with the results of reduced physical activity in
the main group. These results can be associated with the
unbalanced diet in the modern population: high levels of
simple carbohydrates, saturated fats and trans fats, low
intake of protein-rich products. Diet should further be
evaluated with the use of bioimpedansometry. In order
to prevent sarcopenia, controlled physical aerobic activi-
ties for at least 20 minutes and daily intake of 1-1.2 g/kg
of protein (depending on pathology) are recommended;
it can facilitate better synthesis of muscle protein, reduce
fat mass and preserve normal bone mineralisation [31].
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Later reduced mineral density will increase the risk of
osteosarcopenia and spontaneous fractures in patients
with type 2 DM [32, 33]. Therefore, intake of an adequate
amount of protein will improve calcium reabsorption
and reduced production of parathyroid hormone [34],
thus reducing the risk of osteoporosis. Among chronic
diseases, severe chronic kidney disease (CKD) should
be mentioned, where daily protein intake is reduced to
0.2-0.5 g/kg (at GFR of < 30 mL/min/1.73 m?) in order
to prevent metabolic acidosis [35]. Inadequate mineral
density can be a result of vitamin D deficiency and dia-
betic kidney disease [36]. Preventive doses of vitamin D
will likely facilitate bone mass preservation [37]. In this
paper, patients with pre-sarcopenia presented took lower
amounts of multivitamins and vitamin D; however, there
were no differences in the incidence of chronic complica-
tions of DM between groups.

Various effects of antidiabetic medications on the
quality of muscles flag that selection of medications
should account for the risk of sarcopenia, in addition to
comprehensive monitoring of glycaemic status and car-
diovascular complications. It has been demonstrated that
sulfonylureas, insulin and metformin can promote skel-
etal muscles loss, unlike SGLC-2 inhibitors and DPP-4
[38].In this study, patients with pre-sarcopenia were more
often treated with insulin, DPP-4, while SGLC-2 inhibi-
tors and biguanides were used less often, and it needs
further investigation. Also, development of sarcopenia in
elderly people is affected by arterial hypertension, e.g. in
some studies, angiotensin-converting-enzyme inhibitors
show positive protective effect [39]. Another preventive
approach can be menopausal hormone therapy, which
was prescribed more often to women in the control
group; according to some researchers, if combined with
physical activities, it may result in muscle building [40].

The limitations of this study were non-assessment
of efficacy and lack of a healthy population, who would
not have glucose metabolism disorders, with a similar
BMI (30 and 35 kg/m?), in order to compare groups with
similar body composition; small sample size, absence of
multivariative analysis and evaluation of the nutritional
status of patients. These factors will be taken into account
and applied in our future study in a larger population.

Conclusion

Thus, an initial screening of reduced muscle bulk
and strength in patients with type 2 DM can be per-
formed with the use of handgrip test and bioimped-
ansometry. Handgrip test is used to diagnose reduced
muscle strength, while body composition assessment
(bioimpedansometry) can identify reduced muscle and
appendicular mass as long as the disease evolves. Despite
numerous studies and relevance of the problem, there
are no marketed medications to preserve muscle bulk.
Prevention measures in patients with type 2 DM aimed

at preservation of muscle bulk and strength are: stable
target glycaemia levels, prevention of physical inactiv-
ity, adequate intake of proteins and preventive doses of
vitamin D. The identified risk factors can be red flags of
sarcopenia; but their statistical value should be verified
in a larger population.

Bknap aBTOpOB:

Bce aBTOpbI BHEC/IM CYL€CTBEHHbIN BK/a/, B NOArOTOBKY paboTbl, Npoym
1 0406punn GpUHabHYIO BEPCUIO CTaTbk nepes nybankauuen
Camoiinosa HO.I. (ORCID ID: https://orcid.org/0000-0002-2667-
4842): pa3paboTKa KOHLENLMH, PeAaKL 1A U OKOHYATe/IbHOE YTBEpXAe-
HWe pyKonucu

Martgeesa M.B. (ORCID ID: https://orcid.org/0000-001-9966-6686):
paspaboTka KOHLeNnuuuM W ju3aiiHa, aHaAM3 MaTepuana, pejakuus
1 OKOHYaTe/IbHOe YTBEPH/AeHWe PyKonncK

XopouwyHosa E.A. (ORCID ID: https://orcid.org/0000-0002-3596-
6732): pa3paboTka KOHLLeNUMM U An3aiiHa NCCAe0BAHWA, aHAIU3 W UH-
TeprpeTauuy AaHHbIX, HanMcaHve pyKonucu

MopunHeHosa /1.B. (ORCID ID: https://orcid.org/0000-0001-6212-
4568): ctaTucTUyeckas o6paboTKa, MHTeprpeTaums pes3y/bTaTos, pe-
AaKLMA pyKonucu

fikumosa A./1. (ORCID ID: https://orcid.org/0009-0006-1151-261X):
OCMOTP NauueHTOB, c6op 1 06paboTka MaTepuana, ctaTuctTuyeckas ob-

paboTka

Author Contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication
Samoilova I.G. (ORCID ID: https://orcid.org/0000-0002-2667-4842):
conceptualization, revision and final approval of manuscript

Matveeva M.V. (ORCID ID: https://orcid.org/0000-001-9966-6686):
conception and design, material analysis, revision and final approval of
manuscript

E.A. Khoroshunova (ORCID ID: https://orcid.org/0000-0002-3596-
6732): conception and design of the study, data analysis and interpretation,
manuscript writing

Podchinenova D.V. (ORCID ID: https://orcid.org/0000-0001-6212-
4568): statistical processing, interpretation of results, manuscript revision
Yakimova Y.L. (ORCID ID: https://orcid.org/0009-0006-1151-261X):
examination of patients, collection and processing of material, statistical

processing

Cnucok nutepatypa/References:

1. [Jlepos N.W., llecTakoBa M.B., Maitopos A.tO. u Ap. «AAropuTMbl
crneymanu3MpoBaHHON MeAULMHCKON NOMOLLM 60/bHBIM Ca-
XapHbIM AnabeTom». CaxapHbiil Anabet. 2021; 24(1S):1-148. doi:
10.14341/DM12802.

Dedov L.I., Shestakova M.V., Mayorov A.Yu. et el. Standards of
specialized diabetes care. Edited by Dedov I.1., Shestakova M.V,
Mayorov A.Yu. 10th edition. Diabetes mellitus. 2021; 24(15):1-148.
doi: 10.14341/DM12802. [In Russian].

2. TanctaH [P, WWectakosa E.A., CkaaHuk N.A. OxupeHue n caxapHblii
AvabeT 2 Tuna: MoUCK KOMMPOMUCCHOTO TepaneBTUYECKOTO pelle-
HuA. CaxapHblil guaber. 2017; 20(4): 270-278. doi: 10.14341/DM8726.




Apxusb BHyTpeHHei MeAnumHbl © No 1 o 2024

OPUTMHAABHBIE CTATHU

10.

Galstyan G.R., Shestakova E.A., Sklyanik I.A. Obesity and type

2 diabetes mellitus: the search for a compromise therapeutic solution.
Diabetes mellitus. 2017; 20(4): 270-278. doi: 10.14341/DM8726.

[In Russian].

[Jepos V.U, WWectakosa M.B., Bukynosa O.K u ap. Snuaemmonorun-
YecKue xapaKTepuCTUKM caxapHoro Anabeta B Poccuiickoii Pege-
PaLMU: KNIMHWUKO-CTAaTUCTUYECKWI aHann3 no gaHHbiM OegepanbHo-
ro peructpa caxapHoro gua6eta Ha 01.01.2021. CaxapHbliii gnaber.
2021;24(3): 204-221. doi: 10.14341/DM12759.

Dedov I.1., Shestakova M.V., Vikulova O.K. et al. Epidemiologi-

cal characteristics of diabetes mellitus in the Russian Federation:
clinical and statistical analysis according to the data of the Federal
Register of Diabetes Mellitus on 01.01.2021. Diabetes Mellitus.
2021;24(3): 204-221. doi: 10.14341/DM12759. [In Russian].

Alabadi B., Civera M., De la Rosa A, et al. Low Muscle Mass Is
Associated with Poorer Glycemic Control and Higher Oxidative
Stress in Older Patients with Type 2 Diabetes. Nutrients. 2023 Jul
17;15(14):3167. doi: 10.3390/nu15143167.

Nomura T., Kawae T., Kataoka H., et el. Loss of lower extremity
muscle strength based on diabetic polyneuropathy in older patients
with type 2 diabetes: Multicenter Survey of the Isometric Lower
Extremity Strength in Type 2 Diabetes: Phase 2 study. ] Diabetes
Investig. 2021 Mar; 12(3): 390-397. doi: 10.1111/jdi.13354.

SohY., Won C.W. Association between frailty and vitamin B12 in

the older Korean population. Medicine (Baltimore). 2020 Oct 23;
99(43): e22327. doi: 10.1097/MD.0000000000022327.

Anuudepos M.b., Kotewwkosa O.M., lyxapesa O.B. CoBpeMeHHble
NoAXOAbl K Tepanum naLMeHToB C caxapHbIM AnabeToMm 2 Tuna He-
VIHCYNMHOBbLIMYW Npenapatamu. Jloktop.Py. 2021; 20(2): 30-39. doi:
10.31550/1727-2378-2021-20-2-30-39.

Anciferov M.B., Koteshkova O.M., Duhareva O.V. Modern approaches
to therapy of patients with type 2 diabetes mellitus with non-insulin
drugs. Doctor.ru. 2021; 20(2): 30-39. doi: 10.31550/1727-2378-2021-
20-2-30-39. [in Russian].

Muchukosa W.B., Kosanesa FO.A. Knnmuna H.A. n ap. OueHka
MbILLEYHO 1 KMPOBOIA Macchl y NaLMeHTOB C caXxapHbIM AnabeTom
2-ro TMNa rno pesy/bTaTaM ABYXHEpreTU4eCKo PpeHTreHOBCKOM
abcopbLunomMeTpun. AnbMaHax KAMHUYECKOM MegnLMHbI. 2018;
46(3): 222-232. doi: 10.18786/2072-0505-2018-46-3-222-232.
Misnikova I.V., Kovaleva Yu.A. Klimina N.A. et el. Assessment of
muscle and fat mass in patients with type 2 diabetes mellitus based
on the results of dual-energy X-ray absorptiometry. Almanac of Clini-
cal Medicine. 2018; 46(3): 222-232. doi: 10.18786/2072-0505-2018-
46-3-222-232. [In Russian).

lypbeBa W.B., OHyunHa HO.C., [lbiMoyka M.A. u ap. OcobeHHOCTH
CapKOMEeHWUM 1 COCTaBa Te/la Ha OCHOBE BUOMMMeAAHCHbIX U3Me-
PeHWii y NaLMEHTOB C caxapHbIM AvabeToM 2Tuna. Bonp. gneton.
(MuTanue). 2017; 7(3):11-19. doi: 10.20953/2224-5448-2017-3-11-19.
Guryeva |.V., Onuchina Yu.S., Dymochka M.A. et al. Features of
sarcopenia and body composition based on bioimpedance measure-
ments in patients with type 2 diabetes mellitus. Question. dietol.
(Nutrition). 2017; 7(3):11-19. doi: 10.20953/2224-5448-2017-3-11-19.
[In Russian].

Cruz-Jentoft A.J., Bahat G., Bauer J. et al. Writing Group for the Eu-
ropean Working Group on Sarcopenia in Older People 2 (EWG-
SOP2), and the Extended Group for EWGSOP2. Sarcopenia: revised

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European consensus on definition and diagnosis. Age and Ageing.
2019;48(4):601. doi: 10.1093/ageing/afz046.

MaceHko B.J1., Kokos A.H., Tpuropbesa N.W. n ap. Jly4yesble MeTOAbI
AMarHocTukm capkonenuu. Research’n Practical Medicine Journal.
2019;6(4):127-137. doi: 10.17709/2409-2231-2019-6-4-13

Masenko V.L., Kokov A.N., Grigoryeva l.I. et el. Radiation meth-

ods for the diagnosis of sarcopenia. Research'n Practical Medicine
Journal. 2019;6(4):127-137. doi: 10.17709/2409-2231-2019-6-4-13.
[In Russian].

lfonosaHosa E./l., AiipaneToB K.B. Posb 61MonMnegaHcomeTpum

B paHHel NPOPUNAKTIKE CAPKOMEHUMN Y MOXMU/bIX NaLMeHTOB aMby-
NaTopHoro 3seHa. KnnHuyeckas reportonorus. 2021; 27 (9-10): 3-9.
doi: 10.26347/1607-2499202109-10003-009

Golovanova ED, Ayrapetov KV. Bio-impedancemetry in early preven-
tion of sarcopenia in the elderly in outpatient care. Clin Gerontol.
2021; 27 (9-10): 3-9. doi: 10.26347/1607-2499202109-10003-009.
[In Russian].

Liccini A., Malmstrom T.K. Frailty and sarcopenia as predictors of
adverse health outcomes in persons with diabetes mellitus. ] Am Med
Dir Assoc. 2016; 17:846-51. doi: 10.1016/j.jamda.2016.07.007.
Hamasaki H., Kawashima Y., Katsuyama H. et el. Association of
handgrip strength with hospitalization, cardiovascular events, and
mortality in Japanese patients with type 2 diabetes. Sci Rep. 2017;
7:1-9. doi: 10.1038/541598-017-07438-8.

Kim T.N, Choi K.M. Sarcopenia: definition, epidemiology, and patho-
physiology. ] Bone Metab. 2013; 20:1-10. doi: 10.11005/jbm.20.1.1.
Abbatecola A.M., Olivieri F., Corsonello A. et el. Frailty and

safety: the example of diabetes. Drug Saf. 2012; 35:63-71.

doi: 10.1007/BF03319104.

Santoro A., Guidarelli G., Ostan R., et el. Gender-specific association
of body composition with inflammatory and adipose-related markers
in healthy elderly Europeans from the NU-AGE study. Eur Radiol.
2019 Sep; 29(9): 4968-4979. doi: 10.1007/500330-018-5973-2.
Bukbasosa I.P., /ne3aH M.A., TuxoHpasoBa /l.B. Bce, 4To HyXHO 3HaTb
0 CapKOMeHW: KpaTKUiA 1A ANA COBPEMEHHOrO TeparesTa B BOMPO-
cax 1 oTBeTax. bronneTeHb cMbupckoii MeauumHbl. 2023;22(3):88-97.
https://doi.org/10.20538/1682-0363-2023-3-88-97

Bikbavova G.R., Livzan M.A_, Tikhonravova D.V. All you need to

know about sarcopenia: a short guide for an internal medicine
physician in questions and answers. Bulletin of Siberian Medicine.
2023;22(3):88-97. https://doi.org/10.20538/1682-0363-2023-
3-88-97 [In Russian].

[Apankuna O.M,, lLlenens P.H., Bacunbesa J1.3., u ap. OueHKa ypoBHa
$U3MYECKON aKTUBHOCTU Y NaLMEHTOB C U36LITOYHON Maccoii Tena
1 oxmpeHmneM B Poccuiickoit degepauun (PAKTOP-PO): o6ocHoBa-
HUWe 1 gun3aiiH nccneposanua. NMpodunaktudeckas MeanumHa. 2020;
23(3):7-19.

Drapkina OM, Shepel RN, Vasilieva LE, et al. Assessment of the level
of physical activity in patients with overweight and obesity

in the Russian Federation (FACTOR-RF): argumentation and study
design. Profilakticheskaya Meditsina. 2020; 23(3): 7-19. https://doi.
org/10.17116/profmed2020230317 [In Russian].

Jlyulume nporpaMMbl CKpUHUHIOB B MUPE U X CpaBHeHMe ¢ Mo-
CKBOII [DNeKTPOHHBIN pecypc] : 3KcnepTHbIN 0630p / H.H. Ka-
MbIHMHA, A.A. KpaBUyK. — D/1IeKTPOH. TeKCToBble gaH. — M. : TbY
«HUNO3MM /13M», 2022. — URL:https://niioz.ru/moskovskaya-
meditsina/ izdaniya-nii/obzory/ . — 3arn. c s3kpaHa. —35 c.

61



62

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine @ Ne 1 e 2024

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The he best screening programs in the world and their comparison
with Moscow [Electronic resource] : expert review / N.N. Kamynina,
A.A. Kravchuk.- Electronic text data. — M. : GBU “NIYOZHM DZM",
2022. — URL:https://niioz.ru/moskovskaya-meditsina/ izdaniya-
nii/obzory/ . — Downloaded from the screen. — 35p. [In Russian].
Bahat G., Ozkok S., Kilic C., et el. SARC-F Questionnaire Detects
Frailty in Older Adults. ] Nutr Health Aging. 2021; 25(4):448-453.
doi: 10.1007/5s12603-020-1543-9.

Lins L., Carvalho F.M. SF-36 total score as a single measure of health-
related quality of life: Scoping review. SAGE Open Medicine. 2016; 4.
doi: 10.1177/2050312116671725.

Abbasi-Ghahramanloo A., Soltani-Kermanshahi M., Mansori K. et el.
Comparison of SF-36 and WHOQoL-BREF in Measuring Quality of
Life in Patients with Type 2 Diabetes. Int ] Gen Med. 2020 Aug 11,
13:497-506. doi: 10.2147/1)GM.S25895.

Camoiinosa HO.I., MaTBeeBa M.B., XopowyHoBsa E.A v ap. Komnosu-
LIMOHHbIV COCTAB TeAa Npu CapKOMeHUM y UL, CPeAHEro Bo3pacra.
TepaneBTuyeckuii apxus. 2022; 94(10):1149-1154. doi: 10.26442/
00403660.2022.10.201878

Samoilova Yu.G., Matveeva M.V,, Khoroshunova E.A. et al. Body
composition in sarcopenia in middle-aged individuals. Therapeutic
archive. 2022;94(10):1149-1154. doi: 10.26442/00403660.2022.10.
201878. [In Russian].

Trierweiler, H., Kisielewicz, G., Hoffmann Jonasson, T. et al. Sarco-
penia: a chronic complication of type 2 diabetes mellitus. Diabetol
Metab Syndr. 2018; 10 (25) doi: 10.1186/s13098-018-0326-5.
Buptokosa E.B., laHHeHkoBa E.C., ConoBbeBa W.B. [lnabetunyeckas
FIOﬂVIHeﬁPOI'IaTVIH: 4ero Mbl 4OCTUTAN B MOHNUMaHUN I'IpOGI]eMbI.?
PM)K. 2020; 1:14-19.

Biryukova E.V., Gannenkova E.S., Solovieva |.V. Diabetic polyneuropa-
thy: what have we achieved in understanding the problem? breast
cancer. 2020;1:14-19. [In Russian].

Jayabalan B., Low L.L. Vitamin B supplementation for diabetic
peripheral neuropathy. Singapore Med J. 2016;57(2): 55-59.

doi: 10.11622/smedj.2016027.

LWapawkunHa H.B., Pynnxuna H.K., Tkayesa O.H. n gp. PacnpocTtpa-
HEHHOCTb, METOAbl ANATHOCTUKU N KOPPEKLNA CapKONneHun 'y no-
»unbix. KnnHuyeckas repoHtonorus. 2016; 3(4):46-51.
Sharashkina N.V,, Runikhina N.K., Tkacheva O.N. et al. Prevalence,
diagnostic methods and correction of sarcopenia in the elderly.
Clinical gerontology. 2016; 3(4):46-51. [In Russian].

OnyuunHa FO.C,, lypbesa M.B. B3anMocBA3b CapKoneHnm n caxapHoro
Anabeta Tuna 2. SHAOKpUHoNorua: HoBocTn. MHeHus. ObyyeHue.
2018;4 (25). doi: 10.24411/2304-9529-2018-14004.

Onuchina Yu.S., Gur'eva L.V. Relationship between sarcopenia and
type 2 diabetes. Endocrinology: News. Opinions. Education. 2018;

4 (25). doi: 10.24411/2304-9529-2018-14004. [In Russian]
Nokunckan /1.C., KypraHckas O.H., Macnos K.I. u gp. CaxapHbiit
AmnabeT 2 TMna u capkoneHus: 063op antepatypbl. CoBpeMeHHble
npo6/1eMbl 3,paBOOXPaHEHNA U MEAULMHCKON CTaTUCTMKN. 2022.
N2 4. [DnekTpoHHbIi pecypc]. URL: https://cyberleninka.ru/article/n/
saharnyy-diabet-2-tipa-i-sarkopeniya-obzor-literatury (garta o6pa-
wenus: 21.11.2023).

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Lokinskaya L.S., Kurganskaya O.N., Maslov K.G. et al. Type 2 diabetes
mellitus and sarcopenia: a review of the literature. Modern prob-
lems of health care and medical statistics. 2022. No. 4. [Electronic
resource]. URL: https://cyberleninka.ru/article/n/saharnyy-diabet-
2-tipa-i-sarkopeniya-obzor-literatury (date of the application:
11.21.2023). [In Russian]

Mokpsiwesa H.I, KpynuHosa t0.A., Bonoanyesa B.J1. n ap. Capko-
neHus rnasamu sHgoKpuHonora. Octeonopos n octeonatun. 2019;
22(4):19-26. doi: 10.14341/0ste012465.

Mokrysheva N.G., Krupinova Yu.A., Volodicheva V.L. et el. Sarcopenia
through the eyes of an endocrinologist. Osteoporosis and osteopathy.
2019; 22(4):19-26. doi: 10.14341/0ste012465. [In Russian).

Pechmann L.M., Petterle R.R., Moreira C.A. et el. Osteosarcopenia and
trabecular bone score in patients with type 2 diabetes mellitus. Arch
Endocrinol Metab. 2021 Nov 24; 65(6):801-810. doi: 10.20945/2359-
3997000000418.

MenbHuyenko ILA., benaa XK.E., PoxuHckas /1.9, n ap. Pepepans-
Hble K/IMHWUYeCK1Ee PEKOMEHAALMM MO AUArHOCTUKE, Ie4EHNIO

1 npodpunakTuke octeonoposa. [pobaembl s3HAOKPUHOOT UK. 2017;
63(6): 392-426. doi: 10.14341/probl2017636392-426.

Mel'nichenko G.A., Belaya Zh.E., Rozhinskaya L.Ya., et al. Russian fed-
eral clinical guidelines on the diagnostics, treatment, and prevention
of osteoporosis. Problems of Endocrinology. 2017;63(6):392-426. .
doi: 10.14341/probl2017636392-426. [In Russian].

Rizzoli R., Stevenson J., Bauer J., et al. Erratum to “The role of dietary
protein and vitamin D in maintaining musculoskeletal health in
postmenopausal women: a consensus statement from the European
Society for Clinical and Economic Aspects of Osteoporosis and Annals
of the Russian Academy of Medical Sciences. 2020;75(3):240-249.
doi: 10.1016/j.maturitas.2014.07.005.

Hirschfeld H.P., Kinsella R., Duque G. Osteosarcopenia: where bone,
muscle, and fat collide. Osteoporos. Int. 2017; 28(10):2781-2790. doi:
10.1007/s00198-017-4151-8.

Davenport A. Frailty, appendicular lean mass, osteoporosis and
osteosarcopenia in peritoneal dialysis patients. | Nephrol. 2022 Dec;
35(9):2333-2340. doi: 10.1007/s40620-022-01390-1.

Deutz N.E., Matheson E.M., Matarese L.E et el. Readmission and
mortality in malnourished, older, hospitalized adults treated with

a specialized oral nutritional supplement: A randomized clinical trial.
Clin Nutr 2016; 35(1):18-26. doi: 10.1016/j.clnu.2015.12.010.

Zhang X, Zhao Y, Chen S, et al. Anti-diabetic drugs and sarcopenia:
emerging links, mechanistic insights, and clinical implications. |
Cachexia Sarcopenia Muscle. 2021 Dec;12(6):1368-1379. doi:
10.1002/jcsm.12838. Epub 2021 Oct 21. PMID: 34676695; PM-

CID: PMC8718027.

Ata AM, Kara M, Ekiz T, et al. Reassessing Sarcopenia in Hyperten-
sion: STAR and ACE Inhibitors Excel. Int J Clin Pract. 2021 Mar;
75(3):e13800. doi: 10.1111/ijcp.13800. Epub 2020 Nov 20.

PMID: 33108697.

Geraci A, Calvani R, Ferri E, et al. Sarcopenia and Menopause:

The Role of Estradiol. Front Endocrinol (Lausanne). 2021 May 19;

12: 682012. doi: 10.3389/fend0.2021.682012. PMID: 34093446;
PMCID: PMC8170301.




Apxusb BHyTpeHHei MeAnumHbl © No 1 o 2024 OPUTMHAABHBIE CTATBU

(@)ev 20|

DOI: 10.20514/2226-6704-2024-14-1-63-71
YK 578.834.1
EDN: OPXUDO

A.M. KapauyeHoBa*, E.H. PomaHoBa

depepanbHoe rocysapcTBeHHOE 61og)KeTHOe 0bpasoBaTe/ibHOe yUpexAeHne

BbICLIEro o6pa3oBaHNs « HMTUHCKan rocyAapcTBeHHan MeAULMHCKas akafeMus»
MwuHUCcTepcTBa 34paBooxpaHeHuns Poccuiickoit Pepepaumm, kapespa NOAUKANHUYECKON
Tepanuu ¢ KYpcoM MeANLMHCKON peabuautauum, Yuta, Poccus

BAUSHUE YPOBHS BUTAMIUHA D U TIOAU-
MOPO®U3MA TEHA ET'O PELHEIITOPA (BSMI, FOKI)
HA TSIDKECTb COVID-19-ACCOLIMMPOBAHHOTO
ITOPAJKEHUA AETKUX

A.M. Karachenova*, E.N. Romanova

Chita State Medical Academy, Department of polyclinic therapy
with a course of medical rehabilitation, Chita, Russia

Effect of Vitamin D Receptor Gene Polymorphism
(Bsml, FokI) and its Concentration on the Severity
of Covid-Associated Lung Damage

Pesome

Llens. BbisBUTb B3aMMOCBA3b MeX/y CbIBOPOTOYHBIM COZlepXaHneM BuTaMmHa D 1 nonmmop¢$usMom reHa peuientopa ButammnHa D ¢ TaxecTblo Teve-
Husa COVID-19-accouumpoBaHHOro nopaxeHus nerkux. Matepuansl n MeToabl. B paboTe npegcrassieHbl pe3ynbTaThl ob6cnegobanns 200 yenoBek
yepes 1 MecsL nocne nepeHeceHHoro COVID-accoLumMpoBaHHOro nopaxkeHus nerkux B nepuog ¢ 01 uioHa no 31 oktabpa 2020 roaa. MauymeHTbl
pasaenieHbl Ha rpynnbl No 50 YenoBeK B 3aBUCMMOCTY OT CTEMEeHW MOPaXKeHUA Nerkmx rno pesy/ibTaTaM NPpOBeAeHNA KOMMbIOTEPHOW TOMOrpaduu:
1-a rpynna (KT-1), MeaunaHa no Bospacty coctaswna 51,5 [50,5; 54,8]; 2-a rpynna (KT-2), Mmeanana no Bospacty 57,0 [53,1; 57,0]; 3-a rpynna (KT-3),
MeamaHa no Bospacty 52,5 [51,9; 55,0]; 4-a rpynna (KT-4), Meaunana 55,0 [53,2; 56,4]. B rpynny KOHTpo/isi BOWAM 56 Ye/I0BEK OTHOCUTENBHO 340-
POBbIX /ML, He 60/IEBLUMX KOPOHABMPYCHOM MHbEKL e, MegmaHa no BospacTy coctaswia 55,0 [51,1; 55,0]. Bce rpynnbl 6biaM cONoCTaBuMbl Mo
BO3PacTy U Nosy. B CbIBOPOTKe KPOBU UCCEA0BA/IN KOHLLEHTPaLMIO 06Lero 25-rugpokcmeutamuya D (25(OH)D). Takke npoBegeHO MONEKYNSIPHO-
reHeTU4YeCKoe UCCNe0BaHMe reHa pelenTtopa ButaMuHa D: 283 A>G (Bsml) n 2 A>G (Fokl). PesyabTaTbl. YuuTbiBas NosyYeHHble pe3yabTaThl y na-
uveHTOB, NepeHeciunx COVID-19-accoummpoBaHHOe NopaXkeHUe Nerkmx, MOXHO NPeAnoNoXMnTb, YTO HeJ0CTaTOYHOE Co/AepaHue B KpoBU obLero
25-rnapokcmBuTaMnHa D MoXeT ABAATLCA OAHMM 13 GaKTOPOB, CMOCOBCTBYIOLINX OCNOMHEHHOMY TEYEHMIO KOPOHABMPYCHOM MHMEKLIMK, a TaKkKe
¢daKTopoM pucka yxygleHus TedyeHna COVID-19-accoummnpoBaHHOro nopaxeHus nerkux. AHanus noanMmopdusMa reHa peuentopa BuTamMmuHa D
VDR: 283 A>G noka3san npenMyllecTBeHHOe Hac/seA0BaHne annenu A v romosnroTtsl A/A y naumeHToB ¢ 60/1bIMM YPOBHEM MOBPEX/4eHNA Iero4YHOM
TKaHM Ha poHe COVID-19 nHdekuunm — KT-3, 4. MisyyeHne nonmmopdusma reHa peyentopa sutammuHa D VDR: 2 A>G nokasasnio npenMyLiecTBeHHoe
HacneAoBaHMe romMo3uroTbl A/A cpesi 3a60neBLINX NO CPaBHEHUIO C FPYNMo KOHTPoAA. MpW M3yYeHUM KOHLeHTpaLmuu BuTaMuHa D y naumeHToB
¢ COVID-19-accoummnpoBaHHbIM NOpaXKeHNEeM IErKUX B 3aBUCMMOCTM OT Mo/iMMopdU3Ma reHos peenTtopa Butamud D VDR: 283 A>G (Bsml) u VDR:
2 A>G (Fokl) otamnuunin He BbisiBeHO. 3akntoueHne. HegoctatouHoe cogepxanue B kposu 25(OH)D MOXKeT ABAATLCA OAHWUM 13 $aKTOPOB, CNoco6-
CTBYIOLLUX OC/IOKHEHHOMY TEYEHMI0 KOPOHABUPYCHOW UHeKLun. AHaaus nonmmopdusma reHa peuentopa ButamuHa D VDR: 283 A>G nokasan
npenMyLecTBEHHOe Hacne0BaHve annenn A n romosurotsl A/A 'y 6onee TAXKeNON KaTeropMmn naLMeHToB — C 06EMOM NMOBPEXKAEHUA SIErOHHOM
TKaHu 6osiee 50 % (KT-3, 4) Ha ¢poHe COVID-19 nHdekummn. MsyyeHue noammopdusma reHa peuentopa utammuHa D VDR: 2 A>G BbifBUAO cpeaun
3abosieBLINX Hanbolee pacNpoCTpaHeHHOe HOCUTE/IbCTBO FOMO3UroTbl A/A MO CpaBHEHMIO C FPYNMON KOHTPOA.

Kntro4deBbie cnioBa: COVID-19-accoyuuposaHHoe nopasxeHue e2Kux, N0AUMOp@u3M 2eHa peyenmopa sumamura D: 283 A>G (Bsml) u 2 A>G (Fokl)
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Abstact

Objective. To identify the relationship between the serum vitamin B content and the polymorphism of the vitamin B receptor gene with the severity
of the course of COVID-19-associated lung damage.

To identify the relationship between serum vitamin D content and polymorphism of the vitamin D receptor gene with the severity of COVID-19-
associated lung damage. Materials and methods. The paper presents the results of an examination of 200 people, after 1 month suffering COVID-
associated lung damage in the period from June 1 to October 31, 2020. The patients were divided into groups of 50 people depending on the degree
of lung damage based on the results of computed tomography: group 1 (CT-1), median by age was 51.5 [50.5; 54.8]; group 2 (CT-2), median by age
57.0 [53.1; 57.0]; group 3 (CT-3), median by age 52.5 [51.9; 55.0]; group 4 (CT-4), median 55.0 [53.2; 56.4]. The control group included 56 relatively
healthy people who did not have coronavirus infection; the median age was 55.0 [51.1; 55.0]. All groups were comparable in age and gender. The
concentration of total 25-hydroxyvitamin D (25(OH)D) was studied in blood serum. A molecular genetic study of the vitamin D receptor gene was
also carried out: 283 A>G (Bsml) and 2 A>G (Fokl). Results. It was revealed that insufficient levels of 25(OH)D in the blood are one of the risk factors
for the development of COVID-19 infection, as well as a risk factor for worsening the course of COVID-19-associated lung damage. Analysis of the
polymorphism of the vitamin D receptor gene VDR: 283 A>G showed the predominant inheritance of allele A and homozygote A/A in patients with
a high level of damage to lung tissue due to COVID-19 infection — KT-3, 4. Study of polymorphism of the vitamin D receptor gene VDR: 2 A>G
showed preferential inheritance of homozygote A/A among patients compared to the control group. When studying the concentration of vitamin
D in patients with COVID-19-associated lung damage depending on the polymorphism of the vitamin D receptor genes VDR: 283 A>G (Bsml) and
VDR: 2 A>G (Fokl), no differences were found. Conclusion. Insufficient levels of 25(OH)D in the blood may be one of the factors contributing to the
complicated course of coronavirus infection. Analysis of the vitamin D receptor gene polymorphism VDR: 283 A>G showed preferential inheritance
of the A allele and homozygote A/A in a more severe category of patients — with more than 50 % damage to the lung tissue (CT-3, 4) against the
background of COVID-19 infection. A study of the polymorphism of the vitamin D receptor gene VDR: 2 A>G revealed the most common carriage of
the A/A homozygote among patients compared to the control group.

Key words: COVID-19-associated lung damage, vitamin D receptor gene polymorphism: 283 A>G (Bsml) and 2 A>G (Fokl)
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Introduction

Vitamin D is one of the key immunity regulators
[1, 2]. Vitamin D deficiency observed in 80 % of the
Russian citizens is associated with impaired innate and
acquired immunity, resulting in a high risk of viral and
bacterial infections. Patients with vitamin D deficiency
have significantly reduced resistance to bacterial and
viral diseases (ARVT, flu, rhinitis, obstructive pulmonary
diseases) (2, 3].

Recent studies conducted during and after the
COVID-19 pandemic demonstrated that vitamin D defi-
ciency can contribute to the morbidity rates and aggra-
vate SARS-CoV-2 infection [4-6]. It has been shown
that there are several mechanisms of how vitamin D

can reduce the risk of bacterial and viral infections by
creating a barrier and affecting the innate cellular and
humoral immunity [7]. An active form of vitamin D
(calcitriol 1.25(OH)2D3) facilitates the reduction in pro-
inflammatory cytokine (IL-6, TNFa, CXCL8, CXCL10)
levels, stimulates synthesis of antimicrobial peptides
(cathelicidin, defensin), which have antiviral effects
[3, 8]. Also, one of the vitamin D functions is related
to pathogen identification by macrophages, it being
innate immune response. Besides, vitamin D suppresses
IL-2 and IFy production by type 1 T-helper cells and
stimulates cytokine production by type 2 T-helper cells
[9]. Given that vitamin D takes part in the activity of the
renin-angiotensin-aldosterone system, it is assumed that
it controls the amount of mRNA (messenger ribonucleic




Apxusb BHyTpeHHei MeAnumHbl © No 1 o 2024

OPUTMHAABHBIE CTATHU

acid) and expression of angiotensin-converting enzyme-
2, responsible for the protective against various respi-
ratory infections [10]. As for SARS-CoV-2, it is worth
mentioning that vitamin D can suppress supposed adhe-
sive molecules (DPP-4/CD26) for viral penetration to
the cell [6, 10]. Vitamin D affects the body with the help
of the VDR (vitamin D receptor), localised on chromo-
some 12, locus 12q13.11 [11]. VDR is specifically acti-
vated by calcitriol and causes changes in expression of
over 2,700 human genes [2, 3]. A genome-wide biologi-
cal system analysis by Gromova OA et al. to study the
VDR binding made it possible to systematise biological
roles of vitamin D for further treatment and prevention
of a wide array of diseases [12]. It has been found out that
the antiviral immunity is supported by at least 155 pro-
teins, the expression of which is regulated by vitamin D
receptor [3, 12].

Vitamin D receptor is characterised by polymor-
phism, i.e. various allelic variants of this gene in a
population [13, 14]. VDR gene localised on chromo-
some 12q13.11 contains a number of single nucleotide
polymorphisms, including polymorphism 283 A>G
(BsmI) (rs1544410), polymorphism 2 A>G (FokI)
(rs2228570). The Russian scientific literature does not
contain any data on the study of the correlation between
respiratory pathologies and polymorphisms Bsml and
FokI of the VDR gene; however, there are foreign stud-
ies discussing this correlation with bronchopulmonary
diseases [11].

Study Objective

To find the correlation between serum vitamin D
levels and polymorphism of the vitamin D receptor
gene and the severity of COVID-19-associated lung
involvement.

Materials and Methods

The study included 200 patients with a history of
COVID-19-associated lung involvement during the
period from June 1 to October 31, 2020 one month after
discharge from in-patient clinics in Chita. All patients
were divided into groups of 50 people, depending on
the degree of pulmonary involvement as seen on CT
scans: group 1 (CT1) — median age was 51.5 [50.5;
54.8]; group 2 (CT2) — median age was 57.0 [53.1;
57.0]; group 3 (CT3) — median age was 52.5 [51.9; 55.0];
group 4 (CT4) — median age was 55.0 [53.2; 56.4]. The
study enrolled patients with confirmed novel coronavi-
rus infection, where SARS-CoV-2 (Severe Acute Respi-
ratory Syndrome-relate Coronavirus 2) RNA was identi-
fied with real-time polymerase chain reaction. Exclusion
criteria were: lymph and myeloproliferative disorders,
system diseases requiring immunosuppression therapy,
HIV infection, chronic alcoholism, pregnancy, intake of
vitamin D.

The control group included 56 healthy volunteers
without a history of coronavirus infection and other
respiratory diseases within the past three months;
median age was 55.0 [51.1; 55.0]. All study groups were
similar in sex and age composition.

Serum vitamin D (total 25-hydroxyvitamin D) was
measured by an immunoassay after collection of serum
samples from all study subjects. Serum 25(OH)D levels
were measured using commercially available kits and
Access 2 analyser (Beckmancoulter, USA). Molecu-
lar genetic testing of vitamin D receptor gene 283 A>G
(Bsml) (rs1544410) and 2 A>G (FoklI) (rs 2228570) was
performed using polymerase chain reaction with allele-
specific primer (LEGEND plex™). DNA was isolated with
real-time PCR (PCR-RT) and PCR with electrophoretic
result detection (DNA Technology).

The study was approved by the Ethics Committee at
the Federal State Budgetary Educational Institution of
Higher Education Chita State Medical Academy of the
Ministry of Health of the Russian Federation. Before any
assessments, patients provided their voluntary informed
consent; all activities were performed in accordance with
the World Health Organisation’s Declaration of Helsinki
(2013).

Statistical processing of study results was performed
with IBM SPSS Statistics Version 25.0 (licence No. Z125-
3301-14, IBM, USA). Statistical analysis followed the
principles of the International Committee of Medi-
cal Journal Editors (IC MJE) and the Statistical Analy-
sis and Methods in the Published Literature (SAMPL)
guidelines. Normality of parameter distribution in
groups of over 50 subjects was assessed using the Kol-
mogorov-Smirnov test. Given that the parameter dis-
tribution in all study groups was not normal, obtained
data were presented as a median value, first and third
quartiles: Me [Q; Q,]. Kruskal-Wallis test was used to
compare quantitative parameters in three independent
groups. Results were statistically significant at p < 0.05.
Pair-wise comparison of two independent groups using
one quantitative parameter, Bonferroni modified Mann-
Whitney U test was used. Correlation relationships
between study parameters were identified with the help
of the Spearman’s coefficient. The degree of correlation
between study parameters was found using Chaddock
scale. Ratings were described with absolute values and
percentages. Study ratings were compared with the use
of Pearson’s x> which allows assessing the significance
of differences between the actual number of outcomes
or qualitative characteristics of a group in each category
and the theoretical number which can be expected in the
study groups if the zero hypothesis is true. For smaller
groups, likelihood-adjusted Pearson’s chi-squared test
was preferable. Cramer’s factor (V) was used to measure
the degree of correlation between the risk factor and
outcome. The distribution of the frequency of vitamin D
genotypes 283 A>G (Bsml) and 2 A>G (FoklI) corre-
sponded to Hardy-Weinberg equilibrium [14].

65



66

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine @ Ne 1 e 2024

Results and Discussion

Analysis of vitamin D concentration in the study
groups demonstrated lower levels in patients with
COVID-19-associated lung involvement vs. controls. Dif-
ference vs. group 1 was 1.2-fold [1.14; 1.22] (p < 0.001),
group 2 — 1.3-fold [1.22; 1.31] (p < 0.001), group 3 —
1.4 fold [1.29; 1.38] (p < 0.001), and group 4 — 1.4 -fold
[1.34; 1.45] (p < 0.001) (Table 1). Also, lower levels of
vitamin D were found in patients with an extensive pul-
monary tissue involvement: in groups 3 (CT-3) and 4
(CT-4) vs. group 1 (CT-1) — 1.12-fold [1.09; 1.17] and
1.17-fold [1.13; 1.23], respectively (p < 0.001); in group 4
(CT-4) vs. group 2 (CT-2) — 1.12-fold [1.06; 1.15]
(p <0.001) (Table 1).

According to the 2021 Vitamin D Deficiency Guide-
lines [16] in adults, measurement of vitamin D levels
in patients corresponded to the following criteria: vita-
min D deficiency — blood 25(OH)D level of < 20 ng/
mlL, inadequate vitamin D level — blood 25(OH)D level
between > 20 and < 30 ng/mL, with the target value of
30-60 ng/mL. In our study, low vitamin D levels were
recorded in 184 patients (92 %): group 1 (CT-1) — 41
(82 %) subjects, group 2 (CT-2) — 46 (92 %) subjects,

group 3 (CT-3) — 48 (96 %) subjects, group 4 (CT-4) —
49 (98 %) subjects. Besides, vitamin D deficiency
was diagnosed in 2 patients in group CT-3 (4 %) and
7 patients (14 %) in group CT-4. The majority of con-
trols had target 25(OH)D levels (87.5 %), unlike patients
who had coronavirus infection. This value was 4.9 times
higher than in group 1 (p < 0.001), 10.9 times higher
than in group 2 (p < 0.001), 21.9 times higher than in
group 3 (p < 0.001), 43.8 times higher than in group 4
(p <0.001) (Table 2).

In analysis of the group of patients, depending on
the severity of COVID-19-associated lung involvement,
target vitamin D levels in group 1 (CT-1) vs. group 3
(CT-3) and 4 (CT-4) were found 4.5 times (p = 0.03) and
9 times (p = 0.02) more often (Table 2).

The correlation analysis demonstrated that there is
moderate inverse relationship (V = -0.46, p < 0.001)
between 25(OH)D level and extent of lung tissue
involvement.

Therefore, it can be assumed that lower serum vita-
min D levels are a risk factor of coronavirus infection
and a risk factor of aggravated COVID-19-associated
lung involvement.

Table 1. The concentration of vitamin D in the blood of patients of the studied groups

Statistics
Vltan}m D Manna-Whitney
Groups concentration, ng/ml .
Me [Q1; Q3] Kruskal-Wallis Comparison with Comparison of groups

control group studied

33,17 U, ,=907,0
Control , =56 ; 2
ontrol group, n K [32,46; 33,53] P,,=0,02;
Group 1, n=50 1 27,53 UH:(??)Z;;;’ o =(f:)f))10’
pon= [27,41; 28,43] P,,<0,00L; P, ,<0,001;
U_,=172,0, U, =421,0,

26,41 H=130,53, df=4 p.,<0,001; p,.,<0,001;

Group 2, n=50 2 >0 > k2 SOV U 145U
P [25,65; 26,61] P <0,001. U_.=96,5, U,, =861,0,
24,54 P,.;<0,001; p,,=0,007;
Group 3,n=30 : [24,23;25,11] U, =735, v, ,=702,0,
p,_,<0,001. p,,<0,001;
23,51 U, ,=1010,0
4,n= 4 : o

Group 4, n=50 [23,17; 24,19] 3[)4374:0,1.

Note: the statistical significance of the differences between: p_ — control group and group 1; p_, — control group and group 2; p_, — control group and group 3; p_, — control group
and group 4; p, , — between 1 and 2 groups of patients; p, , — between 1 and 3 groups of patients; p, , — between 1 and 4 groups of patients; p, , — between 2 and 3 groups of patients;

p, , — between 2 and 4 groups of patients; p, , — between 3 and 4 groups of patients

Table 2. Characteristics of patients depending on the level of vitamin D concentration

Number of patients with low Number of patients with Statistics
Groups 25(0OH)D levels target level 25(OH)D N
(less than 30 ng/ml) (from 30 to 60 ng/ml) PX
Control group, n=56 K 12,5% (7/56) 87,5% (49/56) X'.i=51,5; p, ;<0,001;
X2,=66,8; p_,<0,001;
Group 1, n=50 1 82% (41/50) 18% (9/50) X, ,=24,1; p,,<0,001;
X2, =23,58; p_,<0,001.
Group 2, n=50 2 92 % (46/50) 8% (4/50) X',=14;p,,=0,14;
X*,,=5,01; p,_,=0,03;
Group 3, n=50 3 96 % (48/50) 4% (2/50) X,.=54;p, ,=0,02.
F, =0,7%p, =0,68
Group 4, n=50 4 98 % (49/50) 2% (1/50) F, =147 p, =0,21

F, ,=0,6p,,=0,62

Note: see table 1
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Scientific literature contains similar information that
higher serum vitamin D concentrations are associated
with a reduced risk and milder COVID-19 infection [17].
Also, there is evidence that vitamin D activates immune
cells, which are then used to produce immune peptides
and proteins — cathelicidins and defensins, which have
an array of antimicrobial and antiviral effects [18, 19].

In turn, it would be interesting to study the associa-
tion between the levels of vitamin D with known poly-
morphisms of vitamin D gene depending on the severity
of COVID-19-associated lung involvement. We managed
to perform a genetic testing of 156 patients; thus, groups
1,2 (CT-1,2) — group I were compared with groups 3, 4
(CT-3,4) — group IL

Analysis of polymorphism of vitamin D receptor
gene VDR: 283 A>G in patients with COVID-19-asso-
ciated lung involvement demonstrated that allele G is
1.2 times more common in patients with less extended
pulmonary tissue involvement (CT-1,2) vs. controls
(p <0.03; OR = 0.6). Also, it was found out that patients
with less extended pulmonary tissue involvement (CT-
1,2) have allele G 1.4 times more often (p < 0.001;
OR = 2.5) than controls (CT-3,4). Patients with more
extended lung tissue involvement (CT-3,4) have allele

A 1.8 times more often (p < 0.001; OR = 0.4). Analysis
of polymorphism genotypes of vitamin D receptor gene
VDR: 283 A>G demonstrated that polymorphism G/G
is 1.7 times more common in groups CT-1,2 vs. controls
(p = 0.01; OR = 0.4). The study of polymorphism A/G
showed that it is 1.6 times more common in controls vs.
groups CT-1,2 (p = 0.02; OR = 2.3) and 1.3 times more
common vs. groups CT-3,4 (p = 0.12; OR = 1.7). Poly-
morphism A/A is observed mostly in more severe cases
of COVID-19-associated lung involvement (group II)
(2.8 times more common) (p = 0.006; OR = 0.3) vs.
patients with less extended lung involvement (group I)
(Table 3).

The study of polymorphism of vitamin D receptor
gene VDR: 2 A>G in patients with lung involvement
associated with past COVID-19 infection demonstrated
predominant inheritance of homozygote A/A in groups I
and II: 2.6 times more common (p = 0.04; OR = 0.3) and
2.5 times more common (p = 0.04; OR = 0.4) vs. controls,
respectively. Analysis of genotype A/G of the studied
polymorphism demonstrated its predominance in the
control group: 1.7 times more common than in group I
(p =0.007; OR = 2.7) and 1.6 times more common than
in group II (p = 0.009; OR = 2.5) (Table 3).

Table 3. Distribution of the frequency of alleles and genotypes of the vitamin D receptor gene polymorphism
VDR:283 A>G (Bsml), VDR:2 A>G (Fokl) in patients with COVID-19-associated lung damage

Group
Gene Genotypes and Control group Statistics Pairwise comparison of
alleles n=56 I(KT-1,2) II (KT-3,4) study groups
n=74 n=82
G 60,7 % 73,6% 53%
(68/112) (109/148) (87/164) x’=14,21 X=491 p,,=0,03;
df=2 x.,=1,59; p,_,=0,21;
A 39,3% 26,4% 47% p<0,001 X’,.,=14,13; p, ,<0,001;
(44/112) (39/148) (77/164)
2 _ . - .
. 33,9% 56,8% 32,9% ’)‘(;—1 _g’g; gk—l_g’;);j
: 1 42/74 27/82 2=0,02; p,,=0,90;
VDR: 283 A>G (19/56) (42/74) (27/82) XC.128,965 p, .=0,003;
2— 2 . = .
(30/56) (25/74) (33/82) - K ™8908 Py =025
p=0,002 X%,,=0,69; p, ,=0,41;
2 . — .
12,5% 9,5% 26,8% X1=0:07 b, ,=0,79;
AlA (7/56) (7/74) (22/82) X=412p,,=0,04;
X*,,=7.78; p, ,=0,006;
A 39,3% 41,2% 40,9%
(44/112) (61/148) (67/164) X=0,11 X, =0,09; p_=0,75;
df=2 X2.,=0,07; p_,=0,79;
G 60,7% 58,8% 59,1% p=0,95 X,,=0,004; p ,=0,95;
(68/112) (87/148) (97/164)
2 . = .
A 8,9% 23,0% 22% izwlj’f;j fj"‘_g’gi
. k2" D27 BT T
VDR:2 A>G (5/56) (17/74) (18/82) XC.,=0,02; p, ,=0,88;
2_ 2 _ . - A
60,7% 36,5% 37,8% X'=10,38 X =731 p,,=0,007;
AlG (34/56) 7/74) (31/82) df=4 X':=701; p, ,=0,009;
p=0,035 X2,.,=0,03; p, =0,87;
2 . — .
oG 30,4% 40,5% 40,2% X;*l:i’ﬁj P H_g’iij
(17/56) (30/74) (33/82) K™ b33 Pip™ 2%

X,,=0,001; p, ,=0,97;

Note: statistical significance of differences between: p_ — control group and group 1; p,_, — control group and group 2; p, , — between groups 1 and 2 of patients
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Table 4. Vitamin D concentration in carriers of different genetic polymorphisms of the vitamin D receptor gene VDR:

283 A>G (Bsml), VDR: 2 A>G (FokI)

Concentration of 25(0OH)

Statistics

Gene Genotypes D, ng/ml Manna-Whitney
Me [Q1; Q3] Kruskal-Wallis
> Comparison of study groups
AJA 26,2 [26,2;28,3] U, ,=807,5,
n=29
H=0,6 p,,=0.86;
A/G it U, ,=915,0
VDR: 283 A>G / 27,9 (27,3; 28,5] df=2 13
n=58 p,,=0,44;
. p=074 U, =1763,0
=69 26,6 [26,6; 27,9] p,,=0,26.
AlA 26,0 25,7 27,1] U, =1011,5,
n=35
H=2,96 P,,=0:98;
A/G i U, ,=1008,0,
VDR:2 A>G / 27,9 [27,5; 28,7] df=2 13
n=58 p,,=0,48;
p=0,23 13
GIG U, ,=1741,5;
=63 26,6 [26,65 28,3] p,,=0,66;
Note: p , — statistical significance of differences between carriers of A/A polymorphism and A/G; p, , — statistical significance of differences between carriers of A/A polymorphism
and G/G; p, , — statistical significance of differences between carriers of A/G polymorphism and G/G

No differences were found when studying vitamin D
concentrations in patients with COVID-19-associated
lung involvement, depending on polymorphism of vita-
min D receptor gene VDR: 283 A>G (BsmlI) and VDR:
2 A>G (FokI) (Table 4). Similar results were observed
in other studies; for example, Smagina IV et al. studied
patients with multiple sclerosis and found reduced serum
concentrations of 25-hydroxyvitamin D25; however,
there was no significant difference in plasma 25(OH)D
levels in patients with various genotypes of these poly-
morphisms — 283 A>G (BsmlI) and VDR: 2 A>G (FokI)
[20].

Analysis of scientific literature on the study of genetic
implications of the association between vitamin D
deficiency and severity of the past COVID-19 infec-
tion shows ambiguous data; for instance, Shreiner EV,
Petukhova SK, Khavkin AI et al. did not find out any
association between the studied genotypes and sever-
ity of the past coronavirus infection [17]. At the same
time, Protas VV et al. analysed information on various
allele combinations of vitamin D receptor gene VDR:
2 A>G (Fokl), including A>G, and summarised data on
the association between such diseases as dengue fever,
bronchopulmonary diseases (bronchial asthma, TB),
Parkinson disease, and hepatitis B [11,21-25]. Analyses
by Li, Qian MM and other foreign researchers mention
some association between inheritance of certain poly-
morphisms of vitamin D receptor gene VDR, particu-
larly rs1544410 (BsmlI), rs 2228570 (FokI), and sepsis in
various pathologies [26]. In their metaanalysis, Palshina
AM et al. found out that in Caucasian patients in France,
who carry FF frequency of genotype Fokl, rheumatoid
arthritis is much more common [27, 28]. A study of the
Russian population of patients with arterial hyperten-
sion to analyse the distribution of genotypes FokI of
VDR gene, encoding vitamin D receptor, demonstrated

that in subjects with genotypes FokI FF and Ff of gene
VDR, the disease onsets in younger age [27, 29]. A meta-
anlysis of VDR gene polymorphism, in particular of
FokI and Bsml, in type 1 diabetes mellitus (79 studies)
and type 2 diabetes mellitus (44 studies) showed a high
risk of type 1 diabetes mellitus in the presence of allele
B Bsml and type 2 diabetes mellitus in the presence of
allele f FokI [27, 30]. In studies by Kostik MM et al., gen-
otype bb of BsmI of a gene VDR polymorphous marker
manifested as a marker of poor prognosis in boys with
juvenile idiopathic arthritis [31].

Meanwhile, according to various estimates, the gen-
otype contribution to fluctuation of serum 25(OH)D
levels is 23-43 % to 77-80 % [32, 33]. If the patient’s gen-
otype has “risk alleles”, i.e. genotype variants that cause
a reduction in the amount or function of VDR recep-
tors, vitamin D will not be fully absorbed by respective
cells from the blood. A metabolic disorder will develop,
similar to vitamin deficiency. At the same time, blood
vitamin D level can remain normal. These genotypes
account for 48 %, approximately 7-11 % of them have 2
“risk alleles” at once [32, 33].

Currently, only an incomplete list of genes, mutations
of which impact vitamin D status, has been compiled
[32]. Our idea of the genetic structure of 25(OH)D levels
may be expanded as a result of large-scale genetic testing,
analysis of “gene-gene” and “gene-environment” interac-
tions, epigenetic observations, etc. Further studies in
this area are likely to ensure better understanding of
the mechanisms behind vitamin D metabolism regula-
tion. How identified genetic polymorphisms affect vita-
min D metabolism is not clearly known [32]. A majority
of authors believe that serum 25(OH)D concentrations
depend on both gene polymorphism and environmental
factors (UV index, skin exposure to sunlight, nutritional
path), therefore, they should be considered together.
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Nevertheless, features of polymorphism of vitamin D
receptor gene VDR can have an indirect impact on the
function of innate and acquired immunity. It is essen-
tial to undertake a further study of the peculiarities of
the genetic status of patients with COVID-19-associated
lung involvement and search for haplotypes (including a
study of cytokine gene polymorphisms, etc.) that affect
disease severity, including sepsis.

Conclusions

Therefore, given the available results for patients
with past COVID-19-associated lung involvement,
it can be assumed that low blood levels of total
25-hydroxyvitamin D can contribute to a more severe
course of coronavirus infection. Analysis of poly-
morphism of vitamin D receptor gene VDR:283 A>G
demonstrated predominant inheritance of allele A and
homozygote A/A in patients with a more severe dis-
ease, where pulmonary tissue involvement is over 50 %
(CT-3, 4) associated with COVID-19 infection. Study of
polymorphism of vitamin D receptor gene VDR: 2 A>G
showed that most patients were homozygote A/A carri-
ers vs. controls.
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PACITPOCTPAHEHHOCTb CMHAPOMA PAHHETO
COCYAUCTOI'O CTAPEHUS Y MYJKUMH,
PABOTAIOIINUX B YCAOBUSIX BOSAEMCTBIUS IYMA

M.D. Rudoi

FBSI «Nizhny Novgorod research institute for hygiene and occupational pathology»
Federal service for inspectorate in sphere of protection of consumer right and human
well-being (Clinical Department), Nizhny Novgorod, Russia

Prevalence of Early Vascular Aging Syndrome
in Men Working Under Noise Exposure

Pestome

LLlym MOXeT 6bITb O4HWUM U3 GpaKTOPOB, NPOBOLMPYIOLLMX NPEXAeBPEMEHHOE Pa3sBUTUE U3MEHEHWUI B CTEHKE apTepuii, acCOLMMPOBaHHbIX C BO3pac-
TOM. Lle/Ib: OLLeHNTb XeCTKOCTb COCYANCTOMN CTEHKM U PacnpOCTPaHEHHOCTb CUHAPOMA PaHHEr0 COCYAMCTOrO CTapeHNA Y MYX4/H TPY/A0CNOCO6HOro
BO3pacTa B 3aBMCMMOCTU OT KOHTaKTa C LYMOM, CTaTyca KypPeHUsA 1 Ha/MunA apTepuanbHOM runepteHsun. MaTtepuansl n metoabl. O6cnesosaHo
148 MyxuuH, paboTaBluvx B WwyMe 1 90 MYXUMH, 418 KOTOPbIX YPOBEHb BCeX BPeAHbIX MPOM3BOACTBEHHbIX PpaKTOPOB Ha paboyeM MecTe He rpe-
BbILIaA AOMYCTUMbIX HOpMaTUBOB. CpeAHWit Bo3pacT o6cnefoBaHHbIX cocTaBua 41,6 + 9,9 net, 133 yenoseka (55,9 %) ABASAUCH KypUbLYMKaMK,
43 yenoseka (18,1%) cTpaganv oxmpeHueM, 47 yenosek (19,7 %) UMeNU OTATOLWEHHYIO MO CEpPAEYHO-COCYAMCTOMN NAaTONOMMWU HACNEACTBEHHOCTb,
y 132 yenoeex (55,5 %) 6bina BbisiBNEHa rUnepxonectepuHemus, 37 yenosek (15,5 %) cTpaganu apTepuanbHoi runepTensmeit (AT). Kaxabii n3 nauu-
eHTOB, CTPazaBluvX Al, noayyan aHTUrUNepTeH3nBHYO Tepanuio. CyLIeCTBEHHbIX Pa3/IMYMiA CTPYKTYPbl aHTUrMNepTeH3MBHOW Tepani B CpaBHMBa-
eMblIx rpynnax nalmeHToB He 6b110. Ipynnbl 06cnes0BaHHbIX 6bINM CONOCTaBUMBI MeX Ay cO60i MO BO3pacTy, MHAEKCY MacChl Tena, pacnpocTpaHeH-
HOCTU KYPEHUA, OXKMPEHNA 1 apTepuasibHOM runepTeHsnn. Bcem nayuneHTam 6bi1a nposejeHa o6beMHan courmorpadus no cTaHAapTHOM MeToAuKe
B MepBo Nos0BUHe AHs Ha annapaTe VaSera 1500N (FukudaDenshi, finoHus), npuéopom aBTOMaTUYECKU ONpeaeeHbl CEPAEUHO-0AbIKEUHDIN CO-
cyamcTbint uHgekc (C/IC) cnpasa v cneBa, pacyeTHbIV BO3PAcT apTepuid. 3a CUHAPOM paHHero cocyamncToro crapenus (EVA — cuHgpom) npuHuMan
KNMHNYeCKoe COCTOAHWE, aCCOLMMPOBaHHOE C MNpeBbILeHNeM pacyeTHbIM BO3pacTOM apTepui1 NacropTHOro Bo3pacTa nauueHTa Ha 4 roga u 6onee
(kpuTepuu VaSera). PesynbTaTbl 1 ux 06y AeHme. [0C/Ie UCKNOYEHNA U3 aHANM3a KyPU/bLLMKOB U T1MEPTOHNKOB M KOPPEKLIMM Ha BO3PACT UHAEKC
YECTKOCTW COCY/IMCTON CTEHKM CrpaBa W C/leBa B OCHOBHOM rpynne nauyeHToB 3Ha4MMO MpeBbilian yKa3aHHbIA NoKasaTenb B rpynne cpaBHeHUs.
CJICW cnpasa coctasun 7,2 [6,9; 7,9] n 7,05 [6,05; 7,45] cootsetcTBeHHo, p=0,02; C/ICU cnesa — 7,3 [7,0; 7,9] v 6,85 [6,05; 7,65] cooTBeTcTBEHHO,
p =0,007. B rpynne /uu, paGoTaBLKMX B LyMe, PaC4eTHbI BO3PACT apTepuil JOCTOBEPHO MpeBbillaa NacnopTHbIK Bo3pacT nayneHTos (p=0,004),
TOr/Aa KaK B KOHTPOJIbHOM rpymMe yKkasaHHble nokasaTenm 6biam conoctasumsl (p=0,27). PacnpocTtpaHeHHOCTb EVA — cHApOMa B OCHOBHOW rpymne
nauueHToB coctasuna 14 cnyyaes (27,5%,) uto B 8,6 pasa npesbilWwano pacnpocTpaHeHHoCTb EVA — cuHapoMa B rpynne cpaBHeHus — 1 cayyaii
(3,2%); p=0,004. ConocTaBMMOCTb Py MaLMEHTOB MO OCHOBHBIM GpaKTOPaM KapAVOBACKY/ISIPHOrO PUCKa M KPUTEPUM UCK/IIOUYEHWUS U3 NCCIRA0-
BaHWA NO3BO/INAN NPEANO0KNTb, YTO BbIABJIEHHbIE N3MEHEHNA COCTOAHNA COCYANCTON CTEHKM BbINN CBA3aHbI C BO3/ENCTBMEM LyMa Ha OpPraHn3M
obcnefoBaHHbIX. 3akaoveHue. LLymM MoxeT 6biTb GaKTOPOM, YCKOPAIOLMM COCYANCTOe cTapeHue. HeobX0ANM KOHTPO/Ib COCTOAHMA Cepfe4yHO-Co-
CYAMCTOI cMCTeMbl y v, paboTaloLyx B LyMe.
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Abstract

Noise can be one of the factors provoking the premature development of changes in the artery wall associated with age. Aim: to assess the stiffness
of the vascular wall and the prevalence of early vascular aging syndrome in men of working age, depending on contact with noise, smoking status and
the presence of hypertension. Materials and methods. 148 men worked in noise and 90 men for whom the level of all harmful production factors in
the workplace did not exceed the permissible standards were examined. The average age of the examined patients was 41.6 + 9.9 years, 133 people
(55.9 %) were smokers, 43 people (18.1%) were obese, 47 people (19.7 %) had a complicated heredity, 132 people (55.5 %) had hypercholesterolemia,
and 37 people (15.5 %) suffered from arterial hypertension (AH). Each of the patients suffering from hypertension received antihypertensive therapy.
There were no significant differences in the structure of antihypertensive therapy in the compared groups of patients. The groups of surveyed were
comparable in age, body mass index, prevalence of smoking, obesity and hypertension. All patients underwent volumetric sphygmography according
to the standard procedure in the morning on the VaSera 1500N device (FukudaDenshi, Japan), the device automatically determined the cardio-
ankle vascular index on the right and left (R/L — CAVI), the estimated age of the arteries. The syndrome of early vascular aging (EVA syndrome) was
considered to be a clinical condition associated with an excess of the estimated age of the arteries of the patient's passport age by 4 years or more
(VaSera criteria). Results and discussion. After exclusion of smokers and hypertensive patients from the analysis and correction for age, the vascular
wall stiffness index on the right and left in the main group of patients significantly exceeded the indicated indicator in the comparison group. R —
CAVI was 7.2 [6.9; 7.9] and 7.05 [6.05; 7.45], respectively, p=0.02; L — CAVI was 7.3 [7.0; 7.9] and 6.85 [6.05; 7.65], respectively, p =0.007. In the
group of people working in noise, the estimated age of the arteries significantly exceeded the passport age (p=0.004), whereas in the control group
these indicators were comparable (p=0.27). The prevalence of EVA syndrome in the main group of patients was 14 cases (27.5 %), which was 8.6 times
higher than the prevalence of EVA syndrome in the comparison group — 1 case (3.2 %); p=0.004. The comparability of the patient groups according
to the main cardiovascular risk factors and the exclusion criteria from the study suggested that the identified changes in the state of the vascular wall
are associated with the effects of noise on the body of the examined. Conclusion. Noise can be a factor that accelerates vascular aging. It is necessary
to monitor the state of the cardiovascular system in persons working in noise.

Key words: early vascular aging, vascular stiffness, noise
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angiotensin converting enzyme inhibitors, BMI — body mass index, CAVI — cardio-ankle vascular index, RHS — routine health screening, EVA-
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Introduction

The concept of early vascular ageing (EVA) syndrome
includes early development of age-associated mechani-
cal and functional changes in arterial walls. The main
pathogenetic aspects of EVA-syndrome are epithelial
dysfunction, thickening of intima-media complex, more
rigid vascular walls, impaired elastic artery dilatation,
and higher pulse wave velocity. Recently, the vascular
age has been considered as an important predictor of
cardiovascular risk [1, 2]. According to researchers, the
incidence of early vascular ageing syndrome in the popu-
lation varies a lot and depends on the assessment method
used and the age-sex group of subjects. For instance, the
incidence of EVA-syndrome in a population of citizens
of St. Petersburg aged 25 to 65 years old (VaSera method)
was 13.5 % to 37.5 % [3].

Vascular wall rigidity and the rate of vascular ageing
are affected by numerous factors. To begin with, sex
and genetic differences in cardiovascular system ageing
should be emphasised [4]. Also, the incidence of EVA-
syndrome is higher in persons with carbohydrate metab-
olism disorders [5, 6]. Arterial hypertension (AH) also
adversely affects vascular wall condition [7]. On the
other hand, vascular ageing is impacted by exogenous
factors. Smoking is known to significantly increase arte-
rial rigidity [8]. Some studies describe a possible increase
in vascular wall rigidity when the body is exposed to
such common environmental factors as air pollution and
noise [9-11]. However, at the moment, the role of noise
exposure in early vascular ageing is not completely clear.
Since the level of noise affecting the patient can be easily
modified, it is very important to assess how this harmful
factor changes the rate of vascular ageing.
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Currently, numerous methods are available for the
assessment of the patient’s vascular age [1, 3]. One of
the most accessible and representative methods of non-
invasive EVA-syndrome diagnosis is 3D sphygmogra-
phy. During this assessment, the pulse wave velocity is
used to calculate the vascular wall rigidity index (CAVI).
Automated determination of CAVI correspondence to
the available age standards is used to generate a conclu-
sion whether the patient has early vascular ageing syn-
drome or not. It has been shown that 3D sphygmography
can be used in the assessment of the impact of various
endogenous and exogenous factors on the rate of vascu-
lar ageing [12].

The objective of the study is to assess vascular wall
rigidity and the incidence of early vascular ageing syn-
drome in men of working age, depending on expo-
sure to noise, smoking status and presence of arterial
hypertension.

Materials and Methods

We have conducted a cross-sectional study in
238 men aged 21-65 years old, who were undergo-
ing a routine health screening (RHS) in the medi-
cal centre of the Federal Budgetary Scientific Institu-
tion Nizny Novgorod Scientific Research Institute of
Hygiene and Occupational Pathologies. Inclusion cri-
teria in this study were the age of over 18 years old;
male sex; exposure to occupational noise at work or
work outside industrial health hazards; possibility to
perform 3D sphygmography; informed consent for the

participation in the study. Exclusion criteria were the
age of over 65 years old; BMI of over 40 kg/m? a history
of a significant somatic pathology (diabetes mellitus,
ischemic heart disease, arterial sclerosis of lower limbs;
chronic obstructive pulmonary disease; bronchial
asthma, chronic kidney disease); and hyperglycaemia
diagnosed for the first time during RHS.

The study was performed in accordance with the Dec-
laration of Helsinki (2000); it did not violate the rights
and freedoms of subjects and did not jeopardise their
safety . Each patient provided their voluntarily informed
consent for the participation in the study. This study was
approved by the Local Ethics Committee at the Federal
Budgetary Scientific Institution Nizhny Novgorod Sci-
entific Research Institute of Hygiene and Occupational
Pathologies (meeting minutes No. 1 dated January 26,
2021).

Based on a special assessment of the working condi-
tions provided by the employer, all subjects were divided
into two groups. The main group included 148 males
(mean age: 41 [35; 48] years old), at the working stations
of which the noise level exceeded the maximum permis-
sible level (80 dBA), whereas all other occupational fac-
tors were normal. Mean duration of working in condi-
tions of noise exposure in the main group was 15.5 [10.0;
23.0] years. Controls were 90 males (mean age: 40 [34;
49] years old), the social and economic status of which
was similar to that in the main group and at the work-
ing stations of which all hazardous occupational factors,
including noise, were normal.

The clinical and demographic characteristics of
patients are presented in the table (Table 1).

Table 1. Clinical and demographic characteristics of patient groups

The main group Comparison group Significance level
(148 people) (90 people) P
41 40
Age, , M ; Q. s
ge, years, Me [Q,; Q.| [35; 48] [34; 49] 0,86
The number of persons under the age of 40 inclusive, n (%) 68 44 0,66
’ (45,9) (48,9) ’
The number of persons aged 55 and over inclusive, n (%) 1> L 0,14
’ (10,2) (16,7) ’
The number of people with heredity burdened by cardiovascular pathology, 27 20 0.60
n (%) (19,6) (22,5) ’
80 53
0
Number of smokers, n (%) (54,1) (58.9) 0,47
The number of people suffering from hypertension, n (%) 24 13 0,71
peop 8 yP »n (% (16,2) (14.4) ’
Body mass index, kg/m?, M+SD 26,8+3,2 26,8+4,0 0,96
The number of obese people, n (%) 25 18 0,55
’ (16,9) (20) ’
The number of people with total blood cholesterol>5.0 mmol/l, n (%) 88 44 0,11
- ’ (59,5) (48,9) ’
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Table 2. Structure of antihypertensive therapy in patient groups, n (%)

The main group

Comparison group

£ .. ionifi level
Groups of medicines (24 people) (13 people) Significance level (p)
ACE inhibitors or ARBs 13 4 0,74
(54,2) (53,8) '
ACE inhibitors or ARBs + diuretics 8 4 0,59
(33.3) (30.,8) ’
ACE inhibitors + CCB 2 ! 0,72
(8,3) (7,7) ’
ACE inhibitors or ARBs + beta blockers ! ! 0,59
' (4,2) (7,7) ’

Notes: ACE inhibitors — angiotensin converting enzyme inhibitors, ARBs — angiotensin II receptor blockers, CCB — calcium channel blockers, beta-blockers — beta-adrenoceptor

antagonists

According to the information presented, there were
no statistically significant differences between groups in
terms of the main cardiovascular risk factors: age, BMI,
incidence of smoking, obesity, hypercholesterolemia and
arterial hypertension (AH).

AH was diagnosed in accordance with the current
clinical guidelines [13]. At the time of inclusion in the
study, all patients with AH were taking antihyperten-
sives: angiotensin converting enzyme inhibitors (ACEi),
angiotensin II receptor blockers (ARB), calcium chan-
nel-blocking agents (CCB), beta-blocking agents (BBA),
diuretics. The structure of the antihypertensive therapy
in groups of patients is presented in the table (Table 2).

According to the data presented, there were no major
differences in the structure of the antihypertensive ther-
apy in the study groups.

All patients underwent a comprehensive medical
examination, which included physical examination with
anthropometry and Quetelet body mass index calcula-
tion (BMI = body mass (kg)/ height (m?)); chest X-ray;
laboratory (complete blood count, urinalysis, blood glu-
cose, total cholesterol) and functional (ECG) tests. Vas-
cular wall condition was assessed using 3D sphygmog-
raphy performed under a standard method before noon
(VaSera — VS 1500N, FukudaDenshi, Japan). During 3D
sphygmography, the following parameters were calcu-
lated automatically: cardio-ankle vascular index (CAVI)
on the right and left sides, estimated vascular age. Early
vascular ageing syndrome (EVA-syndrome) was a clini-
cal condition, in which the estimated age of an artery was
at least 4 years older than the real age of the patient (cri-
teria VaSera) [3].

Resulting data were processed statistically using
Statistica 6.1 (Stat Soft, USA). Normality of quantita-
tive data distribution was checked using Shapiro-Wilk’s
test. The tabular data are given as a mean value (M) and
standard deviation (SD) or a median value (Me) and
interquartile range [Q,; Q..], depending on the type of
distribution. When parameter values were compared in
two unassociated groups, modified Student t-test (taking
into account uneven dispersion) and Mann-Whitney

u-test in non-parametric distribution were used. When
parameter values were compared in two associated
groups, Wilcoxon test was used. Where a frequency esti-
mation was performed, tabular data were presented as an
absolute and relative frequency of the parameter (n (%)).
In order to compare frequencies of a parameter in two
groups, X> Yates corrected x* or Fisher’s exact test were
used (depending on the absolute frequency of a param-
eter in the groups). Differences between groups were sta-
tistically significant at p < 0.05.

Results and Discussion

3D sphygmography results obtained during the study
are presented in the table (Table 3).

Patients in the main group had statistically higher vas-
cular wall rigidity index, both on the right and left sides.
According to a number of studies, CAVI for patients of
31-40 years old is 7.4 + 0.63 units, while in patients of
41-50 years old, it is 7.55 + 0.7 units [14]. Therefore,
neither in the main group not in controls, mean CAVI
was higher than the age-associated normal value, thus
indicating challenges in the identification of changes in
a vascular was exposed to noise.

A higher estimated artery age in the main group
could be indicative of impaired biological mechanisms,
maintaining normal vascular wall elasticity. Besdies, in
persons exposed to noise, the estimated artery age was
44 [39; 54] years and was statistically higher than the
real age of patients (41 [35; 48] year) (Wilcoxon test,
p < 0.001), whereas in controls these values were 39 [34;
39] years and 40 [34; 39] years, respectively, and were
comparable (Wilcoxon test, p = 0.52). Over one forth of
patients in the main group had early vascular ageing syn-
drome, while in controls the incidence of this syndrome
was 3.6 times lower (p = 0.003).

Given comparability of groups in terms of main
cardiovascular risk factors and exclusion criteria, it is
impossible to rule out that the identified differences in D
sphygmography results were associated with exposure of
patients from the main group to noise.
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Table 3. Indicators of volumetric sphygmography in the study groups

The main group Comparison group Significance level
(148 people) (90 people) (p)

7,25 7,1
R — CAVL, Me [Q,; Q.. (6.9 7] (6.5 7.6] 0,016

7,2 7,1
L — CAVL, Me [Q,;Q, ], (697, (66,771 0,025
Estimated age of the arteries, years, Me [Q,; Q..] 44 39 0,035

g > Y > 25° 750> [39; 54] [34; 39] ’
The number of people with EVA syndrome, n (%) 42 / 0,003
peop yRerome i (28.4) 738) ’
Notes: CAVI — cardio-ankle vascular index (R — on the right, L — on the left), EVA — syndrome — syndrome of early vascular aging
Table 4. Indicators of volumetric sphygmography in the groups of patients,
depending on arterial hypertension
with AH without AH
The main group Comparison Significance The main group Comparison Significance
(24 people) group level (124 people) group level
(13 people) (p) (77 people) ()
8,1 79 7,2 7,0
R — CAVL Me [Qy Qi) [6,8;9,15] 7,65 8,4] 091 [6,8;7,7] [6,4; 7,4] 0:005
7,9 8,4 7,2 6,9

L — CAVL Me [Q,5 Q.. 17,0: 8,851 [7.7;8,8] 0.90 (69 7,6) [6,5:7,5] 0.007
Estimated age of the arteries, years, 56,5 59 0.75 44 39 0.011
Me [Q,; Q... [44; 64] [49; 64] ’ [34; 49] [29; 44] ’
The number of people with EVA 11 2 31 5
syndrome, n (%) (45,8) (15,4) 0,07 (25) ©5) 0,0005

Notes: CAVI — cardio-ankle vascular index (R — right, L — left), EVA syndrome — early vascular aging syndrome

However, some patients from both groups had con-
firmed AH, and each of them was taking antihyperten-
sives. According to some researches, AH is a key deter-
minant of early vascular ageing [3]. As for the effect
of antihypertensives on vascular wall elasticity, cur-
rently there are evidences of reduced vascular rigidity
with regular administration of products, which stabi-
lise blood pressure [15, 16]. Despite the absence of sig-
nificant differences in the structure of antihypertensive
therapy in the study groups, it was necessary to account
for the individual character of changes in vascular wall
rigidity in response to the intake of antihypertensives.
Besides, since the study was cross-sectional, it was
impossible to reliably assess compliance with antihy-
pertensive therapy and the degree of achievement of
target blood pressure values. Therefore, analysis of 3D
sphygmography values in patients with and without
AH, depending on exposure to noise, seems to be more
informative. Analysis of resulting values in presented in
the table (Table 4).

An increase in the vascular wall rigidity index and
estimated artery age in men exposed to noise was
observed only in subjects without AH. EVA-syndrome

was more common in subjects with AH who was
exposed to occupational noise — 11 cases (45.8 %),
and was rare in subjects with normal blood pressure
who were not exposed to noise — 5 cases (6.5 %). The
mean age of patients with AH in the main group was
48.3 £ 9.7 years old, in controls — 53.4 + 8.2 years old.
Subjects with AH exposed to occupational noise were
slightly younger than subjects in the control group;
however, the differences were not statistically signifi-
cant (p = 0.12). Thus, intake of antihypertensives in AH
concealed changes in vascular wall resulting from expo-
sure to loud noise. Smoking was likely to have a simi-
lar effect. According to literature, smoking adversely
affects the arterial wall condition. In studies conducted
over 10 years ago, arterial rigidity was growing in regu-
lar smokers [17, 18]. A literature review of the effect
of smoking on the pulse wave velocity and augmenta-
tion index demonstrated that acute, chronic and even
passive smoking adversely affect the condition of vas-
cular wall and increase its rigidity [19]. The negative
impact of tobacco consumption on arterial rigidity can
be observed at young age with a short smoking history
[20]. The objective of this study was not to assess the
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Table 5. Indicators of volumetric sphygmography in the studied groups of people,

depending on smoking
Smokers Non-smokers
The main group Comparison Significance The main group Comparison Significance
(80 people) group level (68 people) group level
(53 people) (p) (37 people) (p)
7,15 7,1 7,45 7,0
R CAVEL Me [Qus Qrl [6,7; 7,65] (6,6 7.4] 0:00 [6,9; 8,35] [6,1; 78] 0.004
7,1 7,1 7,55 7,0
L= CAVE Me [Qyi Q) [6.7:75) [6.7:76) 07 [70:8.3] (6,177 0002
Estimated age of the arteries, years, 39 39 0.65 44 39 0.002
Me [Q,; Q,.], [34; 49] [34; 49] ’ [39; 59] [24; 49] ’
The number of people with EVA 19 6 23 1
syndrome, n (%) (23,8) (11,3) 012 (33,8) @7 0,0001
Notes: CAVI — cardio-ankle vascular index (R — right, L — left), EVA syndrome — early vascular aging syndrome
Table 6. Volumetric sphygmography indicators depending on noise exposure in non-smoking patients
without arterial hypertension
The main group Comparison group Significance level
(51 people) (31 people) (p)
7,2 6,9
R — CAVL, Me [Q,; Q. I, (6.9 75] (5.9:7.] 0,002
7,3 71
L—CAVLM H > ’
CAVL Me [Qr5 Qs (7,05 79] (5.9 7,5] 0:0009
Estimated age of the arteries, years, Me [Q,; Q..] 44 34 0,0003
g > years, b5 sl [39; 54] [24; 44] ’
The number of people with EVA syndrome, n (%) 1 ! 0,004
(27,5) (.2)

Notes: CAVI — cardio-ankle vascular index (R — right, L — left), EVA syndrome — early vascular aging syndrome

impact of smoking on arterial rigidity, therefore, exclu-
sion of smokers from analysis was considered informa-
tive. Results of 3D sphygmography comparison in the
study groups, with account to the smoking status, are
presented in the table (Table 5).

It has been found that a higher vascular rigidity
index, higher estimated arterial age and higher inci-
dence of early vascular ageing syndrome were observed
only in non-smokers. The results demonstrated that
smoking, a contributor to the arterial wall condition,
could interfere with identification of changes in vas-
cular rigidity caused by exposure to noise. Currently,
literature sources confirm the ability of smoking to
affect arterial rigidity. A large population-based study
in 15,010 patients demonstrated that smoking facilitates
an increase in arterial rigidity both in men and women
[21]. Studies by Russian researchers show that CAVI is
higher in a group of smoking patients [8] and correlates
with the smoking history [22].

Thus, in order to understand the role of smoking in
changes of the vascular wall condition, the most infor-
mative is an analysis of 3D sphygmography parameters

in non-smokers who do not suffer from arterial hyper-
tension. Analysis results are presented in the table
(Table 6).

Given all results, it can be concluded that 3D sphyg-
mography parameters presented in Table 6 were most
representative of changes in vascular wall elastic-
ity caused by exposure to noise. However, once non-
smokers and subjects with AH were excluded from the
study, the real age of patients in the main group was
42 [37; 48] years old, that is, statistically higher than
the real age of controls — 36 [30; 45] years (p = 0.017).
Therefore, the vascular rigidity index should have
been adjusted depending on the age group of patients.
According to the literature, average differences in vas-
cular rigidity index between age groups of 31-40 years
old and 41-50 years old is 0.15 units [13]. Available
information was used for age-related correction of
CAVIin controls. The obtained results are presented in
the table (Table 7).

Despite the adjustment factor, CAVI on the right and
left side in the main group was still higher than the value
in controls. The estimated artery age in the study groups
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Table 7. Volumetric sphygmography scores in normotensive nonsmokers adjusted for age,

Me [ Q5 Q75]
The main group Comparison group Significance level
(51 people) (31 people) (p)
7,2 7,05
— CAVI ,02
ey (6,9 79] [6,05; 7,45] 0.0
7,3 6,85
LAt (7,05 7,91 [6,05; 7,65] 0.007

Notes: CAVI — cardio-ankle vascular index (R — right, L — left)

did not require adjustments, since it could be compared
with the real age of patients. In the groups of subjects
exposed to noise, the estimated artery age was 44 [39; 54]
years, and was statistically higher than the real age — 42
[37; 48] years (p = 0.004), whereas in the control group,
these values similar: 34 [24; 44] years and 36 [30; 45]
years, respectively (p = 0.27).

Analysis of the incidence of early vascular ageing syn-
drome also did not require adjustments, since in diagno-
sis of this syndrome, individual parameters of vascular
rigidity were compared to the age-appropriate normal
value. The incidence of EVA-syndrome in non-smokers
who did not suffer from AH was significantly higher in
men exposed to occupational noise: 14 cases (27.5 %) in
the main group vs. 1 case (3.2 %) in the control group
(p = 0.004).

Literature sources discuss a few studies containing
information on the condition of vascular wall when the
body is exposed to working-environment factors. Stud-
ies by Russian researchers demonstrated higher vascu-
lar rigidity in subjects exposed to industrial aerosols
[23] and high copper concentrations in workplace air
[24]. Foreign researchers showed an increased thick-
ness of carotid intima-media complex when the body
was exposed to loud noise [25]. However, changes in
vascular rigidity in patients exposed to occupational
noise have not been studied thoroughly. Therefore,
this study allows suggesting a possible mechanism of
the effect of noise on the cardiovascular system and
emphasises the need for thorough follow-up of the
heart and vessel condition in persons exposed to loud
noise. In the future, it is advisable to study the correla-
tion between the current noise level and the risk of late
cardiovascular events.

Conclusions

Men exposed to occupational noise had a higher arte-
rial wall rigidity index as compared to men who were
not exposed to noise. The estimated arterial age values
in subjects exposed to noise were significantly higher
than the real age. The incidence of early vascular ageing
syndrome in subjects exposed to occupational noise was
8.6 times higher vs. persons who were not exposed to
hazardous occupational factors (after adjustment for the

standard cardiovascular risk factors: age, smoking and
arterial hypertension). Thus, exposure of the human
body to higher than normal noise levels can be seen as
a factor contributing to faster vascular ageing.
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