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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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CALCULATED WHOLE BLOOD VISCOSITY IS SPECIFICALLY ASSOCIATED WITH
ABDOMINAL OBESITY, BUT NOT WITH OTHER COMPONENTS OF METABOLIC
SYNDROME: A CROSS-SECTIONAL STUDY IN A CENTRAL ASIAN ADULT COHORT
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Abstract.

Introduction: Metabolic syndrome (MetS) is a heterogeneous
condition, and its individual components may reflect
haemorheological disturbances to differing degrees. Estimated
whole blood viscosity (WBYV), computed from haematocrit and
total protein using the de Simone formulas, is a non-invasive
marker of potential microcirculatory disturbance. Existing data
on the relationship between WBV and MetS in Central Asian
populations remain limited and conflicting.

Aim: To evaluate the associations between estimated WBV and
abdominal obesity as the leading anthropometric component of
MetS, as well as its associations with the remaining components
and the composite diagnosis of MetS, in an adult Central Asian
population.

Material and methods: This cross-sectional study enrolled
359 adults (18-65 years) from Turkestan, Kazakhstan. WBV
was calculated at two shear rates (208 s™' and 0.5 s') using the
de Simone formulas. MetS components were defined according
to the IDF 2006 criteria. The Mann—Whitney U test and the 2
test (or Fisher's exact test) were used for bivariate comparisons;
multivariable logistic regression was performed with WBV
quartiles as predictors; models were adjusted for age, sex,
ethnicity, smoking and alcohol consumption; BMI was added
to all models except the one for abdominal obesity (because of
collinearity with waist circumference).

Results: Abdominal obesity showed a strong dose-dependent
association with WBYV: the adjusted odds ratio (aOR) for the
highest vs. lowest WBV quartile was 5.03 (95% CI 1.62—-15.60;
p=0.005) at 208 s™' and 4.38 (1.45-13.22; p=0.009) at 0.5 s7".
The effect persisted with WBV as a continuous variable (aOR
3.04 per 1 cP at 208 s7!; p < 0.001). The remaining components
— elevated blood pressure, hypertriglyceridemia, low HDL-C
and impaired glucose metabolism — showed no significant
association with WBYV quartiles after adjustment. The composite
MetS was likewise not significantly associated with WBV after
adjustment (aOR Q4 vs. Q1 = 1.20, p = 0.52).

Conclusion: Estimated WBYV is specifically associated with
abdominal obesity, but not with the metabolic or hypertensive
components of MetS after multivariable adjustment. This finding
is consistent with the biological role of haemoconcentration and
plasma volume as the leading determinants of the de Simone
formula parameters. Estimated WBV may represent a marker of
anthropometric rather than metabolic disturbance in the Central
Asian population and should not be regarded as an independent
predictor of composite MetS in such cohorts.

Key words. Whole blood viscosity, metabolic syndrome,
abdominal obesity, de Simone formulas, haemorheology,
Central Asia.
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Introduction.

Metabolic syndrome (MetS) is a cluster of interrelated
cardiometabolicrisk factors—abdominal obesity, dyslipidaemia,
elevated blood pressure and impaired glucose tolerance [1,2].
According to the 2006 International Diabetes Federation (IDF)
criteria, a diagnosis of MetS requires the presence of abdominal
obesity as a mandatory component in combination with any two
of the four other criteria [3]. The prevalence of MetS in Central
Asian populations reaches 20-25% and continues to rise against
the background of urbanisation and lifestyle changes [4,5].

Whole blood viscosity (WBV) is a haemorheological
parameter reflecting the internal resistance of blood to flow
and determined primarily by haematocrit, plasma protein
concentration and erythrocyte aggregation [6,7]. Elevated WBV
is associated with microcirculatory disturbances, increased total
peripheral resistance and a heightened risk of cardiovascular
events [8,9]. Direct viscometric measurement of WBYV is
technically demanding and poorly standardised in clinical
practice; for this reason, de Simone et al. [ 7] proposed empirical
formulas for calculating WBV at two shear rates — high (208
s7!, corresponding to blood flow in large arteries) and low (0.5
s7!, corresponding to the microcirculatory level) — on the basis
of haematocrit and total plasma protein concentration. This
method is widely used in epidemiological studies owing to the
availability of the required laboratory parameters [10-12].

Several previous studies have reported associations between
estimated WBV and MetS components, predominantly in
East Asian and European populations [13-16]. However, data
on such associations in Central Asian populations remain
extremely limited. Moreover, the existing literature largely
focuses on the composite diagnosis of MetS, while associations
with individual components and potential differences between
the anthropometric and metabolic aspects of the syndrome have
been insufficiently studied.

This distinction is biologically meaningful. WBV estimated
by the de Simone formulas are determined by two variables
— haematocrit and total plasma protein concentration — both
of which reflect plasma volume and hydration status, closely
linked to visceral obesity and body fluid distribution [17,18].
By contrast, lipid and carbohydrate metabolism disturbances
are not part of the WBV formula and may therefore exert a
less direct influence on the estimated index. Differentiating
the specific associations of WBV with the anthropometric
component of MetS from its associations with the metabolic
components may help clarify whether estimated WBYV reflects
overall cardiometabolic dysregulation or predominantly
anthropometric’haemoconcentration shifts.

Aim. The aim of the present study was to evaluate the
associations between estimated WBV and abdominal obesity
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as the leading anthropometric component of MetS (primary
outcome), and to compare these associations with those for
the remaining four MetS components and the composite MetS
diagnosis (secondary outcomes) in a cross-sectional sample of
adults from Turkestan, Kazakhstan.

Materials and Methods.

Study design and population: This cross-sectional
observational study was conducted in Turkestan (Republic
of Kazakhstan) between 2022 and 2024. Adult patients who
attended the clinical base of the Khoja Akhmet Yassawi
International Kazakh-Turkish University for a preventive
medical examination were enrolled consecutively. Inclusion
criteria were: age 18—65 years, signed informed consent and
complete data on anthropometry, blood pressure, biochemical
parameters (total protein, lipid profile, fasting glucose) and
complete blood count (including haematocrit). Exclusion criteria
were: pregnancy, active infectious diseases, haematological

disorders (anaemia, erythrocytosis, haemoglobinopathies),
decompensated chronic liver or kidney disease and known
malignancy.

Atotal of 373 participants were included in the initial database.
After applying the age criterion (18-65 years), 13 individuals
were excluded (1 younger than 18 years, 12 older than 65
years). Of the remaining 360 participants, one was excluded
owing to missing haematocrit or total plasma protein data,
which precluded WBYV calculation. The final analytical sample
comprised n = 359 (Figure 1).

Anthropometry and clinical measurements: Anthropometric
measurements were performed in a standardised manner. Body
weight was measured to the nearest 0.1 kg using a medical
scale; height to the nearest 0.5 cm using a fixed stadiometer.
Body mass index (BMI) was calculated as weight (kg) / height
(m)?. Waist circumference was measured in the horizontal plane
at the midpoint between the lower margin of the last rib and
the iliac crest; hip circumference at the level of the maximal
protrusion of the greater trochanter.

Blood pressure was measured by the Korotkoff method after
5 minutes of seated rest, twice at a 2-minute interval; the mean
of the two measurements was used for analysis. Information
on smoking status, alcohol consumption, chronic diseases and
medication use (antihypertensive, antidiabetic, lipid-lowering)
was collected by structured interview.

Laboratory investigations: Blood for laboratory testing was
drawn in the morning after an 8—12-hour overnight fast. The
complete blood count, including haematocrit and haemoglobin
concentration, was performed on an automated haematology
analyser. Biochemical parameters (total protein, total
cholesterol, triglycerides, HDL- and LDL-cholesterol) were
determined by standard enzymatic methods on an automated
biochemistry analyser.

Fasting glucose was measured in capillary blood using a
plasma-calibrated point-of-care glucometer (Optium Xceed,
Abbott Diabetes Care Ltd., UK). The IDF criterion (fasting
glucose > 5.6 mmol/L) was applied to these capillary values,
with the understanding that capillary and venous plasma
measurements are not fully interchangeable; the potential
implications of this approach are addressed in the Limitations
section.
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Calculation of whole blood viscosity:

Estimated WBV was computed using the empirical formulas
proposed by de Simone et al. [7] at two shear rates:

WBYV (208 s') = 0.12 x Hcet (%) + 0.17 x TP (g/dL) — 2.07

WBYV (0.5 s") =1.89 x Het (%) + 3.76 x TP (g/dL) — 78.42

where Hct is haematocrit in percent and TP is total plasma
protein concentration in g/dL; results are expressed in centipoise
(cP). WBV was calculated from the raw haematocrit values
(converted from fractions to percent by multiplying by 100) and
total protein (converted from g/L to g/dL by dividing by 10) for
each participant individually.

Definition of metabolic syndrome and its components:

Metabolic syndrome was diagnosed according to the IDF 2006
criteria [3], which require the presence of abdominal obesity
(mandatory component) in combination with any two of the
four additional components. All five components were defined
as follows:

(1) Abdominal obesity — waist circumference > 80 cm in
women or > 94 cm in men (IDF ethnicity-specific thresholds for
the European population);

(2) Elevated blood pressure — systolic BP > 130 mmHg, or
diastolic BP > 85 mmHg, or use of antihypertensive medication;

(3) Hypertriglyceridemia — triglyceride concentration > 1.7
mmol/L or use of lipid-lowering medication;

(4) Low HDL-cholesterol — HDL-C < 1.29 mmol/L in
women or < 1.03 mmol/L in men, or use of lipid-lowering
medication;

(5) Impaired glucose metabolism — fasting glucose >
5.6 mmol/L, use of antidiabetic medication or an established
diagnosis of type 2 diabetes mellitus.

Statistical analysis:

All statistical analyses were performed in R version 4.6.0
(R Foundation for Statistical Computing). The distribution of
continuous variables was assessed using the Shapiro—Wilk test.
WBYV parameters at both shear rates deviated substantially from
a normal distribution (W = 0.979, p < 0.001 at 208 s/; W =
0.975, p < 0.001 at 0.5 s™); accordingly, continuous variables
are presented as median (Q1-Q3), and the Mann—Whitney U test
was used for bivariate between-group comparisons. Categorical
variables are presented as n (%); the y* test or Fisher's exact
test (when expected cell counts were < 5) was used for their
comparison.

Primary analysis:

To assess the association between WBV and abdominal
obesity (primary outcome), multivariable logistic regression
was performed with WBYV quartiles as the main predictor (Q1 as
the reference category). Covariates were selected a priori on the
basis of established cardiometabolic risk factors that are potential
confounders of the relationship between haemorheological
parameters and obesity: age, sex, ethnicity, smoking status and
alcohol consumption. BMI was not included in the model for
abdominal obesity owing to inherent collinearity with waist
circumference (the variable defining the outcome).

Secondary analysis:

For the remaining four MetS components (elevated blood
pressure, hypertriglyceridemia, low HDL-C, impaired glucose



metabolism) and the composite MetS diagnosis, analogous
logistic regression models were fitted with additional adjustment
for BMI. The overall effect of WBV quartiles was assessed
using the likelihood ratio test (LRT) comparing full models with
models without the WBYV variable.

Sensitivity analyses included: (i) repeating the analysis with
WBYV as a continuous variable (per 1 cP and per +1 SD) to test
for a dose-dependent effect; (ii) repeating the abdominal obesity
analysis with BMI included in the model as a pessimistic test;
(iii) sex-stratified analysis.

Multicollinearity was assessed using generalised variance
inflation factors (GVIF); values < 5 were considered acceptable
and > 10 critical. Statistical significance was defined as p < 0.05
(two-sided test).

Ethical aspects:

The study was conducted in accordance with the principles
of the Declaration of Helsinki and approved by the local ethics
committee of the Khoja Akhmet Yassawi International Kazakh-
Turkish University. All participants provided written informed
consent to participate in the study and to the use of their personal
data in anonymised form.

Results.

Sample characteristics:

The final analytical sample included 359 participants. The
prevalence of MetS was 35.1% (n = 126); 233 participants
(64.9%) did not have MetS. The median age in the overall
sample was 48.0 years (Q1-Q3: 38.0-55.0); women comprised
76.9% (n=276) and men 23.1% (n = 83). The vast majority of
participants (89.4%, n = 321) identified as ethnic Kazakhs.

The full sample characteristics, stratified by MetS status, are
presented in Table 1. Participants with MetS were significantly
older (median 53.5 vs. 44.0 years; p < 0.001), had higher BMI
(31.7 vs. 27.1 kg/m?; p < 0.001), waist circumference (104.0
vs. 94.0 cm; p < 0.001), and higher systolic (135.0 vs. 113.0
mmHg) and diastolic (90.0 vs. 76.0 mmHg) blood pressure.
All biochemical parameters — glucose, total cholesterol,
triglycerides, LDL-C — were significantly elevated in the MetS
group, while HDL-C was reduced (all p <0.016). No significant
differences were observed for haematocrit (median 0.422 vs.
0.414; p=0.121) or total protein (70.0 vs. 70.0 g/L; p = 0.828)
between groups.

Estimated WBYV: distribution:

Mean estimated WBV values were 4.08 + 0.60 cP at 208
s7! (range 2.28-5.45) and 25.90 + 9.75 cP at 0.5 s! (range
—2.55-47.54). The Shapiro—Wilk test confirmed deviation
from a normal distribution for both variables (p < 0.001).
The differences in median WBV between the MetS and non-
MetS groups in the bivariate analysis did not reach statistical
significance (4.16 vs. 4.06 cP at 208 s, p = 0.160; 27.23 vs.
25.74 cPat 0.5 s, p=0.201).

Bivariate associations of WBYV with MetS components:

Table 2 presents median WBV according to the presence/
absence of each of the five MetS components. Significant
associations in the bivariate analysis were observed for two
components: abdominal obesity (WBYV at 208 s™': 4.13 vs. 3.94
cP,p=0.037; WBV at 0.5 s7":26.69 vs. 23.92 cP, p = 0.047) and
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elevated blood pressure (4.19 vs. 4.00 cP, p = 0.015; 27.76 vs.
24.87 cP, p=0.021). For hypertriglyceridemia, low HDL-C and
impaired glucose metabolism, no significant associations with
WBYV were found in the bivariate analysis (all p > 0.45). These
shifts are visualised in Figure 2.

Multivariable analysis: primary outcome — abdominal
obesity:

In the multivariable logistic regression adjusted for age, sex,
ethnicity, smoking and alcohol consumption, a strong dose-
dependent association between WBYV quartiles and abdominal
obesity was identified. At the high shear rate (208 s™'): aOR for
Q2 vs. Q1 =2.59 (95% CI 1.00-6.72; p = 0.050); Q3 vs. QI
=2.95 (1.13-7.71; p = 0.027); Q4 vs. Q1 = 5.03 (1.62-15.60;
p = 0.005); overall effect (LRT) p = 0.014. A similar pattern
was observed at the low shear rate (0.5 s™'): Q4 vs. Q1 =4.38
(1.45-13.22; p = 0.009); overall LRT p = 0.018.

With WBV as a continuous variable (without quartile
splitting), the association remained highly significant: aOR per
1 cPWBV at 208 s7' =3.04 (95% CI 1.67-5.51; p < 0.001); per
+1 SD (0.60 cP) = 1.95 (1.36-2.79; p < 0.001). At 0.5 s7', the
corresponding values were 1.07 per 1 cP (1.03—1.11; p <0.001)
and 1.88 per +1 SD (1.32-2.66; p <0.001).

Multicollinearity analysis (GVIF) confirmed the absence of
collinearity problems in the main model (all GVIF"/2DD <
1.58).

Multivariable analysis: secondary outcomes:

Results for all five MetS components and the composite MetS
diagnosis are presented in Figure 3. In contrast to abdominal
obesity, none of the remaining MetS components showed a
significant association with WBV quartiles after multivariable
adjustment:

— Elevated blood pressure: Q4 vs. Q1 aOR 1.00 (0.42-2.36;
LRT p = 0.443) at 208 s7'; 0.94 (0.40-2.21; LRT p = 0.309) at
0.5s";

— Hypertriglyceridemia: Q4 vs. Q1 aOR 0.62 (0.25-1.52;
LRT p = 0.322) at 208 s7'; 0.65 (0.27—-1.57; LRT p = 0.185) at
0.5s";

— Low HDL-C: Q4 vs. Q1 aOR 0.64 (0.24-1.75; LRT p =
0.306) at 208 s7'; 0.46 (0.17-1.28; LRT p = 0.349) at 0.5 s7';

— Impaired glucose metabolism: Q4 vs. Q1 aOR 0.47 (0.22—
1.04; LRT p = 0.150) at 208 s7!; 0.44 (0.20-0.96; LRT p =
0.150) at 0.5 s7".

The composite MetS diagnosis was likewise not significantly
associated with WBYV quartiles after adjustment: Q4 vs. Q1 aOR
1.20(0.55-2.65; LRT p=0.522) at 208 s and 1.05 (0.48-2.29;
LRT p = 0.341) at 0.5 s'. Age was the leading predictor of
composite MetS in all models (OR per 1 year=1.10; p < 10719).

Sensitivity analyses:

When BMI was included in the abdominal obesity model (a
pessimistic analysis given the collinearity of BMI with waist
circumference), the effect of WBV quartiles weakened and was
no longer significant (Q4 vs. Q1 aOR 3.50, 95% CI 0.33-37.30;
p = 0.300), whereas BMI itself became the dominant predictor
(aOR per 1 kg/m? = 3.46; p < 10®). This finding is consistent
with the biological interpretation that the contribution of WBV
to the risk of abdominal obesity is partly mediated by overall
anthropometric status.



Table 1. Baseline characteristics of the study population, stratified by metabolic syndrome status.

Characteristic “Total (n = 359) ‘With MetS (n = 126) ‘Without MetS (n =233) p-value
Demographics

Age, years, median (Q1-Q3) 48.0 (38.0-55.0) 53.5 (48.0-59.0) 44.0 (35.0-52.0) <0.001
Female, n (%) 276 (76.9%) 102 (81.0%) 174 (74.7%) 0.224
Ethnicity — Kazakh, n (%) 321 (89.4%) 112 (88.9%) 209 (89.7%) 0.953
Anthropometry & vital signs

BMI, kg/m?, median (Q1-Q3) 29.0 (25.5-33.3) 31.7 (28.7-35.3) 27.1(23.9-31.6) <0.001
Waist circumference, cm, median (Q1-Q3) 98.0 (87.3-106.0) 104.0 (97.1-110.0) 94.0 (84.0-102.0) <0.001
Hip circumference, cm, median (Q1-Q3) 107.0 (101.0-114.5) 111.5 (104.0-120.0) 106.0 (100.0-111.0) <0.001
Systolic BP, mmHg, median (Q1-Q3) 120.0 (108.0-135.5) 135.0 (125.0-147.0) 113.0 (104.0-124.0) <0.001
Diastolic BP, mmHg, median (Q1-Q3) 80.0 (73.0-90.0) 90.0 (81.0-96.0) 76.0 (70.0-83.0) <0.001
Behavioural factors

Current smoking, n (%) 55 (15.3%) 13 (10.3%) 42 (18.0%) 0.075
Alcohol consumption, n (%) 65 (18.1%) 20 (15.9%) 45 (19.3%) 0.506
Medication use

Antihypertensive medication, n (%) 98 (27.3%) 68 (54.0%) 30 (12.9%) <0.001
Antidiabetic medication, n (%) 23 (6.4%) 20 (15.9%) 3 (1.3%) <0.001
Lipid-lowering medication, n (%) 6 (1.7%) 6 (4.8%) 0 (0.0%) 0.002
Laboratory parameters

Hematocrit, median (Q1-Q3) 0.416 (0.386-0.448) 0.422 (0.394-0.450) 0.414 (0.381-0.445) 0.121
Hemoglobin, g/L, median (Q1-Q3) 132.0 (121.0-143.0) 132.0 (124.3-145.0) 131.0 (118.0-141.0) 0.057
Total protein, g/L, median (Q1-Q3) 70.0 (67.1-72.1) 70.0 (67.1-72.0) 70.0 (67.0-72.2) 0.828
Fasting glucose*, mmol/L, median (Q1-Q3)  |5.40 (5.00-5.80) 5.90 (5.60—6.60) 5.20 (4.80-5.40) <0.001
Total cholesterol, mmol/L, median (Q1-Q3)  |4.88 (4.28-5.49) 5.12 (4.49-6.13) 4.70 (4.25-5.18) <0.001
Triglycerides, mmol/L, median (Q1-Q3) 1.35 (1.23-1.54) 1.46 (1.31-1.75) 1.30 (1.18-1.42) <0.001
HDL-C, mmol/L, median (Q1-Q3) 1.41 (1.33-1.69) 1.40 (1.23-1.64) 1.42 (1.37-1.69) 0.016
LDL-C, mmol/L, median (Q1-Q3) 2.74 (2.21-3.29) 2.91 (2.32-3.96) 2.62 (2.18-3.14) <0.001
Estimated whole blood viscosity

WBYV at 208 s7!, cP, median (Q1-Q3) 4.10 (3.744.48) 4.16 (3.844.51) 4.06 (3.68-4.46) 0.160
WBYV at 0.5 57!, ¢cP, median (Q1-Q3) 26.41 (20.71-32.28) 27.23 (22.19-33.01) 25.74 (19.74-31.78) 0.201
MetS components, n (%)

Abdominal obesity 304 (84.7%) 126 (100.0%) 178 (76.4%) <0.001
Elevated blood pressure 184 (51.3%) 117 (92.9%) 67 (28.8%) <0.001
Hypertriglyceridemia 67 (18.7%) 49 (38.9%) 18 (7.7%) <0.001
Low HDL-C 52 (14.5%) 40 (31.7%) 12 (5.2%) <0.001
Impaired glucose metabolism 140 (39.0%) 101 (80.2%) 39 (16.7%) <0.001

Note: Continuous variables are presented as median (Q1-Q3). Between-group comparisons used the Mann—Whitney U test for continuous variables
andthe y’test (or Fisher's exact test when any expected cell countwas < 5) for categorical variables. * Fasting glucose was measured in capillary blood
using a plasma-calibrated point-of-care glucometer (Optium Xceed, Abbott Diabetes Care Ltd., UK), the implications are addressed in the Discussion.
Abbreviations: BMI — body mass index; BP — blood pressure; cP — centipoise; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-
density lipoprotein cholesterol; MetS — metabolic syndrome; Q1, Q3 — first and third quartiles; WBV — whole blood viscosity.

Table 2. Estimated whole blood viscosity according to individual components of metabolic syndrome.

MetS component Status n High shear - 208 s™* Low shear - 0.5 s™
WBY, cP, median (Q1-Q3) P WBY, cP, median (Q1-Q3) P

Abdominal obesity No 55 3.94 (3.27-4.49) 0.037 *  23.92 (12.59-32.96) 0.047 *
Yes 304 4.13 (3.80-4.47) 26.69 (21.50-32.23)

Elevated blood pressure No 171 4.00 (3.624.42) 0.015*  |24.87 (18.62-31.27) 0.021 *
Yes 184 4.19 (3.82-4.53) 27.76 (21.97-33.15)

Hypertriglyceridemia No 292 4.13 (3.76-4.49) 0.508 26.75 (20.85-32.31) 0.556
Yes 67 3.98 (3.72-4.47) 24.41 (20.21-32.16)

Low HDL-C No 306 4.12 (3.75-4.48) 0.474 26.61 (20.79-32.71) 0.453
Yes 52 4.00 (3.74-4.40) 24.88 (20.21-30.93)

Impaired glucose metabolism | No 213 4.13 (3.74-4.54) 0.783 26.47 (20.74-33.25) 0.663
Yes 140 4.10 (3.77-4.42) 26.20 (21.00-31.27)

Note: Data are presented as median (Q1-Q3). Between-group comparisons were performed using the Mann—Whitney U test. Rows shaded in light
pink and p-values marked with an asterisk (*) indicate statistically significant between-group differences (p < 0.05).
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Figure 1. Flow diagram of participant selection. Of the initial database of 373 participants, 13 were excluded by the age criterion and 1 owing
to missing laboratory data required for WBYV calculation, the final analytical sample comprised n = 359 (126 with MetS, 233 without MetS).
MetS — metabolic syndrome (IDF 2006 criteria); WBV — whole blood viscosity (de Simone formulas).
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Figure 2. Shift plot: estimated whole blood viscosity by MetS components (bivariate analysis). Median WBV values in the subgroups without
(o) and with (®) each MetS component, shown separately at high (208 s~') and low (0.5 s™!) shear rates. Components are ordered by statistical

significance. Asterisks (*) denote statistically significant differences (p < 0.05; Mann—Whitney U test).
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Adjusted odds ratios for the highest (4] vs. lowest (Q1) guartile of estimated WBV
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Figure 3. Forest plot of adjusted odds ratios for the highest (Q4) vs. lowest (Q1) quartile of estimated WBV.. Logistic regression (n = 359);
models adjusted for age, sex, ethnicity, smoking and alcohol consumption; BMI added to all models except the abdominal obesity model
(because of collinearity with waist circumference). Red squares — statistically significant associations (p < 0.05), grey circles — non-significant
associations. Composite MetS is shown as a secondary outcome for comparison (light-grey row).

The sex-stratified analysis showed that the effect of WBV on
abdominal obesity was expressed predominantly in women (Q4
vs. Q1 aOR 12.23,95% CI 1.39-107.88; p = 0.024). In men the
association was not significant (Q4 vs. Q1 aOR 1.08; p = 0.92);
however, this result should be interpreted with caution given the
small size of the male subsample (n = 83) and the associated
limited statistical power.

Discussion.

In this cross-sectional study of 359 adults from Turkestan
(Kazakhstan), estimated WBYV showed a strong dose-dependent
association with abdominal obesity, but not with the remaining
components of metabolic syndrome or with the composite
MetS diagnosis after multivariable adjustment. The adjusted
odds ratio for the highest vs. lowest WBV quartile was 5.03
at the high shear rate (208 s™') and 4.38 at the low shear rate
(0.5 s7!), with a clear monotonic gradient across quartiles.
This specificity of the association — a pronounced link with
the anthropometric component and the absence of significant
links with the metabolic, lipid and hypertensive components —
represents the main conceptual contribution of the present work.

Biological interpretation:

The specificity of the WBV association with abdominal
obesity (rather than with MetS overall) has a clear biological
rationale. The de Simone formulas calculate WBV exclusively
from two parameters — haematocrit and total plasma protein
concentration [7]. Both parameters are closely linked to plasma
volume and haemoconcentration status, which in turn are
disturbed in visceral obesity: visceral adipose tissue increases
renin—angiotensin—aldosterone  system activity, promotes
sodium retention and reduces relative plasma volume, leading
to relative haemoconcentration [17-19]. In addition, obesity is
associated with chronic subclinical inflammation and increased
acute-phase protein concentrations [18], which may also be
reflected in changes in total protein concentration.

By contrast, carbohydrate and lipid metabolism disturbances
do not directly affect the parameters of the de Simone formula.
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Glucose, triglycerides and HDL-C are not part of the calculation,
and these parameters have no direct influence on haematocrit
or total protein. Arterial hypertension may theoretically affect
haemodynamics and plasma volume status, but these effects are
indirect and are not reflected in estimated WBV as directly as
abdominal adiposity.

This allows an important conclusion: WBV estimated
by de Simone reflects predominantly anthropometric/
haemoconcentration disturbances rather than metabolic risk per
se. This interpretation is consistent with the known biological
limitations of the formula and helps explain why previous
studies using the composite MetS diagnosis as the outcome may
have produced conflicting results.

Comparison with previous work:

Previous studies in East Asian and European populations
reported increased estimated WBV in patients with MetS
[13-16]. However, most of these studies did not perform a
breakdown by individual components of the syndrome and did
not use the full range of adjustments for age and anthropometric
parameters. Our results underscore the importance of such a
breakdown: the association observed for MetS overall may to
a large extent reflect the correlation of WBV with one specific
component — abdominal obesity — and may not be an indicator
of an independent contribution of metabolic dysregulation.

Age proved to be the dominant predictor of MetS in all our
models (OR per 1 year = 1.10; p < 10719, consistent with
abundant epidemiological evidence of an increasing prevalence
of MetS with age [1,4]. The fact that WBV did not add
independent information to age in the modelling of composite
MetS may partly reflect shared age-related changes in both
cardiometabolic status and haemorheology.

Sex differences:

The stratified analysis showed that the association between
WBYV and abdominal obesity was expressed predominantly in
women (Q4 vs. Q1 aOR 12.23) and did not reach significance in
men (aOR 1.08). Although the small size of the male subsample



(n=83) limits statistical inference, this pattern is consistent with
known sex differences in haemorheology: in women, WBYV is
closely linked to menopausal status and fat distribution [12]. A
large part of our sample comprised women of reproductive and
perimenopausal age, which may have amplified the observed
effect. Larger samples with equal gender representation are
needed to clarify these differences.

Clinical relevance:

These findings have two practical implications. First,
estimated WBV should not be interpreted as an indicator of
cardiometabolic risk in general; it specifically reflects the
anthropometric component. The use of estimated WBV in
screening programmes should take this limitation into account.
Second, in Central Asian populations — a region with a high
prevalence of abdominal obesity and limited haemorheological
data [4] — estimated WBV may represent a simple and
inexpensive supplementary anthropometric indicator, derived
from standard laboratory data, without the need for specialised
haemorheological equipment.

Strengths and Limitations.

Strengths: The present study include: (i) careful analytical
planning with pre-specified covariates; (ii) comprehensive
analysis of all five MetS components separately, which made
it possible to reveal the specificity of the association; (iii)
consistent use of non-parametric methods in accordance with
the distribution of the variables; (iv) performance of sensitivity
analyses (continuous WBYV, BMI adjustment, sex stratification);
(v) presentation of study findings from an under-studied Central
Asian region.

Limitations: First, the study has a cross-sectional design,
which precludes conclusions about causality or the temporal
sequence between WBV and abdominal obesity. Second,
estimated WBV is a calculated index based on empirical
formulas and does not replace direct viscometric measurement;
the original de Simone formulas were validated in European
populations, and their accuracy in Central Asian cohorts
requires additional confirmation. Third, fasting glucose
was measured in capillary blood using a plasma-calibrated
glucometer rather than in venous plasma by laboratory
methods. Despite calibration, point-of-care measurements may
show systematic differences from the reference venous method
[20], which could have affected classification of the “impaired
glucose metabolism” component and potentially weakened the
observed associations for this component. Fourth, female sex
predominated substantially in the sample (76.9%), which limits
the generalisability of the results to the male population. Fifth,
potentially relevant covariates such as physical activity (in
detail), dietary patterns, menopausal status in women and the
use of certain medications that may influence haemorheology
were not assessed.

Future research directions.

Promising directions include: (i) prospective cohort studies
with repeated WBV measurements to assess its prognostic value
for cardiometabolic outcomes; (ii) comparison of estimated
WBYV with direct viscometric measurement in a Central Asian
population to validate the de Simone formulas; (iii) investigation
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of possible effect modification by age and menopausal status
in larger samples; (iv) integrated studies with biomarkers of
haemoconcentration (natriuretic peptide, plasma osmolality,
volaemia markers).

Conclusion.

In a cross-sectional study of 359 adults from a Central
Asian population, whole blood viscosity estimated by the de
Simone formulas was specifically and strongly associated with
abdominal obesity (adjusted OR 5.03 at 208 s™! and 4.38 at
0.5 s7! for the highest vs. lowest quartile). At the same time,
no significant associations were found between estimated
WBV and the other components of metabolic syndrome
(elevated blood pressure, hypertriglyceridemia, low HDL-C,
impaired glucose metabolism) or with the composite MetS
diagnosis after multivariable adjustment. This pattern is
consistent with the biological interpretation of the de Simone
formulas as reflecting predominantly the anthropometric and
haemoconcentration component rather than the metabolic
component of cardiometabolic risk. Estimated WBV should
not be regarded as an independent predictor of composite MetS
in such populations, but may represent a useful supplementary
anthropometric biomarker, particularly for the assessment of
visceral obesity in women.
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(6 80dgmOL  BMLEGHO  3OOGHIO0MT0);  IMOZWMBOMO
©mxoLEGH03NOO M93M9L0oS Bo@dotqs LLLL-0L

3390GH0WgdOm, OHMYMO3 30J0JGHMMJO0m; IMEIEGdO
30693dH0MS sB30L, Lgbol, gmbozmMo 3Mmzbowgdol,
dmffg3ols o s3m3merol  dmbdatgdol  dobgzoom;
bbgmeols dsbob 0bgdbo (Ldo) BsBowmwo odbs ygzgwe
dmawdo, 256  dMiEol  Lodbwydbol  dmgErols
(Hageob 490d98mHgM0wmdLM 3nwobgo®mdol godm).

890093900:  dgol  Lodbwydbgd  Asdmogerobs  LLLL-
056 250mbsGMmo  MHBoITM30IOMEO  SbMEOSEOS:
3M693EH0MgdMo 356LgdoL 995356090 (399)
9439woBy  Foowo  335MHGHOWOL  Y39wobg  IdIMD
3930600L306M9d0Lsl Fg50090bs 5,03 (95% Lo 1,62-15,60; p =
0,005) — 208 {9 *-bg s 4,38 (1,45-13,22; p = 0,009) — 0,5
091-%g. 95399@0 99650BmbBs LLLL-0L, HmAMME “MHy3z9EHO
(330500, 359tmygqbgdobislsg (300 3,04 1 cP-%by 208 i 1-by;
p < 0,001). @s6Bgbods 3m33mbybEYdds — s®EHgMHowWwo
(6930l 9ToGgds,  3039MGHM0YM0EIM0IT05, B0
05050 093360030l 03M3MHMEJ0bIdOL JrwglGghHmewo
(Qbe-d) o  m3mBol  FgEHedmEoHIol  sMP33s
—  3mM9J3HoMgdolb 8909y  LLLL-0L  339ME0GdM6
LAHoGOLAH0ZMMo©  3600369cmzsbo  sbmEosgos oM
3000030bs. 3m33mbBoGwemo ALl o193y 3MYIGH0MIOOL



3900092 LLLL-0sb 8603369 Mgbs 96 0ym SLMEOMYdMEo
(399 Q4 vs. Q1 = 1,20, p=0,52).

ol333b6s: 153565)M LLLL 13930803MMS©
SbmEoMgdmmos 3ol bodlwydbglomsb, Tsg®msd 96
ALL-b BgESdMH 96 3039MGHIBBOM 333mbIBEHGOM 6
96530Md0MO  3MMJBH0Mgdol d90gy. gl Imbsi39dgdo
399L5059905 390Mm3Mb 396G 300 s LOlbEOL 3esBdol
InEMEmdol,  OmamO3  ©g  bodmbgl  gmEIMwol
3565993HM9d0b §o9y3960 9@ gM30bs63HYdOL, BoMmEMmyom™
OOl BogsMongom  LLLL Fgodegds  Ho®dmoygbogl
390GHMINOHO sHBOOL 33930500 F9EHIOMWNMHO S
365 96OHMIMIGEHOME0 ©IMN3J30L FoMIGOL, ©S 9O
Mbs  2obobowgdmal, GMmamGE SLgm  3M3mMEGHId0
3033mDoGMEo JLL-b MY 300IOIO 3MYJPOJGHMMO.
153356dm  LoGygzgdo: LEOMo  Lolbeol  Lodwsb@E,
09BHodmEmmo  bLob®mdo, dvgwol  Lodlwdby, @y
Lodmbgl BMEOIMEGdo, 390mMHINMY0s, (396GHMIMOO
sbos.

PacuyérHas BI3KOCTh I€IBHOM KPOBU CHeLU(pUIECKU
accoLMMpOBaHA C a6GAOMHMHAIBHBIM OXHDEHHEM, HO He C

IPYTUMHU KOMIIOHEHTAMH MeTabOJIMYeCKOrO CHHIPOMA:
IoIlepeyHOe  HCCIef0OBaHME B KOTOPTE  B3POCIBIX
[lenTpanpHOl A3uu

Beenenue:

Mera6onnueckuit cungpom (MC) sBisieTcs reTeporeHHBIM
COCTOSTHUEM, U €TI0 OTZeIbHble KOMIIOHEHTHI MOTYT B Pa3HOM
CTeIleHM  OTpPaXaTh TIeMOPEOJIOTMYeCKHe  HapyIIeHU.
Pacuérnas Bssxocts nensHO# kposu (BIIK), Brrumcisemas
II0 FeMaTOKPUTY U obuemy 6esKy 1mo dopmyiaM ne CUMOHe,
IIpeiCTaBIIAeT COO0I HEMHBAa3UBHBIN MapKep IIOT€HIIUATBHbIX
MUKPOIUPKYJIATOPHBIX PacCTPOHCTB. ViMeromuecs faHHEbIe O
BaauMocBa3y B K uMCBieHTpaIbHOa3HaTCKUX IOy IALUAX
OCTAIOTCs OTPAHUYEHHBIMU U IIPOTUBOPEYNBBIMH.

Ilens: Ouennts aCCOoIHaIUT pac4éTHoi BIIK
c a6;OMUHATBHBIM OXXHpeHueM Kak BeZyLINM
aHTponoMeTpuueckuM KommoHeHToM MC, a Taxke eé
aCcCOLMANUY C OCTAJIBHBIMH KOMIIOHEHTAaMH U CYMMapHBIM
puarHozom MC Bo B3pOCIOH  I[eHTpPaJbHOA3HATCKOM
MO JIALIMH.

Matepuan u MeTonsl: B maHHOe IonepeyHoe UCCIeIOBaHUe
BrutodeHsl 359 B3pocubix (18-65 ner) m3 r. Typkecraw,

208

Kasaxcran. BIK paccunTsIBaIach IIpu AByX CKOPOCTSX CIBUTA
(208 ¢c* u 0,5 ¢?) mo popmynam me Cumone. KommonenTs:
MC ompepensauce B coorBeTcTBuu ¢ Kpurepusmu MO
2006 roza. [l 6uBapuaHTHBIX CPaBHEHUI HCIIOIH30BAIUChH
Kputepuii MaHHa-YUTHH U KpUTepuil x? (MIM TOYHBIH
xpurepuit Qumepa); MHOrodaxkToOpHas JIOTHCTHYECKAsST
perpeccus BbINONHsIach ¢ kBapTwismu BIIK B kauectse
IIPeJUKTOPOB; MOZETH KOPPEKTHPOBAINCH IIO BO3PACTY,
IOy, OSTHUYECKOH INPUHAAJIEXHOCTH, KypeHUI0 W
ynorpebienuio ankorond; VMMT Bxirrouancsa Bo Bce MOZeH,
3a MCKJIIOYeHHeM MOJeNU IJid abJOMUHAIBHOTO OXUPEHUS
(B CBsI3U C KOJIMHEAPHOCTHIO C OKPYKHOCTHIO TAJIHIH).

PesynpraTs!: A6poMuHaNIBHOE OXUpeHue
IIPOAEMOHCTPHUPOBAZIO  BBIPLKEHHYIO  [J0303aBUCHMYIO
acconmanuio ¢ BIIK: cKOppeKTHpOBaHHOE OTHOIIEHHE
mancoB (aOIll) pxs HanGONABIIETO KBApTHJIL B CPaBHEHUU
¢ HauMeHbumM cocrasmwio 5,03 (95% AU 1,62-15,60; p =
0,005) mpu 208 ¢! u 4,38 (1,45-13,22; p = 0,009) mpu 0,5
¢l Ddbdexr coxpansncs npu ucnonssoBaHuu BIIK xak
HenpepbiBHO nepemenHo# (aOlll 3,04 ma 1 cIl mpu 208
¢l p < 0,001). OcranbHble KOMIIOHEHTHI — IIOBBILIEHHOE
apTepuasbHOE JaBjeHHe, THUIIePTPUIIHIePUAEMUs, HUSKUH
XC-JIIIBII u mapymeHue MeTabOM3Ma TIIOKO3BI — He
TPOSABIANN 3HAYMMOHM acconmaunuu ¢ kBapruiaimu BIIK
nmocye monpaBku. Cymmapusiii MC Takke He OBUI 3HAYHMO
cBs3an ¢ BIIK mocie xoppexruposku (aOIll Q4 vs. Q1 = 1,20,
p=0,52).

3aKIoueHue: Pacuérnan BIIK cnenupuIecKu
accoUMMpoBaHa ¢ abJOMUHAIBHBIM OXUpPEHUEM, HO He C
MeTaboJIMYeCKMMY WY TUIEepPTeH3UBHBIMU KOMIIOHEHTaMHU
MCnocre MmEOrOodaxTopHO# monpasku. IloryueHnbIe faHHEIE
COIJIACYIOTCS ¢ OHOJIOTMYECKOil POJIBIO FeMOKOHIIeHTPALUK
¥ oOBéMa IUIa3MBI KaK BeJyIINX AeTepPMHHAHT IapaMeTpOB
dopmyner me Cumone. Pacuérmas BIIK MoxeT ciryxuTh
MapKepoM aHTPOIIOMETPUYECKHX, a He MeTabOIMYecKUX
HapylleHWH B I[eHTPaJbHOA3MATCKOW IONYJIAIUMU U He
JIO/DKHA PAacCMATPUBATBCA KaK He3aBHUCHMBIH IIPeTUKTOP
cymmapHoro MC B TomoOHBIX KOTOpPTax.

KiroueBsle  cioBa:  BA3KOCTH  LEIBHOH  KPOBH,
MeTabo/JIMYecKUil CHHAPOM, abJOMUHAJIBHOE OXUpPEeHUe,
dopmysl e CumoHe, remopeosiorus, LlenrpansrHas Azus.
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