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BosegHo

MounTtyBaHW Koneru,

19 6poj Ha eNeKTPOHCKOTO ChMCaHWe 3a KapAuoBacKy/sapHa MeguuuHa M3nerysa nocse
yCnewHMoT U ronemmoT EBPOMNCKM Korpec Mo Kapguosiornja WTo ce oApka BO MUHXeH, Kage
npectaBHMUMTEe Ha MaKeAOHCKOOT 34pYyKeHWe No Kapamosiornja Bo rosem 6poj Mmaa yyectBo BO
CBOjCTBO Ha NpeAaBYn, MOLEPATOPU U CAyLIATENN.

Ha WMCTUOT KOHrpec ce ofpiKa COCTAHOK Ha ypeAHUUM Ha NpodecuoHasHM ClucaHuja of,
Kapguonoruja. “I'nacot Ha ypegHuumte” 6M MMan ce Noronemo 3Hayewe BO pacnpenenbata u
UMNJAEMEHTaUMja Ha EBPONCKUTE aKTyenHW BoAMYM, KoM 6BU Tpebano Aa ce npesBedaT Ha
HaLMOHaIHO HMBO, CO aKLLEHT Ha CoBNadyBakbe Ha bapuepuTe M pasankute. lpenopayaHo e da ce
AanaT rnaBHU TeMU CEKOja roguHa Koj b1 ce 06pabutysane Ha HaLMOHaNAHO U TN06anHO HUBO.

CpaeuHo,

Mpod. a-p Mapujan Bowescku, FESC,



OpurMHanHu Tpyaosu

LEFT ATRIAL STIFFNESS INDEX AS A MARKER OF SUBCLINICAL DIASTOLIC DYSFUNCTION IN
ASYMPTOMATIC PATIENTS WITH PREDIABETES AND TYPE 2 DIABETES MELLITUS

Ibraimi Lavdim?, Janev Nikola?, Bajdevska Marija?,
Shabani-Misini Lejla’, Georgievska-Ismail Liubica?
1Department of Internal Medicine, General Hospital of Kumanovo, North Macedonia

2University Clinic for Cardiology, Faculty of Medicine, Ss. Cyril and Methodius University in Skopje,
North Macedonia

Abstract

Introduction: Type 2 diabetes mellitus (T2DM) is associated with an increased risk of cardiovascular
disease and heart failure, with left ventricular (LV) diastolic dysfunction representing an early
manifestation of diabetic cardiac involvement. The left atrial stiffness index (LASI), derived from the
ratio of E/e’ to peak atrial longitudinal strain (PALS), has emerged as a potential marker of increased
LV filling pressures and impaired diastolic function.

Aim: This study aimed to assess left atrial stiffness and its association with LV diastolic dysfunction in
asymptomatic individuals with T2DM and prediabetes (PDM).

Methods: This analytical, observational cross-sectional study included 203 asymptomatic
participants, of whom 135 had T2DM and 68 had PDM. All participants underwent clinical and
laboratory assessment, electrocardiography, and comprehensive two-dimensional
echocardiography. LV diastolic dysfunction was assessed according to the 2016 American Society of
Echocardiography (ASE) criteria, a modified 2016 ASE approach incorporating PALS <23% instead of
left atrial volume index and the 2025 ASE recommendations. Left atrial deformation and function
were assessed using two-dimensional speckle-tracking echocardiography. LASI was calculated as E/e’
divided by PALS, using both septal, lateral and averaged E/e’ values. Associations with diastolic
dysfunction were evaluated using binary logistic regression.

Results: Participants with T2DM had significantly lower septal, lateral, and average e’ velocities and
higher E/e’ values than those with PDM. Diastolic dysfunction was identified in 8.4% of participants
according to the 2016 ASE criteria, 13.3% using the modified PALS-based approach, and 18.2%
according to the 2025 ASE criteria. According to the 2025 ASE criteria, diastolic dysfunction was
significantly more prevalent in participants with T2DM than in those with PDM (23.0% vs. 10.3%.
p=0.029). PALS was significantly lower in the T2DM group (29.56 + 7.63% vs. 32.17 + 7.26%.
p=0.020), whereas average LASI was significantly higher (0.29 * 0.13 vs. 0.24 + 0.08. p=0.003).
Increased average LASI (>0.26) was present in 50.4% of participants with T2DM compared with
35.3% of those with PDM (p=0.042). LASI was independently associated with diastolic dysfunction
across all three diagnostic approaches. In the multivariable model using the 2025 ASE definition, LASI
remained independently associated with diastolic dysfunction (OR 9.1 x 103. 95% Cl 3.27 x 102-2.5 x
10%; p=0.001).



Conclusion: Asymptomatic individuals with T2DM demonstrated evidence of impaired LV diastolic
function and reduced left atrial reservoir function despite preserved LV systolic function. LASI was
significantly higher in T2DM than in PDM and was independently associated with diastolic
dysfunction across different diagnostic definitions. These findings support the potential value of LASI
as an adjunctive echocardiographic marker for the early identification of subclinical cardiac
involvement in patients with T2DM.

Keywords: type 2diabetes mellitus, prediabetes, diastolic dysfunction, peak atrial longitudinal strain,
left atrial stiffness index

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most prevalent metabolic disorders
worldwide, primarily resulting from impaired pancreatic B-cell insulin secretion and reduced
peripheral insulin sensitivity (1). Although traditionally associated with older age, its incidence is
increasing among younger individuals, driven by obesity, physical inactivity, and unhealthy dietary
patterns (2).

Patients with T2DM have a substantially increased risk of cardiovascular disease (CVD),
including coronary artery disease (CAD), heart failure (HF), atrial fibrillation, cerebrovascular disease,
and peripheral arterial disease (3). Heart failure is one of the most common cardiovascular
manifestations of T2DM and may present with preserved, mildly reduced, or reduced ejection
fraction (HFpEF, HFmrEF, and HFrEF, respectively) (4).

The development of HF in patients with T2DM is multifactorial and is associated with
CAD, hypertension, hyperglycemia, obesity, and diabetes-related structural and functional
myocardial abnormalities (5).

The detrimental effects of T2DM on the left ventricular (LV) myocardium, including
systolic and diastolic dysfunction detectable at rest and/or during exertion, have been
demonstrated in multiple clinical studies (6). Left ventricular diastolic dysfunction (DD),
resulting from increased myocardial stiffness due to myocardial fibrosis and hypertrophy,
represents the initial and most common functional abnormality in diabetic heart disease
and typically precedes the development of systolic dysfunction (7,8).

More recently, the left atrial stiffness index (LASI) has emerged as a novel
echocardiographic parameter showing a significant association with the presence and
severity of left ventricular diastolic dysfunction (9). LASI, defined as the ratio of the average
E/e’ to left atrial longitudinal strain during the reservoir phase (PALS%), is closely related to
left ventricular filling pressures and diastolic function (10-12).

The aim of this study was to assess left atrial stiffness and its association with LV
diastolic dysfunction in asymptomatic individuals with T2DM and prediabetes (PDM).

Materials and Methods

This was an analytical, observational, cross-sectional study in which 203
asymptomatic patients of both sexes with prediabetes (PDM; n=68, 33.5%) or type 2
diabetes mellitus (T2DM; n=135, 66.5%) were recruited from the Diabetes Center at the
Public Health Institution General Hospital Kumanovo.



Participants were recruited using purposive sampling based on availability. Exclusion
criteria included diabetes types other than T2DM, significant valvular heart disease,
permanent atrial fibrillation, renal insufficiency defined as eGFR <45 mL/min/1.73 m?, life-
threatening comorbidities (i.e., a history of active malignancy treated with chemotherapy or
radiotherapy, end-stage heart failure, severe pulmonary disease, or liver cirrhosis), as well
as pregnancy or breastfeeding.

Baseline assessments included clinical examination, Ilaboratory testing,
electrocardiography, and 2D echocardiography.

Echocardiographic assessments were conducted in the echocardiography laboratory
of PHI “General Hospital — Kumanovo” using a GE Vivid 7 ultrasound machine. Following the
recommendations of the American Society of Echocardiography (ASE) and the European
Association of Cardiovascular Imaging (EACVI), internal cavity dimensions, wall thicknesses,
and end-systolic and end-diastolic volumes of the left ventricle (LV) were measured (13).
Both systolic and diastolic LV functions were evaluated.

Diastolic dysfunction was assessed according to three diagnostic approaches. First,
diastolic dysfunction was defined according to the 2016 ASE recommendations, based on
the established echocardiographic criteria for the assessment of LV diastolic function (14).
Second, a modified approach based on the 2016 ASE criteria was applied, in which PALS
<23% was used instead of the left atrial volume index (LAVI) (15).

Third, diastolic dysfunction was assessed according to the updated 2025 ASE
recommendations (16). These three approaches were designated as DDASE2016, DD (PALS),
and DDASE2025, respectively, and were subsequently used for comparative analyses.

For a more detailed assessment of left ventricular diastolic function, left atrial (LA)
deformation and left atrioventricular coupling parameters were also analyzed. Two-
dimensional speckle-tracking echocardiography was performed in the apical four-chamber
view to obtain peak atrial longitudinal strain (PALS%) and the left atrial stiffness index (LASI)
(7).

LASI was calculated as the ratio of E/e’ to PALS% (LASI = E/e’ / PALS%) (10), as an
indicator of LA stiffness and an indirect marker of elevated left ventricular filling pressures.

Statistical Analysis

Categorical variables are presented as percentages, and continuous variables as
mean * standard deviation (SD). Differences between participants with prediabetes mellitus
(preDM) and type 2 diabetes mellitus (T2DM) were assessed using the Student’s t-test or
Mann-Whitney U test, as appropriate. Categorical variables were compared using the
Pearson chi-square test.Associations between variables were assessed using Pearson’s or
Spearman’s correlation coefficients, as appropriate. Multivariable binary logistic regression
or linear regression analyses, as appropriate for the dependent variable, were performed to
identify independent prognostic markers associated with diastolic dysfunction, subclinical
left ventricular systolic dysfunction, and/or right ventricular systolic dysfunction.Receiver
operating characteristic (ROC) curve analysis was performed to determine the diagnostic



performance of the assessed parameters, including sensitivity, specificity, and accuracy. The
reproducibility of echocardiographic measurements, particularly multilevel myocardial
deformation parameters, was assessed using the intraclass correlation coefficient (ICC).
Interobserver variability was evaluated in 15 randomly selected examinations independently
assessed by two echocardiologists (the doctoral candidate and the mentor/supervisor) at
two separate time points.A two-sided p < 0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS Statistics, version 25.0 (IBM SPSS, Inc.,
Chicago, IL. USA).

Results

A total of 203 participants were included in the study, of whom 135 (66.5%) had type
2 diabetes mellitus (T2DM) and 68 (33.5%) had prediabetes (PDM) (Table 1).

The mean age of the study population was 54.07 + 8.56 years (range, 31-69 years),
and 54.2% of participants were women. The mean body mass index (BMI) was 30.30 £ 5.13
kg/m?, with obesity and overweight being the most prevalent BMI categories (46.8% and
42.4%, respectively). The mean waist-to-hip ratio was 0.91 + 0.07, indicating a substantial
burden of central adiposity.

Among the cardiovascular risk factors, dyslipidemia and hypertension were the most
prevalent. A family history of T2DM was present in approximately two-thirds of participants,
whereas a family history of cardiovascular disease was reported in approximately half.

The results of the comparison between the two groups of participants are presented
in Table 1. Participants with T2DM, compared with those with PDM, were significantly older
and had a higher waist-to-hip ratio, as well as a higher prevalence of dyslipidemia and
alcohol consumption. BMI, BMI category distribution, waist circumference, and hip
circumference did not differ significantly between the two groups.

Table 1. Baseline clinical characteristics of the study participants, overall and according to T2DM and PDM

status

Overall cohort T2DM PDM
Parameter

n=203 n=135 n=68 p

Age (years) 54.07 £ 8.56 55.15+8.12 51.93+9.33 0.012
Sex (male/female). n (%) 93 (45.8)/110 (54.2) | 75(55.6)/60(44.4) | 18 (26.5)/50 (73.5) | 0.0001
BMI (kg/m?2) 30.30£5.13 30.32+5.09 30.25+5.24 0.921
BMI category. (n/%)
Normal weight 21/10.3 13/9.6 8/10.3
Overweight 86/42.4 61/45.2 25/36.8 0.367
Obesity 95/46.8 61/45.2 34/50.0
Underweight 1/0.5 0 1/1.5
Waist circumference (cm) 102.18 +11.77 102.93+11.84 100.71 + 11.57 0.205
Hip circumference (cm) 111.66 £ 10.65 110.96 £ 10.65 113.04 +10.74 0.190
Waist-to-hip ratio 0.91+0.07 0.92 +£0.06 0.881 +0.05 0.0001
Risk factors (n/%)
Hypertension 99/48.8 66/48.9 33/48.5 0.961




Smoking
Dyslipidemia
Family history of CVD
Alcohol consumption
Familiar history of T2DM
Physical activity (n/%)
None

Irregular
Regular

63/31.2
135/66.5
101/49.8
38/18.7
136/67.0

65/32.0
88/43.3
50/24.6

43/68.1
99/73.3
69/51.1
31/23.0
94/69.6

47/34.8
51/37.8
37/27.4

47/70.1
36/52.9
33/48.5
7/10.3
42/61.8

18/26.5
37/54.4
13/19.1

0.773
0.004
0.728
0.029
0.261

0.077

T2DM-= type 2 diabetes mellitus;PDM=prediabetes;BMI= body mass index; CVD=cardiovascular disease.

Participants with T2DM had significantly higher fasting glucose, HbAlc, and triglyceride
levels and lower HDL-C levels than those with PDM (Table 2). Poor glycemic control (HbAlc 27%) was
present in 24.6% of the overall cohort and was substantially more frequent among participants with
T2DM. No significant differences were observed between the groups in CRP, NT-proBNP. or renal

function.

Table 2.Laboratory findings in the study participants, presented for the overall cohort and stratified according

to T2DM and PDM status.

Overall cohort T2DM PDM
Parameter
n=203 n=135 n=68 p

Hemoglobin (g/dL) 139.71+13.70 142.28 £ 12.65 134.60 + 14.35 0.0001
Blood glucose (mmol/L) 7.54+2.85 8.37+3.14 5.91 +0.85 0.0001
HbA1c (%) 6.58 £1.35 6.98 +1.46 5.78 £0.51 0.0001
HbAlc >7% (n/%) 50/24.6 49/36.3 1/1.5 0.0001
Insulin (uIU/mL) 21.32 +£30.87 22.23+32.40 19.49+27.70 0.553
Urea (mmol/L) 5.09+£1.53 5.19+1.56 4.89+1.46 0.178
Creatinine (mmol/L) 71.79 £ 16.09 73.05 +15.00 69.29+17.91 0.116
Sodium (mmol/L) 138.59 +£2.27 138.53 +£2.00 138.69 £2.76 0.643
Potassium (mmol/L) 4.43+0.38 4.43 +0.37 4.42 +0.40 0.864
Calcium (mmol/L) 2.39+0.12 2.40+0.12 2.38+0.12 0.356
AST (1U/L) 22.89 £ 10.96 23.02+11.79 22.65+9.18 0.822
ALT (1U/L) 31.68 £18.53 31.91+19.77 31.22 +£15.22 0.801
Total cholesterol (mmol/L) 4.83+1.09 4.68 +1.05 5.14+1.11 0.004
LDL-C (mmol/L) 3.23+£0.92 3.14+0.89 3.39+0.97 0.066
HDL-C (mmol/L) 1.24 £0.33 1.20+£0.32 1.31+0.35 0.032
Triglycerides (mmol/L) 1.93+1.13 2.06+1.21 1.67 £0.92 0.018
CRP (mg/L) 4.29+6.90 4.66+7.92 3.56+4.16 0.285
CRP>5 (n/%) 49/24.1 37/27.4 12/17.6 0.125
Troponin (ng/L) 0.20+0.02 0.20+0.01 0.20+0.02 0.583
Nt-proBNP (pg/ml) 70.94 + 86.83 71.47 £96.15 69.88 + 65.32 0.902
Nt-proBNP>125 (n/%) 33/16.4 24/18.0 9/13.2 0.384
eGFR (mL/min/1.732) 87.71+19.17 88.62 +19.23 85.90 + 19.06 0.341
>90 (n/%) 84/41.4 57/42.2 27/39.7

60-89 (n/%) 111/54.7 73/54.1 38/55.9 0.926

45-59 (n/%) 8/3.9 5/3.7 3/4.4
TSH 3.10£3.29 3.30+3.84 2.70£1.72 0.221
FT4 1.16 £0.21 1.18 £0.20 1.13+0.21 0.071




PDM=prediabetes; = HbAlc=glycated  hemoglobin;  AST=aspartate = aminotransferase; = AlLT=alanine
aminotransferase; LDL-C=low density lipoprotein cholesterol; HDL-C=high density lipoprotein cholesterol;
CRP=C-reactive protein; eGFR=glomerular filtration rate.

Echocardiographic findings

Overall, LV dimensions, volumes, and systolic function were preserved. Mean LVEF
was 65.69 + 4.27% in women and 64.32 + 4.83% in men (Table 3). Although mean LV mass
and indexed LV mass were generally within reference ranges, increased LV mass was
identified in a proportion of participants, particularly when LV mass was indexed to
height?2.7. Women with T2DM had significantly greater interventricular septal and
posterior wall thicknesses and higher LVMI and LVMH”2.7 compared with women with
PDM.

Several conventional diastolic parameters demonstrated differences between the
metabolic groups. Septal, lateral, and average e’ velocities were significantly lower in
participants with T2DM, while E/e’ was higher, particularly at the lateral annulus. Diastolic
dysfunction was identified in 8.4% of participants according to the 2016 ASE criteria, in
13.3% using the modified approach incorporating PALS <23%, and in 18.2% according to the
2025 ASE criteria. The prevalence of DD according to the 2025 ASE criteria was significantly
higher in participants with T2DM than in those with PDM (23.0% vs. 10.3%, p = 0.029).

Table 3. Echocardiographic parameters of left ventricular structure and systolic and diastolic function in the
study cohort, stratified by the presence of type 2 diabetes mellitus and prediabetes

Parameter Overall cohort T2DM n=135 PDM 0 Referent
n=203 n=68 values

LVIDd (mm)
Female 46.45 + 4.23 46.65 +4.12 46.20+4.38 | 0.581 <52
Male 49.65+3.31 49.40 +3.49 50.67 +2.23 0.090 <38
LVIDs (mm)
Female 30.05 £ 3.40 30.28 +£3.21 29.78£3.62 | 0.442 <35
Male 32.58+2.78 32.72+2.88 32.00+2.30 0.328 <40
IVS (mm)
Female 10.27 +£1.32 10.53+1.44 9.96 +1.10 0.024 6-9
Male 11.13+1.20 11.23+1.21 10.72+1.07 | 0.110 6-10
LVPWd (mm)

Female 9.08 +1.07 9.28+1.13 8.84+£0.95 0.050 6-9
Male 9.46 +1.39 9.40 + 1.49 9.67+0.84 0.477 6-10
RWT 0.39+0.05 0.39+£0.05 0.38+0.04 0.303 <0.48
LVMi(g/m2)

Female 82.15+ 17.56 85.51+18.93 | 78.11+14.98 | 0.027 95 g/m2
Male 91.22 + 15.37 90.95+15.75 | 92.31+14.03 | 0.739 115 g/m2
LVMh?7(g/m)

Female 42.97 +10.65 4533+12.04 | 40.13+7.93 | 0.010 47 g/m27
Male 42.22 +7.66 41.88+7.76 43.65+7.21 | 0.381 50gm*7
LVEDVi (ml/m2)

Female 34.52 £8.20 32.64 + 8.08 36.77+7.83 | 0.008 <61
Male 40.53 + 8.05 40.59 + 8.50 40.27 +5.96 | 0.854 s74
LVESVi (ml/m2)

Female 12.01 +3.02 11.42 +2.95 12.71+2.98 | 0.025 <24
Male 14.48 £3.52 14.60 + 3.65 13.97 £2.95 0.493 <31




LVEF (%)

Female 65.69 +4.27 65.80 +4.51 65.56 + 4.01 0.771 252
Male 64.32 +4.83 64.04 +4.97 65.50 +4.12 0.252 254
SVi (ml/m2) 37.61+7.66 37.89+7.75 37.04+7.52 0.457 >35
Cl (L/min/m2) 2.77 £0.69 2.84+0.68 2.64+0.69 0.054 2-4
s'TDI (cm/s) 8.46 + 5.56 8.52+6.76 8.34+1.40 0.832 >6
E (cm/s) 68.87+13.54 68.31+13.40 69.97+13.83 0.411 60-80
E/A 0.98+0.26 0.96+0.26 1.01+0.26 0.266 >0.8 <2.0
DT (ms) 188.74+34.31 188.59+35.94 | 189.03+31.08 | 0.932 160-220
IVRT (ms) 91.10+13.12 91.31+13.76 90.69+11.83 0.752 >70< 100
e’TDIs (cm/s) 8.15+1.68 7.90+1.67 8.64+1.62 0.003 >7
e’TDIl (cm/s) 10.14+2.39 9.80+2.34 10.80+2.36 0.005 >10
e’TDlav (cm/s) 9.15+1.85 8.85+1.81 9.74+1.78 0.001 >8
E/e’s 8.73+2.16 8.94+2.16 8.31+2.11 0.050 <10
E/e’l 7.08+1.85 7.31+2.01 6.65+1.43 0.017 <10
E/e’av ?? ?? ??

DDASE2016* 17/8.4 14/10.4 3/4.4 0.148
DD (PALS)%** 27/13.3 20/14.8 7/10.3 0.371
DD2025%*** 37/18.2 31/23.0 7/10.3 0.029
LASlav 0.27+0.12 0.29+0.13 0.24+0.08 0.003
LASIav>0.26 (n/%) 91/45.3 67/50.4 24/35.3 0.042

LVEDD = left ventricular end-diastolic diameter; LVESD = left ventricular end-systolic diameter; IVS =
interventricular septum; PWT = posterior wall thickness; RWT = relative wall thickness; LVMI = left ventricular
mass indexed to body surface area; LVEDVi = left ventricular end-diastolic volume indexed to body surface
area; LVESVi = left ventricular end-systolic volume indexed to body surface area; SVi = stroke volume indexed
to body surface area; Cl= cardiac indexed to body surface area; s'TDI = peak systolic tissue velocity at the mitral
annulus measured by tissue Doppler imaging; LV = left ventricle; E = peak early transmitral flow velocity; A =
peak late transmitral flow velocity; DT = deceleration time; IVRT = isovolumetric relaxation time; e'TDI = early
diastolic mitral annular tissue velocity measured by tissue Doppler imaging; s = septal; | = lateral; av = average
of septal and lateral values; E/e’ = ratio of early transmitral flow velocity to early diastolic mitral annular tissue
velocity. reflecting LV filling pressure. DDASE2016=diastolic dysfunction according to the 2016 ASE criteria; DD
(PALS)= diastolic dysfunction according to modified 2016 ASE criteria with PALS <23% instead of LAVI;
DDASE2025=diastolic dysfunction according to the 2025 ASE criteria; ASE= American Society of
Echocardiography; PALS=peak atrial longitudinal strain; LAVI=left atrial volume index. LASIs= left atrial stiffness
index. calculated as septal E/e’ divided by peak atrial longitudinal strain (PALS); LASlav= average left
atrial stiffness index. calculated as average E/e’ divided by PALS; PALS= peak atrial longitudinal strain; E/e'=
ratio of early mitral inflow velocity to early diastolic mitral annular velocity.

Left atrial structure and function

Mean LA volume indexed to body surface area was within the reference range,
although LA enlargement was present in 17.2% of participants using LAVI (Table 4). When
indexed to height?, however, increased LA volume was considerably more frequent (68.5%).
Mean LA ejection fraction remained preserved.

PALS was significantly lower in participants with T2DM than in those with PDM
(29.56 + 7.63% vs. 32.17 + 7.26%, p = 0.020), indicating impaired LA reservoir function
despite preserved conventional LA functional parameters.



Table 4. Echocardiographic dimensions and function of the left atrium in the study cohort, stratified by the

presence of type 2 diabetes mellitus and prediabetes.
Parameter Overall cohort T2DM n=135 PDM 0 Referent

n=203 n=68 values

LA (mm)

Female 35.58+3.04 36.00£3.10 35.08£2.91 0.115 <38

Male 37.13+£2.54 37.27 £2.63 36.56 £ 2.06 0.289 <40

LAVi (ml/m2) 27.8716.84 28.4816.84 26.6516.74 0.073 <34

LAVi dil. (n/%) 35/17.2 27/20.0 8/11.8 0.143

LAVh2 (ml/m2)

Female 20.2145.95 20.5716.27 19.77+5.57 0.483 <16.5

Male 19.53+4.61 19.98+4.60 17.62+4.23 0.051 <18.5

LAVh2 dil. (n/%) 139/68.5 92/68.1 47/69.1 0.888

LAEF (%) 59.6717.63 59.2917.66 60.41+7.58 0.327 >35

PALS (%) 30.43+7.59 29.5617.63 32.17+7.26 0.020 39.4(23-67)

PACS (%) 15.79+5.16 16.63+4.84 16.91+3.98 0.688 15.5 (6.4-28)

LA = left atrium; LAVi = maximum left atrial volume indexed to body surface area; LAVh = maximum left atrial
volume indexed to body height; LAVh? = maximum left atrial volume indexed to height squared; LAEF = left
atrial ejection fraction;PALS= peak atrial longitudinal strain during the reservoir phase; PACS=peak atrial
longitudinal strain during the contraction phase.

Left atrial stiffness index

LASI was significantly higher in participants with T2DM than in those with PDM (Table 3).
When calculated using the average E/e’. LASI was 0.29 + 0.13 in the T2DM group compared with 0.24
+ 0.08 in the PDM group (p=0.003). Using a cutoff of >0.26. increased LASI was present in 50.4% of
participants with T2DM compared with 35.3% of those with PDM (p=0.042). When LASI was
calculated using septal E/e’, increased LASI was also more frequent among participants with T2DM
than among those with PDM (67.7% vs. 45.6%. p=0.002). These findings indicate that abnormalities
in LA stiffness are detectable even in asymptomatic individuals with T2DM and may occur despite
preserved LV systolic function and relatively subtle abnormalities in conventional echocardiographic
parameters.

Higher LASI values were associated with older age (p=0.0001) and higher BMI (p=0.0001) in
the overall cohort and in participants with T2DM. LASI was also significantly associated with
parameters of impaired glycemic control (p=0.004). Furthermore, higher LASI was associated with
reduced systolic and subclinical LV function,including abnormalities in tissue Doppler systolic
velocity(p=0.0001) and global longitudinal (p=0.009), and circumferential strain parameters
(p=0.034). LASI also showed significant associations with the number of LV segments
(p=0.0001)exhibiting reduced longitudinal strain. Importantly, LASI emerged as an independent
predictor of diastolic dysfunction across all three diagnostic definitions applied in this study: the
2016 ASE criteria, the modified 2016 ASE criteria incorporating PALS, and the 2025 ASE criteria
(Table 5).



Table 5. Results of the binary logistic regression analysis with DD, defined according to the 2025 ASE criteria, as
the dependent variable and the following parameters, in participants with T2DM.

95%Cl for Exp (B)
Variables B S.E. Wald df Sig. Exp (B) Lower Upper
Age 0.168 0.052 10.640 1 0.001 1.184 1.070 1.310
LVMIi (g/m?) 2.110 0.761 7.691 1 0.006 8.244 1.856 36.612
RV GLS% -0.185 0.059 9.696 1 0.002 0.831 0.739 0.934
LASlav 9.114 2.870 10.081 1 0.001 9.1X103 3.27X10?2 2.5X10°
GRS% -0.085 0.028 9.138 1 0.003 0.919 0.869 0.971

LVMI = left ventricular mass indexed to body surface area; RV GLS (%) = right ventricular global longitudinal
strain of the free wall; LASlav = average ratio of E/e’ and PALS. representing an index of stiffness. calculated as
the average of the two atrial walls; GRS = global radial strain.

Discussion

In this cross-sectional study including patients with type 2 diabetes mellitus (T2DM)
and PDM, we found evidence of subclinical systolic and diastolic cardiac dysfunction despite
the absence of overt symptoms. Importantly, increased left atrial (LA) stiffness, assessed by
the left atrial stiffness index (LASI), was frequently present in the study population,
suggesting that abnormalities in left ventricular (LV) diastolic function may already be
detectable at an early, clinically asymptomatic stage. LASI, which reflects LA stiffness and
serves as an indirect marker of elevated LV filling pressures, was above the proposed
threshold of 0.26 in a substantial proportion of participants. When E/e’ was measured at the
interventricular septum, increased LA stiffness was identified in 121 participants (60.2% of
the entire cohort), whereas when E/e’ was calculated as the average of the septal and
lateral wall measurements, increased LASI was present in 91 participants (45.3%).

LASI was significantly higher in participants with T2DM than in those with PDM (p =
0.006). Similarly, increased LA stiffness was significantly more prevalent among participants
with T2DM compared with those with PDM (67.7% vs. 45.6%, p = 0.002) when E/e’ was
measured at the interventricular septum. When LASI was calculated using the average E/e’
from both walls, LA stiffness remained significantly more frequent in participants with T2DM
than in those with PDM (50.4% vs. 35.3%, p = 0.042). Furthermore, in this analysis, LASI
values remained below the threshold of 0.26 in the prediabetes group, whereas values
above this threshold were observed in participants with T2DM (p = 0.003). These findings
suggest that the development of T2DM is associated with a measurable increase in LA
stiffness, potentially reflecting an early transition from metabolic impairment to clinically
relevant cardiac remodeling and diastolic dysfunction.

The ability of LASI to identify abnormalities in LA function in asymptomatic
individuals may be of particular clinical importance. The frequent presence of increased LASI
in our cohort, especially among participants with T2DM, supports the potential utility of this
parameter as an early marker of impaired LV diastolic function before the development of
symptomatic heart failure. In this context, Tu et al. (10) suggested that LASI may provide a
useful reference parameter for the assessment of LV diastolic function, particularly in
patients in whom conventional echocardiographic parameters do not allow a definitive
classification. The use of LASI may therefore provide additional imaging evidence for the



early identification of subclinical cardiac dysfunction and may facilitate timely preventive or
therapeutic interventions aimed at improving long-term cardiovascular outcomes.

In addition to the differences according to glycemic status, our findings
demonstrated significant associations between LA stiffness and several clinical
characteristics. Higher values of LASI measures were significantly associated with older age
and higher body mass index (BMI) in the overall cohort and among participants with T2DM.
In contrast, only LASI measured using E/e’ from both walls, or calculated as the average
value, was significantly associated with parameters reflecting poorer glycemic control.
These findings suggest that LA mechanical impairment may be influenced by both
traditional cardiovascular risk factors and the severity of metabolic dysregulation.

Our findings are consistent with previous evidence linking aging and increased body
weight with progressive myocardial and LA stiffening. In the study by Borlaug et al. (18),
aging and increasing body weight were closely associated with LV diastolic dysfunction and
increased LV and LA stiffness, whereas an independent association with arterial blood
pressure was not demonstrated. These observations support the concept that age- and
obesity-related myocardial remodeling may contribute substantially to the development of
impaired ventricular relaxation and increased LA stiffness, even in the absence of overt
cardiovascular disease. Similarly, Dong et al. (9) reported that LASI increased with age in
both men and women. Increased LASI values were also observed in participants with high-
normal blood pressure, overweight, and indeterminate diastolic function. The authors
concluded that LASI has the potential to serve as a novel and useful index for the
assessment of LV diastolic function, allowing a more refined evaluation of diastolic
dysfunction.

Our results extend these observations by demonstrating that increased LA stiffness is
already evident in individuals with T2DM and, to a lesser extent, in those with PDM,
supporting the potential role of LASI in the early detection of subclinical cardiac involvement
across the continuum of dysglycemia.

Study limitations

The primary limitation of our study is the relatively small sample size, particularly in
the PDM group, which may impact the results of comparative analyses.Echocardiographic
examinations were performed by a single operator, limiting the assessment of interobserver
variability, although this approach may have reduced measurement heterogeneity.

Conclusion

In asymptomatic individuals with T2DM and PDM, increased LA stiffness assessed by LASI
was more prevalent in T2DM and was associated with markers of impaired diastolic and subclinical
myocardial function. LASI was independently associated with DD across different diagnostic
definitions, supporting its potential value as an additional echocardiographic marker of early cardiac
involvement in T2DM. The presence of increased LASI also among individuals with PDM suggests
that LA functional abnormalities may develop early across the spectrum of dysglycemia. LASI may
therefore have potential utility for the early identification of individuals at increased risk of



subclinical diabetic cardiac involvement and a potential HFpEF phenotype, although prospective
studies are required to establish its prognostic value.
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Abstract

Background: Thrombophilia comprises a heterogeneous group of inherited and acquired disorders
characterised by an increased tendency towards thrombosis. Its clinical significance is particularly
important duringspecial conditions as pregnancy, obesity, immobilization and periprocedural or
perisurgical interventions, when physiological hypercoagulability, venous stasis and vascular changes

further increase the risk of venous thromboembolism (VTE).

Objective: To review the principal inherited and acquired thrombophilic conditions, the indications
for thrombophilia screening, and the implications of thrombophilia for anticoagulant treatment,

secondary prevention and thromboprophylaxis during pregnancy.

Content:Focus of the current review and clinical cases are the the circumstances in which
thrombophilia testing may be considered, including VTE at a young age, thrombosis at unusual
anatomical sites, recurrent or unexplained thrombotic events, warfarin-induced skin necrosis and a
positive family history. Particular attention is given to deficiencies of protein C, protein S and
antithrombin, factor V Leiden and the prothrombin G20210A mutation, as well as antiphospholipid
syndrome. The physiological increase in thrombotic risk during pregnancy and the early postpartum
period is described, together with the contribution of placental thrombosis and impaired
uteroplacental perfusion to complications such as pre-eclampsia, foetal growth restriction, placental
abruption, pregnancy loss and stillbirth. The potential clinical relevance of laboratory markers and
genetic polymorphisms associated with coagulation, fibrinolysis, platelet activation and endothelial
dysfunction is also considered. Low-molecular-weight heparin remains the preferred anticoagulant

for the prevention and treatment of VTE during pregnancy, while the need for prophylaxis should be
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determined according to the individual risk profile. In patients with antiphospholipid syndrome, low-

dose aspirin combined with heparin is commonly used when clinically indicated.

Conclusion: Thrombophilia may substantially increase the risk of venous and, in selected cases,
arterial thrombosis. Its association with high morbidity and mortality needs an individualised
approach to risk assessment, diagnostic testing and thromboprophylaxis. However, laboratory
findings should be interpreted in the appropriate clinical context, and treatment decisions should be

based on validated diagnostic criteria and current evidence-based guidelines.

Keywords: thrombophilia; venous thromboembolism; thromboprophylaxis;

Thrombophilia comprises a spectrum of disorders characterised by hypercoagulability, most
commonly resulting in thromboembolism. Inherited thrombophilia is a condition caused by genetic
mutations that disrupt haemostasis. Clinical manifestations are predominantly venous

thromboembolism, although certain genetic variants may also lead to arterial thrombotic events.

When is screening recommended?

e Venous thromboembolism (VTE) at a young age — under 50 years — in the absence of

provoking factors such as active malignancy, major surgery or systemic vasculitis.

e Ischaemic stroke or myocardial infarction at a young age — under 40 years — in the absence

of atherosclerotic risk factors.
e  Purpura fulminans.

e VTE at an unusual site, such as the portal, cerebral or mesenteric veins.

Picture 1. 21 y.o. male, headache 6 months ago, famillyhostory of father and uncle with

stroke at the age of 50y.0, thrombosis of 1JV. No history of any i.v. manipulations.



o Multiple VTE events during a single thrombotic episode.

e Recurrent VTE in the absence of anatomical abnormalities.

e Poor response to, or progression of, thrombosis despite standard antithrombotic therapy.
e Warfarin-induced skin necrosis.

e VTE in the presence of a family history of thrombosis or confirmed thrombophilia.

Recommendations for anticoagulant therapy and secondary prevention

In the presence of heterozygous protein C deficiency and an acute thrombotic event, full-dose low-
molecular-weight heparin or a direct oral anticoagulant (DOAC) should be used. For secondary
prevention, indefinite anticoagulation with a prophylactic dose of a DOAC or an adjusted dose of

warfarin as a second-line treatment may be considered.

In patients with heterozygous protein S deficiency, anticoagulant treatment is similar to that used
for protein C deficiency. For secondary prevention, lifelong anticoagulation with a prophylactic dose
of a DOAC is recommended. Protein C and protein S are vitamin K-dependent anticoagulant
proteins. During warfarin monotherapy, the mechanism of action may initially reduce their levels

and cause transient hypercoagulability, resulting in a risk of warfarin-induced skin necrosis.

Antithrombin deficiency associated with an acute thrombotic event requires full-dose treatment
with a DOAC or low-molecular-weight heparin, followed by conversion to warfarin where
appropriate. Lifelong anticoagulation is recommended for secondary prevention. In cases of
resistant thrombosis or disseminated intravascular coagulation, antithrombin concentrates may be

indicated.

In patients heterozygous for factor V Leiden or the prothrombin mutation, standard anticoagulant

therapy is generally administered for three to six months.

In mutations associated with activated protein C resistance, a DOAC or warfarin may be used both

for treatment and secondary prevention.

Homozygosity or combined inherited deficiencies generally indicate lifelong anticoagulation with

therapeutic doses of a DOAC or adjusted-dose warfarin.

In addition to anticoagulant therapy, the treatment of acute VTE may include thrombolysis,

thrombectomy and/or placement of an inferior vena cava filter, according to the clinical indications.



Thrombophilia and thromboprophylaxis during pregnancy

Pregnancy itself is associated with a substantially increased risk of venous thromboembolism,
including deep-vein thrombosis and pulmonary embolism. Although the absolute incidence of VTE in
pregnancy is relatively low, the risk is approximately four to five times higher than in non-pregnant

women of the same age and reaches its maximum during the early postpartum period.

During pregnancy and the puerperium, the risk of VTE increases significantly because of
physiological changes in coagulation, haemodynamics and vascular anatomy. Despite the use of
prophylactic strategies in pregnant women at increased risk, pulmonary embolism remains one of

the leading causes of maternal mortality in developed countries.

Over recent vyears, increasing evidence has emerged regarding the association between
thrombophilia and various pregnancy complications. This supports an individualised approach to risk

assessment and thromboprophylaxis.

VTE during pregnancy includes deep-vein thrombosis and pulmonary thromboembolism.
Approximately 75-80% of cases are DVT and 20—25% are pulmonary embolism. The incidence of VTE

in pregnancy is approximately 1-2 cases per 1,000 pregnancies.

The risk of VTE is present from the beginning of the first trimester and increases progressively with
advancing gestational age. The highest risk is observed during the early postpartum period, when
the probability of thrombosis is 15—-35 times higher than in non-pregnant women. The risk decreases
after the sixth week following delivery and usually returns to baseline by approximately the twelfth

postpartum week.

Thrombosis during pregnancy frequently affects the pelvic and iliac veins. The increased risk of VTE is

explained by Virchow’s triad: hypercoagulability, venous stasis and vascular injury.

Pregnancy is associated with a physiological increase in coagulation factors VII, VIl and X, as well as
fibrinogen, together with reduced activity of natural anticoagulants, particularly protein S.

Fibrinolytic activity is suppressed, further contributing to the prothrombotic state.

The enlarging uterus causes mechanical compression of the inferior vena cava and pelvic veins,
leading to a reduction in venous blood flow, particularly in the lower limbs. Delivery, especially
operative delivery, may cause direct vascular injury and thereby create additional conditions for

thrombus formation.



Thrombophilia is an important risk factor for the development of VTE during pregnancy. It is also

associated with pregnancy complications related to placental dysfunction.
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Picture 2. Asymptomatic thrombosis of VSM in young female patient with thrombophilia.

The most common forms of inherited thrombophilia in the European population are factor V Leiden
and the prothrombin G20210A mutation. Heterozygous forms are associated with a moderately

increased risk, whereas homozygous and combined defects substantially increase the risk of VTE.

The rarer deficiencies of antithrombin, protein C and protein S are associated with a higher relative

risk, particularly in the presence of a family history of thrombosis.

Antiphospholipid syndrome is the most significant acquired thrombophilia in pregnancy. It is
characterised by the presence of antiphospholipid antibodies and clinical manifestations including
venous and arterial thrombosis, recurrent spontaneous miscarriage and placental-mediated

complications.

Accumulating evidence demonstrates an association between thrombophilia and complications such
as pre-eclampsia, foetal growth restriction and placental abruption. It is presumed that
microthrombosis within the placental circulation causes impaired perfusion and placental

insufficiency.
In addition to thrombophilia, the risk of VTE in pregnancy increases in the presence of:

e previous venous thromboembolism; obesity; advanced maternal age; immobility;infection;

pre-eclampsia; operative delivery; and postpartum haemorrhage.

The combination of several risk factors leads to a substantial increase in absolute risk.

Low-molecular-weight heparin is the treatment of choice for the prevention and treatment of VTE

during pregnancy because of its favourable safety profile. Nevertheless, the available evidence does



not support universal thromboprophylaxis for all women with thrombophilia. International

guidelines recommend an individualised approach based on the patient’s overall risk profile.

Picture 3. Partial recanalization of v. poplitea after 3 months of treatment.

In women with antiphospholipid syndrome, combined treatment with low-dose aspirin and low-

molecular-weight heparin remains the standard of care.

Interpretation and clinical application of thrombophilia investigations

1. Acquired thrombophilia

Extractable nuclear antigens are

e Sm antibodies — titre;

e RNP antibodies — titre.
Anticardiolipin antibodies:

e IgG antibodies;

e IgM antibodies.
Anti-phosphatidylserine antibodies:

e IgG antibodies;

e |gM antibodies.

Beta-2 glycoprotein antibodies:



Values above the upper limit of normal for the relevant laboratory are treated with heparin. These
antibodies form part of antiphospholipid syndrome and are associated with infertility, failed IVF

treatment, early pregnancy loss and recurrent spontaneous abortion.

Flow-cytometric analysis

A value above the upper limit of normal is treated with heparin and, where appropriate,

corticosteroids, depending on the degree of placental maturation.

Anti-annexin V antibodies

The presence of these antibodies is abnormal and prothrombotic. Annexin V is a natural
anticoagulant expressed on the surface of the trophoblast. Anti-annexin V antibodies form part of
antiphospholipid syndrome and interfere with membrane phospholipid function and trophoblast

development.

Elevated anti-annexin V antibody levels may lead to recurrent pregnancy loss, infertility and IVF

failure.

Anti-prothrombin antibodies

The presence of anti-prothrombin antibodies is abnormal and prothrombotic. They inhibit the
inactivation of thrombin by antithrombin, thereby promoting thrombogenesis. Patients are at

increased risk of placental thrombosis.

Antibodies against platelet glycoproteins

Their presence is associated with platelet activation and increased thrombotic activity.

The antibodies described above may impair trophoblast development and haemostasis, leading to
inadequate placental development and placental thrombosis. Accordingly, the above conditions are
treated with aspirin 81 mg daily. If placental thrombosis is present, heparin is added to the

treatment regimen.

2. Inherited thrombophilia



Protein S. Pregnancy may suppress protein S activity to approximately 40%. Values below this level
are treated with heparin. Values between 40% and 60% are treated with aspirin unless placental
thrombosis is present. Values above the normal range are of uncertain significance and are not

considered pathological.

Protein C Protein C is not significantly affected by pregnancy. If the level is abnormally low,
treatment with heparin is indicated irrespective of placental status. Elevated protein C levels are not

considered pathological.

Antithrombin lll. Antithrombin Il is not significantly affected by pregnancy. If the level is
abnormally low, heparin treatment is indicated because of the high risk of maternal DVT. Elevated

levels are not clinically significant.

Homocysteine. Any value above the laboratory-specific reference range is considered pathological
and requires treatment with Metanx, which contains an active form of folic acid together with
vitamins B12 and B6, at a dose of one tablet daily. If Metanx is unavailable, folic acid 2 mg daily may
be administered together with a multivitamin preparation. If placental thrombosis is present,

heparin should be added.

MTHFR gene polymorphism. A positive result is considered abnormal. This mutation may lead to

increased plasma homocysteine levels, endothelial injury and placental vasculopathy.

In homozygous patients, folic acid and aspirin are recommended. In heterozygous patients, folic acid

and aspirin are also used; where placental thrombotic lesions are present, heparin is added.

Factor V Leiden mutation. Factor V Leiden is characterised by resistance to activated protein C and

predisposes to thrombosis. A positive result requires treatment with heparin.

This is the most common form of thrombophilia. Heterozygous carriage occurs in up to 10% of the
population of the United States and Europe. Homozygosity is considerably rarer — approximately 1
in 5,000 individuals — partly because few embryos survive in utero owing to extensive placental

thrombosis.

Factor V Leiden is identified in approximately 15—20% of patients with a first episode of DVT and in
up to 50% of patients with recurrent venous thromboembolism. The use of oral contraceptives

increases the risk of thrombosis approximately fourfold.



Factor IlI/prothrombin mutation. This mutation is associated with an increased plasma
concentration of prothrombin and an increased risk of venous and arterial thrombosis. A positive

result is abnormal and requires treatment with heparin.

Women with this mutation have an increased risk of DVT and should receive heparin prophylaxis
during pregnancy and after delivery. The heterozygous form occurs in approximately 2-4% of the
population. The homozygous form is extremely rare and is associated with severe placental

thrombosis and pregnancy loss.

The combination of a factor Il mutation with a 4G/5G polymorphism increases the risk of

thromboembolism.

ACE insertion/deletion polymorphism. Homozygous carriage of the DD genotype is considered
abnormal. This gene is responsible for the production of angiotensin-converting enzyme. The DD
genotype is associated with increased ACE activity and a higher risk of thrombotic events, pre-

eclampsia, foetal growth restriction and recurrent pregnancy loss.

The renin—angiotensin system is involved in early placental development and remodelling of the
placental arteries. The combined presence of ACE and 4G/5G polymorphisms is strongly

prothrombotic and may cause severe placental injury.

Low-molecular-weight heparin may reverse vascular changes and improve uteroplacental blood

flow.
Activated protein C resistance

Values below 2.5 are abnormal and prothrombotic. Women with this abnormality have an increased
risk of maternal DVT and should receive prophylactic heparin during pregnancy and the puerperium,

irrespective of placental status.
PAI-1

High levels of plasminogen activator inhibitor type 1 are abnormal and prothrombotic. PAI-1

increases the risk of thrombosis by suppressing fibrinolysis and also inhibits trophoblast invasion.

Elevated PAI-1 in combination with a factor Il mutation considerably increases the risk of
thromboembolism. Its combination with an ACE polymorphism has an adverse effect on placental

quality.



The 4G allele of the PAI-1 gene is also found significantly more frequently in women with
endometriosis. Persistence of the fibrin matrix may facilitate the development of endometriotic
lesions in the peritoneum, which may explain why some women with retrograde menstruation

develop endometriosis whereas others do not.

Tissue plasminogen activator deficiency

Reduced tissue plasminogen activator levels are prothrombotic. Tissue plasminogen activator
converts plasminogen into plasmin, which degrades fibrin. Its deficiency results in reduced plasmin

formation, impaired fibrinolysis and an increased tendency towards thrombosis.

Alpha-2-antiplasmin

High alpha-2-antiplasmin levels are pathological and prothrombotic. Alpha-2-antiplasmin is a serpin
— a serine protease inhibitor — and the principal physiological inhibitor of fibrinolytic plasmin in

plasma. Its inhibition of plasmin has prothrombotic effects.

Reduced alpha-2-antiplasmin activity may improve vascular patency after endothelial injury by
enhancing endothelial repair through vascular endothelial growth factor, as a result of increased
plasmin activity. Increased fibrinolytic potential reduces recurrent thrombosis and vascular

occlusion.

In addition to fibrin removal, the fibrinolytic system plays a role in embryogenesis, ovulation, intimal

formation, cellular proliferation and migration, tumour development and metastasis.

TAFI

Thrombin-activatable fibrinolysis inhibitor (TAFI) is prothrombotic when present at pathologically
high levels. It is activated by thrombin and inhibits fibrinolysis, thereby contributing to thrombus

stability and hypercoagulability.

TAFI is strongly prothrombotic in venous embolism but may have a protective effect in arterial

thromboembolism, partly because of its anti-inflammatory properties.

D-dimer

D-dimer is a marker of ongoing thrombosis and fibrinolysis. Its presence in the absence of known
thrombophilic factors may indicate ongoing placental thrombosis, including thrombosis of the

intervillous space, even when no sonographic abnormalities are visible.



Circulating D-dimer may contain small amounts of active thrombin, which can contribute to the

propagation of the coagulation process.

Factor XII

Elevated factor Xll levels increase the risk of intravascular thrombosis, whereas factor Xll deficiency
is not associated with an increased risk of bleeding. The available literature regarding this factor

remains contradictory.

It has been hypothesised that factor XIl may represent the “missing link” between acute stress and
transient hypercoagulability, suggesting that chronic stress may contribute to cerebrovascular

disease.

During acute stress, adrenaline is released from the adrenal medulla and activates platelets through
interaction with alpha-2 adrenergic receptors. Activated platelets convert pre-bound factor Xll into

its active form, initiating the intrinsic coagulation pathway.

In individuals experiencing chronic stress — essentially a state associated with hypertension — a
synergistic relationship with hypercoagulability may occur, characterised by persistently elevated

blood pressure and systemic platelet activation.

The increase in both parameters is atherogenic. Epinephrine-activated platelets stimulate thrombin
formation and interact with endothelial cells activated by angiotensin Il. This results in endothelial

proliferation and ultimately thrombotic occlusion.

Hypercoagulability could theoretically be treated with monoclonal antibodies directed against the
platelet-specific alpha-2 adrenergic receptor or the presumed platelet receptor for factor XII.
Hypertension could theoretically be treated with monoclonal antibodies against the beta-adrenergic

receptor in the juxtaglomerular apparatus or by renal denervation.

Factor XI

Factor Xl acts as a cofactor in the activation of factor IX through the intrinsic coagulation pathway. It
binds to the platelet surface and becomes activated. Together with factor VI, it activates factor X to

factor Xa, which, together with factor V, converts prothrombin into thrombin.

Elevated factor Xl levels are prothrombotic.

Factor IX

Elevated factor IX levels indicate an increased risk of thrombosis.



Factor VIl

Elevated factor VIl levels are associated with an increased risk of thrombosis and recurrent

pregnancy loss.
Factor XIlI

Elevated factor Xl levels are associated with an increased risk of thrombosis and pregnancy loss.
Factor Xlll is an established key regulator of fibrinolysis and is found in platelets, monocytes and

macrophages.

Factor Xl deficiency causes life-threatening haemorrhagic diathesis with well-established clinical
consequences. Its role in thrombotic disease and its association with thrombotic risk are less clearly

understood.

Its role in atherogenesis, ischaemic heart disease and peripheral arterial disease has been discussed.
Homozygous carriers demonstrate structural changes in the fibrin network, with thinner fibres and

reduced spacing between them, resulting in an antifibrinolytic effect.
Fibrinogen

Elevated fibrinogen levels cause excessive clotting in the intervillous space and may lead to placental

necrosis and thrombosis.
Lipoprotein(a)

Lipoprotein(a) is a strongly prothrombotic protein that modulates fibrinolysis by inhibiting the

binding of plasminogen to fibrin. Its presence is associated with adverse pregnancy outcomes.




Picture 4. Arterial embolization in 44 y.o. male with complex risk profile: thrombophilia, familiar

hypercholesterolemia and paroxysmal atrial fibrillation.

Protein Z

Protein Z is a vitamin K-dependent plasma protein that acts as a cofactor in the regulation of
coagulation factor Xa. Its deficiency is associated with an increased risk of severe placental

insufficiency, occurring soon after the maternal and foetal circulations become established.

Sticky platelet syndrome

Sticky platelet syndrome is identified in approximately 22% of cases of recurrent miscarriage. Aspirin
is the only treatment and may therefore be effective in many mild forms of thrombophilia

associated with recurrent pregnancy loss.

Interleukin-2 and the interleukin-2 receptor

These are not thrombophilic factors. Only elevated levels are pathological and may indicate

placental inflammation secondary to placental necrosis caused by thrombotic lesions.

C-reactive protein

C-reactive protein is a marker of placental apoptosis, degeneration and necrosis of the chorionic villi.

It is also a marker of inflammation, which is an important risk factor for arterial thrombotic events.

A genetic mutation associated with elevated CRP levels has recently been identified. Homozygous

patients have higher circulating CRP concentrations.

Conclusion

In conclusion, thrombophilia is a multifactorial condition. Genetical disorders play crucial role, but
some factors of the environment, risk factors or conditions as pregnancy and bad models of
behavior increase individual risk. Complex approach for diagnostics and treatment is needed as a

model of multidisciplinary team.

e Images are derived from authors’ laboratory
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