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Abstract. The present study aimed to evaluate the level of antithrombin (AT)-III in blood serum
in patients with primary glomerulonephritis (GN) and nephrotic syndrome (NS) and to assess its
correlation with markers of NS and hypercoagulation.

Methods. We conducted a cross-sectional observational study involving 76 patients with primary
GN and NS admitted to the Ivano-Frankivsk Regional Clinical Hospital (Ukraine) in 2022—
2024. The inclusion criteria were: age over 18 years, <1 month since the diagnosis of NS, and
glomerular filtration rate (GFR) > 60 ml/min/1.73m?. During the study, all patients underwent a
standard examination, which included general clinical, biochemical, and instrumental research
methods. A photometric assay of AT-111 in serum using a chromogenic substrate was conducted
with a set of reagents from “Granum” (Ukraine).

Results. Normal levels of AT-I11 were identified in 24 patients (31.6%, 95% CI: 21.4—43.3), while
decreased levels were found in 52 patients (68.4%; 95% CI: 56.7—78.6). Correlation analysis
revealed a direct moderate correlation between serum albumin levels and AT-111 levels (r = 0.535,
p < 0.05), an inverse moderate correlation between daily protein excretion (DPE) and AT-111
levels (r =-0.414, p < 0.05), and an inverse moderate correlation between the albumin/creatinine
ratio (ACR) in urine and AT-111 levels (r = -0.467, p < 0.05).

Conclusions. In this cohort of patients with primary GN and NS, 68.4% exhibited decreased AT-
11l levels, indicating that AT-111 deficiency is a common finding. The observed reduction in AT-111
levels was significantly correlated with lower serum albumin levels, higher DPE, and higher ACR
in urine. No significant association was found between AT-I111 deficiency and specific histological
variants of GN, suggesting that the relationship between AT-1I1 levels and hypercoagulopathy
in GN and NS may be independent of the underlying glomerular pathology. The detected AT-
111 deficiency may warrant consideration for anticoagulant prophylaxis in patients with GN and
NS. However, further studies are needed to determine whether AT-111 levels can reliably guide
anticoagulation therapy and reduce thromboembolic risk in this population.
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Oujinka piBHS aHTUTPOMOIHY Y XBOPHX Ha IJIoMepy JIoHePHUT 3 HE(PPOTHIHUM
CHHIPOMOM: OJJHOMOMEHTHE 00cepBalliiiHe JOCTiIKEHHS

IIBaHO-DpaHKiBCHKMIT HALIOHAIBHUNM MEIUYHUI YHiBepcUTeT, M. IBano-PpaHKiBChK, YKpalHa
2HauioHanbHuii MeguuHuil yHiBepeuTeT imeHi O.0. Boromonbus, M. Kuis, Ykpaina

Pestome. Memoio danozo docaidncenns 6yao oyinumu pigenv anmumpomoiny (AT)-I111 y cuposamui kpoei naui-
enmieg 3 nepeunnum enomepynronedppumom (I'H) ma neppomuunum cundpomom (HC) ma nepesipumu iio2o Kopeasyiio 3
mapkepamu HC ma einepkoaeyasuieto.

Memodu. Mu npoéeau oonomomenmue obcepsauiiine docaioxncerns 3a yuacmio 76 nayicumis iz nepsunnum I'H ma
HC, sxi 6yau eocnimanizosani 6 lIeano-Ppankiecvky obnachy kainiuny aikapuro (Ykpaina) y 2022-2024 poxax. Kpume-
il 0ns éxarouenHs nayicumis y docaioxcenns: éix cmapuie 18 pokie, menwe 1 micsays 6io diaenocmuxu HC, wieudxicme
Kkayboukoeoi ginempayii (ITK®) > 60 ma/xs/ 1,73 m2. ITi0 uac docrioxcenns 6cim nayienmam npoeoouau Cmanoapmie
ob6cmedicel s, siKe 8KAUAN0 3A2ANbHOKAIHIYAHI, OI0XIMIUHI ma IHCMpyMeHmanbHi memoodu docaidncenus. Pomomempuu-
He susHayenHs aumumpomoOiny I11 y cuposamuyi Kpogi 3 XpomoceHHUM cYOCMpamom nposoounu 3a 00NoMo20r HAOOpPy
peakmusie «Ipanym» (Yxpaina).

Pezyaomamu. Hopmanwvnuii pieenv AT-111 diaenocmosano y 24 (31.6%; 95% CI 21.4-43.3) nauienmis, 3Hu-
acenuti — y 52 (68.4%; 95% CI 56.7-78.6) nayicumie. Ilicas nposedenHs KOPeAsyiiHo20 aHaAAi3y MU GUABUAU NPAMULL
cepedHboi cunu KopeasyiliHull 36 130K Midc pieHeM cuposamroso2o arvoyminy ma pienem AT-1I1 (r = 0,535, p < 0,05),
360POMHII cepeOHbOi CUNU KOpeASUiliHU 36 930K Midc 0060600 empamoio Ginka ([IBB) ma pienem AT-I11 (r = -0,414,
p < 0,05) ma 360pomHiti cepedHboi curu KopeasyiiHuil 36 130K Mixc cniggionouweHuam arvoyminy do kpeamutiny (CAK)
y ceui ma pisnem AT-II1 (r = -0,467, p < 0,05).

Bucnosku. Y 68,4% nauicumie 3 nepeunnum IT'H ma HC cnocmepizanoce snuncenns piena AT-111, wo éxasye na
nowupenicmo degiyumy AT-I11 ceped yici kamezopii nayicumis. 3nuxcenus pieus AT-111 docmosipHo Kopearsano 3
HUMCHUMU PIBHAMU CUPOBAMK06020 arvOyminy, euuioro BB ma niosuwenum CAK y ceui. Boonouac, ne 6yno susienerno
cymmegoeo 36 ’a3Ky mioc degpivumom AT-I11 i eicmonoeiunumu éapiaumamu I'H. Busenenuii deghivum AT-I11 moxce no-
mpebysamu ysaeu nio yac po3easndy NUMaHHs aumuxoazyasumuoi npoginaxmuru y nayieumie 3 'H ma HC. Odnak ons
ymounenHst, uu moxcymo pieni AT-II1 cayscumu HadiiHum iIHOUKamMopom 0451 KOPU2y8aHHs AHMUKOAZYASIHMHOI mepanii
Ma 3HUMNCEHHSL PUSUKY MPOMO0eMO0Aiil Y yill nonyasuyii, HeoOXiOHi nooanbuti Q0CAIONCEHHS.

Kmouosi ciioBa. Iiomepynonedppum, negppomuunuii cunopom, 2inepkoaeyasauis, anmumpomoin 111,

Introduction. Nephrotic syndrome (NS), typically
characterised by massive proteinuria (over 3.5 g/day),
hypoalbuminaemia, oedema and hyperlipidaemia, is a
common presentation of many glomerular diseases [1].
NS is associated with an elevated risk of thromboem-
bolic events (TE) leading to increased morbidity and
mortality [2]. The incidence of TE in NS has been es-
timated to be 3—44% depending on the localization of
thrombosis and the extent of the diagnostic screening
[3]. The risk of TE is greatest within the first 3 months,
although the risk remains elevated for more than 5 years
[4].

Membranous nephropathy, minimal change dis-
ease, focal segmental glomerulosclerosis, membranop-
roliferative glomerulonephritis (GN), membranous lu-
pus nephritis with antiphospholipid antibody and amy-

Iryna Mykhaloiko
iralisn@gmail.com

loidosis are glomerular diseases with particularly high
rates of venous thromboembolism [5]. Patients with
an albumin level <25 g/l are at the highest risk, with
a thromboembolic event rate of 8.5 per 1000 patient-
years. Each 1.0 g/l reduction in serum albumin resulted
in doubling the risk of venous thromboembolism [6].

The hypercoagulability in NS is not fully under-
stood but has been ascribed to at least three different
mechanisms. First, elevated thromboxane A2 may
increase platelet activation and aggregation [7]. Sec-
ond, urinary loss of natural anticoagulants such as an-
tithrombin (AT)-III and protein S combined with in-
creased hepatic synthesis of fibrinogen and coagulation
factor V and VIII results in a prothrombotic state [3].
Finally, decreased plasmin levels due to urinary loss, in
combination with increased plasminogen activator in-
hibitor-1 levels, result in decreased fibrinolytic activity
[8].

Marked urinary AT-III loss resulting in acquired
AT-III deficiency has often been proposed as an impor-
tant mechanism underlying NS hypercoagulopathy [9].
Intuitively, this hypothesis is attractive because familial
AT-III deficiency is the most severe heritable thrombo-
philia described to date [10].
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AT-III is a serine protease inhibitor (serpin) that
physiologically inactivates thrombin (factor Ila) and
factor Xa and, to a lesser extent, factors IXa, XIa, XIIa,
tissue plasminogen activator, urokinase, trypsin, plas-
min, and kallikrein. AT-III is an a2-globulin synthe-
sized predominantly in the liver, has a half-life of ap-
proximately 2.4 days and a molecular weight of 58 200
Da, and contains 432 amino acids [11]. AT-III has a
molecular weight similar to that of albumin and is lost
in much the same manner [12]. AT-III physiologically
circulates in a form that has a low inhibitory activity.
The anticoagulant effect of AT-III is accelerated at
least a thousand times in the presence of heparin and
other heparin-like glycosaminoglycans, such as hepa-
ran sulfate [13].

Appropriate anticoagulation prophylaxis and time-
ly treatment of thromboembolic events are crucial in
improving outcomes in patients with NS [3]. The best
anticoagulation for TE prevention in patients with NS
remains unclear, even if the most used drug is low mo-
lecular weight heparin (LMWH) [14]. The therapeu-
tic use of LMWH as an anticoagulant works through
the potentiation of endogenous AT-III. Patients with
AT-III deficiency may have resistance to therapy with
LMWH and may require higher doses for the achieve-
ment of therapeutic-activated partial thromboplastin
time and protective anticoagulation [15].

However, evidence directly assessing the contribu-
tion of AT-III deficiency to NS hypercoagulopathy is
lacking. Some studies have attributed venous TE dur-
ing NS to AT-I1I deficiency [10]. Others have reported
venous TE despite normal AT-III levels [13]. We thus
analyzed our data on AT-III deficiency in patients with
primary GN and NS to evaluate its influence on NS hy-
percoagulopathy.

The aim of this study was to evaluate the level of
antithrombin (AT)-III in blood serum in patients with
primary glomerulonephritis (GN) and nephrotic syn-
drome (NS) and to check its correlation with markers
of NS and hypercoagulation.

Materials and Methods. We conducted a cross-
sectional observational study involving 76 patients
with primary GN and NS admitted to the Ivano-
Frankivsk Regional Clinical Hospital (Ukraine) in
2022-2024. The research was performed in accordance
with international standards for the coordinated par-
ticipation of respondents, the ethical component of
research, and biomaterial collection (WMA Decla-
ration of Helsinki — “Ethical Principles for Medical
Research Involving Human Subjects” and “Universal
Declaration on Bioethics and Human Rights” (UNES-
CO)). The research protocol was approved by the local
ethics committee of the Ivano-Frankivsk National Med-
ical University. All patients signed a written informed
consent to participate in the study. Also, 40 practically
healthy individuals were selected comprising a compari-
son group and were representative of the main group.

Among the patients, there were 62 men (81.6%;
95% CI 71.0-89.5) and 14 women (18.4%; 95% CI

10.5-29.0). The average age of the patients was 45
(40; 49) years. The criteria for including patients in the
study were: age over 18 years, <1 month from the diag-
nosis of NS, glomerular filtration rate (GFR) > 60 ml/
min/1.73m2. Exclusion criteria were: patient’s refusal
to participate in the study, age <18 years, systemic con-
nective tissue diseases, systemic vasculitis, type 1 and
type 2 diabetes, thromboembolic and cardiovascular
events in history, chronic heart failure I1I-1V functional
class (according to the NYHA classification), informa-
tion about acute infectious processes of any etiology,
oncological diseases, acute and chronic liver failure,
mental disorders.

In all 76 patients the diagnosis of GN was con-
firmed morphologically as follows 23 patients (30.3%;
95% CI 20.2-41.9) were diagnosed with mesangiopro-
liferative GN, 21 patients (27.6%; 95% CI 18.0-39.1)
had membranous GN, 14 patients (18.4%; 95% CI
10.5-29.0) had focal segmental glomerulosclerosis, 11
patients (14.5%; 95% C1 7.5-24.4) had minimal change
disease, and 7 patients (9.2%; 95% CI 3.8-18.1) was
confirmed membrane proliferative (mesangiocapillary)
GN.

Depending on the histological variant of GN, pa-
tients received pathogenetic treatment with glucocor-
ticosteroids and cytostatics. All patients have been re-
ceiving treatment with angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers. 48 (63.2%;
95% CI 51.3-73.9) patients have been receiving treat-
ment with sodium-glucose cotransporter-2 inhibitors.

The clinical diagnosis was determined based on
standard examination methods according to the Classi-
fication of Kidney Diseases and clinical practice guide-
lines for the management of glomerular diseases [16].
During the study, all patients underwent a standard ex-
amination, which included general clinical, biochemi-
cal, and instrumental research methods. Biochemi-
cal tests were performed in the laboratory of Ivano-
Frankivsk Regional Clinical Hospital.

The GFR was determined using a CKD-EPI cal-
culator. Daily protein excretion (DPE) was determined
by the colorimetric method (Dialab, Wiener Neudorf,
Austria). Photometric Assay of AT-III in serum with a
Chromogenic Substrate was conducted with a set of re-
agents Granum (Ukraine).

STATISTICA 8 software (StatSoft, Serial
STA862D175437Q) was used for statistical analysis.
The frequency of qualitative indicators was presented as
absolute (n) and relative (%) frequencies, along with the
95% confidence interval (CI) in the form of «n (%; 95%
CI).» When analyzing quantitative data, the nature of
the distribution of the indicator values was determined
using the Shapiro-Wilk test. For quantitative data with
a normal distribution, the results were presented as the
mean value and standard deviation (M*=SD). For quan-
titative data with an abnormal distribution, the median
and 25-75 quartiles (Me (Q25-Q75)) were used. Quan-
titative indicators with a normal distribution in two
independent groups were compared using Student’s t-
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test. Abnormally distributed data were compared using
the Mann-Whitney test. A comparison of two indepen-
dent groups for the qualitative indicator was conducted
using Fisher’s exact test.

Correlation analysis for quantitative indicators
with normal distribution was performed using Pearson’s
correlation coefficient, while for abnormal distribution,
Spearman’s rank correlation coefficient was used to
examine the relationships between ordinal or interval
qualitative indicators and quantitative variables. The
statistical significance of the correlation coefficients

was established. The critical level of significance (p)
for testing statistical hypotheses in this study was set at
0.05.

Results. Key demographic, clinical, and labora-
tory characteristics of the patients are summarized in
Table 1. The patients were divided into two groups ac-
cording to the level of AT-III, normal levels of AT-III
(80-130 %) and low levels of AT-III (<80 %). Normal
levels of AT were diagnosed in 24 (31.6%; 95% CI 21.4-
43.3) patients, and decreased — in 52 (68.4%; 95% ClI
56.7-78.6) patients.

Table 1
Characteristics of patients with GN and NS according to the levels of AT-II1
The group of AT in the The group of
normal range decreased levels of AT p-value
(n=24) (n=52)
Age, years (Me (Q25-Q75) 41 (35;47) 43 (38; 50) p=0.83
Sex, male (%; 95% CI) 79.2 (57.8-92.9) 82.7 (69.7-91.8) p=0.75
Sex, female (%; 95% CI) 20.8 (7.1-42.2) 17.3 (8.2-30.3) p=0.75
GFR ml/min/1.73 m2 (Me . . _
(Q25-Q75) 72 (63; 89) 75 (64; 92) p=0.67
Albumin levels, g /1 (Me . .
(Q25-Q75) 27.4(22.3;29.7) 22.4 (18.1;24.4) p <0.05
DPE g / day (Me (Q25-Q75) 4.2 (3.8;4.6) 5.5(4.9;6.3) p <0.05
ACR mg /g (Me (Q25-Q75) 2376 (2231, 2619) 2885 (2596; 3178) p <0.05
Mesangioprolifera-tive GN _
(%: 95% CI) 33.3 (15.6-55.6) 28.9 (17.1-43.1) p=0.78
Membranous GN _
(%: 95% CI) 33.3 (15.6-55.6) 25.0 (14.0-38.9) p=0.58
Focal segmental
glomerulosclerosis 16.7 (4.7-37.4) 19.2 (9.6-32.5) p=1.00
(%; 95% CI)
GN with minimal changes (%; _
95% CI) 12.5(2.7-32.4) 15.4 (6.9-28.1) p=1.00
Mesangiocapillary GN _
(%: 95% CI) 4.2 (0.1-21.1) 11.5 (4.4-23.4) p=0.42
AT 111, % (Me (Q25-Q75) 98 (85; 104) 65 (54;76) p <0.001
D-dimer, mg/L, . .
(Me (Q25-Q75) 0.32 (0.16; 0.43) 1.56 (1.02; 2.23) p <0.05
Platelet Count (*109/L), . . _
(Me (Q25-Q75) 238 (187, 289) 257 (212; 310) p=0.86
INR, (Me (Q25-Q75) 0.9 (0.8;1.0) 1.0 (0.9; 1.1) p=1.00
APTT (s), (Me (Q25-Q75) 43 (38; 48) 46 (41; 50) p=0.78
PT (s), (Me (Q25-Q75) 13 (11; 15) 12 (11;14) p=1.00
Fibrinogen (g/L), . .
(Me (Q25-Q75) 2.3(1.8;3.4) 4.6(3.8;5.2) p <0.05

Abbreviations: ACR — albumin/creatinine ratio, CI — confidence interval, DPE — daily protein excretion, GFR — glomerular
filtration rate; INR — international normalized ratio; APTT — activated partial thromboplastin time; PT —
prothrombin time; Me (Q25-Q75) — median and quartiles
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As shown in Table 1, decreased levels of AT-III
were associated with decreased serum albumin levels,
increased daily protein excretion (DPE), and increased
albumin/creatinine ratio (ACR). Also, decreased levels
of AT-III were associated with increased levels of D-di-
mer and fibrinogen in serum. On the other hand, we did
not observe a statistically significant difference between
the international normalized ratio (INR), activated
partial thromboplastin time (APTT), prothrombin

time (PT), and platelet count in two groups of patients
(p > 0.05).

After conducting correlation analysis, we found a
direct average correlation between serum albumin lev-
els and AT-III levels (r = 0.535, p < 0.05) (Fig. 1), an
inverse average correlation between the DPE and AT-
III levels (r = -0.414, p < 0.05, (Fig. 2), an inverse av-
erage correlation between the ACR and AT-III levels
(r=-0.467, p <0.05) (Fig. 3).
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Fig. 1. The correlation between serum albumin and AT-III levels in the study cohort.
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ig. 2. The correlation between daily protein excretion (DPE) and AT-III levels in the study cohort.
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Fig. 3. The correlation between albumin/creatinine ratio (ACR) AT-1II levels in the study cohort.

We also found an inverse average correlation be-
tween D-dimer and AT-111I levels (r = -0.615, p < 0.05)
and an inverse average correlation between fibrinogen
and AT-III levels (r = -0.524, p < 0.05).

There were more men than women in both groups,
but the difference was not statistically significant
(p>0.05). We did not note the relationship between
AT-III deficiency and the histological variant of GN
(p>0.05), which suggests that other factors contribute
to the increased risk of TE in membranous GN and fo-
cal segmental glomerulosclerosis.

Discussion. The pathophysiology underlying NS
hypercoagulopathy is likely multifactorial, but acquired
AT-III deficiency secondary to urinary AT-III loss has
been postulated to have a prominent mechanistic in-
fluence [12]. However, there are conflicting data link-
ing nephrotic syndrome—associated AT-III deficiency
to both venous TE and hypercoagulopathy [13]. This
study was thus designed to evaluate the relationships
between AT-III deficiency and NS disease markers.

Decreased AT-III level at the onset of NS has
been confirmed by many studies [17]. Wygledowska
et al observed that the activity of protein S and AT-
III were significantly decreased at the onset of NS as
compared with the control group and increased during
the remission state [18]. In this study plasma AT-III
levels correlated well with serum albumin, which is
compatible with our findings. This relationship is ex-
plained by the molecular weight and charge of AT-1I1
that are similar to those of albumin [13]. Elidrissy et
al showed that during relapse NS urine AT-III levels
were increased, while during remission no AT-11I was
detected in urine [19].

Kauffmann et al. investigated the relationship
between the AT-III value and TE in 48 patients with
varying degrees of proteinuria. Nine of these patients
had clinical signs of thrombosis and the AT-III value
was below 70% in eight cases. There was a significant
negative correlation between the AT-III value and uri-
nary protein excretion. AT-III was noted in the urine of
32 of 42 patients in whom it was measured [10].

An increased incidence of TE has been reported
with AT-III levels lower than 75% [20]. However, TE
complications also occur in patients with normal AT
III levels and NS, indicating that although AT-III is a
major determinant of plasma antithrombin activity, it is
not the only one, because other regulatory proteins of
the coagulation cascade play a role [18].

Abdelghani et al found that AT-III deficiency be-
low a clinically accepted threshold was identified in a
substantial portion of NS patients. However, AT-III
levels were not strongly associated with either protein-
uria or hypoalbuminemia severity. These data suggest
that while AT-III levels may be a biomarker of NS hy-
percoagulopathy, AT-III deficiency plays only a lim-
ited role in nephrotic NS hypercoagulopathy [13].

However, emerging evidence suggests that AT-
IIT may play an important role in maintaining healthy
vascular endothelium via signaling properties that are
independent of its coagulation inhibitor function. It
is thus possible that AT-III deficiency may drive NS-
associated TE risk via vascular mechanisms. Further
exploration of this phenomenon will likely require en-
dothelial cell-specific analyses [9].

Several studies have now shown that thrombin
generation assays are a useful tool to measure hyperco-
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agulopathy and may be helpful in identifying patients

at risk for both incident and recurrent venous TE [21].

Meanwhile, other studies have demonstrated a relation-

ship between thrombin generation and AT-III deficien-

cy [20]. A recent study demonstrated that AT-11I levels
were associated with thromboelastography-determined

hypercoagulopathy in adult NS [13].

It is clear that no single factor can explain the
hypercoagulability state in patients with GN and NS.
The predisposition to thrombosis is probably dependent
on the balance between procoagulant and anticoagulant
factors. If facilities are available, one should perform a
detailed coagulogram including the definition of AT-
11T level.

Limitations. The sample size in this study is small.
Larger sample sizes, long-term clinical trials, and the
consideration of a greater number of procoagulant
and anticoagulant factors are needed to accurately
determine the impact of AT-III on the occurrence of
hypercoagulation and thromboembolic (TE) events in
patients with GN and NS, in order to draw more valid
conclusions.

Conclusions:

1. In the studied cohort of patients with primary GN
and NS, 68.4% demonstrated decreased levels of
AT-II1, indicating that AT-III deficiency is a com-
mon finding.

The observed decrease in AT-III levels was signifi-
cantly correlated with lower serum albumin levels,
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