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Abstract. The presentstudy aimed to investigate the prevalence, clinical, and laboratory characteristics
of renal involvement in a large cohort of Ukrainian patients with systemic lupus erythematosus (SLE).
Methods. A total of 380 patients with SLE were enrolled in this cross-sectional study, including 176
with lupus nephritis (LN) and 204 with non-renal SLE. Patients were reviewed for demographic
details, clinical SLE manifestations, SLE Disease Activity Index 2000 (SLEDAI-2K), and SLICC/
ACR Damage Index. Laboratory evaluations included complete blood count with an erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), high-sensitivity CRP (hs-CRP), anti-CRP
antibodies, serum creatinine, complement C3 and C4 levels, urinalysis, 24-hour urine protein,
specific autoantibodies, interleukin-6 (IL-6), IL-10.

Results. There was a significantly higher frequency of malar rash, lymphadenopathy, splenomegaly,
serositis, pulmonitis, fever, necrotizing vasculitis, and a history of arterial/venous thrombosis in
patients with LN; while Raynaud’s phenomenon, Sjogren’s syndrome, peripheral nervous system
manifestations occurred more often in patients with non-renal SLE. Patients with LN were found to
have higher ESR levels and lower IL- 10 levels. Either frequency of anti-dsDNA positivity and its titer
were higher in the LN group with no differences regarding other autoantibodies. C3 and C4, CRP, hs-
CRP, anti-CRP, and IL-6 levels showed no significant difference between the groups.

Multivariate analysis demonstrated that LN was positively associated with pulmonitis (OR 5.34 (95%
CI 1.88-15.10), p=0.002), arterial/venous thrombosis (OR 6.80 (95% CI 1.87-24.70), p=0.004),
anti-dsDNA positivity (OR 6.22 (95% CI 1.89-20.50), p=0.003), higher SLEDAI-2K score (OR
1.15(95% CI 1.08-1.23), p<0.001) and negatively associated with Raynaud’s syndrome (OR 0.20
(95% CI 0.08-0.49), p<0.001) and younger age at disease onset (OR 0.96 (95% CI 0.93-0.99),
p=0.003).

In the LN group, 27 patients (15.3%) had nephrotic syndrome. In multivariate logistic analysis,
male sex (OR 5.21 (95% CI 1.77-15.30), p=0.003) and higher SLICC/ACR score (OR 2.12
(95% CI 1.45-3.09), p<0.001) were associated with increased risk of nephrotic syndrome, whereas
lymphadenopathy (OR 0.31 (95% CI 0.12-0.80), p=0.02) was associated with decreased risk of
nephrotic syndrome development.

Conclusions. Our cohort of Ukrainian LN patients showed different characteristics in demographic,
clinical, and laboratory findings compared to patients with non-renal SLE. These features are mostly
on par with LN patients of other nationalities around the world.

Keywords: systemic lupus erythematosus, lupus nephritis, risk factor, biomarkers, autoantibodies,
interleukins.
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Kniniko-1a00paTopHi 0c001MBOCTI Ta maTepH 3anNajJbHUX i NPOTH3ANATBHUX
MapKepiB y XBOPHUX 3 JIIOMyC-HeQpUTOM
'Hanionanpauit Mmeguunwmii yHiBepcuret imeHi O.0. Boromonbus, M. Kuis, Ykpaina
2QnekcanapiBebKa KiIiHiuHA JikapHa, M. Kuis, Ykpaina
3SMenuunuii uentp EmCell, m. Kuis, Ykpaina

Pestome. Mema po6omu: eusuumu nowupenicmo, KAiHiYHi ma 1a00pamMopHi acoyiayii ypancenHs HUPOK y eeau-
Kill Koeopmi xeopux Ha cucmemHuil yepeoruil eosyax (C4B) é Ykpaini.

Mamepian ma memoou. Y kpoc-cexuyitinomy docaioncenni e3sau yuacmo 380 xeopux na CUB, 3 nux 176 i3 aronyc-
Heghpumom i 204 6e3 ypaxcenns Hupok. [lpoananizosano demoepaghiuni ma KainiuHi 0aui, iH0ekc aKmueHoCcmi 3ax80pro-
eanus (SLEDAI-2K) i nowkodxcenns (SLICC/ACR). JlabopamopHi docaioiceHHs 6KA0OHAAU 3a2aANbHUL AHANI3 KPOGI 3i
weudkicmio ocioanus epumpoyumie (IIIOE), C-peaxmuegnuii 6inox (CPB), eucoxouymausuii CPE (6u-CPb), anmu-
mina do CPB, kpeamunin cuposamku kpogi, pieni C3 i C4 komniemenmy, 3aeanvruil ananiz cevi, 00608y npomeinypiro,
cneyugivni aymoanmumina, inmepaeikin-6 (1J1-6), 1LJI-10.

Pezyavmamu. Y xeopux 3 nonyc-neghpumom cnocmepieanracs 3Ha4rHo 6invuia yacmoma epumemMamo3Ho2o 8UCUNY
Ha 0bauyyi y euensidi memenuxa, rimgpadenonamii, cnaeHomezanii, cepo3umise, NyAbMoHImMYy, AUXOMAHKU, HEKPOMUYHO20
8ACKYAIMY Ma apmepianbH020/8eH03H020 Mpom003y; modi sk ghenomen Peiino, cundpom Illeepena, ypasxcenns nepughe-
puuHoi Hepeoeoi cucmemu yacmiue sunuxanu y xeopux Ha CUB 6e3 ypaxcenns HUpoK. Y xeopux 3 aronyc-rHegpumom
cnocmepieascs suwuii pieens HIIOE ma nuxcuuii pieens 1J1- 10 nopiensano 3 nayicumamu 6e3 Hupkosux npossie. Yacmo-
ma euseneHHs ma mump aHmumin 0o deocnipanvhoi JIHK 6yau docmogipHo euwumu y epyni Xeopux Ha Aonyc-Hegpum
nopigHsaHo 3 naviecumamu oe3 ypaxcennss Hupok. Pieni C3 i C4, CPB, éu-CPb, aumumin do CPb, I/I-6 cymmego He
BIOPIZHAAUCH MIdIC 2DYNAMU.

IIpu npoeedenni bacamopaxmoprozo amanizy eusenrero, wo nyasmonim (BII 5,34 (95% I 1,88-15,10),
p=0,002), apmepianvhuii/eeno3nuii mpom6os (BII 6,80 (95% /1 1,87-24,70), p=0,004), nozumueni anmumina 0o 060-
cnipanvnoi IHK (BII 6,22 (95% JI1 1,89-20,50), p=0,003), suwuii indexc SLEDAI-2K (BIII 1,15 (95% /1 1,08-1,23),
p<0,001), mosrodwuii eix Ha momenm debromy 3axeoprosanns (BII 0,96 (95% I 0,93-0,99), p=0,003) niosuwyroms
pusuk aonyc-Hegpumy, mooi ax cunopom Peiino (BII 0,20 (95% A1 0,08-0,49), p<0,001) noe’a3anuii 3i 3HUNCEHHAM
PUBUKY MtonyC-Heghpumy.

Ceped xgopux 3 atonyc-Heghpumom 27 nayienmis (15,3%) maau neghpomuunuii cundpom. Y 6aeamopaxmopromy
AoeicmuyHomy ananizi wonosiva cmamo (BII 5,21 (95% J1 1,77-15,30), p=0,003) i euwuii indexc SLICC/ACR (BIIIl
2,12(95% 11 1,45-3,09), p<0,001) acouitosaauce 3 niouueHuUM puzuKom HeghpomuuHo2o cuHopomy, mooi ax Aimgpade-
nonamis (BIII 0,31 (95% /1 0,12-0,80), p=0,02) noe ’a3ana 3i 3HUNCEHUM PUSUKOM POIGUMKY HEDPOMUUHO20 CUHOPOMY.

Bucnosku. Hawa koeopma ykpainceKux nayienmie 3 Aonyc-ve@pumom 0eMoHCmpye neewi 8iOMiHHOCIMI 8 0eMo-
epaghiuHux, KAHIYHUX | 1aO0PAMOPHUX NOKA3HUKAX nopieHAHO 3 xeopumu Ha CYUB be3 ypaxcenns nupok. Lli giominnocmi
30e0inbuloeo 6idnosidaroms pe3ynbmamam MidcHapoOHUX 00CAIONCeHb 3a yHacmi NAYIEHMIB IHWMUX HAYIOHANbHOCTell.

KnrouoBi ciioBa: cucmemnuii uepgonuii 6o64ak, aonyc-nepum, pakxmop pusuxy, biomapkepu, aymoanmuming,
inmepaeikinu.

Introduction. Immune complex mediated inflam-
mation of the kidney, known as lupus nephritis (LN),
is one of the most significant manifestations of systemic
lupus erythematosus (SLE) [1]. LN develops in nearly
25-75% of SLE patients [2], usually at the onset of SLE
or within the first five years of disease onset [3]. Data on
the predictors of LN development among patients with
SLE remain limited. However, male sex, younger age
at the time of SLE diagnosis, and Hispanic or African
American ethnicity are generally considered risk factors
for LN [2, 4].

Ouner bopucosuy fpemeHko
o.b.iaremenko@gmail.com

Although the dysregulated immune response in
SLE is also responsible for the development of LN, re-
cent research suggests that the role of autoantibodies
may not be as direct as previously thought, with a greater
emphasis on infiltrating innate cells causing local renal
inflammation [5]. Factors such as ethnicities, human
leukocyte antigen genotypes, specific autoantibodies
and autoantigens have been linked to the development
of LN [1]. However, the specific immunological mech-
anisms that determine why some individuals with SLE
develop LN and others do not remain unclear. Aw Y.T.
et al. hypothesized that intrinsic differences in the un-
derlying peripheral immunophenotype of some individ-
uals with SLE predispose to a proinflammatory response
in renal tissue leading to the development of LN [1]. It
was found that patients with LN had increased Th2 and
T regulatory cells compared to both SLE patients with-
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out nephritis and healthy donors. So SLE patients with
and without LN have distinct immunologic differences
that may reflect the unique pathophysiological process-
es contributing to disease manifestations [1].

LN may present with clinical manifestations (arte-
rial hypertension, edema) [4] and/or laboratory chang-
es (proteinuria, active urinary sediment, increased se-
rum creatinine), and can progress to end-stage renal
disease (ESRD) [3]. Kidney biopsy is the gold standard
for diagnosing LN and determining the degree of renal
inflammation [6]. Histologically LN is characterized
by glomerular deposition of immune complexes with
damage of mesangial, endothelial, and epithelial cells.
Based on the glomerular location, extent, and pat-
tern of injury LN can be classified into six histological
classes established by the World Health Organization
(WHO) and later updated by the International Society
of Nephrology/Renal Pathology Society (ISN/RPS):
minimal mesangial, mesangial proliferative, focal pro-
liferative, diffuse proliferative, membranous, and ad-
vanced sclerosing LN [7]. Classes I11-VI are associated
with the greatest risk of long-term damage [4, 8]. Al-
though kidney biopsy is considered the gold standard to
accurately capture the degree of kidney inflammation,
the renal domain score of the SLE disease activity index
(rSLEDAI) is among the most commonly used routine
clinical measures of LN activity [6].

LN has a greater impact on mortality than any
other SLE manifestation. Despite the management
options provided for patients with LN, 10% to 30% of
cases progress to ESRD within 15 years after diagnosis
[4]. A recent study suggests that simultaneous positivity
for anti-dsDNA, -nucleosome, and -histone antibodies
is related to severe LN with the rapid decline of renal
function [9].

Despite the extensive international literature dis-
cussing LN, studies concerning clinical and laboratory
associations of LN are limited in Ukraine. Data about
the pattern of pro- and anti-inflammatory markers in
patients with LN are still scarce and contradictory.

The aim of the study: to determine the prevalence
of LN and to identify the demographic, clinical, and
laboratory characteristics of LN in Ukrainian patients
with SLE. In addition, we assessed and compared pro-
and anti-inflammatory markers in SLE patients with
and without renal involvement.

Materials and methods. This cross-sectional
study was conducted at the Department of Internal
Medicine #3 of Bogomolets National Medical Uni-
versity and included 391 patients 18 years and older
who were diagnosed with SLE in the period from 1994
to 2023. All patients who had been initially monitored
before 2019 were diagnosed in accordance with the
American College of Rheumatology (ACR) criteria
(1982, updated 1997) [10], in 2019, the diagnosis
of SLE in these patients was reviewed for compli-
ance with the European League Against Rheumatism
(EULAR)/ACR classification criteria 2019 [11]. Ac-
cording to the results of this review, 11 patients were

excluded from the primary pool of patients, and the
data of 380 persons were included in the final analysis.
All study procedures were in accordance with the
Declaration of Helsinki and were approved by the
Ethics Committee of Bogomolets National Medical
University.

Patients were reviewed for demographic details
(sex, age), age at SLE onset, clinical manifestations
of SLE (current and in medical history), SLE Disease
Activity Index 2000 (SLEDAI-2K) [12], and SLICC/
ACR Damage Index [13]. Laboratory evaluations
included complete blood count with an erythrocyte
sedimentation rate (ESR) measured by Westergren
method, C-reactive protein (CRP) measured by la-
tex turbidimetric method (Roche Diagnostics, Swit-
zerland), high-sensitivity CRP (hs-CRP) measured
by an enzyme-linked immunosorbent assay (ELISA)
(DRG International Inc., USA), serum creatinine,
complement C3 and C4 levels, urinalysis, 24-hour
urine protein. The estimated glomerular filtration rate
(eGFR) was calculated using Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation
[14]. Immunological markers, such as antinuclear
antibodies detected by indirect immunofluorescence
(EUROIMMUN, Germany; positive >1:80, in accor-
dance with EULAR/ACR criteria 2019), anti-double-
stranded DNA (anti-dsDNA), anti-Smith (anti-Sm)
antibodies, anti-Ro/SS-A, anti-La/SS-B, anti-ribo-
nucleoprotein (anti-RNP), antiphospholipid antibod-
ies, including immunoglobulin G (IgG) and immuno-
globulin M (IgM) anticardiolipin antibodies, anti-p2-
glycoproteins (all measured by a standardized ELISA,
EUROIMMUN, Germany), and lupus anticoagulant
(measured by coagulation assay, Siemens, Germany)
were also documented. Serum levels of anti-CRP an-
tibodies, interleukin-6 (IL-6), and IL-10 were assayed
by ELISA (Wuhan Fine Biotech Co., Ltd., China;
Demeditec Diagnostics GmbH, Germany).

LN was diagnosed by renal biopsy and/or accord-
ing to renal SLEDAI criteria in the absence of other al-
ternative causes. All pathology reports of patients who
underwent kidney biopsies were reviewed to identify
the ISN/RPS histological class of LN [7]. The pres-
ence of renal involvement due to renal SLEDAI cri-
teria (score 4-16) was defined by the presence of at
least one subcomponent of the following on urinaly-
sis: hematuria (>5 RBC/HPF), proteinuria (>0.5 g/24
hours), pyuria (>5 WBC/HPF), urinary casts (heme-
granular or red cell).

The use of the following medications at baseline
was reviewed: hydroxychloroquine, glucocorticoids,
cyclophosphamide, mycophenolate mofetil, azathio-
prine, methotrexate, rituximab, belimumab. Adjust-
ment of glucocorticoid dose or treatment regimen if
needed was made after blood and urine collection.

For statistical analysis, EZR software (version
1.61) was used. Data were presented as means (* stan-
dard deviations) or medians (interquartile range) for
normal distributing or non-normal distributing contin-

YKPOTHCBKUI XKYPHOA HEPPOAOTIT T AlaAidy N22 (78) 2023

OpUriHOABHI HOYKOBI POBOTU 71



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 2 (78)’2023

uous variables, respectively, and numbers (%) for cate-
gorical variables. For the comparisons between groups,
Student’s t-test or the Mann-Whitney test was used for
continuous variables, and Fisher’s exact test (or chi-
square test when appropriate) was used for categorical
variables. Stepwise multiple logistic regression analysis
was performed to identify variables independently as-
sociated with renal involvement. The significance level
was determined as p<0.05.

Results. A total of 380 patients with SLE were en-
rolled in the study, including 176 with LN and 204 with
non-renal SLE. All study cohort participants were of
Caucasian ethnicity. The median age of the patients was
37 (26-48) years and the majority of the patients were
female (n=331; 86.6%). The age at disease onset was
27 (20-40) years and the disease duration was 59.5 (22-
120) months. The median values of SLEDAI-2K and
SLICC scores were 10 (6-16) and 1 (0-2), respectively.

Hydroxychloroquine was used in 64.7% of the patients
and glucocorticoids were used in 78.8% of patients.
Regarding immunosuppressants, cyclophosphamide,
mycophenolate mofetil, azathioprine, and methotrex-
ate, were used in 3.5%, 1.2%, 1.5%, and 2.3% of the
patients, respectively. Belimumab was used in 5.0% of
patients and rituximab was received by 0.3% of patients.

Overall, only 7 (4.0%) of our total LN patients
had performed kidney biopsies. The most common
ISN/RPS class of LN in our study was class IV, seen in
57.1% of biopsied cases. Class V was detected in 28.6%
and class I11 in 14.3% for each. Two patients (1.1%) of
the total LN cohort of our study required renal replace-
ment (RRT) therapies; one was on RRT (hemodialysis)
at the time of presentation.

Kidney involvement in SLE was associated with ei-
ther younger age of patients and younger age at disease
onset (Table 1).

Table 1
Clinical and laboratory manifestations of SLE patients depending on the presence of renal involvement
Variables SLE patients with LN (n=176) | Non-renal SLE patients (n=204) D
Demographic data
Male sex, n (%) 28 (15.9) 23 (11.3) 0.243
Age, years 33 (24-42) 40 (29-50.5) <0.001
Age at SLE onset, years 24 (18-35) 30 (21-44) <0.001
Disease duration, months 56 (14-108) 59 (24-120) 0.162
SLE-specific indices
SLEDAI-2K score 14 (8-19) 8 (4-14) <0.001
SLICC/ACR score 1(1-2) 1(0-2) 0.013
Clinical manifestations, n (%)
Skin manifestations 121 (69.5) 131 (64.5) 0.358
Malar rash 74 (43.0) 66 (32.5) 0.047
Alopecia 59 (33.9) 57 (27.9) 0.255
Sjogren’s syndrome 5(@.1) 16 (8.5) 0.048
Mucous membrane manifestations 62 (35.4) 66 (32.8) 0.675
Arthritis 104 (59.4) 114 (59.4) 0.632
Raynaud’s syndrome 33 (19.0) 64 (31.8) 0.006
Arterial /venous thrombosis 17 (9.7) 5(2.5) 0.005
Necrotizing vasculitis 16 (9.2) 4 (2.0) 0.003
Lymphadenopathy 107 (61.1) 89 (44.3) 0.002
Splenomegaly 19 (10.9) 6 (3.0) 0.004
Serositis 83 (47.4) 60 (29.7) <0.001
Cardiac manifestations 114 (65.1) 114 (56.4) 0.106
Pulmonitis 57 (32.8) 27 (13.4) <0.001
CNS involvement 36 (20.5) 41 (20.3) 0.928
PNS involvement 7 (4.0) 25(12.4) 0.004
Antiphospholipid syndrome 13 (8.2) 13 (7.0) 0.842
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Continuation of Table 1

Variables SLE patients with LN (n=176) | Non-renal SLE patients (n=204) p
Fever 63 (37.3) 47 (24.0) 0.008
Weight loss 24 (16.0) 30 (16.0) 0.889
Laboratory data
Anemia, n (%) 43 (53.7) 29 (44.6) 0.354
Leukopenia, n (%) 41(53.2) 37 (58.7) 0.632
Thrombocytopenia, n (%) 26 (33.8) 20 (31.3) 0.889
Serum creatinine, pmol/L 90 (64-110) 70 (61-80) 0.004
eGFR, ml/min/1.72m2 81.7£33.4 91.4+24.7 0.032
ESR, mm/hr 28 (13-48) 21 (10-35) 0.010
CRP, mg/L 6 (0-18) 8 (0-24) 0.153
hs-CRP, mg/L 7.19 (2.50-25.98) 6.79 (4.67-15.21) 0.795
IL-6, pg/ml 4.53 (2.40-10.40) 5.38 (2.30-23.51) 0.910
IL-10, pg/ml 3.21 (3.00-26.57) 14.58 (3.21-28.77) 0.042
C3,g/L 0.87 (0.65-1.03) 0.75 (0.61-1.06) 0.532
C4,g/L 0.1540.09 0.1410.06 0.634
Autoantibody positivity
Anti-dsDNA, n (%) 84 (71.8) 93 (59.2) 0.042
Anti-dsDNA titer, [U/ml 23 (6-53) 13 (4-29) 0.002
Anti-Sm, n (%) 9(14.5) 14 (29.2) 0.106
Anti-Ro, n (%) 28 (51.9) 29 (50.9) 0.928
Anti-La, n (%) 13 (25.0) 8(17.8) 0.537
Anti-RNP, n (%) 12 (31.6) 19 (50.0) 0.163
APLA, n (%) 21 (61.8) 11(42.3) 0.22
Anti-chromatin, n (%) 18 (72.0) 16 (53.3) 0.255
Anti-CRP, ng/ml 6.91 (4.79-10.89) 7.75 (4.78-12.29) 0.685
Medications
Glucocorticoids, n (%) 139 (79.0) 159 (77.9) 0.905
Oral glucocorticoid dose, mg/d 10 (10-20) 10 (7.5-20) 0.248
Hydroxychloroquine, n (%) 102 (58.0) 144 (70.6) 0.014
Cyclophosphamide, n (%) 7(5.1) 2 (1.7) 0.247
Mycophenolate mofetil, n (%) 2(1.4) 1(0.8) 0.889
Azathioprine, n (%) 4(2.9) 0(0.0) 0.132
Methotrexate, n (%) 1(0.7) 54.2) 0.143
Rituximab, n (%) 1 (0.6) 0(0.0) 0.944
Belimumab, n (%) 11(6.3) 8(3.9) 0.424

Note: values are expressed as a median (QI-QIII), means (tstandard deviations), or n (%).

Bolded p values indicate statistically significant group differences between SLE patients with lupus nephritis and non-renal

SLE patients.

Abbreviations: SLE: systemic lupus erythematosus; LN: lupus nephritis; ESR: erythrocyte sedimentation rate; CRP:
C-reactive protein; eGFR: estimated glomerular filtration rate; SLEDAI-2K: Systemic Lupus Erythematosus Disease
Activity Index-2000; SLICC/ACR: Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index; CNS: central nervous system; PNS: peripheral nervous system; eGFR: estimated glomerular filtration rate
using CKD-EPI; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; hs-CRP: high-sensitivity C-reactive
protein; IL: interleukin; anti-dsDNA: anti-double-stranded DNA antibodies; anti-Sm: anti-Smith antibodies; anti-RNP:
anti-ribonucleoprotein antibodies; APLA: antiphospholipid antibodies; anti-CRP: anti-C-reactive protein antibodies.
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The proportion of male sex in patients with LN
was higher than in non-renal SLE, however, the statis-
tical significance was not reached. Malar rash (43.0% vs
32.5%), lymphadenopathy (61.1% vs 44.3%), spleno-
megaly (10.9% vs 3.0%), serositis (47.4 vs 29.7%), pul-
monitis (32.8% vs 13.4%), fever (37.3% vs 24.0%) were
more common in patients with LN; while Raynaud’s
phenomenon (19.0% vs 31.8%), Sjogren’s syndrome
(3.1% vs 8.5%), peripheral nervous system manifesta-
tions (4.0% vs 12.4%) occurred more often in patients
with non-renal SLE. Besides, a higher proportion of
LN patients had necrotizing vasculitis (9.2% vs 2.0%)
and a history of arterial/venous thrombosis (9.7% vs
2.5%) compared to patients without kidney involve-
ment. In addition, the SLEDALI score of LN patients
was significantly higher (14 (8-19) points vs 8 (4-14)
points, p<0.001) than in non-renal SLE patients. The
frequency of anemia, leukopenia, and thrombocytope-
nia did not differ significantly between the groups. LN
patients had significantly higher serum creatinine levels
than those with non-renal SLE (90 (64-110) umol/L

vs 70 (61-80) umol/L, p=0.004). Accordingly, eGFR
in LN patients was lower compared to the non-renal
SLE group (81.7%+33.4 ml/min/1.72m2 vs 91.4+24.7
ml/min/1.72m2, p=0.035). Patients with LN were
found to have higher ESR levels (28 (13-48) mm/hr
vs 21 (10-35) mm/hr, p=0.01) and lower IL-10 level
(3.21 (3.00-26.57) pg/ml vs 14.58 (3.21-28.77) pg/ml,
p=0.042). Either frequency of anti-dsDNA positivity
and its titer were higher in the LN group with no dif-
ferences in regard to other autoantibodies. C3 and C4,
CRP, hs-CRP, anti-CRP, and IL-6 levels showed no
significant difference between the groups. It should be
noted that the proportion of LN patients taking hy-
droxychloroquine (58.0%) was significantly lower than
in the non-renal SLE group (70.6%, p=0.014). No dif-
ferences were found in other medications used and oral
glucocorticoid dose.

Based on the baseline comparisons above, risk
factors were estimated by logistic regression analysis
(Table 2).

Table 2
Logistic regression analysis of variables independently associated with LN
Univariate analysis Multivariate analysis
Variables Coefficient (();i ;l%r%tli;) p Coefficient (();1 ;l;)rétli;) J

Age -0.04%0.01 0.96 (0.95-0.98) <0.001

Age at onset -0.03%0.01 0.97 (0.95-0.99) <0.001 | -0.05%0.02 0.96 (0.93-0.99) 0.003
SLEDAI-2K score 0.11£0.02 1.12 (1.08-1.15) <0.001 0.14%0.03 1.15 (1.08-1.23) <0.001
SLICC/ACR score 0.2440.09 1.27 (1.05-1.53) 0.012

Malar rash 0.42+0.21 1.54 (1.01-2.34) 0.045

Sjogren’s syndrome -1.04£0.52 0.35(0.13-0.99) 0.047

Raynaud’s syndrome -0.69+0.25 0.50 (0.31-0.81) 0.005 -1.63%£0.47 0.20 (0.08-0.49) <0.001
ﬁggﬁ}{) o 1.59£0.53 | 4.93(1.74-13.9) | 0.003 | 1.92£0.66 | 6.80(1.87-24.70) | 0.004
Necrotizing vasculitis 1.61£0.57 4.99 (1.63-15.2) 0.005

Lymphadenopathy 0.68+0.21 1.98 (1.31-2.99) 0.001

Splenomegaly 1.38+0.48 3.96 (1.54-10.2) 0.004

Serositis 0.7610.22 2.14 (1.40-3.26) <0.001

Pulmonitis 1.14%0.26 3.14 (1.88-5.25) <0.001 1.68+0.53 5.34 (1.88-15.10) 0.002
PNS involvement -1.22+0.44 0.30 (0.12-0.70) 0.006

Fever 0.63%0.23 1.87 (1.19-2.94) 0.007

Hydroxychloroquine -0.55+0.22 0.57 (0.38-0.88) 0.01

ESR 0.0140.01 1.01 (1.00-1.02) 0.005

Anti-dsDNA positivity 0.53%0.26 1.70 (1.01-2.84) 0.044 1.8310.61 6.22 (1.89-20.50) 0.003
Anti-dsDNA titer 0.0610.002 1.01 (1.00-1.01) 0.004

IL-10 -0.04£0.02 0.96 (0.93-0.99) 0.02

Abbreviations: LN: lupus nephritis; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index-2000; SLICC/ACR:
Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; PNS: peripheral
nervous system; ESR: erythrocyte sedimentation rate; IL: interleukin; anti-dsDNA: anti-double-stranded DNA antibodies.

In multivariate logistic analysis, LN was found to
be positively associated with pulmonitis (OR 5.34 (95%
CI 1.88-15.10), p=0.002), arterial/venous thrombosis

(OR 6.80 (95% CI1 1.87-24.70), p=0.004), anti-dsDNA
positivity (OR 6.22 (95% CI 1.89-20.50), p=0.003), and
higher SLEDAI score (OR 1.15 (95% CI 1.08-1.23),
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p<0.001). However, renal involvement was negatively (OR 0.96 (95% CI10.93-0.99), p=0.003). An area under
associated with Raynaud’s syndrome (OR 0.20 (95% CI  the curve (AUC) of 0.856 was obtained in the receiver
0.08-0.49), p<0.001) and younger age at disease onset operating characteristic (ROC) curve (Fig. 1).

1.0
0.8
> 064
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®
o
» 04
AUC 0.856 95% CI1 0.803 - 0.909
0.2
0.0
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1.0 0.8 06 04 02 0.0

Specificity

Fig. 1. ROC-curve for the multivariate logistic analysis of risk factors for renal involvement in patients with SLE.
Variables included in the model: age at onset, SLEDAI-2K score, Raynaud’s syndrome, arterial/venous thrombosis,
pulmonitis, and anti-dsDNA positivity.

In the LN group, 27 patients (15.3%) had nephrotic syndrome and 149 patients (84.7%) had non-nephrotic
range proteinuria (Table 3).

Table 3
Clinical and laboratory manifestations of LN patients depending on the presence of nephrotic syndrome
Variables LN patients with nephrotic LN patient§ wit‘h non-nephrotic E
syndrome (n=27) proteinuria (n=149)
Demographic data
Male sex, n (%) 9(33.3) 19 (12.8) 0.032
Age, years 30 (25-42) 33 (24-42) 0.998
Age at onset, years 24 (18-37) 24 (19-35) 0.933
Disease duration, months 48 (12-96) 60 (14-120) 0.633
SLE-specific indices
SLEDAI-2K score 14 (8-18) 14 (8-19) 0.780
SLICC/ACR score 2 (1-4) 1(0-2) <0.001
Clinical manifestations, n (%)
Skin manifestations 21 (77.8) 100 (68.0) 0.419
Malar rash 13 (48.1) 61 (41.5) 0.668
Alopecia 8(29.6) 51 (34.7) 0.772
Sjogren’s syndrome 1(4.0) 4(3.1) 0.682
Mucous membrane manifestations 13 (48.1) 49 (33.1) 0.209
Arthritis 16 (59.3) 88 (59.5) 0.850
Raynaud’s syndrome 5 (18.5) 28 (19.0) 0.842
Arterial /venous thrombosis 8(29.6) 9(6.0) 0.005
Necrotizing vasculitis 0(0.0) 16 (10.9) 0.065
Lymphadenopathy 11 (40.7) 96 (64.9) 0.035
Splenomegaly 4 (14.8) 15 (10.1) 0.712
Serositis 12 (44.4) 71 (48.0) 0.897
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Continuation of Table 1

Variables LN patients with nephrotic LN patient§ wit.h non-nephrotic P
syndrome (n=27) proteinuria (n=149)

Cardiac manifestations 13 (48.1) 101 (67.8) 0.091
Pulmonitis 7 (25.9) 50 (34.0) 0.543
CNS involvement 6(22.2) 30 (20.1) 0.992
PNS involvement 1(3.8) 6(4.1) 0.646
Antiphospholipid syndrome 4 (16.7) 9 (6.6) 0.264
Fever 8(30.8) 55(38.5) 0.597
Weight loss 3(12.0) 21 (16.8) 0.757
Laboratory data
Anemia, n (%) 9 (52.9) 34 (54.0) 0.842
Leukopenia, n (%) 8(50.0) 33 (54.1) 0.992
Thrombocytopenia, n (%) 4 (25.0) 22 (36.1) 0.584
Serum creatinine, pmol/L 111 (80-200) 82.9 (60-100) 0.001
eGFR, ml/min/1.72m2 62.3+36.3 86.3+31.2 0.004
ESR, mm/hour 36.5 (28-45) 24 (12-50) 0.223
CRP, mg/L 6.1 (0.5-12.0) 5.9 (0.0-24.0) 0.612
hs-CRP, mg/L 6.3 (1.6-7.2) 7.2 (5.2-27.8) 0.176
IL-6, pg/ml 5.4 (2.7-10.7) 4.3(2.4-7.2) 0.375
IL-10, pg/ml 9.1 (3.0-30.9) 3.2 (3.0-26.6) 0.620
C3,g/L 0.825+0.146 0.908+0.295 0.524
C4,¢g/L 0.172+0.101 0.143+0.087 0.524
Autoantibody positivity
Anti-dsDNA, n (%) 17 (77.3) 67 (70.5) 0.705
Anti-dsDNA titer, [U/ml 43 (23-54) 18 (6-46) 0.046
Anti-Sm, n (%) 2 (12.5) 7 (15.2) 0.889
Anti-Ro, n (%) 6 (46.2) 22 (53.7) 0.881
Anti-La, n (%) 2(16.7) 11 (27.5) 0.698
Anti-RNP, n (%) 2(18.2) 10 (37.0) 0.446
APLA, n (%) 5(50.0) 16 (66.7) 0.607
Anti-chromatin, n (%) 3(42.9) 15 (83.3) 0.152
Anti-CRP, ng/ml 6.4 (4.8-10.9) 7.4 (4.9-10.9) 0.596
Medications
Glucocorticoids, n (%) 17 (63.0) 122 (81.9) 0.069
Oral glucocorticoid dose, mg/d 10 (10-15) 25 (10-30) 0.289
Hydroxychloroquine, n (%) 16 (59.3) 86 (57.7) 0.952
Cyclophosphamide, n (%) 2 (8.7) 5(4.3) 0.742
Mycophenolate mofetil, n (%) 1(4.3) 1(0.9) 0.772
Azathioprine, n (%) 4(17.4) 0(0.0) 0.004
Methotrexate, n (%) 0(0.0) 1(0.9) 0.473
Rituximab, n (%) 0(0.0) 1(0.7) 0.454
Belimumab, n (%) 3(11.1) 8(5.4) 0.517

Note: values are expressed as a median (QI-QIII), means (tstandard deviations), or n (%).

Bolded P values indicate statistically significant group differences between LN patients with nephrotic syndrome and LN
patients without nephrotic syndrome.

Abbreviations: SLE: systemic lupus erythematosus; LN: lupus nephritis; ESR: erythrocyte sedimentation rate; CRP:
C-reactive protein; eGFR: estimated glomerular filtration rate; SLEDAI-2K: Systemic Lupus Erythematosus Disease
Activity Index-2000; SLICC/ACR: Systemic Lupus International Collaborating Clinics/American College of Rheumatology
Damage Index; CNS: central nervous system; PNS: peripheral nervous system; eGFR: estimated glomerular filtration rate
using CKD-EPI; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; hs-CRP: high-sensitivity C-reactive
protein; IL: interleukin; anti-dsDNA: anti-double-stranded DNA antibodies; anti-Sm: anti-Smith antibodies; anti-RNP:
anti-ribonucleoprotein antibodies; APLA: antiphospholipid antibodies; anti-CRP: anti-C-reactive protein antibodies.
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LN patients with nephrotic syndrome had a higher
proportion of male sex than LN patients with non-ne-
phrotic proteinuria (33.3% vs 12.8%, p=0.032). Evalu-
ation of SLE clinical manifestations showed no differ-
ence between both groups except that LN patients with
nephrotic syndrome had a significantly higher frequency
of arterial/venous thrombosis (29.6% vs 6.0%, p = 0.005)
and a lower frequency of lymphadenopathy (40.7% vs
64.9%, p=0.035). There was also a significantly higher
SLICC/ACR damage index score in LN patients with
nephrotic syndrome (2 (1-4) points vs. 1 (0-2) points,
p<0.001). LN patients with nephrotic syndrome had
higher levels of serum creatinine (111 (80-200) pmol/L
vs 82.9 (60-100), p=0.001) and lower eGFR (62.3+36.3

ml/min/1.72m?2 vs 86.3+31.2 ml/min/1.72m2, p=0.004)
than those with non-nephrotic proteinuria. Types of au-
toantibodies were comparably expressed in both groups;
however, the titer of anti-dsSDNA was significantly
higher in LN patients with nephrotic syndrome (43 (23-
54) 1U/ml vs 18 (6-46) 1U/ml, p=0.046). There was no
significant difference between the two groups regarding
drug exposure, except for azathioprine, as LN patients
with non-nephrotic proteinuria were less treated with
this medication.

Risk factors for nephrotic syndrome in LN esti-
mated by logistic regression analysis are displayed in
Table 4.

Table 4.
Logistic regression analysis of variables independently associated with nephrotic syndrome in LN
Univariate analysis Multivariate analysis
Variables . Odds ratio . Odds ratio
Coefficient (95% CI) D Coefficient (95% CI) P
Male sex 1.23£0.48 3.42 (1.34-8.7) 0.01 1.65%0.55 5.21 (1.77-15.30) 0.003
SLICC/ACR score 0.69+0.18 1.99 (1.40-2.84) <0.001 0.75£0.19 2.12 (1.45-3.09) <0.001
Arterial/venous 1.4040.57 | 4.06(1.33-124) | 0.01
thrombosis
Lymphadenopathy -0.991+0.43 0.37 (0.16-0.86) 0.02 -1.19£0.49 0.31 (0.12-0.80) 0.02
eGFR 0.02+0.01 0.98 (0.96-0.99) 0.007

Abbreviations: LN: lupus nephritis; SLICC/ACR: Systemic Lupus International Collaborating Clinics/American College of
Rheumatology Damage Index; eGFR: estimated glomerular filtration rate using CKD-EPI.

In multivariate logistic analysis, male sex (OR 5.21
(95% CI 1.77-15.30), p=0.003) and higher SLICC/
ACR score (OR 2.12 (95% CI 1.45-3.09), p<0.001)
were associated with increased risk of nephrotic syn-

drome, whereas lymphadenopathy (OR 0.31 (95% CI
0.12-0.80), p=0.02) was associated with decreased risk
of nephrotic syndrome development. The AUC of the
corresponding ROC curve was 0.798 (Fig. 2).
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Fig. 2. ROC-curve for the multivariate logistic analysis of risk factors for nephrotic syndrome in LN patients. Variables included
in the model: male sex, SLICC/ACR score, lymphadenopathy.
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Discussion. To the best of our knowledge, this is
one of the largest studies ever undertaken in a Ukraini-
an SLE cohort. Our results are generally consistent with
the results of international studies. The prevalence of
LN was 46.3%, a percentage that lies within the report-
ed range of 25% to 75% from other studies [2]. Patients
with renal involvement were younger than patients with
non-renal SLE in our cohort. In agreement with previ-
ous reports [15], we also found younger age of SLE on-
set in LN patients than in those without kidney involve-
ment. In opposition to most previous studies [16], there
was no significant difference between men in women
in LN and non-renal SLE groups. However, we have
found a higher proportion of males in LN patients with
nephrotic syndrome than in those with non-nephrotic
proteinuria.

Our results were consistent with previous studies
showing a higher prevalence of malar rash [17], se-
rositis [18], pulmonitis [19], lymphadenopathy [20],
necrotizing vasculitis [21], higher SLEDALI score [22],
and lower prevalence of Raynaud’s phenomenon [23],
Sjogren’s syndrome [24], and peripheral nervous system
manifestations [25] in LN patients. SLE patients with
LN had a higher frequency of arterial or venous throm-
bosis than non-renal SLE patients, while no differences
were observed in regard to antiphospholipid syndrome
and antiphospholipid antibodies positivity in line with
literature data [26]. It is well-established that SLE it-
self carries a high risk for thrombotic and procoagulant
status even if not associated with antiphospholipid syn-
drome [27]. So, we suggest that renal involvement may
contribute to the intensified risk of thrombotic events
in SLE patients. Associations of lupus nephritis with
splenomegaly and fever were not confirmed by other
studies. These relationships may be peculiar to the local
ethnic background. A higher SLICC/ACR score was
associated with nephrotic/range proteinuria in agree-
ment with previous studies [28].

In relation to the laboratory findings, our LN pa-
tients had higher ESR levels compared to non-renal SLE
patients, whereas no differences were found in regard to
CRP and hs-CRP levels. This divergence between ESR
and CRP levels in LN patients was already reported in
other studies [29, 30]. Other authors have reported that
LN patients have higher levels of anti-CRP antibodies
[31], but our data were unable to confirm this. Despite
previous studies reporting higher levels of IL-10 in LN
patients [32], we have found the opposite association
that supports the hypothesis that IL-10 can be either
protective or pathologic at different stages of the dis-
ease [33]. In line with previously published data [34],
there was no difference in the levels of IL-6 between
the groups. Neither C3 nor C4 complement levels were
found to be significant predictors of renal involvement
in SLE which corresponds to some other studies [35].

In line with previous studies [32], we have as well
shown that LN patients had a higher frequency of anti-
dsDNA positivity than non-renal SLE patients. Fur-
thermore, the titer of anti-dsDNA was significantly
higher in LN patients with nephrotic syndrome com-
pared to those with non-nephrotic range proteinuria. It
corresponds to the results of Asif S. et al. [36] that re-
ported a correlation between quantitative anti-dsDNA
levels and the severity of proteinuria in SLE patients.

In our study, fewer SLE patients with LN received
hydroxychloroquine compared to non-renal SLE pa-
tients and hydroxychloroquine showed a protective
effect on decreasing the risk of renal involvement in
univariate analysis. It should be noted that some LN
patients in our cohort were monitored by nephrologists
only and were referred to our department for SLE di-
agnosis confirmation or correction of the treatment al-
gorithm. So, we recorded only baseline medication use
and not the therapy that was adjusted after the visit to
our department.

This article is subject to several limitations. The
most prominent one is the absence of kidney biopsy re-
sults for confirmation of lupus nephritis diagnosis in the
vast majority of patients. It generally reflects the biopsy
rates in Ukraine as a very low percentage of patients
agree to undergo this invasive and potentially hazardous
procedure due to fear of possible complications, finan-
cial reasons, personal beliefs, etc. Another problem is
the small number of specialized institutions in Ukraine
capable of performing kidney biopsies. Accordingly, we
could not assess the clinical characteristics of LN de-
pending on the histological class.

Another limitation is the relatively small study
sample and conduction at a single center over a period
of many years. More close interaction with specialized
nephrology centers is warranted for future research.

Conclusions. Our cohort of Ukrainian LN patients
showed different characteristics in demographic, clini-
cal, and laboratory findings compared to patients with
non-renal SLE. These features are mostly on par with
LN patients of other nationalities around the world.
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