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Correlation of hematological parameters, R

antibodies and cytokines with disease
activity in systemic lupus erythematosus:
a cross-sectional study
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Abstract

Background The aim of the study was to investigate the association of neutrophil-to-lymphocyte (NLR) and platelet-
to-lymphocyte ratios (PLR) with standard inflammation parameters, including erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP), complement component C3, anti-double-stranded deoxyribonucleic acid (anti-dsDNA),
anti-nucleosome and anti-C1q antibodies, and serum and urinary monocyte-chemoattractant protein-1 (MCP-1)

with disease activity in patients with systemic lupus erythematosus (SLE).

Results This study included 160 patients (145 female and 15 male patients), hospitalized at the Rheumatology
Department. A positive correlation between NLR and ESR (p <0.01), anti-dsDNA antibodies (p <0.05), and PLR
(p<0.001) was obtained, with a negative correlation with C3 (p <0.005). PLR shows a positive correlation with ESR
(p<0.001), CRP (p<0.005), anti-dsDNA antibodies (p < 0.001), anti-nucleosome antibodies (p < 0.05), and urine MCP-1
(p<0.05), with a negative correlation with C3 (p <0.005). Univariate analysis showed that all the examined laboratory
parameters were independent predictors of disease activity (p <0.001), while the method of standard multiple regres-
sion analysis revealed the most significant ESR and serum MCP-1 (p <0.05).

Conclusions NLR and PLR, as inexpensive and accessible biomarkers, can help in routine clinical practice for the esti-
mation of disease activity in SLE patients.
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Background

Systemic lupus erythematosus (SLE) is a chronic inflam-
matory autoimmune disease, affecting the immune
complexes and generating numerous proinflammatory
cytokines which influence individual cells of the hemat-
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lesions, vascular injuries, and organ damage. Throm-
bocyte activation has an impact on the creation of het-
erotropic aggregations with neutrophils (in giant cell
arteritis) or the activation of neutrophils with neutrophil
extracellular traps creation in SLE, small-vessel vasculitis,
rheumatoid arthritis, and systemic sclerosis [4]. Eryth-
rocyte sedimentation rate (ESR) and C-reactive protein
(CRP) are used as standard systemic inflammation mark-
ers in autoimmune diseases.

Recently, however, more evidence has been gathered
about the potential clinical significance of the analysis
of hematological parameters such as neutrophil-to-lym-
phocyte (NLR) and platelet-to-lymphocyte ratios (PLR),
primarily due to their low cost and wide availability for
many diseases [5-7]. Traditional SLE markers, such
as anti-double-stranded deoxyribonucleic acid (anti-
dsDNA) antibodies and complement, are not sensitive
enough to disease activity changes and cannot predict
disease relapses; that is the reason why the search for
new non-invasive and easily measurable markers is still
underway [8, 9]. It is believed that the lack of reliable and
specific biomarkers hampers the discovery of more suc-
cessful therapeutic modalities, with the assumption that
we need a panel of biomarkers useful in SLE diagnosis,
disease activity monitoring, prediction of relapse, and
assessment of treatment effectivity [10, 11].

The aim of the study was to examine the correlation of
NLR and PLR with inflammation parameters including
ESR and CRP, complement component C3, anti-dsDNA,
anti-nucleosome, anti-Clq antibodies, and additionally
with serum and urinary monocyte-chemoattractant pro-
tein-1 (MCP-1) in SLE patients. We also wanted to assess
the significance of all these parameters as potential dis-
ease activity biomarkers in patients with SLE.

Materials
This study included 160 SLE patients (145 women and
15 men), hospitalized at the Rheumatology Department
from January to June 2022 as a single-center cross-sec-
tional study. The patients’ diagnosis was made accord-
ing to the 1997 revision of the American College of
Rheumatology Criteria [12]. The patients with primarily
hematological disorders with anemia, leukopenia, and
thrombocytopenia, as well as those with signs of infec-
tion or diabetes, were excluded from the study. Patients
were treated according to the recommended therapy for
SLE patients including corticosteroid therapy, hydroxy-
chloroquine, azathioprine, mycophenolate mofetil, and
pulse doses of cyclophosphamide in accordance with
disease activity and involvement of vital organs as previ-
ously reported [1].

The degree of disease activity was evaluated in all the
patients using the previously recommended Systemic
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Lupus Erythematosus Disease Activity Index (SLE-
DAI) and by physician global assessment. The degree
of organ damage was assessed using the Systemic Lupus
International Collaborating Clinics/American College of
Rheumatology Damage Index previously reported and
described as SDI [13, 14].

The biochemical parameters and cytokine determina-
tion were performed in the Research Center for Biomedi-
cine. ESR is determined manually, by measuring the rate
of sedimentation to the bottom of the test tube; CRP was
quantitatively determined using a biochemical analyzer
(BA400, Spain), while blood counts and leukocyte counts
were determined using a hematological analyzer (Sysmex
XS1000i, Japan). NLR and PLR were calculated by divid-
ing the absolute number of individual cell populations as
previously reported [5, 7].

Anti-dsDNA, anti-nucleosome, and anti-Clq anti-
bodies were determined using the standard sandwich
ELISA method. Serum and urine MCP-1 was determined
according to the manufacturer’s instructions (R&D Sys-
tems, Inc., Minneapolis, USA) using an ELISA reader
(Alegria, Orgentec, Germany) as previously described
[15]. All analyzed hematological parameters, autoanti-
bodies, and cytokines were analyzed simultaneously in
the examined patients.

Statistical analysis

Statistical calculations were performed using the SPSS
20 software package. The descriptive statistical analysis
included the classical statistical parameters: arithmetic
mean, standard deviation, interval variation (min—-max),
absolute frequency (n), and index of structure (%). The
correlation of parametric data was analyzed using Pear-
son’s correlation. Univariate and multivariate regression
analysis was used to determine the predictive influence of
individual variables on outcome. ROC analysis was per-
formed to evaluate the overall performance of NLR and
PLR. The level of statistical significance was considered
at p<0.05.

Results

Demographic data of patient examinees are shown in
Table 1. The average age in the examined group of patients
with SLE was 46.3+10.8 years, while the average age at
the time of diagnosis was 36.6+10.6 years. The median
of the SLEDALI activity index in these patients was 8 (in
the range from 0 to 36) with a mean value of 9.2+7.5.
Regarding clinical characteristics of SLE patients, 13 of
them (8.1%) were in remission (SLEDAI=0), 42 (26.2%)
had low disease activity (SLEDAI=1-5), 56 (35.0%) mod-
erate disease activity (SLEDAI=6-10), 26 (16.3%) had
high disease activity (SLEDA=11-19), and 23 (14.4%)
patients had very high disease activity (SLEDAI > 20). In
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Table 1 Participants’ characteristics addition, the occurrence of general manifestations such
Variables Mean SD  med min max &5 weakness, malaise, and fatigue was present in 148

patients (92.5%). Arthritis and arthralgia were present in
Age (years) 463 108 475 21 68 139 (86.9%) patients, skin changes in 124 (77.5%), serosi-
Disease duration (years) 9.8 83 8 01 34 tis in 78 (48.7%), lupus nephritis in 41 (25.6%) patients,
Age at disease onset (years) 36.6 106 37 10 63 and neuropsychiatric manifestations in 24 (15.0%)
SLEDAI 92 75 8 0 36 patients. Valvular changes in the heart were present in 9
Physician’s global assessment 1.3 101 0 (5.6%) patients, and peripheral neuropathy was present
SDI 19 19 1 0

SD standard deviation, med mediana, min minimum, max maximum, SLEDAI
Systemic Lupus Erythematosus Disease Activity Index, SDI Systemic Lupus
International Collaborating Clinics/American College of Rheumatology Damage
Index for SLE

Table 2 Correlation of NLR and PLR with laboratory parameters

in 22 (13.7%) patients. Sjogren’s syndrome was present in
35 (21.9%) patients and secondary antiphospholipid syn-
drome in 25 (15.6%) patients.

The results of this study showed that there was a
positive correlation of the investigated hematological
parameter NLR with the values of ESR and anti-dsDNA
antibodies, as well as with the finding of PLR, while a
negative correlation was found with the values of the

Variables NLR PLR C3 component of the complement, as shown in Table 2
r p R p in detail. Another examined hematological parameter
PLR showed a positive correlation with ESR, CRP, anti-
Anti-dsDNA ab 0185 0.025 0.280 0.001 dsDNA antibodies, and anti-nucleosome antibodies as
Anti-nucleosomeab 0091 0447 0.263 0.026 well as with urine MCP-1, while it showed a negative cor-
Anti-Clgab 0039 0.745 0.093 0439 relation with the C3 component of complement (Table 2).
G —0264  0.003 -0.276  0.002 The most significant correlation between NLR and PLR is
ESR 0212 0.010 0329 <0.001 presented in Fig. 1.
CRP 0.130 0.121 0.249 0.003 When the activity of the disease and the demographic
Serum MCP-1 0107 0414 0203 0.120 data of the examined patients with age were analyzed,
Urinary MCP-1 0.235 0.071 0.263 0.043 the findings showed that there was a negative correlation
PLR 0.601 <0.001

NLR neutrophil-to-lymphocyte ratios, PLR platelet-to-lymphocyte ratios, anti-
dsDNA ab anti-double-stranded deoxyribonucleic acid antibodies, ab antibodies,
C3 complement component C3, ESR erythrocyte sedimentation rate, CRP
C-reactive protein, MCP-1 monocyte-chemoattractant protein-1, r correlation
coefficient

p <0.05 values were accepted as statistically significant
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between the SLEDAI index and the age of the patients as
well as with the age at the onset of the disease, but a posi-
tive correlation with the global physician assessment as
well as with SDI, as shown in detail in Table 3.
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Fig. 1 Scatter plot between individual data of NLR and PLR in SLE patients
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Table 3 Correlation of SLEDAI with demographic, clinical, and
laboratory parameters

Variables SLEDAI
r p

Age —-0.305 <0.001
Disease duration —0.145 0.068
Age at disease onset -0.196 0.013
ESR 0.542 <0.001
CRP 0.287 <0.001
Anti-dsDNA ab 0407 <0.001
Anti-nucleosome ab 0443 <0.001
Anti-C1q at 0.382 <0.001
c3 -0.336 <0.001
Serum MCP-1 0318 <0.001
Urinary MCP-1 0431 <0.001
NLR 0.323 <0.001
PLR 0.303 <0.001
SDI 0.268 0.006
Physician’s global assessment 0.896 <0.001

SLEDAI Systemic Lupus Erythematosus Disease Activity Index, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, anti-dsDNA Ab anti-double-stranded
deoxyribonucleic acid antibodies, ab antibodies, C3 complement component
C3, MCP-1 monocyte-chemoattractant protein-1, NLR neutrophil-to-lymphocyte
ratios, PLR platelet-to-lymphocyte ratios, SDI Systemic Lupus International
Collaborating Clinics/American College of Rheumatology Damage Index for SLE,
r correlation coefficient

p <0.05 values were accepted as statistically significant
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The analysis of the examined biochemical and other
immunological findings with the prognostic factor SLE-
DAI showed that there was a positive correlation with
ESR, CRP, NLR, PLR, anti-dsDNA, anti-nucleosome
antibodies, anti-Clq antibodies, and with cytokine total
serum MCP-1 and urine MCP-1, while a negative corre-
lation was observed with the C3 component of comple-
ment, as shown in detail in Table 3.

Univariate analysis indicated that all the examined
laboratory parameters were independent significant pre-
dictors of disease activity in SLE patients. Further analy-
ses using the multivariate regression method evaluated
the role of all examined hematological and biochemical
parameters as well as cytokines in relation to the SLE-
DAI index, as shown in detail in Table 4. The studied
model was able to account for 21.70% of the variance in
the activity index. Based on the results, ESR and serum
MCP1 appeared as statistically significant risk factors.

The ROC curve was generated to assess the potential
usefulness of NRL and PLR as biomarkers of disease
activity in patients with SLE (the cutoff for active disease
being SLEDAI > 6).

The area under the ROC curve of NLR (AUC 0.643,
p=0.003) was almost equal to the curve of PLR (AUC
0.645, p=0.003) (Fig. 2). The calculated cutoff values of
NLR and PLR were 1.64 and 114.75, respectively.

Discussion

It has been recently demonstrated that NLR and PLR, as
economical, easily accessible, and reproducible biologi-
cal markers, can be very significant clinically in numerous

Table 4 Impact of laboratory parameters on SLEDAI (univariate model and multivariate regression analysis)

Model Univariate analysis Multivariate analysis

Non-standard Standard regression p Non-standard Standard regression p

regression coefficient  coefficient regression coefficient  coefficient

B SE Beta B SE Beta
ESR 0.157 0.019 0.542 <0.001 0.122 0.051 0.394 0.020
CRP 0.077 0.021 0.287 <0.001 0.000 0.043 —0.001 0.994
Anti-dsDNA ab 0.041 0.007 0407 <0.001 0.010 0.013 0.109 0463
Anti-nucleosome ab 0.045 0.010 0443 <0.001 -0.014 0.020 -0.157 0486
Anti-C1qg ab 0.122 0.032 0.382 <0.001 0.034 0.046 0.108 0461
a —7.065 1.669 -0.336 <0.001 —1.181 2622 -0.065 0.655
Serum MCP-1 0.003 0.001 0318 <0.001 0.002 0.001 0.325 0.043
Urinary MCP-1 0.017 0.004 0431 <0.001 0.005 0.009 0.071 0.607
NLR 1.598 0.379 0323 <0.001 0.380 0.633 0.106 0.551
PLR 0.027 0.007 0303 <0.001 —-0.003 0.015 —-0.038 0.848
Constant 5.678 4.104 0.173

SLEDAI Systemic Lupus Erythematosus Disease Activity Index, ESR erythrocyte sedimentation rate, CRP C-reactive protein, anti-dsDNA ab anti-double-stranded
deoxyribonucleic acid antibodies, ab antibodies, C3 complement component C3, MCP-1 monocyte-chemoattractant protein-1, NLR neutrophil-to-lymphocyte ratios,

PLR platelet-to-lymphocyte ratios, SE standard error
p <0.05 values were accepted as statistically significant
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Fig. 2 ROC curve analysis of NLR and PLR in terms of SLEDAI

inflammatory diseases, such as cardiovascular [16-19],
neoplastic [20-23], chronic inflammatory rheumatic dis-
eases [3, 24—26], and psychiatric diseases [27], as well as
in the early phases of metabolic syndrome [28]. The asso-
ciation of hematological indexes with SLE is still contro-
versial [6, 25, 29, 30]. Simultaneous determination of NLR
and PLR in inflammatory rheumatic diseases has been
given preference, since these parameters complement each
other. NLR determination can contribute to more effective
disease activity monitoring, indicating mostly the presence
of leukocyte inflammation, complications of various infec-
tions, and severe organ damage in SLE. However, PLR is
considered significant in the assessment of the severity of
systemic inflammation, with the potential to predict infec-
tions and other comorbid conditions, especially in patients
with multisystem involvement [3, 25].

The studies that simultaneously determined NLR and
PLR in SLE patients have been scarce. Moreover, the are
no studies that compared these hematological param-
eters with diverse antibodies and cytokines as potential
biomarkers in SLE.

PLR demonstrated a correlation with a number of stud-
ied parameters (positive correlation with ESR, CRP, anti-
dsDNA, anti-nucleosome antibodies, urinary MCP-1,
and inverse correlation with C3), with a higher degree of

statistical significance compared to NLR. These results sug-
gested PLR to be superior to NLR as a biomarker of SLE
disease severity. None of the studied hematological param-
eters showed a correlation with anti-C1q antibodies. More-
over, NLR and PLR showed a positive mutual correlation.

Previous data indicate that the active form of SLE is
associated with low values of the C3 complement com-
ponent [10]. Therefore, it was very interesting to compare
the association of NLR and PLR with the C3 comple-
ment. The results of this study demonstrated a negative
correlation, based on a larger number of respondents. A
previous study by Soliman et al. showed a positive cor-
relation of NLR and PLR with ESR, CRP, and anti-dsDNA
antibodies but a negative correlation with the C4 comple-
ment component [7]. In the paper by Wu et al., only NLR
showed a correlation with the C3 and C4 complement
components, while PLR did not [5].

Due to their high specificity, anti-dsDNA antibodies
represent one of the major criteria in the new 2019 ACR/
EULAR classification [31]. In addition, they have been
proposed as good markers of disease activity [32—-35]. The
results of this study demonstrated a positive correlation
of NLR with anti-dsDNA antibodies as well as PLR with
anti-dsDNA antibodies. It is thought that the main antigen
in SLE is nucleosome and that anti-dsDNA antibodies are
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just a subpopulation of the nucleosome family of antinu-
clear antibodies [8]. Anti-nucleosome antibodies directed
against intact nucleosomes are responsible for organ dam-
age, and in some studies, they have been demonstrated
as better disease activity markers than traditional anti-
dsDNA antibodies [36]. In this study, only PLR, but not
NLR, was shown to be correlated with these antibodies.

In recent years, anti-Clq antibodies have been among
the important SLE biomarkers, as confirmed by the lat-
est European Alliance of Associations for Rheumatol-
ogy (EULAR) recommendations of 2019, where they
have been given special importance in the prediction of
proliferative forms of lupus nephritis [37, 38]. Our own
results concerning the absence of correlation of the stud-
ied hematological parameters with anti-Clq antibodies
can be an indirect indication that NLR and PLR are not
kidney involvement biomarkers in SLE, but only the bio-
markers of general disease activity. In contrast, Liu et al.
have recently demonstrated that NLR is a useful bio-
marker for the prediction of lupus nephritis [39].

In this paper, we analyzed especially the NLR and PLR
association with serum and urinary MCP-1, a proinflam-
matory chemokine involved in lupus nephritis immu-
nopathogenesis and considered as a potential marker of
global disease activity [11, 15, 40]. It was demonstrated
that urine MCP-1 values were positively correlated with
PLR, while NLR was not correlated with either serum
or urine MCP-1. Previous studies have not performed
similar analyses of the correlation of NLR and PLR with
anti-nucleosome and anti-Clq antibodies, or serum and
urinary MCP-1 in patients with SLE.

Furthermore, we were especially interested in the
impact of aging on disease activity, as well as the impact
of earlier disease onset, demonstrating that disease activ-
ity was lower in older patients and those with later dis-
ease onset. We also demonstrated that disease activity
measured by the SLEDAI was positively correlated with
global physician assessment and damage index SDI,
which was confirmed by other studies’ findings in differ-
ent regions and in different racial patient groups [41, 42].
The results of this study showed that both studied hema-
tological parameters were positively correlated with SLE-
DAL Yolbas et al. could not demonstrate NLR and PLR
association with disease activity in SLE patients [6]. The
results of certain studies showed the association of NLR
and PLR with SLEDAI [5, 7, 26, 29], as well as the asso-
ciation of NLR with lupus nephritis [5, 7].

The results of univariate analysis in our study showed
that all the investigated parameters, namely ESR, CRP,
NLR, PLR, C3 complement component, anti-dsDNA,
anti-nucleosome, anti-Clq antibodies, and serum and
urinary MCP-1, were independent predictors of disease
activity with an equal high level of statistical significance
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(p<0.001), indicating that cost-effective and accessi-
ble hematological parameters such as NLR and PLR can
easily be the parameters for SLE activity assessment in
routine clinical practice. Multivariate regression analysis
revealed ESR and serum MCP-1 as the most important
predictors of disease activity in SLE. The significance of
ESR was also stressed in the LUMINA study, demonstrat-
ing that in SLE patients, ESR is a more potent predictor
of disease activity and organ damage than anti-dsDNA
antibody [43]. Recently published results of a prospective
study by Cho et al. showed that NLR (but not PLR) deter-
mination was significant for disease activity and severe
relapse predictions [44]. In addition, in this study based
on 160 patients, the ROC curve showed that both NLR
and PLR were well correlated with disease progression,
which was analyzed according to SLEDAI criteria, and
that they showed statistically significant specificity, which
was a novelty in this work.

Limitation
This study was a single-center study.

Conclusions

Therefore, our study showed that in addition to the study
of specific autoimmunity markers, their concomitant
analysis with the data describing the degree of inflamma-
tion could be useful in everyday clinical practice for the
assessment of SLE activity. Hematological parameters
NLR and PLR can be partially helpful as preliminary
markers in daily clinical work in the absence of expensive
and specific analyses.
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