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Abstract: As a complication of systemic lupus erythematosus (SLE), the neuropsychiatric form may
manifest with neurological and psychiatric symptoms. Diagnosing neuropsychiatric SLE can be chal-
lenging due to the heterogeneity of this disease manifestation and the possibilities of investigation. This
research aims to identify the possible associations between inflammation and thrombotic biomarkers
alongside anxiety and/or depression manifestations in SLE patients. A group of 65 outpatients were
investigated regarding the levels of depression, anxiety, disability, quality of life and other specific
serum biomarkers linked with inflammation or coagulopathies. The results showed severe depression
in eight participants, moderate depression in 22 (33.85%), and 26 (40%) subjects with mild depression.
Anxiety was more prevalent within 64 participants (98.46%), while a degree of disability was reported
by 52 participants (80%). Quality of life evaluated by EQ5D revealed a medium value of 1.57, and EQ5D
VAS health medium value was 57.95 and was correlated with anxiety. A strong positive correlation
between depression, anxiety and antibodies associated with anti-cardiolipin and anti beta2 glycoprotein
I antibodies, lupus anticoagulant, ICAM-1, low C4 a and anti-ribosomal P antibodies were identified.
These data results suggest that autoimmune/inflammatory and ischemic/thrombotic pathways could
contribute to depression and anxiety as neuropsychiatric SLE manifestations.

Keywords: systemic lupus erythematosus; depression; anxiety; inflammation; thrombotic

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease with systemic implica-
tions that can affect multiple organisms. Psychiatric manifestations represent a complication
of this condition, a phenomenon known as neuropsychiatric systemic lupus erythematosus
(NPSLE) directly related to SLE [1]. NPSLE could be the singular or initial manifestation
of SLE, and in roughly 30% of individuals with neuropsychiatric symptoms, SLE is the
direct cause. NPSLE usually embodies when SLE manifests clinically, and the biomarkers
are serologically active. Thus, by identifying the characteristic elements from the clinical
evaluation, with the results of serological analyzes and imaging investigations, it can be
determined whether the patient has active NPSE or the symptoms are determined by other
causes [2].

In 2012, the American College of Rheumatology (ACR) classification criteria for SLE
patients were re-examined. The elements were corroborated to enhance clinical importance,
meet rigorous methodology demands, and approach new acquaintances regarding the
immune response in SLE patients. The neuropsychiatric symptomatology of patients with
SLE includes several types of somatic manifestations. Concerning the central motor neuron,
cerebrovascular diseases (including stroke), aseptic meningitis, seizures, delirium and
dementia, psychoses, mild cognitive impairment, demyelination syndromes, and migraines
can be encountered. Regarding the peripheral motor neuron, autonomic and peripheral
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neuropathies, sensorial-neural hearing loss and myasthenia gravis were identified [3,4].
According to previous data, approximately 50–60% of NPSLE manifestations arise at the
beginning of SLE or within the first year of diagnosis, frequently when the disease activity is
generalized [5]. At the same time, another study shows contrasting information, suggesting
that common NPSLE manifestation are not associated with the disease’s increased activity
or severity [6,7]. The identification of the neuropsychiatric form in patients with SLE often
represents a challenge for rheumatologists due to the heterogeneity of the clinical picture,
the lack of specificity and sensitivity of biological biomarkers, but also the lack of the
existence of other well-defined criteria for the accurate establishment of the diagnosis and
the orientation toward an efficient care and management plan of patients with SLE [2].

As psychiatric manifestations, anxiety and depression are considered SLE comorbidi-
ties and can develop at different stages of the disease, with high variability in the prevalence
in different studies, ranging from 8.7–78.6% and 1.1–71.4%, respectively [8]. Depression
and anxiety have a high prevalence and lead to a profound drop in quality of life in patients
with SLE, and are also essential negative predictors, in the same way as NPSLE decreases
survival rates of SLE patients [9,10].

The complexity and heterogeneity of the clinical picture of NPSLE suggest that many
factors might trigger neuropsychiatric manifestations. Since the clinical manifestations of
NPSLE are varied and it is not established yet if the neuropsychiatric manifestations of SLE
are primary or secondary, recent research focuses on identifying other mechanisms involved
in the NPSE manifestation. Autoantibodies involved in the neuroimmune response, anti-
phospholipid antibodies, complement activity, and cell-mediated and cytokine-mediated
inflammation are investigated for associations with NPSLE manifestations [11]. Thus,
molecular elements associated with coagulopathy which may cause a neurodegenerative
response, are also investigated, in addition to the inflammatory autoimmune response.
Still, essential elements are also identified that intervene in the blood barrier of the central
nervous system, affecting the permeability and allowing the penetration of specific autoanti-
bodies and immune cells in the central nervous system with mediated neuronal damage [1].
Two paths of pathological mechanisms that may contribute to SLE’s neuropsychiatric
manifestations have been identified and addressed in the specialized literature [12]. One
of these two main ways of pathological manifestation of NPSLE is related to the vascular
dysfunctions manifested at the central nervous system level. In brain tissue of NPSLE,
microthrombi, micro and macro-infarcts, and vasculitis were identified as more frequent
than in subjects with SLE, suggesting that vasculopathy and coagulopathy are essential
factors involved in NPSLE manifestations [13]. Other essential pathological mechanisms
involved in the neuropsychiatric manifestations of SLE are linked with the inflammatory
and autoimmune response involving specific autoantibodies and inflammation-mediated
cellular response. Thus, it is suggested that the phenomenon of accelerated atherosclerosis,
together with the deposition of the immune complex and the presence of immune-mediated
vascular lesions, interact in these two pathways [14,15].

The complex manifestation of NPSLE is closely related to the disease’s activity. The
more the disease manifests an increased activity, the more it seems both immune response
mechanisms (inflammatory and vascular) are involved and altered. In addition to the
increased manifestation of NPSLE, anti-ribosomal P autoantibodies (Anti RIB P) have been
identified as an increased risk factor and poor prognosis for individuals with NPSLE [10].
Brain histology for NPSLE patients suggested that microglia activation might contribute
to disease development by affecting the neuronal and synaptic structure and function.
Previous research on brain tissue suggests that the presence of cytokines, antibodies and
infiltrating cells, by passing through the blood-brain barrier, can cause diffuse injuries [12].
Cytokines can affect neuronal and endothelial tissue through cell death; these dysfunctions
were associated with depression, lethargy and increased seclusion [16,17].

SLE has been associated with 116 antibodies, and NPSLE has been associated with the
presence of 20 autoantibodies, of which eleven are related to the central nervous system.
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Still, the neuropsychiatric manifestations have not been fully elucidated or associated with
a specific autoantibody [1].

Vascular inflammation presents specific biomarkers through cell adhesion molecules,
binding leukocytes with endothelial cells and the extracellular matrix. P-selectin is an
essential biomarker in this process of vascular inflammation. It is expressed both at the level
of endothelial cells and the level of platelets, influencing the phenomenon of coagulation
and thrombi formation during the autoimmune response [18]. In patients with SLE, an
up-regulation of P- and E-selectin was found on microparticles and in their soluble forms
that correlated with disease activity [19].

The modality of the autoimmune response in patients with SLE manifesting with
increased production of P-selectin protein is not fully identified [20] Norwalk. Recent
research suggests that through the increased expression of platelets (including P-selectin),
a continuous platelet modification response can result in patients with SLE by changing
the shape and plasma membrane [21].

Plasminogen activator inhibitor-1 (PAI-1) and intercellular adhesion molecule- ICAM-1
(cell surface glycoprotein) indicate the autoimmune response in SLE. A recent and extensive
meta-analysis on ICAM-1 in SLE patients discovered that both blood and urine ICAM-1
concentrations were higher than in SLE patients than control groups. However, no data was
explicitly linked to NPSLE [22]. More recent research suggested that an altered fibrinolysis
process contributes to a hypercoagulability condition and micro thrombotic events in the
Chinese pediatric cohort with SLE, as proved by high levels of PAI-1 and low levels of tissue
plasminogen activator [23]. Additionally, recent research results suggest that inflammatory
markers are increased in depression, and the extrinsic coagulation pathway is closely
related to depression [2]. However, systemic inflammation is linked with depression. It is
mainly conjunct with somatic or neurovegetative manifestations such as fatigue, altered
sleep, and appetite, as well as depressed mood and anhedonia [24].

Severe psychiatric disorders such as schizophrenia or major depression are associated
with an increased risk of thrombotic phenomena and cardiovascular damage [25]. Thus,
there are indications that hemostatic phenomena are involved in several types of psychiatric
disorders, including mental stress [26]. Although Lupus Anticoagulant (LA) antibodies are
not specific for SLE, these types of immunoglobulins can be found in various autoimmune
disorders associated with coagulation dysfunctions. Furthermore, LA is associated with
other neurological conditions (like stroke and epilepsy), but the LA antibodies are also
found in 25% of SLE patients [27–29].

Another essential biomarker in neuropsychiatric manifestations of NPSLE is related to
Anti RIB P which can be found frequently among patients with SLE [30,31].

Since many factors can influence the immune response of the body to SLE and the
presence of neuropsychiatric manifestation is not fully understood from a pathophysio-
logical perspective, our research aims to identify the connection between depression and
anxiety and biomarkers possibly associated with NPSL for thrombosis antiphospholipid
antibodies, PAI-1, P-selectin, ICAM 1 and among Anti RIB P antibodies.

2. Materials and Methods

Cross-sectional research was performed on 65 adult patients diagnosed with SLE
according to Systemic Lupus International Collaborating Clinics (SLICC) or ACR criteria
at least 6 months before enrollment [3,32]. The participants were investigated between
June 2019 and January 2020. The research was conducted in the Department of Clinical
Immunology, Brasov County Emergency Clinical Hospital, Romania. Written informed
consent was obtained from each participant after the local ethics committee approved the
research. All procedures were performed according to local regulations.

No patients were diagnosed with NPSLE at the begging of the research. The exclusion
criteria were: history of substance abuse, alcohol abuse, personality disorders, or other
major psychiatric diseases.
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The subjects were examined clinically and paraclinical, including a complete physical
examination, a biological examination with serological determinations for SLE, including
high sensitive C-reactive protein (hs CRP), anti-Smith antibody (Anti SM), anti-nuclear
antibodies (ANA), Anti-double-stranded deoxyribonucleic acid antibodies (DNA DC),
autoantibodies to beta(2)-glycoprotein 1 (ANTI B2 GP1), anti-cardiolipin antibodies (ACL
SCR), complement C3 and C4, LA, P-selectin, ICAM 1, PAI 1, Anti RIB P and D-dimers.

Test were performed with different methods. The normal range and the techniques
used are depicted in Table 1.

Table 1. Normal range and unit measure for the analyzed biomarkers.

Biomarker Units/Technique Normal Range

Hs CRP mg/L (ELISA) 1–3

Anti SM U/mL (ELISA) <15

ANA Titer IFI (indirect immunofluorescence
staining) <1/80

DNA DC U/mL (ELISA) <10

ANTI B2 GP1 U/mL (ELISA) <10

ACL SCR U/mL (ELISA) <10

LA
Ratio normal value
APTT/test(coagulometric method)
screening and confirmation test

<1.2

P-selectin ng/mL(ELISA) <100

PAI 1 ng/mL (ELISA) 16.7–32.1

ICAM 1 ng/mL (ELISA) <100

C3 mg/dL (Turbidimetry) 90–180

C4 mg/dL (Turbidimetry) 10–40

Anti RIB P U/mL (ELISA) <10

D-dimers ng/mL (ELISA) 0–400

To identify the SLE status, the British Isles Disease Activity Group Index 2004 (BILAG
Index) and the Systemic Lupus Erythematosus Activity Index (SELENA-SLEDAI) were
used. Only patients without disease activity were included.

To assess the level of disability, the World Health Organization Disability Assessment
Schedule (WHODAS) 2.0 was used, and for the quality of life, the European Quality of
Life Five Dimension (EQ-5D) tool was used [33,34]. The Hamilton Anxiety Scale (HAM
A) was used to assess anxiety, and the Hamilton Depression Rating Scale (HAM D) was
used to assess depression. To identify the levels of anxiety and depression, the HAM A and
HAM D, applied by a psychiatrist, were used. The cut-off values for depression were below
17 points considered as mild depression, between 18 and 25 as moderate depression, and
a score above 26 indicating severe depression. In the evaluation of the anxiety levels, the
cut-off values below seven were reported as no anxiety, between 8 and 14 as mild anxiety,
between 15 and 23 as moderate anxiety and above the value 24 as severe anxiety, while
scores greater than 30 considered as very severe anxiety [35,36].

All collected data were analyzed using IBM Statistical Package SPSS version 20.0
(IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0, Armonk,
NY, USA). Linear regression was used for detecting possible risk factors associations of
antiphospholipid antibodies and inflammation markers for depression and anxiety in
SLE patients, while binary logistic regression was performed for dichotomous variables.
For a further understanding of the antibodies involved in SLE association with anxiety,
depression and quality of life, based on regression analysis results, we performed an Mann
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Whitney test by comparing groups positive LA, positive, anti-RIB P, positive DNA DC,
and Anti SM. To identify differences of with PAI 1, hs CRP, C4 intervals, age and time
since disease two-way ANOVA was used. Pearson correlation was performed to identify
possible correlation between analyzed variables. Both the correlation coefficients and the
p-values were calculated according to a default 95% confidence interval. The significance
level was set at p-values less or equal to 0.05.

3. Results

The studied population included 65 Caucasian Lupus, whose disease was controlled
on background therapy. The participants characteristics are depicted in Table 2. Fifteen
patients (23.07%) were smokers.

Table 2. Patient’s characteristic (n = 65).

Characteristic Mean ± SD/Percent

Age 51.48 ± 13.85

Years of LES diagnosis 12.55 ± 8.10

Gender
Male 5/7.69%

Female 60/92.31%

Marital status
Widower 6/9.23%
Married 37/56.92%

Unmarried 8/12.31%
Divorced 14/21.54%

Social status
No occupation 6/9.23%

Employee 24/36.92%
Retired 35/53.85%

Highly sensitive C-reactive protein had low values in all patients, and the same was
PAI-1 levels. One patient (1.53%) had positive test for P-selectin and 20 patients (30.77%)
had high results for ICAM -1. D-dimers positive values were found in 10 subjects (15.38%).
Anti RIB P was found in 28 (43.08%) subjects. Fifty-two subjects (80%) were positive for
ANA antibodies, while 33 (50.77%) subjects were found with positive Ant-Ro antibodies.
Anti-SM antibodies were identified with positive values in two (3.08%) participants. For
ANTI B2 GP1, a total number 31 (47.69%) participants were identified as positive. ACL
SCR serum levels (screen for IgG and IgM) were present in 36 (55.38%) patients, 31 (47.69%)
patients were positive for anti beta2 glycoprotein 1 (screen for IgG and IgM), while LA was
present in 31 (47.69%) subjects.

Depression was present in 56 (86.15%) patients, 8 (12.30%) subjects had severe de-
pression, 22 patients (33.85%) presented moderate symptoms and in 26 (40%) patients
depression was mild. The values of the analyzed biomarkers reported to the levels of
depression identified in the number of patients (n = 56) are shown in Figure 1. From the
boxplots depicted in Figure 1, the results suggest that most biomarkers serum levels in-
crease alongside depression severity, except for C3, C4 and D-dimers. The values recorded
for Antti B2 GP1, PAI 1, Anti SM, Anti RIB P and LA seem to increase as the severity of
depression increases.
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Figure 1. Biomarkers levels graphic representation based on depression categories (HAM D). 
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High sensitive C-reactive protein—hs CRP; anti-Smith antibody—anti SM; anti-nuclear
antibodies—ANA; autoantibodies to beta (2)-glycoprotein 1—ANTI B2 GP1; anti-double-
stranded deoxyribonucleic acid antibodies—DNA DC; anti-cardiolipin antibodies—ACL;
SCR; complement C3 and C4; lupus anticoagulant—LA; P-selectin; intercellular adhesion
molecule—ICAM 1; plasminogen activator inhibitor—PAI 1; anti-ribosomal P antibodies—
anti RIB P.

Anxiety was more prevalent, 64 (98.46%) patients presented anxiety, among these,
16 (24.62%) patients reported very severe anxiety, 6 (9.23%) subjects reported severe anxiety,
10 (15.38%) declared moderate anxiety, and 32 (49.23%) patients were recorded with mild
anxiety. The values of the analyzed biomarkers reported to the levels of anxiety identified in
the number of patients (n = 64) are shown in Figure 2. The graphic representation between
anxiety levels of our sample of SLE patients and analyzed biomarkers suggest that ANA,
Anti B2 GP1, ICAM 1, Anti RIB P and LA values increase as the anxiety level becomes
severe or very severe. At the same time, P-selectin serum levels seem to be increased in
subjects with mild anxiety.

High sensitive C-reactive protein—hs CRP; anti-Smith Antibody—Anti SM; anti-
nuclear antibodies—ANA; autoantibodies to beta (2)-glycoprotein 1—ANTI B2 GP1); anti-
double-stranded deoxyribonucleic acid antibodies—DNA DC; anti-cardiolipin antibodies—
ACL; SCR; complement C3 and C4; lupus anticoagulant—LA; P-selectin; intercellular
adhesion molecule—ICAM 1; plasminogen activator inhibitor—PAI 1; anti-ribosomal P
antibodies—Anti RIB P. The results of Kruskal–Wallis and multiple comparison results
suggest that the values for ANTI B2 GP 1 increase (statistically significant) as the levels of
depression increase, from none, to moderate and severe. Regarding ANTI SM autoantibody,
the results showed it increased from subjects without depression to those with severe
depression and from mild to severe depression. The ANTI RIB P serum values increase as
the depression increase from none to moderate and severe and from mild to severe disorder.
While the ACL SCR autoantibodies level increased from none to moderate depression and
mild to moderate depression. The LA level increased for SLE subjects without depression
to subjects with moderate depression. For patients with severe anxiety vs. moderate, the
serum levels of ANTI B2 GP 1 were significantly increased; the serum levels for ANTI SM
autoantibodies levels between mild and very severe anxiety groups were also increased
significantly. At the same time, the level of ANTI RIB P increased significantly from
moderate to severe anxiety and from mild to severe anxiety.

A degree of disability was reported by 52 (80%) patients, 6 (9.23%) patients had
moderate disability and 46 (70.77%) reported mild disability.

Quality of life evaluated by EQ5D revealed a medium value 1.57.
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Figure 2. Biomarkers levels graphic representation based on anxiety categories (HAM A). 
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Correlations

Correlations were made between biomarkers related to thrombotic and inflammatory
events and the presence of anxiety, depression, level of disability and quality of life in
subjects with SLE. The results are presented in Figure 3.
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and depression, anxiety, disability and quality of life in SLE subjects (** p < 0.01, * p < 0.05).

Moderate correlations were identified for depression and LA, ACL SCR, ANTI RIB P,
and ANTI SM. For anxiety, moderate correlations were detected with LA and ANTI RIB P.
Regarding the level of disability (WHODAS), it was moderately correlated with increased
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LA and PAI 1. The quality of life measured with EQ5D showed moderated correlations
with PAI-1.

To identify the associations of specific biomarkers linked to thrombotic and inflamma-
tion pathway and neuropsychiatric manifestations, alongside disability level and quality of
life in SLE patients, we performed a linear regression analysis. The results are depicted in
Table 3.

Table 3. Linear regression results of SLE association of depression, anxiety, quality of life and biomarkers.

Outcome Association/R2 B (Confidence Interval) p

HAM D
Anti RIB P/0.183 0.070 (0.33–010) <0.001

PAI 1/0.258 2.949 (0.60–5.30) 0.014

HAM A
LA/0.109 0.485 (0.13–0.83) 0.007
C4/0.166 −0.026 (−0.05–0.001) 0.043

WHODAS

PAI 1/0.169 8.965 (3.97–13.96) 0.001
Anti RIB P/0.274 0.109 (0.04–0.18) 0.004
DNA DC/0.330 −0.052(−0.10–0.01) 0.028
hs CRP/0.377 16.356(1.07–31.64) 0.036

EQD5

PAI 1/0.096 0.164 (0.04–0.29) 0.012

Anti RIB P/0.192 0.003 (0–0) 0.009

DNA DC/0.256 −0.001 (0–0) 0.025
hs CRP/0.320 0.460 (0.07–0.85) 0.021

For hs CRP, P-selectin and C4 differences between the intervals (low, average, high),
a two-way ANOVA was performed. No difference was found for CRP and P-selectin,
while for C4 intervals, the results suggested a statistically significant interaction between
depression (HAM D) and average C4 levels, with F (1,63) = 7.66, p = 0.007. Additionally,
HAM A and C4 intervals suggested interaction by normal levels versus low levels of C4
with F (1,63) = 5.68 and p = 020. As regards C3 and C4 interval of positive paraclinical
data, the results suggested that as lower the C3 and C4 values are, as higher is the risk of
manifesting both depression and anxiety (p < 0.005).

For the nonparametric test performed for HAM A, HAM D, WHODAS and EQD5
depicted in Table 4, the results suggests that positive patients for Anti RIB P, LA, ACL
and ANTI B2 GP 1 manifest depression and anxiety in SLE patients, significantly more
compared to negative biomarkers. For the other biomarkers analyzed in this research, like
Anti-SM, DNA DC, ICAM positive, ANA, and Anti-RO, no significant differences were
identified neither for anxiety, depression, disability or quality of life between positive and
negative participants.

Table 4. Differences of anxiety, depression and quality of life based on the analyzed biomarkers.

Outcome n/%
Ham A
(Mean
Rank)

p
HAM D
(Mean
Rank)

p
WHODAS

(Mean
Rank)

p
EQD5
(Mean
Rank)

p

Anti RIB P
positive = 28 45.27

<0.001
46.18

<0.001
29.96

0.260
42.59

<0.001negative = 37 23.72 23.03 35.50 25.74

LA
positive = 31 41.03

0.001
41.66

<0.001
34.10

0.655
38.63

0.021negative = 34 25.68 25.10 32.00 27.87

ACL
positive = 36 38.33

0.011
38.94

0.005
31.86

0.588
34.35

0.518negative = 29 26.38 25.62 34.41 31.33

ANTI B2 GP1
positive = 31 39.42

0.009
38.31

0.031
31.23

0.470
35.82

0.245negative = 34 27.15 28.16 34.62 30.43
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Since only patients with values below the interval were identified for PAI, and only
one patient was positive for P-selectin, no differences reported for the two biomarkers
could be identified.

The results of age and time since disease comparison regarding anxiety, depression,
disability and quality of life, the results of two-way ANOVA showed significant differences
only regarding the quality of life suggesting it decrease with aging (subjects older than
65 years vs. 30 to 44 years) and disease progression (higher than 10 years of SLE onset). No
significant differences were found between age and disease evolution regarding anxiety,
depression or disability level.

4. Discussion

In our study, based on HAM D and HAM A results and correlations, the presence
of depression and anxiety in SLE patients was 86.15% and 98.46%, respectively, higher
than previously reported. Recent systematic reviews and meta-analyses suggest that the
overall prevalence of depression and anxiety among SLE patients is 35%, respectively
25.8%, with ranges from 8.7% to 78.6% for depression and from 1.1% to 71.4% for anxiety,
but the authors emphasize that the heterogeneity of the assessment’s scales used for these
two majors neuropsychiatric SLE manifestations make challenging to identify a precise
prevalence of anxiety and depression among SLE patients [9]. At the same time recent
cross-sectional research results on SLE patients showed depression in 61.5% of patients
and anxiety in 54.4% and suggested a cut-off value for SLEDAI of 8.5 for the increased risk
of neuropsychiatric SLE manifestations [37]. This research indicates a strong correlation
between depression symptoms and severe disability in social participation, interpersonal
relationships and life abilities. This is similar to recent data that show that moderate
depression is associated with pain severity, disease activity and low quality of life, but also
with an increased level of disability [38,39].

Our research results suggest that biomarkers related to coagulation or thrombotic
pathway, alongside inflammation-specific markers, are associated with depression and
anxiety in SLE patients. The linear regression results suggest that depression is associated
with and predicted by high levels of Anti-RIB P and PAI 1. In contrast anxiety was instead
associated with increased serum levels of LA and low C4. Disability and quality of life seem
to be influenced by increased PAI 1, Anti RIB P and CRP and low DNA DC values. Since
PAI 1 is a molecule linked both with thrombosis and inflammatory process, and recent
research suggests that disease activity scores increase with higher PAI-1 serum levels [40],
our research results suggest an association with depression (by linear regression results
and with low correlation value). While in our research sample, PAI-1 serum levels were not
remarkably elevated, recent research suggests that PAI-1 is associated with depression [41],
while other research suggests that PAI-1 presence in serum is associated with NPSLE in
general [42].

Previous research results reported a mean of EQD5 for SLE patients of 0.72 and
suggested a more sensitive assessment tool for SLE disease manifestation and sociode-
mographic factors [43]. In our research, the mean score for EQD5 was 1.57, which also
correlated with anxiety and Anti RIB P serum presence. Recent research regarding EQ-
5D-3L results suggests that it is a more helpful tool for anxiety or depression screening in
community settings than in hospitals [44].

Considering that inflammation biomarkers were found in subjects with depression,
and also, the extrinsic coagulation pathway was linked with depression [2,45], the data
from our research results depict that both coagulation and inflammation-specific molecules
like LA, Anti RIB P, ACL, C4, PAI 1 and hs CRP are linked with depression and anxiety.

ACL seems to have been substantially described in subjects with mental disorders,
considering it is an acquired coagulation abnormality [46]. Besides, mental stress affects
coagulation and people with recurrent depression are associated with an increased throm-
botic risk [45]. Furthermore, in NPSLE patients, ACL antibodies can be found within a
range between 10 and 14.5% and were associated with cognitive impairment, headache and
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altered consciousness [47]. While in our research, ACL antibodies seemed to be correlated
with anxiety and depression, when multiple variables were considered for building a linear
model through stepwise linear regression, it seems that other biomarkers have the potential
of predictors (Anti RIB P and PAI 1 for depression and LA and C4 for anxiety). Previous
research results also suggest that Anti RIB P autoantibodies are found in a range from 10 to
47% of SLE patients, and the molecules’ presence was strongly correlated with psychiatric
manifestations [33]. Our study’s group comparison results of ACL positive and negative
subjects suggest that anxiety and depression are significantly higher in the positive ACL
SLE patients.

While in our paper, ANTI B2 GP1 was associated both with depression and anxiety and
strongly correlated with ACL; recent research found that ANTI B2 GP1 serum values were
higher in SLE patients than control groups and also linked this biomarker with coagulation
complications [48]. Additionally, recent research suggests that ANTI B2 GP1 is linked
with thrombotic events in SLE patients but also correlated with other antiphospholipid
antibodies [49].

Low C4 serum levels were identified as a potential risk factor for neuropsychiatric
manifestation in SLE patients [50]. In our study, low levels of C4 serum were correlated but
also associated with anxiety.

From the linear regression and group comparison, Anti RIB P, LA and C4 can be
further considered indicators of neuropsychiatric manifestations in SLE patients, especially
regarding anxiety and depression. In our study group, low complement and positive
serology for antiphospholipid syndrome correlated both with depression and anxiety
presence in SLE in accordance with data published regarding NPSLE [51–53].

In order to obtain a more precise diagnosis and an overview of the systemic manifesta-
tions of Lupus, several tools and good interdisciplinary collaboration are needed. Although
there is heterogeneity in the evaluation scales used to identify anxiety and depression, both
in the cases of NPSLE patients and psychiatric patients in general [8], carefully validated
and reliable evaluation scales should be used for both research and clinical practice of
anxiety and depression disorders [54,55].

In addition to identifying the elements of mental health, it is necessary to investigate
the neurological effects through clinical and imaging tests. However, the impact on the
quality of life and the level of disability must be considered [56].

We must emphasize that our results are based on patients without an active scoring for
the disease activity; therefore, further research in similar directions should be encompassed
on subjects with SLE disease activity and/or initially diagnosed with NPSLE.

The main limitations of our research are related to the fact that the study was con-
ducted on a small number of participants and the need of a control group. Additionally,
we must mention that no neurological evaluation of the patients was performed; thus,
issues related to possible demyelination (even considered a rare phenomenon), myelopathy,
seizures, or movement disorders were not investigated or identified. Therefore, besides
the clinical, immunological, serum and psychiatric investigations, neurological assessment
should be encompassed in future research for a more precise framework regarding NPSLE.
Furthermore, two essential control groups related to our research limitations and future
studies should be considered. One potential research could compare coagulation biomark-
ers and inflammation in SLE patients without depression and anxiety, and a second one
comparing the inflammation and thrombotic pathway of NPSLE subjects (with anxiety and
depression) and patients with psychiatric problems without Lupus.

5. Conclusions

The high prevalence of depression and anxiety in our sample size of SLE subjects,
alongside with positive biomarkers for inflammation and following a thrombotic pathway
suggest an active screening for these symptoms and manifestations in this population. There
is a strong positive correlation between depression, anxiety and antibodies associated with
anti-cardiolipin and anti beta2 glycoprotein I antibodies, lupus anticoagulant, ICAM-1, low
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C4 a and Anti RIB P antibodies. These data suggest that both autoimmune/inflammatory
pathway and ischemic/thrombotic pathway, could contribute to depression and anxiety as
NPSLE manifestation. We can consider that NPSLE-specific markers need to be specified for
an early diagnosis and treatment guidelines should be adjusted.

Author Contributions: Conceptualization, L.D. and P.I.; methodology, L.D.; software, N.R; validation,
N.R. and A.T.; formal analysis, L.D.; investigation, A.T.; resources, L.D.; data curation, N.R.; writing—
original draft preparation, L.D.; writing—review and editing, N.R.; visualization, P.I.; supervision, P.I.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Available on request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Liu, Y.; Tu, Z.; Zhang, X.; Du, K.; Xie, Z.; Lin, Z. Pathogenesis and treatment of neuropsychiatric systemic lupus erythematosus: A

review. Front. Cell Dev. Biol. 2022, 10, 998328. [CrossRef] [PubMed]
2. Zardi, E.M.; Giorgi, C.; Zardi, D.M. Diagnostic approach to neuropsychiatric lupus erythematosus: What should we do? Postgrad.

Med. 2018, 130, 536–547. [CrossRef] [PubMed]
3. Liang, M.H.; Corzillius, M.; Bae, S.C.; Lew, R.A.; Fortin, P.R.; Gordon, C.; Isenberg, D.; Alarcón, G.S.; Straaton, K.V.; Denburg, J.;

et al. The American College of Rheumatology nomenclature and case definitions for neuropsychiatric lupus syndromes. Arthritis
Rheum. 1999, 42, 599–608. [CrossRef]

4. Muscal, E.; Brey, R.L. Neurologic Manifestations of Systemic Lupus Erythematosus in Children and Adults. Neurol. Clin. 2010, 28, 61–73.
[CrossRef]

5. Kivity, S.; Agmon-Levin, N.; Zandman-Goddard, G.; Chapman, J.; Shoenfeld, Y. Neuropsychiatric lupus: A mosaic of clinical
presentations. BMC Med. 2015, 13, 43. [CrossRef]

6. Bertsias, G.K.; Ioannidis, J.P.; Aringer, M.; Bollen, E.; Bombardieri, S.; Bruce, I.N.; Cervera, R.; Dalakas, M.; Doria, A.; Hanly, J.G.;
et al. EULAR recommendations for the management of systemic lupus erythematosus with neuropsychiatric manifestations:
Report of a task force of the EULAR standing committee for clinical affairs. Ann. Rheum. Dis. 2010, 69, 2074–2082. [CrossRef]

7. Aranow, C.; Diamond, B.; Mackay, M. Glutamate Receptor Biology and its Clinical Significance in Neuropsychiatric Systemic
Lupus Erythematosus. Rheum. Dis. Clin. N. Am. 2010, 36, 187–201. [CrossRef]

8. Moustafa, A.T.; Moazzami, M.; Engel, L.; Bangert, E.; Hassanein, M.; Marzouk, S.; Kravtsenyuk, M.; Fung, W.; Eder, L.; Su, J.;
et al. Prevalence and metric of depression and anxiety in systemic lupus erythematosus: A systematic review and meta-analysis.
Semin. Arthritis Rheum. 2020, 50, 84–94. [CrossRef]

9. Choi, S.T.; Kang, J.I.; Park, I.-H.; Lee, Y.W.; Song, J.-S.; Park, Y.-B.; Lee, S.-K. Subscale analysis of quality of life in patients with systemic
lupus erythematosus: Association with depression, fatigue, disease activity and damage. Clin. Exp. Rheumatol. 2012, 30, 665–672.

10. Zhang, S.; Li, M.; Zhang, L.; Wang, Z.; Wang, Q.; You, H.; Wang, Y.; Li, M.; Zeng, X. Clinical Features and Outcomes of
Neuropsychiatric Systemic Lupus Erythematosus in China. J. Immunol. Res. 2021, 2021, 1349042. [CrossRef]

11. Schwartz, N.; Stock, A.D.; Putterman, C. Neuropsychiatric lupus: New mechanistic insights and future treatment directions. Nat.
Rev. Rheumatol. 2019, 15, 137–152. [CrossRef] [PubMed]

12. Cohen, D.; Rijnink, E.C.; Nabuurs, R.J.A.; Steup-Beekman, G.M.; Versluis, M.J.; Emmer, B.J.; Zandbergen, M.; van Buchem, M.A.;
Allaart, C.F.; Wolterbeek, R.; et al. Brain histopathology in patients with systemic lupus erythematosus: Identification of lesions
associated with clinical neuropsychiatric lupus syndromes and the role of complement. Rheumatology 2017, 56, 77–86. [CrossRef]
[PubMed]

13. Sato, S.; Temmoku, J.; Fujita, Y.; Yashiro-Furuya, M.; Matsuoka, N.; Asano, T.; Kobayashi, H.; Watanabe, H.; Migita, K.
Autoantibodies associated with neuropsychiatric systemic lupus erythematosus: The quest for symptom-specific biomarkers.
Fukushima J. Med. Sci. 2020, 66, 1–9. [CrossRef]

14. Ho, R.C.; Thiaghu, C.; Ong, H.; Lu, Y.; Ho, C.S.; Tam, W.W.; Zhang, M.W. A meta-analysis of serum and cerebrospinal fluid
autoantibodies in neuropsychiatric systemic lupus erythematosus. Autoimmun. Rev. 2016, 15, 124–138. [CrossRef] [PubMed]

15. Sarwar, S.; Mohamed, A.S.; Rogers, S.; Sarmast, S.T.; Kataria, S.; Mohamed, K.H.; Khalid, M.Z.; Saeeduddin, M.O.; Shiza, S.T.;
Ahmad, S.; et al. Neuropsychiatric Systemic Lupus Erythematosus: A 2021 Update on Diagnosis, Management, and Current
Challenges. Cureus 2021, 13, e17969. [CrossRef]

16. Sibbitt, W.L.; Brooks, W.M.; Kornfeld, M.; Hart, B.L.; Bankhurst, A.D.; Roldan, C.A. Magnetic Resonance Imaging and Brain
Histopathology in Neuropsychiatric Systemic Lupus Erythematosus. Semin. Arthritis Rheum. 2010, 40, 32–52. [CrossRef]

http://doi.org/10.3389/fcell.2022.998328
http://www.ncbi.nlm.nih.gov/pubmed/36133921
http://doi.org/10.1080/00325481.2018.1492309
http://www.ncbi.nlm.nih.gov/pubmed/29940795
http://doi.org/10.1002/1529-0131(199904)42:43.0.CO;2-F
http://doi.org/10.1016/j.ncl.2009.09.004
http://doi.org/10.1186/s12916-015-0269-8
http://doi.org/10.1136/ard.2010.130476
http://doi.org/10.1016/j.rdc.2009.12.007
http://doi.org/10.1016/j.semarthrit.2019.06.017
http://doi.org/10.1155/2021/1349042
http://doi.org/10.1038/s41584-018-0156-8
http://www.ncbi.nlm.nih.gov/pubmed/30659245
http://doi.org/10.1093/rheumatology/kew341
http://www.ncbi.nlm.nih.gov/pubmed/28028157
http://doi.org/10.5387/fms.2020-02
http://doi.org/10.1016/j.autrev.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/26497108
http://doi.org/10.7759/cureus.17969
http://doi.org/10.1016/j.semarthrit.2009.08.005


Biomolecules 2023, 13, 567 16 of 17

17. Dinan, T.G. Inflammatory markers in depression. Curr. Opin. Psychiatry 2009, 22, 32–36. [CrossRef]
18. Nourshargh, S.; Alon, R. Leukocyte Migration into Inflamed Tissues. Immunity 2014, 41, 694–707. [CrossRef]
19. Scherlinger, M.; Guillotin, V.; Douchet, I.; Vacher, P.; Boizard-Moracchini, A.; Guegan, J.-P.; Garreau, A.; Merillon, N.; Vermorel, A.;

Ribeiro, E.; et al. Selectins impair regulatory T cell function and contribute to systemic lupus erythematosus pathogenesis. Sci.
Transl. Med. 2021, 13, eabi4994. [CrossRef]

20. Nowak, K.; Gumkowska-Sroka, O.; Kotyla, P. Adhesion molecules: A way to understand lupus. Rheumatology 2022, 60, 133–141.
[CrossRef]

21. Andrianova, I.A.; Khabirova, A.I.; Ponomareva, A.A.; Peshkova, A.D.; Evtugina, N.G.; Le Minh, G.; Sibgatullin, T.B.; Weisel, J.W.;
Litvinov, R.I. Chronic Immune Platelet Activation Is Followed by Platelet Refractoriness and Impaired Contractility. Int. J. Mol.
Sci. 2022, 23, 7336. [CrossRef]

22. Guo Liu, R.N.; Cheng, Q.Y.; Zhou, H.Y.; Li, B.Z.; Ye, D.Q. Elevated blood and urinary ICAM-1 is a biomarker for systemic lupus
erythematosus: A systematic review and meta-analysis. Immunol. Investig. 2020, 49, 15–31. [CrossRef]

23. Li, Z.; Xiao, J.; Song, H.; Chen, Q.; Han, H.; Li, J.; Zhang, L.; He, Y.; Wei, M. Evaluation of coagulation disorders by thromboelas-
tography in children with systemic lupus erythematosus. Lupus 2019, 28, 181–188. [CrossRef] [PubMed]

24. Milaneschi, Y.; Kappelmann, N.; Ye, Z.; Lamers, F.; Moser, S.; Jones, P.B.; Burgess, S.; Penninx, B.W.; Khandaker, G. Association
of inflammation with depression and anxiety: Evidence for symptom-specificity and potential causality from UK Biobank and
NESDA cohorts. Mol. Psychiatry 2021, 26, 7393–7402. [CrossRef] [PubMed]

25. De Hert, M.; Detraux, J.; Vancampfort, D. The intriguing relationship between coronary heart disease and mental disorders.
Dialogues Clin. Neurosci. 2018, 20, 31–40. [CrossRef]

26. Hoirisch-Clapauch, S.; Nardi, A.E.; Gris, J.-C.; Brenner, B. Coagulation and Mental Disorders. Rambam Maimonides Med. J. 2014, 5, e0036.
[CrossRef]

27. Galli, M.; Luciani, D.; Bertolini, G.; Barbui, T. Lupus anticoagulants are stronger risk factors for thrombosis than anticardiolipin
antibodies in the antiphospholipid syndrome: A systematic review of the literature. Blood 2003, 101, 1827–1832. [CrossRef]

28. Borchers, A.T.; Aoki, C.A.; Naguwa, S.M.; Keen, C.L.; Shoenfeld, Y.; Gershwin, M.E. Neuropsychiatric features of syste-mic lupus
erythematosus. Autoimmun. Rev. 2005, 4, 329–344. [CrossRef] [PubMed]

29. Shrivastava, A.; Dwivedi, S.; Aggarwal, A.; Misra, R. Anti-cardiolipin and anti-beta2 glycoprotein I antibodies in Indian patients
with systemic lupus erythematosus: Association with the presence of seizures. Lupus 2001, 10, 45–50. [CrossRef] [PubMed]

30. Choi, M.Y.; FitzPatrick, R.D.; Buhler, K.; Mahler, M.; Fritzler, M.J. A review and meta-analysis of anti-ribosomal P autoantibodies
in systemic lupus erythematosus. Autoimmun. Rev. 2020, 19, 102463. [CrossRef]

31. Arinuma, Y.; Kikuchi, H.; Hirohata, S. Anti-ribosomal P protein antibodies influence mortality of patients with diffuse psychi-
atric/neuropsychological syn-dromes in systemic lupus erythematous involving a severe form of the disease. Mod. Rheumatol.
2019, 29, 612–618. [CrossRef] [PubMed]

32. Petri, M.; Orbai, A.-M.; Alarcón, G.S.; Gordon, C.; Merrill, J.T.; Fortin, P.R.; Bruce, I.N.; Isenberg, D.; Wallace, D.J.; Nived, O.; et al.
Derivation and validation of the Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus
erythematosus. Arthritis Rheum. 2012, 64, 2677–2686. [CrossRef] [PubMed]

33. Duca, L.; Roman, N.A.; Miron, A.; Teodorescu, A.; Dima, L.; Ifteni, P. WHODAS Assessment Feasibility and Mental Health Impact
on Functional Disability in Systemic Lupus Erythematosus. Healthcare 2022, 10, 1053. [CrossRef] [PubMed]

34. Wang, S.L.; Wu, B.; Zhu, L.A.; Leng, L.; Bucala, R.; Lu, L.J. Construct and Criterion Validity of the Euro Qol-5D in Patients with
Systemic Lupus Erythematosus. PLoS ONE 2014, 9, e98883. [CrossRef] [PubMed]

35. Hamilton, M. The assessment of anxiety states by rating. Br. J. Med. Psychol. 1959, 32, 50–55. [CrossRef] [PubMed]
36. Hamilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56–62. [CrossRef]
37. Liao, J.; Kang, J.; Li, F.; Li, Q.; Wang, J.; Tang, Q.; Ni Mao, N.; Li, S.; Xie, X. A cross-sectional study on the association of anxiety

and depression with the disease activity of systemic lupus erythematosus. BMC Psychiatry 2022, 22, 591. [CrossRef]
38. Chalhoub, N.E.; Luggen, M.E. Depression-, Pain-, and Health-Related Quality of Life in Patients with Systemic Lupus Erythe-

matosus. Int. J. Rheumatol. 2022, 2022, 6290736. [CrossRef]
39. Sumner, L.A.; Olmstead, R.; Azizoddin, D.R.; Ormseth, S.R.; Draper, T.L.; Ayeroff, J.R.; Zamora-Racaza, G.; Weisman, M.H.;

Nicassio, P.M. The contributions of socioeconomic status, perceived stress, and depression to disability in adults with systemic
lupus erythematosus. Disabil. Rehabil. 2019, 42, 1264–1269. [CrossRef]

40. Yousef, A.A.; Mohamed, F.Y.; Boraey, N.F.; Akeel, N.E.; Soliman, A.A.; Waked, N.M.; Hashem, M.I.; Shehata, H.; Fahmy, D.S.;
Ismael, A.; et al. Association of Plasminogen Activator Inhibitor 1 (PAI-1) 4G/5G Polymorphism and Susceptibility to SLE in
Egyptian Children and Adolescents: A Multicenter Study. J. Inflamm. Res. 2020, 13, 1103–1111. [CrossRef]

41. Hoirisch-Clapauch, S. Mechanisms affecting brain remodeling in depression: Do all roads lead to impaired fibrinolysis? Mol.
Psychiatry 2022, 27, 525–533. [CrossRef] [PubMed]

42. Jeltsch-David, H.; Muller, S. Neuropsychiatric systemic lupus erythematosus: Pathogenesis and biomarkers. Nat. Rev. Neurol.
2014, 10, 579–596. [CrossRef]

43. Wolfe, F.; Michaud, K.; Li, T.; Katz, R.S. EQ-5D and SF-36 Quality of Life Measures in Systemic Lupus Erythematosus: Comparisons
with Rheumatoid Arthritis, Noninflammatory Rheumatic Disorders, and Fibromyalgia. J. Rheumatol. 2010, 37, 296–304. [CrossRef]
[PubMed]

http://doi.org/10.1097/YCO.0b013e328315a561
http://doi.org/10.1016/j.immuni.2014.10.008
http://doi.org/10.1126/scitranslmed.abi4994
http://doi.org/10.5114/reum.2022.115664
http://doi.org/10.3390/ijms23137336
http://doi.org/10.1080/08820139.2019.1624769
http://doi.org/10.1177/0961203318819137
http://www.ncbi.nlm.nih.gov/pubmed/30563423
http://doi.org/10.1038/s41380-021-01188-w
http://www.ncbi.nlm.nih.gov/pubmed/34135474
http://doi.org/10.31887/DCNS.2018.20.1/mdehert
http://doi.org/10.5041/RMMJ.10170
http://doi.org/10.1182/blood-2002-02-0441
http://doi.org/10.1016/j.autrev.2005.01.008
http://www.ncbi.nlm.nih.gov/pubmed/16081024
http://doi.org/10.1191/096120301671577528
http://www.ncbi.nlm.nih.gov/pubmed/11243509
http://doi.org/10.1016/j.autrev.2020.102463
http://doi.org/10.1080/14397595.2018.1508801
http://www.ncbi.nlm.nih.gov/pubmed/30075696
http://doi.org/10.1002/art.34473
http://www.ncbi.nlm.nih.gov/pubmed/22553077
http://doi.org/10.3390/healthcare10061053
http://www.ncbi.nlm.nih.gov/pubmed/35742104
http://doi.org/10.1371/journal.pone.0098883
http://www.ncbi.nlm.nih.gov/pubmed/24892282
http://doi.org/10.1111/j.2044-8341.1959.tb00467.x
http://www.ncbi.nlm.nih.gov/pubmed/13638508
http://doi.org/10.1136/jnnp.23.1.56
http://doi.org/10.1186/s12888-022-04236-z
http://doi.org/10.1155/2022/6290736
http://doi.org/10.1080/09638288.2018.1522550
http://doi.org/10.2147/JIR.S277373
http://doi.org/10.1038/s41380-021-01264-1
http://www.ncbi.nlm.nih.gov/pubmed/34404914
http://doi.org/10.1038/nrneurol.2014.148
http://doi.org/10.3899/jrheum.090778
http://www.ncbi.nlm.nih.gov/pubmed/20032098


Biomolecules 2023, 13, 567 17 of 17

44. Short, H.; Al Sayah, F.; Ohinmaa, A.; Johnson, J.A. The performance of the EQ-5D-3L in screening for anxiety and depressive
symptoms in hospital and community settings. Health Qual. Life Outcomes 2021, 19, 96. [CrossRef] [PubMed]

45. Osimo, E.F.; Pillinger, T.; Rodriguez, I.M.; Khandaker, G.M.; Pariante, C.M.; Howes, O.D. Inflammatory markers in depression:
A meta-analysis of mean differences and variability in 5166 patients and 5083 controls. Brain Behav. Immun. 2020, 87, 901–909.
[CrossRef] [PubMed]

46. Gris, J.-C.; Brenner, B. Antiphospholipid Antibodies: Neuropsychiatric Presentations. Semin. Thromb. Hemost. 2013, 39, 935–942.
[CrossRef]

47. Borowoy, A.M.; Pope, J.E.; Silverman, E.; Fortin, P.R.; Pineau, C.; Smith, C.D.; Arbillaga, H.; Gladman, D.; Urowitz, M.;
Zummer, M.; et al. Neuropsychiatric Lupus: The Prevalence and Autoantibody Associations Depend on the Definition: Results
from the 1000 Faces of Lupus Cohort. Semin. Arthritis Rheum. 2012, 42, 179–185. [CrossRef]

48. Cheldieva, F.; Reshetnyak, T.; Cherkasova, M.; Glukhova, S.; Lila, A.; Nasonov, E. ab0496 should antibodies to domain i b2-
glycoprotein 1 be investigated in patients with antiphospholipid syndrome (aps) and systemic lupus erythematosus (SLE)? Ann.
Rheum. Dis. 2022, 81, 1374–1375. [CrossRef]

49. Elkhalifa, M.; Orbai, A.-M.; Magder, L.S.; Petri, M.; Alarcón, G.S.; Gordon, C.; Merrill, J.; Fortin, P.R.; Bruce, I.N.; Isenberg, D.;
et al. Anti-beta 2 glycoprotein I IgA in the SLICC classification criteria dataset. Lupus 2021, 30, 1283–1288. [CrossRef]

50. Aso, K.; Kono, M.; Watanabe, T.; Shimizu, Y.; Ogata, Y.; Fujieda, Y.; Kato, M.; Oku, K.; Amengual, O.; Yasuda, S.; et al. Low C4 as a
risk factor for severe neuropsychiatric flare in patients with systemic lupus erythematosus. Lupus 2020, 29, 1238–1247. [CrossRef]

51. Magro-Checa, C.; Schaarenburg, R.A.; Beaart, H.J.L.; Huizinga, T.W.J.; Steup-Beekman, G.M.; Trouw, L. Complement levels and
anti-C1q autoantibodies in patients with neuropsychiatric systemic lupus erythematosus. Lupus 2016, 25, 878–888. [CrossRef]
[PubMed]

52. Mehta, N.; Uchino, K.; Fakhran, S.; Sattar, M.A.; Branstetter, B., 4th; Au, K.; Navratil, J.S.; Paul, B.; Lee, M.; Gallagher, K.M.; et al.
Platelet C4d Is Associated with Acute Ischemic Stroke and Stroke Severity. Stroke 2008, 39, 3236–3241. [CrossRef] [PubMed]

53. Oku, K.; Atsumi, T.; Bohgaki, M.; Amengual, O.; Kataoka, H.; Horita, T.; Yasuda, S.; Koike, T. Complement activation in patients
with primary antiphospholipid syndrome. Ann. Rheum. Dis. 2008, 68, 1030–1035. [CrossRef] [PubMed]

54. Zanon, C.; Brenner, R.E.; Baptista, M.N.; Vogel, D.L.; Rubin, M.; Al-Darmaki, F.R.; Gonçalves, M.; Heath, P.J.; Liao, H.-Y.;
MacKenzie, C.S.; et al. Examining the Dimensionality, Reliability, and Invariance of the Depression, Anxiety, and Stress Scale-21
(DASS-21) Across Eight Countries. Assessment 2021, 28, 1531–1544. [CrossRef] [PubMed]

55. Staples, L.G.; Dear, B.F.; Gandy, M.; Fogliati, V.; Fogliati, R.; Karin, E.; Nielssen, O.; Titov, N. Psychometric properties and clinical
utility of brief measures of depression, anxiety, and general distress: The PHQ-2, GAD-2, and K-Gen. Hosp. Psychiatry 2019, 56, 13–18.
[CrossRef]

56. Aringer, M.; Johnson, S.R. Classifying and diagnosing systemic lupus erythematosus in the 21st century. Rheumatology 2020, 59
(Suppl. 5), v4–v11. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1186/s12955-021-01731-x
http://www.ncbi.nlm.nih.gov/pubmed/33741011
http://doi.org/10.1016/j.bbi.2020.02.010
http://www.ncbi.nlm.nih.gov/pubmed/32113908
http://doi.org/10.1016/S0049-3848(15)50445-3
http://doi.org/10.1016/j.semarthrit.2012.03.011
http://doi.org/10.1136/annrheumdis-2022-eular.2329
http://doi.org/10.1177/09612033211014248
http://doi.org/10.1177/0961203320938453
http://doi.org/10.1177/0961203316643170
http://www.ncbi.nlm.nih.gov/pubmed/27252265
http://doi.org/10.1161/STROKEAHA.108.514687
http://www.ncbi.nlm.nih.gov/pubmed/18927458
http://doi.org/10.1136/ard.2008.090670
http://www.ncbi.nlm.nih.gov/pubmed/18625630
http://doi.org/10.1177/1073191119887449
http://www.ncbi.nlm.nih.gov/pubmed/31916468
http://doi.org/10.1016/j.genhosppsych.2018.11.003
http://doi.org/10.1093/rheumatology/keaa379

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

