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Preface to ”Clinical Features and Long-Term
Outcomes of Systemic Lupus Erythematosus”

The clinical spectrum of systemic lupus erythematosus (SLE) is highly heterogeneous, ranging

from mild disease, which can be limited to skin and joint involvement, to life-threatening conditions

with renal impairment, severe cytopenias, central nervous system disease, and thromboembolic

events. Apart from the host genetics, several environmental factors, such as sunlight, infections,

drugs, and probably hormonal factors, can trigger the onset of symptoms related to SLE. Despite

significant advances in our understanding of the pathophysiology and optimization of medical care,

patients with SLE still have significant rates of premature mortality and many patients experience

severe disease with increased risk of sustaining organ damage and having a reduced health-related

quality of life. The development of effective drugs that can induce remission or low disease activity,

the unanimous use of definitions of remission and low or high disease activity, flare, and response

to therapy, the identification of non-invasive biomarkers of disease activity and long-term outcomes,

and the implementation of SLE patients’ perspectives as an integral part of the clinical assessment

constitute only a few of the many unmet needs in the field of SLE.

Christopher Sjöwall and Ioannis Parodis

Editors
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1. Introduction

The clinical presentation of systemic lupus erythematosus (SLE) is highly heteroge-
neous, ranging from mild disease limited to skin and joint involvement to life-threatening
conditions with renal impairment, severe cytopenias, central nervous system disease, and
thromboembolic events [1]. Despite significant advances in our understanding of the
pathophysiology and optimization of medical care, SLE populations still exhibit premature
mortality. Many patients with SLE experience poor health-related quality of life (HRQoL),
even after successful treatment in terms of clinical and laboratory parameters [2], as well
as severe disease flares with an increased risk of organ damage [3]. The development
of effective drugs for SLE—which can induce remission or lower disease activity—the
unanimous use of definitions of remission and low or high disease activity, flare, and
response to therapy, the identification of non-invasive biomarkers of disease activity and
long-term outcomes, and the implementation of the patient perspective as an integral part
of the clinical assessment constitute only a few of the many unmet needs in the field of SLE.

In this Special Issue hosted by the Journal of Clinical Medicine, we selected a series
of articles that highlight current and contribute new knowledge related to aspects such
as clinical heterogeneity, autoantibodies, and long-term outcomes in SLE. Several of the
contributions focus on patients’ perspectives and SLE patients’ unmet needs, for instance,
fatigue, poor HRQoL experience, and non-adherence to medications. In this Editorial,
we provide an overview of challenges and opportunities in the management of SLE, as
presented by authors who contributed to the collection, and we hope that this will prove
valuable both for clinicians and people living with SLE.

2. Clinical Heterogeneity

In a study by Jung and co-authors, hierarchical clustering was performed to gain
insights into the clinical heterogeneity of SLE [4]. Three distinct clusters of patients with
different manifestations and antibody profiles were identified among 389 patients through
the combination of laboratory test results at SLE onset and linear discriminant analysis, uti-
lized to construct prediction models. In a comprehensive review, Mahler et al. summarized
the history and future directions regarding anti-Ki/SL antibodies in SLE and Sjögren’s
syndrome, which were first described in 1981 [5].

Register data can be used to evaluate changes over time. Moreno-Torres et al. used the
Spanish national registry to evaluate trends in hospital admissions and causes of death from
the late 1990s until 2015 using ICD codes [6]. The authors concluded that the improved
control of SLE over the past two decades has led to a decrease in early admissions to hospital
and disease chronification. In line with data from other groups [7,8], cardiovascular disease,

1



J. Clin. Med. 2022, 11, 6869

infections, malignancies, and thromboembolic events were among the most common causes
of death.

Similarly, ICD codes and reliable national patient register data were used during the
coronavirus disease 2019 (COVID-19) pandemic to improve our understanding and patient
care. In this Special Issue, Cordtz and colleagues demonstrated that Danish patients with
SLE were at an approximately threefold increased risk of hospitalization due to COVID-
19 compared with age- and sex-matched comparators from the general population [9].
Interestingly, no obvious impact of the use of glucocorticoids or hydroxychloroquine was
seen on the risk of hospitalization.

Diagnosis of autoimmune liver diseases (AILD) among individuals with an already
established diagnosis of SLE is challenging since liver enzyme test abnormalities and hyper-
gammaglobulinemia are common laboratory findings in SLE, and antinuclear antibodies
(ANA) constitute a prerequisite. Heijke et al. demonstrated why the autoimmune hepatitis
criteria [10] are less useful in SLE populations and why a liver biopsy should be performed
with the measurement of other AILD-associated autoantibodies [11].

3. Patient-Reported Experience

Several contributions in this Special Issue dealt with patient-reported outcome mea-
sures (PROMs), mainly PROMs capturing SLE patients’ HRQoL.

Nguyen and colleagues reviewed the literature for the use of PROMs to assess HRQoL,
both in research settings and clinical practice, and described the characteristics of commonly
used PROMs [12]. The authors advocate that the increased use of PROMs may help alleviate
the discordance of health perception between patients and clinicians, which would be
especially useful for patient populations with a high comorbidity burden.

Lai et al. compared the well-established SLE disease activity index 2000 (SLEDAI-2K)
with the more recent SLE disease activity score (SLE-DAS) in terms of their correlation with
the Lupus Quality of Life questionnaire (LupusQoL) in Taiwanese SLE patients and found
that both activity indices perform fairly well in capturing SLE patients’ health experience,
with no substantial differences [13].

Fatigue is a common and multifaceted phenomenon in SLE, oftentimes neglected
by clinicians. One of the reasons for this is due to the scarceness of interventions that
have shown effectiveness in improving fatigue. Kawka and colleagues reviewed the
literature to shed light on the impact, determinants, and management of fatigue in patients
with SLE [14]. Some pharmaceuticals have demonstrated ability to alleviate fatigue, as
has non-pharmacological management such as psychosocial interventions and lifestyle
improvements. The authors suggest that the management of fatigue in SLE should rely
on person-centered approaches and targeted interventions. Fatigue was also addressed
in a review by Dey et al., which demonstrated how fatigue is manifested and managed
in patients with SLE and rheumatoid arthritis (RA) [15]. While the two diseases differ in
terms of clinical manifestations, fatigue is commonly reported in both patient populations.
It is associated with pain, depression, and anxiety, and affects function, work capacity, and
quality of life. Comorbidities contribute to fatigue, further complicating its management.
Collectively, fatigue should be managed in a holistic manner, along with the management
of comorbidities and management of factors that augment its impact on patients’ lives.

As a tool to fight fatigue, a study from Sweden by Skoglund and colleagues revived an
old mechanism that has shown promise, namely the adrenal hormone dehydroepiandros-
terone (DHEA) [16]. The authors studied DHEA dosages in relation to SLE activity, glu-
cocorticoid use, concomitant immunosuppressants, and patient-reported pain, fatigue,
well-being, HRQoL, and functional disability. DHEA treatment was safe but did not alter
disease activity or organ damage progression over time. Some improvement was seen
regarding fatigue; however, this did not reach statistical significance. The authors neverthe-
less suggested that the determination of DHEA blood concentrations should be performed
prior to treatment commencement, along with the exclusion of comorbidities that may
require other therapeutic approaches.
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Undoubtedly, one of the major challenges in SLE management is posed by non-
adherence to therapy. Emamikia and colleagues interviewed patients with SLE from two
Swedish centers in a qualitative study aiming at identifying influenceable contributors to
non-adherence and suggesting interventions to alleviate this phenomenon [17]. The reasons
for non-adherence were complex and multifaceted, both intentional and unintentional,
related to the relationship between patients and caregivers, lack of information about the
disease and medications, and influence from family and friends. Increased communica-
tion between patients and caregivers, patient education, psychosocial support, and the
involvement of family members in the patients’ journey through their disease were some
of the potential contributors that the authors suggested for the increased adherence of SLE
patients to their medications.

Anxiety and depression are major concerns in patients with SLE. Nikoloudaki et al.
examined longitudinal trends in anxiety, depression, and SLE activity and showed that a
high mental disease burden persists despite disease control in some patients [18]. Based
on these findings, the authors suggested that socioeconomic facets should be a part of
comprehensive patient evaluations. Importantly, and to make the connection with the
study by Emamikia et al. [17], anxiety and depression were associated with non-adherence
to medications.

4. Long-Term Outcomes

Longitudinal follow-up of patients with SLE using validated tools to assess disease
activity and organ damage is crucial for understanding the true nature and burden of
the disease. Gerosa et al. reported data from the Milan SLE consortium cohort (SMiLE)
with an impressively long follow-up and data on the attainment of remission and lupus
low-disease-activity state (LLDAS) [19]. In line with observations of other groups [20], the
authors demonstrated that the attainment of remission or LLDAS was associated with less
organ damage. Furthermore, this study showed that patients with a longer distance from
disease onset are at a higher risk of developing disease flares, which in turn constitutes a
risk factor for late damage accrual.

The potential genetic background underlying damage development in distinct or-
gan domains was the focus of a study by Ceccarelli and colleagues [21]. The authors
provided new insights into the genetic susceptibility for damage accrual in the renal and
neuropsychiatric domains in particular, based on gene polymorphisms.

In a systematic literature review, Reppe Moe et al. compiled data on mortality, end-
stage kidney disease (ESKD), and cancer from population-based studies, and found that
cardiovascular disease was the most frequent cause of death over 15 years of follow-
up. Moreover, 5–11% of patients developed ESKD, and no evidence for increased cancer
incidence was found [22].

Last but not least, Suzon et al. summarized long-term population-based data in Afro-
descendant patients with lupus nephritis (LN) from Martinique [23]. The main purpose of
this study was to determine the rates of ESKD and mortality in an Afro-descendant LN
population with a generally high income as well as easy and free access to healthcare. Unlike
the stale notion that patients of African descent overall have worse ESKD and mortality
rates compared to Caucasians, this study reported overall favorable rates, comparable to
those seen in Caucasians, estimated at 21.3% for ESKD and 7.9% for mortality at 20 years of
follow-up. These results underscore the importance of optimizing modifiable contributors
to poor outcomes, especially socioeconomic factors.

5. Perspective

Herein, we present a rich collection of important contributions by esteemed colleagues
in the field of SLE and autoimmunity, ranging from disease classification and genetic sus-
ceptibility to disease evolution to facilitators towards improved long-term outcomes and
patient-reported health experience. We firmly believe that this article collection contributes
to novel knowledge and substantiates older, well-established notions, all presented in a
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manner that provides direct clinical implications and emphasizes the importance of incor-
porating the patient perspective in a holistic, patient-centered, and tailored management of
people living with SLE.

The articles of this Special Issue will also be made available in the form of an electronic
book. We would like to express our gratitude to all colleagues who contributed works to
this Special Issue and look forward to seeing the findings reported herein being discussed
and implemented in clinical practice, making an impact and ultimately a difference in SLE
patients’ lives.
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Abstract: Systemic lupus erythematosus (SLE) is a heterogeneous disorder with diverse clinical
manifestations. This study classified patients by combining laboratory values at SLE diagnosis via
hierarchical cluster analysis. Linear discriminant analysis was performed to construct a model for
predicting clusters. Cluster analysis using data from 389 patients with SLE yielded three clusters
with different laboratory characteristics. Cluster 1 had the youngest age at diagnosis and showed
significantly lower lymphocyte and platelet counts and hemoglobin and complement levels and the
highest erythrocyte sedimentation rate (ESR) and anti-double-stranded DNA (dsDNA) antibody level.
Cluster 2 showed higher white blood cell (WBC), lymphocyte, and platelet counts and lower ESR and
anti-dsDNA antibody level. Cluster 3 showed the highest anti-nuclear antibody titer and lower WBC
and lymphocyte counts. Within approximately 171 months, Cluster 1 showed higher SLE Disease
Activity Index scores and number of cumulative manifestations, including malar rash, alopecia,
arthritis, and renal disease, than did Clusters 2 and 3. However, the damage index and mortality
rate did not differ significantly between them. In conclusion, the cluster analysis using the initial
laboratory findings of the patients with SLE identified three clusters. While disease activities, organ
involvements, and management patterns differed between the clusters, damages and mortalities
did not.

Keywords: classification; cluster analysis; laboratory; linear discriminant analysis; systemic
lupus erythematosus

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by
inflammatory responses in diverse organs due to an abnormal immune system, including
autoantibody production or hyperactive immune cells [1]. It shows various manifestations
depending on the organ in which the inflammatory response occurs, with varying severity,
and treatment is determined by such manifestations. When patients have only a skin rash
or mild arthritis, cytotoxic drugs are not indicated; however, when they have nephritis or
vasculitis, aggressive treatment, including glucocorticoids and immunosuppressants, is
necessary [2,3]. In addition, if inflammation is not well-controlled, sustained hyperactive
immune responses can lead to organ damage, such as renal failure. Some patients have
mild symptoms continuously, while other patients have recurrent episodes of flare-up or
active disease.
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The mortality and morbidity of SLE are still remarkable despite the fact that manage-
ment of this disease has advanced over the past two decades [4,5]. The causes of mortality
are serious infection, atherosclerosis, and active disease, and poor outcomes are associated
with high disease activity and renal damage in patients with SLE [5–7]. Patients with higher
disease activity are vulnerable to permanent organ damage owing to the need for glucocor-
ticoids and immunosuppressants. These drugs play an essential role in controlling disease
activity but result in complications, including infection and atherosclerosis, in patients with
SLE [8,9]. Monitoring the current disease status and modifying treatment are essential to
minimize organ damage and drug complications in the management of SLE [10]. Both
clinical manifestations and laboratory findings should be used to monitor the disease status
of patients within SLE. Several disease activity indices used to represent disease severity
include the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) and British
Isles Lupus Assessment Group Index (BILAG), which have been designed on the basis of
clinical symptoms and laboratory findings [11–14]. These scoring systems have been used
in clinical trials or research and are recommended to identify the degree of severity among
different subsets of patients with SLE in clinical practice. Anti-double-stranded DNA (ds-
DNA) antibody and complement levels are used as disease activity biomarkers, with high
anti-dsDNA antibody titers or low complement levels indicating high disease activity [15].
In addition, the Systemic Lupus International Collaborating Clinics (SLICC)/American
College of Rheumatology (ACR) Damage Index could predict organ damage and mortality
as a tool for evaluating the long-term outcomes of SLE [16]. These tools that identify disease
activity could be used to classify patients with SLE, and such differentiation could help
modify further treatment to prevent clinical worsening. Several attempts have been made
to classify patients based on clinical or immunological data, suggesting different pheno-
types of SLE [17–19]. The formulation of classified subtypes through more sophisticated
statistical methods can help assess and manage the disease and educate patients with
mixed symptoms.

Herein, we classified the phenotypic clusters of Korean patients with SLE using their
initial laboratory findings at the time of SLE diagnosis. Classifying clusters of SLE aimed
to analyze subgroup characteristics, including their disease presentation and activities,
management patterns, organ damage, and mortality.

2. Materials and Methods
2.1. Study Design

A total of 389 patients who met the Systemic Lupus International Collaborating Clinics
(SLICC) classification criteria and the revised ACR classification criteria for SLE receiv-
ing standard-of-care treatment for SLE were enrolled [20,21]. The laboratory findings
obtained at the time of SLE diagnosis, including complete blood count, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP) level, complement 3 (C3) and 4 (C4) levels,
anti-nuclear antibody (ANA) titer, and anti-dsDNA antibody level, were collected. The
ANA titer was measured via immunofluorescence assay using ANA HEp-2 Plus (GA
Generic Assays, Dahlewitz, Germany) and categorized by the International Consensus
on ANA Patterns (ICAP) as follows: homogenous (AC-1), speckled (AC4,5), nucleolar
(AC-8,9,10), or cytoplasmic (AC-15 to AC-23) [22]. The anti-dsDNA antibody level was
also measured via enzyme immunoassay (GA Generic Assays), with a cut-off value of
7 IU/mL. The duration was defined as the period from the time when the initial tests
were performed to the time when the cumulative data were collected. Data on cumulative
manifestations, including oral ulcer, malar rash, alopecia, arthritis, and renal disease, were
obtained. Disease activity and disease-related damage were assessed using the SLEDAI
score and SLICC/ACR damage index at the time of data collection [16,23]. Comprehensive
medication histories, including the use of glucocorticoids and immunosuppressants, were
obtained. For medication data for immunosuppressants, taking the drugs for more than
1 month was considered as “use”. Data were collected from the medical records within
9 years (2006–2015) of patients with SLE managed at Ajou University Hospital using

8



J. Clin. Med. 2022, 11, 2406

MS-SQL 2012 (Microsoft, Redmond, WA, USA). This study was conducted in accordance
with the principles of the Declaration of Helsinki. The study protocol was reviewed and
approved by the institutional review board of Ajou University Hospital (AJIRB-MED-MDB-
17-147); the need for informed consent was waived because of the retrospective nature of
the study.

2.2. Statistical Analysis

Hierarchical cluster analysis was performed on 389 patients with SLE with 10 different
laboratory values. The laboratory values, including the white blood cell (WBC), lymphocyte,
and platelet counts; hemoglobin, CRP, C3, C4, and anti-dsDNA antibody levels; ESR; and
ANA titer, were transformed into Z-scores for hierarchical clustering [24]. To classify
the patients with SLE according to laboratory values, we applied Ward’s method as an
agglomeration method applied with Spearman correlation as a distance metric [25]. The
clinical characteristics among clusters were examined using ANOVA with Tukey’s and
Fisher’s exact tests (SPSS version 23.0; IBM SPSS Statistics, IBM Corporation, Chicago, IL,
USA). To predict the classified SLE clusters, we constructed a discriminant model using
Fisher’s linear discriminant (LD) functions with six variables, including the WBC count,
ESR, C3 level, C4 level, anti-dsDNA antibody level, and ANA titer. Statistical significance
was set at p < 0.05.

3. Results
3.1. Three Clusters with Different Characteristics Were Identified among the Patients with SLE

A total of 389 patients with SLE were divided into three clusters via hierarchical
cluster analysis based on the 10 laboratory values (Figure 1). The analysis showed different
patterns between the following two laboratory sets: positive sign set for SLE, including the
ESR, CRP level, anti-dsDNA antibody level, and ANA titer, and negative sign set, including
the C3 level, C4 level, hemoglobin level, platelet count, WBC count, and lymphocyte counts.
In contrast, Cluster 2 showed a tendency to deviate from Cluster 3 in terms of the ANA
titer, platelet count, WBC count, and lymphocyte count.

Table 1 shows the differences between the initial laboratory test results. The patients in
Cluster 1 were significantly younger than those in the other clusters (1 vs. 2, p = 0.044 and
1 vs. 3, p < 0.001). Sex and disease duration did not differ between the SLE clusters. Cluster 1
had significantly higher anti-dsDNA antibody titers and lower platelet counts, hemoglobin
levels, and C3/4 levels than Clusters 2 and 3 (p < 0.001, p = 0.004, p < 0.001, and p < 0.001,
respectively). Cluster 2 had a significantly higher lymphocyte count and a lower ESR
(p < 0.001 and p < 0.001, respectively). The WBC count was significantly lower in Cluster 3
than in the other clusters (3 vs. 1, p = 0.029 and 3 vs. 2, p < 0.001, respectively). The ANA
titers were significantly different between all SLE clusters (p < 0.001), with the highest values
in Cluster 3, followed by those in Clusters 1 and 2. The proportion of the homogeneous
type (AC-1) was significantly higher in Clusters 1 and 2 (46/131, 35.4% and 64/183, 35%,
respectively, p = 0.002) than in Cluster 3. The proportion of the nucleolar (AC-8,9,10) and
cytoplasmic types (AC-15 to AC-23) was significantly higher in Cluster 2 (15/183, 8.2%
and 22/183, 12.0%, respectively, p < 0.001) than in Clusters 1 and 3. The proportion of the
speckled type (AC-4,5) was significantly different between all SLE clusters, with the highest
proportion in Cluster 3 (54/75, 72%), followed by those in Clusters 1 and 2 (46/131, 44.6%
and 56/183, 30.6%, respectively, p < 0.001). There was no significant association between
the CRP level and SLE clusters.
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SLE diagnosis. 
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(n = 131) (n = 183) (n = 75) Overall 1 vs. 2 1 vs. 3 2 vs. 3 

Diagnostic age, years  31.2 ± 13.2 35.6 ± 12.6 36.8 ± 12.3 <0.001 0.044 <0.001 0.752 
Male: female, n (%)  10 (7.6):121 (92.4) 15 (8.2):168 (91.8) 4 (5.3):71 (94.7) 0.819 1.000 0.775 0.601 
Duration, month b 117.8 ± 48.5 126.0 ± 40.6 138.4 ± 146.8 0.169 0.608 0.144 0.455 
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Hemoglobin,/µL 11.5 ± 1.8 12.5 ± 1.6 12.3 ± 1.1 <0.001 <0.001 0.001 0.581 

Platelet count, ×103/µL 208.1 ± 76.7 238.9 ± 88 225.7 ± 66.7 0.004 0.003 0.288 0.452 
ESR, mm/h 30.4 ± 26.5 16.8 ± 17.9 26.7 ± 20.1 <0.001 <0.001 0.454 0.003 
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Complement 3, mg/dL 71.8 ± 29.4 112.7 ± 27.3 110.5 ± 21.7 <0.001 <0.001 <0.001 0.820 
Complement 4, mg/dL 13 ± 7.5 25 ± 9.7 27.5 ± 8.6 <0.001 <0.001 <0.001 0.100 

Anti-dsDNA antibody, IU/mL 47.8 ± 38.5 7.2 ± 10.3 7.5 ± 6.8 <0.001 <0.001 <0.001 0.996 
ANA titer 1715.1 ± 1135.3 463.8 ± 641.6 2474.7 ± 731.5 <0.001 <0.001 <0.001 <0.001 

Homogenous (AC-1), n (%) 46 (35.4) 64 (35) 11 (14.7) 0.002 1.000 0.001 0.001 
Nucleolar (AC-8,9,10), n (%) 0 (0) 15 (8.2) 1 (1.3) <0.001 <0.001 0.366 0.045 

Speckled (AC-4,5), n (%) 58 (44.6) 56 (30.6) 54 (72) <0.001 0.012 <0.001 <0.001 
Cytoplasmic (AC-15 to AC-23), n (%) 3 (2.3) 22 (12) 1 (1.3) <0.001 0.001 1.000 0.004 

Mixed, n (%) 21 (16.2) 26 (14.2) 8 (10.7) 0.575 0.634 0.306 0.545 

Figure 1. Three subgroups of patients with SLE divided via hierarchically cluster analysis. The
patients with SLE (n = 389) were divided into three clusters based on the laboratory values at the time
of SLE diagnosis. ANA, anti-nuclear antibody; C3, complement 3; C4, complement 4; CRP, C-reactive
protein; dsDNA, double-stranded DNA; ESR, erythrocyte sedimentation rate; Hb, hemoglobin,
lympho, lymphocyte; SLE, systemic lupus erythematosus; WBC, white blood cell.

Table 1. Clinical characteristics of the clusters according to the laboratory findings at the time of
SLE diagnosis.

Cluster 1 Cluster 2 Cluster 3 p-Value a

(n = 131) (n = 183) (n = 75) Overall 1 vs. 2 1 vs. 3 2 vs. 3

Diagnostic age, years 31.2 ± 13.2 35.6 ± 12.6 36.8 ± 12.3 <0.001 0.044 <0.001 0.752

Male: female, n (%) 10 (7.6):121 (92.4) 15 (8.2):168 (91.8) 4 (5.3):71 (94.7) 0.819 1.000 0.775 0.601

Duration, month b 117.8 ± 48.5 126.0 ± 40.6 138.4 ± 146.8 0.169 0.608 0.144 0.455

WBC count,/µL 5623.9 ± 3157.4 6111.9 ± 2304.6 4673.1 ± 1877.5 <0.001 0.219 0.029 <0.001

Lymphocyte count,/µL 1214.3 ± 628.1 1765.5 ± 683.0 1171.2 ± 395.7 <0.001 <0.001 0.881 <0.001

Hemoglobin,/µL 11.5 ± 1.8 12.5 ± 1.6 12.3 ± 1.1 <0.001 <0.001 0.001 0.581
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Table 1. Cont.

Cluster 1 Cluster 2 Cluster 3 p-Value a

(n = 131) (n = 183) (n = 75) Overall 1 vs. 2 1 vs. 3 2 vs. 3

Platelet count, ×103/µL 208.1 ± 76.7 238.9 ± 88 225.7 ± 66.7 0.004 0.003 0.288 0.452

ESR, mm/h 30.4 ± 26.5 16.8 ± 17.9 26.7 ± 20.1 <0.001 <0.001 0.454 0.003

CRP, mg/dL 1.1 ± 3 0.5 ± 1.8 0.7 ± 2 0.097 0.078 0.554 0.756

Complement 3, mg/dL 71.8 ± 29.4 112.7 ± 27.3 110.5 ± 21.7 <0.001 <0.001 <0.001 0.820

Complement 4, mg/dL 13 ± 7.5 25 ± 9.7 27.5 ± 8.6 <0.001 <0.001 <0.001 0.100

Anti-dsDNA antibody, IU/mL 47.8 ± 38.5 7.2 ± 10.3 7.5 ± 6.8 <0.001 <0.001 <0.001 0.996

ANA titer 1715.1 ± 1135.3 463.8 ± 641.6 2474.7 ± 731.5 <0.001 <0.001 <0.001 <0.001

Homogenous (AC-1), n (%) 46 (35.4) 64 (35) 11 (14.7) 0.002 1.000 0.001 0.001

Nucleolar (AC-8,9,10), n (%) 0 (0) 15 (8.2) 1 (1.3) <0.001 <0.001 0.366 0.045

Speckled (AC-4,5), n (%) 58 (44.6) 56 (30.6) 54 (72) <0.001 0.012 <0.001 <0.001

Cytoplasmic (AC-15 to AC-23), n (%) 3 (2.3) 22 (12) 1 (1.3) <0.001 0.001 1.000 0.004

Mixed, n (%) 21 (16.2) 26 (14.2) 8 (10.7) 0.575 0.634 0.306 0.545

ANA, anti-nuclear antibody; CRP, C-reactive protein; dsDNA, double-stranded DNA; ESR, erythrocyte sedi-
mentation rate; NA, not available; SLE, systemic lupus erythematosus; WBC, white blood cell. a p-Values were
calculated using ANOVA with Tukey’s and Fisher’s exact tests. b Duration was defined as the period between the
initial test and cumulative data collection. Continuous variables are presented as means ± standard deviations.

3.2. Three Clusters Were Separated with Significant Statistical Power

An LD analysis (LDA) classification model was developed to identify the patients with
SLE and assign them to one of the three clusters. The clusters were classified significantly
according to the variables and LD1, LD2, and LD3, and the values were the coefficients of
each parameter (Table 2).

Table 2. Fisher’s linear discriminant functions for clustering.

Parameters LD1 LD2 LD3

White blood cell count 0.001 0.001 0.000
Erythrocyte sedimentation rate 0.013 −0.040 −0.014

Complement 3 0.085 0.138 0.115
Complement 4 0.000 0.086 0.174

Anti-dsDNA Ab 0.103 0.041 0.028
Anti-nuclear antibody level 0.002 0.000 0.003

Constant −10.259 −11.298 −14.753
LD, linear discriminant.

Each patient’s value was identified in the constructed model of canonical discriminant
functions (Figure 2). The canonical plot shows that the clusters were separated with
an accuracy of 84.5% (72.5% in Cluster 1, 85.3% in Cluster 2, and 92.9% in Cluster 3).
Clusters 1 and 3 showed distinctly different positions, and Cluster 2 was found in the
intermediate region. This finding indicates that each cluster was characterized by the initial
laboratory values that were sufficiently distinctive to allow the construction of discriminator
segregating subgroups.
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3.3. Each Cluster Showed Different Manifestations during Follow-Up

The manifestations in each cluster from the time of classification to the time of col-
lection of the medical records were compared (Table 3). Cluster 1 had a higher number
of clinical manifestations than Clusters 2 and 3 (p = 0.002 and p < 0.001, respectively).
Further-more, Cluster 1 showed the highest prevalence of malar rash, alopecia, renal dis-
ease, azathioprine and cyclophosphamide use, and glucocorticoid use (p = 0.006, p = 0.001,
p < 0.001, p = 0.004, and p < 0.001, respectively); however, the prevalence of oral ulcers was
significantly higher in Cluster 2 than in Cluster 1 (p = 0.042). The prevalence of arthritis
and serositis did not significantly differ between the SLE clusters; however, arthritis had an
overall high prevalence in all clusters.

The SLEDAI score, which was calculated at the time of enrollment, was higher in
Cluster 1 (7.2 ± 4.9) than in Clusters 2 (3.0 ± 3.2, p < 0.001) and 3 (2.4 ± 2.7, p < 0.001),
while the SLICC/ACR damage index, which was also collected and calculated at the time
of enrollment, did not differ. The proportion of patients taking hydroxychloroquine (HCQ)
was lower in Cluster 1 (61.8%) than in Clusters 2 (75.4%, p = 0.013) and 3 (76.0%, p = 0.045).
Although the proportion of patients currently taking glucocorticoids was similar in the three
clusters, the total and mean doses of glucocorticoids were significantly higher in Cluster
1 than in Cluster 2 (p = 0.008 and p = 0.001, respectively). The patients in Cluster 1 took
azathioprine more frequently than did those in Cluster 3 (p = 0.001) and cyclophosphamide
more frequently than did those in Clusters 2 and 3 (p < 0.001 and p = 0.019, respectively).
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Table 3. Cumulative manifestations and treatment patterns of the SLE clusters.

Cluster 1 Cluster 2 Cluster 3 p-Value a

(n = 131) (n = 183) (n = 75) Overall 1 vs. 2 1 vs. 3 2 vs. 3

Number of CMs, n (%) 1.4 ± 1.3 0.9 ± 0.9 0.8 ± 1 <0.001 <0.001 0.002 0.901

Number of CMs of ≥ 2, n (%) 49 (37.7) 41 (22.4) 16 (21.3) 0.006 0.004 0.019 1.000

Oral ulcer, n (%) 18 (13.7) 43 (23.5) 15 (20) 0.095 0.042 0.244 0.624

Malar rash, n (%) 35 (26.7) 27 (14.8) 8 (10.7) 0.006 0.010 0.007 0.430

Alopecia, n (%) 35 (26.9) 19 (10.4) 12 (16) 0.001 <0.001 0.085 0.212

Arthritis, n (%) 42 (32.1) 52 (28.4) 16 (21.3) 0.263 0.533 0.110 0.278

Renal disease, n (%) 46 (35.1) 24 (13.1) 12 (16) <0.001 <0.001 0.004 0.556

Serositis, n (%) 2 (1.5) 0 (0.0) 0 (0) 0.150 0.173 0.535 NA

SLEDAI score * 7.2 ± 4.9 3.0 ± 3.2 2.4 ± 2.7 <0.001 <0.001 <0.001 0.548

SLICC/ACR damage index 0.4 ± 0.9 0.4 ± 1.0 0.4 ± 0.9 0.993 0.992 0.999 0.998

Hydroxychloroquine use, n (%) 81 (61.8) 138 (75.4) 57 (76) 0.021 0.013 0.045 1.000

Current glucocorticoid use, n (%) 120 (91.6) 159 (86.9) 65 (86.7) 0.385 0.208 0.339 1.000

Total glucocorticoid dose, mg 8465.9 ± 10,962 5306.0 ± 8645.4 5611.1 ± 6466.9 0.008 0.008 0.080 0.968

Mean glucocorticoid dose, mg 67.1 ± 76 37.8 ± 54.1 51.5 ± 82.3 0.001 0.001 0.254 0.305

Azathioprine use, n (%) 35 (26.7) 22 (12) 14 (18.7) 0.004 0.001 0.235 0.170

Cyclophosphamide use, n (%) 19 (14.5) 4 (2.2) 3 (4) <0.001 <0.001 0.019 0.418

MMF use, n (%) 17 (13) 12 (6.6) 5 (6.7) 0.127 0.074 0.240 1.000

Methotrexate use, n (%) 14 (10.7) 31 (16.9) 13 (17.3) 0.243 0.142 0.200 1.000

CM, cumulative manifestation; MMF, mycophenolate mofetil; SLE, systemic lupus erythematosus; SLEDAI,
Systemic Lupus Erythematosus Disease Activity Index; SLICC/ACR, Systemic Lupus International Collaborating
Clinics/American College of Rheumatology. a p-Values were calculated using ANOVA with Tukey’s and Fisher’s
exact tests. Continuous variables are presented as means ± standard deviations. * Most recent clinical visit.

3.4. Mortality and Renal Damage within 171 Months Were Not Different between the Clusters

Fifteen patients (3.9%) died, while five patients (1.3%) had progressed to end-stage
renal disease (ESRD). There was no difference in the mortality rate during the average
follow-up period of 171 months between the clusters (data not shown).

4. Discussion

The cluster analysis using laboratory findings that were obtained at the time of SLE
diagnosis identified three clusters among patients with SLE. Each cluster shared similar
clinical characteristics, including laboratory findings and manifestations. These data al-
lowed the determination of one of the subtypes using LDA based on the initial WBC count,
ESR, C3 and C4 levels, anti-dsDNA antibody level, and ANA titers. The LDA classification
model demonstrated a high level of spectral discrimination (84.5%), which reflected the
utility of the serum levels of inflammatory or autoimmune markers and the homogeneity of
patients in each cluster. It is also evident that the three clusters can be considered separately
in patients with SLE, and this model can be helpful in understanding the clinical features
of patients with SLE in clinical practice.

Several studies have attempted to classify patients with SLE using clinical or immuno-
logical features. One study showed two subsets of patients: Most patients in the active
disease subgroup were of Black African descent and were diagnosed when younger, while
the patients in the other sub-group had different features [26]. In a recent study, four
discrete clusters were identified on the basis of patients’ symptoms, while disease character-
istics, patient-reported outcomes, and treatment received in each cluster were significantly
different [17]. A K-means cluster analysis based on patterns of clinical symptoms and
mortality identified three clusters, and the cluster with frequent renal and hematologic
symptoms showed a higher mortality in Chinese patients with SLE [27]. A cohort of Span-
ish patients with SLE showed that cardiovascular and musculoskeletal damage among
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several damage patterns was correlated with mortality [28]. An identification of three
clusters using the damage index scale concluded that the cluster with prevalent renal and
ocular damage had the highest damage score [19].

In this study, laboratory findings obtained at the time of SLE diagnosis were used
to identify the three clusters. The levels of complement and anti-dsDNA antibodies in
Cluster 1 were significantly different from those in Clusters 2 and 3. As both abnormal
levels were included in the SLEDAI score, the score was also elevated in Cluster 1. Cluster
1 represented patients with SLE with a high disease activity who received a higher dose of
glucocorticoids. High levels of anti-dsDNA antibody or low levels of complements indicate
an active disease and predict a poor prognosis in patients with SLE [29,30]. Both markers
are known to correlate with activity of lupus nephritis (LN) [31].

To summarize the results of clinical manifestations of clusters briefly, cluster 1 had
higher numbers of clinical manifestations and SLEDAI scores and malar rash and renal
disease more frequently and showed less frequent use of hydroxychloroquine and more
frequent use of cyclophosphamide than Cluster 2 or 3. In addition, Cluster 1 had oral
ulcer and alopecia more frequently, showed more frequent use of azathioprine, and took
higher doses of glucocorticoids than Cluster 2. Clusters 2 and 3 had no difference in
clinical manifestations.

In general, most patients with SLE are diagnosed in their 30s, and patients who
develop SLE at a younger age have an active disease [26,32]. The diagnostic age was
the lowest in Cluster 1, which represents the active disease group. However, the WBC
count was not lower in Cluster 1, and the lymphocyte count was lower in Cluster 3,
while the hemoglobin level was lower in Cluster 1 than in the other clusters. Cytopenia
is the main hematologic manifestation in most SLE classification criteria and is derived
from destruction to autoimmune response in patients with SLE [33]. SLE patients with
lymphopenia have reduced surface expression of complement regulatory proteins and
endogenous production of type 1 interferon [34]. An analysis of autoimmune cytopenia
before or at childhood-onset SLE showed that patients with autoimmune cytopenia had
a lower incidence of arthritis and a lower 2-year incidence of LN than those without
autoimmune cytopenia [35]. Herein, cytopenia is not a typical finding of a particular cluster
and might occur through the different etiologies of arthritis and renal involvement in SLE.

The presence of ANA is a typical feature of SLE, and its types and titers vary and have
distinct roles, including non-pathological and pathogenic roles [36,37]. As a diagnostic
marker for SLE, the ANA titer is known to have a sensitivity of 93% and a specificity of
57%. The titer of ANA and disease status of SLE are not regarded as relevant [38]. A high
ANA titer does not indicate active inflammation, while a low ANA has not been ignored.
Cluster 3 (mild disease) had the highest ANA titers and the lowest WBC and lymphocyte
counts, while the ANA titer was not higher in Cluster 1 (active disease).

More than 10 types of ANA patterns have been reported and categorized into nuclear,
cytoplasmic, and cell-cycle-related types. A recent study revealed that 36.5% of checked
ANAs were homogeneous (AC-1), 19.9% speckled (AC-4,5), and 17.0% nucleolar (AC-
8,9,10) among 9268 patients with positive ANAs [39]. The speckled type is known to be
more specific for the diagnosis of SLE; however, its association with disease activity has
not been identified. Among the several types of ANA, the homogeneous type was more
frequently observed in Clusters 1 and 2 than in Cluster 3 and the speckled type in Clusters
1 and 3 than in Cluster 2 in this study. The speckled type might not be typical in patients
with active SLE but was associated with the characteristics of Cluster 3.

Interestingly, the proportion of patients taking HCQ and the doses of glucocorticoids
in Cluster 1 differed from those in Clusters 2 and 3. These results suggest that a lower
proportion of patients taking HCQ might have a higher disease activity and might receive
higher doses of glucocorticoids in Cluster 1. HCQ has been known to prevent disease
flare-up or severe manifestations, including LN, and its maintenance has been associated
with better prognosis in patients with SLE [40,41]. Some patients could not maintain HCQ
owing to adverse effects, including retinopathy, or refused to take the medicine. Our data
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confirmed that the discontinuation of HCQ could be associated with disease activation in
patients with SLE.

A limitation of this study is that there may be biases that arise from research methods
that use data collected retrospectively. The data were dependent on medical records, and
the follow-up time differed among the patients. In addition, biologic drugs, including
belimumab and rituximab, were not included because they were not available for patients
with SLE in Korea during the data collection period (2006–2015). The disease status of SLE
is changing, and the SLEDAI score was collected only once. The number of cumulative
manifestations and SLICC/ACR damage index were included to compensate for such weak
points. However, our study suggests that patients with SLE can be classified into three
subgroups based on the initial laboratory findings at the time of SLE diagnosis. Since each
subgroup herein had different clinical characteristics, clinicians need to consider which
subgroup of patients should be included for further management, and clinical trials should
be designed to categorize which subgroups the study should enroll in.

5. Conclusions

In conclusion, the cluster analysis using the initial laboratory findings divided the
patients with SLE into three clusters showing a clear differences in clinical symptoms and
drug history. Cluster 1, which had the highest disease activity markers at SLE diagnosis,
had a higher number of clinical manifestations within approximately 10 years than Clus-
ters 2 and 3. However, prognosis, including mortality or ESRD, did not differ between
the clusters.
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this autoantibody system, and significant confusion persists. Anti-Ki/SL antibodies target a 32 kDa 
protein (also known as PSME3, HEL-S-283, PA28     ƴ       REGƴ, proteasome activator subunit 
3), which is part of the proteasome complex. Depending on the assay used and the cohort studied, 
the antibodies have been reported in approximately 20% of SLE patients with high disease specific-
ity as compared to non-connective tissue disease controls. The aim of this review is to summarize 
the history and key publications, and to explore future direction of anti-Ki/SL antibodies. 
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1. Introduction 
Although known for more than four decades (Figure 1), very few details are known 

about anti-Ki/SL antibodies, and confusion persists. Historically, the nomenclature of the 
Ki/SL target antigen included SL (Sicca Lupus), PL-2 and Ki [1,2]. In addition, several 
other names can be found, including PSME3, HEL-S-283, PA28ƴ, REGƴ, proteasome acti-
vator subunit 3. Eventually, it was concluded that this was indeed a single autoantibody 
system, now named Ki/SL. When anti-Ki antibodies were first described by Tojo et al. [3], 
and almost in parallel by Harmon et al. [4], as was the convention at the time, Tojo et al. 
named the novel autoantibody after the index patient Kikuta (Ki) [3], and Harmon et al. 
[4] choose to link it to the clinical association Sicca/lupus (SL). Early evidence using dou-
ble immunodiffusion showed that they were identified in approximately 10% of SLE sera 
and were often associated with anti-Sm autoantibodies. 

Initially, some sources confused the Ki with Ku/DNA-PKcs (DNA-dependent phos-
phokinase catalytic subunit) [5], but it was clearly demonstrated that anti-Ki/SL autoanti-
bodies recognize a 32 kDa protein, a soluble subunit of the nuclear PA-28 (proteasome 
activator) protein family, which is unrelated to the Ku/DNA-PKcs antigens [2]. The con-
fusion from the study by Francoeur et al. [5] arose because the serum that Tojo sent to 
Francoeur contained both anti-Ku and Ki/SL antibodies. Due to the strong presence of Ku-
specific bands in immunoprecipitation (IP), the 32 kDa protein band was overlooked, and 
it was concluded that anti-Ki and anti-Ku were identical. Unlike other systemic lupus er-
ythematosus (SLE)-related autoantigens, such as Sm and U1RNP, Ki/SL was not associ-
ated with detectable RNA species [2]. Some studies focused on another autoantibody sys-
tem in SLE termed Ki-67, which added to the confusion [6]. 
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, proteasome activator
subunit 3. Eventually, it was concluded that this was indeed a single autoantibody system,
now named Ki/SL. When anti-Ki antibodies were first described by Tojo et al. [3], and
almost in parallel by Harmon et al. [4], as was the convention at the time, Tojo et al.
named the novel autoantibody after the index patient Kikuta (Ki) [3], and Harmon et al. [4]
choose to link it to the clinical association Sicca/lupus (SL). Early evidence using double
immunodiffusion showed that they were identified in approximately 10% of SLE sera and
were often associated with anti-Sm autoantibodies.

Initially, some sources confused the Ki with Ku/DNA-PKcs (DNA-dependent phos-
phokinase catalytic subunit) [5], but it was clearly demonstrated that anti-Ki/SL autoan-
tibodies recognize a 32 kDa protein, a soluble subunit of the nuclear PA-28 (proteasome
activator) protein family, which is unrelated to the Ku/DNA-PKcs antigens [2]. The con-
fusion from the study by Francoeur et al. [5] arose because the serum that Tojo sent to
Francoeur contained both anti-Ku and Ki/SL antibodies. Due to the strong presence of
Ku-specific bands in immunoprecipitation (IP), the 32 kDa protein band was overlooked,
and it was concluded that anti-Ki and anti-Ku were identical. Unlike other systemic lupus
erythematosus (SLE)-related autoantigens, such as Sm and U1RNP, Ki/SL was not asso-
ciated with detectable RNA species [2]. Some studies focused on another autoantibody
system in SLE termed Ki-67, which added to the confusion [6].
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Figure 1. Four historical decades of anti-Ki/SL antibodies. The history of anti-Ki/SL antibodies
started with the discovery by Tojo and Harmon et al. in 1981, followed by several clinical association
and epitope mapping studies. ELISA = enzyme linked immunoassay; HLA = Human Leukocyte
Antigen; SL=sicca lupus.

2. Materials and Methods

Due to the limited number of studies and the heterogenicity of methods and observa-
tions, our aim was to summarize the current knowledge in a narrative review using the
search terms (Ki+ autoantibodies; SL+ autoantibodies, Ki/SL+ antibodies) instead of a
systematic literature review.

3. Clinical and Demographic Association of Anti-Ki/SL Antibodies

Although there are no meta-data available as of today, mostly due to the limited num-
ber of studies and the heterogenicity of the methods used to detect anti-Ki/SL antibodies,
we concluded that anti-Ki/SL antibodies are mostly found in SLE patients followed by
patients with Sjögren syndrome (SjS) or Sicca syndrome [7,8], depending on the clinical
definition. Especially in SLE, autoantibodies to a wide range of antigens have been reported,
and anti-Ki/SL is part of the ever-expanding list [9]. High prevalence of anti-Ki/SL anti-
bodies was also observed in patients with the overlap syndrome [3] and systemic sclerosis
(SSc) [8,10]; however, in these studies, the number of patients was relatively small. In one of
the earliest and largest clinical and serological studies of 516 connective tissue disease (CTD)
patients, anti-Ki/SL autoantibodies were found in 12% of SLE patients, 14% of patients
with mixed connective tissue disease (MCTD), 18% of patients with vasculopathies and 3%
of patients with SjS [11]. Early clinical correlation studies focused on SLE patients indicated
that anti-Ki/SL autoantibodies were associated with malar rash and multiple ANA speci-
ficities [7]. Another report of clinical, serological and HLA data from 119 SLE patients found
no clear clinical associations with anti-Ki/SL antibodies, except for a higher frequency of
non-infective fever [12], Sicca syndrome and skin involvement [13]. Fredi et al. [14] focused
on anti-Ki-SL antibodies in SLE patients and reported, based on multivariate analysis, that
anti-Ki/SL was significantly associated with male sex (p = 0.017), an observation, which is
in line with the early work by Riboldi et al. [11], Cavazzana et al. [7] and Fredi et al. [14].
Although no systematic study has been conducted until today, it appears that anti-Ki/SL
antibodies can be found in patients with a wide range of ethnicities [15].

When more sensitive ELISA methods, using purified native Ki/SL antigens, were
used to analyze the clinical and serologic features of SLE, a higher prevalence of central
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nervous system involvement was noted [10]. Outside SLE and other CTD, anti-proteasome
antibodies have been studied in psoriasis patients [16].

4. Case Reports and Longitudinal Analysis of anti-Ki/SL Antibodies

Several case reports have been published on patients exhibiting anti-Ki/SL antibod-
ies [13,17–20], including a patient with fatal CTD overlap syndrome [13], a patient with
SSc/dermatomyositis (DM) overlap syndrome, an individual with anti-centromere positive
pulmonary-renal syndrome [18], a case with SLE with epileptic seizures and chorea during
prednisolone treatment [16], an individual with SSc with interstitial pneumonia and various
autoantibodies (improvement by intravenous cyclophosphamide therapy) [20] (Table 1). In
addition to the studies measuring anti-Ki/SL antibodies during a single timepoint (mostly
at diagnosis), one case report also provided longitudinal analysis. In this case of a female
SLE patient, the titer of anti-Ki/SL antibody rose before the onset of pericarditis and pleu-
ritis, suggesting that anti-Ki/SL titers might reflect disease activity [8]. Although case
reports and case series do not allow us to draw strong conclusions about clinical utility,
they provide valuable reference points for future studies.

Table 1. Overview of case studies including the measurement of anti-Ki/SL antibodies.

Case Study Diagnosis Comments Ref

Ishiyama 1996 SSc/ILD - [20]

Wakasugi 1996 SLE/epileptic seizure/chorea - [19]

Oide 2001 Pulmonary-renal syndrome - [18]

Miyachi 2002 SSc/DM overlap anti-Ku and anti-Ki/SL [17]

DM = dermatomyositis; ILD = interstitial lung disease; SLE = systemic lupus erythematosus; SSc = systemic sclerosis.

5. Epitope Distribution on the Proteasome Complex and on Ki/SL

Ki/SL is part of the human proteasome macromolecular complex, which is a known
target of several autoantibodies [2,21–25]. Studies aimed to identify the reactive epitope of
autoantibodies on the Ki/SL antigen [26–28]. Using different methods, including recombi-
nant protein fragments and synthetic peptides, multiple epitopes were mapped to different
regions of the protein (see Figure 2) that were associated with distinctive immune responses
and certain clinical subtypes [5,15]. Interestingly, a short peptide sequence (named KILT)
was identified [26,28], which bound antibodies in 18/49 (36.7%) anti-Ki/SL positive serum
samples. A preliminary analysis indicates that KILT exhibited different clinical associations
when compared to the full-length protein, a finding that needs to be validated in larger
cohorts. Similarly, patients with antibodies that react with both N- and C-terminal areas
are reported to have higher prevalence of the Sicca syndrome [27].
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6. Detection Methods for Anti-Ki/SL Antibodies
6.1. Indirect Immunofluorescence Pattern of Anti-Ki/SL Antibodies

The characteristic indirect immunofluorescent (IIF) staining pattern of anti-Ki/SL
antibodies was reported to be diffuse speckled nuclear on HEp-2 cells, although some
substrates showed nucleolar staining as well [29] (Figure 3). Interestingly, antibodies to
PA28a showed cytoplasmic staining, which is consistent with the reported localization of
the protein and also with the moderate (~40%) homology between Ki/SL and PA28a, as
the cognate antibodies are apparently not cross-reactive [30]. More specifically, although
13/27 (48%) of anti-Ki/SL also reacted with PA28a, it is unlikely that this represents cross-
reactivity. Until the present, only one study that investigated the reactivity of anti-PA28a
and anti-Ki/SL in the same cohort of patients [30] found that the prevalence of the two
autoantibodies was comparable. Anti-Ki/SL antibodies have not been addressed by the
International Consensus of ANA Patterns (ICAP) [31]; however, the described pattern is
similar to AC-04 and/or AC-05. Along those lines, it is of relevance that more and more
sub-patterns are being added to the consensus list [32]. Interestingly, anti-Ki/SL antibodies
frequently occur at high titers, both using IIF as well as solid-phase assays, such as ELISA
(unpublished data).

6.2. Other Detection Methods for Anti-Ki/SL Antibodies

Historically, anti-Ki/SL antibodies were initially detected by double immunodiffusion
(DID) and IP [5]. The first ELISA was based on a native Ki/SL antigen purified from
rabbit thymus by ammonium sulfate precipitation and affinity chromatography, followed
by high-pressure liquid chromatography gel filtration [10]. In total, 30 out of 140 (21.4%)
patients with SLE had anti-Ki/SL antibody by ELISA, whereas 11 (7.9%) were positive by
DID. In the early 1990s, when an ELISA system utilizing a recombinant human protein
was used to test samples from 220 patients with various CTDs, anti-Ki/SL antibodies were
detected in 18.9% of SLE sera [8]. Consequently, the method rather than the source of
antigen (recombinant vs. native) affects the prevalence of the antibodies in disease cohorts.
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7. Co-Expression of Anti-Ki/SL and Other Autoantibodies

Anti-Ki/SL antibodies have been associated with several other autoantibodies, in-
cluding anti-Sm [5], anti-Ro [2], anti-Ku, as well as anti-proliferating cell nuclear antigen
(PCNA) [2,11] (Table 2). However, no clear consensus has been established, as some studies
resulted in conflicting findings. As an example, a study by Fredi et al. [14] identified anti-
Ki/SL antibodies in 31 patients, of which about one-half had no accompanying antibodies.

Table 2. Prevalence of anti-Ki/SL antibodies in different diseases.

Disease Tojo et al. 1981 Bernstein
et al. 1986

Riboldi et al.
1987

Boey et al.
1988

Sakamoto
et al. 1989

Yamanaka
et al. 1992

Fredi et al.
2014

Method DID CIE CIE DID ELISA ELISA CIE

SLE 30/255 (11.8%) 20/300 (6.7%) 27/217
(12.4%) 8/94 (8.5%) 30/140

(21.4%)
21/111
(18.9%)

31/540
(5.8%)

SjS 1/38 (2.6%) 2/25 (8.0%)

SS 2/60 (3.3%)

SSc 0/90 (0.0%) 0/119 (0.0%) 3/25 (12.0%) 2/30 (6.7%)

PM/DM 0/29 (0.0%) 0/14 (0.0%) (0.0%) 1/30 (3.3%)

RA 0/33 (0.0%) 2/70 (2.9%) 0/37 (0.0%) (1.4%) 2/50 (4.0%)

OS 7/36 (19.4%)

PN 0/6 (0.0%)

MCTD 1/50 (2.0%) 3/21 (14.3%) 1/12 (8.3%)

HI 0/28 (0.0%) (0.0%)

PBC 1/135 (0.7%)

ITP 1/110 (0.9%)
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Table 2. Cont.

Disease Tojo et al. 1981 Bernstein
et al. 1986

Riboldi et al.
1987

Boey et al.
1988

Sakamoto
et al. 1989

Yamanaka
et al. 1992

Fredi et al.
2014

Method DID CIE CIE DID ELISA ELISA CIE

VAS 2/11 (18.2%)

pRP 0/59 (0.0%)

Demographics

Male sex yes yes

Other
associations

Arthritis/pericarditis,
Sm

White SLE,
Ro(SS-A),

PCNA
PCNA CNS, Sm

Abbreviations: DM, dermatomyositis; HI, healthy individuals; ITP, idiopathic thrombocytopenic purpura; MCTD,
mixed connective tissue disease; OS, overlap syndrome; PBC, primary biliary cholangitis; PM, polymyositis; PN,
periarteritis nodosa; SS, Sicca syndrome; RA, rheumatoid arthritis; SjS, Sjögren’s syndrome; SLE, systemic lupus
erythematosus; SSc, systemic sclerosis.

8. Future Directions

Future studies should re-evaluate the serological and clinical associations of anti-Ki/SL
antibodies and also include experiments to shed more light on the potential associations
with disease activity and treatment response in SLE patients. Along those lines, it is note-
worthy that protease inhibitors have shown promise in treatment of refractory SLE [33,34].
Whether this is related to the proteasome levels or activity in serum or with the presence of
anti-Ki/SL antibodies is a matter of future studies. Ideally, such investigations of the clinical
phenotypes should be performed on inception cohorts of SLE patients, such as the SLICC
cohort [35]. Lastly, with the intent to identify pre-clinical autoimmune conditions (e.g.,
early SLE), studies of cohorts, such as the US military, might provide valuable insights [36].

Author Contributions: Conceptualization, M.M., M.S., C.B., M.-A.A. and M.J.F.; methodology, M.M.,
M.S., C.B., M.-A.A. and M.J.F.; software, M.M., M.S., C.B., M.-A.A. and M.J.F.; validation, M.M., M.S.,
C.B., M.-A.A. and M.J.F., M.M., M.S., C.B., M.-A.A. and M.J.F. and M.M., M.S., C.B., M.-A.A. and
M.J.F.; formal analysis, M.M., M.S., C.B., M.-A.A. and M.J.F.; investigation, M.M., M.S., C.B., M.-A.A.
and M.J.F.; resources, M.M., M.S., C.B., M.-A.A. and M.J.F.; data curation, M.M., M.S., C.B., M.-A.A.
and M.J.F.; writing—original draft preparation, M.M., M.S., C.B., M.-A.A. and M.J.F.; writing—review
and editing, M.M., M.S., C.B., M.-A.A. and M.J.F.; visualization, M.M., M.S., C.B., M.-A.A. and M.J.F.;
supervision, M.M., M.S., C.B., M.-A.A. and M.J.F.; project administration, M.M., M.S., C.B., M.-A.A.
and M.J.F.; funding acquisition, M.M., M.S., C.B., M.-A.A. and M.J.F. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank Carmen Andalucia (Werfen) for support with literature search.

Conflicts of Interest: Michael Mahler, Chelsea Bentow, are employees of Werfen, a diagnostic
company. No stocks or shares. Marvin Fritzler is a consultant to Werfen and is Medical Director of
Mitogen Diagnostics Corporation.

References
1. Bernstein, R.M.; Bunn, C.C.; Hughes, G.R.; Francoeur, A.M.; Mathews, M.B. Cellular protein and RNA antigens in autoimmune

disease. Mol. Biol. Med. 1984, 2, 105–120. [PubMed]
2. Bernstein, R.M.; Morgan, S.H.; Bunn, C.C.; Gainey, R.C.; Hughes, G.R.; Mathews, M.B. The SL autoantibody-antigen system:

Clinical and biochemical studies. Ann. Rheum. Dis. 1986, 45, 353–358. [CrossRef] [PubMed]
3. Tojo, T.; Kaburaki, J.; Hayakawa, M.; Okamoto, T.; Tomii, M.; Homma, M. Precipitating antibody to a soluble nuclear antigen "Ki"

with specificity for systemic lupus erythematosus. Ryumachi 1981, 21, 129–140. [PubMed]
4. Harmon, C.; Peebles, C.; Tan, E.M. SL-a new precipitating system. Arthritis Rheumatol. 1981, 24, S122.
5. Francoeur, A.M.; Peebles, C.L.; Gompper, P.T.; Tan, E.M. Identification of Ki (Ku, p70/p80) autoantigens and analysis of anti-Ki

autoantibody reactivity. J. Immunol. 1986, 136, 1648–1653.
6. Muro, Y.; Kano, T.; Sugiura, K.; Hagiwara, M. Low frequency of autoantibodies against Ki-67 antigen in Japanese patients with

systemic autoimmune diseases. J. Autoimmun. 1997, 10, 499–503. [CrossRef]

24



J. Clin. Med. 2022, 11, 3529

7. Cavazzana, I.; Franceschini, F.; Vassalini, C.; Danieli, E.; Quinzanini, M.; Airo, P.; Cattaneo, R. Clinical and serological features of
35 patients with anti-Ki autoantibodies. Lupus 2005, 14, 837–841. [CrossRef]

8. Yamanaka, K.; Takasaki, Y.; Nishida, Y.; Shimada, K.; Shibata, M.; Hashimoto, H. Detection and quantification of anti-Ki antibodies
by enzyme-linked immunosorbent assay using recombinant Ki antigen. Arthritis Rheum. 1992, 35, 667–671. [CrossRef]

9. Sherer, Y.; Gorstein, A.; Fritzler, M.J.; Shoenfeld, Y. Autoantibody explosion in systemic lupus erythematosus: More than
100 different antibodies found in SLE patients. Semin. Arthritis Rheum. 2004, 34, 501–537. [CrossRef]

10. Sakamoto, M.; Takasaki, Y.; Yamanaka, K.; Kodama, A.; Hashimoto, H.; Hirose, S. Purification and characterization of Ki antigen
and detection of anti-Ki antibody by enzyme-linked immunosorbent assay in patients with systemic lupus erythematosus.
Arthritis Rheum. 1989, 32, 1554–1562. [CrossRef]

11. Riboldi, P.; Asero, R.; Origgi, L.; Crespi, S. The SL/Ki system in connective tissue diseases: Incidence and clinical associations.
Clin. Exp. Rheumatol. 1987, 5, 29–33. [PubMed]

12. Matsunaga, K.; Yawata, M.; Tsuji, T.; Tani, K. HLA class II antigens associated with anti-Ki autoantibody positive connective
tissue disease in Japanese. J. Rheumatol. 1998, 25, 1446–1447. [PubMed]

13. Parodi, A.; Nigro, A.; Rebora, A. Anti-SL-Ki antibody in a patient with fatal connective tissue overlap disease. Br. J. Dermatol.
1989, 121, 243–246. [CrossRef] [PubMed]

14. Fredi, M.; Cavazzana, I.; Quinzanini, M.; Taraborelli, M.; Cartella, S.; Tincani, A.; Franceschini, F. Rare autoantibodies to cellular
antigens in systemic lupus erythematosus. Lupus 2014, 23, 672–677. [CrossRef] [PubMed]

15. Boey, M.L.; Peebles, C.L.; Tsay, G.; Feng, P.H.; Tan, E.M. Clinical and autoantibody correlations in Orientals with systemic lupus
erythematosus. Ann. Rheum. Dis. 1988, 47, 918–923. [CrossRef] [PubMed]

16. Colmegna, I.; Sainz, B., Jr.; Citera, G.; Maldonado-Cocco, J.A.; Garry, R.F.; Espinoza, L.R. Anti-20S proteasome antibodies in
psoriatic arthritis. J. Rheumatol. 2008, 35, 674–676.

17. Miyachi, K.; Hankins, R.W.; Mimori, T.; Okano, Y.; Akizuki, M. Prospective study of a systemic sclerosis/dermatomyositis overlap
patient presenting with anti-Ku and anti-Ki antibodies. Mod. Rheumatol. 2002, 12, 253–255. [CrossRef]

18. Oide, T.; Iwamura, A.; Yamamoto, H.; Aizawa, K.; Inoue, K.; Itoh, N.; Ikeda, S. Elderly-onset anticentromere antibody-positive
pulmonary-renal syndrome: Report of an autopsy case. Nihon Kokyuki Gakkai Zasshi 2001, 39, 498–503.

19. Wakasugi, M.; Sato, T.; Maruyama, Y.; Ueno, M.; Arakawa, M. A case of systemic lupus erythematosus diagnosed 7 years after
epileptic seizure and developed chorea during prednisolone treatment. Ryumachi 1996, 36, 545–550.

20. Ishiyama, K.; Suwa, A.; Ohta, S.; Moriguchi, M.; Suzuki, T.; Miyachi, K.; Hara, M.; Kashiwazaki, S. A case of systemic sclerosis
associated with interstitial pneumonia with various autoantibodies: Improvement by intravenous cyclophosphamide therapy.
Nihon Rinsho Meneki Gakkai Kaishi 1996, 19, 512–518. [CrossRef]

21. Feist, E.; Dorner, T.; Kuckelkorn, U.; Scheffler, S.; Burmester, G.; Kloetzel, P. Diagnostic importance of anti-proteasome antibodies.
Int. Arch. Allergy Immunol. 2000, 123, 92–97. [CrossRef] [PubMed]

22. Kordonouri, O.; Meyer, K.; Egerer, K.; Hartmann, R.; Scheffler, S.; Burmester, G.R.; Kuckelkorn, U.; Danne, T.; Feist, E. Prevalence
of 20S proteasome, anti-nuclear and thyroid antibodies in young patients at onset of type 1 diabetes mellitus and the risk of
autoimmune thyroiditis. J. Pediatric Endocrinol. Metab. 2004, 17, 975–981. [CrossRef] [PubMed]

23. Brychcy, M.; Kuckelkorn, U.; Hausdorf, G.; Egerer, K.; Kloetzel, P.M.; Burmester, G.R.; Feist, E. Anti-20S proteasome autoantibodies
inhibit proteasome stimulation by proteasome activator PA28. Arthritis Rheum. 2006, 54, 2175–2183. [CrossRef] [PubMed]

24. Feist, E.; Brychcy, M.; Hausdorf, G.; Hoyer, B.; Egerer, K.; Dorner, T.; Kuckelkorn, U.; Burmester, G.R. Anti-proteasome
autoantibodies contribute to anti-nuclear antibody patterns on human larynx carcinoma cells. Ann. Rheum. Dis. 2007, 66, 5–11.
[CrossRef] [PubMed]

25. Feist, E.; Burmester, G.R.; Kruger, E. The proteasome—victim or culprit in autoimmunity. Clin. Immunol. 2016, 172, 83–89.
[CrossRef]

26. Takasaki, Y.; Yano, T.; Hirokawa, K.; Takeuchi, K.; Ando, S.; Takahashi, T.; Shimada, K.; Hashimoto, H. An epitope on Ki antigen
recognized by autoantibodies from lupus patients shows homology with the SV40 large T antigen nuclear localization signal.
Arthritis Rheum. 1996, 39, 855–862. [CrossRef]

27. Matsudaira, R.; Takeuchi, K.; Takasaki, Y.; Yano, T.; Matsushita, M.; Hashimoto, H. Relationships between autoantibody responses
to deletion mutants of Ki antigen and clinical manifestations of lupus. J. Rheumatol. 2003, 30, 1208–1214.

28. Yano, T.; Takasaki, Y.; Takeuchi, K.; Hirokawa, K.; Yamanaka, K.; Hashimoto, H. Anti-Ki antibodies recognize an epitope
homologous with SV40 nuclear localization signal: Clinical significance and reactivities in various immunoassays. Mod.
Rheumatol. 2002, 12, 50–55. [CrossRef]

29. Matsushita, M.; Matsudaira, R.; Ikeda, K.; Nawata, M.; Tamura, N.; Takasaki, Y. Anti-proteasome activator 28alpha is a novel
anti-cytoplasmic antibody in patients with systemic lupus erythematosus and Sjogren’s syndrome. Mod. Rheumatol. 2009,
19, 622–628. [CrossRef]

30. Matsushita, M.; Takasaki, Y.; Takeuchi, K.; Yamada, H.; Matsudaira, R.; Hashimoto, H. Autoimmune response to proteasome
activator 28alpha in patients with connective tissue diseases. J. Rheumatol. 2004, 31, 252–259.

31. Damoiseaux, J.; von Muhlen, C.A.; Garcia-De La Torre, I.; Carballo, O.G.; de Melo, C.W.; Francescantonio, P.L.; Fritzler, M.J.;
Herold, M.; Mimori, T.; Satoh, M.; et al. International consensus on ANA patterns (ICAP): The bumpy road towards a consensus
on reporting ANA results. Autoimmun. Highlights 2016, 7, 1. [CrossRef] [PubMed]

25



J. Clin. Med. 2022, 11, 3529

32. Röber, N.; Dellavance, A.; Ingénito, F.; Reimer, M.L.; Carballo, O.G.; Conrad, K.; Chan, E.K.L.; Andrade, L.E.C. Strong Association
of the Myriad Discrete Speckled Nuclear Pattern With Anti-SS-A/Ro60 Antibodies: Consensus Experience of Four International
Expert Centers. Front. Immunol. 2021, 12, 730102. [CrossRef] [PubMed]

33. Walhelm, T.; Gunnarsson, I.; Heijke, R.; Leonard, D.; Trysberg, E.; Eriksson, P.; Sjöwall, C. Clinical Experience of Proteasome
Inhibitor Bortezomib Regarding Efficacy and Safety in Severe Systemic Lupus Erythematosus: A Nationwide Study. Front.
Immunol. 2021, 12, 756941. [CrossRef] [PubMed]

34. Segarra, A.; Arredondo, K.V.; Jaramillo, J.; Jatem, E.; Salcedo, M.T.; Agraz, I.; Ramos, N.; Carnicer, C.; Valtierra, N.; Ostos, E.
Efficacy and safety of bortezomib in refractory lupus nephritis: A single-center experience. Lupus 2020, 29, 118–125. [CrossRef]

35. Petri, M.; Orbai, A.M.; Alarcon, 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]

36. Arbuckle, M.R.; McClain, M.T.; Rubertone, M.V.; Scofield, R.H.; Dennis, G.J.; James, J.A.; Harley, J.B. Development of au-
toantibodies before the clinical onset of systemic lupus erythematosus. N. Engl. J. Med. 2003, 349, 1526–1533. [CrossRef]
[PubMed]

26



Journal of

Clinical Medicine

Article

Trends in Hospital Admissions and Death Causes in Patients
with Systemic Lupus Erythematosus: Spanish National Registry

Víctor Moreno-Torres 1,* , Carlos Tarín 2, Guillermo Ruiz-Irastorza 3, Raquel Castejón 1, Ángela Gutiérrez-Rojas 1,
Ana Royuela 4, Pedro Durán-del Campo 1, Susana Mellor-Pita 1, Pablo Tutor 1, Silvia Rosado 1, Enrique Sánchez 1,
María Martínez-Urbistondo 1, Carmen de Mendoza 1, Miguel Yebra 1 and Juan-Antonio Vargas 1

Citation: Moreno-Torres, V.; Tarín,

C.; Ruiz-Irastorza, G.; Castejón, R.;

Gutiérrez-Rojas, Á.; Royuela, A.;

Durán-del Campo, P.; Mellor-Pita, S.;

Tutor, P.; Rosado, S.; et al. Trends in

Hospital Admissions and Death

Causes in Patients with Systemic

Lupus Erythematosus: Spanish

National Registry. J. Clin. Med. 2021,

10, 5749. https://doi.org/10.3390/

jcm10245749

Academic Editor: Roberta Gualtierotti

Received: 22 November 2021

Accepted: 6 December 2021

Published: 8 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Internal Medicine Department, Health Research Institute Puerta de Hierro-Segovia de Arana (IDIPHIM),
Hospital Universitario Puerta de Hierro Majadahonda, 28222 Madrid, Spain;
rcastejon.hpth@salud.madrid.org (R.C.); Angelagutierrezrojas@gmail.com (Á.G.-R.);
Pedrodurandc@hotmail.com (P.D.-d.C.); Susanamellor@hotmail.com (S.M.-P.);
pablo.tutor@hotmail.com (P.T.); Silvia.rosado@salud.madrid.org (S.R.); sanchezchica@gmail.com (E.S.);
mmurbistondo@gmail.com (M.M.-U.); cmendoza.cdm@gmail.com (C.d.M.); myebrab@hotmail.com (M.Y.);
juanantonio.vargas@salud.madrid.org (J.-A.V.)

2 Basic Medical Sciences, Faculty of Medicine, Universidad CEU San Pablo, 28003 Madrid, Spain;
carlos.tarincerezo@ceu.es

3 Autoimmune Diseases Research Unit, BioCruces Bizkaia Health Research Institute, UPV/EHU,
48903 Bizkaia, Spain; r.irastorza@outlook.es

4 Clinical Biostatistics Unit, Health Research Institute Puerta de Hierro-Segovia de Arana, CIBERESP,
28222 Madrid, Spain; aroyuela@idiphim.org

* Correspondence: victor.moreno.torres.1988@gmail.com

Abstract: Background: the admission and death causes of SLE patients might have changed over the
last years. Methods: Analysis of the Spanish National Hospital Discharge database. All individuals
admitted with SLE, according to ICD-9, were selected. The following five admission categories were
considered: SLE, cardiovascular disease (CVD), neoplasm, infection, and venous-thromboembolic
disease (VTED), along four periods of time (1997–2000, 2001–2005, 2006–2010, and 2011–2015).
Results: The admissions (99,859) from 43.432 patients with SLE were included. The absolute number
of admissions increased from 15,807 in 1997–2000 to 31,977 in 2011–2015. SLE decreased as a cause of
admission (from 47.1% to 20.8%, p < 0.001), while other categories increased over the time, as follows:
5% to 8.6% for CVD, 8.2% to 13% for infection, and 1.4% to 5.5% for neoplasm (p < 0.001 for all). The
admission mortality rate rose from 2.22% to 3.06% (p < 0.001) and the causes of death evolved in
parallel with the admission categories. A significant trend to older age was observed over time in the
overall population and deceased patients (p < 0.001). Conclusions: Better control of SLE over the past
two decades has led to a decrease in early admissions, and disease chronification. As a counterpart,
CVD, infections, and neoplasm have become the main causes of admissions and mortality.

Keywords: systemic lupus erythematosus; cardiovascular disease; infections; neoplasm; mortality;
hospital admissions

1. Introduction

Systemic lupus erythematosus (SLE) is an extraordinarily complex disease with a wide
variety of clinical features and phenotypes [1]. SLE is a chronic disease mainly affecting
young women who suffer from chronic inflammation, disease flares, cumulative drug
toxicity, and frequent hospital admissions [2–5]. Since the last century, huge advances have
been made in the diagnosis and management of lupus [6]. In parallel with the development
of more efficient and less harmful treatments, great concern has emerged related to the
long-term complications of SLE, such as the high prevalence of cardiovascular disease, the
risk of infections, and the impact on quality of life [7]. Therefore, important changes in the
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relative weights of the different causes of hospital admissions of lupus patients are likely
to have taken place over the last years.

In light of the foregoing, our objective was to analyze the trends in the hospital
admissions and mortality of Spanish SLE patients over the last two decades.

2. Materials and Methods

We performed a registry study with a case series design, where the hospital admissions
and death causes in SLE patients were the main outcomes. We analyzed the data extracted
from the Spanish Hospital Discharge Database (SNHDD), a national registry belonging to
the Spanish Ministry of Health. The SNHDD includes demographic and epidemiological
data and up to 20 discharge diagnoses carried out during the admission of patients, as
coded by the International Classification of Diseases (ICD-9), between 1 January 1997 and
31 December 2015. The study was approved by local research ethics committees (PI_80-21)
in accordance with the Declaration of Helsinki. Before making it available to researchers,
the database was anonymized and all potential patient identifiers were eliminated.

We selected hospital admissions of patients with a diagnosis within the CIE-9-ES
code 710.0 (systemic lupus erythematosus), regardless of its position within the diagnoses
coding list. According to the database, the main diagnosis during admission or at dis-
charge was the cause of the admission and/or death. Thus, all the main diagnoses were
decoded and classified into the following 5 main groups: active SLE; cardiovascular disease
(CVD, comprising coronary disease, cerebrovascular disease, heart failure, arterial throm-
boembolism, hypertensive kidney disease, arteriosclerosis or peripheral arterial disease);
neoplasm (including solid organ, hematological, benign or unknown origin neoplasm);
infection (classified according to the foci); venous thromboembolic disease (VTED). Only
these admission causes were evaluated. In order to analyze the epidemiological trends over
time, we grouped admissions within the following four periods: 1997–2000, 2001–2005,
2006–2010 and 2011–2015.

Statistical Analysis

Quantitative variables were expressed as mean and standard deviation or as median
plus interquartile range (IQR), as appropriate; qualitative variables were expressed as
percentages. Numerical variables were compared using the t-test or Mann–Whitney’s U
test, and these tests were also used for the analysis of the average age and stay of the
patients in the different periods. Normality (Shapiro’s) and homoscedasticity (Levene’s)
tests were performed to characterize the populations and therefore Kruskal–Wallis test
with post hoc FDR correction was carried out. Categorical variables were compared using
the chi-square test. For all the analyses, a significance level of 0.05 was set. Analysis was
performed using R and R Studio 1.3.1093.

3. Results
3.1. Population Characteristics

From a total of 66,462,136 nationwide hospital admissions recorded during the study
period, 99,859 involved 43,432 patients with a diagnosis of SLE, according to ICD-9, who
were, thus, the object of the analysis. The main descriptive variables are shown in Table 1.
The mean age was 46.5 years, 83.3% of the patients were female, the average stay lasted
9.1 days, and the readmission rate was 17.6%. Overall, 2786 individuals (6.41%) died,
with an overall admission mortality of 2.79%. During the study period, the mean age
upon admission rose from 41.1 years in 1997–2000 to 51 years in 2011–2015, as did the
mortality rate (from 4.22% to 5.67%) and the mortality during admission (from 2.22% to
3.06%) (p < 0.001 for all). By contrast, a decrease was observed in the average length of stay
and in the readmission rates, from 9.4 to 8.5 days and from 18.3% to 16.4%, respectively
(p < 0.001 for both).
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Table 1. Main demographic characteristics in SLE hospitalized patients.

Overall 1997–2000 2001–2005 2006–2010 2011–2015

Patients (n) 43,432 8304 12,348 15,051 17,257
Gender female (%, CI) 83.3 (83.1–83.6) 82.8 (82.2–83.4) 83 (82.5–83.5) 83.4 (83–83.9) 83 (82.6–83.4)
Age (years) (Mean, SD) 46.5 (18.7) 41.1 (18.1) 44 (18.3) * 46.6 (18.5) * 51 (18.3) * T

Admissions (n) 99,859 15,807 24,204 27,781 31,977
Average stay (days) (Mean, SD) 9.1 (13.1) 9.4 (12.7) 9.5 (14.2) 9.3 (12.8) 8.5 (12.6) * T

Readmission rate (%, CI) 17.6 (17.4–17.8) 18.3 (17.7–18.9) 18.6 (18.1–19.1) 17.7 (17.3–18.2) * 16.4 (16–16.8) * T
Deaths (n, %) 2786 (6.41) 351 (4.22) 659 (5.34) 798 (5.30) * 978 (5.67) * T

Mortality rate per
admission (%, CI) 2.79 (2.7–2.9) 2.22 (2.0–2.46) 2.72 (2.52–2.94) * 2.86 (2.67–3.07) 3.06 (2.87–3.25) T

SD: standard deviation, CI: confidence interval. *: p < 0.05 when compared with the previous period. T: p < 0.001 when compared with the
first period.

3.2. Hospital Admissions

Admissions caused by active SLE, CVD, infections, neoplasm or VTED are shown
in Table 2. During the whole study period, active SLE was the main cause of admission
(31.6% of cases), while infections accounted for 10.9%, CVD for 7.1%, neoplasms for 4.2%,
and VTED for 1.1%. Admissions due to SLE decreased over the years, being the cause of
47.1% of the admissions in 1997–2000, 38.7% in 2001–2005, 29% in 2006–2010, and 20.8% in
2011–2015 (p < 0.0001 when comparing each period with the previous). On the contrary,
hospitalizations due to CVD (from 5% in the first period to 8.6% in the last), infection
(from 8.2% to 13%), and neoplasm (from 2.4% to 5.5%) increased over the time (p < 0.001
in all cases). Admissions due to VTED did not suffer significant variations. Overall,
patients whose admissions were attributable to SLE were younger (mean 37.6 years) when
compared to the other causes (p < 0.001 for all), and their mean age rose from the first to
the fourth period in all the subgroups (p < 0.001).

Table 2. Rate of SLE hospitalized individuals by study period and clinical conditions.

Overall 1997–2000 2001–2005 2006–2010 2011–2015

Active SLE

Admissions n (%) 31,539 (31.6) 7440 (47.1) 9354 (38.7) * 8088 (29) * 6657 (20.8) * T

Age (years) (Mean, SD) 37.6 (16.5) ** 35.9 (16.3) 37.1 (16.3) 37.9 (16.5) 40 (16.8) T

Cardiovascular disease

Admissions n (%) 7065 (7.1) 789 (5) 1448 (6) * 2096 (7.5) * 2736 (8.6) * T)

Age (years) (Mean, SD) 59.5 (16.9) 55.5 (17.6) 57.1 (16.6) 59.6 (16.7) 61.6 (16.6) T

Infection

Admissions n (%) 10,865 (10.9) 1292 (8.2) 2295 (9.5) * 3137 (11.3) * 4141 (13) * T

Age (years) (Mean, SD) 52.1 (19) 47.9 (18.8) 49.7 (18.9) 50.8 (19.1) 55.6 (18.4) T

Neoplasm

Admissions n (%) 4182 (4.2) 386 (2.4) 785 (3.2) * 1238 (4.4) * 1773 (5.5) * T

Age (years) (Mean, SD) 56.5 (14.3) 54.8 (14.4) 55.8 (14.9) 55.3 (14.2) 57.9 (13.9) T

Venous thrombo-embolic disease

Admissions n (%) 1069 (1.1) 174 (1.1) 277 (1.1) 268 (1) 350 (1.1)

Age (years) (Mean, SD) 50.1 (19.0) 45.1 (18) 47.9 (18.4) 51 (18.9) 53.6 (19.3) T

SLE: systemic lupus erythematosus. SD: standard deviation. *: p < 0.05 when compared with the previous period. T: p < 0.05 when
compared with the first period. **: When SLE was compared to the other causes.
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3.3. Deaths

During the study period, 2786 patients died (6.41% of all the patients). Altogether,
the mortality rate per admission was 2.79%. As shown in Table 1, the mortality rates, both
overall and per admission, increased significantly after the year 2000.

SLE accounted for 13% of all deaths; CVD caused 18.5% of the deaths; infections 18.7%;
neoplasm 11.7% and VTED 1.44% (Table 3). SLE decreased as a cause of death, from 24.2%
in 1997–2000, 18.1% in 2001–2005, 12% in 2006–2010 to 6.4% in 2011–2015 (p < 0.001 when
comparing each period with the previous). On the other hand, CVD (from 15.4% to 20.4%,
p = 0.04), infection (from 14.3% to 21.1%, p = 0.005), and neoplasm (from 7.4% to 13.8%,
p = 0.002) increased as causes of death from the first to the fourth period of study. Again,
VTED remained unchanged throughout the study period.

Table 3. Causes of mortality during admission and mean age of SLE patients.

Overall 1997–2000 2001–2005 2006–2010 2011–2015

Active SLE

Deaths (n, % of all deaths) 363 (13) 85 (24.2) 119 (18.1) * 96 (12) * 63 (6.4) * T

Mortality rate (%) 1.2 1.1 1.3 1.2 0.9

Age (years) (Mean, SD) 54.5 (19.7) ** 53.5 (19.9) 52.3 (19.6) 55.7 (18.9) 58.5(20.5)

Cardiovascular disease

Deaths (n, % of all deaths) 515 (18.5) 54 (15.4) 110 (16.7) 146 (18.3) 199 (20.4) T

Mortality rate (%) 7.3 6.8 7.6 7 7.3

Age (years) (Mean, SD) 67 (16.6) 60 (19.5) 63.5 (16.9) 66.9 (16) 71 (14.8) T

Infection

Deaths (n, % of all deaths) 522 (18.7) 50 (14.3) 116 (17.6) 150 (18.8) 206 (21.1) T

Mortality rate (%) 4.8 3.9 5.1 4.8 5

Age (years) (Mean, SD) 64.5 (17.4) 62.5 (18.6) 62.5 (18.3) 61.9 (18.2) 68 (15.4) T

Neoplasm

Deaths (n, % of all deaths) 327 (11.7) 26 (7.4) 66 (10) 100 (12.5) 135 (13.8) T

Mortality rate (%) 7.8 6.7 8.4 8.1 7.6

Age (years) (Mean, SD) 63.6 (13.6) 63 (11.7) 67.1 (12.6) 61.6 (14.6) 63.6 (13.4)

Venous thrombo-embolic disease

Deaths (n, % of all deaths) 40 (1.4) 4 (1.1) 13 (2) 7 (0.9) 16 (1.6)

Mortality rate (%) 3.7 2.3 4.7 2.6 4.6

Age (years) (Mean, SD) 62.3 (16.1) 54.8 (5.8) 59.5 (17.8) 68 (16.5) 68.9 (15.3)

SLE: systemic lupus erythematosus. SD: standard deviation. *: p < 0.05 when compared with the previous period. T: p < 0.05 when
compared with the first period. **: p < 0.01 when SLE was compared to the other causes.

Comparisons of the mortality rates, for each cause of admission, are shown in Table 3.
The overall mortality rate was 1.2% for admissions attributable to SLE, significantly lower
than in admissions due to CVD (7.3%), infections (4.8%), neoplasm (7.8%), and VTED
(3.7%) (p < 0.001). There were no significant variations in the mortality rates when the
different periods were compared. Patients who died because of SLE were significantly
younger (mean age of 54.5 years) than those who died due to other causes (p < 0.001 for
all). Indeed, the mean age of deceased patients significantly rose during the study period
(from 58.5 years to 67.2, p < 0.001), reflecting the older age of patients dying from causes
other than lupus activity (Table 3).
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3.4. Subgroup Analysis

The subgroups comprised in the main categories were studied (Table S1). Overall,
coronary artery disease, cerebrovascular disease, and heart failure were the main deter-
minants of CVD admissions and deaths. As shown in Figure 1A, all the CVD subgroups,
except for arterial thromboembolism, increased as causes of admission overtime (p < 0.001
when the first and the fourth period were compared). On the other hand, no significant
variations were found when the different cardiovascular causes of death were compared
between different periods (Figure 1B). Respiratory infections were by far the main cause of
admission and death (4.1% and 7% of all the admissions and deaths, respectively) in the
infection group. All the infectious causes of admission increased when the first and the
last period were compared (p < 0.02), except for tuberculosis, which actually decreased
over time (from 1.5 % to 0.2%, p < 0.001) (Figure 2A). It is noteworthy that only sepsis
significantly increased as a cause of death (from 0.3% to 1.2%, p < 0.001) (Figure 2B). The
increasing admissions due to solid organ neoplasm (from 1.1% to 3.8%, p < 0.001) and
cancer-related deaths (from 6% to 10.5%, p < 0.01) were the main determinants of the
highest burden in morbidity and mortality of the neoplasms in the subsequent periods
(Figure 3). Hematological neoplasms were, however, a less important cause of admissions
and death.
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4. Discussion

Robust evidence supports that mortality is two- to five-fold higher in SLE patients
than in the general population [4,8–11]. In fact, SLE has been identified as the 10th highest
cause of death among 15- to 24-year-old women [12]. However, mortality rates and specific
causes of death have varied throughout the last decades [4,13–16]. Other groups have
previously analyzed the causes of admission in SLE patients worldwide, with different
results limited in many cases by sample size, monocentric design, and short follow-up
periods [17–25]. Our study analyzes data from 99.859 admissions of SLE patients between
1997 and 2015, thus offering quite a wide view of the whole picture in Spain.

According to our analysis, hospital admissions and deaths due to active SLE decreased
dramatically from the late 1990’s to the 2010–2015 period. Several studies have identified
SLE itself as the main cause of hospital admission, with a wide range between 8.1 and
86.3% [17–26]. On the other hand, other studies have shown a significant downward trend
in SLE-related admissions [19,27–29]. Recently, Anastisou et al. reported a decreasing risk
of inpatient death in US lupus patients from 2006 to 2016 [29].

In our study, the reduction in SLE-related admissions and deaths was accompanied
by a parallel increase in admissions and deaths due to CVD, infections, and neoplasm. In
particular, CVD admissions, mainly determined by coronary and cerebrovascular disease
and heart failure, rose from 5% to 8.6% of the total, and more than 20% of the deaths in the
last period were of cardiovascular cause. Such an increase in the cardiovascular burden
of SLE has been previously reported [12,15,16], and Piga et al. have also confirmed an
increasing trend in admissions due to stroke and acute coronary syndrome between 2001
and 2012 [28].

According to our data, infections were the other main cause of death among Spanish
SLE patients between 2011 and 2015. Previous studies have identified infections as an
important cause of admission [19,23,25,30] and death [4,15,16,31–34]. Selvananda et al.
reported that infections were concurrent with SLE flares in 41.1% of admissions, reflecting
that both situations tend to coincide, and emphasizing the importance of the rational use
of immunosuppressants [24]. Similarly to our findings, a recent study in the US showed
that hospitalization rates due to infection significantly increased in the period 2015–2016
compared to 1998–2000, with sepsis overtaking pneumonia as the most common infec-
tion [35]. Both infections and CVD have been a major concern in longstanding SLE, with
a significant impact on morbidity and mortality [1,2,36,37]. Infections are more common
within the early phases of the disease, and are strongly determined by immunosuppressive
treatment, whilst CVD tends to happen later and is mostly related to chronic inflammation,
irreversible organ damage, and cumulative drug toxicity [3,23,38,39].

Despite the increased risk of malignancy in SLE patients, neoplasms have not yet
been uniformly identified as a main cause of admission or death [40,41]. We found, in
this study, that neoplasms increased as a cause of admission from 2.4% in 1997–2000
to 5.5% in 2010–2015 and became the third cause of death (from 7.4% to 13.8%). These
changes were mainly due to solid organ tumors and might also be attributable to the
ageing of SLE patients previously exposed to immunosuppression, a well-known risk
factor for cancer development [42]. In addition, some of these drugs, such as azathioprine,
cyclophosphamide, and mycophenolate, have been related to solid and hematological
neoplasms themselves [43]. Similar evolution has been found from series published in
the early 2000s when 2.3% of patients developed malignancy and 5.9% died because of
cancer [3], and more recent studies, in which neoplasms caused over 13% of deaths in lupus
patients [9,30], even being the first cause of death in some of them [44]. However, other
authors have found neoplasms to be a stable, or even decreasing, cause of admission [19,28].
Obviously, these striking findings should be assessed deeply, and they merit further
epidemiological studies to clarify the impact of neoplasm in SLE patients.

No significant variations in VTED-related admissions and deaths were found over the
study period, similar to what has already been described [10,17].
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Overall, the mortality rate in our population was 6.41%, with a 2.79% mortality
rate per admission, which is in agreement with the literature [5,6,19,26,30]. However,
it is noteworthy that in our registry, mortality rates rose after the year 2000, despite the
improved survival observed in SLE patients over the last decades by other studies [6,13–15].
This apparent paradox could be explained by the increasing age of the admitted patients
over the study periods, with the resultant decrease in SLE-related deaths relative to other
causes. In other words, patients live longer due to better control of the disease, leading to
late mortality related to CVD and malignancy.

Our study presents some limitations. Firstly, all the data come from a nationwide
database, so the diagnoses could not be verified by the authors. Secondly, this analysis was
performed considering hospital admissions, with a resultant limitation in power and poten-
tial selection bias. However, we mainly evaluated categorical variables, such as admission
due to SLE, cardiovascular disease, infection, neoplasms, and deaths, which are difficult to
misclassify. In parallel, SLE prevalence could not be properly assessed in the databases.
Therefore, the rate of the events could not be elucidated and only admissions or deaths
could have been compared. Secondly, we were unable to retrieve additional variables, such
as CV risk factors, treatments, and the presence of antiphospholipid syndrome or specific
organic SLE involvement. In this regard, data regarding hydroxychloroquine treatment,
steroid-sparing immunotherapies, and prior steroid exposure would have yielded interest-
ing data that could have supported our conclusions. Finally, we were only able to study
the period between 1997 and 2015, due to the change in the registry diagnostic codification
to ICD-10 after that year. On the other hand, our study offers a nationwide analysis with a
large sample size and a long study period, with consistent results confirming the different
trends shown in recent, smaller studies.

5. Conclusions

In conclusion, our large-scale study confirms the chronification and ageing of SLE
patients. As a direct consequence, CVD, infections, and neoplasms have risen as admission
causes, and have even surpassed lupus itself as the main cause of mortality in the last two
decades. It is, thus, important to implement actions directed to mitigate the impact of such
groups of diseases, including the extensive use of antimalarials and of lower doses of oral
glucocorticoids, which can decrease infections and cardiovascular damage [45,46].
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Abstract: Background: Patients with systemic lupus erythematosus (SLE) have an increased risk of
infections due to impaired immune functions, disease activity, and treatment. This study investigated
the impact of having SLE on the incidence of hospitalisation with COVID-19 infection. Methods:
This was a nationwide cohort study from Denmark between 1 March 2020 to 2 February 2021, based
on the linkage of several nationwide registers. The adjusted incidence of COVID-19 hospitalisation
was estimated for patients with SLE compared with the general population in Cox-regression models.
Among SLE patients, the hazard ratio (HR) for hospitalisation was analysed as nested case-control
study. Results: Sixteen of the 2533 SLE patients were hospitalised with COVID-19 infection. The
age-sex adjusted rate per 1000 person years was 6.16 (95% CI 3.76–10.08) in SLE patients, and the
corresponding hazard ratio was 2.54 (95% CI 1.55–4.16) compared with the matched general popula-
tion group after adjustment for comorbidities. Among SLE patients, hydroxychloroquine treatment
was associated with a HR for hospitalisation of 0.61 (95% CI 0.19–1.88), and 1.06 (95% CI 0.3–3.72)
for glucocorticoid treatment. Conclusion: Patients with SLE were at increased risk of hospitalisation
with COVID-19.

Keywords: systemic lupus erythematosus; COVID-19; hydroxychloroquine; glucocorticoids

1. Introduction

Patients with systemic lupus erythematosus (SLE) are considered at higher risk of
infections compared with the general population owing to SLE-related innate immune
perturbations and the use of immunosuppressive drugs [1]. This raised the question about
whether patients with SLE might be at increased risk for contracting SARS-CoV-2 and a
more severe clinical course once infected. In a cross-sectional survey study of 165 SLE
patients from the Lombardy and Emilia-Romagna regions of Italy, 2% had confirmed coro-
navirus disease 2019 (COVID-19) [2]. The corresponding proportions in the background
population were lower (0.76 and 0.47% in Lombardy and Emilia-Romagna, respectively),
but as the authors pointed out, a potential bias could be a higher test frequency among SLE
patients although no information was available to disprove or confirm such a tendency.
In a prior study describing the incidence and severity of COVID-19 hospitalisation in
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patients with inflammatory rheumatic diseases in Denmark during the first wave of the epi-
demic, we found a statistically non-significantly 40% increased risk of hospital admission
in patients with connective tissue disease including SLE patients [3]. Only a few studies
have investigated the risk of COVID hospitalisation specifically in patients with SLE. In
a survey study by Ramirez et al., 417 patients with SLE responded, and the frequency
of COVID-19 hospitalisation was 0.24%, compared to 0.43% in the general population of
Lombardy [4]. However, the information provided by the responders could not be verified
and the reported proportions were not age- and sex-standardised.

In the first period of the COVID-19 pandemic, treatment with hydroxychloroquine
(HCQ) was suggested as an inhibitor of SARS-CoV-2 in vitro, but recent studies involving
SLE patients have demonstrated that the doses used in treatment of SLE are not protective
against severe COVID-19 infection [5–10]. On the other hand glucocorticoids might increase
the risk of hospitalisation and a subsequent severe outcome [11,12]. Furthermore, studies
suggest that pausing the SLE treatment during COVID-19 infection leads to a flare up in
the SLE [13–15].

Using the nationwide registers in Denmark, this study aimed to investigate the impact
of having SLE on the incidence of hospitalisation with COVID-19 infection compared with
the general population, and secondarily aimed at investigating the potential association
between treatment with HCQ or glucocorticoids and the risk of being hospitalised with
COVID-19 among SLE patients.

2. Materials and Methods
2.1. Study Design

This was a population-based observational cohort study investigating the incidence
of COVID-19 hospitalisation in patients with SLE from 1 March 2020 to 2 February 2021,
based on the linkage of several Danish nationwide registers.

2.2. Data Sources, Study Population and Exposures

The Danish Civil Registration System contains information on all residents of Den-
mark including the unique civil registration number, which allows for linkage between
registers. The Civil Registration System was used to identify the primary cohort consisting
of all individuals aged 18 years or older alive on 1 March 2020 of the entire Danish popula-
tion [16], and to obtain information on age and sex, used for the matching procedures, and
vital status during follow-up.

SLE patients were identified from the Danish National Patient Register (DNPR) using
the International Classification of Diseases 10th Edition (ICD-10) code M32, except M32.0,
according to the algorithm suggested by Hermansen et al., 2016 [17,18]. This case definition
requires that a first registration of SLE in the DNPR should be followed by (a) 1 year of
out-patient follow up or (b) consecutive inpatient admissions coded with an SLE diagnosis
with over 3-month intervals during the first year of follow up. Patients who fulfilled either
(a), (b), or both prior to 1 March 2020 constituted the SLE group. Each SLE patient was
matched with up to 1000 individuals of the same age and sex from the general population
corresponding to the onset of the COVID-19 epidemic in Denmark, 1 March 2020, while
requiring that the matched controls had no history of inflammatory rheumatic diseases.

For descriptive purposes, information on redeemed prescriptions of HCQ, azathio-
prine, methotrexate, glucocorticoid, warfarin, clopidogrel, and acetylsalicylic acid was
obtained from the Danish National Database of Reimbursed Prescriptions (DNDRP) using
Anatomical Therapeutic Chemical Classification System (ATC)-codes [19] within 1 year
prior to 1 March 2020. In the nested case control study, information on redeemed pre-
scriptions of HCQ and glucocorticoid in the 6 months leading up to date of hospitalisa-
tion for cases, and matching dates for corresponding controls, was obtained using the
DNDRP. Information on treatment with rituximab, belimumab, cyclophosphamide, and
mycophenolate mofetil in a hospital setting was obtained from DNPR within 1 year prior
to 1 March 2020.
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2.3. Outcome Information

COVID-19 hospitalisation was obtained through DNPR using ICD-10 codes created
by the Danish Ministry of Health specifically for the pandemic in accordance with the
definition established by the World Health Organization (ICD-10 codes B34.2A, B97.2 and
B97.2A). These codes have recently been validated in a Danish setting [20]. Hospitalisation
was defined as a registration with the abovementioned ICD-10 codes and with a further
requirement that the hospital-stay lasted at least 24 h.

Secondarily, the number of patients experiencing a severe outcome of COVID-19
hospitalisation was obtained for the SLE and the general population comparator group. A
severe outcome was defined as the composite of either acute respiratory distress syndrome,
admission to an intensive care unit, and/or death.

2.4. Other Covariates

Chronic lung disease, cardiovascular disease (ischemic heart disease, heart failure,
hypertension, and stroke), diabetes mellitus type I and II (DM), hospital registered diagno-
sis of obesity, and cancer were chosen as comorbidities of interest. These diagnoses were
identified using ICD-10 codes in the DNPR and/or redeemed prescriptions registered in
the Danish Prescription Register of relevant drugs for each comorbidity (see Supplementary
Table S1) [21].

In the nested case-control analysis, lupus nephritis was used as a matching parameter
to account for SLE disease severity among cases and controls. Lupus nephritis was defined
according to the register-based definition suggested by Hermansen et al., which had a
positive predictive value of 90% for lupus nephritis. Thus, we identified patients registered
with a nephritis diagnosis (ICD-10 codes N00-06, N08.2, N08.5, N16.2, N16.4, N16.8,
N18, N19, N26, M32.1B) in the DNPR between the date of SLE diagnosis and date of
case/control matching.

2.5. Statistical Analysis

The incidence of hospitalisation in SLE patients compared with the general population
was found by following the cohort from 1 March 2020 to 2 February 2021, the date of
a COVID-19 hospitalisation or date of death, whichever occurred first. For each group,
the age- and sex standardised incidence rate of hospitalisation per 1000 person years
was estimated. The incidence of hospitalisation with COVID-19 in SLE patients was
compared with the matched general population group in a Cox-regression model with
age as underlying time scale, and stratified by sex to estimate a hazard ratio (HR) with
95% confidence interval (95%CI). An additional Cox model was adjusted for the following
comorbidities: chronic lung disease, DM, cardiovascular disease, obesity, and cancer.

Furthermore, a Cox model with covariates age (restricted cubic spline with four
degrees of freedom), sex, and group (SLE vs. general population) was used to estimate
the predicted probability of being hospitalised with COVID-19 stratified according to age
(40-, 60-, and 80-year-olds), sex, and SLE or non-SLE status. The predicted probability was
plotted with cumulative absolute risk of COVID-19 hospitalisation in % on the y-axis and
months since start of the pandemic in Denmark (1 March 2020) on the x-axis.

Lastly, in a nested case-control design of the SLE patients, each SLE patient admitted
with COVID-19 (cases) was matched with up to five SLE patients who were not hospitalised
(controls) on age (3-year intervals), sex, time at risk during the pandemic, and history of
nephritis corresponding to the date of COVID-19 hospitalisation for cases and controls.
Baseline characteristics were presented with count and percentage for discrete variables
unless fewer than three patients were observed. Continuous variables were presented
with median and interquartile range (IQR). HR was calculated using conditional logistic
regression to account for the dependence of matching and presented with 95% CI. Both
separate crude analyses for HCQ and glucocorticoid, and subsequently an adjusted model
including both HCQ and glucocorticoid were performed.
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3. Results

From 1 March 2020, 2533 individuals with SLE were followed up; 88.5% were women
with a median age of 55.4 years (Table 1). SLE patients had higher prevalence of all
comorbidities compared with the matched general population group.

Table 1. Demographics, comorbidities, and medication in SLE and the general population at the start
of follow-up.

Group Systemic Lupus Erythematosus General Population

n 2533 2,532,914

Age in years, median
(interquartile range) 55.4 (44.1 to 66.5) 55.5 (44.1 to 66.6)

Women, n (%) 2242 (88.5%) 2,241,914 (88.5%)

Disease duration in years,
median (interquartile range) 12.6 (6.1 to 21.7) -

Lupus nephritis, n (%) 205 (8.1%) -

Cardiovascular disease, n (%) 1070 (42.2%) 447,760 (17.7%)

Lung disease, n (%) 595 (23.5%) 330,635 (13.1%)

Diabetes mellitus, n (%) 202 (8.0%) 165,528 (6.5%)

Cancer, n (%) 221 (8.7%) 201,063 (7.9%)

Diagnosed with obesity, n (%) 300 (11.8%) 251,883 (9.9%)

Treated with, n (%)
Hydroxychloroquine 1170 (46.2%) 1830 (0.1%)
Azathioprine 202 (8.0%) 3418 (0.1%)
Methotrexate 118 (4.7%) 7282 (0.3%)
Glucocorticoids 685 (27.0%) 1 67,738 (2.7%)
Cyclophosphamide 8 (0.3%) 439 (0%)
Mycophenolate mofetil 54 (2.1%) 336 (0%)
Rituximab 42 (1.7%) 1494 (0.1%)
Belimumab 30 (1.2%) 0 (0%)
Warfarin 306 (12.1%) 21,613 (0.9%)
Clopidogrel 142 (5.6%) 68,210 (2.7%)
Acetylsalicylic acid 440 (17.4%) 136,380 (5.4%)

1 Based on redeemed glucocorticoid-prescriptions 12 months prior to index, the average daily dosage redeemed
was estimated to: 0–5 mg 45.5%, 5–10 mg 41.3% and ≥10 mg 13.2%. SLE: systemic lupus erythematosus.

Of the 2533 patients with SLE, 46.2% were treated with HCQ and 28.9% received
glucocorticoids with the corresponding proportions in the general population group being
0.1 and 3.6%, respectively.

Sixteen of the 2533 SLE patients were hospitalised with COVID-19 infection during
follow-up, while the corresponding number of patients in the general population group was
5069 (0.63% vs. 0.20%), Table 2. The age- and sex-standardised incidence rate was threefold
higher in SLE patients than in the general population. The age- and sex-adjusted HR was
3.23 (95% CI 1.98 to 5.28). The estimate was slightly attenuated following adjustment for
comorbidities: 2.54 (95% CI 1.55 to 4.16).

The predicted cumulative incidence increased with age and was higher among men
than women. Also, the incidence was higher for SLE patients compared with the general
population across all age and sex specific strata (Figure 1).
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Table 2. Numbers, incidence rates and hazard ratios for hospitalisation with COVID-19 infection
among SLE patients and the general population.

Analysis Systemic Lupus Erythematosus General Population

N hospitalised with COVID-19 16 5069

Person years of observation 2616.7 2,634,850.9

Age- and sex-adjusted rates per
1000 person years (95% CI) 6.16 (3.76 to 10.08) 1.91 (1.86 to 1.96)

HR (95% CI) for hospitalisation
with COVID-19 adjusted for sex
with age as underlying time scale

3.20 (1.96 to 5.24) 1 (Reference)

HR (95% CI) for hospitalisation
with COVID-19 adjusted for sex
and comorbidities with age as
underlying time scale

2.62 (1.55 to 4.16) 1 (Reference)

N: Numbers, 95% CI: 95% Confidence Interval; HR, hazard ratio.
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Figure 1. Predicted risk of COVID-19 hospitalisation in % follow-up in months for patients with systemic lupus erythemato-
sus and the general population stratified by sex and age.

The proportion of patients experiencing a severe outcome during their COVID-19
hospitalisation was similar between the SLE and the general population groups, but due to
GPDR regulations, the absolute number of events was too low to present here.

In the nested case-control analyses, the adjusted HR for COVID-19 hospitalisation
among SLE patients treated with HCQ was 0.61 (95% CI 0.19 to 1.88) compared with non-
HCQ treated patients, whereas the corresponding HR for glucocorticoid treated compared
with non-glucocorticoid treated SLE patients was 1.06 (95% CI 0.30 to 3.72) (see Table 3).
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Table 3. Numbers, incidence rates and hazard ratios for hospitalisation with COVID-19 infection
among hospitalised patients with SLE matched with controls from the SLE population.

Group SLE Cases Hospitalised with
COVID-19

Matched Controls from SLE
Population not Hospitalised

with COVID-19

N 16 79

Age in years, median
(interquartile range) 69.1 (55.5–78.8) 67.3 (52.6 to 78.9)

Women, n (%) 11 (68.8%) 55 (69.9%)

Disease duration in years,
median (interquartile range) 12.6 (9.9–22.3) 14.9 (5.6–23.9)

Lupus nephritis, n (%) ≤3 15 (19%)

Cardiovascular disease, n (%) 7 (43.8%) 22 (27.8%)

Lung disease, n (%) 5 (31.2%) 15 (19%)

Diabetes Mellitus, n (%) 4 (25%) 13 (16.5%)

Cancer, n ≤3 ≤3

Diagnosed with obesity, n ≤3 ≤3

Hydroxychloroquine, n (%) 5 (31.2%) 34 (43%)

Glucocorticoids, n (%) 4 (25%) 19 (24.1%)

Crude HR (95% CI) for
COVID-19 hospitalisation in
hydroxychloroquine treated
compared with non-
hydroxychloroquine treated

0.61 (0.19 to 1.88) 1 (Reference)

Crude HR (95% CI) for
COVID-19 hospitalisation in
glucocorticoid treated
compared with non-
glucocorticoid treated

1.06 (0.30 to 3.72) 1 (Reference)

Adjusted * HR (95% CI) for
COVID-19 hospitalisation in
hydroxychloroquine treated
compared with non-
hydroxychloroquine treated

0.60 (0.19 to 1.87) 1 (Reference)

Adjusted * HR (95% CI) for
COVID-19 hospitalisation in
glucocorticoid treated
compared with non-
glucocorticoid treated

1.12 (0.32 to 3.96) 1 (Reference)

N: numbers, OR: odds ratio, CI: confidence interval. * Matched on age (3-year intervals), sex, time at risk,
and history of lupus nephritis/yes/no), and model with both glucocorticoid (yes/no) and hydroxychloroquine
treatment (yes/no).

4. Discussion

This nationwide study showed an increased risk of hospitalisation with COVID-19
for the 2533 SLE patients compared with the age- and sex-matched group from the back-
ground population. Among the SLE patients, there was no association between HCQ nor
glucocorticoid treatment and the risk of being hospitalised with COVID-19.

Several case reports and small case series on SLE and COVID-19 have been pub-
lished, but to date, only few cohort- or registry-based studies focusing on the incidence of
hospitalisation of patients with SLE infected with COVID-19 exist.

To ensure sufficient data on COVID-19 in rheumatic patients, the Global Rheumatology
Alliance established a COVID-19 register with support from the ACR and EULAR, allowing
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clinicians to register information on patients with rheumatic disease and COVID-19 [22].
In a report of the first 600 patients, there were 85 SLE patients registered. In unadjusted
chi-squared analysis, differences in hospitalisation status by disease revealed that a higher
percentage of the cohort who were hospitalised had SLE (17%) versus those who were not
hospitalised (11%). However, given the mechanism of collection of the case information and
the mix of rheumatic diseases in the cohort, it is impossible to conclude if the SLE patients
in that study were more likely to be admitted with COVID-19 than non-SLE individuals.

In a French study based on hospitalisation data of all inpatients during the first
6 months of the pandemic 1411 patients with SLE were hospitalised with COVID-19 [23].
Among these 17% needed treatment in intensive care unit and 9.5% died. Furthermore, se-
vere infection in patients with SLE was associated with age, male gender, and comorbidities
such as hypertension and chronic kidney disease. However, the population was not com-
pared with age- and sex-matched individuals from the general population. In this study
only few patients suffered from severe COVID-19 infection and cannot be concluded on.

In the beginning of the COVID-19 pandemic it was suggested that treatment with HCQ
could have a prophylactic effect on infection with SARS-CoV2 based on in vitro studies [24].
However, large in vivo studies have since shown that routine treatment with HCQ in
patients with rheumatic disease does not protect against infection nor hospitalisation with
SARS-CoV2 [25,26] per se. Similarly, we found no association between routine treatment
with HCQ and a lower likelihood of being admitted with COVID-19.

In a previous study, of 17 HCQ-treated patients with SLE, 71% were taking gluco-
corticoids, most of them below 10 mg prednisone equivalent, and 41% received other
immunosuppressants [12]. Almost half of these patients were admitted with COVID-19
to intensive care and 2 of the 17 patients died. These findings along with others [6] have
raised the question whether long-term glucocorticoid treatment might have played a role.

In the present study, having redeemed a prescription for glucocorticoid in the 6 months
leading up to the index date for cases and controls was not associated with increased
risk of hospital admission in SLE patients. We recognise that the absolute number of
patients treated with HCQ and glucocorticoids in the present study is too low for any clear
association to be identified, but overall, there was no indication of either protective or
harmful effects of HCQ and glucocorticoid treatment in the SLE group.

Strengths: The main strengths of the present study are the complete follow-up of a
nationwide cohort of patients with SLE using a validated identification algorithm for SLE
in combination with the use of registers with high degree of completeness. Additionally,
the overall high positive predictive value of 99% (95% CI 99–100) for COVID-19 hospital
diagnosis, which was consistently high among all subgroups of sex, age groups, and
calendar period, is another important strength [20]. Lastly, the ability to create an age-
and sex-matched comparator group is a strength of the present study, as one of the most
consistent problems in the existing literature on SLE and COVID-19 has been the lack
of non-rheumatic comparator groups or insufficient age- and sex-standardised rates and
proportions when comparing with the general population.

Limitations: It is possible that patients with SLE are admitted with a lower threshold
than people from the general population due to their immunosuppressed state, although we
believe this to be less likely due to the outcome definition that excluded patients who stayed
<24 h in-hospital. Rather, we may have underestimated the true risk of hospitalisation
related to COVID-19 infection in patients with SLE, as these patients potentially exhibit
more behavioural social distancing precautions compared with the general population
and therefore are less likely to contract COVID-19. Indeed, a Danish study reported that
patients with inflammatory rheumatic diseases self-isolated more than others of the same
age, and it is likely to be the same for patients with SLE [27]. Using ICD-10 codes for
case definition could potentially be a limitation; however, as mentioned, the ICD-10 codes
for SLE and COVID-19 in the DNPR have been validated with high PPVs [17,20]. Also,
information regarding serologic parameters and disease activity could have been of interest
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to study predictors of hospitalisation and severe outcome, yet such information could not
be collected.

Another limitation is that our dataset was rather small in terms of outcomes (hospital-
isations) among SLE patients, especially when it came to specific treatment types for SLE.
Furthermore, no information on kidney and lung function was available, and nor could we
collect specific information regarding the prothrombotic state that patients with SLE expe-
rience due to antiphospholipid syndromes and other potential SLE-intrinsic prothrombotic
risk factors [28]. It cannot be ruled out that the increased incidence of hospitalisation in
SLE patients could to some extent be explained by either of these factors.

5. Conclusions

In this unselected nationwide cohort of Danish SLE patients, there was an approxi-
mately threefold increased incidence of hospitalisation with COVID-19 compared with
age- and sex-matched controls from the general population after adjustment for several
confounders. There was no obvious impact on the risk of hospitalisation associated with
glucocorticoid nor HCQ treatment in this cohort, but the number of hospitalisations was too
low to draw any definite conclusion, and we encourage further investigations into whether
SLE in itself, as well as specific SLE treatment modalities, pose any modulation of risk for
both hospitalisation and/or developing poor subsequent outcomes of COVID-19 infection.
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Abstract: Abnormal liver function tests are frequently observed during follow-up of patients with
systemic lupus erythematosus (SLE) but data on co-existence with autoimmune liver diseases (AILD)
are scarce. This retrospective study aimed to describe the prevalence of autoimmune hepatitis (AIH)
and primary biliary cholangitis (PBC) among well-characterized subjects with SLE. We also evaluated
whether the presence of autoantibodies to complement protein 1q (C1q) and/or ribosomal P protein
(anti-ribP) are, directly or inversely, associated with AIH, as proposed in some reports. The number
of screened patients was 287 (86% females), and all cases were included in a regional Swedish
cohort. Each subject of the study population met the 1982 American College of Rheumatology
classification criteria and/or the Fries’ diagnostic principle. By applying the simplified diagnostic AIH
criteria combined with persistent transaminasemia, 40 (13.9%) cases reached at least “probable AIH”.
However, merely 8 of these had been diagnosed with AIH (overall AIH prevalence 2.8%). Neither anti-
C1q nor anti-ribP associated significantly with AIH. By applying the recent PBC guidelines, 6 (2.1%)
cases were found, but only 3 of them had actually been diagnosed with PBC and one additional
subject was not identified by the guidelines (overall PBC prevalence 1.4%). Compared to prevalence
data from the general Swedish population, both AIH and PBC were highly overrepresented in our
study population. The sensitivity of the diagnostic AIH criteria was impeccable but the specificity
was less impressive, mainly due to positive ANA and hypergammaglobulinemia. Based on our
findings, among subjects with SLE, the AIH criteria are less useful and liver biopsy combined with
detection of other AILD-associated autoantibodies should be performed.

Keywords: abnormal liver function tests; autoimmune liver diseases; autoimmune hepatitis; hepatic
involvement; liver biopsy; primary biliary cholangitis; systemic lupus erythematosus

1. Introduction

Although involvement of joints, skin, mucous membranes, serosa and kidneys is
common among patients with systemic lupus erythematosus (SLE) virtually any organ
system may be affected. However, hepatic involvement has not been considered a primary
organ manifestation in SLE as it is not included in any of the commonly used and recently
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updated classification criteria [1,2]. Nevertheless, the British Isles Lupus Assessment
Group’s (BILAG) disease activity index includes ‘lupus hepatitis’ as a separate item but liver
disease is not reflected in the more widely used SLE disease activity score 2000 (SLEDAI-
2K) [1,3–6]. Still, abnormal liver function tests (LFTs) at any time-point are common in
patients with SLE; reported numbers range from 9–60% depending on study population
and limitations applied for abnormal values [7–11]. Potential causes of abnormal LFTs in
SLE are numerous and include drug-induced liver injury (DILI), steatosis, viral hepatitis,
vascular thrombosis and autoimmune liver disease (AILD). However, clinically significant
AILD associated with SLE has been reported to be rare, and hepatic liver involvement
appears to have a limited influence on mortality [11–16].

Observations of ’lupus-associated hepatitis’ or ’lupus hepatitis’ usually refer to an
asymptomatic transaminasemia, consistent with SLE disease activity [9,17], which nor-
malizes during glucocorticoid treatment [17]. Lupus hepatitis has been reported in 3–9%
of patients [9,18,19]. The histopathological findings of lupus hepatitis are variable and
non-specific, but mild portal inflammatory infiltrate, lobular necrosis and fatty infiltration
are frequently found [9]. One study reported that intense deposits of complement protein
1q (C1q) were found in the majority of cases with lupus hepatitis, but unfortunately neither
circulating C1q levels or anti-C1q antibodies—which often parallel SLE disease activity—
were investigated [20–23]. Presence of autoantibodies to ribosomal P protein (anti-ribP)
has been reported to associate with lupus hepatitis or autoimmune hepatitis (AIH), but
contradictory results have also been published [17,18,24,25].

Whereas lupus hepatitis has been considered as a manifestation of SLE, AIH is re-
garded as a separate disease. However, the two conditions often share several features,
including hypergammaglobulinemia, arthralgia and presence of antinuclear antibodies
(ANA) [26]. Similarly to SLE, AIH also has a female predominance. The histopathology is
characterized by progressive hepatocellular necrosis and inflammation, which untreated
may lead to cirrhosis and end-stage liver disease. Although AIH prevalence data are uncer-
tain, epidemiological studies from Scandinavia, Spain and New Zealand have estimated a
prevalence of 12–25 per 100,000 inhabitants [27–30].

Data on co-existence of SLE and AIH are scarce [19]. Differential diagnostics may
be challenging since elevated LFTs, hypergammaglobulinemia, a positive ANA test and
response to glucocorticoid treatment are characteristic of both conditions. Efe et al. found
that up to two thirds of SLE patients with abnormal LFTs fulfilled the simplified AIH
criteria whereas only approximately 14% had histopathology compatible with AIH [7].
This illustrates that a liver biopsy is often necessary for a definitive diagnosis of AIH among
patients with SLE [31].

Primary biliary cholangitis (PBC) constitutes another AILD with female predomi-
nance, which is chronic, often progresses, and can result in end-stage liver disease [32]. The
prevalence of PBC in Sweden has been estimated to be approximately 15 per 100,000 inhabi-
tants [33]. PBC is typically associated with the presence of anti-mitochondrial antibodies of
M2 type (AMA-M2), which, in addition to persistently elevated serum alkaline phosphatase
(ALP) and liver histology consistent with PBC, constitutes one of the three diagnostic cri-
teria [34]. In addition, other subtypes of ANA, such as anti-speckled 100-kDa (Sp100),
anti-promyelocytic leukemia protein (PML) and anti-glycoprotein 210-kDa (gp210), are also
strongly associated with PBC [35]. Whereas the association of PBC with primary Sjögren’s
syndrome (SS) is well documented [36,37], co-existence with SLE has been reported as
rare [38]. In contrast, however, we recently showed that PBC-associated autoantibodies in
SLE are relatively common [39].

The primary aim of the present study was to describe the prevalence of AILD in
well-characterized Swedish SLE patients from a tertiary referral center. This was done
with support from an experienced hepatologist (S.K.) using different grounds for the
diagnoses of AIH and PBC. We further aimed to test whether the presence of anti-C1q
and/or anti-ribP antibodies were associated with AIH.
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2. Materials and Methods
2.1. Study Population

The study population consisted of 287 patients (248 women, 39 men) diagnosed with
SLE (detailed in Table 1). All subjects had been included in the prospective and observa-
tional research program Clinical Lupus Register in North-Eastern Gothia (Swedish acronym
‘KLURING’) at the Rheumatology unit, University Hospital in Linköping [40]. Most (284 of
287 (99%)) patients met the Fries’ diagnostic principle and 243 of 287 (84.7%) fulfilled the
1982 American College of Rheumatology (ACR) classification criteria (mean number of ful-
filled ACR criteria was 4.8, range 3–9) [5,41]. The study population corresponds to virtually
all prevalent and incident adult SLE cases in the catchment area of Region Östergötland
(approximately 365,000 adult inhabitants) between September 2008 and May 2020. The
medical records of all patients were retrospectively reviewed with a focus on AILD.

Table 1. Characteristics of the included patients with SLE. Patients with confirmed AILD are shown in separate columns.

Background Variables Total, n = 287 AIH, n = 8 PBC, n = 4

Females, n (%) 248 (86.4) 7 (87.5) 3 (75.0)

Age at cohort inclusion, mean years (range) 49.0 (20–86) 47.8 (22–70) 53.2 (28–69)

SLE duration at cohort inclusion, mean years (range) 9.4 (0–45) 8.0 (0–19) 11.0 (1–25)

Caucasian ethnicity, n (%) 255 (88.8) 7 (87.5) 4 (100.0)

Ever smoker (former or current), n (%) 121 (42.1) 5 (62.5) 2 (50.0)

Disease variables

Secondary Sjögren‘s syndrome (defined by classification #), n (%) 65 (22.6) 2 (25.0) 2 (50.0)

Antiphospholipid syndrome (defined by classification §), n (%) 56 (19.5) 1 (12.5) 0 (0)

Patients meeting ≥4 ACR-82 criteria, n (%) 243 (84.7) 6 (75.0) 3 (75.0)

Number of fulfilled ACR-82 criteria, mean (range) 4.8 (3–9) 4.8 (3–9) 3.8 (3–4)

Clinical phenotypes (ACR-82 defined), n (%)

(1) Malar rash 114 (39.7) 4 (50.0) 0 (0)

(2) Discoid rash 43 (15.0) 0 (0) 0 (0)

(3) Photosensitivity 147 (51.2) 4 (50.0) 3 (75.0)

(4) Oral ulcers 34 (11.8) 1 (12.5) 1 (25.0)

(5) Arthritis 220 (76.7) 6 (75.0) 3 (75.0)

(6) Serositis 110 (38.3) 3 (37.5) 3 (75.0)

Pleuritis 106 (36.9) 3 (37.5) 2 (50.0)

Pericarditis 98 (34.1) 2 (25.0) 2 (50.0)

(7) Renal disorder 80 (27.9) 2 (25.0) 0 (0)

(8) Neurologic disorder 16 (5.6) 0 (0) 0 (0)

Seizures 15 (5.2) 0 (0) 0 (0)

Psychosis 3 (1.0) 0 (0) 0 (0)

(9) Hematologic disorder 174 (60.6) 5 (62.5) 0 (0)

Hemolytic anemia 12 (4.2) 0 (0) 0 (0)

Leukocytopenia 86 (30.0) 2 (25.0) 0 (0)

Lymphopenia 112 (39.0) 4 (50.0) 0 (0)

Thrombocytopenia 31 (10.8) 0 (0) 0 (0)

(10) Immunological disorder 152 (53.0) 4 (50.0) 1 (25.0)

Anti-dsDNA antibody (anti-dsDNA) 139 (48.4) 4 (50.0) 1 (25.0)

Anti-Smith antibody (anti-Sm) 19 (6.6) 1 (12.5) 0 (0)

(11) Antinuclear antibody (IF-ANA) * 284 (99.0) 8 (100) 4 (100)

* Positive by immunofluorescence (IF) microscopy. # According to Vitali C, et al. [42] § According to Miyakis S, et al. [43].
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2.2. Data Collection

AILD diagnoses, attributed by gastroenterologists among the 287 SLE cases, were
retrieved from medical records, reviewed by a hepatologist (S.K.) and considered as ‘golden
standard’. Furthermore, we applied the simplified diagnostic AIH criteria and the recent
PBC guidelines from the American Association for the Study of Liver Diseases and ex-
amined their diagnostic performance in our study population [44,45]. In addition, we
recorded the presence of secondary SS (diagnosis confirmed by a rheumatologist and
defined according to classification criteria) and antiphospholipid syndrome (APS) [42,43].
Data on liver biopsies and liver imaging were also retrieved.

2.3. Laboratory Analyses

All patients had undergone continuous monitoring of liver enzyme values as was
previously described [39]. Levels of IgG (normal range 6.7–15 g/L) and IgM (0.27–2.1 g/L)
in plasma were recorded. IgG-ANA was detected by indirect immunofluorescence (IF)
microscopy on fixed HEp-2 cells and anti-ribP antibodies were analyzed by FIDIS™ Con-
nective profile, Solonium software v 1.7.1.0 (Theradiag, Croissy-Beaubourg, France) at
the Clinical Immunology laboratory, University Hospital in Linköping [46,47]. Anti-C1q
antibodies were analyzed by ELISA [48]. Hepatitis B surface antigen (HBsAg) and antibod-
ies against hepatitis C virus (anti-HCV) were assessed by routine methods at the Clinical
Microbiology laboratory, University Hospital in Linköping. Autoantibodies associated
with AILD were analyzed as previously described [39].

2.4. Statistics

Associations between laboratory variables (categorical) and AILD were examined with
Fisher’s exact test for significance and using Φ as a measure of association. p-values ≤0.05
were considered statistically significant. Statistical analyses were performed using the SPSS
software version 26.0.0.0 (SPSS Inc., Chicago, IL, USA). Sensitivity (proportion of subjects
correctly identified with AILD), specificity (proportion of subjects correctly identified with-
out AILD), accuracy (proportion of correctly classified subjects), positive predictive value
(PPV; proportion of AILD-classified subjects that are true AILD) and negative predictive
value (NPV; proportion of non–AILD-classified subjects that are true non-AILD), were
calculated, including 95% confidence intervals (CI) using the Wilson score method.

2.5. Ethical Approval

Oral and written informed consent were obtained from all participants. The study
protocol was approved by the regional ethics review board in Linköping (Decision number
M75–08/2008).

3. Results

Of the 287 screened patients, 182 (63.4%) had occasional or persistent elevations of
aspartate aminotransferase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP),
and/or γ-glutamyl transferase (GGT) during follow-up. Less than 10% had elevated LFTs
for >3 months. All subjects with confirmed AILD (n = 12) were found among the patients
with elevated LFTs. In the subgroup with elevated LFTs (n = 182), 4.4% had a confirmed
diagnosis of AIH and 2.2% of PBC.

As illustrated in Figure 1A, we applied the diagnostic AIH criteria to the study
population [44]. The prevalence of AIH in the entire study population was 2.8% (n = 8);
and establishment of the diagnosis included liver biopsy in 6 of 8 cases. The sensitivity
and the NPV of the AIH criteria was high, but the specificity and PPV were lower (Table 2).
Among the entire study population, 102 of 226 (45.1%) had hypergammaglobulinemia at
least once. HBsAg and anti-HCV were absent in 77 of 102 (75.5%) and IF-ANA was positive
(titer > 1:80) in 284 of 287 (99.0%) patients. According to the AIH criteria, 46 (16.0%) reached
at least “probable AIH”, even without histopathological evaluation, whereof 40 cases had a
history of elevated LFTs (AST and/or ALT). Of note, plasma IgG had not been measured in
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61 subjects, which clearly limited the possibility of reaching “probable AIH”. However, a
closer review of those reaching “probable AIH” revealed a different explanation than AIH
in a majority of cases with elevated LFTs. Still, the presence of hypergammaglobulinemia
(≥16 g/L) at any time-point during follow-up was significantly associated with a confirmed
diagnosis of AIH (Φ = 0.16, p = 0.015).
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Table 2. Performance of the simplified diagnostic AIH criteria and the recent PBC guidelines [44,45]
in the study population to identify SLE patients with confirmed AILD. Cut-off for the AIH criteria was
set at ≥6 points (representing “probable AIH”). 95% confidence intervals are shown in parentheses.

AIH PBC

Sensitivity 1.00 (0.60–1.00) 0.75 (0.28–0.97)
Specificity 0.86 (0.82–0.90) 0.99 (0.97–1.00)
Accuracy 0.87 (0.82–0.90) 0.99 (0.96–1.00)

PPV 0.17 (0.09–0.31) 0.50 (0.19–0.81)
NPV 1.00 (0.98–1.00) 1.00 (0.98–1.00)

PPV = Positive Predictive Value; NPV = Negative Predictive Value; AIH = autoimmune hepatitis; PBC = primary
biliary cholangitis.

Only 4 subjects had a confirmed diagnosis of PBC (1.4%), which included histopatho-
logical evaluation in 2 of 4. As shown in Figure 1B, we used the recent diagnostic guide-
lines for PBC by requiring elevation of ALP in combination with presence of typical
PBC-associated antibodies (AMA-M2/Sp100/gp210) [45]. This procedure yielded 6 cases
(2.1%). The specificity and the NPV of the guidelines for PBC were impressive, but the
sensitivity and PPV among our study population were lower (Table 2).

Anti-C1q antibodies were detected in 60 of 260 subjects (23.1%), but the presence of
anti-C1q did not associate significantly with AIH. Anti-ribP antibodies were detected in 17
of 247 patients (6.9%), but in none of those with a confirmed diagnosis of AIH. Altogether,
9 of 17 (52.9%) anti-ribP positive individuals had a history of elevated LFTs, which did
not significantly differ from anti-ribP negative subjects. SLE with secondary SS did not
associate with either AIH or PBC, although a non-significant trend was observed for the
latter (Φ = 0.09, p = 0.16). APS was found in one patient with AIH (12.5%), but in none
with PBC.

4. Discussion

Continuous supervision of LFTs is mandatory for patients using disease-modifying
anti-rheumatic drugs (DMARDs), such as methotrexate, azathioprine, mycophenolate
mofetil, leflunomide or cyclosporine. Abnormal LFTs in the absence of liver-related symp-

51



J. Clin. Med. 2021, 10, 3820

toms are very common during follow-up of patients with SLE. The cause may be obvious
but is most often uncertain. Occasionally, the LFTs normalize without specific interventions
or with a minor increase of the daily glucocorticoid dose. However, LFTs can also be
persistently elevated, which often leads to both further investigations and interruption
of a needed and well-functioning DMARD treatment. These cases may be challenging
and often require interdisciplinary discussions between rheumatologists, hepatologists
and immunologists.

In this study, we aimed to describe the prevalence of AILD among well-characterized
SLE patients from a tertiary referral center. We used a previously described cohort in which
we had the possibility to longitudinally monitor LFTs, liver imaging, biopsies, concomitant
diagnoses, drugs as well as additional laboratory data, including results from autoantibody
testing [39,40]. All data were discussed and evaluated by specialists in rheumatology (C.S.),
hepatology (S.K.) and immunology (C.D.). The prevalence rates achieved in our study
population for established AIH (2.8% among all, and 4.4% among those with elevated LFTs)
and PBC (1.4% among all, and 2.2% among those with elevated LFTs) are in line with, or
close to, what previously has been published. The recent review by González-Regueiro et al.
mentions a prevalence of AIH of approximately 5–10% among SLE patients with abnormal
LFTs [31]. For PBC, a lower prevalence (2.5–5%) has been observed [38].

To set these figures into a context, the AILD prevalence rates in our study population
can be compared with prevalence data from the general Swedish population. Danielsson-
Borssén et al. determined the point prevalence of AIH in 2009 to 17.3/100,000 inhabitants
(0.17‰), which strongly contrasts to our finding of 2.8% in SLE [27]. Only older prevalence
data from the time span 1973–1982 are available for PBC, when Danielsson et al. reported
15.1/100,000 inhabitants (0.15‰), which is considerably lower than the 1.4% found among
patients with SLE herein [33]. Based on these findings, we conclude that both AIH and
PBC are over-represented among patients with SLE. Similarly, AIH has been associated
with an increased risk of developing systemic autoimmune diseases [49]. This is also in
line with the overall empirical knowledge that “one autoimmune disease predisposes to
another”. Interestingly, the recent years’ genetic advances have taught us that identical risk
genes are shared by several different autoimmune conditions [50,51].

We also took the opportunity to challenge the simplified diagnostic AIH criteria and
the recent guidelines for PBC diagnosis. The AIH criteria have previously been criticized
for poor performance in SLE, especially with regard to low specificity [7]. However, to
the best of our knowledge, their performance has not systematically been evaluated in a
population of well-characterized SLE cases. Basically, our findings confirm the observation
by Efe et al. and emphasize that liver biopsy is often needed for a definitive diagnosis of
AIH among patients with SLE [31]. The PPV of reaching “probable AIH” herein was only
17%. However, plasma IgG ≥ 16 g/L associated significantly with confirmed AIH. This is of
relevance as initially high levels of IgG have been associated with poor outcome in patients
with combined SLE/AIH [52]. Although the sensitivity and PPV were mediocre, the recent
diagnostic guidelines for PBC overall performed slightly better than the AIH criteria in
our study population. This was mostly explained by the high diagnostic specificity for
the PBC-associated ANA subtypes, compared to the non-specified ANA detected by IF
microscopy, which is valid as one of the criteria for AIH.

In SLE, the high prevalence of ANA and hypergammaglobulinemia confers that the
other diagnostic markers, i.e., SMA antibodies, antibodies against soluble liver antigen
(SLA) or LKM, play a more important role for diagnosing AIH. These antibody specificities
as well as PBC-specific ANA, such as Sp100, anti-PML and anti-gp210, in addition to AMA-
M2, should therefore be included in the screening algorithm when AILD is suspected.
However, in most of our cases reaching the level of ”probable AIH”, these autoantibody
specificities had not been requested since their LFTs were not persistently elevated and
the clinical suspicion of AILD had therefore not been raised. Furthermore, it is worth
noting that for detection of SMA, a serum dilution that results in a cut-off corresponding
to the 95th percentile of a healthy population should be used and must be evaluated
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by each laboratory. According to the diagnostic AIH criteria a serum dilution of 1:40 is
recommended, but is actually based on experience from ”the old days” when the quality of
the microscopes were much lower than today’s modern equipment [44,47].

Levels of the SLE-associated antibodies anti-C1q and anti-ribP are known to fluctuate
over time [22,23,47]. An etiological role for anti-ribP in triggering both lupus hepatitis and
AIH has been proposed [18,24,25]. Herein, we considered all patients once positive for anti-
ribP or anti-C1q as positive and potential seroconversion over time was neglected. Still, we
did not confirm the previously reported association between anti-ribP and AIH. However,
according to a detailed review by Bessone et al., the association remains both uncertain and
controversial [17]. This study has some limitations. It cannot be excluded that the actual
prevalence of AILD in SLE is even greater than what we have estimated here [13]. Guided
examination of AILD is usually driven by elevated LFTs, usually over a longer period of
time, as the risk of progression to cirrhosis is associated with raised LFTs [53,54]. However,
in our study population, none of the cases who reached “probable AIH” had persistently
elevated (≥6 months) LFTs. Otherwise, the latter would normally have resulted in a liver
biopsy. Nevertheless, from an international perspective, it is worthwhile underlining
that the Nordic reference limits regarding AST and ALT are unusually high [55]. Thus,
based on the liberal LFT reference intervals we apply in Sweden, it is not impossible
that subclinical AILD to some extent may pass under the radar. Another limitation was
the ethnic composition of the study population—almost 90% of the enrolled patients
were of Caucasian origin. Ethnicity is indeed known to affect both disease severity and
manifestations of SLE [56]. Thus, extrapolation of our results to other populations should
be done with caution. In contrast, the study has several strengths. For instance, the fact
that Swedish health care is universally available to all residents significantly reduces the
risk of selection bias and ensures a high coverage of cases. The well-characterized cohort of
SLE patients, longitudinally followed by a limited number of experienced rheumatologists
at a single tertiary referral center, constitutes another advantage [40,47].

5. Conclusions

In conclusion, both AIH and PBC are overrepresented in SLE. When the diagnostic
AIH criteria were applied, even higher numbers were achieved, but the use of these
criteria cannot be recommended in patients with SLE. Instead, liver biopsy and detection
of autoantibodies with higher diagnostic specificity for AILD could aid in the search
(particularly for AIH) among individuals with SLE.
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Abstract: Patient-reported outcome (PRO) instruments are widely used to assess quality of life
in Systemic Lupus Erythematosus (SLE) research, and there is growing evidence for their use in
clinical care. In this review, we evaluate the current evidence for their use in assessing quality of
life in SLE in both research and clinical settings and examine the different characteristics of the
commonly used PRO tools. There are now several well-validated generic and SLE-specific tools that
have demonstrated utility in clinical trials and several tools that complement activity and damage
measures in the clinical setting. PRO tools may help overcome physician–patient discordance in SLE
and are valuable in the assessment of fibromyalgia and type 2 symptoms such as widespread pain
and fatigue. Future work will identify optimal PRO tools for different settings but, despite current
limitations, they are ready to be incorporated into patient care.

Keywords: systemic lupus erythematosus; health-related quality of life; patient-reported outcomes;
clinical follow-up; outcome measures

1. Introduction

Systemic Lupus Erythematosus (SLE) is a chronic autoimmune condition that can lead
to inflammatory damage of multiple organ systems with clinical manifestations varying
from patient to patient [1]. Many patients experience a significantly reduced health-
related quality of life (HRQoL), citing fatigue, widespread pain and depression among
the most common and debilitating features of the disease [2,3]. It is now well recognised
that focusing on disease activity and damage does not allow a physician to adequately
quantify or address the patient experience of the disease [3,4]. Good disease control
does not guarantee improved quality of life in SLE patients, and failure to address this
concern may contribute to treatment non-adherence and/or interruptions [5,6]. Numerous
groups now advocate for the measurement of HRQoL and the use of patient-reported
outcome (PRO) measures in SLE clinical trials and increasingly in routine care, including
the American College of Rheumatology (ACR) [7], the European Alliance of Associations
for Rheumatology (EULAR) [8], the Outcome Measures in Rheumatology Clinical Trials
(OMERACT) [9] and the World Health Organisation (WHO) [10].

Despite the discordance between physician and patient assessment of SLE, literature
on HRQoL is still sparse compared to that on disease activity, organ damage and im-
munotherapeutics in SLE [11]. A major reason behind the suboptimal focus on HRQoL in
SLE management is the fact that HRQoL is a multi-dimensional concept without a concrete
definition [12]. If clinicians were to enquire about the factors that patients perceive to be
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most relevant to their HRQoL, these would be significantly variable. However, overarching
themes pertaining to HRQoL have been established, including the perceived impacts of
disease and its treatment on physical, emotional and social functioning [10,12]. A variety of
PRO tools have been used around the world in both clinical trials and routine care to help
clinicians assess and monitor HRQoL in SLE patients [13,14]. Lack of agreement on which
PRO to utilise along with real and perceived difficulties in their use in the clinical setting
has seen a poor uptake of these tools, even though their routine use was recommended by
OMERACT more than 20 years ago [9,15,16].

This focused review will consider the role of various generic and SLE-specific HRQoL
tools and their utility in both clinical trials and routine care. To date, SLE-specific tools
include Lupus Quality of Life (LupusQoL), Lupus Patient-Reported Outcome (LupusPRO),
SLE-Specific Quality of Life (SLEQoL), Lupus Quality of Life (L-QoL) and Lupus Impact
Tracker (LIT). All these tools have been validated for use in SLE patients but differ in
terms of their item numbers and the domains they encompass [13,14]. Conversely, generic
PRO tools were not designed to measure HRQoL in any specific disease population.
However, some of these tools including the 36-item Short-Form Health Survey (SF-36)
and the EuroQoL-5D (EQ-5D) have been widely utilised in SLE research due to their
domains aligning with those relevant to Lupus-related QoL. Generic PRO tools also have
the advantage of enabling comparison with other disease states. Currently, there are no
clear guidelines or evidence to help clinicians determine what is an optimal PRO, as well
as in which specific contexts [10,13].

Recently, two generic HRQoL instruments, Multi-Dimensional Health Assessment
Questionnaire (MDHAQ) and Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS) are gaining traction, with increasing studies demonstrating their validity
and utility in measuring HRQoL within the SLE population [13]. As they are not disease-
specific, these tools have greater potential in allowing for comparisons with other disease
populations or sub-cohorts within the SLE population such as patients with concomitant
fibromyalgia or newly termed features of “type 2 SLE”. This is clinically useful, as patients
with these symptoms are less responsive to traditional immunosuppressive agents [17].
In addition, these tools have multiple benefits for clinicians beyond measuring HRQoL.
For example, MDHAQ can be used to screen for Fibromyalgia (FAST3/FAST4 score) [18]
and assess patient’s flare status (RAPID3 score) [19,20]. Specific PRO tools have also been
used to assess SLE disease activity and damage [8,15]. In this review, we will provide a
summary of the major PRO tools that have been explored for the assessment of HRQoL in
SLE research and clinical practice.

2. SLE-Specific PRO Tools
2.1. LupusQoL

LupusQoL is an SLE-specific instrument measuring HRQoL that has undergone
extensive validation in the UK and has been widely adapted to other cohorts [21]. It has
been validated in a US sample of SLE patients [22] and also cross-culturally with cohorts
from Spain [23], Iran [24], Turkey [25], Italy [26], France [27], Venezuela [28] and China [29].
LupusQoL is a 34-item questionnaire that covers eight domains including physical health,
pain, planning, intimate relationships, burden to others, emotional health, body image and
fatigue. The recall period for each item is the preceding four weeks, and responses are
given on a 5-point Likert scale. The summary score is reported on a scale from 0 to 100,
with higher values indicating overall better HRQoL [21,30].

Draft items of this instrument were generated through the identification of recur-
ring themes in qualitative interviews with 30 SLE patients, alongside input from clinical
experts [30]. These were then re-assessed by 20 SLE patients whose feedback was incor-
porated to form the current questionnaire. Although information on readability was not
provided, the tool was shown to have good internal consistency, test–retest reliability,
concurrent validity and responsiveness to changes with patient-reported deterioration or
improvement in health status [31]. However, only six of eight LupusQoL domains were
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found to be sensitive to improvement of disease activity, and none to deterioration. Floor
effects (an inability of the PRO tool to detect true differences in HRQoL at the low end
of the scale and below) and ceiling effects (an inability of the instrument to identify true
differences in HRQoL at the high end of the scale and above) were mostly acceptable, aside
from the intimate relationships and planning domains [30].

Two studies (McElhone [32] and Devilliers [33]) have established definitions for mini-
mal clinically important difference (MCID) for LupusQoL domains. Using anchor-based
analysis, McElhone’s study determined that domain MCIDs ranged from −2.4 to −8.7 for
deteriorations and from 3.5 to 7.3 for improvements [32]. Devilliers’ study used a similar
approach and reported MCIDs ranging from −0.5 to −6.4 for deteriorations and from 1.1
to 9.2 for improvements [33]. Nantes and colleagues showed in a prospective study com-
prised of 78 disease-active SLE patients that the percentages of patients reporting changes
(improvements or deteriorations) across domains varied between MCID definitions, with
percentages for most domains being greater using Devilliers’ definition [34].

To date, LupusQoL has been used in five randomised–controlled clinical trials (RCTs).
Two Phase III trials assessing the efficacy and safety of Epratuzumab in SLE patients with
moderate-to-severe disease found no significant differences in various disease activity
scores or LupusQoL scores between the placebo and the treatment groups, at 48 weeks [35].
Moreover, a Phase 4 multi-centre RCT examining the efficacy and safety of Acthar Gel
in persistently active SLE patients demonstrated significant and clinically meaningful
improvements in LupusQoL scores for the pain, planning, and fatigue domains in those
who had higher disease activity levels [36]. Lastly, the remaining two clinical trials found
that upper limb exercises [37] and a digital therapeutic plus telehealth coaching interven-
tion [38] led to significant and clinically meaningful improvements in HRQoL as measured
by LupusQoL scores. LupusQoL was not designed for use in the clinical setting and has
not been studied as a PRO for use in routine care.

2.2. LupusPRO

LupusPRO is another SLE-specific tool that was developed in the United States to
account for the ethnically diverse population of SLE patients within this demographic [39].
It also incorporated feedback from both genders in its development and is written in
gender-neutral language. The tool itself is a 43-item questionnaire that encompasses not
only HRQoL domains such as lupus symptoms, cognition and body image but also non-
HRQoL domains including desires–goals, coping, social support and satisfaction with
care. For each item, patients respond using a 5-point Likert scale, and the total score will
range from 0 (worst QoL) to 100 (best QoL). Developers of LupusPRO have proposed
that, beyond its ability to assess QoL longitudinally, it is a useful screening tool to help
clinicians in determining important aspects of QoL (both health- and non-health related)
which could be addressed through initiating discussion or making appropriate referrals.
Another advantage is that it was created using recurring themes through patient feedback,
and thus the questionnaire is fairly SLE-specific and simple to comprehend [39]. However,
the feasibility of using this tool has not been formally evaluated, but this questionnaire
would likely be less favourable for use in busy clinics due to its relatively higher number
of items [15].

In an inception cohort comprising 323 SLE patients, adequate internal consistency and
reliability were found in all domains except for the lupus medication domain [39]. Test–
retest reliability was overall fair but particularly lower in some non-HRQoL domains and
the procreation domain. Construct validity of the LupusPRO was established through its
strong correlations with domains of SF-36, and criterion validity was demonstrated through
its correlations with various disease activity and damage measures [39]. It has been validated
in several different languages including Tagalog (Philippines) [40], Turkish (Turkey) [41],
Spanish (Spain) [42], French (Canada) [43], Italian (Italy) [44], Japanese (Japan) [45], Hindi
(India) [46], Arabic (Egypt) [47] and Chinese (Hong Kong) [48]. LupusPRO was found
to be valid and reliable within these populations and showed measurement equivalence.
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Interestingly, LupusPRO was shown to perform similarly across two differing samples of SLE
patients, one of which included an ethnically diverse urban cohort from Southern California,
whilst the other comprised an ethnically homogeneous rural cohort from the Philippines
using confirmatory factor analysis [49]. This demonstrates measurement equivalence for
LupusPRO across ethnically diverse and homogeneous populations.

Another advantage of LupusPRO is that it included patients with concomitant fi-
bromyalgia in its design to improve generalisability for the fatigue domain [39]. Recently,
an updated version of LupusPRO (LupusPRO v1.8) [50] was developed, in which the
Pain–Vitality domain was separated into three domains including sleep, pain and vital-
ity and was captured through the addition of six further items. This updated version
demonstrates acceptable face, content, convergent, discriminant and criterion validity
with acceptable internal consistency and reliability in all domains, except procreation and
coping. LupusPRO has only been used in two clinical trials to date [51,52]. One examined
the efficacy of an online training program focused on development of pain-coping skills
(PainTRAINER) in SLE Patients and reported meaningful improvements in LupusPRO
HRQoL scores in patients who received the intervention compared to those in the wait-list
control group at 9 weeks [51]. The other trial demonstrated significant improvements in
LupusPRO body image (BI) scores in patients with cutaneous involvement who received
a novel BI intervention that used a cognitive-based therapy approach compared to those
who did not. There was also significant improvement in scores of other HRQoL domains
including pain–vitality, cognition and lupus symptoms post-intervention compared to
baseline within the intervention group [52].

2.3. SLEQoL

SLEQoL is a 40-item questionnaire that was developed and validated in an English-
speaking cohort of SLE patients in Singapore [21,53]. Items were originally generated
by rheumatology experts and then modified according to feedback from 100 patients for
content validity. Responses for each item are given on a 7-point response scale and capture
the patient’s experience over the preceding week. Items encompass six domains including
physical functioning, activities, symptoms, treatment, mood and self-image. The summary
score is derived from the sum of all responses across these domains and ranges from 40 to
280, with higher scores denoting worse HRQoL. Regarding its psychometric value, SLEQoL
has been shown to have good internal consistency, test–retest reliability, construct validity
and responsiveness. However, it is limited by its significant floor effects, whereby patients
reported good perceived QoL beyond the instrument’s measurement capabilities. Authors
suggested that this could be addressed through co-administering another validated PRO
tool such as SF-36, although this would impose a higher time burden on both clinicians
and patients [53]. To date, cross-cultural adaptation and validation of SLEQoL has been
performed in Arabic (Egypt) [54], Thai (Thailand) [55], Chinese (China) [56] and Brazilian
Portuguese (Brazil) [57].

2.4. L-QoL

L-QoL is another tool that serves to assess quality-of-life in SLE patients but on a
needs-based approach [21,58]. It was originally developed and validated in the United
Kingdom in 2008 and since then has only been translated and validated in a Turkish SLE
cohort [59]. The tool comprises 25 questions which are answered in a “true/not true”
response format. Summary scores range from 0 to 25, with higher scores indicating worse
QoL. Content validity was achieved through items being generated via patient interviews
and being predominantly phrased in their own words. In the original study, L-QoL also
demonstrated excellent construct validity, internal consistency and test–retest reliability.
However, construct validity was examined against non-validated self-reported measures
of disease activity and severity. No validated physician assessments of these parameters
were employed, and thus further studies including these will be required to further clarify
the construct and discriminant validities of this tool [21,58]. Moreover, L-QoL has not been
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used in any clinical studies or research trials thus far, and its utility in patients with more
severe disease phenotypes is to be explored [21].

2.5. LIT

The Lupus Impact Tracker (LIT) is a 10-item PRO tool that was designed with the aims
of producing a simple but reliable PRO instrument to monitor the impact of SLE on the lives
of patients over time [60,61]. The questions cover seven key concepts including cognition,
lupus medications, physical health, pain/fatigue impact, emotional health, body image and
planning desires and goals. The questions were generated using a multi-step approach that
ultimately filtered out items with the highest psychometric value and strongest correlation
with overall wellbeing/disease activity/damage scores and that ranked most importantly
to patients from the 43-items of the LupusPRO. LIT was shown to have good internal
consistency, responsiveness and test–retest reliability, but there are no data on floor and
ceiling effects [14,60,61]. Cross-cultural validation has been displayed in Canada [62], south-
eastern US [63] and five European countries including Germany, Italy, Spain, Sweden and
France [64]. In addition, LIT was found to be a valid PRO tool in a multicultural Australian
cohort and could distinguish between groups of patients with active or inactive disease [16].
Similar findings were also recently observed in a single-centre but ethnically diverse cohort
of paediatric SLE patients [65]. In this paediatric study, LIT was deemed to be highly
patient-feasible, given all patients (100%, n = 46) had completed their forms in all visits (115
in total) with accurate self-scoring. In correspondence, developers of the LIT reported that,
among patients (pts) and physicians (phs) across 20 different centres, more than half agreed
that LIT was not burdensome (>80% pts, >60% phs), helped foster better communication
(>75% pts, >50% physicians) and facilitated discussion about the impact of SLE on QoL
(>80% pts, >70% phs) [61].

3. GENERIC PRO Instruments
3.1. SF-36

The Medical Outcomes Study Short Form 36 (SF-36) is one of the most widely used
generic HRQoL measurements in SLE. It consists of 36 question items grouped across
8 domains (physical functioning, general health, mental health, vitality, role physical, role
emotional, bodily pain and social functioning) and can be expressed as two summary
scores (physical and mental health component, PCS and MCS, respectively). Individual
domain scores are then transformed into a scale ranging from 0 (worst) to 100 (best).
As a generic questionnaire, it has the advantage of enabling comparisons with healthy
population norms and other chronic diseases. This is particularly important, as patients
with SLE have a significantly reduced QoL across all health domains when compared to
other conditions [66].

The SF-36 has been extensively validated in various SLE populations over the last
25 years with good results [34,67–70]. As such, it has essentially become a gold standard
among HRQoL instruments for validating other generic PRO tools such as PROMIS and
MDHAQ. The SF-36 has been incorporated into clinical trials and randomised controlled
trials (RCTs) to assess the efficacy of new therapies for SLE. For example, SF-36 scores were
used as a major secondary end point in the BLISS trials, which facilitated the approval
of belimumab after establishing its efficacy and safety in active SLE patients [71]. The
SF-36 has remained the most widely used generic PRO instrument for clinical trials in-
volving biologics, including rituximab [72,73], abatacept [74,75], cyclophosphamide [76],
eprutuzumab [77] and sirukumab [78].

The need for a HRQoL tool as a key indicator in the routine clinical monitoring of SLE
is becoming increasingly recognised in the literature [79,80]. Although not designed for
clinical use, SF-36 remains an option, given its widespread use and international validation
for a range of chronic diseases [79]. However, there are limited data regarding the actual use
of SF-36 in routine clinical practice for SLE. A Canadian SLE clinic reported only minimal
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change in SF-36 scores over an 8-year period [81]. Despite the extensive validation and use
in research settings, the use of the SF-36 in a purely clinical context remains limited.

Further studies examining the longitudinal responsiveness of SF-36 have yielded
conflicting results [33,69,70,82]. One study demonstrated that social functioning and
MCS scores were minimally responsive in patients with worsening disease damage [70].
Devilliers’ study in 2015 also showed that the LupusQoL was more responsive to changes in
QoL than the SF-36 [33]. Given the complex multifaceted nature of SLE, it is not surprising
that social and emotional nuances are perhaps more accurately captured and tracked by
disease-specific or at least rheumatology-specific PRO tools. Furthermore, the SF-36 is
relatively time-consuming to complete, and the scoring system is difficult in a busy clinical
setting, requiring computer programming software. The SF-36 is likely to remain more
appropriate in short- to medium-term clinical studies than in routine clinical use.

3.2. EQ-5D

The EuroQoL five-dimensional (EQ-5D) is a simple and standardised questionnaire
which can yield clinical and economic data. It tackles the five domains of mobility, self-
care, usual activities, pain and discomfort, and anxiety and depression using three-point
response scales, which are then converted to a summary score from 0 (worst) to 1.0 (best).
There is an additional visual analogue scale measuring the patient’s health perception
from 0 (worst) to 100 (best). The EQ-5D has demonstrated favourable psychometric
properties and exhibits satisfactory criterion validity, convergent validity and sensitivity to
self-reported change in health [83]. Construct validity was also proven against equivalent
domains in disease-specific PROs in a cohort of 240 patients; however, the same study
also reported significant ceiling effects [84]. The EQ-5D has been used alongside the
SF-36 in multiple clinical studies [85,86], as well as for comparison between rheumatic
groups [87,88].

The EQ-5D has utility in forming economic appraisals rather than in just simply
measuring HRQoL. Different utility values are generated from different health outcomes to
calculate quality-adjusted life-years (QALYs) using the time trade-off method (TTO). This
method has been validated against direct utility instruments in a cohort of 245 consecutive
SLE patients in China [89]. As such, the EQ-5D has enabled economic appraisals and
cost studies involving SLE patients [90–92]. For example, one Italian study demonstrated
belimumab to be cost-effective (32,859 euros per QALY) [91]. However, it is unlikely that
these benefits can be translated to a routine, patient-focused clinical setting.

3.3. PROMIS

PROMIS (Patient-Reported Outcomes Measurement Information System) is a rela-
tively recent initiative developed by the NIH (National Institutes of Health) aimed at
measuring PROs across various medical conditions [93]. It consists of question items
from the eight core domains examining fatigue, pain intensity, pain interference, physical
function, sleep disturbance, anxiety, depression and ability to participate in social roles
and activities. Unlike conventional PRO tools, PROMIS also enables the application of the
item response theory (IRT) and computerised adaptive testing (CAT) in order to develop
calibrated item banks for more precise and efficient outcome measures [94].

PROMIS is not disease-specific, and as such, its content relevance to SLE needs to
be examined. A study comprised of multi-ethnic English-speaking Asian individuals
demonstrated that the eight core PROMIS domains largely aligned with the pertinent
issues faced by patients with SLE [95]. However, this study also identified content gaps
such as family burden, stigma and discrimination, although this may have been influenced
by the demographics of the study cohort. There has been a paucity of further studies
specifically analysing the content relevance of PROMIS to SLE in different populations.

One of the first studies to evaluate the validity of PROMIS in SLE was conducted in a
childhood-onset SLE population. Most notably, it found that PROMIS demonstrated inter-
nal consistency and construct validity, despite taking less than five minutes to complete [96].
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Since then, the body of literature has grown, with further studies in the adult SLE popula-
tion showing similar results [97,98]. The California Lupus Epidemiology Study (CLUES)
consisted of a racially and linguistically diverse cohort of 431 individuals. In this cohort,
the PROMIS was able to demonstrate consistent reliability across racial/ethnic/language
groups and was able to correlate well with the SF-36 [97]. Floor effects were minimal,
and it was noted that ceiling effects were prevalent, especially in Social Health measures,
which could adversely affect longitudinal effectiveness. The PROMIS has been shown to
be sensitive to change in patient-reported improvement or worsening (effect size >|0.27|);
however, this was only examined across physical and mental health domains [99]. Further
studies are required to investigate the responsiveness to change in the social health domain.

One of the advantages of PROMIS is that it encompasses a wide variety of domains, de-
spite placing a reduced burden on the patient. As such, PROMIS has been increasingly used
in studies to investigate a range of SLE symptoms including pain [51], fatigue [100,101], de-
pression [102], quality of life [103], cognitive impairment [104] and sleep quality [105]. Most
notably, some of these symptoms such as cognitive impairment and sleep resonate strongly
with SLE patients yet are known to be content gaps in other generic questionnaires [106].
Furthermore, the standardised metric of PROMIS also enables direct comparisons between
SLE and other rheumatological or chronic conditions. Interestingly, the validity of PROMIS
in fibromyalgia was found to be markedly lower when compared to OA, RA and SLE in
a rheumatology cohort [107]. No studies to date have examined the use of PROMIS in
concomitant fibromyalgia in SLE specifically. Further studies of PROMIS, including in
RCTs and routine clinical care, are anticipated.

3.4. MDHAQ

The MDHAQ is a double-sided one-page questionnaire developed in rheumatology
practice and contains six core measures. Pain, patient global and fatigue are scored on
a 0–10 VAS, whereas function, joint count and symptom checklist are scored between
0 and 10, 0 and 48 and 0 and 60, respectively. Various scores can be calculated from
the MDHAQ, including RAPID3, an index that incorporates three of the MDHAQ items,
i.e., function, pain and patient global. The MDHAQ and RAPID3 are well validated in
rheumatoid arthritis and other rheumatic diseases, including several studies supporting
their utility in SLE. An American study supported the use of MDHAQ/RAPID3 in a cohort
of 161 SLE patients in routine care [20]. The study reported robust internal consistency
reliability (Cronbach’s alpha 0.88), validity and responsiveness to change for MDHAQ
items and the RAPID3. However, the study noted significant floor effects compared
to similar studies in the rheumatoid arthritis population. The RAPID3 will inherently
align more strongly with the RA phenotype, where painful joints can significantly impact
function, whereas the multisystem complexity of SLE may not translate as effectively to
RAPID3 scores.

MDHAQ is rheumatology-specific rather than generic or SLE-specific, which gives
it a unique advantage in examining the interplay between different rheumatic diseases.
For example, it has been shown to be able to provide clues of concomitant fibromyalgia
in SLE [18]. This is particularly important in the context of SLE, where there may be a
high prevalence of non-inflammatory symptoms, characteristic of type 2 SLE. Recently,
the concept of type 1 and type 2 SLE was proposed [108], whereby type 1 entails autoim-
mune and organ damage, whilst type 2 SLE is driven by symptoms typically observed
in fibromyalgia. Type 2 symptoms of fatigue, myalgia, mood disturbance and cognitive
function are typically not responsive to immunosuppression and thus crucial to recognise
to avoid over-treatment and guide appropriate management.

The precise role of the MDHAQ in SLE is still yet to be fully established. The MDHAQ
can be given to all patients in the waiting room of a rheumatology clinic regardless of their
precise diagnosis, making it feasible in busy clinical settings. It is quick to complete and
interpret in the clinic. It differs from typical HRQoL tools in that it has also been shown
to reflect inflammatory disease activity and clinical improvement [19,109]. The utility of
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MDHAQ is multifaceted, much like SLE itself, as long as scores are interpreted in the
context of traditional patient workups.

4. Discussion

There are numerous well-validated tools for measuring HRQoL in people with SLE,
both disease-specific and generic (Table 1). These instruments have become essential in clin-
ical trials of SLE, acknowledging that disease activity and damage are insufficient measures
of the patient experience of living with the disease [13,14]. The use of an HRQoL tool has
long been recommended by leading rheumatology groups including ACR [7], EULAR [8]
and OMERACT [9] and indeed would seem mandatory for regulatory approval of new
therapeutics. Despite their importance, there is no single instrument that is universally
accepted as the gold standard for capturing every aspect of HRQoL in people with SLE.
In general, the SF-36 and EQ-5D have been widely used due to their broad acceptance
and application to numerous populations and diseases. Several SLE-specific tools have
been used in the assessment of therapeutic strategies, with some evidence for increased
sensitivity to change (when compared with SF36), making them appealing options in the
clinical trial setting [13,14]. Further research is needed to determine the optimal instrument
for assessing HRQoL in SLE.

Despite their widespread use in the research setting, measures of HRQoL remain un-
derutilised in many clinical settings [11,15]. There are several real and perceived challenges
to their use, including the complexity of the instruments, as well as the time and expertise
needed to administer the instruments, calculate and interpret the results. These challenges
have led to the development of more clinically focused tools, (such as MDHAQ [19,20]) and
computerised adaptive questioning (PROMIS [93–96,103]) that sacrifice comprehensive
assessment for the sake of practicality. Again, there is no single measure that is appropriate
to all circumstances, though we would argue that despite this limitation, some form of
measurement is better than none. Given that disease activity and damage may not capture
the most prevalent and concerning symptoms that matter to people with SLE [3,4], it would
seem prudent to attempt documentation of the patient’s concerns. More work is needed to
determine which instruments best capture this and are sensitive to change whilst remaining
practical and convenient for both the patient and the clinician.

The concept of ‘type 1’ and ‘type 2’ lupus symptoms has recently been proposed as a
method of categorising symptoms and acknowledging the disparity between physician
and patient assessment of SLE [17,108]. This proposal essentially acknowledges that
‘type 1’ symptoms (often considered inflammatory) are different from ‘type 2’ symptoms
(fatigue, widespread pain, sleep disorders, depression and anxiety, frequently considered as
fibromyalgia) that are prevalent in SLE. Incorporating PRO tools into patient management
allows for documentation and validation of these symptoms, which may help bridge the
gap between physician and patient assessment of the disease. Patient-reported instruments,
interpreted by clinicians experienced in the care of people with SLE, aid in the recognition of
fibromyalgia and type 2 symptoms, which may in turn allow for more accurate assessment
of disease activity and inform treatment decisions. Whilst challenges remain in determining
whether these measures accurately quantify severity and are sensitive to change, they seem
sensible additions to patient-centred care.

In this review, we have highlighted the evolving role of PROs in the assessment of
HRQoL in people with SLE, in both research and clinical settings. Many options now
exist that have been validated in the trial setting, with increasing evidence for several
PROMs in clinical practice. Further work is anticipated to better define the optimal tool for
various clinical settings. Despite this limitation, integrating PROMs into clinical practice
complements disease activity and damage measures and enhances patient-centred care.
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Abstract: Background and Aim: The aim of this study was to compare the correlation of a recently
developed systemic lupus erythematosus disease activity score (SLE-DAS) with the SLE disease
activity index 2000 (SLEDAI-2K) with the Lupus Quality of Life questionnaire (LupusQoL) in
Taiwanese patients with SLE. Methods: A cross-sectional study was conducted in a regional teaching
hospital in Taiwan from April to August 2019. Adult patients with a clinician-confirmed diagnosis
of SLE based on the 1997 American College of Rheumatology revised criteria or the 2012 Systemic
Lupus International Collaborating Clinics Classification Criteria were recruited. SLE disease activity
was measured with both SLEDAI-2K and SLE-DAS. Disease-specific quality of life was assessed
using the LupusQoL. Results: Of the 333 patients with SLE in this study, 90.4% were female and
40% were between the ages of 20 and 39 years. The median SLEDAI-2K score was 4.00 (interquartile
range [IQR] 2.00–7.50) and the median SLE-DAS score was 2.08 (IQR 1.12–8.24) in our patients with
SLE. After adjusting for sex and age intervals, both SLEDAI-2k and SLE-DAS were significantly and
inversely associated with all eight domains of LupusQoL. The magnitudes of the mean absolute error,
root mean square error, Akaike Information Criterion, Bayesian Information Criterion, and coefficient
of determination were comparable between SLEDAI-2K and SLE-DAS. Conclusions: There were
no clear differences in the use of SLE-DAS over SLEDAI-2K in assessing HRQoL in patients with
SLE. We suggest that, in this aspect, both SLEDAI-2K and SLE-DAS are effective tools for measuring
disease activity in patients with SLE.

Keywords: systemic lupus erythematosus; quality of life; cross-sectional studies; surveys and ques-
tionnaires

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease in-
volving multiple organ systems, such as the skin, kidneys, blood, joints, and brain [1]. The
disease predominantly affects women of childbearing age, with female-to-male ratio of 9
to 1. The clinical course of SLE is highly variable with recurrent relapses and exacerbations.
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Despite the advancements in therapeutic options and the improvement in the survival rate
for SLE [2], a high proportion of patients living with SLE have a poor health-related quality
of life (HRQoL) compared with healthy individuals as well as patients with other chronic
diseases, such as diabetes, hypertension, and even heart failure [3]. Fatigue, pain, and
musculoskeletal distress associated with SLE have been reported to be the main predictors
of poor HRQoL [4]. Older age, poverty, lower educational level, behavioral issues, some
clinical manifestations, and comorbidities could also have an impact on HRQoL [5]. In
addition, disease activity status has been suggested to adversely affect HRQoL in patients
with SLE [6–11].

One of the most commonly used measures for the global disease activity of SLE is
the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) introduced
in 2002. It is a modification of the original Systemic Lupus Erythematosus Disease Activ-
ity Index (SLEDAI) developed by consensus of a group of experienced clinicians in the
field of lupus research [12]. The SLEDAI-2K was validated against SLEDAI in a cohort of
960 patients and a high correlation of 0.97 between the two indices was reported [13]. More
recently, a new 17-item Systemic Lupus Erythematosus Disease Activity Score (SLE-DAS)
with improved sensitivity to changes in SLE disease activity as compared with SLEDAI
was proposed. In a study of 520 patients with SLE, the SLE-DAS showed a significantly
better performance than SLEDAI-2K in identifying clinically meaningful changes in disease
activity and in predicting damage accrual [14]. The scale was subsequently validated in
an independent cohort of 227 Latin American patients with Mexican Mestizo ethnicity.
Nevertheless, the authors concluded that SLE-DAS did not add an advantage over the
existing SLEDAI-2K score, particularly regarding its suboptimal performance in patients
with high disease activity [15]. In addition, the choice of outcome measures for the muscu-
loskeletal component in SLE-DAS has been challenged by a study that reanalyzed the data
with SLE-DAS obtained from a longitudinal study of patients with SLE [16]. Furthermore,
another study retrospectively calculated SLE-DAS for 41 patients with lupus nephritis and
revealed that the performance of SLE-DAS among patients of high disease activity might
not be robust. The authors concluded that there might be no added advantage over the
existing SLEDAI-2K score in the current state of SLE-DAS [17].

Given that measuring SLE disease activity remains a challenging and complex task, it
is clear that a broader evaluation of the new SLE-DAS is needed, particularly, in diverse
populations across a spectrum of severity and types of clinical manifestations of SLE [18].
At present, no studies have yet attempted to compare the correlation of these two indices
in predicting HRQoL in patients with SLE. Therefore, the aim of this cross-sectional study
was to compare the correlation of SLEDAI-2K and SLE-DAS with a disease-specific HRQoL,
the Lupus Quality of Life questionnaire (LupusQoL) [19], in patients with SLE.

2. Materials and Methods
2.1. Study Design and Study Population

This cross-sectional study was conducted at the rheumatology outpatient clinic in a re-
gional hospital in southern Taiwan from April to August 2019. Patients were consecutively
enrolled and all participants signed informed consent under a study protocol approved by
the institutional review board of the Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical
Foundation (No. B10801017). The study was carried out in accordance with the Declaration
of Helsinki.

Patients aged 20 years and older, with a clinician-confirmed diagnosis of SLE based on
the 1997 American College of Rheumatology (ACR) revised criteria [20] or the 2012 Systemic
Lupus International Collaborating Clinics Classification Criteria [21] were recruited. The
exclusion criteria included patients who had previously been diagnosed with other major
systemic diseases, including rheumatoid arthritis, polymyositis, dermatomyositis, systemic
sclerosis, spondyloarthritis, and juvenile idiopathic arthritis.
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2.2. Measurement of Disease Activity

SLE disease activity was assessed using rheumatologist-scored SLEDAI-2K [13] and
SLE-DAS [14]. The SLEDAI-2K consists of 24 items covering nine organ systems. The recall
period for disease activity is the previous 10 days. The score ranges from 0 to 105 points,
with higher values signifying greater disease activity.

The SLE-DAS consists of 17 items and has all disease manifestations in the 24-item
SLEDAI-2K with added items for hemolytic anemia, cardiopulmonary, and gastrointestinal
involvement. The SLE-DAS is a continuous disease activity score with higher values
signifying greater disease activity [14].

2.3. Measurement of Disease-Specific Quality of Life and Other Variables

Demographic and clinical information of the patients was collected using a paper-
based questionnaire consisting of questions on sex, age interval, body mass index, edu-
cational level, marital status, job change due to SLE, employment status, self-perceived
health status, duration of SLE, age of diagnosis of SLE, alcohol use, smoking, betel nut
chewing, regular exercise, and sleep duration. The questionnaire was administered by two
experienced research nurses of the rheumatology outpatient clinic.

The LupusQoL, which is one of the most validated measures of disease-specific
HRQoL in patients with SLE, was used in this study [22]. The original LupusQoL was
developed from qualitative interviews with patients with SLE and expert panel agreement
followed by psychometric evaluation [19]. The LupusQoL consists of 34 items grouped in
eight domains of HRQoL, including physical health (8 items), emotional health (6 items),
body image (5 items), pain (3 items), planning (3 items), fatigue (4 items), intimate relation-
ships (2 items), and burden to others (3 items). The recall period is the previous four weeks.
The response scale was a five-point Likert format, where 0 = all of the time, 1 = most of the
time, 2 = a good bit of the time, 3 = occasionally, and 4 = never. For each domain, the mean
domain score is obtained by dividing the total score by the number of items in that domain.
The mean domain score is rescaled to a final score ranging from 0 to 100 by dividing by 4
(the number of Likert responses minus 1) and then multiplying by 100. A non-applicable
response is available in six of the items, and it is treated as unanswered. A higher score in
a domain indicates a better health-related quality of life for that particular domain. The
validity of the original English version of LupusQoL has been demonstrated in patients
with SLE in the United Kingdom [19] and the United States [23]. In this study, we used
the official Chinese for Taiwan version of the LupusQoL, which was obtained from RWS
Life Sciences with permission for use in this study. A study in China on 208 patients with
SLE, using the LupusQoL-China culturally adapted from the Chinese for Taiwan version,
demonstrated evidence of construct validity when compared with equivalent domains on
the EQ-5D. In addition, the internal consistency reliability Cronbach’s α ranged from 0.81
to 0.96 with the test–retest reliability ranging from 0.84 to 0.97 across the different domains
for the LupusQoL-China [24].

2.4. Statistical Analysis

All statistical analyses were performed using SAS software release 9.4 (SAS Institute,
Inc., Cary, NC, USA). Continuous variables were summarized as mean with standard
deviation (SD) and median with interquartile range, as appropriate. Categorical variables
were presented as frequencies and percentages. Separate linear regression analyses for
each of the eight domains of LupusQoL were performed with SLEDAI-2K and SLE-DAS
as independent variables. Because sex differences were observed in HRQoL in patients
with SLE [25], linear regression models were fitted with and without adjusting for sex and
age interval.

The correlations of SLEDAI-2K and SLE-DAS with LupusQoL were assessed using five
regression model accuracy metrics, including mean absolute error (MAE), root mean square
error (RMSE), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
and coefficient of determination (R2). The MAE is the average of the absolute differences
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between prediction and actual observation with all individual differences has equal weight.
The RMSE is the square root of the average of squared differences between prediction and
actual observation, and therefore it gives relatively high weight to large errors. A smaller
value in MAE and RMSE indicates better model performance. Similarly, a lower AIC or
BIC value indicates a better model fit. Conversely, because R2 is the proportion of variation
in the outcome that is explained by the predictor variables; therefore the higher the R2,
the better the model [26]. The differences in the MAE and RMSE between SLEDAI-2K
and SLE-DAS were compared using the paired t-test. In addition, the correlation between
SLEDAI-2K and SLE-DAS was determined using Pearson’s correlation coefficient and
Spearman’s rank correlation coefficient.

3. Results

The demographic and clinical information of the 333 patients with SLE are shown in
Table 1. In brief, 90.4% were female and 40% were between the ages of 20 and 39 years.
Approximately 54% of the patients had a normal body mass index, and 50% had an
educational level of college or above. About 29% had to change their jobs due to SLE, and
73% rated their own health as average or below. In addition, 64% of the patients had SLE
for more than nine years. In addition, 55.3% patients with SLE had low complement levels
and 35.1% had increased anti-double strain DNA antibody titer. Clinically, 61.6% patients
with SLE had Raynaud’s phenomenon and 51.7% had photosensitivity.

Table 1. Demographic data of patients with systemic lupus erythematosus (N = 333).

Variable n (%)

Sex
female 301 (90.4)
male 32 (9.6)

Age interval (years)
20–29 40 (12.0)
30–39 94 (28.2)
40–49 78 (23.4)
50–59 64 (19.2)
≥60 57 (17.1)

Body mass index (kg/m2)
normal (≥18.5 and <24.0) 179 (53.8)

other 154 (46.2)
Educational level

high school or below 165 (49.5)
college or above 168 (50.5)

Marital status
single 111 (33.3)

married, widowed, divorced 222 (66.7)
Change job due to SLE

no 237 (71.2)
yes 96 (28.8)

Employment status
unemployed 119 (35.7)

employed 214 (64.3)
Self-perceived health status

good or very good 90 (27.0)
average 189 (56.8)

poor or very poor 54 (16.2)
Disease duration, years

≤9 121 (36.3)
>9 212 (63.7)

Age at diagnosis of SLE, years
<29 177 (53.2)
≥30 156 (46.8)
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Table 1. Cont.

Variable n (%)

Alcohol use
no 255 (76.6)
yes 78 (23.4)

Smoking
no 301 (90.4)
yes 32 (9.6)

Betel nut chewing
no 326 (97.9)

yes/ever 7 (2.1)
Regular exercise

no 57 (17.1)
yes 276 (82.9)

Sleep duration, hours
0–7 268 (80.5)
≥8 65 (19.5)

Low complement level 184 (55.3)
Increased anti-dsDNA antibody titer 117 (35.1)
Thrombocytopenia (<100,000/mm3) 12 (3.6)

Leukopenia (<3000/mm3) 17 (5.1)
Anemia 138 (41.4)

Raynaud’s phenomenon 205 (61.6)
Photosensitivity 172 (51.7)

Sjögren’s syndrome 93 (27.9)
Arthritis 72 (21.6)

Renal involvement 47 (14.1)

Summary statistics of SLEDAI-2K, SLE-DAS, and individual domains of LupusQoL
are also presented in Table 2. The median SLEDAI-2K and SLE-DAS was 4.00 (interquartile
range [IQR] 2.00–7.50) and 2.08 (IQR 1.12–8.24), respectively. Figure 1 shows a scatter plot
of SLEDAI-2K and SLE-DAS. There was a moderate correlation between SLEDAI-2K and
SLE-DAS (Pearson’s r = 0.66; 95% CI 0.60, 0.72; p < 0.001; Spearman’s ρ = 0.78; 95% CI 0.71,
0.83; p < 0.001).

Table 2. Systemic Lupus Erythematosus Disease Activity Score (SLE-DAS), Systemic Lupus Ery-
thematosus Disease Activity Index 2000 (SLEDAI-2K), and Lupus Quality of Life (LupusQoL) of
patients with systemic lupus erythematosus (N = 333).

Variable Mean Standard Deviation Median Interquartile Range

SLEDAI-2K 4.87 (4.42) 4.00 (2.00, 7.50)
SLE-DAS 5.43 (6.97) 2.08 (1.12, 8.24)

Domain of LupusQoL
Physical health 81.2 (20.0) 87.5 (75.0, 96.9)

Emotional health 83.0 (20.1) 87.5 (75.0, 100.0)
Body image 82.4 (23.4) 90.0 (70.0, 100.0)

Pain 80.0 (26.9) 91.7 (75.0, 100.0)
Planning 81.2 (26.0) 91.7 (75.0, 100.0)
Fatigue 72.0 (23.8) 75.0 (56.2, 93.8)

Intimate relationships 73.8 (33.4) 87.5 (62.5, 100.0)
Burden to others 72.1 (30.3) 75.00 (58.3, 100.0)

3.0% (N = 10) in the body image domain and 22.2% (N = 74) in the intimate relationships of the responses were
missing because items were reported as not applicable by the patients.
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Tables 3 and 4 show the association of the eight domains of LupusQoL with SLEDAI-
2K and SLE-DAS, respectively. In Table 3, SLEDAI-2K was significantly and inversely
associated with five domains of LupusQoL, namely, emotional health (p = 0.036), body
image (p = 0.033), pain (p = 0.033), fatigue (p = 0.003), and burden to others (p < 0.001).
When adjusting for sex and age interval, SLEDAI-2K became significantly and inversely
associated with all eight domains of LupusQoL. The standardized beta coefficients for
the eight domains ranged from the highest at −0.238 in burden to others to the lowest at
−0.123 in planning. The three domains with the highest standardized beta coefficients
were burden to others (−0.238), followed by pain (−0.196) and physical health (−0.192).

Table 3. Linear regression analyses of the eight domains of Lupus Quality of Life (LupusQoL) with the Systemic Lupus
Erythematosus Disease Activity Index 2000 (SLEDAI-2K) in patients with systemic lupus erythematosus.

Domain of
LupusQoL Simple Linear Regression Analysis Linear Regression Analysis Adjusted for Sex

and Age Interval

β (95% CI) Std. β p β (95% CI) Std. β p

Physical health −0.459 (−0.945, 0.028) −0.101 0.065 −0.871 (−1.347, −0.394) −0.192 <0.001
Emotional health −0.523 (−1.012, −0.034) −0.115 0.036 −0.670 (−1.181, −0.159) −0.147 0.010

Body image −0.628 (−1.205, −0.051) −0.119 0.033 −0.673 (−1.276, −0.069) −0.127 0.029
Pain −0.715 (−1.370, −0.059) −0.117 0.033 −1.196 (−1.859, −0.532) −0.196 <0.001

Planning −0.627 (−1.262, 0.007) −0.106 0.053 −0.728 (−1.392, −0.063) −0.123 0.032
Fatigue −0.866 (−1.441, −0.290) −0.160 0.003 −0.997 (−1.598, −0.397) −0.185 0.001

Intimate relationships −0.228 (−1.156, 0.699) −0.030 0.628 −1.297 (−2.175, −0.419) −0.172 0.004
Burden to others −1.663 (−2.383, −0.944) −0.243 <0.001 −1.633 (−2.389, −0.877) −0.238 <0.001

CI: confidence interval; std: standardized. 3.0% (N = 10) in the body image domain and 22.2% (N = 74) in the intimate relationships of the
responses were missing because these items were reported as not applicable.
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In Table 4, SLE-DAS was significantly and inversely associated with six domains
of LupusQoL, namely, physical health (p = 0.003), emotional health (p = 0.007), pain
(p = 0.002), fatigue (p = 0.001), intimate relationships (p = 0.022), and burden to others
(p < 0.001). When adjusting for sex and age interval, SLE-DAS also became significantly
and inversely associated with all eight domains of LupusQoL. The standardized beta
coefficients for the eight domains ranged from the highest at −0.217 in physical health to
the two lowest at −0.115 in planning and body image. The three domains with the highest
standardized beta coefficients were physical health (−0.217), followed by burden to others
(−0.216), and pain (−0.203).

Table 4. Linear regression analyses of the eight domains of Lupus Quality of Life (LupusQoL) with the Systemic Lupus
Erythematosus Disease Activity Score (SLE-DAS) in patients with systemic lupus erythematosus.

Domain of
LupusQoL Simple Linear Regression Analysis Linear Regression Analysis Adjusted for Sex

and Age Interval

β (95% CI) Std. β p β (95% CI) Std. β p

Physical health −0.469 (−0.775, −0.164) −0.164 0.003 −0.623 (−0.913, −0.332) −0.217 <0.001
Emotional health −0.423 (−0.731, −0.115) −0.147 0.007 −0.469 (−0.782, −0.156) −0.163 0.003

Body image −0.356 (−0.720, 0.007) −0.107 0.055 −0.385 (−0.755, −0.015) −0.115 0.042
Pain −0.642 (−1.054, −0.230) −0.166 0.002 −0.784 (−1.191, −0.377) −0.203 <0.001

Planning −0.381 (−0.783, 0.021) −0.102 0.063 −0.429 (−0.838, −0.021) −0.115 0.039
Fatigue −0.594 (−0.957, −0.230) −0.174 0.001 −0.638 (−1.006, −0.269) −0.187 <0.001

Intimate relationships −0.664 (−1.230, −0.098) −0.041 0.022 −0.915 (−1.434, −0.396) −0.197 0.001
Burden to others −0.943 (−1.401, −0.485) −0.217 <0.001 −0.936 (−1.402, −0.470) −0.216 <0.001

CI: confidence interval; std: standardized. 3.0% (N = 10) in the body image domain and 22.2% (N = 74) in the intimate relationships of the
responses were missing because these items were reported as not applicable.

Correlations of SLEDAI-2K and SLE-DAS with LupusQoL were evaluated by com-
paring five regression model accuracy metrics (Table 5). The magnitudes of MAE, RMSE,
AIC, BIC, and R2 were comparable between SLEDAI-2K and SLE-DAS. In addition, MAE
and RMSE obtained from SLEDAI-2K and SLE-DAS were not significantly different for all
eight domains of LupusQoL.

Table 5. Regression model accuracy metrics of the eight domains of Lupus Quality of Life (LupusQoL) with Systemic
Lupus Erythematosus Disease Activity Score (SLE-DAS) and Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) adjusted for age and sex.

Domain of
LupusQoL SLE-DAS SLEDAI-2K p

MAE RMSE AIC BIC R2 MAE RMSE AIC BIC R2 MAE RMSE

Physical health 13.31 18.28 2904.7 2923.8 0.159 13.47 18.41 2905.9 2925.0 0.147 0.370 0.578
Emotional health 14.71 19.68 2942.9 2961.9 0.037 14.68 19.74 2944.7 2963.8 0.032 0.859 0.722

Body image 17.58 23.15 2958.7 2977.6 0.021 17.60 23.13 2957.7 2976.6 0.023 0.899 0.864
Pain 19.29 25.60 3116.9 3135.9 0.094 19.51 25.67 3118.0 3137.0 0.089 0.322 0.758

Planning 19.34 25.70 3120.2 3139.2 0.024 19.31 25.68 3119.1 3138.2 0.025 0.829 0.909
Fatigue 18.89 23.18 3051.8 3070.8 0.050 18.89 23.21 3052.0 3071.0 0.048 0.965 0.865
Intimate

relationships 23.27 29.52 2504.9 2522.7 0.216 23.43 29.72 2506.7 2524.5 0.205 0.583 0.548

Burden to others 23.48 29.34 3208.2 3227.2 0.058 23.33 29.23 3205.8 3224.9 0.064 0.580 0.702

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; MAE: Mean Absolute Error; RMSE: Root Mean Square Error. 3.0%
(N = 10) in the body image domain and 22.2% (N = 74) in the intimate relationships of the responses were missing because these items were
reported as not applicable.

In Tables 6 and 7, correlations of SLEDAI-2K and SLE-DAS with LupusQoL in patients
with or without renal involvement were evaluated by comparing five regression model
accuracy metrics. The magnitudes of MAE, RMSE, AIC, BIC, and R2 were comparable
between SLEDAI-2K and SLE-DAS. In addition, MAE and RMSE obtained from SLEDAI-
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2K and SLE-DAS were not significantly different for all eight domains of LupusQoL in
patients with SLE with renal involvement or not.

Table 6. Regression model accuracy metrics of the eight domains of Lupus Quality of Life (LupusQoL) with Systemic
Lupus Erythematosus Disease Activity Score (SLE-DAS) and Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) adjusted for age and sex in SLE patients with renal involvement (N = 47).

Domain of
LupusQoL SLE-DAS SLEDAI-2K p

MAE RMSE AIC BIC R2 MAE RMSE AIC BIC R2 MAE RMSE

Physical health 12.17 17.81 419.4 428.7 0.191 10.70 15.76 408.3 417.5 0.367 0.252 0.178
Emotional health 12.84 17.08 419.4 428.6 0.198 12.68 16.90 418.7 428.0 0.216 0.765 0.594

Body image 18.04 25.05 448.4 457.7 0.091 18.17 24.22 446.5 455.8 0.150 0.890 0.428
Pain 16.43 22.47 442.2 451.4 0.290 16.59 21.50 437.9 447.2 0.350 0.900 0.436

Planning 19.12 25.82 450.6 459.9 0.100 18.28 24.01 443.0 452.2 0.222 0.547 0.144
Fatigue 16.97 20.60 434.5 443.7 0.155 16.64 20.53 434.4 443.6 0.161 0.575 0.883

Intimate relationships
(n = 37) 21.17 26.61 363.4 371.4 0.372 21.32 27.13 364.1 372.1 0.347 0.867 0.654

Burden to others 23.18 28.65 466.1 475.3 0.191 22.82 27.96 462.4 471.7 0.230 0.790 0.602

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; MAE: Mean Absolute Error; RMSE: Root Mean Square Error;
22.3% (N = 10) in intimate relationships of the responses were missing because these items were reported as not applicable.

Table 7. Regression model accuracy metrics of the eight domains of Lupus Quality of Life (LupusQoL) with Systemic
Lupus Erythematosus Disease Activity Score (SLE-DAS) and Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) adjusted for age and sex SLE patients without renal involvement (N = 286).

Domain of
LupusQoL SLE-DAS SLEDAI-2K p

MAE RMSE AIC BIC R2 MAE RMSE AIC BIC R2 MAE RMSE

Physical health 13.19 18.00 2487.8 2506.1 0.186 13.51 18.28 2492.6 2510.8 0.160 0.107 0.331
Emotional health 14.92 19.83 2532.2 2550.5 0.037 14.88 19.92 2535.2 2553.4 0.027 0.772 0.645

Body image 17.38 22.69 2517.6 2535.7 0.013 17.37 22.69 2517.4 2535.5 0.013 0.879 0.996
Pain 19.56 25.79 2682.0 2700.2 0.082 19.78 25.89 2683.9 2702.2 0.075 0.305 0.659

Planning 19.18 25.55 2677.3 2695.6 0.018 19.20 25.59 2677.7 2696.0 0.015 0.865 0.720
Fatigue 19.01 23.35 2625.1 2643.4 0.052 19.05 23.39 2625.7 2644.0 0.049 0.878 0.880

Intimate relationships 23.49 29.62 2149.4 2166.4 0.208 23.67 29.84 2151.5 2168.5 0.197 0.607 0.580
Burden to others 23.09 29.15 2751.3 2769.6 0.043 23.07 29.09 2750.8 2769.1 0.047 0.938 0.837

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; MAE: Mean Absolute Error; RMSE: Root Mean Square Error; 3.5%
(N = 10) in the body image domain and 22.4% (N = 64) in the intimate relationships of the responses were missing because these items were
reported as not applicable.

4. Discussion

Measuring disease activity in patients with SLE is important but complex. In this study
on 333 patients with SLE, a commonly used SLEDAI-2K was compared with a more recently
developed SLE-DAS scoring tool. Overall, we found that the correlations between SLEDAI-
2K and SLE-DAS with HRQoL, as measured by LupusQoL, were similar in our patients
with SLE. We used five regression model accuracy metrics to assess the performance of
the two disease activity measures, and no clear advantages were observed with the newer
SLE-DAS over the SLEDAI-2K with respect to their associations with HRQoL. In addition,
while there were small differences in the magnitude of the R2 between the SLEDAI-2K and
SLE-DAS, the differences were not in the same direction for the eight domains of LupusQoL.
Furthermore, the magnitudes of the R2 ranged from 0.023 to 0.205 in SLEDAI-2K and 0.021
to 0.216 in SLE-DAS support the view that HRQoL is a different entity from disease activity.
Reduced disease activity as a result of treatment may not correlate with improved HRQoL
because of the side effects of the medication [27]. Therefore, both of these entities need to
be measured for a more complete clinical picture.

The agreement between SLEDAI-2K and SLE-DAS was evaluated using Spearman’s
correlation coefficient. In the original SLE-DAS study, SLE-DAS was shown to be strongly
correlated with SLEDAI-2K measured at the last follow-up visit of the external validation
cohort, with a ρ = 0.94 [14]. In our study, a ρ of 0.78 was observed between SLEDAI-2K
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and SLE-DAS, which is similar to the 0.70 in a study of 41 Indian patients with lupus
nephritis [17]. The low correlation could be attributed to a difference in the distribution of
the disease activity between the studies. In a study of 227 Latin American patients with
SLE, the authors pointed out that the correlation appeared to depend on the level of the
disease activity, with a stronger correlation observed in patients with quiescence or low
disease activity [15].

Regarding the associations with various domains of the LupusQoL, SLEDAI-2K and
SLE-DAS were similar. When adjusting for sex and age interval, both SLEDAI-2K and
SLE-DAS were significantly and inversely associated with all eight domains of LupusQoL.
In terms of the magnitude of the standardized beta coefficients of SLEDAI-2K and SLE-
DAS, while their rankings were not identical, they were in general agreement. Burden to
others, pain, and physical health were the top three domains, whereas emotional health,
body image, and planning were the bottom three domains. Several previous studies on
patients with SLE from different cultural and ethnic groups have shown varying degrees
of association between disease activity and HRQoL. Some studies showed that all the
domains were significantly associated with active disease status, whereas some did not.
In a study assessing the psychometric properties of LupusQoL in 208 Chinese patients
with SLE, the Chinese version of LupusQoL could discriminate patients with active disease
activity, defined as a SLEDAI score >4, in all domains except for body image [24]. In
addition, a study on 132 Turkish patients with SLE found that all domains except planning
of the Turkish version of LupusQoL were able to discriminate between active and inactive
SLE groups [28]. Moreover, a study on 78 Iranian patients with SLE showed that active
disease, assessed by SLEDAI-2K, was significantly associated with planning, emotional
health, and body image domains of the Persian version of the LupusQoL [29]. Furthermore,
a cohort study of 182 French patients with SLE showed that the French version of Lu-
pusQoL was significantly lower only for physical health, pain, and intimate relationship in
patients with SLEDAI >4 [30]. Conversely, no significant differences in any domains of an
Argentine version of LupusQoL were observed between 147 patients with a SLEDAI score
of <4 and ≥4 [31]. The heterogeneity of the findings from the abovementioned studies
might be explained by differences in ethnic composition, cultural setting, and healthcare
infrastructure, which could affect the perception of HRQoL in patients with SLE [32].

Our study has some limitations that deserve mention. First, our patients were en-
rolled from our outpatient clinic, and therefore, the disease activities were relatively mild.
Correlations of SLEDAI-2k and SLE-DAS and LupusQoL in patients with more severe
disease activity should be investigated in future studies. Second, we did not measure other
variables that might potentially affect HRQoL. Nevertheless, we adjusted the association
between the two indexes and HRQoL for age and sex, which are likely to be the two most
notable potential confounders of the associations. Despite these limitations, to the best
of our knowledge, this is the first study to compare the association of HRQoL between
SLEDAI-2k and SLE-DAS. The large sample size is also a strength of this study.

In conclusion, findings from this study showed that there were no clear differences in
the use of SLE-DAS over SLEDAI-2K in assessing various domains of HRQoL in patients
with SLE. We suggest that, in this aspect, both SLEDAI-2K and SLE-DAS are comparable in
their associations with disease activity in patients with SLE.
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Abstract: Fatigue is a complex and multifactorial phenomenon which is often neglected by clinicians.
The aim of this review was to analyze the impact, determinants and management of fatigue in
patients with Systemic Lupus Erythematosus (SLE). Fatigue is one of the most prevalent symptoms
in SLE, reported by 67% to 90% of patients. It is also described as the most bothersome symptom,
considering that it may impair key aspects of health-related quality of life, while also leading to
employment disability. It is a multifactorial phenomenon involving psychological factors, pain,
lifestyle factors such as reduced physical activity, whereas the contribution of disease activity remains
controversial. The management of fatigue in patients with SLE should rely upon a person-centered
approach, with targeted interventions. Some pharmacological treatments used to control disease
activity have demonstrated beneficial effects upon fatigue and non-pharmacological therapies such
as psychological interventions, pain reduction and lifestyle changes, and each of these should be
incorporated into fatigue management in SLE.

Keywords: systemic lupus erythematosus; fatigue; quality of life

1. Introduction

Fatigue is a universal symptom experienced by nearly everyone in the general pop-
ulation. However, we lack a consensual definition of fatigue. Fatigue can be described
as a subjective unpleasant sensation of exhaustion with physical and mental components,
which interferes with individuals’ ability to function at their normal capacity. Fatigue
impairs quality of life, and may lead to irritability, inability to concentrate, and poor mo-
tivation [1,2]. In chronic conditions such as Systemic Lupus Erythematosus (SLE), but
also in other autoimmune diseases such as Sjögren’s syndrome or systemic sclerosis, the
experience of fatigue seems to differ from ‘everyday tiredness’, as being more frequent,
unpredictable and typically unresolved by rest [3]. This symptom remains a complex,
multidimensional and poorly understood concept, often neglected by clinicians who prefer
to focus on objective manifestations. The aim of this review was to report upon the impact,
determinants and management of fatigue in patients with SLE.

2. The Most Frequent and Disabling Symptom

Fatigue is recognized as one of the most prevalent symptoms in SLE, reported by 67%
to 90% of patients, depending on the series [4]. In a 2020 survey analyzing the burden
of SLE from the patients’ perspective in European countries [4], fatigue was described
as the most common symptom (affecting 85.3% of the 4375 respondents) and the most
bothersome symptom, which is consistent with previous studies. Fatigue is reported as
severe in intensity in more than a third of SLE patients [4].
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Fatigue may impair several key aspects of the patient’s quality of life, with repercus-
sions on both physical and mental health. Indeed, SLE patients report that fatigue has a
negative impact on emotions, cognition, work, activities of daily living, leisure activities,
social activities and family activities. They describe physical impairment, with walking
and exercising difficulties. Emotional consequences of fatigue, such as frustrations and
stress due to being unable to accomplish tasks, sadness or loss of motivation, are also
common [5–9]. Fatigue in SLE has a significantly negative impact on work ability and work
productivity, as it can lead to limitations in workplace activities by affecting endurance,
mobility, concentration, or interactions with employees and coworkers. Fatigue in SLE
is also associated with a higher risk of absenteeism and unemployment [10]. Altogether,
fatigue is an important determinant in the perception of SLE impact upon patients’ daily
living, even for those in remission.

3. A Multifactorial Manifestation

Altogether, fatigue is a highly multifactorial manifestation (Figure 1), caused by a
complex interplay between disease itself, psychosocial, behavioral and personal variables.
A recent study from our group described 3 main clusters of fatigue in SLE patients: (1) the
most frequent profile (67.5% of the patients) was represented by patients with moderate
fatigue, low disease activity and low anxiety and depression; (2) a quarter of the patients
had very high fatigue, high depression and anxiety but low disease activity; and (3) less
than 10% of the patients had high levels of fatigue, with high disease activity, low anxiety
and no depression [11]. This suggests that the mental health status is an important predictor
of fatigue in SLE, that disease activity plays a weaker role in SLE fatigue, and that, most of
the time, other factors contribute to fatigue in SLE.

Figure 1. Main determinants of fatigue in Systemic Lupus Erythematosus.

3.1. Lupus-Related Determinants

The association between fatigue and disease activity in SLE has been widely studied
and debated for a long time, with controversial results [11–19]. Type I interferons, which
are key cytokines in SLE, are associated with fatigue and may provide a clue towards
a pathogenic explanation for fatigue in SLE. Disease activity seems to play a role in the
genesis of fatigue but it cannot fully explain fatigue by itself. Indeed, a study based on an
inception cohort of adult patients with SLE found that fatigue and disease activity followed
distinct trajectories over 10 years [20]. Additionally, in our recent FATILUP studies [21],
the association between fatigue and disease activity was significant, but weak (OR: 1.05
(95% CI: 1.00–1.12) per 1 point increase in SELENA-SLEDAI score). Therefore, it is likely
that disease activity has a complex and potentially indirect contribution to fatigue, such as
by influencing other major determinants of fatigue, for example pain and psychological
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factors. Some specific organ involvements such as neurological impairment and painful
manifestations such as arthritis or oral ulcers have been found to be associated with fatigue
in some studies [14,21,22]. Pain has been reported to have a specific role in SLE fatigue,
and chronic pain treatment is essential to the management of fatigue in SLE [12,14,17,23].
Organ damage, especially renal or cardiac failure, can also be important causes of fatigue
in SLE patients [24–27]. Furthermore, the use of glucocorticoid has been shown to be
independently associated with fatigue in SLE [21].

3.2. Psychological Determinants

Mental health status, emotional and functional wellbeing have shown to be major
determinants of fatigue in SLE patients. Depression and anxiety appear to be among the
strongest predictors of fatigue in SLE patients [11–13,21,23,28,29]. There is a clear associ-
ation between fatigue and depression in general, and scales assessing depression often
include fatigue-related items. Depression affects both physical and mental dimensions
of fatigue in SLE. Additionally, depression is frequent in SLE patients (between 17 and
75% of patients), and some authors have mentioned that SLE contributes to depression
through its neurological involvement, an autoimmune effect, and the emotional conse-
quences of pain and disability [30–32]. Stress, which is a subjective negative perception of
life events, which may be influenced by sociological and psychological factors and SLE
burden, seems to mediate the relationship between depression and fatigue over time in
SLE patients. Decline in stress has been associated with a meaningful improvement in
fatigue in SLE [31]. Sleep disorders have also been shown to be common and significant
predictors of fatigue, occurring in more than half of SLE patients [28,29,33,34]. SLE may
contribute to sleep disorders because of pain and inflammation, and steroid use has been
associated with sleep disorders [35]. In addition, helplessness (a state in which a person
remains passive in negative situations), coping disability (difficulties in facing problems in
an adequate manner) and abnormal illness-related behavior have been associated, although
not independently, with fatigue in SLE in some series [14,15,19]. The role of psychological
determinants is therefore major in SLE fatigue. Consequently, it is crucial to suggest a
thorough psychological assessment of SLE patients reporting severe fatigue, especially for
those with no or low disease activity, since mood disorders are frequent in patients with
SLE [4,21,30–32] and multifactorial.

3.3. Comorbidities

Fibromyalgia is a major predictor of fatigue in SLE [14,18,36]. In a study conducted
by Touma et al., trajectories with higher fatigue scores were associated with a higher
prevalence of fibromyalgia [20]. Fibromyalgia is common in SLE patients (from 6.2% to
30% of patients) but may be underdiagnosed by physicians [21,37]. Consequently, the
role of fibromyalgia should be considered in SLE patients who complain about fatigue
and widespread pain. Other frequent comorbidities such as anemia, hypothyroidism, or
adrenal failure are risk factors in fatigue. Vitamin D insufficiency was associated with
fatigue in SLE in some but not all studies [38,39]. SLE patients have a high risk of vitamin
D deficiency because of photoprotection as well as in case of renal failure.

3.4. Behavioral and Socio-Demographic Features

Reduced levels of physical activity and aerobic capacity significantly increase fatigue
in SLE. SLE patients have many actual and perceived barriers to exercise. It has been
shown that, compared to sedentary controls, SLE patients have reduced levels of aerobic
fitness, reduced exercise capacity and reduced muscle strength, which further leads to
a reduced ability to perform physical activity. Furthermore, SLE patients are limited by
arthralgia, anemia, and other SLE organ involvements. For all of those reasons, SLE patients
often have limited physical activity and assume a sedentary lifestyle [40–42]. Obesity and
smoking are other potential behavioral determinants of fatigue in this population [14,43].
The role of sociodemographic features is contradictory, but some studies found higher
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levels of fatigue in SLE patients with low annual income, low education level, or difficulty
in accessing health care [14,15]. In some studies, a low level of perceived social support
was also associated with fatigue [12].

4. Interventions to Improve Fatigue

Recently, an increasing number of interventional studies focused on fatigue in SLE,
and some pharmacologic and non-pharmacologic therapies have demonstrated beneficial
effects on fatigue. Improving disease activity is associated with significant reduction in
fatigue in randomized controlled trials of belimumab, blisibimod, and hydroxychloro-
quine [44–46]. This effect is likely to be observed with any treatment improving disease
activity in SLE, although this has not been formally proven. N-acetyl-cysteine has also
been shown to improve fatigue in SLE. A double-blind, placebo controlled, randomized
trial found that a 2.4 g/day dose of N-acetyl-cysteine is effective for reducing fatigue and
improving disease activity, and is safe and well-tolerated [47]. Vitamin D supplemen-
tation also seems to have positive effects on fatigue in SLE patients. An observational
study found significantly lower fatigue scores after vitamin D supplementation in 80 SLE
patients, and a randomized double-blind placebo-controlled trial showed a decrease in
fatigue in juvenile-onset SLE patient receiving vitamin D supplementation [48,49]. Physical
activities such as supervised training, home training, and appropriately prescribed graded
aerobic exercise, have been associated with favorable improvements in patient-reported
fatigue in different studies. Importantly, exercise was reported to be safe and well tol-
erated, with rare adverse effects, and no reported deleterious effects on disease activity
or inflammation [50–52]. Physical activity should therefore be generally recommended
for the management of fatigue in SLE patients, especially since it also leads to less pain
interference, better physical function, cardiovascular risk reduction, and even positive
impact on anxiety and depression. A trial conducted by Davies et al. indicates that a low
glycemic index diet and a low-calorie diet were both associated with reduction in fatigue
in SLE, indicating the role of weight loss in the improvement in fatigue [53].

Different psychosocial interventions have been associated with significant improve-
ment in fatigue in SLE: cognitive behavioral therapy, psychoeducation, psychotherapy,
relaxation and self-management. Those interventions focus on coping ability improvement,
cognitive restructuring and perceived social supports [52,54–56]. Even if the effect in
reducing fatigue has been shown to be weak in most of these studies, such interventions
can decrease psychological distress and pain and therefore might be integrated into the
general management of SLE patients. Some interventions targeting pain have also shown
their ability to improve fatigue in patients with SLE. A randomized trial found a significant
decrease in fatigue in SLE patients receiving transcutaneous auricular vagus nerve stimula-
tion [57]. Additionally, a randomized controlled trial indicates benefits of acupuncture in
reducing fatigue in patients with SLE [58].

5. The Need for a Personalized Management

At this time, there is no validated recommendation for the management of fatigue
in SLE. Since fatigue may be influenced by a variety of factors and because of the diverse
profiles of fatigue in SLE, the management of fatigue should rely upon an individualized
person-centered approach (Figure 2). Women with SLE have reported the need for fatigue
acknowledgement by clinicians, as well as conversations about fatigue, with information
about coping strategies [59]. Fatigue management in SLE would start with an assessment of
the intensity and the characteristics of fatigue using validated scales, enabling an individual
follow-up of fatigue over time. In recent years, there has been an increasing interest in
using Patient Reported Outcomes (PROs), because they place the patients at the center of
their health management and help to establish a trusting physician-patient relationship.
The most commonly PROs used to evaluate fatigue in SLE are the Fatigue Severity Scale
(FSS), the FACIT-fatigue score, which we use in clinical practice, the Fatigue-VAS, which
are unidimensional scales measuring fatigue intensity, and the Multi-dimensional Fatigue
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Inventory (MFI), which analyze general fatigue, physical and mental components of fatigue
as well as the reduction in activities and motivation [60]. A personalized investigation of
fatigue predictors is needed, with evaluation of disease activity, search for intricate causes
(major organ damage, chronic pain, anemia . . . ) and psychosocial factors, assessment of
life habits (physical activity, quality of sleep, smoking, obesity . . . ). Common medical
causes of fatigue, such as pregnancy, infections, metabolic diseases or drug-induced fatigue
must not be forgotten. Finally, optimal management of fatigue for patients with SLE should
be based on providing targeted interventions, according to the patient profile [61].

Figure 2. Personalized strategy for the assessment of fatigue in Systemic Lupus Erythematosus. FSS:
Fatigue Severity Scale; FACIT-F: Functional Assessment of Chronic Illness Therapy—Fatigue; MFI:
Multidimensional Fatigue Inventory.

6. Conclusions

According to patients, fatigue is the most common and disabling symptom in SLE, and
this may impair patients’ physical and mental health and reduce patients’ quality of life by
impacting upon their emotions, work, and daily life activities. Fatigue must therefore be
adequately assessed and managed in SLE. It is a complex and multifactorial phenomenon,
possessing many patterns. Psychological factors seem to be the most important fatigue
predictors in SLE patients. Pain and fibromyalgia are also major fatigue determinants, along
with lifestyle, especially reduced physical activity. Disease activity seems to have a complex
contribution to fatigue, and its role remains controversial. Consequently, the management
of fatigue in patients with SLE should rely upon a person-centered approach, with a
personalized assessment, and targeted interventions. Some pharmacological treatments
used to control disease activity, such as Belimumab, have demonstrated beneficial effects
on fatigue. Non-pharmacological therapies, such as psychological interventions, pain
reduction and lifestyle changes should be integrated into fatigue management in SLE. In
recent years, the scientific community seems to have increased their understanding of the
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importance of fatigue management in SLE, and we can hope for a better understanding
and treatment of fatigue in patients with SLE in the future.
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Abstract: Fatigue is a common constitutional feature of systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA). While the two diseases share a common mechanism of autoimmunity, they
differ in their clinical manifestations and treatment. Fatigue is one of the most commonly reported
symptoms in both groups, associated with pain, depression and anxiety, and affecting function, work
and quality of life. Fatigue is not easy to assess or conceptualise. It can be linked to disease activity,
although it is not always, and is challenging to treat. Several measures have been trialled in RA and
SLE; however, none have been adopted into mainstream practice. Despite being a common symptom,
fatigue remains poorly managed in both RA and SLE—more so in the latter, where there have been
relatively fewer studies. Additionally, comorbidities contribute to fatigue, further complicating
its management. Pain, depression and anxiety also need to be addressed, not as separate entities,
but together with fatigue in a holistic manner. Here, we describe the similarities and differences
between fatigue in patients with RA and SLE, discuss concepts and practices applicable to both
conditions and identify areas for further research. Through this review, we aim to highlight the
importance of the holistic management of fatigue in SLE.

Keywords: systemic lupus erythematosus; rheumatoid arthritis; fatigue; quality of life; pain; psy-
chosocial; disease activity

1. Introduction

Fatigue is a subjective symptom of malaise and aversion to activity, comprising both
physical and mental aspects [1]. It is often poorly defined in clinical practice and may be
reported by patients as “fatigue”, “tiredness”, “lethargy” or “exhaustion”, as well as other
descriptors for a lack of energy [1]. It is not easy to assess or conceptualise. Fatigue is
one of the most frequent presentations in primary care, affecting up to 20% of the general
population, and is twice as common in women than in men [2,3]. In the case of chronic
disease, up to 50% of people experience fatigue as part of their condition.

The prevalence of fatigue sharply increases when considering rheumatic diseases.
For decades, it has been known that fatigue is one of the most commonly reported symp-
toms, affecting almost all patients [4]. Rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) are two rheumatic diseases where fatigue features strongly as one of
the predominant symptoms, beyond the articular and connective tissue disease features.
Significant fatigue is reported by two-thirds of patients with SLE, and severe fatigue is
reported by one-third of these patients, as defined by the Fatigue Scale for Motor and
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Cognitive Functions scale (FSMC)—a self-administered questionnaire initially developed
for patients with multiple sclerosis [5–8]. Up to 75% of RA patients experience persistently
high or worsening levels of fatigue [9]. While the two diseases share a common mechanism
of autoimmunity, they differ in their underlying immunopathology, treatment and resulting
clinical manifestations, such as organ involvement. Despite these differences, fatigue is one
of the most commonly reported symptoms in both patient groups, and is associated with
symptoms of pain, depression and anxiety, while impacting function, work and overall
quality of life [7,10,11].

Fatigue may be linked to disease activity, although it is not always, and can be
challenging to treat. Several scores and measures of fatigue have been trialled in RA and
SLE, with variable success, and none have been adopted into mainstream clinical practice.
Despite being one of the most troubling symptoms reported by patients, fatigue remains
poorly managed in both RA and SLE. It is important to rule out causes of fatigue not
related to the primary rheumatological diagnosis, and aim for optimal disease control.
Additionally, the comorbidity profile of patients with SLE and RA differs greatly, e.g., renal
disease is more common in SLE [12,13]. Comorbidities may be directly or indirectly related
to the primary diagnosis and are likely to contribute to the burden of fatigue in both patient
groups, further complicating its management. Related factors such as pain, depression
and anxiety also need to be addressed, not as separate entities, but together with fatigue to
ensure a holistic approach to management.

In this review, we describe the similarities and differences between fatigue and its
associations in patients with RA and SLE, discuss the concepts and practices that may be
applied in the two conditions, compare and contrast the measures of fatigue and identify
areas for further research on fatigue in SLE. Through this review, we wish to highlight the
importance of the holistic management of fatigue in SLE, addressing all possible causes,
as a symptom that is intertwined with the other aspects of the disease.

2. Recognising Fatigue as a Clinical Outcome

Despite its long being recognised as a key symptom in patients with RA and SLE,
healthcare professionals and researchers have only recently started to appreciate the clinical
relevance of fatigue, its impact on patients (and all aspects of their lives) and the need for
appropriate assessment and suitable, discriminative outcome measures. This was largely
prompted by a Patient Perspective Workshop at an OMERACT meeting in 2002, with a
subsequent formal recommendation in 2006, highlighting the importance of recognising
fatigue as a core outcome measure amongst patients with RA [14–16]. Both qualitative
and quantitative studies have, subsequently, demonstrated the high prevalence of fatigue
amongst patients with RA, encompassing physical, cognitive, social and emotional fa-
tigue, indicating the need to tailor fatigue management to the individual situation of the
patient [17,18].

While fatigue is also recognised as highly prevalent amongst patients with SLE,
quantifying this and incorporating it into the holistic assessment of the patient has proved
challenging, not only due to the multidimensional impacts of fatigue, but also because of
the complex aetiology of this multi-system disease. The assessment of fatigue becomes
particularly challenging in patients without active disease. The extent to which disease
activity plays a role remains uncertain, and there is a clear (albeit complex) association
with depression and anxiety, as well as related symptoms of chronic pain and fibromyalgia,
and disordered sleep [19].

3. The Role of Disease Activity

The aetiology of fatigue and its association with disease activity remains contentious
in both RA and SLE (Figure 1). It has been suggested that systemic inflammation may
contribute to fatigue. In the case of RA, the primary manifestations of pain, joint problems
and functional limitations (which contribute to disease activity scores) may also play a
role [20]. Fatigue is a major contributor to patients’ global assessment, and it has been
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suggested, based on trial data, that it is a separate aspect of disease, which may be explored
as a treatment target in its own right, separate from disease activity [21,22].

Figure 1. Factors associated with fatigue in rheumatoid arthritis and systemic lupus erythematosus.
Fatigue is a complex, multi-factorial symptom. Multiple aspects of a patient’s biological, social and
psychological circumstances contribute; this is not an exhaustive list. Examples of broad contributory
factors, such as mood, lifestyle and social factors, are provided below each heading.

Similar findings have been demonstrated in patients with SLE. The FATILUP study
was a large observational study assessing the determinants of fatigue in 570 patients with
SLE [7]. This study found a significant but limited association between SLE disease activity
and fatigue, with an accompanying systematic literature review concluding that there is no
major role for disease activity, albeit with some studies reporting a link with neurological
involvement [7]. It is notable that, in the FATILUP cohort, arthritis and ulcers showed the
strongest associations with fatigue, which, again, suggests a role for pain in its aetiology.

It has been hypothesised that inflammatory molecules (often raised in active RA),
such as tumour necrosis factor (TNF), interleukin-6 (IL-6) and C-reactive protein (CRP),
may contribute to fatigue symptoms. However, the evidence is inconsistent [20]. Early
studies in mouse models demonstrated that high levels of IL-1 and IL-6 induce fatigue
and hypersomnia, which can be resolved with the administration of anti-inflammatory
drugs [23–25]. However, in human patients, the erythrocyte sedimentation rate (ESR)
only poorly correlates with fatigue, with mixed evidence for CRP [26–28]. While these
components of disease activity have a significant association with fatigue, one systematic
review found this association to be mainly driven by pain [27]. Looking more widely at
the other components of disease activity scores, fatigue was only weakly associated with
the swollen joint count in one cohort, while a large longitudinal study found a significant,
but small, association with both tender and swollen joint counts that did not resolve after
improved treatment strategies [27,28]. Furthermore, when considering the evidence of
inflammation on joint imaging, such as MRI, patients with greater levels of MRI-detected
inflammation are not necessarily those with more severe fatigue, suggesting that fatigue is,
at least in part, a separate entity from inflammation [29].
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The evidence base is even more sparse when we consider SLE. The FATILUP study
found some components of the SLE disease activity score (SLEDAI), arthritis and oral
ulcers, to be associated with fatigue, although they are likely to be confounded by pain [7].
A large longitudinal cohort study found no association with disease activity and fatigue,
and this has since been repeated in other cohorts [30,31]. However, other studies have
shown decreasing fatigue levels following therapy, including signals of a protective role
for belimumab against severe fatigue [32–35]. It is important to consider the role of
fibromyalgia in these patients, as it is present in up to 25%, and has a strong association with
fatigue, as well as related symptoms of depression, anxiety and poor sleep [5,31]. A recent
study examining fatigue trajectories in a cohort of SLE patients found no association with
disease activity, but identified higher levels of fatigue in those with fibromyalgia. This
study also noted an association between higher glucocorticoid use and fatigue, suggesting
a role for the side effects of medication, particularly glucocorticoids [36]. Crucially, while
many studies have examined the relationship between inflammatory molecules and organ
involvement, such as lupus nephritis, very few studies have been performed examining
fatigue—in stark contrast to RA.

4. Mechanisms of Fatigue and Association with Other Symptoms

In both RA and SLE, fatigue may be correlated with other organ involvement, such as
renal, cardiac, respiratory and neurological diseases. This is particularly relevant to SLE.
However, something which is important and common to fatigue in both of these conditions
is mental health outcomes.

Fatigue, poor sleep and depression are closely intertwined, with a recent study in
RA patients demonstrating greater severity and frequency of depressive symptoms with
poorer sleep [37]. This has wider psychosocial impacts, such as decreased quality of life,
work participation and physical functioning [20,38,39] (Figure 2). These diverse impacts
on mental health and quality of life mean the experience of fatigue for each individual
patient is unique and requires a personalised approach to management, something which
has been highlighted through qualitative work in this area [18]. Mental health outcomes
are also strongly associated with fatigue in SLE, affecting approximately 13% of patients
with SLE, and are attributed to the disease in 40% of cases [5]. A recent cross-sectional
study in the California Lupus Epidemiology cohort found that a quarter of the 326 patients
met the criteria for major depression, with these individuals being more likely to have
greater levels of fatigue and sleep impairment, negative psychosocial impacts of illness,
decreased satisfaction in discretionary social activities and decreased satisfaction in social
roles [40]. The FATILUP study found a similarly high prevalence of depression and anxiety.
In total, 44.4% of patients with fatigue reported one or both of these conditions, rising
to almost 60% in those with severe fatigue, with odds of between four and seven for the
association between fatigue or severe fatigue and depression or anxiety [7]. Stress, pain and
depression are the largest contributors to fatigue in patients with SLE, indicating a need
for specialist assessment and management [5,31]. It is clear that depression and anxiety
are highly prevalent in people with either RA or SLE and that they are closely associated
with fatigue. However, the management of these symptoms within the context of the
patient’s disease and wider health and well-being remains poor, impacted by factors such
as inadequate access to services (such as psychology) and a continued need for greater
awareness amongst clinicians [41].
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Figure 2. The relationship between fatigue and mental health in rheumatic diseases [39].

The similarities between the aetiology and manifestation of fatigue in RA and SLE
become less clear when considering multi-organ involvement. Sjögren’s syndrome is preva-
lent in both conditions, affecting 15–30% of both patient groups, and has been associated
with fatigue in multiple studies, independent of disease activity or pain conditions such as
fibromyalgia [42–45].

Importantly, SLE is characterised by multi-organ involvement. The skin, cardiovascu-
lar system and central nervous system are frequently affected, and over half of patients
with SLE develop lupus nephritis during their disease course [46]. Most organ involvement
in SLE contributes, to some extent, to a patient’s overall fatigue, partially explaining its
high prevalence. The most frequently self-reported symptom in patients with kidney
disease is fatigue, affecting up to two-thirds of non-dialysis patients and being associated
with factors such as comorbidity burden, anaemia and the use of anti-depressants [47,48].
The latter may reflect the mental health burden in chronic disease manifesting as fatigue.
Anaemia is one plausible explanation for the aetiology of fatigue in these patients, and
is often present, even in the absence of kidney disease, in SLE. Anaemia is also present
in patients with cardiac failure, a manifestation of SLE (a common comorbidity in those
with RA), although few studies have sought to quantify the impact of cardiac failure in
either condition [20]. Cardiovascular disease, including ischaemic heart disease, corre-
lates with RA disease activity more than any other comorbidity, including a significant
association with patient-reported fatigue [49]. Similar studies on patients with SLE are
lacking, signifying a critical gap in the evidence, given the prevalence of heart disease in
these patients.

Neurological involvement is seen in both SLE and RA, manifesting in different ways.
Common symptoms in RA include neuropathy secondary to atlantoaxial subluxation,
mononeuritis multiplex and peripheral neuropathy [50]. Central nervous system involve-
ment is rare but can present as, for example, cerebral rheumatoid vasculitis [51]. Crucially,
few studies have considered the effects of these neurological manifestations on fatigue
prevalence in RA. The topic remains relatively understudied in SLE, though some evidence
is beginning to emerge for certain types of neurological involvement [52]. The chronic in-
flammatory state in SLE, mediated by pro-inflammatory cytokines, promotes oxidative and
nitrosative stress. This results in the production of damage-associated molecular patterns
and the engagement of toll-like receptors, which then manifest as fatigue. Interferon-α
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(IFNα) is involved in SLE disease pathogenesis and is associated, in a dose-dependent
manner, with neuropsychological symptoms, including fatigue, as well as depression and
seizures [53,54]. Specifically, increased white matter hyperintensities have been observed
in patients with SLE, associated with increased fatigue, similar to patients with multiple
sclerosis [55,56].

Other related clinical states, such as vitamin D deficiency, as well as the use of certain
medications, also contribute to fatigue, particularly the use of corticosteroids, which are
commonly used in both SLE and RA patients [57,58]. The side effects of corticosteroids,
particularly insomnia and weight gain, are both independently associated with fatigue.
In an individual with active SLE or RA, fatigue is, therefore, often compounded by the use
of corticosteroids. Lastly, fatigue in SLE has been shown to be associated with overweight
and obesity in a body mass index (BMI)-level-dependent manner [59].

5. Measures of Fatigue

Fatigue in both RA and SLE has a complex aetiology and presentation, and is highly
subjective. This makes it exceptionally difficult to quantify and compare, even between
patients with the same disease. Patient-reported outcomes are crucial. Despite being
a required outcome for clinical trials in RA, as mandated by The American College of
Rheumatology and European Alliance of Associations for Rheumatology, there are no
formally recommended fatigue scores for clinical use. In SLE, no such mandate exists;
however, due to the increasing awareness of fatigue as a major symptom in these patients,
much work has been done to develop such a tool [5,20,60].

Multiple fatigue scales exist for use in both SLE and RA. Recent reviews have identified
16 such tools in SLE and 23 in RA, with some overlap between the two diseases [5,20,61,62].
Many scales have been created for the purposes of a given study and are, therefore, not nec-
essarily validated (the most commonly used measures are summarised in Table 1). Since
these reviews, the Patient-Reported Outcomes Measurement Information System (PROMIS)
has been developed for use in RA, although work to identify clinically meaningful results
with regard to the magnitude of change in symptoms is ongoing [63–65].

In addition to formally recognising the burden of fatigue in patients, a validated
measure enables the clinician to monitor symptom burden and the response to treatment
over time. The commonly used scores across both SLE and RA include Visual Analogue
Scales (VAS), SF-36 Vitality subscale score and the Functional Assessment of Chronic Illness
Therapy–Fatigue (FACIT-Fatigue) score. Others, such as the Bristol Rheumatoid Arthritis
Fatigue-Multidimensional Questionnaire (BRAF-MDQ) and Fatigue Severity Scale (FSS)
have been favoured for either RA or SLE, respectively [5,66]. The BRAF-MDQ was designed
in collaboration with patients, capturing the multiple facets of fatigue, including emotional,
psychological and cognitive burden, as well as allowing clinicians to evaluate the impacts
of fatigue on the patient’s function. Going forward, it is essential to ensure that patients are
involved in the development of tools for assessing fatigue, given the variation in experience
and impact across patients.

Rather than “reinventing the wheel”, it is also essential to look across the rheumatic
diseases to assess the performance of each tool. It may be argued that the existence of
multiple fatigue scores across SLE and RA alone demonstrates the need for one common
measure across the rheumatic diseases, given the prevalence of fatigue in these patients.
However, as discussed, there are subtle differences in the aetiology and characteristics of
fatigue across patient groups. It may, therefore, be some time before a consensus is reached
on this front.
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Table 1. Summary of the most commonly used measures for assessment of fatigue used in systemic lupus erythematosus
(SLE) and rheumatoid arthritis (RA) [5,11].

SLE and RA RA Only

Fatigue Severity Scale (FSS)

9-item scale covering
psychosocial and cognitive

aspects of fatigue.
Originally developed for use
in multiple sclerosis and SLE.

Bristol Rheumatoid Arthritis
Fatigue Multi-Dimensional

Questionnaire

20-item scale assessing the
experience and impact fatigue,

giving an overall score
comprising 4 subscale scores
(physical fatigue, living with

fatigue, cognitive fatigue,
emotional fatigue).

Multi-dimensional Fatigue
Inventory (MFI)

20-item scale comprising 5
domains: general fatigue,
physical fatigue, mental

fatigue, reduced motivation,
reduced activity.

Significant fatigue is defined
depending on age and gender.

Bristol Rheumatoid Arthritis
Fatigue Numeric Rating scales

3 scales, scored 0–10: severity
(no fatigue–totally exhausted),
effect (no effect–a great deal of

effect), coping (not at all
well–very well).

Visual analogue scale to
evaluate fatigue severity

(VAS-F)

18-item scale based on
subjective experience of

fatigue, using fatigue and
energy subscales

Checklist of Individual
Strength (CIS20)

20-item scale giving overall
score comprising 4 sub-scores

(subjective fatigue,
concentration, motivation,
physical activity levels).

Functional Assessment of
Chronic Illness

Therapy–Fatigue
(FACIT-Fatigue)

13-item questionnaire on
self-reported aspects of

physical, mental and
functional fatigue, and effect

of these on daily living.

Fatigue Severity Inventory

11-item scale comprising 2
scores: 6 items rating average
fatigue in past week, on days
with most and least fatigue,

number of days with fatigue,
duration of fatigue each day

and current fatigue levels;
5-item fatigue

interference scale.

Multidimensional Assessment
of Fatigue (MAF)

15-item scale comprising 4
aspects of fatigue (severity,

distress, ability to undertake
activities of daily living,

frequency and change during
previous week).

Profile of Mood States (POMS)

7-item scale, focussing mainly
on mood plus cognitive

components and
overwhelming fatigue.

SF-36 (36-Item Short
Form Survey)

4-item score, 2 on energy and
2 on fatigue.

Patient-Reported Outcomes
Measurement Information

System (PROMIS)
Fatigue scales

Scale ranging from subjective
feelings of tiredness to

overwhelming exhaustion
impacting activities of

daily living.

All scores have been used in the assessment of patients with RA, with four also being used in patients with SLE. No single universally
agreed score for the assessment of fatigue within either diagnosis or across SLE and RA exists.

6. Management of Fatigue

There is no single treatment for fatigue in either RA or SLE. It may be argued that
better disease control may abate symptoms; however, as discussed, the aetiology is complex
and remission does not equate to the absence of fatigue [67]. Nonetheless, optimal disease
control is essential to reduce the inflammation-driven component of fatigue. A 2016
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Cochrane review concluded that biologic DMARDs elicit a moderate reduction in fatigue
when measured with FACIT-F and the SF-36 vitality subscale [68,69]. Specifically, the use
of TNF inhibitors was found to reduce fatigue by 6.3 units on FACIT-F, or 7.5 units on
SF-36, compared to the controls, based on 19 studies with 8946 patients. The use of other
biologics produced an even greater effect, leading to a reduction in FACIT-F of 6.9 units or
8.19 on SF-36, compared to the controls, based on eleven studies with 5682 patients. Since
the publication of this Cochrane review, Janus kinase (JAK) inhibitors have been licensed
for use in RA treatment. Tofacitinib and baricitinib have been shown to significantly
reduce fatigue in patients in clinical trials. Specifically, there were significant reductions in
the FACIT-F fatigue scores, and improvements in work productivity, pain and function,
compared to placebo and methotrexate, particularly in inadequate responders [68,70–73].
Data from all four of the major RA studies with baricitinib, at both 2 mg and 4 mg dosing,
showed that 63–75% of participants had improvements in FACIT-F scores after 12 weeks,
compared to 48–65% of patients in the control groups [71–73]. The use of JAK inhibitors
and most biologics are limited to RA, highlighting an area for further research in SLE.
It is also important to note that not all patients will respond to treatment in the same way,
particularly with regards to a multi-facetted symptom such as fatigue.

Treatment-related fatigue should also be addressed, and is not limited to the use of
corticosteroids. Fatigue has been found to be one of the main causes of methotrexate non-
adherence in quantitative studies, although evidence from qualitative studies demonstrates
a variation in patients’ experiences of fatigue when taking this drug [74,75].

The management of associated symptoms of depression, anxiety and pain may be
helpful. Given the overlap in characteristics between fatigue in RA and SLE in this regard,
this is an area where similar management strategies may be effective for both (Figure 3).
The empowerment of patients to undertake the self-management of their fatigue is crucial,
given the disparate characteristics of this symptom between patients. The recent EULAR
guidance on the self-management of symptoms in inflammatory arthritis describes the
benefits of this for both patients and clinicians, including a more holistic patient-centred
approach, ultimately leading to better outcomes [76]. Approaches include psychosocial and
physical approaches, with appropriate input, as required from health professionals [76–78].
Group cognitive behavioural therapy has also proven effective in reducing the burden,
impact and severity of fatigue in RA. Physical exercise and psychological interventions
also have proven benefits for fatigue in SLE, as well as depression and quality of life,
demonstrating the similarities in effective strategies between the two conditions [79]. More
simple measures, such as encouraging smoking cessation and a healthy diet, are likely to
potentiate the effects of such self-management strategies—particularly the former, which
adversely affects disease activity and response to treatment in both RA and SLE [33,80–82].

In severe or unremitting cases of fatigue, psychological assessment should be sought,
with the appropriate behavioural or psychological interventions. Unremitting and debil-
itating fatigue for more than six months warrants further assessment for other possible
co-existing causes, such as chronic fatigue syndrome [83]. The role of antidepressants in
fatigue in SLE requires particularly careful thought, due to potential interactions with
hydroxychloroquine and prolonged QT [5]. They may be more suitable in the setting of
RA, provided the patient is not also taking hydroxychloroquine or a similar interacting
medication, although evidence on this is limited.

Ultimately, across both conditions, due to the multifactorial aetiology of fatigue and
its impact on multiple facets of patients’ lives, a holistic approach to its management is
vital, tailored to the patient’s individual needs and circumstances.
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Figure 3. Common themes in the management of fatigue in rheumatoid arthritis and systemic lupus
erythematosus [5,62].

7. Conclusions and Future Research Considerations

Fatigue is one of the most prevalent and debilitating symptoms in patients with
rheumatic diseases. Although differing in pathology and symptomology, it is clear that
there is much overlap in the nature, associated features (pain, low mood, poor sleep, por
function) and proposed management of fatigue in both of these conditions. However, it is
also appropriate to appreciate the differences, such as the impact of different associated
organ involvement, treatments and disease activity in determining the aetiology of and,
therefore, the finer ways of managing fatigue.

Multiple measures and scales have been trialled to assess fatigue in both RA and
SLE. Despite a universal recognition of the importance of appropriately measuring (and
addressing) fatigue, a single standardised measure, even within a single condition, is
lacking. Due to the similarities in the various aspects of fatigue across both RA and SLE,
a single tool of measure across such diseases may encourage clinicians to measure and
place greater focus on this symptom when assessing and managing patients. Research
in this area would also be greatly aided by a single tool. However, the aetiology and
more detailed characteristics of fatigue in RA and SLE are sufficiently different to warrant
disease-specific measures, for example, accounting for co-existing organ involvement,
neurological function, disease activity measures and treatment.

Ultimately, the improved management of fatigue in patients with rheumatic diseases
will lead to better overall well-being and encourage a holistic approach to patient care.
Self-management strategies are crucial to relieving fatigue and related symptoms of pain,
low mood and disturbed sleep, and have an overall impact on general health, function and
disease activity. The assessment of fatigue in clinical practice remains infrequent. More
robust and simple measures, and heightened awareness amongst clinicians and patients of
the multifactorial nature of fatigue, is likely to improve its management.
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Abstract: Manifestations related to ongoing inflammation in systemic lupus erythematosus (SLE) are
often adequately managed, but patient-reported outcome measures (PROMs) support that fatigue
and low quality of life (QoL) in the absence of raised disease activity remain major burdens. The
adrenal hormone dehydroepiandrosterone (DHEA) has shown potential as a pharmacological agent
for managing fatigue in mild SLE. We retrospectively evaluated data on dosage, disease activity, corti-
costeroid doses, concomitant antirheumatic drugs, and PROMs regarding pain intensity, fatigue, and
well-being (visual analogue scales), QoL (EQ-5D-3L) and functional disability. A total of 15 patients
with SLE were exposed to DHEA and 15 sex- and age-matched non-exposed SLE patients served as
comparators. At baseline, 83% of the DHEA-exposed patients had subnormal DHEA concentration.
The 15 subjects prescribed DHEA were exposed during a median time of 12 months (IQR 16.5)
[range 3–81] and used a median daily dose of 50 mg of DHEA (IQR 25.0) [range 25–200]. Neither
disease activity, nor damage accrual, changed significantly over time among patients using DHEA,
and no severe adverse events were observed. Numerical improvements of all evaluated PROMs
were seen in the DHEA-treated group, but none reached statistical significance. For DHEA-exposed
patients, a non-significant trend was found regarding fatigue comparing baseline and 36 months
(p = 0.068). In relation to SLE controls, the DHEA-exposed group initially reported significantly
worse fatigue, pain, and well-being, but the differences diminished over time. In conclusion, DHEA
was safe, but evidence for efficacy of DHEA supplementation in relation to PROMs were not found.
Still, certain individuals with mild SLE, plagued by fatigue and absence of increased disease activity,
appear to benefit from DHEA in terms of improved fatigue and QoL. Testing of DHEA concentration
in blood should be performed before initiation, and investigation of other conditions, or reasons
responsible for fatigue, must always be considered first.

Keywords: dehydroepiandrosterone; systemic lupus erythematosus; patient-reported outcomes;
fatigue; SLEDAI-2K

1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune condition with poten-
tial to affect virtually any of organ system. The female-to-male ratio of patients with SLE is
approximately 9:1 and most cases are diagnosed between 15 and 44 years of age [1,2]. The
pathogenesis of SLE remains to be fully uncovered, but is a product of a complex interplay
between hereditary and environmental factors, such as ultraviolet light exposure, certain
infections, and drugs, leading to dysfunctional disposal of cellular debris [1,2]. Periods
of raised disease activity may be followed by longtime remission and the disease severity
ranges from mild skin and joint manifestations to life-threatening cytopenia and central
nervous system (CNS) disease [2].
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While the number of treatment options for SLE steadily have increased, health related
quality of life (QoL) and fatigue remain major burdens for patients in their everyday living.
In a recent review article, based on data from 570 patients with SLE, 68% reported fatigue
and 37% severe fatigue [3]. In an older systematic review, involving 9886 cases, it was
shown that 34% (95% confidence interval [CI] 24–44%) had some form of work disability
related directly or indirectly to their disease [4]. Data from Sweden confirm that the indirect
costs for SLE are substantial [5].

The cause of fatigue experienced by patients with SLE is likely to be multifactorial [6,7].
An association between increased disease activity and fatigue exists, but fatigue is often
present even in the absence of any detectable SLE activity [8,9]. Dehydroepiandrosterone
(DHEA), derived from cholesterol, has achieved attention as a potential candidate to reduce
fatigue and mild disease activity in certain patients with SLE [10]. The motive to use DHEA
in SLE is strengthened by several aspects. Firstly, in animal studies, supplementation of
DHEA has shown clear anti-inflammatory effects on the immune system and beneficial
effects in lupus-prone mice have been observed [11–13]. Secondly, DHEA plasma concen-
trations are subnormal in a subset of subjects with SLE [14,15]. Thirdly, some 20 years ago,
DHEA was evaluated in randomized controlled trials (RCTs) with encouraging results as
a potential pharmacological agent in the treatment of mild SLE [16–19].

At our university unit, we have approximately 20 years’ experience of DHEA as
rescue therapy for severe fatigue in mild SLE where other pharmaceutical and non-
pharmaceutical interventions were unsuccessful. Herein, we systematically evaluated
our retrospective DHEA data in SLE in relation to tolerance, dosage, affected organ systems,
disease activity measures, corticosteroid use, concomitant immunosuppressive therapies,
and patient-reported outcome measures (PROMs). Sex- and age-matched SLE patients, un-
exposed to DHEA, served as controls. In addition, as all DHEA-exposed SLE patients had
joint/musculoskeletal involvement, we included a second comparator group of patients
with early rheumatoid arthritis (RA).

2. Methods
2.1. Data Source, Patients, and Study Design

This study was a retrospective unblinded observational study including 15 patients
with SLE prescribed daily DHEA in various doses under careful follow-up. All patients
with SLE were part of the research and quality register Clinical Lupus Register in North-eastern
Gothia (Swedish acronym KLURING) at Linköping University Hospital, a tertiary referral
center with a long experience of management of SLE [20]. These 15 patients represent all
patients with SLE exposed to DHEA within the catchment area of Linköping healthcare
district since the year 2000. As a control population, another 15 selected subjects with
SLE from KLURING, living in the same geographical area but unexposed to DHEA, were
included and subsequently age- and sex-matched to the group exposed to DHEA.

As an additional comparator group, 45 patients with early RA from the 2nd Timely
Intervention in Early Rheumatoid Arthritis (Swedish acronym TIRA-2) at Linköping University
Hospital [21], living in the same geographical area, were included and matched 3:1 to each
participant in the group of patients with SLE exposed to DHEA (Table 1).

Retrospective patient data were retrieved from March 2002 to March 2022 for the three
groups based on physical visits to the Rheumatology unit, Linköping University Hospital.
The patients were followed up to 36 months with (at least) annual visits. Inclusion criteria
for the two SLE groups were age ≥18 years and fulfillment of the 1982 American College of
Rheumatology (ACR) and/or the 2012 Systemic Lupus International Collaborating Clinics
(SLICC) classification criteria [22,23]. In the DHEA-exposed SLE group, 2/15 fulfilled
the SLICC criteria in the absence of meeting ACR criteria; and among SLE comparators,
3/15 fulfilled the SLICC criteria in the absence of meeting ACR criteria. Data from the TIRA-
2 cohort was collected 2006–2011 and inclusion criteria were symptom duration (defined
as first observed joint swelling <12 months), and either fulfilment of the 1987 American
Rheumatism Association criteria or suffering from morning stiffness >60 min, symmetrical
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arthritis, and small joint engagement [21,24]. As reflected in Table 1, the indication for
DHEA supplementation was unmanageable fatigue where other pharmaceutical and non-
pharmaceutical interventions had been unsuccessful. In most cases, DHEA concentration in
plasma (measured by electrochemiluminescence immunoassay) before treatment initiation
was available. Since reference intervals for DHEA are dependent on age and sex, the
percentage of the lower reference limit for each included patient was provided.

Table 1. Characteristics of the included patients.

Background Characteristics Median Value (Range) [IQR] or %

SLE: DHEA+ (n = 15) SLE: DHEA− (n = 15) RA: DHEA− (n = 45)
Females, n (%) 14 (93.3) 14 (93.3) 42 (93.3)

Caucasian ethnicity, n (%) 14 (93.3) 14 (93.3) N/A
Age at disease onset (years) 42 (12–76) [20] 43 (15–55) [21] 49 (20–76) [19]

Age at baseline (years) 51 (24–76) [19.5] 46 (21–71) [13.5] 50 (21–76) [19]
Disease duration at baseline (years) 9 (0–31) [17] 4 (0–19) [8.5] 1 (0–5) [1]

SLEDAI-2K (score) 0 (0–4) [1] 2 (0–15) [4] N/A
Physician’s global assessment (0–4) 0 (0–1) [0] 0 (0–2) [0] N/A

BMI at baseline (kg/m2) 27.6 (19.2–40.4) [5.2] 24.5 (19.9–35.8) [6] N/A
SDI at baseline (score) 0 (0–2) [1] 0 (0–4) [1] N/A

ACR criteria fulfilled, n 5 (3–7) 4 (3–7) N/A

1982 ACR criteria, n (%)

Malar rash 7 (46.7) 8 (53.3) N/A
Discoid rash 12 (80) 7 (46.7) N/A

Photosensitivity 1 (6.7) 1 (6.7) N/A
Oral ulcers 3 (20) 0 (0) N/A

Arthritis 11 (73.3) 13 (86.7) N/A
Serositis 4 (26.7) 5 (33.3) N/A

Renal disorder 6 (40) 6 (40) N/A
Neurological disorder 1 (6.7) 1 (6.7) N/A

Hematological disorder 9 (60) 6 (40) N/A
Immunological disorder 7 (46.7) 8 (53.3) N/A
Anti-nuclear antibody 15 (100) 15 (100) N/A

ACR, American College of Rheumatology; BMI, body-mass index; DHEA, dehydroepiandrosterone; n.s., not
significant; N/A, not applicable; RA, rheumatoid arthritis; SDI, Systemic Lupus International Collaborating Clinics
(SLICC)/ACR damage index; SLE, systemic lupus erythematosus; SLEDAI-2K, systemic lupus erythematosus
disease activity index 2000.

2.2. Assessments

We assessed PROMs at month 0 (baseline), 12, 24, and 36. The included PROMs
were collected by questionnaires, including the Swedish version of Health Assessment
Questionnaire (HAQ) to assess functional disability (0 = no disability, 3 = severe disabil-
ity) [25]. The Euro-QoL 5 dimensions (EQ-5D-3L) was used to assess general health based
on five different dimensions (mobility, self-care, usual activities, pain/discomfort and
anxiety/depression) in order to derive a utility index which provides a score indexed at
1 (perfect health) and 0 (dead) [26] and the visual analogue scale (VAS) of pain, fatigue,
and well-being (0–100; 0 = no symptoms, 100 = worst imaginable symptoms), that patients
completed at every visit to the Rheumatology unit [27].

SLE disease activity was assessed by the SLE disease activity index-2000 (SLEDAI-2K)
and the physician’s global assessment (PGA, graded 0–4; 0 = remission, 4 = maximum
disease activity), irreversible organ damage was assessed by the SLICC/ACR damage
index (SDI) [28,29].

2.3. Laboratory Analyses

Longitudinal blood samples were evaluated to detect effects, or any side-effects related
to laboratory variables. Hemoglobin concentration, blood cell counts, estimated glomerular
filtration rate (eGFR) according to the MDRD 4-variable equation [30], erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), creatine kinase (CK), complement protein
3 (C3) and 4 (C4) were available. Among patients with early RA, only ESR and CRP
were available.
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2.4. Statistics

The groups were compared using the Kruskal–Wallis test to determine any significance
between the three groups regarding PROMs, baseline characteristics and for laboratory
values where appropriate. The Mann–Whitney U test was used to confirm any significance
between two of the groups. Spearman’s rho was applied to measure the strength of
association between two variables. No adjustments of uncensored data were made. For
comparison regarding number of fulfilled ACR criteria between the SLE groups, χ2 testing
was used. In addition, the group exposed to DHEA was examined using the Wilcoxon
signed-rank test to study changes over time in comparison with baseline values. Finally,
descriptive statistics were used to display patient characteristics, PROMs, and laboratory
values. Statistical analyses were performed using the SPSS software version 28.0.0.0 (SPSS
Inc., Chicago, IL, USA) and Prism 9.3.1 (GraphPad Software Inc., La Jolla, CA, USA) for
construction of graphs.

2.5. Ethics Approvals

Oral and written informed consents were obtained from all patients. The study was
conducted according to the Declaration of Helsinki and approved by the Regional Ethics
Boards regarding SLE (Linköping M75–08/2008) and early RA (Linköping M168–05).

3. Results
3.1. Baseline Differences between Patient Groups

The three patient groups did not significantly differ in sex, age at baseline (start of
follow-up), or age at onset of rheumatic disease (Table 1). Neither were ethnicity, BMI,
SLEDAI-2K scores, PGA, steroid dosage, or disease phenotypes (fulfilled ACR criteria) at
baseline different between the two groups of SLE patients. However, the disease duration
among patients with early RA was significantly shorter (p < 0.001) compared to the DHEA-
exposed SLE group.

3.2. Disease Activity and Organ Damage

Accrual of organ damage, assessed by SDI, was not different between the two SLE
groups (p = 0.65) at baseline, nor at the 36-month follow-up (p = 0.46). SDI did not change
significantly over the 36 months among patients exposed to DHEA (p = 1.0; not shown).
Global disease activity, assessed by the SLEDAI-2K, was unchanged over time (p = 0.32)
(Figure 1). Similarly, PGA did not change significantly over time and no severe flares
were observed.
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3.3. Background Medication

At baseline, 12 of 15 patients treated with DHEA used hydroxychloroquine (HCQ)
compared to 11 of 15 in the SLE group unexposed to DHEA. No other obvious differences
between the groups in use of other disease-modifying antirheumatic drugs (DMARDs) were
seen. The median daily dose of prednisolone at DHEA initiation was 5 mg (interquartile
range [IQR] 3.75) compared to 2.5 mg (IQR 5) in the SLE controls (p = 0.87). As shown in
Table 2, three of the DHEA-exposed patients were able to reduce their dose of prednisolone
during the study period. Furthermore, among the SLE controls, 3 of 15 reduced the
prednisolone dose during follow-up.

Table 2. Individual descriptions of the 15 patients with SLE exposed to dehydroepiandrosterone.

Sex
Age at
Start

(years)

DHEA
Exposure
(months)

DHEA
Concentration,

Baseline
(µmol/L)

DHEA
Concentration,

Percent of Lower
Reference Limit (%)

Initial
Daily
DHEA

Dose (mg)

Concomitant
DMARDs

Steroid Dose
at DHEA
Initiation

(mg)

Change in
Steroid Dose
at Last Follow

Up (mg)

Cause of Cessation

F 57 8 0.38 75 50 HCQ 0 0 Treatment ongoing

F 47 4 N/A N/A 50 MMF 7.5 0 Without specification *

F 54 4 0.55 57 200 HCQ 0 0 Lack of efficacy *

F 50 6 0.38 40 50 HCQ 2.5 0 Lack of efficacy

M 43 81 N/A N/A 50 HCQ, MTX 5 +2.5 Treatment ongoing

F 56 3 N/A N/A 50 None 7.5 −2.5 Acne, scaly hair *

F 31 12 0.54 20 25 HCQ, AZA 2.5 0 Lack of efficacy

F 37 14 2.2 140 25 HCQ 0 0 Without specification

F 27 30 2.7 100 25 HCQ, MMF 2.5 0 Treatment ongoing

F 61 9 0.22 43 50 AZA 5 0 Lack of efficacy

F 47 69 0.35 36 25 HCQ 0 0 Acne, fear of
thrombosis

F 58 17 0.44 86 50 HCQ, MMF 5 −5 Treatment ongoing

F 76 36 0.14 42 200 HCQ 5 +2.5 Treatment ongoing

F 23 16 2.7 68 50 HCQ 5 −5 Treatment ongoing

F 50 10 0.43 45 25 HCQ 5 0 Lack of efficacy

* Early cessation (≤4 months). AZA, azathioprine; DHEA, dehydroepiandrosterone; DMARDs, disease-modifying
anti-rheumatic drugs; HCQ, hydroxychloroquine; MMF, mycophenolate mofetil; N/A, not applicable.

3.4. DHEA Exposure and Safety

Of the 15 patients exposed to DHEA, 2 (13%) had DHEA concentrations within
reference intervals, 10 (67%) showed plasma levels below the lower reference limit and in
3 (20%) cases DHEA had not been analyzed at baseline. In all individuals where a second
assessment of DHEA concentration was performed (i.e., after initiation of DHEA), the
levels had increased to concentrations within, or even above, the age- and sex-specific
reference limits.

The 15 subjects treated with DHEA were exposed for a median of 12 months (IQR 16.5)
[range 3–81] and used a median daily dose of 50 mg of DHEA (IQR 25.0) [range 25–200].
As shown in Table 2, DHEA treatment with no major adverse events were observed but
9/15 ceased DHEA therapy during the 36 months. Three patients (20%) had early cessations
(≤4 months) due to lack of efficacy or androgenic side effects (acne). Later terminations
were usually related to lack of efficacy rather than to side-effects, which mainly were of
androgenic nature and deemed as mild (Table 2). Two patients remained on DHEA much
longer than the 36-month follow-up and were monitored regularly as part of clinical routine,
at least annually.

3.5. Longitudinal Effects on PROMs among DHEA-Treated Patients

PROMs at the 12-, 24- and 36-month follow-up for the exposed group were com-
pared with respect to the baseline values (Figure 2A–E). In the DHEA-treated SLE group,
numerical improvements of all evaluated PROMs were seen but none of them reached
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statistical significance over 36 months. A comparison of VAS fatigue between baseline
and 36 months yielded a non-significant trend (p = 0.068). VAS fatigue at baseline did not
correlate significantly with DHEA either expressed as percentage of lower reference limit
(Spearman’s rho = 0.078, p = 0.82) or as µmol/L (Spearman’s rho = 0.312, p = 0.35). The
response to DHEA was not different among patients fulfilling the ACR criteria and those
who met the SLICC criteria only.
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Figure 2. Longitudinal patient-reported outcome measures shown for patients with systemic lupus
erythematosus (SLE) exposed/unexposed to DHEA and for sex- and age-matched controls with
rheumatoid arthritis (RA); (A) visual analogue scale (VAS) fatigue, worse in DHEA-exposed SLE
than in SLE/RA controls; (B) VAS pain, worse in DHEA-exposed SLE compared with SLE controls;
(C) VAS well-being, worse in DHEA-exposed SLE compared with SLE controls; (D) EQ-5D, worse
in DHEA-exposed SLE compared with SLE controls; (E) Health Assessment Questionnaire (HAQ),
worse in RA compared with both SLE groups. * p < 0.05, ** p < 0.01, *** p < 0.005.

3.6. Effects on PROMs between the Patient Groups

Prior to DHEA supplementation (baseline), the DHEA-exposed group reported signif-
icantly worse fatigue, pain, well-being, and QoL compared to the unexposed SLE group
(Figure 2A–D), but the differences diminished over time. In contrast, the functional disabil-
ity was worse in the RA group compared to the other two groups (Figure 2E).

3.7. Effects on Laboratory Variables

Data on ESR and CRP were available for comparison in all patient groups. ESR was
higher in patients with RA at baseline but, in contrast to CRP, the significance diminished
over time (Figure 3A,B). C3, C4, hemoglobin concentration, and leukocyte count remained
stable over time in the two SLE groups (Figure 3C–F). Although the data indicate a slight
worsening of eGFR over time in both SLE groups, no significant differences in eGFR at
baseline (p = 0.12) or at the 36-month follow-up (p = 0.41) were observed (Figure 3G).
Further analyses of platelet, neutrophil, and lymphocyte counts as well as CK showed no
significant changes over time.
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Figure 3. Longitudinal laboratory data demonstrated for patients with systemic lupus erythematosus
(SLE) exposed/unexposed to DHEA and for sex- and age-matched controls with rheumatoid arthritis
(RA); (A) erythrocyte sedimentation rate (ESR), higher in RA compared with both SLE groups; (B) C-
reactive protein (CRP), higher in RA compared with DHEA-exposed SLE and higher among SLE
controls than in DHEA-exposed SLE at 12 months; (C) Complement protein 3 (C3); (D) Complement
protein 4 (C4); (E) Hemoglobin concentration; (F) Leukocyte count; (G) Estimated glomerular filtration
rate (eGFR). * p < 0.05, ** p < 0.01, *** p < 0.005.

4. Discussion

Treatment options for fatigue are limited and remain an unmet need for many patients
with SLE, and studies evaluating interventions for fatigue isolated from raised disease
activity are rare. The scientific evidence of using DHEA for severe fatigue in mild SLE
remains limited. However, albeit small, this retrospective observational unblinded study
includes longitudinal follow-up data of a well-characterized DHEA-treated population in
a real-life clinical setting and complements previously published RCTs [16–19].

In contrast to most studies, we herein primarily investigated improvement of PROMs.
Pain, fatigue, wellbeing, QoL and functional disability are repeatedly ranked by patients
as very important parameters [6]. Unfortunately, according to our data, the effects of
DHEA on PROMs on a group level were mediocre or absent. This does not exclude that
certain individuals could still benefit from DHEA treatment. Four of fifteen patients had
been using DHEA for ≥30 months at the study’s last follow-up. We further show that
supplementation of DHEA to patients with SLE is generally safe. Mild side-effects were
seen and some had an early cessation, but no severe adverse events were observed. Our
patients had mild SLE with low disease activity at baseline, and no severe flares were seen
during follow-up. Reassuring was that the DHEA-treated group did not accumulate more
organ damage than their unexposed controls.

Originally, the idea to use DHEA in lupus arose from animal studies. In lupus-prone
mice (NZB/W F1), administration of DHEA at 2 months of age significantly prolonged
survival in exposed animals [12]; at 41 weeks, 71% of the DHEA-treated mice were alive
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compared to 22% of controls (p = 0.04). Moreover, DHEA injections (beginning at 2 months
of age) delayed the formation of anti-double-stranded (ds) DNA antibodies in 62% of the
treated animals although the antibody levels eventually rose regardless of treatment [12]. In
a similar study, NZB/W mice were given DHEA and compared to unexposed controls [11].
The survival between the control and treatment group differed greatly at 12 months, with
64% survival in the DHEA-treated group versus 17% in the control group. In addition,
the formation of anti-dsDNA antibodies was halted and remained comparably low in
the DHEA-treated group [11]. Finally, immunofluorescence of renal tissue from controls
and exposed mice at 6 months showed that DHEA-treated mice had less deposits of
immunoglobulin complexes in the kidney, indicating less severe disease progression [11].

Studies evaluating DHEA in patients with SLE show mixed results [16,17]. In a mul-
ticenter double blinded RCT, 120 female patients with mild to moderate SLE were given
200 mg of DHEA or placebo over 6 months [18]. Disease activity, assessed by the Systemic
Lupus Activity Measure (SLAM) and SLEDAI, [28] showed no statistical difference between
the groups after 6 months, but the patient’s global assessment scale in the DHEA-treated
group were significantly better than placebo (p = 0.005). Moreover, fewer disease flares
were noted over the 6-month period in the treatment group (18.3% vs. 33.9%, p = 0.010) [18].
In another RCT, including 381 cases with SLE over 27 centers in the United States, patients
were randomized to placebo or 200 mg of DHEA for 52 weeks [19]. In patients with active
SLE at baseline (defined as SLEDAI > 2), a significant improvement in SLAM (p = 0.017)
was observed. Moreover, significantly more patients receiving placebo noted a worsening
of the patient’s global assessment compared to patients given DHEA (10.9% of DHEA
group versus 22.6% in the placebo group, p = 0.007). The authors concluded that 200 mg of
DHEA can improve and stabilize SLE disease activity in women with mild to moderate
SLE and is generally well tolerated [19].

In a small Swedish study, lower doses of DHEA (20–30 mg daily) were investigated.
The first 6 months of the study was blinded, and the latter 6 months open-label, in which
all patients received DHEA [31]. DHEA was given to 20 patients and 17 received placebo.
Physical and mental self-rated QoL was evaluated after 6 and 12 months of treatment. At
the 6-month follow-up, the DHEA-treated group reported significant improvements in
physical and emotional self-rated health in the questionnaire SF-36 compared to placebo
(p < 0.05). Despite the small sample size, an observation was made that women with DHEA
within reference limits at baseline showed similar improvements in the questionnaires as
those with low DHEA. Overall, the results were less clear during the open-label phase and
the authors concluded that for some patients, a lower dose of DHEA may be enough to
improve well-being and QoL [31].

Our study has several limitations. It was not an RCT, which must be considered. The
retrospective observational nature of the data inevitably leads to selection bias. Patients
who experienced beneficial effects of DHEA were likely to continue, and thus reporting
improved PROMs, compared to those who ceased and were excluded from the analysis.
The included study population, with only 15 subjects exposed to DHEA, limits the statisti-
cal power and possibility of detecting significant and meaningful differences. The fact that
dropouts were higher among DHEA-exposed patients compared to comparators, unequiv-
ocally leading to uncensored data, was a major limitation. In addition, all DHEA-treated
patients had mild SLE without significantly raised disease activity at baseline; this makes
it impossible to evaluate any effects of DHEA on SLE activity. Furthermore, functional
disability assessed by HAQ may not be relevant to all patients with SLE and, although it
has been used in SLE, HAQ is only validated for RA [32]. Androgenic side-effects were
indeed seen in some patients, but no systematic assessment of other gonadal hormones than
DHEA was performed. However, none of the patients with hypothyroidism and diabetes
had to adjust their doses of levothyroxine or insulin during DHEA exposure. In contrast,
major strengths of the study include the Swedish healthcare system’s universal access as
well as the long experience of treating patients with SLE at one tertiary referral center and
longitudinal follow-up by a limited number of experienced rheumatologists. In addition,
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we included data from relevant SLE and RA comparators, who experienced similar clinical
manifestations as the patients exposed to DHEA, living in the same geographical region
of Sweden.

5. Conclusions

To conclude, this observational study, including longtime real-life use of DHEA in
SLE, is one of very few to date. No serious adverse events were observed, but generally
we did not find support for efficacy of DHEA supplementation on PROMs. Still, some
individuals with mild SLE, plagued by fatigue and absence of increased disease activity,
may obviously benefit from DHEA supplementation in terms of improved fatigue. Testing
of DHEA concentration in blood should be performed before initiation, and investigation
of other conditions, or reasons responsible for fatigue, must always be considered first.
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Abstract: Medication non-adherence is common among patients with systemic lupus erythematosus
(SLE) and may lead to poor clinical outcomes. Our aim was to identify influenceable contributors to
medication non-adherence and suggest interventions that could increase adherence. Patients with SLE
from two Swedish tertiary referral centres (n = 205) participated in a survey assessing self-reported
adherence to medications. Responses were used to select patients for qualitative interviews (n = 15).
Verbatim interview transcripts were analysed by two researchers using content analysis methodology.
The median age of the interviewees was 32 years, 87% were women, and their median SLE duration
was nine years. Reasons for non-adherence were complex and multifaceted; we categorised them
thematically into (i) patient-related (e.g., unintentional non-adherence due to forgetfulness or inten-
tional non-adherence due to disbelief in medications); (ii) healthcare-related (e.g., untrustworthy
relationship with the treating physician, authority fear, and poor information about the prescribed
medications or the disease); (iii) medication-related (e.g., fear of side-effects); and (iv) disease-related
reasons (e.g., lacking acceptance of a chronic illness or perceived disease quiescence). Interventions
identified that healthcare could implement to improve patient adherence to medications included
(i) increased communication between healthcare professionals and patients; (ii) patient education;
(iii) accessible healthcare, preferably with the same personnel; (iv) well-coordinated transition from
paediatric to adult care; (v) regularity in addressing adherence to medications; (vi) psychological
support; and (vii) involvement of family members or people who are close to the patient.

Keywords: systemic lupus erythematosus; medication adherence; compliance; patient perspective;
qualitative research

1. Introduction

Systemic lupus erythematosus (SLE) is a multisystem, autoimmune disease that most
commonly affects women during their fertile years of age. While SLE can affect all organ
systems or tissues, involvement of the skin, joints, central nervous system, and kidneys are
among the most frequent manifestations [1]. Given that SLE is a chronic disease, the patients
are generally treated with long-term regimens or even life-long immunomodulatory or im-
munosuppressive medications including antimalarial agents (AMA), glucocorticoids (GCs),
and conventional synthetic or biologic disease-modifying anti-rheumatic drugs [1]. Adher-
ing to medications can be a challenge for patients with chronic diseases; non-adherence
has been reported to occur frequently in patients with SLE [2] and be associated with
poor treatment outcomes [3,4] and a higher likelihood of developing irreversible organ
damage [5]. Proportions of patients with SLE who are non-adherent to medications range
from 43% to 75% in different studies, depending on how non-adherence was assessed [2].
Various methods are used to measure the degree of adherence to medications includ-
ing patient-reported tools [6–9] and measures that are designed to be filled-in by others
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than the patients themselves (e.g., healthcare professionals [10–13]), all primarily used for
research purposes.

The reasons for intentional non-adherence are less precise than those for uninten-
tional, the latter being commonly associated with forgetfulness. Overall, intentional non-
adherence include problems related to taking medications (e.g., side-effects, inability to
pay for the medications, which is more prominent in developing countries, or disagree-
ment regarding the need for pharmacological treatment) [14]. Negative beliefs regarding
medications in general or about particular medications are also likely to be associated with
intentional non-adherence [15]. For example, the most common reasons for discontinua-
tion of AMA on the patient’s own initiative include the perception of AMA not being an
effective treatment and apprehension about the potential side-effects [11].

There are different ways to positively impact on the level of adherence to medications.
Explaining to the patients how taking a specific drug will benefit them and communicating
information about the potential side-effects of the drug have been shown to be important
elements, as have providing in-depth information about the disease [16,17]. In this re-
spect, well-informed patients may acquire more positive beliefs on medications and make
grounded shared decisions together with their physician, which they are more inclined to
follow [18–23].

Under the overall aim of identifying influenceable factors that contribute to medication
non-adherence, the specific objective of the present study was to interview patients with
SLE from the Karolinska and Örebro University Hospitals to identify such factors in the
Swedish healthcare context, and thus propose interventions that could enhance adherence
to medications.

2. Materials and Methods
2.1. Study Design

We performed structured qualitative interviews with individual SLE patients between
August 2021 and November 2021. The patients were recruited from a larger online survey
study that was conducted in 2021 and investigated the impact of different factors on medi-
cation adherence. The location of the interviews (digital or in person meetings) was decided
by the interviewees in order to ensure a safe environment for the person being interviewed.

2.2. Patient-Reported Medication Adherence

Medication adherence was self-reported by the patients. The frequency of intake of
GCs, AMA, and other medications was measured separately using the 6-item Medication
Adherence Self-Report Inventory (MASRI) [7], a questionnaire that includes two parts
(A and B) where part A contains specific questions on the amount of medication taken
recently to prepare the person for the last follow-up question, which is a visual analogue
scale (VAS) estimating the overall medication adherence during the past month from 0 (no
medication intake) to 100% (full intake). The results from the VAS are used to determine
the medication adherence level. Part B of the MASRI is focused on the exact timing of the
medication intake; this part was not administered to the survey study participants. The
MASRI (part A) has been shown to be reliable for measuring medication adherence in
patients with SLE [24]. In addition, we used the Compliance Questionnaire Rheumatology
(CQR) [9,25], a 19-item instrument that is more specific for rheumatic diseases and provides
a comprehensive assessment of the adherence status. In the CQR, the respondent indicates
the level of agreement with different statements made by patients with rheumatic disease.
The CQR yields adherence levels from 0% to 100%.

2.3. Patient-Reported Disease Activity and Organ Damage

Disease activity was assessed with the Systemic Lupus Activity Questionnaire (SLAQ) [26,27],
which captures symptoms and disease activity related to SLE in the preceding three months.
The SLAQ assesses the presence and severity of flares and comprises 24 items that inves-
tigate SLE-related symptoms, yielding a symptom score from 0 to 24, depending on the
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presence or absence of symptoms. Higher scores indicate higher disease activity. The ques-
tionnaire ends with a VAS (global health score) that estimates the disease activity, where
0% reflects no disease activity and 100% represents the highest imaginable disease activity.

Patient-reported organ damage was estimated using the Self-Administered Brief
Index of Lupus Damage (SA-BILD) instrument [28]. The SA-BILD includes 28 items
covering ocular, neuropsychiatric, renal, pulmonary, cardiovascular, peripheral vascular,
gastrointestinal, musculoskeletal, skin damage, premature gonadal failure, diabetes, and
malignancy. Higher scores indicate greater levels of accumulated irreversible organ damage;
the scale ranges from 0 to 30.

2.4. Selection of Patients for Qualitative Interviews

Patients from two Swedish tertiary referral centres (i.e., the Karolinska and Örebro
University Hospitals) with an International Classification of Diseases (ICD) code indicating
that they are diagnosed with SLE were asked to participate in a survey-based study ad-
dressing medication non-adherence. In this survey, patients were asked to indicate whether
they were willing to be contacted for participation in a subsequent qualitative interview-
based study. From 205 patients who completed the survey, 15 patients from the Karolinska
University Hospital in Stockholm (n = 14) and Örebro University Hospital in Örebro (n = 1)
were selected to be invited to participate in individual in-depth interviews for the purpose
of the present study. To obtain in-depth information from a representative sample from the
survey respondents, our selection of interviewees aimed at a varying degree of experience
of challenges in adhering to medications (i.e., varying levels of adherence) and a similar
age range and sex distribution to that of the population of patients who filled in the survey.

2.5. Interview Protocol

The English version of the interview protocol is presented in the online Supplementary
Materials. The protocol was designed to address the main research question of the present
investigation (i.e., what kind of implementations in healthcare could improve medication
adherence in patients with SLE), as derived from the perspective of the interviewees. The
main interview question was: “What do you think could make you take your medicine
exactly as prescribed by your treating physician?”. The questions posed to the participants
were short and easy to understand. The interview was initiated with questions starting
with “what” and “why”, referring to a concrete event. Once those questions were answered,
questions involving “how” were pursued. Issues starting with “why” and dealing with the
patient’s reasons for their potential lack of medication adherence were addressed towards
the end of the interview. Questions of a “probing” nature were prepared with the aim of
following up on certain answers with subsequent questions, gradually leading to more
comprehensive information [29].

2.6. Interview Procedure

All interviews but one were performed in Swedish. In that interview, the questions
were posed in Swedish, but the interviewee preferred responding in English. All interviews
were performed by the same investigator (SE). The interviewees were informed prior to
the start of the recording that the interviews would be recorded to preclude recall bias and
eliminate the risk of misinterpreting the patient, and recording started upon the patient’s
approval. Verbatim transcription was performed by the same investigator who performed
the interviews (SE), directly after each interview with the aim of implementing improve-
ments in the subsequent interviews. Even though the interview guide was structured with
predefined questions, it was inevitable that some parts of the interview were conducted ad
hoc with the help of probing questions [30], and was thus dependent on the interaction be-
tween the interviewee and the interviewer. A pilot interview preceded the aforementioned
15 interviews as an aid to design and fine-tune the interview guide in compliance with
qualitative research conduct methodology. Due to the ongoing severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic, most interviews were performed in a
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digital format using video conferencing services to virtually meet the interviewees (n = 13).
One of the interviews was conducted at the inpatient care unit at the Karolinska University
Hospital and another interview at the patient’s working place.

2.7. Analysis of Qualitative Data

Content analysis, a flexible method to analyse text data [31–33], was performed by
two investigators (SE and CG) who independently read and reread the transcripts in detail,
in order to index and compare the identified subcategories. The subcategories were derived
inductively (data-driven) and were centred on types of behaviours (i.e., reasons for not
displaying adequate adherence to medications). The role of subcategories was to increase
the granularity of data collected, ensuring a broad and inclusive process that would help
comprehend the data as much as possible. Categories with substantial similarities were
later unified to create key themes. Depending on how the patients described their behaviour
and reasons for not adhering to medications, we stratified the reasons into intentional and
unintentional based on whether the patient had actively decided to be non-adherent or
not, respectively.

Data collection continued until the discussion material had reached saturation (i.e., un-
til no additional data were identified by analysing the transcribed interviews) [34,35]. Data
saturation was based on identification of new themes and categories while analysing the
transcripts (i.e., inductive thematic saturation) [36]. We considered the data saturated
when results from the last five interviewees did not add novel reasons for not adhering to
medications as prescribed by the treating physician and when no new interventions for
improving medication adherence were mentioned during the interviews. Potential dis-
crepancies between the two investigators (SE, CG) were resolved by reaching a consensus
together with a third investigator (IP), who is a rheumatologist.

2.8. Patient and Public Involvement

The research question of this study was developed in collaboration with a patient
research partner (YE), based on shared priority to investigate adherence to medications.
The patient research partner was involved from the initial stage of the research process and
throughout the development and conduct of the study.

2.9. Ethics

The study design and conduct complied with the ethical principles of the Declaration
of Helsinki. The protocol of the study was approved by the Swedish Ethical Review
Authority on 1 April 2021 (reference number: 2021-00662). Written informed consent was
obtained from all study participants prior to enrolment.

3. Results
3.1. Patients

All study participants were adults (age range: 20–68 years) and most of the participants
were women (n = 13; 87%). In addition to these participants, two patients were invited
to participate but declined, one who was a public figure and worried that their identity
might be revealed and one without providing any specific reason. Patient characteristics
including patient-reported disease activity and organ damage are presented in Table 1
(n = 14; data were missing in one patient). One of the participants had experienced a severe
flare within three months prior to the time of filling in the initial survey. Adherence levels
based on inter alia responses to the MASRI and CQR are detailed in Table 2. The patients in
the original survey study (n = 205; age range: 20–87 years) had a median disease duration
of 12 (5–22) years, and 86% among them were women.
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Table 1. Patient characteristics. Data are presented as median and interquartile range. SLAQ and
SA-BILD scores were missing for one patient.

Age (years); median (IQR) 32 (27–50)

Country of birth; n (%)
Sweden 7 (46.7)
Other 8 (53.3)

Living alone; n (%) 6 (40.0)

Highest education level; n (%)
University 11 (73.3)

High school 4 (26.7)

Employment status; n (%)
Full time 9 (60.0)
Part time 5 (33.3)
Retired 1 (6.7)

Disease duration (years); median (IQR) 9 (5–20)

SLAQ Symptom Score *; median (IQR) 10 (6.75–15.25)

SLAQ Global Health Score †; median (IQR) 35 (20–65)

SA-BILD Total Score ‡; median (IQR) 0 (0–1.25)
IQR: Interquartile range; SLAQ: Systemic Lupus Activity Questionnaire; SA-BILD: Self-Administered Brief Index
of Lupus Damage. * SLAQ Symptom Score ranges from 0 to 24. † SLAQ Global Health Sore ranges from 0 (no
disease activity) to 100 (maximum disease activity). ‡ SA-BILD Total Score ranges from 0 to 30.

Table 2. Adherence levels in the fifteen interviewees.

Patient
Polypharmacy

(i.e., ≥Five Medications)
(Y/N)

Prescribed
Medications

Overall Medication Adherence According to:
Intentional

Non-adherence (Y/N)MASRI
(0–100%)

CQR
(0–100%)

Direct Question
(Y/N) *

1 N

PRED 96

61 N YHCQ 96

AZA 96

2 Y

PRED 100

77 Y NAHCQ 100

MTX (pills) 100

3 N PRED 100 81 Y NA

4 N HCQ 90 58 N Y

5 N HCQ 100 54 N Y

6 N

PRED 70

65 N NHCQ 70

AZA 69

7 N

PRED 67

47 N YHCQ 50

AZA 20

8 N HCQ 88 72 N N

9 N

PRED 95

74 N YHCQ 96

MMF RTX (iv) 99

10 N

PRED 100

66 N NHCQ 100

AZA BEL (sc) 80
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Table 2. Cont.

Patient
Polypharmacy

(i.e., ≥Five Medications)
(Y/N)

Prescribed
Medications

Overall Medication Adherence According to:
Intentional

Non-adherence (Y/N)MASRI
(0–100%)

CQR
(0–100%)

Direct Question
(Y/N) *

11 Y

PRED 96

54 N NHCQ 100

MMF RTX 98

12 N
PRED 89

58 N N
HCQ 92

13 N
PRED 100

84 Y NA
CYS 100

14 N
HCQ 100

74 Y NA
MTX (pills) 100

15 Y

PRED 90

67 N NHCQ 90

MMF 80

MASRI: Medications Adherence Self Report Inventory; CQR: Compliance Questionnaire Rheumatology; Y/N:
yes/no; NA: not applicable; iv: intravenous; sc: subcutaneous; PRED: prednisolone; HCQ: hydroxychloroquine;
AZA: azathioprine; MTX: methotrexate; MMF: mycophenolate mofetil; RTX: rituximab; BEL: belimumab; CYS:
cyclosporine. * Y = adherence assent to direct question; n = non-adherence assent to direct question.

3.2. Barriers to Medication Adherence

We identified four main themes that explained medication non-adherence in this
cohort, which are demonstrated below along with selected illustrative quotations from the
interviewees translated from Swedish to English.

3.2.1. Patient-Related Barriers

In total, the proportion of patients who expressed patient-related barriers at least once
was 93.3% (n = 14). Patients expressed that being diagnosed with a chronic disease at a
young age was important to account for (n = 5; 33.3%), as were their professions (n = 8;
53.3%). Unintentional non-adherence was mainly caused by forgetfulness (e.g., due to
interruptions in the patient’s routines) (n = 5; 33.3%).

I know if I’m traveling, it’s easy to forget. (Patient 15)

And sometimes I forget why it is a good idea [to take the medications], but I think the
practicalities of life sometimes and all the things you have going through in your head
[ . . . ] get in the way . . . (Patient 08)

I’m in too much of a hurry. There’s no time. It takes time to prepare a sandwich. This is
the kind of thing that is done as the last... last priority. (Patient 12)

In this respect, having to keep track of multiple pills and multiple or varying time-
points for the intake were mentioned as barriers (n = 5; 33.3%). Unwillingness to take
multiple medications (n = 3; 20.0%) was discussed. Factors related to the administration of
the medications also seemed to cause irregular adherence (e.g., having to split the pill or
having to take varying doses of a medication each day) (n = 1; 6.7%). The size and taste
of the pills hindered some patients in taking their medications (n = 2; 13.3%), while some
other patients experienced a resistance at a mental level when having to inject themselves
with a medication (n = 1; 6.7%).

I can’t stand fiddling with all the pills in the morning. (Patient 12)

You don’t want to feel so sick; you skip some. Sometimes you take a few and sometimes
you don’t take anything. (Patient 09)
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I don’t know if there are too many, it’s just that it’s too much to stand and fiddle with. I
have six medicines and stand and push them out, pick them out, it sounds silly when I
say it like this. I can’t stand it, it’s so hard. I don’t know why it’s so hard. (Patient 12)

When I was younger, I ate a lot of pills. Some days it felt like you were taking ten pills
for breakfast. It’s too much. I felt nauseous, some of the medications made me nauseous.
And then you know you’re going to do that for the rest of your life, feeling bad about
medications that are supposed to make you feel good. (Patient 10)

Moreover, various practicalities were mentioned as potential causes of non-adherence
(e.g., difficulties in obtaining medications from the pharmacy) (n = 1; 6.7%) or because of
other specific circumstances (e.g., due to the SARS-CoV-2 pandemic) (n = 1; 6.7%).

Several patients raised beliefs indicating that they themselves or family members were
sceptical towards medications that they were prescribed, which negatively impacted on
their adherence (n = 5; 33.3%). The mother of one of the interviewees wanted the treatment
to also include herbal remedies. One of them mentioned that the scepticism was due to a
previous adverse event related to an intravenous treatment, and because the rheumatologist
was too focused on the present condition rather than the prospective aspects of the disease.
Another patient mentioned the importance that religion had in their family.

I grew up in a very religious [religion specified] home, and in such a home you think you
don’t need medicines because your body knows how to treat itself. (Patient 07)

Scepticism could also be expressed in general terms.

I can sometimes think, do I need all those medications? How do we know that this
particular medication is helping me, or how do we know that this medication I am given
now is helping me? Why am I given so much? Why haven’t we sticked with some of the
medications? (Patient 10)

3.2.2. Healthcare-Related Barriers

The overall percentage of patients who expressed barriers related to the healthcare
system at least once was 73.3% (n = 11). The relationship with the treating physician was
central according to most interviewees (n = 11; 73.3%). An untrustworthy relationship with
the physician could be caused by the feeling of overall inaccessibility to healthcare providers
(n = 2; 13.3%), not being listened to (n = 4; 26.7%), and application of treatment strategies
based on group-level evidence rather than person-centred approaches (n = 3; 20.0%).

My doctor didn’t really listen to me that much and it was more of a generalisation every
time I saw my doctor. (Patient 05)

They basically prescribe the same thing to all SLE patients. (Patient 07)

Some patients felt like they were seen as “an SLE diagnosis” rather than “an individual
behind the SLE diagnosis” (n = 2; 13.3%).

There is a normal person behind the civic registration number. (Patient 04)

Additionally, the impression of not being believed as a patient when telling their
physician about symptoms (n = 2; 13.3%) and meeting different healthcare personnel from
visit to visit (n = 2; 13.3%) seemed to negatively impact on adherence.

I’m not a guinea pig . . . (Patient 01)

There was an interest in knowing the indications of the medications in more detail
(i.e., whether the medication prevents symptoms or treats the disease) (n = 2; 13.3%).
Some expressed the desire to receive more information about the potential side-effects and
mechanisms of action of the drugs (n = 4; 26.7%).

And then I go home and do research myself and find out what the medication does, what
the side-effects are. Because they don’t always tell you about the side-effects either. It
comes as a shock. (Patient 09)
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Some patients had experienced that physicians considered test results more important
than the patients’ experience of health-related quality of life (HRQoL), which also negatively
affected the trust towards healthcare and, in turn, adherence to medications (n = 3; 20.0%).

The interviewees expressed concerns resulting from lack of information about whether
consumption of alcohol or certain kinds of food could interact with the medication, or
whether fasting had an impact, which led to not taking their medication at certain time-
points (n = 3; 20.0%).

Several patients (n = 6; 40.0%) experienced a power imbalance between the patient
and the physician. This power imbalance could cause non-adherence due to fear of au-
thority, resulting in not finding the courage to question the physician (n = 1; 6.7%), feeling
embarrassed to pose questions about the medications (n = 1; 6.7%), or feeling that they take
control when not adhering (n = 1; 6.7%).

It’s a bit of a position of power and you still need help from that person, and it can be hard
to speak out. (Patient 05)

3.2.3. Medication-Related Barriers

In total, the percentage of patients who expressed medication-related barriers at least
once was 66.7% (n = 10). Among those, intentional non-adherence was common, with
the belief that the prescribed medication might cause side-effects being the most common
reason (n = 10; 66.7%).

Cortisone, I’ve always been against it . . . (Patient 01)

Some of the patients (n = 8; 53.3%) were worried about potential side-effects that
could occur in the future, and other patients (n = 7; 46.7%) were worried that side-effects
they had previously experienced from the prescribed medication would emerge again.
Patients expressed concerns that the medications might result in a shorter lifespan (n = 1;
6.7%), weight gain (n = 1; 6.7%), nausea (n = 1; 6.7%), and skin dyspigmentation (n = 2;
13.3%). Some interviewees also raised apprehensions about potential negative effects on
the kidneys (n = 1; 6.7%) and eyes (n = 2; 13.3%), and that the prescribed medication might
cause osteoporosis (n = 1; 6.7%) and/or diabetes (n = 1; 6.7%).

For some interviewees, intentional non-adherence could be a consequence of poor
information about their prescribed medications (n = 8; 53.3%).

It’s often you feel, what am I putting in me? (Patient 10)

The perspective of time seemed to be important (e.g., information about how long
the medication is planned to last), especially when a substantial difference in symptoms
was not experienced after commencement of a new medication (n = 2; 13.3%). In such
cases, non-adherence was the result of testing the efficacy of the medication on the patient’s
own initiative (i.e., to see whether there was a difference in symptoms when not taking
the medication).

I don’t notice any difference if I skip the medication for a day or two. (Patient 04)

3.2.4. Disease-Related Barriers

The overall percentage of patients expressing disease-related barriers at least once
was 53.3% (n = 8). Some patients perceived the severity of their disease as mild, which
negatively affected their adherence to medications (n = 6; 40.0%).

I don’t have very serious symptoms. It doesn’t matter much if I don’t take the medication.
(Patient 05)

Some patients believed that it was difficult to talk to other people about their disease
since the disease was not always tangible, which could result in neglect (n = 1; 6.7%). Along
the same lines, patients were less motivated to take their medications when feeling well
because no symptoms reminded them of the need to take their medications (n = 6; 40.0%).

I have stopped when I have felt good. I felt like I didn’t need them anymore. (Patient 07)

126



J. Clin. Med. 2022, 11, 1857

Usually when I’m okay. I forget that I am sick and need to take the medication. (Patient 06)

With regard to disease manifestations and/or comorbid conditions, depression was
mentioned as a reason for non-adherence (n = 1; 6.7%) that occurred previously in the
patient’s life but was not manifest at the time of the interview. Finally, acceptance of a
chronic illness was difficult for some patients (n = 5; 33.3%), partly because in several cases
the disease is not visible to others and therefore difficult to talk about, or because taking
multiple medications would make them feel that they are sick.

I guess it is that you don’t feel you are sick. You have side-effects. I don’t want to feel sick;
I want to be a healthy person. (Patient 12)

I hate feeling sick . . . (Patient 01)

I was still very sick at that time . . . now that I’m healthy. Or well, healthy . . . (Patient 07)

3.3. Positive Impact on Medication Adherence

Patients explained that they also had several reasons for taking their medications as
prescribed. Many experienced that they felt balanced regarding their well-being when they
took their medications (n = 7; 46.7%), they avoided flares (n = 6; 40.0%), they had less pain
and more energy (n = 5; 33.3%), and they could be physically active and able to work (n = 3;
20.0%). Several patients (n = 6; 40.0%) described the use of pill organisers as an important
tool for maintaining a high adherence level, despite some resistance in accepting them.

I feel so old. Only old ladies have such pill organisers. (Patient 12)

3.4. The Impact of Shared Decision-Making

In the interviews, the patients talked about their view on shared decision-making. No-
tably, several patients in our study (n = 6; 40.0%) had the impression that their involvement
in therapeutic decision-making would not affect their adherence to medications.

I have no medical knowledge of these medications. I have to trust their professionalism and
knowledge. I can’t do more than that. My doctor is a specialist in the field. (Patient 12)

How can you be involved in something you don’t know anything about? [ . . . ] I don’t
know anything about these medications. It’s the doctor who’s a specialist, I listen and
test. If it goes well, I’ll be fine. (Patient 03)

I’m not medically trained. [ . . . ] You accept what you get. (Patient 14)

I probably leave it to them . . . they know what is best for me. (Patient 08)

One patient felt that she was not given the opportunity to be involved, even though she
did not believe that shared decision-making would impact on her adherence (n = 1; 6.7%).

God no [reaction on whether the patient felt involved in the decision-making for the
prescribed medications]. I don’t think it would make any big difference quite honestly
since they [the rheumatologists] know what they are prescribing, and they basically
prescribe the same thing to all SLE patients. The names of the drugs may differ slightly,
but they are still immunosuppressants and cortisone. So, I don’t think it would make any
big difference. (Patient 07)

One patient even felt that more responsibility was put on them through shared
decision-making.

Rather, I feel that I perhaps have had a little too much participation and I have been able
to decide, but I did not really receive any recommendations or advice, which I would have
liked. (Patient 05)

3.5. Facilitators for Improving Medication Adherence

Based on the thematic analysis and direct suggestions by the interviewees, the fol-
lowing distinct interventions were identified as potential strategies for enhancing medica-
tion adherence.
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3.5.1. Increased Communication

Patients called for comprehensive information from their treating physicians about
the prescribed medications (e.g., pharmacodynamics and pharmacovigilance). It was a
desire that this information is person-centred and accounts for the individual situation
and circumstances of the patient. Such information should ideally be provided on a
regular basis.

Maybe it’s because you don’t know what’s in that medicine that is supposed to make you
feel better. (Patient 04)

Or, above all, tell us about late complications if you don’t take them [the medications].
Not as a threat. If you don’t do this, this will happen. Take the time to tell us what can
happen. Or what the risk is if you do not treat [the disease]. (Patient 12)

Prolonged visits and interactive encounters with the treating physicians might reduce
the stressful impression during a visit when patients sometimes feel that they cannot ask
questions or are unable to absorb the information that is provided to them, especially when
abbreviations are used in the communication, as pointed out by one interviewee.

There is such a short time for these appointments with the doctors that... it doesn’t feel
like you’re getting an answer to all questions. (Patient 10)

There are a lot of things you miss when you go to your visit because you are nervous, and
you need to take notes. (Patient 02)

3.5.2. Patient Education

Personalised information could be given in different formats (e.g., in writing). Addi-
tionally, congresses specifically targeted to patients could be organised, aiming for patient
education about the disease of SLE and common medications used to treat it.

They told me “You should be happy if you survive until you are an adult” and “Don’t
expect to be able to have a job, you will be retired early and you will not have any children”.
(Patient 04)

Personalised adjustment of medications accounting for the patient’s lifestyle was
suggested (e.g., if a patient has problems taking their medication at certain timepoints,
rearrangement of the treatment regimen could be attempted). Adjustment of the communi-
cation forms accounting for the patient’s lifestyle also emerged as a desirable action (e.g., if
the patient is an athlete or exercises in a regular and systematic manner, a focus on physical
dimensions of how the disease afflicts the body might be useful).

3.5.3. Accessible Healthcare

Easily accessible healthcare services for questions also emerged as a desire. Digital
options could be provided to eliminate frustration due to difficulties in reaching the health-
care providers within a reasonable time. Another suggestion from a patient was to develop
an application where patients monitor their symptoms and are able to see how medication
non-adherence is associated with flares, similar to one created by and for patients with
rheumatoid arthritis, where one of the multiple objectives was to increase the understand-
ing of the impact of adherence [37]. Furthermore, meeting the same treating physician
and nurse at all visits (i.e., personnel that becomes familiar to the patient and knows the
patient’s medical history) appeared to be valuable for the patients.

All these years when I’ve been able to see the same nurses in the same departments. You
can tell it gives a lot. The greetings. Several nurses have seen me and asked “how are
you?” Then back in action. They don’t make any big deal of it. Let’s go, let’s go. You’ll be
here for 2–3 days and you’ll be back on track. It gives a feeling of safety. (Patient 01)
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3.5.4. Structured Transition from Paediatric to Adult Care

In our study population, five of the interviewees had childhood-onset SLE. Special
support may be of particular importance in certain phases of the disease course, or at
certain arrangements; a smooth and structured transition from paediatric to adult care was
referred to as an example. Several patients experienced challenges to accept the changes in
their encounter with the healthcare services posed by this transition. This was described to
have inevitable consequences regarding trust issues and, in turn, adherence to therapy.

When I got SLE, it was my parents who read through it [leaflet] because I probably didn’t
understand much. [ . . . ] My parents used to remind me and gave me the medication
every morning. (Patient 13)

When I went to the “Children’s’ Hospital”, back then I felt like I got a lot out of it. It was
also when I was sickest. I received a lot of help and had a close contact with my doctor. [
. . . ] It was easy to get in touch with them if there was anything. But then... Now [ . . . ]
I don’t get the help I feel I need. It’s quite difficult to contact the doctor and [ . . . ] book
an appointment when something is wrong. (Patient 05)

I’ve been taking the medications for so long that I don’t feel like I’ve had an adult life as a
free person, so I’ve never had any other life before. (Patient 14)

3.5.5. Medication Reconciliation

A straightforward communication was also suggested for the process of medication
reconciliation, which occasionally may be complicated. Medication reconciliation could
be completed in different formats (e.g., by directly asking the patient whether they take
the prescribed medications, or by asking indirectly via electronic questionnaires at the
outpatient clinic before the visit, or through the Swedish online healthcare guide service).

This would mean to me that they follow up on my illness and I would be happy to receive
such a question. (Patient 02)

At every encounter with medical staff, because then it also becomes a reminder [ . . . ] it
would mean to me that they follow up the patient and keep track. (Patient 07)

3.5.6. Psychosocial Support

Psychosocial support aiming for acceptance of the diagnosis emerged as an important
need. The chronic nature of the disease appeared to necessitate supportive or therapeutic
counselling, especially during the early stages after the diagnosis is made.

I think that you need a contact with a social counsellor . . . people who are sick with
diseases that are difficult to live with need more mental support than what is offered today.
(Patient 03)

I was never offered to talk to anyone. Maybe you should offer all patients to talk to someone,
then if this person is a psychologist or a nurse, it doesn’t matter to me. (Patient 07)

Patients call for a focus on aspects that impact on physical and mental HRQoL.

[I want to] build up some muscle, and I feel like nothing is happening. I don’t get any
support from the healthcare system... The important thing for them is that I’m “healthy”
and the blood tests look good. They don’t mind about my quality of life. (Patient 11)

They are very happy to check test results. They can say “your blood tests look great! I’m
glad to see these results!” Ok, but what are we going to do about those days when I didn’t
feel so good? Then nothing happens. (Patient 10)

3.5.7. Engaging Family Members

Some patients mentioned how people who were close to them could have an impact
on them. One example was sceptical family members who weakened the belief that
medications can treat diseases.
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So that you kind of find out what the family’s religion and perceptions of medicine are so
that you don’t just throw the patient into something that the patient won’t follow later.
(Patient 07)

Relatives know best. You’re a stubborn man or woman, so they [the rheumatologists]
might have to approach you from somewhere else [reach out to relatives]. (Patient 01)

I have a mother who is very sceptical and puts pressure on me all the time. (Patient 11)

Thus, it emerged as an action of particular importance to involve people who are close
to the patient in the information about the suggested or the planned treatment regimen, as
well as involve them in broader aspects of patient education.

4. Discussion

Through in-depth interviews, we aimed at understanding the perspectives of SLE
patients on factors that contribute to medication non-adherence and identifying suitable
interventions or actions that could improve adherence if implemented in healthcare. Patient
education at multiple levels emerged as an imperative need; patients desired more in-depth
information by the healthcare personnel compared with what they currently receive, in-
cluding information about disease features, blood, and urine test results, and ongoing
or suggested treatment regimens. Prolonged visits with the treating physician to ensure
sufficient time to address all aspects of the disease and the current condition was requested
by most patients. The importance of educating the patient and communicating information
in a manner that ensures that the patient feels confident has been discussed in previous
research [38,39]. Several patients in our study were reluctant towards involvement in thera-
peutic decision-making, while many patients desired more information from their treating
physician about their disease and their medications. As a matter of course, unwillingness
to participate in decisions and a feeling of insufficient knowledge about the suggested
medications may be related to each other in a causal manner, with the former emerging as
a consequence of the latter [40]. Regular discussions about adherence to medications also
emerged as a suitable action for the identification of non-adherence patterns, and when
unintentional non-adherence is detected, practical advice on how to manage to effectuate
regularity in taking the medications should be provided. In some cases, psychological
support may be needed; it is important to establish strategies for identifying such needs
and take action to provide this resource.

Overall, our findings concurred with suggestions for interventions against medica-
tion non-adherence derived from previous studies involving patients with SLE [2,41,42]
and other chronic diseases [43]. Several previous studies have described methods for
enhancing adherence to medications in patients with SLE [16,17], some of which were
qualitative studies (e.g., from Jamaica, Portugal, the United Kingdom (UK), and the United
States (US)) [18–23], while others explored and evaluated specific interventions in patient
groups [44–47]. Improved communication between the healthcare and patients along with
increased information about the rationale for taking the medication as well as less com-
plicated medication regimens improved adherence in an American study [16]. Another
study from New Zealand [17] provided implications that addressing patients’ concerns
about side-effects may improve the relationship between the treating physician and the
patient and thereby improve adherence. As in our study, results from other qualitative
interview studies [18–23] suggested that improvements in communication between physi-
cians and patients, making medications affordable and available, increasing the patients’
knowledge about the disease and therapeutic options, challenging the patients’ beliefs
regarding medication effectiveness with well-documented evidence as well as facilitating
access to healthcare, all are crucial factors that can be expected to contribute to increasing
medication adherence.

The applicability and effectiveness of various interventions should also be seen from
the perspective of the cultural background of the respective patient population. Targeted
nursing including detailed patient-specific solutions that involved the patient’s daily life
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has been shown to be effective in improving medication adherence in Chinese patients [44].
In that study, the patients were followed up for 20 months and received support in various
aspects related to understanding the disease and its prognosis, accounting for the patient’s
socioeconomic background and psychological health. The patients received information
about the importance of appropriate treatment, diet, prevention of infections, and other
aspects [44]. However, not all studies have shown that increased communication improves
adherence. A study from the US [45] examined the usefulness of cellular text messaging
for improving the adherence to hydroxychloroquine (HCQ) in adolescent SLE patients,
but despite this type of individualised communication, the repetitive messages did not
influence the patients’ degree of adherence. In this respect, it is reasonable to postulate that
the means of communication may matter. Another US study showed that routine testing
of the blood levels of HCQ improved adherence over time, from 56% to 80% adherent
patients [46]. A study from India evaluated the role of a clinical pharmacist in terms of
individualised counselling regarding the disease, medications, and lifestyle modifications
using pre-developed written educational material [47]; counselling performed monthly
and three times in total resulted in improved adherence to medication.

Interestingly, several patients in our study referred to their professions while being
interviewed. Some patients worked within healthcare themselves, others were athletes;
irrespective of their profession, patients related several of their responses to their occu-
pation, which raises awareness of the importance of taking the patient’s profession and
background into account in order to provide individualised information. Another aspect
that pointed to the importance of person-centred approaches was that the patient’s age
was important for the patients, both the current age and the age when the diagnosis was
made, with a younger age in both cases being coupled with a lower level of acceptance
of illness and a lower degree of motivation to adhere to regularity in taking medications.
Therefore, these patient subgroups may need more attentive contact with their physicians
and/or other health professionals involved in their care, and a higher level of support. The
transition from paediatric to adult care appeared to be challenging, in conformity with
what has been shown in other studies [48,49], especially when the patient had a strong
bond to the paediatrician. All the above set a strong motive for the healthcare and treating
physicians to tailor the communication, the information about the disease and therapies,
and the surveillance strategies to the patient’s individual background.

Some patients mentioned that multiple medications and complicated schedules of
varying daily doses constituted a reason for impaired adherence. Polypharmacy, defined
as five or more concurrent medications [50], has been documented as a factor contributing
to non-adherence in previous studies [13,51], collectively suggesting that regular and
thorough medication reconciliation and, when possible, attempts to decrease the total
amount of daily administrations may help improve adherence to medications.

Suffering from depression has been shown in previous research to cause poor adher-
ence to medications in patients with SLE [4,52], which was also detected in our interviews.
Along with symptomatically treating depression, more attentive follow-up and support
directed to improve adherence in this patient subgroup might prove helpful. Depression
can influence forgetfulness [4] and has been described as an independent risk factor for
non-adherence [13]. Considering that a substantial proportion of patients with SLE develop
anxiety or depression [1], which is often resistant to therapy for SLE [53], this patient sub-
group may be of particular importance to consider in the allocation of healthcare resources
to actions against medication non-adherence.

In patients with SLE, the use of AMA has been associated with a wide variety of
beneficial effects [54,55], including favourable associations with biological disease proper-
ties such as lower levels of B cell activating factor (BAFF) [56] and favourable effects on
HRQoL [57]; this drug class constitutes the cornerstone of SLE therapy. During our inter-
views, it appeared cumbersome to retrieve the correct daily dose of HCQ when a different
number of pills was to be taken on different days of the week according to the prescription.
One patient called for more flexible dosage schedules or an easy way to divide the pill
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instead of varying dosages each day. This issue has also been addressed in a large study
from the US comprising 3127 patients with SLE, which demonstrated that a substantially
higher proportion of patients taking different doses every day reported that they forgot or
mistook the correct dose (32%) compared with patients who were on the same dose every
day [58]. Thus, prescriptions that are easy to follow may ascertain that the patient will
follow them to a larger extent. While this notion may appear intuitive, complicated dosage
schedules are often used to adjust for the patient’s weight, raising actionable awareness of
the need for a reduction of the degree of complexity when designing therapeutic regimens.

Financial costs of medications have been identified as potential barriers to medication
adherence in patients with SLE in a study from the US [21], as well as in documentations
from developing countries [19]. Along these lines, one interviewee mentioned that there had
been times when the patient did not pick up a prescription for SLE from the pharmacy due
to the price of the medication to prioritise other medications prescribed for other diseases.
This affirmation by the patient is of interest considering the Swedish context, where costs
for prescribed medications exceeding a yearly amount of 2350 SEK (equivalent to USD 262,
based on the current exchange rate), underlying that therapeutic decision-making and
patient education should also account for comorbidities and raising actionable awareness
of the need for the identification of impecuniousness in certain cases and allocation of
resources to ensure access to the prescribed medications.

Support from people close to the patient was mentioned by some study participants
to be vital. This suggests that information and education should not only be provided to
the patients, but also to family members or trusted people from the patient’s environment.
In this regard, a previous study showed that a clinical pharmacist could have an impor-
tant role in counselling family members and providing them with information about the
prescribed medications [47]. Last, but not least, not only the socioeconomic background,
but also values important to the patient should be accounted for in therapeutic decisions
and in patient education to ensure a holistic person-centred strategy against medication
non-adherence. Such values may include the religious beliefs of the patient or family
members, which was described by one of the interviewees to be of particular importance.
Religious and spiritual beliefs have also been described to impact on medication adherence
in previous research [19], especially when such beliefs specifically address or interfere with
the use of medications or the time of the day when medication intake is scheduled. The
same study [19] identified perceived mild severity of the disease as one of the reasons
for medication non-adherence; some patients tended to take their medications only when
experiencing symptoms, which is in compliance with the findings in the present study.
However, high disease activity and disease flares may also result in difficulties with adher-
ing to medications, as shown in another study [4]. While these discrepancies across studies
may give the impression of being conflicting, a reasonable explanation might be that the
level of disease activity impacts on how adherence is affected (e.g., with low-grade activity
acting as a “reminder” and high-grade activity being a negative contributor), as do cultural
and socioeconomic facets.

4.1. Limitations and Strengths

The small study population may be considered a limitation. However, this study was
designed to be a qualitative thematic analysis of interview content and data collection from
individual interviews that continued until the material had reached saturation (i.e., until
no additional content or patterns were identified during the analysis). Thus, a larger
number of interviewees was deemed excessive and even inappropriate, as it might result
in a cumbersome dataset to analyse while not adding informative data. The study was
not designed to prospectively assess the impact of the identified potential interventions
on SLE patients’ adherence to medications. However, the hypotheses generated herein
warrant prospective investigation in future studies. Moreover, statistical determination of
associations between hypotheses and data was beyond the scope of this study; thus, the
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analysis of the interviews was not assisted by statistics software and the presentation and
discussion of our findings was mainly descriptive.

Disease duration was not considered when patients were asked to participate in the
interviews. Our study participants’ median disease duration of nine years was shorter
than that of the respondents to the initial survey-based study (12 years). Shorter disease
duration has been associated with adherence difficulties in a study comprising 834 patients
with SLE [4]. Thus, since we aimed to mainly interview patients with adherence difficulties,
our selection strategy may intrinsically have resulted in a shorter median disease duration
for the interviewees compared with the survey respondents.

A major strength of our study was that the interviews were performed by a researcher
who did not belong to the clinic personnel and with whom the study participants therefore
had no prior acquaintance (SE). An additional advantage of this was that the interviewer
had no interference in the therapeutic decision-making, thus ensuring objectivity during
the interviews. This made the interviewees comfortable with sharing in-depth thoughts
and opinions. In a few instances, the interviewees requested assurance that their treating
rheumatologist would not be made aware of their responses. However, two researchers
with different backgrounds (master in biomedicine, SE; resident in rheumatology, CG) were
involved in the analysis of data to ensure that the analysis and subsequent interpretation
of results were not dependent on one individual investigator or biased by the view of a
specific profession.

4.2. Clinical Relevance

Medication non-adherence may have detrimental effects on patient safety, especially
when poor adherence is not identified, resulting in mistaken treatment evaluations. This
may in turn lead to unnecessary dose increases or changes in the therapeutic regimens,
potentially resulting in additional morbidity and impairments of the patients’ HRQoL.
Towards the goal of improving SLE patients’ adherence to medications, the first and
most important step is to systematically seek modifiable factors that negatively impact on
adherence at the level of the individual patient, and thereafter, together with the patient,
couple these factors with person-centred interventions against non-adherence.

5. Conclusions

We identified several potential interventions for improving medication adherence in
patients with SLE. Our findings suggest that patients should be educated by obtaining
complete written and oral information about the medications that they are recommended
or prescribed and about the disease that they are diagnosed with, in order to increase their
knowledge and deepen their understanding of the rationale for taking the medications.
Healthcare professionals should account for the patients’ HRQoL, religious beliefs, and
professions, and include family members in the care process. Professional mental support
should be offered to help the patients accept the diagnosis of a chronic disease and the
need for treatment. Direct and empathic medication reconciliation on multiple occasions
emerged as a desire from the patients. Finally, digital options for providing information
and for communication between healthcare providers and patients also emerged as a
potential facilitator. It is warranted to apply these interventions prospectively to an SLE
patient population to examine the effectiveness that these strategies may have on improving
medication adherence.
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Abstract: Mental disorders such as anxiety and depression are prevalent in systemic lupus erythe-
matosus (SLE) patients, yet their association with the underlying disease activity remains uncertain
and has been mostly evaluated at a cross-sectional level. To examine longitudinal trends in anxiety,
depression, and lupus activity, a prospective observational study was performed on 40 adult SLE
outpatients with active disease (SLE Disease Activity Index [SLEDAI]-2K ≥ 3 [excluding serology])
who received standard-of-care. Anxiety and depression were determined at baseline and 6 months by
the Hospital Anxiety and Depression Scale. Treatment adherence was assessed with a self-reported
patient survey. Increased anxiety (median [interquartile range] HADS-A: 11.0 [7.8]) and depression
(HADS-D: 8.0 [4.8]) were found at inclusion, which remained stable and non-improving during follow-
up (difference: 0.0 [4.8] and −0.5 [4.0], respectively) despite reduced SLEDAI-2K by 2.0 (4.0) (p < 0.001).
Among possible baseline predictors, paid employment—but not disease activity—correlated with re-
duced HADS-A and HADS-D with corresponding standardized beta-coefficients of −0.35 (p = 0.017)
and −0.27 (p = 0.093). Higher anxiety and depression correlated with lower treatment adherence
(p = 0.041 and p = 0.088, respectively). These results indicate a high-mental disease burden in active
SLE that persists despite disease control and emphasize the need to consider socioeconomic factors
as part of comprehensive patient assessment.

Keywords: comorbidities; mood disorders; low-disease activity; compliance; patient outcome

1. Introduction

Patients with Systemic Lupus Erythematosus (SLE) tend to suffer from a variety
of physical and mental comorbidities [1,2]. The latter comprise predominantly depres-
sion and anxiety disorders with point prevalence rates of 35.0% (95% confidence interval
[CI] 29.9–40.3%) and 25.8% (95% CI 19.2–32.9%), respectively [3], although estimations vary
according to the metrics and definitions used [3,4]. In the University of California San
Francisco Lupus Outcomes Study, depression (defined by the Center for Epidemiologic
Studies depression scale) incidence rate was 8.8 per 100 person-years [5] and in another
multi-ethnic and racial cohort from the same region, 16% of SLE patients developed de-
pression (based on the Patient Health Questionnaire-8) over an average observation period
of 26 months [6]. Anxiety disorder has been less extensively evaluated, nevertheless a
small case-control study found increased prevalence in SLE patients when compared to
counterparts with rheumatoid arthritis and healthy individuals [7].
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Accruing evidence suggests that mental disorders, especially depression, in patients
with SLE are associated with multiple adverse outcomes such as fatigue [8], cognitive
difficulties [9,10], subclinical atherosclerosis [11], work [12] or functional [13] disability, and
reduced health-related quality of life [14,15]. Indeed, severe forms of these disorders can
have detrimental effects on daily-life activities and social roles. In a cross-sectional analysis
of 80 SLE patients, Nowicka-Sauer et al. [16] found that anxiety and depression collectively
explained 43% of illness perception variance. Accordingly, identifying factors contributing
to these comorbidities can advance our understanding of their etiology and also rationalize
their possible modification towards the improvement of patient well-being.

In this regard, controversy exists over the relationship between anxiety and depres-
sion and SLE disease activity. Thus, active lupus (quantified for example, with the SLE
Disease Activity Index [SLEDAI]), especially from the mucocutaneous and musculoskele-
tal domains, has been correlated with increased depression and anxiety symptoms in
some [14,17–19]—but not all [15,20–23]—studies. Likewise, a connection between in-
flammatory mediators such as lupus autoantibodies and mood disorders has not been
consistently shown (reviewed in [24]). Of potential relevance is the association between
depression and lower treatment adherence [25–28], a known driver for lupus flare and
activity. This finding, however, lacks extensive confirmation or may be influenced by other
factors such as ethnicity [29–32]. Therefore, evaluation of the frequency and determinants
of mental disorders in different regions and clinical settings is important. Importantly, the
majority of aforementioned studies had a cross-sectional design or included patients with
no prespecified activity level at entry.

To this end, we carried out a prospective observational study in active and flaring SLE
patients who were treated according to standard-of-care, in order to monitor longitudinal
changes in depression and anxiety in relation to disease activity. The main hypothesis we
sought to test was whether treatment-induced amelioration of the disease would result in
the improvement of the aforementioned mental disorders. Taking advantage of our study
context of active SLE, we also examined for the possible relationship between anxiety and
depressive symptoms with reduced adherence to treatment.

2. Materials and Methods
2.1. Study Population

A prospective observational (non-interventional) study was performed at the outpa-
tient clinics of the Department of Rheumatology and Clinical Immunology, University Hos-
pital of Heraklion (Crete, Greece), covering from primary to tertiary care [33,34]. Patients
were enrolled by consecutive sampling techniques between May 2021 and September 2021.
Inclusion criteria were: (a) SLE diagnosis according to physician assessment and ascer-
tained by the 2019 European Alliance of Associations for Rheumatology (EULAR) and
American College of Rheumatology (ACR) classification criteria [35]; (b) age 18–65 years;
(c) active disease defined by a clinical (excluding serology) SLEDAI-2K ≥ 3 [36] not present
in the previous visit; (d) permanent residence in Crete; and (e) comprehension of Greek
language. Patients with other coexisting rheumatic diseases, active neuropsychiatric lupus
(diagnosed according to multidisciplinary approach as described elsewhere [37]), dementia,
malignancy (past or present), and ongoing pregnancy were excluded. A total of 117 patients
visited the outpatient clinics during the enrolment period, 50 of whom met the inclusion
criteria. Ten participants did not attend their scheduled follow-up visit, thus data from
40 participants were analyzed.

2.2. Monitoring Protocol, Disease Evaluation, and Data Collection

Patients were monitored at two to four-month intervals over a period of six months
as part of routine clinical practice and according to disease severity (based on physician
judgment). Disease assessment at baseline and during follow-up included: (a) laboratory
(complete blood count, liver and renal function, urinalysis) and immunological [serum
anti-dsDNA, C3, C4, antiphospholipid antibodies] tests, (b) disease activity (quantified
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by the SLEDAI-2K [38] and the Safety of Estrogens in Lupus Erythematosus, National As-
sessment (SELENA)-SLEDAI Physician Global Assessment [PGA] [39]), (c) organ damage
(quantified by the Systemic Lupus International Collaborating Clinics (SLICC) and ACR
damage index [SDI] [40]), (d) comorbid diseases (ascertained by medical history, chart
review and electronic prescription data) and, (e) use of medications, including the route
of administration and dosage of glucocorticoids. Data on sociodemographic factors (age,
disease duration, education level, marital status) were retrieved from medical charts and
verified by patient interviews. Working status was assessed as described elsewhere [41] and
included past (never or ever had paid employment) and current working status (having
paid employment or not). Data were entered into a secure electronic database installed
on the Department of Rheumatology and Clinical Immunology (University Hospital of
Heraklion) protected server and network. The operation and maintenance of the database
were strictly supervised by the scientifically accountable protocol and access was granted
only to authorized users and researchers. All principles of anonymity, confidentiality, and
non-traceability of data were adhered to.

2.3. Assessment of Anxiety, Depression, and Treatment Adherence

Anxiety and depression levels were determined at baseline and during follow-up by
the Hospital Anxiety and Depression Scale (HADS), a self-rating psychometric instrument
widely used in SLE [4,24,42] and validated in Greek patients [43] (including patients with
chronic rheumatic diseases [44]). Briefly, HADS includes seven questions for each disorder
(anxiety, depression), with a score ranging from 0–21. Scores ≤ 7 correspond to normal
levels of anxiety or depression, 8–10 to borderline pathological levels, and 11–21 to patho-
logical levels. Patients with a diagnosis of anxiety disorder or depression were identified
by reviewing the medical history, formal psychiatric evaluations, use, and indications for
anxiolytic or antidepressant treatments (i.e., prescribed for underlying mental disorder as
opposed to other conditions such as fibromyalgia). Treatment adherence was estimated
with a methodology based on self-reported patient survey (modified from [45]). The scale
is calculated by assigning one point for each positive answer, thus ranging from 0 (highest
adherence) to 4 (lowest adherence).

2.4. Statistical Analysis

Categorical data are presented as numbers with percentages and continuous data
as mean with standard deviation (continuous variables) or median with interquartile
range (ordinal variables). Linear regression was used to identify factors associated with
anxiety and depression. Possible predictors were first assessed by univariate analysis
and variables associated with p-Value < 0.100 were considered for multivariate-adjusted
analysis (stepwise backward selection method). To determine longitudinal changes
(follow-up vs. baseline) in disease activity (SLEDAI-2K), anxiety (HADS-A), and de-
pression (HADS-D), we applied the Wilcoxon Signed Rank test. In addition, absolute
differences (∆(delta) = follow-up minus baseline scores) were calculated for SLEDAI-2K,
HADS-A, and HADS-D. Patients were grouped as having stable or worsening, or improv-
ing anxiety and depression (∆HADS-A/D ≥ 0 vs. < 0, respectively) and independent
samples Mann–Whitney test was used to examine for between-group differences in
∆SLEDAI-2K. We also used the Spearman correlation test for the correlation of longitu-
dinal changes in anxiety and depression. The association between treatment adherence
and baseline anxiety or depression levels was evaluated by a chi-squared test. Statistical
significance was indicated as a two-tailed p-Value < 0.05. All statistical analyses were
performed using SPSS V25.0.
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2.5. Ethical Aspects

The study was approved by the Research Ethics Committee of the University of
Crete and by the Ethics Committee of the University General Hospital of Heraklion, Crete.
Written informed consent was obtained from all patients. All conditions for the protection
of personal data and medical confidentiality were met.

3. Results
3.1. Patients with Active SLE Manifest Increased Anxiety and Depression Levels That Persist
over Time

We evaluated 40 SLE patients (39 women) with an average (SD) age and disease duration
of 50.5 (10.3) and 10.3 (7.0) years, respectively (Table 1 and Supplementary Table S1).

Table 1. Demographic and clinical characteristics of SLE patients (n = 40).

No. (%) or Mean (SD) 1

Gender (female) 39 (97.5%)
Race (white) 40 (100.0%)
Age (years) 50.5 (10.3)
Disease duration 10.3 (7.0)
Education level

Basic or primary 6 (15.0%)
Secondary 19 (47.5%)
High or tertiary 14 (35.0%)

Employment status (working) 21 (52.5%)
Comorbidities

Hypertension 7 (17.5%)
Dyslipidemia 11 (27.5%)
Osteoporosis 9 (22.5%)
Thyroiditis 7 (17.5%)
Hypothyroidism 5 (12.5%)
COPD 2 or bronchial asthma 2 (5.0%)
Diabetes mellitus 2 (5.0%)
Fibromyalgia 15 (37.5%)
Mental disorder 16 (40.0%)

Depression 13 (32.5%)
Anxiety disorder 5 (12.5%)

Organ damage (SDI) 3 18 (45.0%)
1 SD, standard deviation; 2 COPD, chronic obstructive pulmonary disease; 3 SDI, SLICC/ACR damage index.

Fourteen patients (35.0%) had high- or tertiary-level education and the majority (52.5%)
were engaged in paid employment. A variety of comorbid conditions were present in our
study sample, including mental disorders previously diagnosed by a specialist (depression
in n = 13 patients). Organ damage (defined as SDI > 0) had accrued in 18 (45.0%) patients
(Table 1).

At inclusion, all patients had active disease with a median (IQR) SLEDAI-2K of 6.0
(4.0) (Table 2). Assessment of mental status by the HADS index indicated an increased
burden of both anxiety (HADS-A) and depression (HADS-D) with corresponding median
(IQR) scores of 11.0 (7.8) and 8.0 (4.8). Accordingly, anxiety and depression of even a mild
degree were detected in 70.0% and 52.5% of our patient cohort, respectively.

According to physician judgment and in line with standard clinical practice, patients
were offered with treatment modifications due to active disease including initiation or
dosage increase of hydroxychloroquine (n = 1), methotrexate (n = 8), azathioprine (n = 3),
mycophenolate (n = 3), cyclophosphamide (n = 1), biological agent (n = 6), and gluco-
corticoids (n = 14). At the follow-up assessment, a significant reduction was noted in
SLEDAI-2K, which reached a median of 4.0 (2.0) (Table 2). Conversely, neither anxiety
(HADS-A) nor depression (HADS-D) showed significant trends. Thus, average changes
in anxiety and depression scores were minimal (median [IQR]: 0.0 [4.8] and −0.5 [4.0],
respectively). These results indicate that despite a short-term lowering of disease activity,
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the burden of mental disorders tends to remain stable and non-improving in patients
with SLE.

Table 2. Disease activity, anxiety, and depression levels in SLE patients at inclusion and follow-up visits.

Baseline 1 Follow-Up p-Value 2

SLEDAI-2K 3 6.0 (4.0) 4.0 (2.0) <0.001
0 0 (0.0%) 5 (12.5%)
1–4 14 (35.0%) 22 (55.0%)
5–8 22 (55.0%) 13 (32.5%)
≥9 4 (10.0%) 9 (0.0%)

HADS-Anxiety 11.0 (7.8) 11.0 (5.5) 0.964
Normal (≤7) 12 (30.0%) 8 (20.0%)
Mild (8–10) 7 (17.5%) 9 (22.5%)
Moderate (11–14) 11 (27.5%) 13 (32.5%)
Severe (≥15) 10 (25.0%) 10 (25.0%)

HADS-Depression 8.0 (4.8) 8.0 (6.8) 0.463
Normal (≤7) 19 (47.5%) 19 (47.5%)
Mild (8–10) 12 (30.0%) 13 (32.5%)
Moderate (11–14) 6 (15.0%) 7 (17.5%)
Severe (≥15) 3 (7.5%) 1 (2.5%)

1 Data are presented as median (interquartile range) or no. (%). 2 Wilcoxon Signed Rank Test. 3 SLE Disease
Activity Index-2K.

3.2. Lack of Correlation between Longitudinal Changes in Disease Activity and Mental Disorders
in SLE Patients

We sought to gain additional insights into the relationship between anxiety, depression,
and disease activity in patients with SLE. Further to examining average trends, we grouped
our study sample according to whether SLEDAI-2K was improved (by at least one unit;
n = 24) or not (n = 16) during follow-up. We then compared the longitudinal changes in
anxiety and depression levels (HADS-A and -D at follow-up minus HADS-A and -D at
inclusion visit) between the two aforementioned patient subsets. Comparable changes in
HADS-A and HADS-D scores were noted in SLE patients with improved vs. non-improved
disease activity (Figure 1A).

In addition, we identified patients who attained a low-disease activity state according
to the definitions proposed by Franklyn et al. [46] and Polachek et al. [36]. Again, HADS-A
and HADS-D temporal trends did not differ significantly in patients who achieved or did
not achieve low-disease activity (Supplementary Table S2). To address any confounding
effects of administered treatments, the previous analyses were repeated separately in
patients who were started on or received an increased dose of glucocorticoids due to active
disease. In an ancillary analysis, we classified patients according to whether their level
of anxiety or depression (as defined in Table 2) improved (for instance, from “severe” to
“moderate”), remain stable, or worsened (for instance, from “mild” to “moderate”). By
comparing the three aforementioned groups for corresponding changes in SLEDAI-2K, we
found no significant trends (Supplementary Table S3).

Notwithstanding the small sample size, results were similar to the whole patient
cohort (data not shown). Notably, longitudinal changes in anxiety showed a strong correla-
tion (rho = 0.457, p = 0.003) with corresponding changes in depression levels (Figure 1B).
Altogether, these data reiterate that SLE patients whose disease improved and even reached
a low-activity state, are still burdened with mental disorders.
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Figure 1. Longitudinal changes in anxiety and depression in association with improvement or not
in disease activity. (A) Dot plots demonstrate changes (follow-up minus baseline) in HADS-A (left
panel) and HADS-D (right panel) in SLE patients with improving vs. stable or worsening disease
activity (SLEDAI-2K). Independent samples Mann–Whitney test was performed between the two
patient groups. Blue lines represent medians (interquartile range). (B) Correlation of longitudinal
changes (follow-up minus baseline) in HADS-A (∆ HADS-A) and HADS-D (∆ HADS-D) values in
the SLE sample (each patient is represented by a separate black circles). The Spearman’s correlation
coefficient rho = 0.457 (p-Value = 0.003).

3.3. Association of Mental Disorders with Sociodemographic Characteristics in SLE Patients

The previous findings prompted us to search for other possible predictors of mental
disorders in our study sample. To this end, we examined the baseline (i.e., registered at
inclusion visit) scores of HADS-A and HADS-D in relationship with standard sociodemo-
graphic and clinical parameters. Using previously recommended cut-offs, we found no sig-
nificant differences in average age, SLE duration, disease activity or severity (SLEDAI-2K),
organ damage, presence of comorbidities, and education level in patients with high anxiety
(HADS-A ≥ 11) or depression (HADS-D ≥ 8) levels as compared to their counterparts
with lower scores (Supplementary Table S4). Conversely, patients with lower levels of
anxiety reported paid employment at a significantly higher frequency than those with high
anxiety (73.7% vs. 33.3%, respectively, p = 0.011). A similar trend in active employment
status was observed in SLE patients with low when compared to high-depressive symp-
toms (68.2% vs. 33.3%, respectively, p = 0.028) (Supplementary Table S4). Next, the same
parameters were analyzed by linear regression resulting in comparable findings although
the association between employment status and HADS-D scores did not reach statistical
significance (Table 3).
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Table 3. Anxiety and depression in association with sociodemographic and clinical characteristics of
SLE patients.

Anxiety Level
(HADS-A)

Depression Level
(HADS-D)

Univariate Analysis Standardized β Coefficient; p-Value 1

Age (years) 0.05 0.771 0.04 0.812
Education 2 −0.14 0.389 −0.22 0.172
SLE duration (years) 0.10 0.528 0.06 0.721
Employment 3 −0.42 0.007 −0.27 0.093
Comorbidities (no.) 0.12 0.466 0.22 0.167
SLEDAI-2K −0.04 0.786 −0.15 0.353
Organ damage (SDI) 0.08 0.632 −0.22 0.174
SLE treatment

HCQ 4,5 −0.07 0.632 0.11 0.489
Glucocorticoids 4 −0.06 0.372 −0.22 0.180
Immunosuppressives 4 −0.45 0.003 −0.17 0.284
Biologics 4 −0.05 0.765 0.07 0.686

Multivariable-adjusted 5

Employment (working) 3 −0.35 0.017 −0.27 0.093
Immunosuppressives 4 −0.39 0.008 – –

1 Linear regression analysis. 95% CI (95% confidence interval); 2 Treated as ordinal variable (0 = primary
level; 1 = secondary levels; 3 = tertiary level); 3 Treated as dummy variable (1 = paid employment; 0 = not paid
employment); 4 Treated as dummy variable (1 = use; 0 = no use); 5 Backwards elimination model (variables with
univariate p-Value < 0.100 were entered); HCQ, hydroxychloroquine.

Coupled with our aforementioned results, this analysis suggests that socioeconomic
factors (employment)—rather than disease activity—may be linked to the excessive burden
of mental disorders in patients with SLE.

3.4. Increased Anxiety and Depression Levels Are Associated with Lower Adherence to Treatment

Our study focused on trends of anxiety and depression in the context of active lupus.
Notably, previous studies have associated mental disorders with poor treatment compliance
in patients with SLE [25–28]. Using a self-reported measure, we found that 19 out of 40
patients (47.5%) had low or very low adherence to treatment. We then investigated whether
the severity of mental disorders (assessed at the inclusion visit) correlated with treatment
adherence. Within patients with low-anxiety levels (HADS-A < 11), the majority (68.4%)
had high compliance; in contrast, among patients with high anxiety (HADS-A ≥ 11), only
38.1% had high compliance and 23.8% exhibited very low or no adherence to treatment (p
= 0.041; Table 4).

Table 4. Association of anxiety and depression with treatment adherence in SLE patients.

Treatment Adherence (Self-Reported): Highest to Lowest

0–1 2 3–4 p-Value 1

Anxiety level
No or low 13 (68.4%) 6 (31.6%) 0 (0.0%)
Moderate or severe 2 8 (38.1%) 8 (38.1%) 5 (23.8%) 0.041

Depression level
No or low 18 (58.1%) 11 (35.5%) 2 (6.5%) 0.088
Moderate or severe 3 3 (33.3%) 3 (33.3%) 3 (33.3%)

1 Chi-squared test. 2 HADS-A ≥ 11. 3 HADS-D ≥ 8.

This relationship was confirmed by a statistically significant positive correlation be-
tween HADS-A and adherence scores treated as continuous variables (Spearman’s rho = 0.324,
p = 0.041) (data not shown). Likewise, SLE patients with lower severity of depressive symp-
toms (HADS-D < 8) had better treatment compliance (58.1% with high compliance) when
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compared to those with HADS-D ≥ 8 (33.3%), however, this association was not statistically
significant (p = 0.088) probably due to the small sample size. Altogether, active SLE patients
with a high burden of mental disorders are less likely to adhere to treatment of their disease.

4. Discussion

Mental comorbidities such as anxiety and depression are common in patients with
SLE, however their association with underlying activity and likewise, their responsiveness
to disease improvement remains inconclusive [24]. Our longitudinal analysis of 40 active
lupus patients who received standard-of-care treatment to control their disease, demon-
strated a high burden of anxiety and depression that remains unchanged at least over a
short-term follow-up period and may be determined by socioeconomic factors such as
employment status rather than by clinical parameters. Notably, increased levels of anxiety
and depression tended to correlate with lower treatment adherence, an established deter-
minant for disease flares [47,48], thus further emphasizing the importance of assessing
mental disorders and associated risk factors as part of a comprehensive management plan
in patients with SLE.

In our sample comprising of active SLE patients with an average age and disease dura-
tion of 50.5 and 10.3 years, respectively, significant anxiety (HADS-A ≥ 11) and depression
(HADS-D ≥ 8) was each noted in 52.5%. This is in line with the results from previous
cross-sectional observational studies [7,11,18,23,49–52] and meta-analyses of published
data [3,4], although reported rates may vary according to the study design, population
characteristics, and diagnostic instruments used. In the same context, a large Danish cohort
study found that compared with the general population, the adjusted hazard ratio of
depression was 2.22 (95% CI 1.77–2.77) for SLE patients [53]. Intriguingly, Roberts et al. [54]
analyzed data from 194,483 women and found that a history of depression was linked to
increased risk (adjusted hazard ratio 2.45; 95% CI 1.74–3.45) for subsequent development
of SLE, irrespective of the effect of other confounding factors, thus suggesting a possible
cross-interaction between the two conditions.

Although it is plausible to consider inflammation as a determining factor for mental
disorders in SLE [55], there are conflicting reports regarding the relationship of disease
activity with anxiety and depression [14,15,17–23]. To overcome the cross-sectional design
limitations of most aforementioned studies, we enrolled active SLE individuals accord-
ing to predetermined criteria and monitored them at two consecutive time points, i.e., at
inclusion and six months post-treatment modification. Contrary to SLEDAI which was
significantly improved over time, HADS-A and -D scores remained unchanged. Addition-
ally, we found no reduction in mental disorders within patients who attained a state of
low-lupus activity. Subgroup analysis according to intake or not of glucocorticoids yielded
similar findings, thus reducing the possibility for a treatment confounding effect [56]. Our
results are in agreement with a longitudinal study of 139 SLE patients which revealed
four distinct anxiety trajectories that remained stable and not affected by disease activity
over an average period of 30.9 months [57]. A similar analysis focusing on depression also
showed persistence over time and a lack of association with temporal trends in SLEDAI-2K
(average follow-up of 30.2 months) [58]. Collectively, and in line with a previous cohort
study indicating that depression might be a long-term outcome of SLE [53], these data
suggest that fluctuations of disease activity might not be major drivers of anxiety and
depression, especially in the context of long-standing disease, although it has been ar-
gued that prolonged remission (i.e., lasting at least 5 years) might have a positive impact
on depression [59].

Our previous finding coupled with the lack of association between other clinical
characteristics and mental disorders prompted us to explore the possible role of sociodemo-
graphic factors. We found paid employment status to be protective against both anxiety
and depression with corresponding odds ratios of 0.18 and 0.23, independent of SLE
severity measures such as SLEDAI and organ damage. This is in agreement with other
studies that have identified socioeconomic factors, in particular unemployment, financial
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strain, or low-social support, as significant correlates of depression in SLE [5,14,19,23,60].
Indeed, mediation modeling has suggested that low-socioeconomic status may impact
negatively on the psychosocial resilience [60] and perceived stress [13] of lupus patients,
thus contributing to higher anxiety, depression, and subsequent disability. It might be also
that some SLE individuals are unable to (find) work due to the severity of the underlying
disease or the concomitant anxiety or depressive symptoms [19]. These data underscore
the importance of considering relevant socioeconomic factors when assessing the mental
status of patients with SLE.

To our knowledge, our study is the first to evaluate medication adherence in Greek indi-
viduals with SLE. Using a self-reported survey, we found that 47.5% of patients with active
lupus had low or very low compliance to treatment, a percentage that falls within the range
(typically, 43–75%) of previously reported adherence rates [61]. Notably, increased levels
of mental disorders tended to correlate with non-adherence, an association that has been
previously shown especially for depression in several observational studies [25–28,62,63].
In this regard, anxiety and depression have been recognized as major determinants of
the resilience [29] and illness perception [16] of lupus patients, which can both impact
on compliance. Considering the prognostic implications of treatment adherence in terms
of flares prevention and improved patient outcomes [64], these findings underline the
importance of identifying and managing mental disorders in patients with SLE.

Several study limitations should be discussed such as that our results were derived
from patients with distinct ethnic, demographic, and clinical characteristics, thus may not
be generalizable to the whole SLE spectrum. Nevertheless, we applied specific inclusion cri-
teria for active disease evaluated before and after treatment modifications, which facilitates
the homogeneity of our data. Although the sample size can be considered relatively small
to detect modest effect sizes, our prospective design enabled the generation of robust data
regarding intra-individual temporal changes in SLE activity and mental disorders. Because
our cohort was followed for six months, we were not able to examine the possible effect
of sustained disease control on anxiety and depression. Additionally, the levels of mood
disorders prior to study enrolment and how this might have affected the study findings
was not available. Finally, the association between mental disorders and employment
might be confounded by other parameters not captured in our analysis, still, the validity of
our findings has been confirmed by other studies [5,14,19,23,60].

5. Conclusions

Active SLE patients exhibit a significant burden of anxiety and depressive symptoms,
which remain unchanged despite treatment-induced short-term improvement in disease
activity. This concurs with the fact that socioeconomic factors such as employment status,
rather than clinical parameters, are significant predictors of the mental status of these
patients. Despite the lack of association with disease activity, higher levels of anxiety and
depression tend to coincide with lower treatment adherence, which is an established driver
of adverse disease outcomes and flares. Together, our findings reiterate the importance of
a comprehensive risk assessment for mental disorders in patients with SLE towards the
improvement of their overall health status and prognosis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11154316/s1, Table S1: Treatment of SLE patients included in
the study; Table S2. Longitudinal changes in anxiety and depression in SLE patients who achieved or
did not achieve a state of low-disease activity; Table S3: Reclassification of the anxiety and depression
level in association with longitudinal change in disease activity in SLE patients; Table S4: Anxiety
and depression in association with sociodemographic and clinical characteristics of SLE patients.
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Abstract: Tackling active disease to prevent damage accrual constitutes a major goal in the manage-
ment of patients with systemic lupus erythematosus (SLE). Patients with early onset disease or in
the early phase of the disease course are at increased risk of developing severe manifestations and
subsequent damage accrual, while less is known about the course of the disease in the long term. To
address this issue, we performed a multicentre retrospective observational study focused on patients
living with SLE for at least 20 years and determined their disease status at 15 and 20 years after onset
and at their last clinical evaluation. Disease activity was measured through the British Isles Lupus
Assessment Group (BILAG) tool and late flares were defined as worsening in one or more BILAG
domains after 20 years of disease. Remission was classified according to attainment of lupus low-
disease-activity state (LLDAS) criteria or the Definitions Of Remission In SLE (DORIS) parameters.
Damage was quantitated through the Systemic Lupus Erythematosus International Collaborating
Clinics/American College of Rheumatology damage index (SLICC/ACR-DI). LLAS/DORIS remis-
sion prevalence steadily increased over time. In total, 84 patients had a late flare and 88 had late
damage accrual. Lack of LLDAS/DORIS remission status at the 20 year timepoint (p = 0.0026 and
p = 0.0337, respectively), prednisone dose ≥ 7.5 mg (p = 9.17 × 10−5) or active serology (either dsDNA
binding, low complement or both; p = 0.001) were all associated with increased late flare risk. Late
flares, in turn, heralded the development of late damage (p = 2.7 × 10−5). These data suggest that
patients with longstanding SLE are frequently in remission but still at risk of disease flares and
eventual damage accrual, suggesting the need for tailored monitoring and therapeutic approaches
aiming at effective immunomodulation besides immunosuppression, at least by means of steroids.

Keywords: lupus; flare; damage; long disease duration; trajectories; remission; low disease activity

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease of unknown
aetiology, characterized by a broad spectrum of clinical presentations, and linked to the
production of autoantibodies leading to inflammation with multi-organ involvement. Over
time, SLE morbidity may be affected not only by exacerbations, but also by progressive
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organ damage, either related to SLE, treatments or comorbidities [1–4]. The treat-to-
target (T2T) therapeutic approach, aiming at “remission of systemic symptoms and organ
manifestations” is founded on this notion, with the perspective of minimising patient
disability and improving long-term survival [5–7]. In the past, different definitions of
remission were proposed [1,8], but none were universally accepted, hindering the selection
of an appropriate outcome measure for any T2T strategy. Starting from 2016, the Definitions
Of Remission In SLE (DORIS) Initiative provided a framework for defining remission in
SLE [2,9]. Then, the task force performed a thorough revision of accumulating evidence,
information and data to reach the final recommendations for a definition of remission in
SLE in 2021 [10].

While remission is an achievable outcome, it may seldom be reached or sustained
with the current therapies and thus the development of a more attainable target associated
with reduced damage accrual protection has been advocated. The Asia Pacific Lupus
Collaboration (APLC) performed a series of studies to validate the so-called Lupus Low
Disease Activity State (LLDAS). The LLDAS is a composite score evaluating five different
aspects of the disease, and has proven to be a valuable alternative for the implementation
of treat-to-target therapeutic strategies. It has been demonstrated that patients in persistent
LLDAS show a significantly lower frequency of disease flare-ups and lower accumulation
of organ damage [11,12].

With the introduction of new therapies, there has been considerable improvement in
the survival of individuals with SLE. In contrast, patients living longer with the disease
may present chronic organ damage and disability as a result of persistent disease activity
and/or treatment side effects [13–15].

Few studies are available on patients affected by long-standing SLE. According to
these, skin and joint involvement are associated with a lower likelihood of achieving
LLDAS or remission, probably because of the still suboptimal control of these symptoms
based on current therapies [16,17].

Based on the previous considerations, the objectives of this study are: the evaluation
of the proportion of patients achieving remission according to DORIS definitions or low
disease activity, LLDAS, in a multicentre cohort of SLE patients with disease duration of
more than 20 years; the identification of valid prognostic markers to support such remission
or LLDAS, and prevent possible disease flare-ups; the estimation of the effect of prolonged
remission or LLDAS on damage accumulation in patients with long-standing disease.

2. Materials and Methods
2.1. Patients

The Milan Systemic Lupus Erythematosus Consortium (SMiLE) cohort is a longitudi-
nal observational cohort of SLE patients regularly followed at three rheumatology tertiary
centres in Milan: Lupus Clinic of the Clinical Rheumatology Unit of ASST Pini-CTO, the
Referral Center for Systemic Autoimmune Diseases of Fondazione Ca’ Granda IRCCS Poli-
clinico and the Lupus Clinic of the Unit of Immunology, Rheumatology, Allergy and Rare
Diseases at IRCCS Ospedale San Raffaele. The cohort was created with the aim to better
characterise the biological and clinical features of SLE patients and includes all patients
fulfilling the 1997 American College of Rheumatology revised classification criteria or the
2019 SLICC/ACR revised criteria for the diagnosis of SLE. The protocol was approved by
the IRCCS San Raffaele Hospital Ethics Committee and the Comitato Etico Milano Area
2 (approval no. 0002450/2020) (for both the “Pini” and “Policlinico” hospitals). When
entering the cohort, all patients signed an informed consent form.

Within this population, we selected all the patients with a disease duration ≥20 years.
Medical records of patients were retrospectively evaluated and clinical and laboratory
information were collected at baseline, at 15 and 20 years from the first visit and at the time
of the last observation.

152



J. Clin. Med. 2022, 11, 3587

2.2. Outcome Measures

Disease activity, severity of organ involvement and flares were assessed by the British
Isles Lupus Assessment Group 2004 (BILAG-2004) index [18–20]. In addition, the Systemic
lupus erythematosus disease activity index 2000 (SLEDAI-2K) [21] and the Physician Global
Assessment (PGA) 0–3 scale [22] were also scored. Remission was defined according to the
DORIS final recommendations [10] and namely as a clinical SLEDAI (cSLEDAI) = 0, a PGA
< 0.5, irrespective of serology; patient may be on antimalarials, low-dose glucocorticoids
(prednisone or equivalents ≤ 5 mg/day), and/or stable immunosuppressives including
biologics. Low-disease-activity state (LLDAS) was defined as recently reported by Franklyn
et al. [12], that is, an SLEDAI-2K ≤ 4, no disease activity in major organ systems (renal, cen-
tral nervous system [CNS], cardiopulmonary, vascular, fever), no occurrence of haemolytic
anaemia or gastrointestinal activity, no new disease activity in relation to previous evalua-
tions, a PGA ≤ 1; patient may be on low-dose glucocorticoids (prednisone or equivalents)
≤ 7.5 mg/day), standard maintenance dose of well-tolerated, approved, immunosuppres-
sive drug and biologic therapies, excluding the investigational drugs. Estimated damage
accumulation was calculated using the Systemic Lupus International Collaborating Clin-
ics/American College of Rheumatology Damage Index (SLICC/ACR-DI) [23].

Low complement was defined as C3 and/or C4 levels below the reference value. Anti-
dsDNA positivity was considered when values where above twice the threshold value,
while and anti-PL positivity was confirmed when at least one among aCL, anti-b2GPI and
LAC was positive in 2 determinations 12 weeks apart.

2.3. Statistical Analysis

For descriptive statistics, continuous variables were summarized as mean ± standard
deviation, except for skewed data that were described as median (interquartile range). The
chi-squared test was used to compare categorical variables from 2 × 2 contingency tables.

Survival analysis was conducted to estimate the time to the first flare occurring after
the 20th year of disease. The analysis was restricted to the 20–30th year interval to ensure
that at least 20% of cases were available at the end of observation and to provide reliable
survival estimates. Time-to-event analysis was conducted via Cox regression with the
estimation of hazard ratios (HR) and relative 95% confidence intervals (CI95).

3. Results
3.1. Clinical Features at Enrolment and at Study End

Long-term data were available for 221 patients with a mean follow-up of 28.5 ± 6.6 years
from diagnosis (Table 1). Musculoskeletal and mucocutaneous involvements were the
most prevalent manifestations in patient history, and nearly half of the patients (n = 106)
experienced lupus nephritis. Renal involvement was the presenting manifestation in
32.2% of cases and usually occurred early in the medical history (81.3% of times within
10 years, 91.6% of times within 15 years). The vast majority of patients (n = 202, 91.4%) were
treated with hydroxychloroquine and 172 subjects (77.8%) were exposed to conventional
immunosuppressants. At the end of the observation (28.5 ± 6.6 years from diagnosis),
129 patients were both in LLDAS and DORIS remission and 41 patients were neither in
LLDAS or DORIS remission. The two remission classifications were significantly associated
(χ2 = 63.940; p < 0.0001). A total of 172 patients (77.8%) had accumulated one or more
SLICC/ACR-DI items with a mean of 1.7 ± 1.73 items/patient. Cataract was the most
prevalent damage item (n = 33, 14.9%), followed by erosive/deforming arthritis (n = 26,
11.8%) and osteoporosis with fractures (n = 25, 11.3%), as detailed in Supplemental Table S1.
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Table 1. Clinical, laboratory and demographic characteristics.

Variable n = 221

Female, n (%) 198 (89.6%)
Age at diagnosis, years 25.6 ± 10.6

Follow-up, years 28.5 ± 6.6

Serology, n (%)

Anti-dsDNA 177 (80.1%)
Anti-Sm 33 (14.9%)

aPL 98 (44.3%)
Low complement 181 (81.9%)

Clinical features ever, n (%)

Musculoskeletal involvement 189 (85.5%)
Mucocutaneous involvement 180 (81.4%)

Renal involvement 106 (48.8%)
Neuropsychiatric SLE 49 (22.2%)

Cardiopulmonary involvement 75 (33.9%)
Haematological involvement 138 (62.4%)

Constitutional symptoms 168 (76%)
Gastrointestinal involvement 11 (5%)

Ophthalmic involvement 19 (8.6%)

Treatment ever, n (%)

Hydroxychloroquine 202 (91.4%)
Prednisone ≥5 mg 221 (100%)

Methotrexate 51 (23.1%)
Mycophenolate mofetil/mycophenolic acid 72 (32.6%)

Azathioprine 113 (51.1%)
Cyclosporine 49 (22.2%)

Cyclophosphamide 72 (32.6%)
High-dose intravenous steroids 117 (52.9%)

Rituximab 14 (6.3%)
Belimumab 25 (11.3%)

ds-DNA: double strain-DNA; anti-Sm: anti-Smith; aPL: anti-phosholipid antibodies; SLE: Systemic Lupus
Erythematosus.

3.2. Changes in Disease Activity and Damage Accrual over Time

The chance of being in LLDAS or in remission, according to DORIS definition, in-
creased over time. Nonetheless, chronic damage according to the SLICC/ACR-DI, was also
higher when patients were observed at later timepoints (Table 2). BILAG scores for each dis-
ease domain were collected at each timepoint and are reported in Supplemental Figure S1.
Disease flare rates after 20 years of follow up were calculated based on worsening BI-
LAG scores in one or more domains. Eighty-four subjects (38.9%) had one or more flares,
yielding a 10-year flare risk of nearly 50% (Figure 1). Most flares were experienced in the
musculoskeletal domain, as shown in Table 3. In 10 cases (11.9%), a BILAG A flare was
preceded by a BILAG B score, in 19 cases (22.6%) a BILAG A or B flare was preceded by
a BILAG C score, by a D score in 41 (48.8%) and by an E score in 14 (16.7%). Pre-flare
serological status was altered in 46 (55.4%) patients: 40 had (47.6%) low complement, 26
(30.9%) had increased dsDNA binding, and 18 (21.4%) had a negative serological status.
Regarding therapy before flare, 21 subjects (25%) were treated with prednisone >5 mg/day,
45 (53.7%) with hydroxychloroquine and 39 (46.4%) with immunosuppressants. In total,
88 patients of 216 with available data (40.7%) accrued additional damage items after the
20-year timepoint.
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Table 2. LLDAS, remission ad SLICC/ACR-DI indexes at long-term endpoints.

Status 15 Years (n = 199) 20 Years (n = 205) Last Observation (n = 221)

LLDAS 137 (68.8%) 155 (75.6%) 177 (80%)
DORIS remission 107 (53.8%) 115 (58%) * 132 (59.7%)
SLICC/ACR-DI 0.57 ± 1.04 ** 0.89 ± 1.42 *** 1.57 ± 1.9

Full dataset available at the last observation; exploratory analysis on available data at 15 and 20 years from
diagnosis. Data from: * 183 patients; ** 198 patients; *** 216 patients. LLDAS: Lupus low disease activity
state; DORIS: Definitions Of Remission In SLE; SLICC/ACR-DI: Systemic Lupus Erythematosus International
Collaborating Clinics/American College of Rheumatology damage index.

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 5 of 10 
 

 

mg/day, 45 (53.7%) with hydroxychloroquine and 39 (46.4%) with immunosuppressants. 
In total, 88 patients of 216 with available data (40.7%) accrued additional damage items 
after the 20-year timepoint.  

Table 2. LLDAS, remission ad SLICC/ACR-DI indexes at long-term endpoints. 

Status 15 Years (n = 199) 20 Years (n = 205) Last Observation (n = 221) 
LLDAS 137 (68.8%) 155 (75.6%) 177 (80%) 

DORIS remission 107 (53.8%) 115 (58%) * 132 (59.7%) 
SLICC/ACR-DI 0.57 ± 1.04 ** 0.89 ± 1.42 *** 1.57 ± 1.9 

Full dataset available at the last observation; exploratory analysis on available data at 15 and 20 
years from diagnosis. Data from: * 183 patients; ** 198 patients; *** 216 patients. LLDAS: Lupus low 
disease activity state; DORIS: Definitions Of Remission In SLE; SLICC/ACR-DI: Systemic Lupus Er-
ythematosus International Collaborating Clinics/American College of Rheumatology damage in-
dex. 

 
Figure 1. Flare-free estimates in long-term SLE patients up to 10 years from the 20th year of dis-
ease. 

Table 3. Clinical features of patients with flares after 20 years of follow up by BILAG domain. 

Organ/Apparatus Flares (n = 84) 
Musculoskeletal 38 (45.2%) 
Mucocutaneous  15 (17.9%) 
Renal 9 (10.7%) 

Figure 1. Flare-free estimates in long-term SLE patients up to 10 years from the 20th year of disease.

Table 3. Clinical features of patients with flares after 20 years of follow up by BILAG domain.

Organ/Apparatus Flares (n = 84)

Musculoskeletal 38 (45.2%)
Mucocutaneous 15 (17.9%)
Renal 9 (10.7%)
Neuropsychiatric SLE 6 (7.1%)
Cardiopulmonary 3 (3.6%)
Haematological 6 (7.1%)
Constitutional 2 (2.4%)
Gastrointestinal 3 (3.6%)

SLE: Systemic Lupus Erythematosus.
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3.3. Factors Associated with Late Flares and Damage Accrual

Patients in LLDAS at the 20-year timepoint had nearly half the risk of a flare within
the following ten years compared to patients who were not in LLDAS (HR = 0.487,
CI95 = 0.305–0.778, p = 0.0026; Figure 2). Similar results were observed considering the
attainment of DORIS remission at 20 years of disease (HR = 0.611, CI95 = 0.338–0.963,
p = 0.0337). Patients with low complement and increased dsDNA binding at pre-flare eval-
uation had a higher 10-year risk of flare compared to patients with a fully negative serology
(HR = 2.645, CI95 = 1.478–4.73, p = 0.001), while the occurrence of either serological alter-
ation was not associated with any risk (Figure 3). No other clinical features at the 20-year
timepoint were associated with eventual flares. Patients taking prednisone or equivalent
at a dosage ≥ 7.5 mg/day before flare had a higher flare risk in the subsequent follow up
compared to patients with a lower-dose or off steroids (HR = 2.684, CI95 = 1.637–4.403,
p = 9.17 × 10−5).
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20 years. Flare-free survival estimates after the 20th year of disease according to the activity state at
the 20th year. LLDAS, lupus low-disease-activity state; Active, absence of LLDAS (active disease).

Late flares (that is, occurring after 20 years of follow up, N = 52/88, 59%) were more
frequent among patients with progressing SLICC/ACR-DI (N = 52/88, 59.0%) than among
patients who did not accrue additional damage after 20 years of follow up (N = 41/128,
32.0%; OR = 3.411, CI95 = 1.90–6.12, p = 2.7 × 10−5).
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4. Discussion

In this multicentre study, we analysed the trajectories of a relatively large cohort of
patients with SLE with long disease duration. We found that most patients have low to no
disease activity when observed from the 15th year of disease on, and that the proportion
of patients in remission increases over time. However, late damage accrual was also
experienced by 40% of patients, possibly with a linear trend. Patients who were not in
remission or LLDAS at the 20-year timepoint had a higher risk of late flares, which in turn
were associated with damage accrual. Consistently, patients needing higher prednisone
doses at pre-flare evaluation had higher chances of developing a flare than patients who had
been able to de-escalate or discontinue their treatment with prednisone. Increased dsDNA
binding and low complement were also associated with the development of late flares.

Tackling disease progression from persisting activity to damage and disability consti-
tutes a major goal for patients with SLE [3]. Damage accrual has in fact also been associated
with higher mortality rates, besides its impact on quality of life [7,24–27]. Patients with
early-onset disease and patients in the early phase of their disease course have consis-
tently been reported to experience more severe manifestations and accrue damage more
rapidly [28–30]. Damage accrual is predicted to grow linearly at least during the first two
decades of disease duration, while less is currently known for later timepoints [27,29,31].
Our data suggest that this linear trend might progress even in very late phases of the
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disease, which prompts the identification of factors that may modulate this unfavourable
course. Consistent with previous studies, we observed that the achievement of a stable
remission might protect from late flares and eventually damage [15,17,28,32,33]. Notably,
we also confirmed that LLDAS largely overlaps with clinical remission [15] and might
constitute a feasible treatment endpoint both in clinical trials and routine rheumatology
practice [26,34,35]. In line with other reports, we also found that the musculoskeletal
system was most frequently involved in late flares and more prone to be involved in dam-
age accrual [27,29]. In fact, deforming/erosive arthritis and osteoporotic fractures were
among the most frequent SLICC/ACR-DI items in our cohort. The relatively lower rate of
avascular necrosis compared to other studies might be attributed to ethnic or geographic
factors affecting vitamin D metabolism [29,36]. Indeed, high rates of cataract development
were also observed in our cohort along with osteoporosis fractures, cardiovascular and
retinal complications, possibly suggesting a role of corticosteroid-related mechanisms in
contributing to the accrual of damage [37,38]. Taking these data together with the asso-
ciation of high-dose corticosteroid treatments with late flares and that of late flares with
damage suggests that distinct treatment approaches might apply to patients at distinct
stages of the disease. Immunomodulation through antimalarials and belimumab has been
associated with slower damage progression [37,39,40] and might be favoured in older
patients with longstanding disease over maintenance immunosuppression. Nonetheless,
data from the literature also suggest that immunomodulation is most effective before the
onset of initial damage [41], damage itself being a risk factor for further SLICC/ACR-DI
progression [7]. The role of immunomodulatory treatment in minimising the effects of
deranged B-cell responses in SLE might also be consistent with the predictive role of active
combined increased dsDNA binding and low complement towards late flares.

The results of this study suggest that late flares herald damage accrual in patients
with longstanding disease and might correlate with higher doses of corticosteroids. This
evidence should however be put into the context of some study limitations. First, data
regarding the preceding disease history were incomplete, as digital clinical records were
only recently introduced into our clinical setting and hard copies of older documents were
not available for all subjects. Second, data collection was planned at discrete timepoints
rather than visit-by-visit, preventing comprehensive tracking of disease fluctuations over
time. Third, treatment features were not homogeneous among subjects, possibly reflecting
the evolution of lupus care during recent decades but introducing potential confounders in
terms of deflection of disease activity and damage accrual trajectories. Fourth, we focused
on a relatively limited number of clinical variables without complementary assessment
of potential biomarkers, preventing the development of further patient stratification by
pathophysiological or phenotype features.

5. Conclusions

Notwithstanding these limitations, our data provide novel hints regarding disease-
and treatment-related morbidity in patients with longstanding SLE. Even patients with
longer distance from disease onset, especially those with persistent active serology, are
at risk of developing disease flares, which in turn constitute a risk factor for late damage
accrual. Taken together, our data support the need for closer monitoring of these patients,
even in the long term.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11133587/s1, Table S1: SLICC/ACR-DI items at the last time
observation; Figure S1: BILAG scores at relevant time-points. Figure S2: Risk of flares according to
use of steroids at the 20th year or thereafter.
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Abstract: Objective: The purpose of this study was to determine the distribution of organ damage in a
cohort of systemic lupus erythematosus (SLE) patients and to evaluate the roles of clinical and genetic
factors in determining the development of chronic damage. Methods: Organ damage was assessed by
the SLICC Damage Index (SDI). We analyzed a panel of 17 single-nucleotide polymorphism (SNPs)
of genes already associated with SLE, and we performed a phenotype–genotype correlation analysis
by evaluating specific domains of the SDI. Results: Among 175 Caucasian SLE patients, 105 (60%)
exhibited damage (SDI ≥1), with a median value of 1.0 (IQR 3.0). The musculoskeletal (26.2%),
neuropsychiatric (24.6%) and ocular domains (20.6%) were involved most frequently. The presence
of damage was associated with higher age, longer disease duration, neuropsychiatric (NP) man-
ifestations, anti-phospholipid syndrome and the positivity of anti-dsDNA. Concerning therapies,
cyclophosphamide, mycophenolate mofetil and glucocorticoids were associated with the develop-
ment of damage. The genotype–phenotype correlation analysis showed an association between renal
damage, identified in 6.9% of patients, and rs2205960 of TNFSF4 (p = 0.001; OR 17.0). This SNP was
significantly associated with end-stage renal disease (p = 0.018, OR 9.68) and estimated GFR < 50%
(p = 0.025, OR 1.06). The rs1463335 of MIR1279 gene was associated with the development of NP
damage (p = 0.029; OR 2.783). The multivariate logistic regression analysis confirmed the associations
between TNFSF4 rs2205960 SNP and renal damage (p = 0.027, B = 2.47) and between NP damage and
rs1463335 of MIR1279 gene (p = 0.014, B = 1.29). Conclusions: Our study could provide new insights
into the role of genetic background in the development of renal and NP damage.

Keywords: systemic lupus erythematosus; genetics; chronic damage; polymorphisms; TNFSF4;
MIR1279

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized
by multifactorial pathogenesis in which genetic background and environmental factors
interplay, determining disease development [1].

In recent decades, there has been a significant improvement in managing patients
with SLE in terms of survival rates; however, morbidity due to organ damage remains
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unresolved. The assessment of accumulated SLE-related damage has been recognized as
an important achievement because it is known that specific organ damage and subsequent
dysfunction are significant causes of morbidity and mortality in patients with SLE [2].

The Systemic Lupus International Collaborating Clinics/American College of Rheuma-
tology Damage Index (SDI) was developed in 1996 [3] to assess ongoing manifestations
of disease activity in SLE patients and to measure irreversible damage resulting from SLE
disease activity as well as its treatment and comorbidities [4–6]. Moreover, the presence of
specific autoantibodies, such as anti-phospholipid and anti-dsDNA, could be considered
predictive factors for the development of chronic damage [7,8].

The SDI is a robust instrument for quantifying damage and has been extensively
validated [9]. This tool has prognostic value; in fact, many studies have shown that damage
predicts morbidity and mortality [9]. For instance, a prospective study of 230 patients
over 10 years of disease duration showed that early damage was associated with a higher
mortality rate [10]. High SDI scores were also associated with increased economic costs
and reduced health-related quality of life [11]. Risk factors for damage include older age at
diagnosis, longer duration of SLE, African-Caribbean or Asian ethnicity, high disease activ-
ity at diagnosis and greater overall activity during the disease course [12]. We previously
showed that machine learning models could predict the development of chronic damage
and the achievement of the Lupus Comprehensive Disease Control (LupusCDC) [13,14].
These models have suggested that despite the control of disease activity and the absence of
adverse drug events, the chronic damage progresses in some patients, meaning that there
may be other risk factors such as genetic background.

During the past two decades, genome-wide association studies have been conducted
to screen hundreds of thousands of single nucleotide polymorphisms (SNPs) across the
genome [15]. Meta-analyses and large-scale replication/fine-mapping studies have revealed
over 100 genomic loci linked to SLE susceptibility, enhancing the understanding of SLE
pathogenesis at the molecular level [15,16].

Whereas most studies have looked for an association between susceptibility loci and
SLE, only a few have examined the relationships between these markers and selected
disease manifestations and clinical subsets or organ damage [17,18]. For example, variants
of signal transducer and activator of transcription 4 (STAT4) have been associated with a
more severe disease phenotype, including ischemic stroke, nephritis and increased SDI
scores [19,20]. Recently, Reid and colleagues reported that high genetic risk scores were
associated with a more severe SLE phenotype, renal dysfunction, and organ damage [21].
Moving from these premises, the purpose of this study was to evaluate the contribution
on chronic damage development of clinical features and genetic factors in a cohort of SLE
patients. Moreover, we analyzed variants of previously identified loci associated with SLE
to verify their possible contribution to the development of chronic damage evaluated as
specific SDI domains.

2. Materials and Methods
2.1. Study Design and Population

A cross-sectional study was executed by enrolling Caucasian adult SLE patients attend-
ing the Lupus Clinic of the Rheumatology Unit, Sapienza University of Rome (Sapienza
Lupus Cohort). SLE diagnosis was performed according to the revised 1997 American
College of Rheumatology criteria [22]. We limited the analysis to subjects with a minimum
disease duration of five years and at least two visits per year to the Sapienza Lupus Clinic.
The Ethical Committee of AOU Policlinico Umberto I, Rome, approved the study protocol.
All patients signed the informed consent for the use of their clinical and laboratory data for
study purposes.

2.2. Clinical and Laboratory Evaluation

The clinical and laboratory data for each SLE patient were collected in a standard-
ized, computerized, electronically filled form, including demographics, past medical his-
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tory with the date of diagnosis, comorbidities and previous and concomitant treatments.
Antinuclear antibodies (ANA) were determined with IIF on HEp-2, anti-dsDNA with IIF
on Crithidia luciliae (titer ≥ 1:10), ENA (including anti-Ro/SSA, anti-La/SSB, anti-Sm and
anti-RNP) analyzed by ELISA considering titers above the cut-off of the reference labora-
tory, aCL (IgG/IgM isotype) analyzed by ELISA, in serum, at medium or high titers (e.g.,
>40 GPL or MPL or above the 99th percentile), anti-B2 glycoprotein-I (IgG/IgM isotype)
analyzed by ELISA, in serum (above the 99th percentile), and lupus anticoagulant (LA),
according to the guidelines of the International Society on Thrombosis and Hemostasis.
Finally, C3 and C4 serum levels were determined with nephelometry. All subjects under-
went blood drawing (5 mL supplemented with 0.5% EDTA) to perform genetic analysis.
We registered clinical and laboratory data referring to the whole patient’s disease history.

2.3. Disease Activity

We assessed the disease activity according to the SLE Disease Activity Index 2000
[SLEDAI-2K] in all visits available in the three years prior to the SDI assessment [23].
We identified, in our cohort, three different patterns of disease activity according to SLEDAI-
2K values, as follows: (1) patients with SLEDAI-2K ≤ 2 on all the available visits [minimal
disease activity (MDA)]; (2) patients with SLEDAI-2K ≥ 4 on at least two consecutive visits
[persistent active disease (PAD)]; (3) patients with at least one flare defined as an increase
in SLEDAI-2K ≥ 4 from the previous visit [relapsing–remitting disease (RRD)].

2.4. Chronic Damage

Chronic damage was determined based on SDI at the last available examination in
our center. The SDI score was calculated based on organ damage that occurred after
diagnosis with SLE [3]. The SDI assesses 41 items across 12 organ systems: ocular (range
0–2), neuropsychiatric (0–6), renal (0–3), pulmonary (0–5), cardiovascular (0–6), peripheral
vascular (0–5), gastrointestinal (0–6), musculoskeletal (0–7), skin (0–3), gonadal (0–1),
endocrine (0–1) and malignancy (0–2). Most items were assigned 1 point if present, with
2 points possible for recurrent events and 3 points for end-stage renal disease, for a possible
total score of 47. To distinguish damage from reversible disease activity, an item must be
present for at least six months to be scored, irrespective of the cause. Four items of the SDI
focus specifically on glucocorticoid- (GC) related adverse effects (cataracts, osteoporotic
fracture, avascular necrosis, diabetes mellitus). From the sum of these items, we generated
a single glucocorticoid-related SDI domain (GC-SDI) as previously described [24,25].

2.5. DNA Extraction and Genotyping

Genomic DNA was isolated from peripheral blood mononuclear cells using a Qi-
agen blood DNA mini kit. Based on literature data, we selected a panel of 17 SNPs of
genes involved in immune response, autophagy and inflammation that were already de-
scribed as associated with SLE [15–18]. We analyzed polymorphisms of genes linked
to: innate/adaptive immune response [Toll-like receptor and type I interferon signal-
ing: rs7574865 (STAT4), rs3027898 (IRAK1)]; T cell signaling [rs22205960 (TNFSF4)]; T
and B cell signaling and interaction [rs1800872 and rs3024505 (IL10), rs4810485 (CD40);
self-antigen clearance defects [rs2241880 (ATG16L1)]; autophagy [rs6568431, rs2245214
and rs573775 (ATG5)], rs13361189 and rs4958847 (IRGM)]; genes located in the HLA re-
gion [rs9469003 and rs3099844 (HCP5)] and microRNAs [rs1463335 (MIR1279), rs2431697
(MIR146a), rs531564 (MIR124A)].

Genotyping was performed with a TaqMan allelic discrimination assay (Applied
Biosystems, Foster City, CA, USA) and real-time PCR. Each assay was run including sam-
ples with known genotypes previously confirmed by direct sequencing as genotype controls.

2.6. Statistical Analysis

The statistical evaluation was performed using dedicated software: Statistical Package
for Social Sciences 13.0 (SPSS, Chicago, IL, USA) and GraphPad 5.0 (GraphPad Software, La
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Jolla, CA, USA). Normally distributed variables were summarized using the mean, standard
deviation (SD) and nonnormally distributed variables by the median and interquartile range
[IQR]. Wilcoxon’s matched pairs test and paired t-test were performed. For the univariate
analysis, two groups of patients, with and without damage by SDI score, were considered.
The differences between categorical variables were calculated using a chi-square test or
Fisher’s exact test where appropriate. A Spearman correlation analysis was performed for
measuring the correlation between variables. Two-tailed P values were reported, and P
values less than or equal to 0.05 were considered significant. Odds ratios (ORs) with 95%
confidence interval (CI) were calculated. A genotype–phenotype correlation analysis was
performed considering the heterozygotes and variant homozygotes together (one degree of
freedom). A binary logistic regression analysis (stepwise) was performed to analyze the
contributions of specific SNP variants to the development of chronic damage as specific
SDI domains.

3. Results

We analyzed 175 Caucasian SLE patients (M/F 15/160, median age at disease diagnosis
31 years, IQR 18; median disease duration 227 months, IQR 138). Table 1 summarizes
the primary demographic and clinical data, laboratory features and patterns of disease
activity in the whole SLE cohort, including ongoing and previous treatments. In our
cohort, joint involvement was the most frequent clinical feature (89.1%), followed by skin
manifestation (85.7%).

At the time of study enrollment, 105 out of 175 (60%) of SLE patients showed chronic
damage in at least one organ/system (SDI ≥ 1), with a median value of 1.0 (IQR 3.0).

As expected, a significantly higher median age and median disease duration were
observed in patients who had SDI≥ 1 in comparison with patients without chronic damage
[age: 54 years (IQR 14) versus 46 years (IQR 16); p = 0.0001; disease duration: 267 months
(IQR 156) versus 183 months (IQR 108); p = 0.0001).

We registered a significant difference in the prevalence of some disease-associated man-
ifestations, serological parameters and drugs prescribed between the two groups (Table 1).
In detail, damage accrual was significantly associated with neuropsychiatric manifestations
(p = 0.00001), anti-phospholipid syndrome (p = 0.0017) and the positivity of anti-dsDNA an-
tibodies (p = 0.0099) and LA (p = 0.04). Concerning therapies, cyclophosphamide (CY) and
mycophenolate mofetil (MMF) were more frequently prescribed in patients with chronic
damage (p = 0.00001, p = 0.0058, respectively). Moreover, as is well-known, GC treatment in-
fluenced irreversible damage development. All our patients have received GC therapy, but
a significantly higher proportion of SLE patients with chronic damage took glucocorticoids
for a period longer than ten years (p = 0.00001).

Looking at disease activity, we found a similar prevalence of disease activity patterns
in patients with and without chronic damage. However, when comparing the median SDI,
patients with PAD showed a significant higher value in comparison with MDA patients
[2.0 (IQR 4.5) vs. 1.0 (IQR 3.0); p = 0.04].

Figure 1 reports the SDIs for our SLE cohort. Most patients had low values [29 patients
(16.6%) showed SDI = 1,26 patients (14.8%) had SDI = 2], whereas only a minority of
our patients had SDI scores higher than five points. In detail, five patients (2.8%) had
SDI = 6, and five patients showed SDI = 7. Only one patient, who had a disease duration of
508 months, had SDI = 10, which is the highest score registered in our cohort.

In Table 2, we show the distribution of damage according to each SDI domain. The mus-
culoskeletal domain was the most frequently involved organ/system (46/175 patients,
26.2%), followed by the neuropsychiatric and ocular domains, detected in 43 (24.6%) and
53 (20.6%) patients, respectively.
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Table 1. Demographic and disease activity data, clinical features, serological parameters, and thera-
pies of our SLE cohort and in the two main groups identified.

Whole SLE
Cohort
N = 175

SLE Patients with
SDI = 0
N = 70

SLE Patients with
SDI ≥ 1
N = 105

p Value

M/F 15/160 3/67 12/93 n.s.
Median age–years [IQR] 31 (18) 46 (16) 54 (14) p = 0.0001
Median disease duration -months [IQR] 227 (138) 183 (108) 267 (156) p = 0.0001

Disease activity patterns, n (%)
Minimal Disease Activity 121 (69.2) 51 (72.8) 70 (66.7) n.s.
Persistent Active Disease 24 (13.7) 9 (12.) 15 (14.3) n.s.
Relapsing Remitting 30 (17.1) 10 (14.3) 20 (19.0) n.s.

Clinical features, n (%)
Skin manifestation 150 (85.7) 56 (80.1) 94 (89.5) n.s.

Malar rash 119 (68.0) 46 (65.7) 73 (69.5) n.s.
Photosensitivity 129 (73.7) 47 (67.1) 82 (78.1) n.s.

Oral ulcers 44 (25.1) 18 (25.7) 26 (26.7) n.s.
Alopecia 21 (12.0) 8 (11.4) 13 (12.4) n.s.

Discoid rash 16 (9.1) 7 (10.0) 9 (8.6) n.s.
Joint involvement 156 (89.1) 59 (84.3) 97 (92.4) n.s.
Renal involvement 67 (38.3) 22 (31.4) 45 (42.8) n.s.

Mesangial nephritis 19 (10.8) 7 (10.0) 12 (11.4) n.s.
Proliferative nephritis 38 (21.7) 13 (18.6) 25 (23.8) n.s.
Membranous nephritis 10 (5.7) 2 (2.8) 8 (7.6) n.s.

Hematological manifestation 101 (57.7) 39 (55.7) 62 (59.0) n.s.
Leukopenia 78 (44.6) 31 (44.3) 47 (44.7) n.s.

Thrombocytopenia 44 (25.1) 14 (20.0) 30 (28.6) n.s.
Hemolytic anemia 10 (5.7) 5 (7.1) 5 (4.7) n.s.

Neuropsychiatric involvement 47 (26.8) 6 (8.6) 41 (39.0) p = 0.00001
Central NPSLE 36 (20.6) 5 (7.1) 31 (29.5) p = 0.00005

Peripheral NPSLE 11 (6.3) 1 (1.4) 10 (9.5) p = 0.009
Serositis 48 (27.4) 15 (21.4) 33 (31.4) n.s.

Pericarditis 38 (21.7) 12 (17.1) 26 (24.7) n.s.
Pleuritis 30 (17.1) 9 (12.8) 21 (20.0) n.s.

Anti-phospholipid syndrome 42 (24.0) 10 (12.3) 32 (30.5) p = 0.0017
Laboratory parameters, n (%)

Anti-dsDNA 132 (75.4) 46 (65.7) 86 (81.9) p = 0.0099
Low C3/C4 serum levels 107 (61.1) 40 (57.1) 67 (63.8) n.s.
Anti-cardiolipin antibodies IgM/IgG 69 (39.4) 26 (37.1) 43 (40.9) n.s.
Anti-B2-glycoprotein I antibodies
IgM/IgG 37 (21.1) 11 (15.7) 26 (24.7) n.s.

Lupus anticoagulant 43 (24.6) 12 (17.1) 31 (29.5) p = 0.04
Anti-Ro/SSA 51 (29.1) 20 (28.6) 31 (29.5) n.s.
Anti-La/SSB 21 (12.0) 7 (10.0) 14 (13.3) n.s.
Anti-RNP 29 (16.6) 19 (18.1) 10 (14.3) n.s.
Anti-Sm 26 (14.8) 18 (17.1) 8 (11.4) n.s.

Treatments, n (%)
Glucocorticoids [GC] 175 (100) 70 (100) 105 (100) n.s.
GC intake ≥ 10 years 78 (44.6) 18 (24.0) 60 (57.1) p = 0.00001
Hydroxychloroquine 162 (92.6) 60 (85.7) 102 (97.1) n.s.
Azathioprine 62 (35.4) 21 (30.0) 41 (39.0) n.s.
Cyclosporine A 39 (22.3) 11 (15.7) 28 (26.6) n.s.
Methotrexate 58 (33.1) 20 (28.6) 38 (36.2) n.s.
Mycophenolate Mofetil 69 (39.4) 12 (17.1) 36 (34.2) p = 0.0058
Cyclophosphamide 25 (14.3) 1 (1.4) 24 (22.8) p = 0.00001
Belimumab 28 (16.0) 8 (11.4) 19 (18.1) n.s.
Rituximab 8 (4.6) 3 (4.2) 5 (4.7) n.s.

Legend: non-significant (n.s).
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Table 2. The distribution of damage according to the involved organ/system.

Domain
N (%) Item Patients

N (%)

Ocular
36 (20.6)

Any cataract ever
Retinal change OR optic atrophy

25 (14.3)
15 (8.6)

Neuropsychiatric
43 (24.6)

Cognitive impairment OR major psychosis
Seizures requiring therapy for >6 months
Cerebral vascular accident ever OR resection not for malignancy
Cranial or peripheral neuropathy [excluding optic]
Transverse myelitis

19 (10.8)
7 (4.0)
10 (5.7)
18 (10.3)
1 (0.6)

Renal
12 (6.9)

Estimated or measured GFR < 50%
Proteinuria >3.5 g/24 h
ESRF [regardless of dialysis or transplantation]

4 (2.3)
1 (0.6)
7 (4.0)

Pulmonary
5 (2.8)

Pulmonary hypertension [right ventricular prominence or loud P2]
Pulmonary fibrosis [clinically and/or by X-ray]
Shrinking lung [by X-ray] 0 Pleural fibrosis [by X-ray]
Pulmonary infarction [by X-ray] OR resection not for malignancy

2 (1.1)
4 (2.3)
0 (0)
0 (0)

Cardiovascular
15 (8.6)

Angina OR Coronary artery bypass
Myocardial infarction ever
Cardiomyopathy [ventricular dysfunction]
Valvular disease [diastolic murmur, or systolic murmur >3/6] Pericarditis
OR pericardiectomy

1 (0.6)
2 (1.1)
1 (0.6)
10 (5.7)
1 (0.6)

Peripheral vascular
5 (2.8)

Claudication
Minor tissue loss [pulp space]
Significant tissue loss ever [at least loss or resection of a digit]
Venous thrombosis with swelling, ulceration, OR venous stasis

0 (0)
1 (0.6)
2 (1.1)
2 (1.1)

Gastrointestina
l24 (13.7)

Infarction or resection of bowel below duodenum, spleen, liver, or gall bladder ever
Mesenteric insufficiency
Chronic peritonitis
Stricture OR upper gastrointestinal tract surgery ever
Pancreatic insufficiency requiring enzyme replacement OR with pseudocyst

24 (13.7)
0 (0)
0 (0)
0 (0)
0 (0)
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Table 2. Cont.

Domain
N (%) Item Patients

N (%)

Musculoskeletal
45 (26.2)

Muscle atrophy OR weakness
Deforming or erosive arthritis
Osteoporosis with fracture or vertebral collapse
Avascular necrosis
Osteomyelitis

8 (4.6)
27 (15.4)
13 (7.4)
5 (2.9)
0 (0)

Skin
12 (6.9)

Scarring chronic alopecia
Extensive scarring of panniculus other than scalp and pulp space Skin ulceration [excluding
thrombosis] of more than 6 months

2 (1.1)
2 (1.1)
8 (4.6)

Gonadal Premature gonadal failure 12 (6.9)
Endocrine Diabetes requiring therapy regardless of treatment 9 (5.1)
Malignancy Malignancy [excluded dysplasia] 18 (10.3)

Moving to the assessment of chronic damage related to the side effect of GC treatment,
41 patients (23.4%) developed damage in the GC-SDI domain, of whom 11 had more than
one organ/system affected in this peculiar domain.

Genotype-Phenotype Correlation Analysis

We further performed a genotype–phenotype correlation analysis to evaluate the
possible associations between the above-reported polymorphisms and the development
of chronic damage evaluated as specific SDI domains and items. Our study showed a
potential role for variants of three different genes.

In detail, we found an association between renal damage, identified in 6.9% of patients,
and TNF Superfamily Member 4 (TNFSF4) rs2205960 SNP (G > T) (p = 0.001). Only this
genetic variant was significantly associated with renal damage, showing that individuals
carrying the variant T allele (GT and TT genotypes) had a higher risk of developing this
kind of damage in comparison with individuals carrying the wildtype genotype (GG)
(p = 0.001, OR 17.0, 95% CI 2.122–136.769) (Figure 2).
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Figure 2. The associations between renal damage and rs2205960 of TNFSF4 [p = 0.001]. In addition,
this SNP was significantly associated with the development of two specific items on the SDI renal do-
main: estimated glomerular filtration rate (GFR) <50% and end-stage renal disease (ESRD) (p = 0.025,
p = 0.018 respectively).
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Moreover, this SNP was significantly associated with the development of two spe-
cific items of renal domain: end-stage renal disease (ESDR) (p = 0.018, OR 9.68, 95%
CI 1.136–82.527) and estimated glomerular filtration rate (GFR) <50% (p = 0.025) (Figure 2).

Furthermore, we found an association between the rs1463335 SNP (T > A) of mi-
croRNA 1279 (MIR1279) gene, mapping to chromosome 12q15, and the development of
neuropsychiatric damage (29.1% of patients; p = 0.029; Figure 3A). Patients carrying the vari-
ant A allele seem to have an increased risk of developing this type of damage (p = 0.029, OR
2.783. 95% CI 1.081–7.165), but this polymorphism is not associated with the development
of specific neuropsychiatric domain items.
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The multivariate logistic regression analysis adjusted for main confounders [sex, age,
disease duration, GC treatment duration, MMF and CY treatment and, aPL positivity)
confirmed the association between renal damage and rs2205960 of TNFSF4 (p = 0.027,
B = 2.47) and between neuropsychiatric damage and rs1463335 of MIR1279 (p = 0.014,
B = 1.29).

Finally, we observed a significant association between HLA complex P5 (HCP5)
rs9469003 SNP (T > C), on chromosome 6, and the GC-SDI domain (p = 0.028), suggesting
that the variant C allele may confer an increased risk of developing damage related to the
side effects of GC treatment (OR 2.6; 95% CI 1.091–6.197; Figure 3B).

4. Discussion

In the present study, we aimed to evaluate the contribution of genetic background to
the development of chronic damage in terms of specific SDI domains.

In our cohort, 60% of SLE patients showed damage after a median disease duration of
almost 19 years. In previous reports, more than 60% of patients had irreversible damage
within 7 years of diagnosis of SLE [26,27]. Furthermore, our results identified demographic
factors, anti-phospholipid antibodies and treatment with GC as predictors of chronic
damage [5,6,11,12,24,28]. In fact, we confirm the worse prognostic effect of high age and
disease duration, and we acknowledge the main role of GC treatment in determining
chronic damage. Thus, most patients with SDI ≥ 1 receive GC for a cumulative period
of more than 10 years and, 23.4% of them had an impairment in 1 or more items of the
GC-SDI domain.

Moreover, we found a significant association between CY and MMF administration
and the presence of irreversible damage. Certainly, the involvement of major organs could
be a confounding factor because these drugs are generally administered to patients with
more severe disease manifestations, such as proliferative nephritis or central nervous
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system vasculitis. Of note, treatment with CY was reported associated with higher SDIs
and remained a predictor of damage [29,30].

Moving to the SDI domains in our cohort, damage more frequently involved the
musculoskeletal system (26.2%), followed by neuropsychiatric and ocular involvement
(24.6% and 20.6%, respectively). These results agree with several studies, conducted in
patients with different ethnic backgrounds, reporting that the musculoskeletal system was
the most frequently damaged in SLE patients [6,31–33]. Data from the Hopkins Lupus
Cohort and the Toronto Lupus Cohort also showed that musculoskeletal damage accrued
linearly, with osteonecrosis being the most frequent subtype, followed by deforming
arthritis [31,34].

It should be considered that most of our patients had erosive arthritis, and this could
be related to the fact that our research group has consistently and thoroughly focused on
the presence of bone erosions, as previously reported [35].

On the other hand, renal damage was uncommon in our cohort [6.9%], in contrast
to most other studies (14–32.4%) [7,28,29,31–33], which may be because the expression
of renal disease is more aggressive in some ethnic groups (11). Although renal damage
was infrequent, it was significantly associated with rs2205960 of TNFSF4 gene, which was
previously associated with SLE susceptibility and lupus nephritis (LN) [17,30,36].

Investigating the genetics contribution to the development of chronic damage, we
found a significant association between rs2205960 SNP of TNFSF4, the development of
irreversible renal damage and two specific items of this domain [end-stage renal disease
and estimated GFR < 50%]. Moreover, in our analysis, we described the correlation between
neuropsychiatric damage and the rs1463335 SNP in MIR1279 gene, while rs9469003 SNP in
the HCP5 gene showed an association with GC-related damage.

The TNFSF4 gene is located on human chromosome 1 and encodes the TNFSF4 protein,
also known as OX40 ligand (OX40L), a cytokine of the TNF ligand family. The TNFSF4
molecule is a type II transmembrane protein, which is mainly expressed on several activated
immune cells. It plays an important role in effector T-cell survival, B-cell differentiation
and proliferation, cytokine production and memory cell formation [36].

In 2011, Sanchez et al., analyzing the SLE susceptibility loci in a large cohort with
different ethnicities, found a significant association between renal involvement and TNFSF4
gene [17]. In agreement, Aten and colleagues detected an increased TNFSF4 expression
in renal biopsies of patients with LN [37]. In 2017, two different groups verified the role
of TNFSF4 in SLE and LN pathogenesis using a conditional knockout mouse system and
in vivo agonist and antagonist approaches in an SLE mouse model [38,39]. Both studies
suggested that the OX40/OX40L pathway contributes to lupus pathogenesis by promoting
the T follicular helper cell response.

Here, we described for the first time the association between rs2205960 of TNFSF4
gene and the development of irreversible renal damage, as estimated GFR < 50% and ESDR.
This result could reinforce the role of this gene in SLE-related renal involvement, suggesting
different pathogenic pathways for the specific disease manifestations.

The second interesting finding of our study is the association between neuropsychiatric
damage and rs1463335 of the MIR1279 gene. MicroRNAs (miRNAs) are small non-coding
RNA that play important functions in cell differentiation and development, cell cycle regu-
lation and apoptosis. Emerging evidence suggests that miRNAs have various essential roles
in the normal brain and that abnormal miRNA expression contributes to neurological and
psychiatric diseases such as fronto-temporal dementia, Alzheimer’s disease, Parkinson’s
disease, multiple sclerosis, major depression and stroke [40,41].

Interestingly, it was reported that MIR1279 presents target sites among paralogous
genes of the human tyrosine family and recognizes five target miRNAs, including PTPN12
miRNA [42]. Notably, the PTPN22 gene, which is associated with SLE and multiple sclerosis
susceptibility, belongs to the same family of PTPN12 [43,44]. Thus, we can speculate that
this gene could be involved in neuroinflammation.
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Finally, our study also describes an association between GC-related damage and the
rs9469003 of HCP5 gene. HCP5 gene (major histocompatibility complex P5), located in
HLA region, is expressed primarily in immune cells; thus, it could potentially play a role in
autoimmune response [45]. Polymorphisms in HCP5 gene were previously described as
associated with different types of severe drug reactions, such as Steven–Johnson Syndrome
and toxic epidermal necrolysis [46,47]. According to this association with drug toxicity, we
evaluated the two HCP5 SNPs in relation to the development of chronic GC side effects:
we found only a weak association with the rs9469003.

Certainly, our study shows some limitations. The inclusion of participants of different
ethnicity is needed to further investigate the role of these genetic polymorphisms in the
development of chronic damage. Another limitation of our study is the relatively small
number of subjects with chronic damage in a specific SDI domain, such as renal, and we
lacked data regarding cumulative prednisolone dose, which is an important risk factor for
the development of organ damage. Finally, although we have evaluated several SNPs, the
contribution of other genetic variants should be addressed.

However, it should be underlined that this is a monocentric cohort of patients of
the same ethnicity that was strictly followed and thus was well-characterized by clini-
cal/laboratory findings and treated according to the same therapeutic approach.

In conclusion, our study showed the association of TNFSF4 with MIR1279 polymor-
phisms with, respectively, irreversible renal damage and the development of neuropsychi-
atric damage.

Our results appear promising and possibly useful in identifying patients more prone
to developing specific chronic damage. These data should be considered preliminary, and a
replication study in larger cohorts is strongly recommended.
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Abstract: Background: Accurate knowledge of outcomes in Systemic Lupus Erythematosus (SLE)
is crucial to understanding the true burden of the disease. The main objective of this systematic
review was to gather all population-based studies on mortality, end-stage renal disease (ESRD) and
cancer in SLE. Method: We performed a systematic literature search in two electronic databases
(MEDLINE and Embase) to identify all population-based articles on SLE and survival, mortality,
ESRD and cancer. The SLE diagnosis had to be verified. We used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines (PRISMA). Results: We included 40/1041 articles
on mortality (27), ESRD (11) and cancer (3), of which six were defined as inception studies. In the
total SLE cohort, the standardized mortality ratio ranged from 1.9 to 4.6. Cardiovascular disease was
the most frequent cause of death in studies with follow-up times over 15 years. SLE progressed to
ESRD in 5–11% of all SLE patients. There are no data supporting increased cancer incidence from
population-based inception cohorts. Conclusion: There is a need for more population-based studies
on outcomes of SLE, especially inception studies, with the use of control groups and follow-up times
over 15 years.

Keywords: epidemiology; Systemic Lupus Erythematosus; outcome; mortality; survival; end-stage
renal disease; cancer

1. Introduction

Systemic Lupus Erythematosus (SLE) is a rare systemic and chronic disease often
referred to as the prototype of autoimmune rheumatic diseases because of the varied
spectrum of clinical manifestations and diversity of phenotypes. The etiology of SLE is
believed to be multifactorial, and both genetic predisposition and environmental triggers
are most likely involved [1]. The incidence, severity and phenotypic expression of the
disease differ between ethnic groups, gender and age at disease onset. The annual incidence
of SLE varies from 0.3 to 23.3/100,000, and the prevalence varies from 0 to 241/100,000 [1].
The variations are highly dependent on the method of retrieval and the definition of SLE
diagnosis.

Several aspects of SLE make it one of the most challenging conditions to study at the
population level. First, no diagnostic criteria for SLE exist and the diagnosis is based on
the judgement of an experienced clinician. Diagnosing SLE can be challenging since SLE is
a great imitator of other diseases. The symptoms of SLE overlap many other diseases that
can easily be mistaken for SLE in as much as 40% [2–5] of cases.

Secondly, in many countries, SLE patients are not treated in the same hospital and/or
specialization since different organs may be affected and the severity of the disease varies.
Selected patient populations from tertiary hospitals tend to miss milder cases, and therefore
underestimate the incidence and overestimate the severity of SLE. Thus, a closer estimate
of the true frequency of clinical and laboratory SLE manifestations and outcomes is more

175



J. Clin. Med. 2021, 10, 4306

likely from a geographically complete cohort of patients. All these aspects of the disease
make it difficult and labour-intensive to collect epidemiological data. In Georgia, Lim
et al. found 45,000 potential patients, screened 3142 records and found 1320 patients with
a verified SLE diagnosis. In Sweden, Ingvarsson et al. screened 2461 cases and found
55 patients with a verified diagnosis, and Voss et al. in Denmark screened 980 cases to find
95 patients with a verified SLE diagnosis [4–6].

Earlier publications on SLE and epidemiology differ greatly in study-design. A good
epidemiological study is highly dependent on valid data to obtain reliable results that are
indicative of the total size of the problem and thus, a reliable assessment of outcome. Truly
population-based research, with a verified and ascertained SLE diagnosis by chart review,
is the best way to achieve the most accurate knowledge possible on this disease and its
outcome measures. The use of standardized methods gives the best basis for comparison
of epidemiological data across different studies and countries.

The objective of this study was to conduct a review of literature on population-based
epidemiologic data on SLE and well-defined and hard outcomes; mortality, end-stage renal
disease (ESRD) and cancer. The elected publications were thoroughly reviewed to ensure
that they were from population-based cohorts and that the SLE diagnose was verified.

2. Materials and Methods

A senior medical librarian searched two electronic databases: MEDLINE (Ovid) and
Embase (Ovid), from their inception to 25 June 2021, with language restricted to English.
The systematic search used both controlled vocabulary (MeSH terms or EMTREE terms)
and text word search in title, abstract or author keywords. The search consisted of two
searches with different approaches. Search 1: Concepts for systemic lupus, SLE criteria,
mortality or cancer, were combined with the Boolean operator AND. Search 2: Concepts
for lupus nephritis, end stage renal disease or kidney transplantation were combined with
the Boolean operator AND (Supplementary Materials S2). Both searches were restricted to
population-based cohorts.

Two investigators (HH and KL or SRM and KL) independently evaluated all abstracts
and titles to determine eligibility for inclusion. When necessary, the articles were reviewed
in full, and, if in conflict, discussed in plenum (HH, SRM, KL). The authors also searched
the reference list of included articles to find additional relevant studies.

For inclusion in this systematic review, the SLE diagnosis had to be verified by chart
review. Studies on SLE were included on the relevant outcomes: mortality, overall and
renal survival and risk of malignancy.

We excluded: (1) Studies that failed to validate the SLE diagnosis by chart review;
(2) Studies based on administrative data; (3) Studies from tertiary centers only, if it was
not specified that it was the only hospital serving the region; (4) Animal studies; (5) Meta-
analysis; (6) Case reports; (7) Studies on unrelated outcomes; (8) Studies of selected SLE
subsets (paediatric SLE, biopsy-proven lupus nephritis (LN), hospital inpatients); (9) Stud-
ies with fewer than 30 patients; (10) Studies on subset of relevant outcome (cardiovascular
mortality).

Causes of death analyses were excluded from this review if the study reported only
multiple causes of death. We defined the study period as years from start of inclusion to
end of follow-up. The total SLE population was defined as all SLE patients in the given
study-period. Incident SLE were defined as patients diagnosed within the study-period.
Inception SLE was defined as patients diagnosed within the study-period and captured
within one year of the diagnosis.

This review was carried out in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [7].

3. Results

We screened 1041 titles/abstracts. Through the screening process, we identified
40 studies that met the criteria for inclusion, whereof 27 were for survival and mortality,
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11 were for ESRD and three were for cancer (Figure 1). We found seven articles through
manual search of the reference list of included articles. The case finding methodology and
SLE ascertainment in all included cohorts is described in Supplementary Materials Table
S1. All but three study locations included only SLE patients who fulfilled four or more of
the American College of Rheumatology SLE classification criteria [8–11].
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Figure 1. Flowchart of literature search and study inclusion. Studies identified through MEDLINE
(Ovid) and Embase (Ovid) through 25 June 2021.

3.1. Standardized Mortality Rate and Survival

Twenty-three population-based studies reported survival with SLE, while a standard-
ized mortality rate (SMR) was reported in 13 studies. Eighteen studies used incident
patients for survival analysis, while five included all SLE patients (total). Six studies used
only incident patients and seven used the total SLE population for SMR analysis (Table 1).
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The ten-year survival in incident cohorts ranges from 46% in Curacao to 92% in north-
ern Norway, and from 90 to 92% in Europe and 76 to 89% in North America [10,12–27]. Five
and ten-year survival differed in incident cohorts with patient inclusion before and after
1990 (five-year survival 80% versus 92% and ten-year survival 63% versus 88%) [10,12–28].
For all studies with patient inclusion starting after 1990, the five-year survival was 90%
or more, except for Barbados and Wisconsin [9,11,14,20,23,27,29]. In studies on total
SLE cohorts, the SMR ranges from 1.9 to 4.6 [9,19,20,26,27,30–32]. For female SLE pa-
tients, the SMR ranges from 1.8 to 4.7, while in male patients the SMR ranges from 1.5
to 4.6 [9,10,19,20,30,31,33]. There was no significant difference between the two groups.
Among the incident SLE patients the SMR varied from 1.3 to 11.1, depending on follow-up
time (one to 33 years) [10,16,17,33,34]. Only one incident study reported 25-year survival
with SLE (60% survival versus 73% in the general population) [10].

3.2. The Main Causes of Death in Systemic Lupus Erythematosus

An average of 41% of patients in the studies from Asia died of infections, compared to
an average of 12% in studies from Europe (Table 2) [9,10,14,16,17,20,21,23,30,33,35]. Renal
failure was the underlying cause of death in about 17% (median) of SLE patients, except for
a much higher frequency in Barbados (46%) [12,16,21,23,25,27,30,33,35]. From the article
with the shortest follow-up time versus the longest, the causes of death varied from 60%
infections and 6% cardio- and cerebrovascular disease (CVD) in Hong Kong [33] to 15%
infections and 59% CVD in Sweden [10]. CVD was the most frequent cause of death in the
two study locations with population-based cohorts over time [9,10].

3.3. End Stage Renal Disase

Within the primary studies reviewed, ESRD developed in 5–11% of the total SLE
patients [35–37], of which 5–6% were in a Scandinavian population (Table 4) [36,38]. The
incidence rate of ESRD varied from 2.3 to 11.1/1000 patient years in incident patient
populations, depending on the population studied (Table 4) [38–40].

3.4. Cancer

We found only three studies on cancer in population-based cohorts, from three differ-
ent countries. Only the study from Sweden was an inception study (Table 3) [41].
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4. Discussion

The literature search on outcomes in SLE and mortality, ESRD and cancer revealed
population-based studies from 22 different locations around the world. The main discovery
is that from 1990 there is a higher survival rate during the first five to ten years of the disease.
A cardiovascular cause of death is common later in the disease’s course, and improvement
in survival is less clear. Death caused by infections differs between geographical area and
the death rate due to infections is lowest in Europe. Development of ESRD occurs in 5–10%
of SLE patients in cohorts of European and Asian ethnic population. ESRD is, however,
more common in the African ethnic population. We only discovered one study on cancer
from a population-based cohort with inclusion at the time of the SLE diagnosis.

It is well established that the change in treatment of SLE after the 1950s and 1960s
caused the survival rate to improve tremendously, from less than a 50% survival rate
over five years in the 1950s [47,48]. There are, however, some aspects of selected patient
populations that may influence the reported outcome; a tertiary center may overestimate
the severity of SLE by missing the diagnosis of milder SLE cases, for example.

Our search on survival with SLE revealed a ten-year survival rate varying with time
and location, from 46% in Curacao in the 1980s to 93% in a more recent study from northern
Norway [15,19]. The overall trend in survival indicates an improvement in five- and ten-
year survival rates after 1990, with a five-year survival similar to the control population.
This discovery is in accordance with the conclusion in a recent meta-analysis that survival
with SLE improved up to the 1990s, but since appears to have stabilized [48].

A control group is necessary to enhance the quality of survival estimates in SLE. As
survival from SLE improves, it may become similar to the survival rate in the general
population. The reported survival rate from studies depends on the age composition of the
SLE cohort and hence, the time since inception. In this systematic review, nine of the studies
included made use of a control group in their survival analysis. They all included only
incident cases and five studies were also defined as inception studies. From the inception
studies with control groups conducted after 1990, the ten-year survival is only slightly
lower in the SLE groups versus the control groups (91% vs. 96%) [19,20]. However, the gap
seems to increase with time from diagnosis [10,21].

Findings from this review also indicate that the main causes of death from SLE differ
with the length of follow-up time of the studies; CVD is more frequent in studies with the
longest follow-up time [10,21]. It is well known from earlier studies that death due to CVD
is more frequent later in the course of the disease [49,50]. Urowitch et al. identified this
bimodal pattern of mortality in 1976 [51]. In the included studies, European SLE patients
died less often of infections compared to Asians. It appears we still do not manage to
prevent CVD over time, as up to 59% of SLE patients die of CVD. This might indicate better
treatment for the acute phase of SLE, but not for damage accrual due to SLE. However,
death from infections remains prominent in certain parts of the world.

In this review, SMR in total SLE cohorts ranges from 1.9 to 4.6, similar, but with a
slightly lower range of variation, compared to two previous meta-analyses [52,53]. Study-
ing SMR in incident populations makes comparison difficult as the inclusion periods differ,
the highest SMR being from Taiwan within the first year after diagnosis [34]. Several
studies have identified ethnicity as a modifier of outcome in SLE, with lower survival
in patients of African descent [47,54]. This corresponds with our findings of the lowest
SMR in a predominantly white Scandinavian population. The discrepancy in prognosis
might be due to both genetic and socioeconomic factors. A possible gender disparity
in SLE prognosis has been proposed; however, the results have been inconsistent and
contradictory [55]. In this review, we found no significant sex differences in SMR.

Many studies have reported the risk of ESRD development in SLE, and, as registries
of biopsy-proven LN are quite common, outcomes in this particular patient subset have
been widely investigated. However, as many as 44% of all LN patients are not biopsy-
proven [56]. Thus, we excluded studies of this selected SLE patient subset, as they might
differ from other LN patients. In this review, we found that only 11 population-based
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studies estimated the frequency of ESRD in SLE populations. An estimated 5–11% of SLE
patients progressed to ESRD, fewer than in a recent meta-analysis [57]. A lower frequency
of ESRD in the white population is in line with previous reports [54,57]. The trend in
ESRD development seems to be stable over time, despite improvements in therapy. This
corresponds to findings from a recent meta-analysis where the risk of ESRD development
remained unchanged during the last decade [57].

We identified only three studies on cancer development in SLE patients. Only one
was an inception study [41]. In these studies, the cancer risk was increased by 1.2–1.8 times.
By comparison, a prior review, which also included non-population-based studies, found
an increased risk of cancer ranging from 1.1 to 3.6 times in the SLE population [58]. The
lowest cancer risk (SMR 1.2) found in our review was from an old Swedish study with
116 SLE patients. The study from the National Health Insurance Research Database from
Taiwan is on the other end of the scale, with a SIR of 1.8 [46].

Earlier studies, mostly non-population-based or without a verified diagnosis, have
found that hematological cancers appear more often in the SLE population compared to
the general population [58]. All three studies in this review found significantly higher
numbers of lymphomas, and especially non-Hodgkin lymphomas, with a reported SMR of
11.6 from Sweden and SIR of 7.3 from Taiwan [41,45,46]. In addition, all three studies found
an increased incidence of lung cancer [41,45,46]. Taiwan reports a significant increase for
lung/mediastinum (SIR 1.2) [46], yet data from Sweden (SMR 5.6) and Iceland (O/E ratio
1.7) are not significant [41,45].

Cancer development in SLE patients is particularly difficult to study for two reasons.
First, cancer sometimes leads to death; subsequently, patients who get cancer early in the
course of the disease may not be captured. Secondly, some people with cancer might have
paraneoplastic symptoms that may mimic SLE and then be mistakenly diagnosed with
SLE. This emphasizes both the importance of a verified SLE diagnosis in studies on cancer
and SLE, and the need for further population-based, and preferably inception-based (early
capture), studies on cancer.

Considerable differences in the methods for case finding, verification of diagnosis, and
study design can make comparing the results of the SLE outcomes difficult. To overcome
some of these problems, all studies in this systematic review have employed comprehensive
case-finding and case ascertainment methods, or it has been indicated in the article that all
patients in a defined geographic region were included. However, the geographic area and
its location for care of SLE patients is not always described in detail, and it is likely that we
have missed some population-based studies.

The composition of the cohorts used for analysis of outcomes differs as some studies
include all patients and some include only incident patients, making comparisons more
difficult. Only seven studies of incident SLE patients had a follow-up period over 15
years [10,13,14,21,25,27,41]. The reason for this may be that hospital data registries going
back before the year 2000 are rare and not so easily accessible. They may also not contain
the entire volume of ICD-codes on outpatients [59].

Most of the population-based studies, except for Taiwan, are small due to the work
effort necessary to identify all patients and verify their diagnoses. Taiwan has a good
health system, and 96%–99% of its population is included in the National Health Insurance
Database. All SLE patients must fulfill the ACR criteria to receive their benefit claim
checks as in- and outpatients [34,39,42,43,46]. However, this may also give the patients
and their doctors an additional motive towards approving the SLE diagnosis. In addition,
verification of the SLE diagnosis is processed earlier on in the course of the disease in
Taiwan compared to the other studies. Hence, an early misdiagnosis of SLE would not be
reclassified retrospectively.

We found that six locations (Iceland, Lund in Sweden, Funen in Denmark, northern
Norway, Rochester in the USA and New Territories in Hong Kong) have repeated the re-
trieval of patients at several time points [10,19,27,31,33]. Scandinavia is highly represented
in publishing from population-based studies, probably due to the health care system being
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mostly public, making it easier to identify the patients. Despite small study populations,
these are valuable contributions to population-based knowledge of outcomes for SLE.
Lund in Sweden already published the very first data on survival from a population-based
cohort in 1989 and has, to date, the longest follow-up time on an inception cohort report-
ing on 25-year survival (60%) [10]. However, four locations from the USA have made a
tremendous effort collecting larger population-based cohorts that were published in the
last decade [25,27,32,37,40].

5. Conclusions

Population-based studies on SLE patients with a verified diagnosis is considered the
gold standard in the pursuit of finding the true outcomes of suffering from SLE. Studies
using the 1997 ACR criteria are easier to compare over time, as most studies included only
SLE patients with four or more ACR criteria. There is a special need for cancer studies and
studies with longer follow-up time on survival in population-based inception cohorts.
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Abstract: Lupus nephritis (LN) has been described as having worse survival and renal outcomes
in African-descent patients than Caucasians. We aimed to provide long-term population-based
data in an Afro-descendant cohort of LN with high income and easy and free access to specialized
healthcare. Study design: We performed a retrospective population-based analysis using data from
2002–2015 of 1140 renal biopsies at the University Hospital of Martinique (French West Indies). All
systemic lupus erythematosus patients with a diagnosis of LN followed for at least 12 months in
Martinique or who died during this period were included. Results: A total of 89 patients were
included, of whom 68 (76.4%) had proliferative (class III or IV), 17 (19.1%) had membranous (class
V), and 4 (4.5%) had class I or II lupus nephritis according to the ISN/RPS classification. At a mean
follow-up of 118.3 months, 51.7% of patients were still in remission. The rates of end-stage renal
disease were 13.5%, 19.1%, and 21.3% at 10, 15, and 20 years of follow-up, respectively, and mortality
rates were 4.5%, 5.6%, and 7.9% at 10, 15, and 20 years of follow-up, respectively. Conclusions: The
good survival of our Afro-descendant LN patients, similar to that observed in Caucasians, shades the
burden of ethnicity but rather emphasizes and reinforces the importance of optimizing all modifiable
factors associated with poor outcome, especially socioeconomics.

Keywords: Afro-Caribbean; systemic lupus; lupus nephritis; long-term prognosis; end-stage renal
disease; mortality

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease with severe renal
involvement. SLE and lupus nephritis (LN) are described as more prevalent and severe
in Afro-Caribbean and Afro-American populations [1,2] with a five-year survival of less
than 70% [2–4] compared with more than 88% in the Caucasian population [5–7]. However,
there are discrepancies about whether race is an independent risk factor, with some studies
emphasizing the critical role of healthcare access for minorities [8–10]. Martinique is a
French Caribbean island whose population is more than 90% Afro-descendant and has full
and free access to medical care [1,11,12]. A previous study in Martinique estimated the
incidence of SLE to be 4.7/100,000 population and showed ten-year overall survival rates
similar to those observed in the Caucasian population, suggesting that prognosis in the
Afro-Caribbean population is not related to ethnicity [1]. In the present study, we sought to
assess the long-term prognosis of lupus nephritis in a population with free and easy access
to specialized healthcare.
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2. Materials and Methods

We practiced a monocentric hospital-based retrospective study of renal biopsies ana-
lyzed from 1 January 2002 to 16 September 2015 in the pathology unit of Fort de France Uni-
versity Hospital. Inclusion criterion was histological LN diagnosis according to ISN/RPS
classification in SLE patients fulfilling ACR 1997 criteria, with at least 12 months of follow-
up. Samples first analyzed with WHO classification were converted to International Society
of Nephrology/Renal Pathology Society (ISN/RPS) classification [13]. Patients with less
than 12 months of follow-up were excluded, excepted for those who died during this period.

At baseline (first LN) and during follow-up, we collected data such as age, sex, date
of SLE diagnosis, SLE treatment, date and histopathological class of LN occurrence, and
number of LN flares; biological data such as serum creatinine, urine protein/creatinine
ratio hematuria, and detection of anti-nuclear, anti-extractable nuclear antigen (ENA) and
anti-phospholipid (aPL) auto-antibodies. Medical history and treatment of high blood
pressure (defined as uncontrolled if >130/80 mmHg during 2 consecutive visits) were
also collected.

2.1. Definitions

In SLE patients fulfilling ACR 1997 criteria, LN was suspected with proteinuria > 0.5 g/24 h
or a urine protein/creatinine ratio > 0.5 g/g on two consecutive samples, with or without
hematuria (>10,000 red blood cells (RBCs)/mL). LN suspicion was confirmed and clas-
sified by kidney histopathological analysis according to ISN/RPS classification. Time to
remission was defined by the time from LN diagnosis to complete or partial remission,
with or without treatment. Immunosuppressive therapy initiated for LN purposes was
referred to as “induction” or “maintenance therapy”. Non-adherence to treatment was not
systematically evaluated but was considered when stopping of steroids or immunosup-
pressant drugs was self-reported. Complete response (CR) was defined if proteinuria was
≤0.5 g/24 h or urine protein/creatinine ratio < 50 mg/mmol, and creatinine no greater
than 15% above baseline. Partial response (PR) was defined if proteinuria was ≤3 g/24 h
or urine protein/creatinine ratio <300 mg/mmol, with a reduction > 50% from baseline,
and creatinine no greater than 15% above baseline [14]. Relapse was defined by the serum
level of creatinine increasing >25% above nadir, persistent for more than a month and/or
proteinuria increasing on 2 consecutive urinary samples: >1 g/24 h if the patient was in CR,
and doubling of proteinuria or >2 g/24 h in case of PR [3]. Relapse duration was considered
until re-remission. End-stage renal disease (ESRD) was defined when renal replacement
therapy was necessary more than 3 consecutive months.

In case of patients lost to follow-up or missing values, we considered the patient’s
status unchanged until a testified new condition. Serum level creatinine, ESRD, and vital
status were reviewed for each patient lost to follow-up. If the patient could not be reached,
the family physician or other treating physician was contacted by telephone or mail.

Finally, we separated a poor prognosis group for LN, defined by ESRD or death, and
compared them to other patients.

2.2. Statistics and Ethics

Quantitative data are expressed as mean with standard deviation and qualitative
data in unit and percentage. Comparison of the data between groups was performed by
Fisher’s exact test or student’s t-test as appropriate with a significant value if p < 0.05.
Survival curves were computed using the Kaplan Meier method. Analyses were conducted
using Prism-GraphPad software. This study was declared to the Commission Nationale
Informatique et Libertés (CNIL) with the registration number 1899602v0.

3. Results

A total of 89 Afro-Caribbean patients with LN fulfilling ACR 1997 criteria were
included, with a mean follow-up of 119.3 ± 73.3 months. Baseline characteristics are given
in Table 1.
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Table 1. Clinical, biological, and histological characteristics at lupus nephritis onset.

Total (n = 89)

Age, mean (years) 32.5 ± 13
Women, % (n) 93.2 (83)

Duration of SLE before LN (months) 39.7 ± 60.8
LN follow-up (months), mean ± SD 119 ± 72.9

Clinical features % (n)
Fever 20.22 (18)

Neurolupus 8.99 (8)
Arthritis 44.94 (40)
Myositis 4.49 (4)

Cutaneous rash 20.22 (18)
Alopecia 10.11 (9)

Mucosal ulcer 2.24 (2)
Serositis 29.21 (26)

SLEDAI, mean 17.11 ± 5.73
Biological features % (n)

Anti-ds-DNA Ab 97.75 (87)
Anti-ds-DNA Ab title, mean ± SD 241.34 ± 235.40

Anti-Sm 58.42 (52)
Anti-SSA 56.18 (50)
Anti-SSB 23.59 (21)
Anti-RNP 60.67 (54)

aPL positivity 58.42 (52)
APS 17.98 (16)

Hematuria 73 (65)
Leucocyturia 58.42 (52)

Proteinuria, mean, g/24 h 3.55 ± 3.72
Serum level albumine, mean, g/L 25.19 ± 8.17

Serum level creatinine, mean, µmol/L 118.94 ± 93.21
Low C3 57.3 (51)
Low C4 60.67 (54)

Thrombopenia 5.61 (5)
Leucopenia 12.35 (11)

Histologic features at first renal biopsy (ISN/RPS), % (n)
Class I 3.37 (3)
Class II 1.12 (1)
Class III 19.10 (17)
Class IV 24.72 (22)
Class V 19.10 (17)

Class III + V 20.22 (18)
Class IV + V 12.36 (11)

Proliferative LN (III, III + V, IV or IV + V), % (n) 76.4 (68)
Activity index, mean, % 35.93 ± 28.8 (36)

Chronicity index, mean, % 23.1 ± 20.6 (36)
Abbreviations: Ab: antibody; aPL: anti-phospholipid auto-antibody positivity; APS: anti-phospholipid syndrome;
ISN/RPS: International Society of Nephrology/Renal Pathology Society; LN: lupus nephritis; anti-RNP: anti-
ribonucleoprotein auto-antibody; SLE: systemic lupus erythematosus; anti-Sm: anti-Smith auto-antibody; anti
SSA: anti-Sjögren’s-syndrome-related antigen A auto-antibody; and anti-SSB: anti-Sjögren’s-syndrome-related
antigen B auto-antibodies.

Among all LN (n = 89), 68 (76.4%) were proliferative. Mean SLEDAI score was
17.11 ± 5.73 (n = 89). Although the overall time to loss to follow-up was 4.2% of the total
follow-up time, the renal and vital status of every single patient were known at the end of
the study. Mean time from SLE diagnosis to first LN was 39.7 ± 60.8 months. Hydroxy-
chloroquine (HCQ) was taken for at least 24 months by 74% of patients. Induction therapy
consisted of intravenous cyclophosphamide (CYC) in 54 (60.7%) and mycophenolate in
20 (22.5%) cases. Twelve patients received inadequate induction therapy (azathioprine
or steroids alone). Three patients did not receive induction therapy: one because of con-
comitant treatment for lymphoma and the other two for no apparent reason. Regarding
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maintenance therapy, 64 patients (70.8%) received mycophenolate, 4 (4.5%) received CYC,
and 4 (4.5%) received AZA. Other patients received either steroids, ciclosporine, methotrex-
ate, or no treatment. Furthermore, 13 out of 17 (76.47%) initial isolated membranous LN
secondarily evolved to a proliferative LN (class IV + V; n = 10 and class III + V; n = 3) at a
mean time of 95 ± 41.2 months. Finally, one of three class I LN progressed to class V and
the single class II had a proliferative recurrence (IV + V).

Evolution and Long-Term Prognosis

Seventy patients (78.7%) went into remission in a mean of 18.7 months [0.9–115]. CR
and PR were achieved in 49.5% and 29.2%, respectively. Among responders, 33 (47.1%)
never relapsed. Among relapsers, 21 patients (23.6%) presented one, 10 patients presented
two (11.2%), and 6 presented patients (6.7%) three renal flares. Evolution features at 1, 5,
10, 15, and 20 years are detailed in Figures 1 and 2. Renal and global survival analysis are
given in Figure 3.
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Figure 1. Cumulative rates of ESRD (a) and mortality (b) during 1, 5, 10, 15, and 20 years in Martinican
patients with lupus nephritis.
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Figure 2. Remission, ESRD, and death rates in Martinican patients with lupus nephritis followed
for 1, 5, 10, 15, and 20 years. “(n = x)” indicates the remaining patients at the end points. After 1,
5, 10, 15, and 20 years of follow-up, the number of patients lost to follow-up was 2, 4, 7, 4, 2, and 0,
respectively. At 1, 5, 10, 15, and 20 years, the number of patients in CR and PR were 38 and 18, 26
and 8, 10 and 4, 1 and 3, and 1 and 1, respectively. Eight patients died: three of infectious origin, one
of hemorrhage following abdominal surgery, one of probable massive pulmonary embolism, one of
heart failure, and two of unknown cause.
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Figure 3. Kaplan Meier analysis of the probability of end-stage renal disease (ESRD) (a) or death
(b) in Martinican patients with lupus nephritis. The numbers in brackets refer to the number of
remaining patients. Estimated renal survival at 5, 10, 15, and 20 years were 93.2%, 82.3%, 68%, and
51.7%, respectively. Estimated vital survival at 5, 10, 15, and 20 years were 94.9%, 94.9%, 91%, and
66.7%, respectively.

Mean estimated renal and global survival were 18.67 ± 1.42 and 20.61 ± 1.06 years,
respectively. At the end of follow-up, 19 (21.3%) patients were in ESRD: 8 had a kidney
transplant and 11 were treated with hemodialysis, with a mean time from LN to hemodial-
ysis initiation of 92 ± 60 months. Eight (9%) patients died: three of infectious origin (severe
chikungunya, bilateral pneumonia, acute pyelonephritis), one of hemorrhage following
abdominal surgery, one of probable massive pulmonary embolism, one of heart failure, and
two of unknown cause. Poor outcomes were associated with time to remission (27.5 ± 33.4
versus 87.1 ± 58.9 months, p < 0.0001) and uncontrolled hypertension (16% vs. 53.8%,
p = 0.0002).

4. Discussion

Afro-descendant or African race or ethnicity is cited as an independent risk factor for
adverse outcomes in LN. This finding is not shared by most authors who have highlighted
the unfavorable socioeconomic factors of Afro-descendants compared with Caucasians,
and their consequences [15–19]. Most populations of African descent worldwide, even in
developed countries, face barriers to care, poor socioeconomic conditions, and poverty,
which have a negative impact on the prognosis of SLE and LN [20–22]. On the contrary,
our population cohort of African-descent is unique because of the easy and completely free
access to healthcare and specialized care providers (national reference center dedicated to
SLE). Despite a high activity score and high proportion of proliferative LN, we reported
good long-term outcomes of our Afro-Caribbean population, similar to that observed in
Caucasian patients [5–7].

To compare survival and ESRD in studies coming from tertiary centers or population
based can be hazardous but all available data on African-descent patients go on the same
way. To date, survival in observational studies concerning LN African-descent patients
remains consistently low: 69% at 5 years in an Afro-Caribbean population from the UK [23],
59% at 10 years for an African-American population [4]; and 91 and 59%, 93 and 68%,
90.9 and 60.7% at 1 and 5 years in Curacao [2], Barbados [24], and Jamaica [25], respec-
tively. Mortality was also superior in African-American LN patients than Caucasians with
Medicaid or Medicare insurance [26]. In the same way, ESRD has been consistently found
more frequently in studies including African-descent patients in [27–29] and outside the
United States [23] compared to Caucasian populations. Some studies have compared the
long-term outcomes of lupus nephritis between patients of African origin and Caucasians.
For example, one-, five-, and ten-year survival of African-descent versus Caucasian LN
patients was 95 vs. 94%, 71 vs. 85%, and 59 vs. 81%, respectively. At the same end points,
renal survival was 85 vs. 91%, 50 vs. 74%, and 38 vs. 68%, respectively [4]. Another study
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reported a five-year renal survival in African-descendants of 57% compared to 94.5% in
Caucasians [27]. In a largely Caucasian population (76 Caucasians, 8 Afro-descendants, and
6 Asians), who had received recent immunosuppressive treatments (Eurolupus protocol),
the ten-year survival was 92% [5]. In our predominantly Afro-descendant population, we
reported five- and ten-year renal survival of 93.2 and 82.3%, respectively; overall survival
was 94.9% at 10 years, similar to that observed in Caucasians.

Many initial risk factors influencing the outcomes of SLE and LN have been de-
scribed and highlighted: non-modifiable risk factors such as sex [30–32], age at LN on-
set [3,33], early LN [34], and LN recurrence, clinical and biological parameters such as
hypertension [35], elevated initial serum creatinine [5,33,36–38], elevated initial protein-
uria [33,36,39], pathological information [33,40], chronicity index [41–43], and ISN/RPS
class [44,45], and genetic factors such as Apol1 [46].

The role of some of these non-modifiable risk factors is still debated, and race or
ethnicity is not considered by some authors to be a risk factor for poor outcomes in SLE, in
contrast to many modifiable factors including socioeconomic conditions [16,47–50]. Thus,
these non-modifiable parameters at presentation can likely be less unfavorable with better
management of modifiable factors.

Some of these modifiable factors are of particular importance among minorities:
suboptimal access to care related to distance from the rheumatologist and nephrologist,
unaffordable consultation due to insufficient medical insurance [51], access to special-
ized SLE and LN care [52], ideally organized in a network [40] and without delay in LN
diagnosis [33,41], and access to renal biopsy [42]. Additional factors include the choice
and dose of induction and maintenance therapies [34,53,54], the availability, prescription,
and affordability of immunosuppressants [9,55], the timeliness of medication prescription
after diagnosis of LN [33], the use of antiproteinuric and anti-malarial medicine [47,56],
non-adherence [22,57], smoking [58], and socioeconomic factors [9,10,19,23,47,57,59].

In Martinique, numerous non-modifiable factors were present in SLE and LN patients,
and they shared high-disease activity with other Afro-descendant groups [1]. Nevertheless,
many modifiable factors are favorable, and poverty is not an obstacle to care. Transportation
is covered by public insurance if necessary to the University Hospital with a Lupus Clinic,
labeled by the French Ministry of Health since 2008, included in the national network of
rare diseases. All medications are free of charge and there is easy and free access to renal
biopsies (which are read twice, locally and in a second specialized center in Paris) and
hospitalizations. It should be noted that in Curaçao, less than 10% of LNs were biopsied [60]
and that in Barbados, renal biopsy was performed in only 28% of LNs due to lack of
resources [61]. Thus, in Martinique, access to SLE specialists is easy and the combination
with the proximity of their subspecialists facilitates early diagnosis and optimal treatment
of LN patients.

Persistent negative factors can be corrected: adequate induction and maintenance
immunosuppressive drugs and generalization of anti-hypertensive drugs and RAAS for
better control of hypertension and proteinuria [5,34,35]. It should be balanced that some
data transcribed obsolete management practices of different departments (internal medicine,
rheumatology, and nephrology departments), before the establishment of the current
common strategies. As in numerous studies, our patients with worse outcomes had higher
serum creatinine levels at the onset of LN. We did not find any risk factors of severe
evolution among the chronicity index or ISN-RPS class but this was probably related to a
lack of power.

Regarding treatment, mycophenolate seemed to be associated with better remission
rates in Afro-descendants, but no definitive proof has been provided [62]. A low-dose IV
CYC regimen but with a high initial dose of steroids has been considered to have the same
efficacy in African-American patients than European patients in the ACCESS trial [5,63,64].
This regimen has been systematically proposed. Anti-malarial drugs, associated with better
survival, was received by three-quarter of our patients [56]. Adherence to treatment, which
remains a concern in the treatment of LN, especially in minorities, is largely underestimated
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in studies [55,65–67]. In our work, all patients were included, treatment compliant or non-
compliant, without prior selection as in prospective interventional studies. Although
assessed in an unsystematic, self-reported manner, poor adherence to treatment affected
one-quarter of our patients. Prescribed to nearly 100% of patients, HCQ was taken for at
least 2 consecutive years by 74% of them, mainly due to poor adherence. While data on
non-compliance from real-world studies such as ours may be less conclusive than those
from controlled studies, none of the latter provide a systematic survey of adherence after
treatment initiation. Some limitations of the study should be noted. The number of patients
was small, and the retrospective nature of the study did expose it to the risk of missing
data. Although vital status or ESRD diagnosis were known for all patients at the end of the
study, some patients were lost to follow-up at certain times. Finally, the data collection was
old but reflects the reality of the sometimes obsolete or inadequate practices of the different
departments before the constitution of a national reference center.

Nevertheless, our data shade the burden of race or ethnicity and highlighted the
impact of modifiable factors and access to care in minorities with lupus nephritis. After
three decades of improvement, LN survival has not improved since the 2000s, and this may
be related to less effective management in minorities living in low-income areas. There is a
need for further studies to confirm these results.

5. Conclusions

We reported good long-term global and renal survival in a population-based cohort
of Afro-Caribbeans with lupus nephritis, similar to those observed in Caucasian patients,
arguing for the weight of socioeconomic and modifiable factors.
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