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Abstract

Objectives. Cognitive dysfunction, and comorbidities such as mood disorder and fibromyalgia, are common in
SLE. This study aims to explore the associations between fibromyalgia, mood disorders, cognitive symptoms and
cognitive dysfunction in SLE patients, and their impact on quality of life.

Methods. We tested cognition in SLE patients and healthy controls, and evaluated cognitive symptoms, mood
disorder, fibromyalgia, fatigue and quality of life using patient-reported outcome measures. We examined associa-
tions of these comorbidities with both patient-reported cognitive symptoms and cognitive test performance.
Results. High fibromyalgia symptom score and history of depression or anxiety were associated with cognitive
dysfunction. There were no significant associations between current depression, anxiety symptoms or fatigue score
and objective cognitive dysfunction. In contrast, mood disorder symptoms, history of mood disorder, fibromyalgia
symptoms and fatigue all had significant associations with patient-reported cognitive symptoms. There were no sig-
nificant associations between patient-reported cognitive symptoms and objective cognitive dysfunction. Objective
cognitive dysfunction, patient-reported cognitive symptoms, history of mood disorder and fibromyalgia symptoms
all had significant associations with poorer quality of life; fioromyalgia had the biggest impact.

Conclusions. Cognitive symptoms are common in SLE, but there were no associations between cognitive symp-
toms and objective cognitive dysfunction. Depression, anxiety and fibromyalgia were more consistently associated
with patient-reported cognitive symptoms than with objective cognitive dysfunction. These factors all have a signifi-
cant impact on quality of life. Understanding the discrepancy between patient-reported cognitive symptoms and
cognitive test performance is essential to advance care in this area of unmet need.
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Rheumatology key messages

o Fibromyalgia and mood disorder affect cognitive performance but are more consistently associated with
cognitive symptoms.

o Patient-reported cognitive symptoms are not associated with cognitive test performance.

o Cognitive impairment, cognitive symptoms, mood disorder and fibromyalgia are associated with poorer quality
of life.
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cognitive dysfunction in SLE can adversely impact on
daily function and employment [3, 4]. Many SLE patients
report cognitive symptoms as one of most distressing
parts of their disease experience [2, 5]. Despite the high
prevalence and clinical significance of cognitive dys-
function in SLE, it is poorly understood [6].

Fibromyalgia, depression and anxiety are associated
with both cognitive symptoms and objective cognitive
deficits [7-11]. These comorbidities are common in SLE,
with a prevalence of fibromyalgia of ~20% and depres-
sion or anxiety in 30-50% [12, 13]. The fundamental pro-
cess in fibromyalgia has been described as central
sensitization, referring to a central excitability or reduced
inhibition in the somatosensory nervous system that
results in pain amplification [10]. Cognitive symptoms are
particularly common in patients with fibromyalgia, and
can include a subjective sense of memory loss, language
problems, interference with attention and/or executive
function. These symptoms feature prominently in fibro-
myalgia diagnostic criteria and impact measures [10].
They can be measured by the Cognitive Symptoms
Inventory (CSI) designed to measure perceived cognitive
deficits [14]. Furthermore, deficits in objective cognitive
testing also occur in patients with fibromyalgia, across a
broad array of cognitive domains [11]. It is also well rec-
ognized that depression can affect multiple cognitive
domains and be associated with long term cognitive im-
pairment in some patients [15]. Anxiety affects cognitive
performance particularly around working memory [16].

Despite the frequent cognitive complaints by patients
with fibromyalgia and mood disorders, studies on the im-
pact of these comorbidities on cognitive symptoms and
function in SLE cohorts have been limited [7-9]. In this
paper we describe the first study to comprehensively
examine the associations of fibromyalgia and mood dis-
orders with both patient-reported cognitive symptoms
and cognitive test performance, and determine the im-
pact of these factors on quality of life in SLE. In addition,
we explore the relationship between patient reported
cognitive symptoms and objective cognitive test perform-
ance in SLE.

Methods
Participants

Study participants with SLE (n=287) were recruited con-
secutively from the Monash Lupus Clinic site of the
Australian Lupus Registry and Biobank (ALRB), a national
registry of SLE patients [17]. All enrolled patients fulfilled
either the 1997 ACR [18] or the 2012 Lupus International
Collaborating Clinics (SLICC) classification criteria [19].
For this study, we excluded patients with neurological
conditions definitively not related to SLE (such as trau-
matic brain injury), and adults over the age of 65 to avoid
potential comorbid cognitive disorders associated with
ageing. Disease activity and damage were measured with
the SLEDAI-2K and SLICC-ACR Damage Index (SDI), re-
spectively, as previously described [20].
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A healthy control (HC) group was recruited as a com-
parator (n=48) instead of using population norms results,
because normative data from women and subjects with a
broad spectrum of premorbid IQ is limited. The mean and
range of age and premorbid 1Q of the HC group were
matched to the SLE group. HC participants were excluded
if they had a history of autoimmune disease (except stable
thyroid disease), any organ failure, central nervous system
neurological condition, or were on immunosuppressive
therapy. We recruited HCs from family and friends of the
SLE participants and via advertisement in the local com-
munity. All participants in both SLE and HC groups were
English-speaking and had completed at least part of their
secondary schooling in English, which was necessary to
ensure sufficient English language proficiency for the cog-
nitive assessments. Participants provided written informed
consent and received no monetary compensation. The
study complies with the Declaration of Helsinki and the re-
search protocol was approved by the Monash Health
Human Research Ethics Committee (reference number:
LNR/18/MonH/440).

Cognitive testing and definition of cognitive
dysfunction

A single trained assessor (S.R.) administered the cogni-
tive tests using the 1-hour conventional neuropsycho-
logical test battery recommended by the ACR for use in
SLE [21]. The ACR battery has been validated in SLE
against a more comprehensive 4-hour neuropsycho-
logical test battery [22] with 90% agreement [23]. The
cognitive assessments were conducted under the guid-
ance of a clinical neuropsychologist (Y.G.J.); see
Supplementary methods (available at Rheumatology on-
line) for further details on the cognitive tests used.

We defined cognitive dysfunction in SLE patients
using s.p. from the HC group. The ACR 2007 response
criteria for neurocognitive impairment in SLE clinical tri-
als proposed the use of s.p. thresholds below normative
data to determine cognitive dysfunction, with >2 s.p.
below normative data (the bottom 2.5th percentile)
defined as ‘cognitive impairment’, and >1.5 s.0. below
normative data as a lesser level of cognitive dysfunction
[24]. We defined cognitive dysfunction as meeting any
of the following three thresholds: (i) two cognitive
domains with >1.5 s.0. below the HC group mean, (i)
one cognitive domain with >2 s.p. below the HC group
mean, or (iii) two cognitive domains with >2 s.p. below
the HC group mean. To capture the spectrum of cogni-
tive dysfunction in SLE, we pooled these definitions to
categorize each participant as either cognitively
impaired or unimpaired. In addition, patients meeting
threshold (iii) (at least two cognitive domains each >2
s.D. below the HC group mean) were also classified as
having severe cognitive dysfunction.

Patient-reported outcome measures

We measured cognitive symptoms using the Cognitive
Symptoms Inventory (CSI), as a surrogate measure of
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perceived cognitive deficits [14]. The CSI is a 21-item
patient-reported outcome measure with good construct
validity and utility in SLE cohort studies [25], and is recom-
mended by the ACR to assess cognitive symptoms in SLE
[24]. We assessed fibromyalgia symptoms using the 2016
ACR fibromyalgia diagnostic criteria questionnaire, which
has been validated as a patient-reported outcome tool
[10]. This questionnaire is used to derive the central sensi-
tivity score, which is a continuous scale measuring the de-
gree of fibromyalgia symptoms with a maximum score of
31 [10]. The central sensitivity score cut-off of >12 can be
used as a threshold for fibromyalgia diagnosis and was
used to define presence of fibromyalgia in this study popu-
lation [10]. We determined whether patients had a history
of anxiety or depression by questioning patients at the
time of cognitive testing, and then verified according to
medical notes. To measure current anxiety or depression
symptoms we used the Hospital Anxiety and Depression
Scale (HADS) [12, 26]. Fatigue symptoms were measured
using the Functional Assessment of Chronic lliness
Therapy (FACIT) Fatigue Scale [27, 28]. FACIT scores were
inversed by subtracting from the total score of 52 so that
higher scores indicated worse fatigue to enable compari-
son with the other patient-reported outcomes. We meas-
ured health-related quality of life using the Medical
Outcomes Study 36-item short form health survey (SF-
36v2) [29], a generic tool validated in a number of SLE
cohorts and clinical trials [30, 31]. The SF-36 comprises
eight domains, including physical function, role physical,
bodily pain, general health, vitality, social function, role
emotional and mental health, which can be aggregated
into two summary scores defined as the physical compo-
nent score and mental component score.

Statistical analysis

For continuous variables we compared the SLE and HC
groups using the Mann-Whitney test or Student’s t-test,
depending on the data distribution. Categorical variables
were compared using Pearson’s y? test.

For regression analysis the variables of interest were
central sensitivity score, depression and anxiety symp-
toms, history of depression or anxiety, fatigue score,
and cognitive symptoms. These variables were highly
collinear (Pearson correlation coefficients 0.6-0.8 and
tetrachoric correlation P> 0.05) and hence could not be
included as covariates in a single multivariate regression
model. We used univariate logistic regression to exam-
ine associations between these variables of interest and
cognitive dysfunction as the outcome, using the two
categories of cognitive dysfunction: cognitive dysfunc-
tion (all thresholds pooled) and severe cognitive dys-
function. We then used separate multivariate logistic
regression models to examine the relationships between
each of these variables of interest and the two cognitive
dysfunction categories after adjusting for age, premorbid
IQ and past cerebrovascular disease to determine re-
gression adjusted odds ratios. We used the same uni-
variate and adjusted logistic regression methods to
examine associations between the variables of interest
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and the outcome of patient-reported cognitive symp-
toms, measured by the CSI score dichotomized into
high and low symptoms according to above- or below-
median score. In a secondary analysis, we also exam-
ined associations with each of the three cognitive dys-
function definitions included in the pooled cognitive
dysfunction category as separate endpoints, which did
not change our findings; see Supplementary Table S1,
available at Rheumatology online.

We compared cognitive symptoms scores in impaired
vs not impaired SLE patients using an unpaired t-test.
Cognitive impairment rates in SLE patients with high
and low cognitive symptom scores were compared
using Pearson’s 2 test.

To compare quality of life as measured by the SF-36,
we plotted median scores in the eight SF-36 domains
on line charts. We used four line charts to separately
compare quality of life between SLE patients with
impaired vs preserved cognition on testing (using the
pooled cognitive impairment definition), high vs low cog-
nitive symptom scores (above- vs below-median), his-
tory of anxiety or depression vs no history of mood
disorders, and fibromyalgia (central sensitivity score
>12) vs no fibromyalgia. We used the Mann-Whitney U-
test to compare median SF-36 domain scores and sum-
mary scores between these groups. P-values <0.05
were considered significant and P-values <0.005 were
considered highly significant. Analyses were performed
using STATA software version 15 (StataCorp LLC,
College Station, TX, USA).

Results
Participant characteristics

The median age of the SLE group was 45 (range 22-64)
years, 62% were Caucasian and the rest predominantly
Asian, with 68% having completed some form of tertiary
education (Table 1). The SLE group had a median dis-
ease duration of 15.3 (range 0.2-38.7) years, disease ac-
tivity (SLEDAI-2K) of 3 (range 0-12), and damage index
(SDI) of 1 (range 0-7). A history of cerebrovascular dis-
ease was present in 11%, seizures in 8% and cranial
neuropathy in 6%.

The SLE and HC groups were well matched demo-
graphically with no significant differences between the
groups in age, gender, ethnicity, premorbid 1Q or educa-
tion level. The prevalence of any level of cognitive dys-
function in the SLE group was 51%, with 16% having
severe dysfunction, both significantly more frequent than
in the HC group. Fibromyalgia symptoms were frequent
in SLE patients with a median central sensitivity score of
8 (range 0-27) and 26% meeting the threshold for a
diagnosis of fibromyalgia. A history of depression or
anxiety was present in 49% of SLE patients. Among
SLE patients who reported a history of depression and/
or anxiety (n=43), 35% (n=15) were currently taking
anti-depressants or anxiolytics. All fibromyalgia,
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TasLe 1 Demographic and clinical characteristics of study groups

Age, median [IQR] (range), years
Gender, female, n (%)
Ethnicity, n (%)
Caucasian
Asian
Other
Premorbid IQ°, mean (s.p.)
Education, n (%)
Less than secondary
Secondary
Tertiary
Postgraduate
Paid Employment, n (%)
Central Sensitivity Score®, median [IQR] (range)
Fibromyalgia®, n (%)
History of depression or anxiety, n (%)
History of depression, n (%)
History of anxiety, n (%)
Depression symptoms?, median [IQR] (range)
Anxiety symptoms?, median [IQR] (range)
Depression or anxiety symptoms®, median [IQR] (range)
Fatigue score®, median [IQR] (range)
Cognitive dysfunction (all thresholds pooled)’, n (%)
Severe cognitive dysfunction?, n (%)
Cognitive Symptoms", median [IQR] (range)

SLE group (n = 87) HC group (n = 48) P-value®
45 [20] (22-64) 46 [24] (23-62) 0.88
80 (92) 44 (92) 0.95
0.34
54 (62) 28 (58)
30 (34) 20 (42)
34) 0
108.7 (7.2) 110.8 (8.3) 0.12
0.25
10(11) 3(6)
18 (21) 6 (13)
48 (55) 28 (58)
11 (13) 11 (23)
53 (61) 44 (92) 0.001
8[8] (0-27) 31[2] (0-9) <0.00001
23 (26) 0(0) <0.0001
43 (49) 4 (8) <0.0001
33 (38) 3(6) <0.0001
23 (26) 3(6) 0.004
5[7] (0-15) 1 [3] (0-9) <0.00001
6 [6] (0-20) 4.5[4] (0-13) 0.0005
12 [11] (0-29) 6 [6] (1-19) <0.00001
21 [15] (8-44) 12 [6] (4.3-23) <0.00001
44 (51) 8(16) <0.001
14 (16) 0(0) 0.001
31[13] (19-52) 26 [4] (21-35) <0.0001

aCompared using Mann-Whitney, »? and t-tests. PTest of Premorbid Functioning scaled score. °Central Sensitivity Score
derived from 2016 Fibromyalgia Diagnostic Criteria, >12=diagnosis of fibromyalgia. “Using Hospital Anxiety and
Depression Scale. °Functional Assessment of Chronic lliness Therapy Fatigue Scale (reversed). 'Cognitive dysfunction
defined by comparing with HC group data and meeting any of the three definition thresholds used. 9Severe cognitive dys-
function defined by meeting the most severe definition threshold (>2 cognitive domains >2 s.p. below HC group mean).
NCognitive Symptoms Inventory score. HC: healthy control; IQR: interquartile range.

depression, anxiety and fatigue measures were signifi-
cantly higher in SLE patients than in the HC group.

Associations with cognitive test results

Older age, low premorbid 1Q and a history of cerebrovas-
cular disease were significantly associated with cognitive
dysfunction on univariate analysis; see Supplementary
Table S2, available at Rheumatology online. On univariate
analysis central sensitivity score was significantly associ-
ated with cognitive dysfunction (using the pooled defin-
ition), and history of depression or anxiety symptoms was
associated with both categories of cognitive dysfunction
(Table 2). After adjustment for age, premorbid IQ and his-
tory of cerebrovascular disease, the association between
central sensitivity score and cognitive dysfunction by the
pooled definition remained, and history of anxiety and de-
pression was strongly associated with severe cognitive
dysfunction. There were no significant associations be-
tween current symptoms of depression, anxiety or fatigue
score and any category of cognitive dysfunction.

Associations with cognitive symptoms

On univariate analysis, high central sensitivity scores,
increased depression and anxiety symptoms, history of

https://academic.oup.com/rheumatology

depression or anxiety, and fatigue score all had significant
associations with cognitive symptoms (Table 2). These
associations remained significant after adjusting for age,
premorbid IQ and history of cerebrovascular disease.

Associations between cognitive symptoms and
cognitive test results

Cognitive symptom scores were significantly higher in SLE
patients than in HCs (Table 1). However, patient-reported
cognitive symptom score was not associated with perform-
ance on cognitive tests using logistic regression (Table 2).
To expand on this observation, we examined the mean and
range of cognitive symptom scores in SLE patients with or
without cognitive dysfunction, as shown in Table 3.
Regardless of the threshold for cognitive dysfunction, the
mean and range of cognitive symptoms were comparable
to those who were not impaired. Consistent with this obser-
vation, the proportions of patients meeting the definition for
cognitive dysfunction were similar in the group with high
cognitive symptom scores compared to the group with low
cognitive symptoms scores (44% vs 47%). SLE patients
who reported more cognitive symptoms did not have higher
rates of cognitive dysfunction (Table 4). Interestingly, in
patients with lower cognitive symptom scores, there was a
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TaBLE 2 Regression Analysis of Mood Disorders, Fibromyalgia and Cognitive Test Results and Cognitive Symptoms in
SLE

Cognitive dysfunction
(all thresholds pooled)?®

Severe cognitive Cognitive symptoms

dysfunction®

Unadjusted odds ratio (95% ClI)

Central Sensitivity Score 1.10* (1.02, 1.18) 1.08 (1.00, 1.18) 1.17** (1.07,1.27)
Depression and anxiety symptoms 1.05(0.99, 1,11) 1.04 (0.97,1.12) 1.15** (1.08, 1.24)
History of depression or anxiety 2.47* (1.08, 5.65) 4.92%(1.48, 16.34) 3.19* (1.36, 7.49)
Fatigue score 1.02 (0.98, 1.06) 1.00 (0.95, 1.06) 1.16** (1.10, 1.22)
Cognitive symptoms 1.30(0.57, 2.96) 0.43(0.14, 1.36) n/a
Regression-adjusted® odds ratio (95% Cl)

Central Sensitivity Score 1.10* (1.02,1.12) 1.05(0.94, 1.17) 1.17** (1.07, 1.28)
Depression and anxiety symptoms 1.05(0.98, 1.13) 1.00 (0.90, 1.10) 1.17* (1.08, 1.26)
History of depression or anxiety 1.89 (0.70, 5.09) 8.15* (1.55, 42.96) 3.17* (1.30, 7.72)
Fatigue score 1.02 (0.97, 1.08) 0.98 (0.91, 1.06) 1.16** (1.08, 1.23)
Cognitive symptoms 1.50 (0.54, 4.15) 0.27 (0.06, 1.22) n/a

&Cognitive dysfunction defined by comparing to HC group data and meeting any of the three definition thresholds used.
®Severe cognitive dysfunction defined by meeting the most severe definition threshold (>2 cognitive domains >2 s.p.
below HC group mean). °All adjusted for age, premorbid IQ and past cerebrovascular disease. Measures used: Central
Sensitivity Score derived from 2016 Fibromyalgia Diagnostic Criteria; depression and anxiety symptoms—Hospital Anxiety
and Depression Scale; Fatigue Score—Functional Assessment of Chronic lliness Therapy Fatigue Scale (reversed);
Cognitive Symptoms Score—Cognitive Symptoms Inventory score dichotomized by median. Significant results shown in
bold: *P < 0.05, **P < 0.005. HC: healthy control. n/a: Not applicable.

TasLe 3 Comparison of cognitive symptoms scores in cognitively impaired vs not impaired SLE patients.

P-value®

SLE—impaired

SLE —not impaired

Cognitive dysfunction (all thresholds pooled)® (n impaired = 44/87)
Severe cognitive dysfunction® (n impaired = 14/87)

34 (20-52)
31 (22-45)

33 (19-52) 0.26
34 (19-52) 0.22

Values are mean (range). Cognitive symptoms as measures by Cognitive Symptoms Inventory (CSI) score. ®Unpaired t-test
used. PCognitive dysfunction defined by comparing with HC group data and meeting any of the three definition thresholds
used. Severe cognitive dysfunction defined by meeting the most severe definition threshold used (at least two cognitive
domains each >2 s.o. below the HC group mean). HC: healthy control.

TaBLe 4 Comparison of rates of cognitive dysfunction in SLE patients with high vs low cognitive symptom scores

High cognitive Low cognitive P-value®
symptoms group symptoms group
(n =49) (n=38)
Patients with cognitive dysfunction (all thresholds pooled)® 44% 47% 0.60
Patients with severe cognitive dysfunction® 10% 27% 0.032

Percentages represent proportion of SLE patients with cognitive dysfunction (according to each definition) within high and
low cognitive symptom groups. Cognitive symptoms as measures by Cognitive Symptoms Inventory (CSI) score—high vs
low score dichotomized around median. ®Cognitive dysfunction defined by comparing to HC group data and meeting any
of the three definition thresholds used. PSevere cognitive dysfunction defined by meeting the most severe definition thresh-
old used (at least two cognitive domains each >2 s.p. below the HC group mean). °Pearson’s % test used to compare
groups. HC: healthy control. Significant results bolded.

notably higher rate of severe cognitive dysfunction, com-
pared with the rate observed in patients with higher cogni-
tive symptom scores (27% vs 10%, P =0.032).

Associations with quality of life

In SLE patients, six of the eight quality-of-life domain
scores were significantly lower in patients with cognitive

194

dysfunction (Fig. 1A). Given that the analysis above
revealed a disconnection between patient-reported cog-
nitive symptoms and objectively measured cognitive
function, we separately examined quality-of-life in rela-
tion to cognitive symptoms. As shown in Fig. 1B, seven
of eight quality-of-life domains were significantly lower
in the SLE group with high cognitive symptoms. All eight

https://academic.oup.com/rheumatology



Fibromyalgia, mood disorders, cognitive test results, cognitive symptoms and quality of life in systemic lupus erythematosus

Fic. 1 Impact of cognitive dysfunction, symptoms, mood disorders and fibromyalgia on quality of life in SLE
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Line charts comparing median scores in each of the eight short form 36 (SF-36) domains between SLE patients with
impaired and preserved cognition on testing using the pooled definition (A), high vs low cognitive symptom scores on
the Cognitive Symptoms Inventory (B), past history of anxiety or depression vs no history of mood disorders (C), and
fibromyalgia vs no fibromyalgia (D). *P < 0.05, **P < 0.005, #P < 0.0005. SF-36 domains: PF: physical functioning, RP:
role physical, BP: bodily pain, GH: general health, VT: vitality, SF: social functioning, RE: role emotional, MH: mental

health. Sx: symptoms.

quality of life domains were significantly lower in SLE
patients with a history of anxiety or depression and in
those with fibromyalgia (Fig. 1C and D). The median
scores in every quality-of-life domain were lowest in
SLE patients with fibromyalgia.

On further analysis of quality of life using the SF-36
summary scores, SLE patients with cognitive dysfunc-
tion had lower physical component score (median 42.4
in impaired vs 48.5 in not impaired, P=0.03), as did
SLE patients who met the threshold for fibromyalgia
diagnosis (median 35.1 vs 48.5, P <0.0001). Mental
component scores were consistently lower in all four
subgroups studied. The largest difference in mental
component scores was seen in those with or without
fiboromyalgia (median 33.7 vs 50.5, respectively,
P =0.0004), followed by the comparison between those

https://academic.oup.com/rheumatology

with or without history of anxiety and depression (me-
dian 36.8 vs 52.8, respectively, P <0.0001), cognitive
symptoms (median 42.9 vs 51.7, respectively,
P =0.0005) and cognitive dysfunction (median 42.6 vs
50.66.11, respectively, P=0.02).

Discussion

In this study, we aimed to explore the associations be-
tween fibromyalgia, mood disorders, cognitive symp-
toms and cognitive dysfunction in SLE patients, and
their impact on quality of life. These factors have been
explored to some extent in SLE cohorts, but no previous
study has comprehensively compared all of these fac-
tors in relation to both cognitive test performance and
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cognitive symptoms. We found that comorbidities such
as fibromyalgia, depression and anxiety have some
associations with cognitive dysfunction, but stronger
associations with increased cognitive symptoms.
Importantly, we also found that patient-reported cogni-
tive symptoms are not associated with cognitive dys-
function, but that both increased cognitive symptoms
and reduced cognitive function are associated with
poorer quality of life.

Central sensitivity scores were significantly associated
with objective cognitive dysfunction but had a slightly
stronger association with cognitive symptoms. The
pathophysiology of fibromyalgia is characterized by cen-
tral sensitization and disordered pain regulation, which
includes changes in neural networking and neurotrans-
mitter function, proposed as mechanisms for the associ-
ated cognitive changes [32]. In addition, pain may
contribute to cognitive changes in fibromyalgia because
central pain processing results in possible competition
for brain resources [33]. Other features of fibromyalgia
such as poor sleep and fatigue, as well as medications,
can also adversely influence cognitive performance [32].
There has been minimal research on the impact of fibro-
myalgia on cognition in SLE cohorts. One study sug-
gested, contrary to our findings, that cognitive
dysfunction was not associated with fibromyalgia [34];
this was in a cohort of inactive lupus patients with the
method of assessing for fibromyalgia not specified. No
previous studies have explored the effect of fibromyalgia
on patient-reported cognitive symptoms in SLE.

We found that a history of anxiety and depression
was strongly associated with severe cognitive dysfunc-
tion. The effect of depression on objective cognitive test
performance has been well established in SLE [9].
Limited longitudinal studies also suggest depression
may worsen the trajectory of SLE patients with cognitive
dysfunction; while cognition improves in some patients
over time, a history of depression has been associated
with persistently poorer cognitive function [35]. Separate
studies have found that patient-reported cognitive
symptoms in SLE patients correlate more with mood
disorders than with objective cognitive deficits [7, 8]. In
our study, current active symptoms of depression (as
measured by the Hospital Anxiety and Depression
Scale) did not correlate with objective cognitive dysfunc-
tion but were associated with increased cognitive symp-
toms. The effect of history of anxiety and depression vs
current depressive symptoms has not been previously
compared in an SLE cohort. However, studies in the
elderly have shown that cognitive disorders, such as
early dementia, are more common in patients with a
long-standing history of depression and the cognitive
changes can persist long-term even in patients who re-
spond to antidepressant therapy [15].

We found that fatigue score correlated with cognitive
symptoms but not with objective cognitive function.
Past qualitative studies have suggested that fatigue is
related to cognitive symptoms in SLE [36]. One study
found a correlation between fatigue and poorer cognitive
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test performance in SLE patients with previous neuro-
psychiatric lupus, but not in those with no prior neuro-
psychiatric manifestations [37]. Another study in a
cohort of patients with inactive lupus suggested that,
contrary to the majority of the literature, cognitive func-
tion was not associated with previous depression [34].
These studies suggest that patient selection plays a
large role in the variability of findings and that factors
such as disease activity and past neuropsychiatric mani-
festations may modify the effect of mood disorder and
fatigue on cognition in SLE.

We found no positive correlation between patient-
reported cognitive symptoms and objective cognitive
test results, a finding which had previously been
described in SLE [7, 8]. It was particularly notable that
the absence of cognitive symptoms did not exclude the
presence of severe cognitive impairment. Such discrep-
ancies between cognitive symptoms and cognitive test
performance have been reported in other conditions
including post-chemotherapy, depression and fibromyal-
gia alone [38-40]. One potential explanation for the dis-
cordance between symptoms and cognitive test results,
as well as the greater effect of mood disorders, fibro-
myalgia and fatigue on cognitive symptoms than on ob-
jective cognitive tests, is the presence of complex
distractors or competing interests. Standardized neuro-
psychological test batteries tend to test attention to
focal stimuli rather than the ability to allocate attention
to competing stimulus sources such as the distractors
involved in cognitive tasks in real life [41]. The most con-
sistent cognitive deficits in fibromyalgia cohorts have
been found in attention, working memory and executive
function, with deficits being more profound in the pres-
ence of distracting stimuli [32]. Similar studies in multiple
sclerosis patients with comorbid depression found that
patients with at least mild depression had significantly
worse multitasking, while standard mono-tasking cogni-
tive assessments appeared less sensitive to depression-
related cognition changes [42]. Alternatively, it is pos-
sible that lack of insight plays a role in patients with se-
vere cognitive dysfunction reporting fewer symptoms.

We found that cognitive dysfunction, cognitive symp-
toms, history of depression or anxiety, and fibromyalgia
symptoms all have significant associations with poorer
quality of life. Of these comorbidities, fibromyalgia
symptoms as measured by higher central sensitivity
score had the greatest negative effect on quality of life.
In our study, the differences in median SF-36 domains
and summary scores for patients with and without these
variables of interest were not only statistically significant
but also well above published minimal clinically import-
ant differences in SLE cohorts, or the smallest difference
in score that patients perceive as beneficial [43]. The
minimal clinically important difference in SF-36 summary
scores is 2.5-5 [43]; in our study, group differences in
physical and mental component summary scores, re-
spectively, for cognitive dysfunction were 5.94 and 6.11
and for fibromyalgia were 13.32 and 16.86. Consistent
with our findings, a previous study in SLE using an
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abbreviated form of the SF-36 found that cognitive dys-
function worsens both physical and mental component
scores [44]. A separate study confirms our finding that
cognitive symptoms have significant effects on only the
mental component score [8]. Previous separate studies
have also suggested that both fibromyalgia [30, 45] and
depression [46] are related to poorer health-related qual-
ity of life in SLE; one study found that depression had a
bigger effect than cognitive dysfunction, similar to our
results [44]. However, our study was the first to compare
the relative effect of all these factors in an SLE cohort.

One of the limitations of our study was multi-
collinearity between fibromyalgia, depression and fatigue
variables, which prevented comparing them in a single
multivariate regression model. This issue has also been
noted in previous studies in SLE [8] and generally has
been addressed in a similar manner. This multi-
collinearity is not surprising given that the relationships
between fibromyalgia, depression and fatigue are com-
plex. These clinical syndromes overlap and also share
some pathophysiological pathways such as the hypo-
thalamic—pituitary—adrenocortical axis, autonomic ner-
vous system and neurotransmitter dysfunction [47]. In
addition, the relationships between these comorbidities,
SLE and cognitive dysfunction may be multidirectional.
The effects of SLE activity including neuroinflammation
on central nervous system functioning are known to
cause mood disorders and both direct peripheral neuro-
logical damage and physiological stress in SLE could
also contribute to the development of fibromyalgia [48].
Our sample was highly educated, with 68% having com-
pleted some form of tertiary education; education and
premorbid 1Q have significant effects on cognitive test
performance [41]. Therefore, despite our well-matched
control group, these findings may not necessarily be
able to be extrapolated to populations with lower educa-
tion. In addition, given our study was cross sectional,
we did not explore the effect of the variables of interest
on changes in cognitive test performance or cognitive
symptoms over time.

Another limitation in our measurement of depression
and anxiety relates to our selection of only one instru-
ment, namely the HADS, which is a general measure of
anxiety and depressive symptoms in a medical popula-
tion. There are many other instruments used to assess
depression and anxiety in SLE, but HADS performs well
with good sensitivity and specificity when evaluated [49].

In summary, mood disorders and fibromyalgia are
associated with cognitive dysfunction in SLE patients
but are more clearly linked to the cognitive symptoms
that patients experience. Given these comorbidities are
potentially reversible, identifying their contributions to
cognitive dysfunction, patient-reported cognitive symp-
toms and quality of life is helpful as a potential avenue
for treatment. Understanding that there is a discrepancy
between cognitive symptoms and objective cognitive
dysfunction is important in interpreting cognitive meas-
ures and incorporating them into both clinical practice
and advancing research in this area of need.
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