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Cognitive dysfunction and associated neuroimaging
biomarkers in antiphospholipid syndrome: a
systematic review
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Abstract

Objectives. Cognitive dysfunction is common in patients with aPL (including primary APS or APS asso-
ciated with SLE). Neuroimaging biomarkers may contribute to our understanding of mechanisms of
cognitive dysfunction in these cohorts. This review aimed to investigate: (i) the prevalence of cognitive
dysfunction in studies including neuroimaging biomarkers; and (i) associations between cognition and
neuroimaging biomarkers in patients with APS/aPL.

Methods. We conducted a systematic search of electronic databases PubMed, Science Direct,
Scopus and PsycINFO, and included studies with descriptions of neuroimaging findings, cognitive dys-
function or both, in patients with aPL positivity (LA, IgG and IgM aCL and anti-f2 glycoprotein-I
antibodies).

Results. Of 120 search results we included 20 eligible studies (6 APS, 4 SLE with APS/aPL and 10
NPSLE). We identified a medium risk of bias in 6/11 (54%) of cohort studies and 44% of case-control
studies, as well as marked heterogeneity in cognitive assessment batteries, APS and aPL definitions,
and neuroimaging modalities and protocols. The prevalence of cognitive dysfunction ranged between
11 and 60.5%. Structural MRI was the most common imaging modality, reporting cognitive dysfunction
to be associated with white matter hyperintensities, ischaemic lesions and cortical atrophy (four with
cerebral atrophy, two with white matter hyperintensities and two with cerebral infarcts).

Conclusion. Our findings confirm that cognitive impairment is commonly found in patients with aPL
(including APS, SLE and NPSLE). The risk of bias, and heterogeneity in the cognitive and neuroimaging
biomarkers reported does not allow for definitive conclusions.

Key words: antiphospholipid syndrome, antiphospholipid antibodies, cognitive dysfunction, neuroimaging bio-
markers, assessment

Rheumatology key messages

o Limited reporting of cognitive dysfunction in APS compared with SLE and NPSLE with aPL positivity.

o Studies including neuroimaging biomarkers in APS/aPL-positive patients with cognitive dysfunction were
scarce and heterogeneous.

o Multicentre studies with standardized image acquisition and international APS clinical and laboratory criteria
are required.
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(anti-B2GPI) [2, 4, 5], and diagnosis is made in accord-
ance with the International updated Sapporo (Sydney)
classification criteria [6]. APS can occur in isolation,
where the disease is classified as occurring alone [pri-
mary APS (PAPS)], or in the context of other auto-
immune conditions [secondary APS (SAPS)], most
notably SLE [7].

Cognitive dysfunction is a common neurological mani-
festation of APS, particularly in SAPS associated with
SLE. Evidence regarding the prevalence of cognitive
dysfunction and PAPS is limited [8]. One review reported
frequency of cognitive dysfunction to range between
15-80% in cohorts of aPL carriers, PAPS and SLE [9].
The association of cognitive dysfunction with APS has
mainly been discussed in the context of NPSLE [10],
which according to the ACR consists of 19 neurologic
syndromes of the central, peripheral and autonomic ner-
vous systems including cognitive dysfunction or psychi-
atric syndromes, where other causes have been
excluded [11]. Using the ACR consensus criteria, the
prevalence of cognitive dysfunction for SLE was
reported as 43, 30 and 6% for mild, moderate and se-
vere disease, respectively [12]. Cognitive dysfunction is
also common in SLE where there are no neuropsychi-
atric symptoms [13].

Although neuroimaging biomarkers are a potentially
powerful way to understand mechanisms of cognitive im-
pairment, evidence summarizing neuroimaging character-
istics of APS is also scare [2, 14]. One review article
described the relationship between cognitive dysfunction
and magnetic resonance abnormalities (MRI) specific to
patients with SLE [8]. More recently, there has been
increasing interest in examining the associations between
SLE and aPL with dementia [15, 16].

Given the limited evidence regarding the prevalence
and mechanisms of cognitive dysfunction in patients
with a diagnosis of APS or aPL positivity, there remains
scope to examine available studies reporting detailed
cognitive assessment and neuroimaging biomarkers.
The objectives of this systematic review were to deter-
mine: (i) the prevalence of cognitive dysfunction in stud-
ies including neuroimaging biomarkers; and (i)
associations between cognition and neuroimaging bio-
markers in patients with APS/aPL.

Methods
Literature search and selection strategy

We electronically searched PubMed, Science Direct,
Scopus and PsycINFO up to January 2021 using key
terms ‘antiphospholipid syndrome’, ‘neuroimaging’,
‘cognitive impairment’ and ‘neuropsychiatric systemic
lupus erythematosus [NPSLE]’, combined using Boolean
operators (supplementary Table S1, available at
Rheumatology online). In addition to the database
searches, reference lists of selected articles were
checked for their included relevant research papers.

https://academic.oup.com/rheumatology

Publication selection criteria

Publication inclusion criteria were: adult cohorts >18 years
of age; studies including patients defined as diagnosed
with APS (PAPS and SAPS); cohorts with aPL (various
combinations of LA, aCL, anti-B2GPI) positivity; and stud-
ies reporting both cognitive assessment and neuroimaging
biomarkers. Exclusion criteria were: animal studies; paedi-
atric cohort studies; review articles and reports; case
reports and case studies (fewer than five subjects); editori-
als; letters; and commentaries. We followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [17] for the search strategy,
study selection and inclusion, as well as data extraction
and analysis (see Fig. 1) (supplementary Table S2, avail-
able at Rheumatology online).

Quality assessment

We appraised the quality of included studies using the
Newcastle-Ottawa Quality Assessment Scale (NOS) for
case—control and longitudinal cohort studies [18] and
adapted version for cross-sectional cohort studies [19]. The
NOS allocates a maximum score of 9 points indicating very
high quality and a low risk of bias, whereas a minimum
score of 1, 2 or 3 indicates low quality and a high risk of
bias. The scoring system allocates up to 4 points for selec-
tion of subjects, 2 points for comparability and 3 points for
exposure (in case—control cohort studies) and outcome (in
cohort studies). Studies scoring above the median value
were considered high quality (low risk of bias) and those
below the median as low quality (high risk of bias).

Data extraction

For each study we extracted data on: first author and
year (study ID); study design; number of patients and
controls (if included); mean age in years; percentage fe-
male; types and isotypes of aPL and cut-off values; cog-
nitive  dysfunction prevalence, cognitive domains
assessed; neuroimaging modality and neuroimaging bio-
markers assessed; cognitive domains affected; and
associations between neuroimaging biomarkers, cogni-
tive dysfunction and aPL positivity.

Results
Search results and publication selection

We identified 120 articles through the electronic search.
A detailed search strategy is presented in Fig. 1. Two in-
dependent raters (C.D. and D.J.W.) evaluated the stud-
ies at the eligibility and inclusion phases of the review
where there was full agreement for publication selection.

Quality assessment results for selected studies

Quality assessments of the included studies were under-
taken by C.D. using the NOS criteria for cohort and
case—control studies are shown in Tables 1 and 2. The
median score of NOS was 6 for cohort studies and 7 for
case—control studies. Among the 11 cohort studies, 7
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Fic. 1 Workflow diagram of publication selection process using PRISMA guidelines
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n, number of articles after each screening stage; PAPS: primary SLE; SAPS: secondary SLE; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.

were considered of medium to higher methodological
quality, scoring >6, and for the 9 case-control studies,
5 were considered of medium to higher methodological
quality, scoring >7. Overall, there were 8 included stud-
ies considered of lower methodological quality, and
therefore a higher risk of bias in 6/11 (54%) of cohort
studies and in 4/9 (44%) of case—control studies.

Characteristics of studies included in review

Of the 20 studies included, the disease groups were
n=6 APS (mixed PAPS and SAPS), n=4 SLE specific

26

and n=10 NPSLE (see Tables 3 and 4). More than half
of the included studies were cohort studies and n=9
were case—control (n=2 APS/aPL positive, n=3 SLE,
n=4 NPSLE) [20-29]. Three studies were longitudinal in
design [30, 31, 23] and at least seven studies were
reported as retrospective where patient cohorts and data
were extracted from case notes and patient-held regis-
tries [32, 33, 34, 35, 36, 27, 28]. Cohort sizes within stud-
ies were generally small with the exception of the two
most recent included studies [30, 37], with mean age
ranging from 31 to 81 years, and >75% were female.

https://academic.oup.com/rheumatology
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Prevalence and assessment of cognitive dysfunction
and/or dementia

The prevalence of cognitive dysfunction for all included
studies across all patient groups ranged from 11% [34]
to 60.5% [36], although some studies did not report this
[30, 37, 39, 23] (see Tables 4 and 5). The prevalence of
cognitive dysfunction in APS [mixed—PAPS, SAPS and
aPL carriers (+); six studies including 3104 patients]
ranged from 15 to 42%. The prevalence of cognitive
dysfunction in SLE (4 studies, 236 patients) ranged from
40 to 60%, and in NPSLE (10 studies, 718 patients)
from 11 to 47.6%.

Two studies assessed cognition using a global meas-
ure such as the Mini-Mental State Examination [37] or
the Short Mental Test [33], whereas other studies
included global cognition and other detailed neuro-
psychological batteries [30, 38, 40, 36, 20-23, 25, 29].
Some studies [34, 35, 21-24, 29] reported adherence to
the neuropsychological battery for SLE suggested by
the ACR and included the cognitive domains global cog-
nition, simple/complex attention, memory, visuospatial
processing, language, reasoning/problem solving, psy-
chomotor speed, executive function [11]. There was het-
erogeneous use of neuropsychological batteries and in
turn cognitive domains assessed across studies, except
for where there was consistent use of the recommended
ACR neuropsychological battery [34, 35, 21, 22, 24, 29].
A limited number of studies report specific cognitive
domains affected and for those that did, memory and/or
executive function were the most common domains to
be identified [38, 39, 40, 22-24], followed by attention
[40, 20, 24] (see Table 5). One study [33] examined the
association of APS with dementia and included the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition [41] criteria for dementia to select the de-
mentia cohort (56%).

APS criteria and aPL assessment

Eight studies included cohorts with APS [38, 32, 35, 31,
20, 25, 26], with three studies inclusive of patients with
PAPS [38, 32, 20]; of the five NPSLE studies, <25% of
these studies’ cohorts were defined as APS. Only three
studies [32, 33, 20] were inclusive of cohorts that were
aPL carriers and the frequency of aPL carriers ranged
between 6 and 73% in the remaining studies (see
Tables 3 and 4). Seven studies adhered to the Sapporo
Criteria for inclusion of patients with APS or to indicate
presence of aPL positivity at least twice, measured
12 weeks apart. Some studies [35, 31, 20, 27] reported
using the original preliminary classification criteria for
definite APS [42], whereas others, including some recent
studies [38, 32, 21, 22], used the updated Sydney clas-
sification criteria [6]. The remaining other 13 studies
included patients with aPL positivity and only one of
these studies [25] reported that the presence of aPL
was recorded at least twice over 12 weeks apart, where-
as all other studies [30, 37, 33,34,39, 40, 36, 23, 24, 26,
27, 29] recorded the presence of aPL following a single

36

sample and did not specify that aPL was retested to
confirm persistence. A small number of studies included
all three criteria aPL (LA; 1gG and IgM aCL; and anti-
B2GPI) [32, 20-22, 24, 25], with the combination aCL
and LA as the most common included antibodies [38,
34, 35, 36, 28, 29] or aCL as the only included aPL [37,
33, 31, 26, 27]. Only five studies indicated their cut-off
values for aPL [32,33,37,38, 24], with two of these stud-
ies using the Sapporo/Sydney laboratory criteria [38,
32]. One study made reference to single, double and tri-
ple aPL-positivity and reported these as 3 (15%), 6
(80%) and 11 (55%), respectively [21, 22]. Where aPL
methods were specified, the analysis reported referred
to the DRVVT and/or aPTT and Kaolin clotting time for
LA, and the use of ELISA for aCL and anti-B2GPI.

Associations between imaging biomarkers and
cognitive dysfunction

For studies inclusive of MRI biomarkers, these reported
associations between white matter hyperintensities
(WMH) or white matter lesions, ischaemic lesions, cere-
bral atrophy and cognitive dysfunction [34, 20]. Three
studies [23, 24, 29] reported statistically significant asso-
ciations between cortical atrophy and cognitive dysfunc-
tion. Studies including other imaging modalities also
reported associations with cognitive dysfunction [38, 31,
26]. Four studies [33, 40, 21, 25] found no association
between imaging biomarkers and cognitive dysfunction.
Some studies did not examine the association between
imaging biomarkers and cognitive function [30, 37, 32,
39, 35, 36, 27, 28] (see Table 5).

Associations between imaging biomarkers and aPL
positivity

Two studies [32, 34] found associations between white
matter changes and aPL positivity. [24, 28]. Four studies
[387, 39, 34, 23] reported associations between cerebral
atrophy and aPL positivity [37, 39, 34, 24] while other
studies [30, 33, 31, 21, 26, 29] found no association be-
tween imaging biomarkers and aPL positivity. Some
studies did not examine associations between imaging
biomarkers and aPL positivity [38, 33, 35,36,40, 20, 25,
27] (see Table 5).

Associations between cognitive dysfunction and aPL
positivity

For associations between cognitive dysfunction and aPL
positivity, one study reported statistically significant
associations for global cognition with positive aCL [par-
ticipants were classified as aCL positive if the aCL titre
(any isotype) was positive in the blood sample] [37].
Other studies found severity of cognitive deficits; execu-
tive dysfunction, complex attention, intelligence, visual
reproduction, learning (easy) and auditory verbal learning
to be associated with aPL positivity (@PL positivity was
defined as levels of aCL >15 IgG phospholipid units/ml
and levels of anti-p2GPI | 1IgG >201U/ml) [24], or aPL
positivity not defined) [39]. One study reported that in
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aPL-positive patients (defined as a positive LA test; aCL
IgG/IgM  >40 units; and/or anti-B2GPI 1gG/IgM >40
units; on two or more occasions), 45.5% with abnormal
MRI findings were cognitively impaired [21], while an-
other study reported 39% of APS patients had cognitive
dysfunction and a trend towards higher levels of aPL
[aCL 10-20 (elevated), >20 (high) GPL units] in demen-
ted APS patients but did not report it as statistically sig-
nificant [33]. Six studies [30, 32, 33, 20, 21, 27] found no
association between cognitive dysfunction and aPL
positivity and over half of the included studies [38,
31,34-36,40, 23, 25, 26, 28, 29] did not examine this as-
sociation (see Table 5).

Discussion

In this review, we summarized the literature regarding
neuroimaging biomarkers used to identify neuropathol-
ogy and cognitive dysfunction in APS/aPL-positive
patients. Few studies have been inclusive of cognitive
function and neuroimaging biomarker data in primary
APS patients, and most studies available include SLE
and NPSLE cohorts with aPL. There was vast hetero-
geneity between the 20 observational (case-control and
cohort) included studies on various levels, from use of
different cognitive assessment batteries, APS and aPL
definitions and criteria, to wide variation in neuroimaging
modalities. The quality assessment results for half of
included studies was of a lower methodological quality,
resulting in a higher risk of bias. There were more stud-
ies that included NPSLE cohorts in comparison with
studies exclusive for PAPS and SAPS, which were all
SLE-specific cohorts.

Prevalence and assessment of cognitive dysfunction
in APS and aPL-positive patients

The prevalence range of cognitive dysfunction reported
for APS and aPL-positive patients was diverse, with half
of the studies documenting the rate to be 30% or higher
in all APS, SLE and NPSLE cohorts. Similar figures have
been previously reported for APS and aPL carriers [9,
43], and even higher rates of cognitive dysfunction for
SLE and NPSLE patient cohorts [12]. Although there has
been previous reporting of cognitive dysfunction in these
patient groups [8, 13], only a limited number of studies,
mainly with small sample sizes, have assessed cognitive
function using standardized batteries, e.g. the ACR
neuropsychological battery [11]. We included only one
study that reported prevalence of dementia associated
with APS to be 56% [33], which was also reported to be
high in previous reviews [16, 44, 45]. It was not evident
from the studies reviewed whether factors such as age,
gender, education levels and possible cardiovascular
risk factors are associated with cognitive dysfunction in
APS and aPL carriers, as these variables were rarely
controlled for where multivariate analysis was
conducted.

Consistent patterns of cognitive dysfunction among
the included studies were for specific domains memory,
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executive function and attention, where reported. This
pattern of cognitive domains affected has been previ-
ously reported for APS and aPL carriers [9], and execu-
tive function for SLE, whereas verbal reasoning and
visuo-spatial organization was found to be associated
with NPSLE diagnosis [13]. The evidence indicates that
patients with APS and/or aPL (including associated
autoimmune conditions, i.e. SLE or NPSLE) have some
degree of cognitive dysfunction. The clinical presenta-
tion in terms of cognitive domains affected is similar to
patterns associated with vascular cognitive impairment,
including large vessel disease [46], subcortical small
vessel disease and dementia [47, 48]. More importantly,
none of the studies included in this review or those pre-
viously reported has assessed or detected the onset of
a diagnosis of mild cognitive impairment. Insidious cog-
nitive decline may be of great benefit to assess clinically
for planning treatment interventions and where detected,
offer further insight into the neuropathological basis of
cognitive dysfunction in APS and aPL carriers.

APS criteria and aPL assessment

This review highlights the dearth of studies available
focusing on primary APS and aPL carriers that examine
cognitive dysfunction and include neuroimaging bio-
marker data. We found there was also a limited number
of studies that assessed the presence of all three criteria
aPL, adhered to the Sapporo Criteria, specified that aPL
were persistent, or made reference to single, double
and triple aPL-positivity [5] In order to determine the
pattern of cognitive dysfunction, it is important to estab-
lish more homogeneous APS and aPL cohorts before
extracting meaningful conclusions regarding associated
cognitive status. There were also wide variations in tech-
nical differences in antibodies quantification, adding fur-
ther to the heterogeneity issue in the cohorts included.
Stricter adherence to the Sydney (update Sapporo) cri-
teria, particularly the laboratory criteria, when selecting
cohorts for inclusion in APS and aPL studies [4, 5]
would improve generalizability when drawing conclu-
sions from these patients’ groups.

Associations between neuroimaging biomarkers and
cognitive dysfunction

As expected, cognitive dysfunction was found to be
associated with white matter lesions or WMH, ischaemic
lesions and cortical atrophy from studies inclusive of
structural MRI. The high burden of WMH in APS patients
has been referred to as resembling multi-infarct demen-
tia as a result of vascular damage [49]. In other disease
pathologies cognitive decline strongly correlates with
cortical atrophy [50], which is also the finding for APS
patients in this review indicating degenerative brain
changes. The cognitive dysfunction may be explained
by the small vessel ischaemic events and also by the
underlying pathophysiology as a result of brain volume
loss. Most of the studies did not examine or report if
there were particular associations between specific
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cognitive domains affected and neuroimaging bio-
markers’ findings. The only reported magnetization
transfer imaging study revealed lower magnetization
transfer ratio peak height of brain parenchyma, white
matter and grey matter for NPSLE patients compared
with healthy controls suggestive of axonal dysfunction
and demyelination [26]. The transcranial Doppler studies
were also supportive of the association between cogni-
tive dysfunction and vascular damage, with patients that
had significant right to left shunt or presence of micro-
embolic signals having worse cognitive function.
Although the evidence is targeted at understanding
explanations for cognitive dysfunction in APS, the actual
rate of cognitive change progression has not been
studied despite the potential of neuroimaging bio-
markers to detect pathological brain changes from a
mild cognitive impairment diagnosis onwards.

Associations between neuroimaging biomarkers and
aPL positivity

Significant associations were reported for WMH, cere-
bral infarcts and cortical atrophy with aPL positivity.
WMH, microbleeds and cortical atrophy were associated
with LA, and old cerebral infarcts and hippocampal vol-
ume loss with aCL. These findings are consistent with
neuroimaging studies of patients with APS, in that Zhu
et al. [2] found the main characteristics of neurological
APS in the brain were ischaemic changes as in multi-
focal cerebral infarctions, white matter demyelination
and cerebral atrophy. Kaichi et al. [14] also found similar
MRI abnormalities, including large territorial infarctions,
lacunar infarctions in the deep white matter, localized
cortical infarctions in the middle cerebral artery territory,
bilateral border zone infarctions, anterior basal ganglia
lesions and stenotic arterial lesions, all of which were
more common in SLE patients with APS. In an earlier re-
view, Sanna et al. [51] also outlined similar brain involve-
ment in aPL-positive patients. However, another recent
study reported finding no difference in structural and
functional brain connectivity in SLE patients vs controls
according to neuropsychiatric involvement or aPL status
[52]. Although we reported associations between neuroi-
maging biomarkers and aPL positivity, it is worth noting
that the same number of studies found no association.

Associations between cognitive dysfunction and aPL
positivity

Over half of the studies did not examine associations
between cognitive dysfunction and aPL, despite inclu-
sion of both variables in each of the studies in addition
to neuroimaging biomarkers. Deficits in global cognition
were found to be associated with aCL positivity and in
terms of deficits in specific cognitive domains, executive
dysfunction, complex attention, intelligence, visual re-
production and learning were associated with aPL posi-
tivity. The single study that used functional MRI reported
higher brain activation in bilateral frontal, temporal and
parietal regions during working memory and executive
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function tasks; the authors explained cortical over-
activation as a compensatory mechanism for early white
matter neuropathology [22]. There are no other reviews
to our knowledge that compare specific cognitive
domains affected with aPL positivity. The associations
found between neuroimaging biomarkers and cognitive
dysfunction are possibly best explained by neuronal
impairments through vascular disease, e.g. thrombotic,
immune or neuronal effects. There is increasing interest
in understanding the pathophysiological process for
cognitive dysfunction and APS, and more recent reviews
have explored the association between APS and de-
mentia, e.g. aPL and dementia [16] and the evidence
between SLE and dementia [15]. Cognitive dysfunction
and APS has been mainly explained by hypercoagulabil-
ity, as aPL are likely to attack vascular endothelial cells,
activating the inflammatory response and coagulation
cascade, which results in occlusive thrombosis leading
to progressive compromise of neural activity and a
resulting decline in cognitive function and ultimately vas-
cular dementia [15]. Despite the fact that cognitive dys-
function cannot be explained exclusively by thrombotic
events or hypercoagulability, stroke and transient is-
chaemic attack are the only included neurological mani-
festations in the 2006 APS criteria [53].

Limitations and other confounders for consideration

Seven of the included studies were retrospective with
cohorts selected from referrals (potentially leading to se-
lection bias) or patient registries. Moreover, the duration
of disease varied widely across studies and was not
controlled for in multivariate analysis. Given the associ-
ation between cognition and mood, greater inclusion
and investigation of depression scales are also war-
ranted in future. Regional or ethnic differences were also
not identified in the cohorts included, which adds further
to the sampling heterogeneity within APS studies [54].
Other antibodies, either non-criteria aPL or other anti-
bodies, may play a role in the pathogenesis of neural
damage and associated brain pathology, and thus also
account for cognitive dysfunction in patients with APS,
e.g. noncriteria aPL such as anti-phosphatidylserine/
prothrombin antibodies, lymphocytotoxic antibodies
[65], antiglutamate receptor antibodies [56], brain-
derived neurotrophic factor [57], anti-ribosomal P [58]
and MMP-9 [59]. Other confounders that may interfere
with results reported is the use of medications such as
thrombolytic and CS therapies. Correlations between
cognition and neuroimaging were inconsistent; indeed,
six of the studies included found no correlation. We ac-
knowledge the small sample sizes, which limit the preci-
sion of studies reporting correlations between cognitive
and brain imaging findings; moreover, heterogeneity of
cognitive measures and neuroimaging ratings do not
allow definitive conclusions on these complex relation-
ships. In conclusion, multicentre studies in representa-
tive populations with standardized image acquisition
and protocols, including clearer definitions of the clinical
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populations using international clinical and laboratory
criteria for APS, are required.

Nevertheless, our findings confirm that cognitive im-
pairment is commonly found in patients with aPL
(including those with APS, SLE and NPSLE). The corre-
lations of cognition with neuroimaging biomarkers sug-
gest that neuroimaging studies should be incorporated
in research and clinical practice to understand mecha-
nisms of cognitive impairment in patients with aPL.
Ultimately, determining and investigating the strength of
the association between neuroimaging biomarkers and
cognitive impairment in APS/aPL-positive patients could
in future guide clinicians in symptomatic or disease-
modifying treatment strategies.
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