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ABSTRACT

Background: Cognitive impairment is common in bipolar disorder (BD), but the underlying pathophysiology remains unclear.
This systematic review aimed to (1) summarize all literature describing relationships of biofluid biomarkers and cognition in BD
and (2) identify which biofluid biomarkers correlate most consistently with cognition in BD.

Methods: This systematic review followed procedures of the PRISMA statement. PubMed, EMBASE, and PsycINFO were
searched from inception until July 2023. Original studies assessing the relationships between biofluid biomarkers and cognitive
functioning in adults with BD were included. Studies on neuroimaging markers and genetic biomarkers were excluded.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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Results: We identified 60 studies, together describing 184 biofluid biomarkers that were measured in relation to cognitive func-

tioning in BD. Biomarkers were organized into ten categories: oxidative stress markers (n = 14); growth factors (n =13); neuro-

transmitters (n = 14); neuropeptides and hormones (n = 14); neurodegenerative markers (n = 11); inflammatory/immune markers

(n=59); serostatus to infectious agents (n=11); amino acids, vitamins, and minerals (n=7); metabolic factors (n=23); hemo-

gram, coagulation, and fibrinolysis markers (n = 18). Preliminary evidence for a significant relationship with cognition appeared

for HSV-1 IgG, CRP, and homocysteine (Hcy); higher biomarker levels were associated with worse cognition.

Discussion: Included studies were heterogeneous and many were deemed to be of low quality following risk of bias assessment.

The identified three biofluid biomarkers represent history of previous infections, current inflammation, and/or physical or psy-

chological stress. Poor physical health, possibly represented by a broad range of biomarker aberrations, may play a role in the

pathophysiology of cognitive impairment in BD.

Trial Registration: PROSPERO registration number: CRD42021224226

1 | Introduction

Cognitive impairment is common in bipolar disorder (BD) [1].
Cognition is affected not only during periods of depression or
(hypo)mania but also during the euthymic phase in up to 50%
of individuals with BD. The observed cognitive impairment
is broad; domains of attention, verbal memory, processing
speed, executive functions, and social cognition seem affected
[2]. Cognition can be affected already after the first episode
[3]. Among BD patients, significant cognitive heterogeneity
is present. Recent studies suggest three meaningful cognitive
subgroups, comprising a cognitively spared subtype with “near-
normal” cognition, an intermediate impairment subtype, and
a deficit subtype with impaired performance across all do-
mains [4].

Cognitive impairment in BD occurs in patients of all ages, but
is particularly prominent among individuals with older adult
bipolar disorder (OABD) [5, 6]. Also, BD is associated with an
increased risk of dementia [7]. Importantly, cognitive impair-
ment negatively influences personal, functional, occupational,
and social functioning [8, 9]. To date, the pathophysiology of
BD-related cognitive impairment is unclear. An improved un-
derstanding of this pathophysiology is of utmost importance to
identify patients at risk at an early stage and provide them with
adequate monitoring and personalized treatment.

Many correlates of cognitive impairment in BD have been iden-
tified [10]. Psychiatric factors such as the number of manic
episodes [11], childhood trauma [12], psychotic features [13],
psychiatric hospitalizations [14], and use of psychotropic med-
ication [14, 15] were associated with cognitive impairment, in-
dicating that illness severity plays a role. In addition, lifestyle
factors such as smoking, hypertension, poor nutrition, sub-
stance/alcohol abuse, impaired sleep, physical inactivity, and
obesity [16, 17] (partly caused by select psychotropic agents [18])
seem to negatively impact cognition in BD patients. Researchers
have also tried to identify biological correlates (biomarkers) of
cognitive functioning in BD in order to increase knowledge on
the underlying pathophysiology [10, 19]. For this review, we use
a broad definition of a biomarker, according to the Biomarkers,
EndpointS and other Tools (BEST) glossary definition: “A defined
characteristic that is measured as an indicator of normal biologi-
cal processes, pathogenic processes, or responses to an exposure
or intervention, including therapeutic interventions” [20].

Many biomarkers have previously been examined with re-
spect to cognition in BD. These can roughly be divided into
three groups: neuroimaging markers, genetic markers, and
markers derived from bodily fluids (i.e., serum, plasma, urine,
cerebrospinal fluid [CSF], saliva), hereafter referred to as bio-
fluid biomarkers [21]. Other types of markers associated with
cognition in BD are arguably not directly biological, such as
digital markers [22]. Several reviews have appeared on neuro-
imaging markers [19, 23] and specific genetic polymorphisms
[24, 25] in relation to cognition in BD. Regarding biofluid bio-
markers, previous reviews focused on a specific biomarker or
biomarker category, for example, “brain-derived neurotrophic
factor (BDNF) and cognition in BD” [26] or “inflammatory
biomarkers and cognition in BD” [27-29], but to date, there
has been no systematic review of the complete spectrum of bio-
fluid biomarkers in relation to cognition in BD. This is despite
a variety of biofluid biomarkers having been examined in the
literature, including hormones, vitamins, cytokines, growth
factors, neurodegenerative markers, and serostatus to infec-
tious agents.

The aim of the current systematic review by the Targeting
Cognition and Older-Age Bipolar Disorder Task Forces of
the International Society for Bipolar Disorders (ISBD) was to
summarize and synthesize all literature assessing relation-
ships between biofluid biomarkers and cognitive function in
BD patients, irrespective of the function or type of biomarker.
Our main focus was to delineate the most consistent cognitive
correlates of biofluid biomarkers that are relatively practica-
ble and inexpensive to assay, given these types of biofluid bio-
markers have the most potential for use in clinical practice in
future [30].

2 | Methods
2.1 | Search Strategy

Before commencing the review, the review protocol was
registered on PROSPERO on the 13th of August, 2021
(CRD42021224226). This systematic review was conducted
according to the updated 2020 Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) guide-
lines [31]. Searches were conducted on PubMed/MEDLINE,
EMBASE, and PsycINFO from inception until July 4, 2023.
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For each database, the search strategy combined terms relat-
ing to or describing the domain (bipolar disorder), determinant
(biomarker) and outcome (cognitive functioning). Keywords
were (“bipolar” OR “manic” OR “mania”) AND (“biomarker”
OR “marker”) AND (“cognition” OR “cognitive” OR “neuro-
psychological”) and all imaginable synonyms of these terms,
adapted to each database. Both subject heading terms (MeSH/
EMTREE) and free text terms were used (see Appendix S1 for
the complete search profile). Duplicate articles were removed
automatically using EndNote and manually using Rayyan
(www.rayyan.ai). A manual revision of duplicates to be de-
leted was performed for verification.

Primary title/abstract screening (Appendix S2) and second-
ary full text screening, (Appendix S3) were performed in du-
plicate by at least two authors independently using Rayyan.
For the primary screening, one author (AJMB) screened all
abstracts and five other authors (ATO, AD, SNTMS, VBM,
NCMK) each screened a proportion of all abstracts as a second
author. Conflicts were discussed and consensus was reached
in all cases. In case of doubt during primary screening, the ab-
stract was included for full-text screening. For the secondary
screening, one author (ATMB) screened all full-texts and three
other authors (AD, SNTMS, VBM) each screened a proportion
of all full-texts as a second author. When access to full-text
articles was not available, the corresponding author was con-
tacted once. If full text remained inaccessible, the study was
excluded. Agreement between the first and second screener
was high (primary screening: 96.7%; secondary screening:
84.6%). Reference lists of all eligible articles were screened
manually for additional studies. In order to identify studies
that did not mention “(bio)marker” in the abstract but a spe-
cific compound name instead, additional snowball searches
in PubMed and Google Scholar were performed, e.g., (“bipo-
lar” AND “glucose” AND “cognition”), (“bipolar” AND “tri-
glycerides” AND “cognition”).

2.2 | Screening Strategy

During primary screening, we selected records that fulfilled
the following inclusion criteria: (1) original, published, peer-
reviewed research articles; (2) human subjects aged > 18 years
meeting diagnostic criteria for BD; (2) measurement of at least
one biomarker in a bodily fluid; (3) investigation of an objec-
tive cognitive measure (neuropsychological test or cognitive
composite score) OR comparison of separate diagnostic cogni-
tive BD groups (e.g., BD-no cognitive impairment vs. BD-MCI
vs. BD-dementia). Although many of the studies included a
healthy control (HC) group, a BD versus HC comparison on
biomarkers or cognitive measures was not the focus of this
review (Appendix S2). Rather, we were interested in studies
assessing the relationship between a biofluid biomarker and
a cognitive outcome within the BD population. During sec-
ondary screening, we therefore also thoroughly checked if
the study assessed and reported on a direct relationship be-
tween a biomarker and cognitive outcome (Appendix S3). As
we aimed to focus on biomarkers that are naturally present
in the human body, we only included an RCT if there was a
baseline evaluation of an association between biomarker and
cognition.

2.3 | Eligibility Criteria

We excluded studies that: (1) did not include peer-reviewed
original research data in humans, such as vitro/animal re-
search, conference or poster abstracts, letters, editorials, opin-
ions, reviews, dissertations; (2) were case reports describing
<5 individuals with BD; (3) included combined samples with
several diagnoses (unless data for BD was reported separately);
(4) included samples with individuals aged below 18 years (un-
less data for adults were reported separately); (5) combined
analyses for a mixed group of BD and HC (unless data for BD
was reported separately); (6) only measured structural or func-
tional imaging biomarkers (e.g., neuroanatomical markers,
fMRI, CT, PET, SPECT, EEG, measurement of cerebral blood
flow, diffusion tensor imaging); (7) only measured genetic
markers (e.g., polymorphisms of genes (such as APO-E or
BDNF alleles), candidate genes, chromosome regions (GWAS
studies), circulating mRNA/DNA in blood, or other genetic
analyses); (8) did not clearly describe or define the cognitive
outcome; (9) only measured IQ, general intellectual ability, or
a cognitive screening instrument (e.g., MMSE, MoCA, FAB),
as these have lower discriminative power and may not reflect
the real cognitive performance; (10) only used subjective as-
sessments of cognition (either self-report or expert opinion
from clinicians, rather than objective cognitive testing); (11)
only compared a biomarker and/or cognitive measure in BD
versus healthy controls; (12) did not assess or report on a (sta-
tistical) relationship between a biofluid biomarker and cogni-
tive outcome for a BD group. We excluded articles that focused
on the relationship between specific diseases or health condi-
tions and cognition in BD; for example, we considered triiodo-
thyronine (T3), insulin, and glucose as biofluid biomarkers,
but excluded studies on hyper- or hypothyroidism, insulin re-
sistance, and diabetes in relation to cognition. See Appendix
S2 and S3 for the detailed inclusion and exclusion criteria per
screening stage.

2.4 | Data Extraction

Data extraction was performed in parallel by two authors (AB,
SNTMS) using an a priori designed, standardized data ex-
traction spreadsheet in Microsoft Excel. Extracted information
included: study design, study population and sample size, par-
ticipant demographics (age, gender, education level, illness du-
ration, use of psychotropic medication), type of biomarker and
biofluid, neuropsychological assessment (tests and domains),
criteria used for MCI or dementia diagnosis, statistical meth-
ods, effect sizes, standard errors, covariates, and main findings.
In case articles shared study samples, we evaluated if different
biomarkers were reported. If multiple articles reported the same
biomarkers using the same study samples, the most comprehen-
sive source was used.

2.5 | Methodological Quality Assessment

The majority of studies that were identified were observa-
tional, cross-sectional studies, but also included two ran-
domized controlled trials (RCTs) [32, 33]. We adapted the
“Joanna Briggs Institute Critical Appraisal tool for analytical
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cross-sectional studies”, focusing on specific methods for
bipolar disorder diagnosis, biomarker measurement, neu-
ropsychological assessment and on the quality of statistical
analyses. We added an extra criterion on sample size: a suffi-
cient sample size was defined as at least 100 BD patients. Risk
of bias assessment was carried out in parallel by two authors
(AB, SNTMS). For each study, eight appraisal questions were
evaluated for the presence (“Yes”) or absence (“No”) of good
quality. In case of unclear quality due to poor reporting, the
specific criteria received a “No”. Ultimately, each study re-
ceived an overall quality appraisal: “Good”, “Fair”, or “Poor”
(see Appendix S4 for the complete adapted criteria).

3 | Results
3.1 | Study Selection

The computerized search identified 2124 articles (after removal
of duplicates), all of which were included for the title/abstract
screening (see Figure 1 for Flowchart). Out of 124 articles eval-
uated with full-text screening, 70 were excluded for different
reasons. The search of reference lists of included articles and

snowball searches yielded 6 additional articles. The complete
search process resulted in 60 studies that met eligibility criteria
and were included in this review (Figure 1).

3.2 | Study Characteristics

The study characteristics of all 60 studies are listed in Appendix
S5, Table S1. Most studies (n=53) performed cross-sectional
analyses. Four studies with a longitudinal design combined
cognitive data from multiple timepoints [34-37]. We included
two RCTs (one with infliximab [33] and one with open label val-
proate [38]), as both of these also investigated the cross-sectional
relationship of a biomarker and cognition at baseline before
treatment.

Although one of the inclusion criteria was inclusion of “BD-only”
samples, two studies did include a few patients with schizoaffec-
tive disorder bipolar subtype within the BD sample, since the au-
thors of these two studies considered this a subtype of BD [35, 39].
The number of BD patients included in the studies ranged from 8
[40] to 791 [41]; most studies included around 40-80 individuals
with BD. Out of 60 studies, 45 also included a healthy control (HC)

[ Identification of studies via databases ]
5 Records (n=2836)
= identified from:
o PubMed (n = 332) Records removed before screening:
= >
£ EMBASE (n = 1399) Duplicate records removed (n = 712)
§ PsycINFO (n = 1105)
) '
Primary screening: Title/Abstract |———— | Records excluded (n = 1970)
Records screened (n = 2124)
i Reports not retrieved (n=30):
o No original research article (n = 28)
= . —> Full text not accessible (n = 1)
< Reports sought for retrieval : -
[ Duplicate (n = 1)
[ (n=154)
7]
(72
Full text reports excluded (n=70),
v with reasons:
domain
- -no BD patients (n = 1)
Seconda’y screening: Fu,_l t_ex_t_ —> -sample includes BD patients <18 yrs without
Reports assessed for eligibility separate reporting for adults (n=13)
(n = 124) -mixed sample (BD and other diagnoses) without
separate reporting for BD group (n=22)
— determinant
-no fluid biomarker assessed (n=1)
outcome
-no objectively measured neurocognitive test or
cognitive impairment as outcome variable (n=14)
Studies initially included in statistical analysis
review (n = 54) -no relationship measured between fluid biomarker
° and cognition in BD only group (n=19)
: I ‘
=
'_é Extra studies included from
Total studies included in 'geferfn;e:ﬁree”'ng g‘ IT 4) hn=2
review (n = 60) -Google Scholar snowball search (n = 2)

FIGURE1 | PRISMA 2020 flow diagram for this systematic review. BD, bipolar disorder. Last search performed on July 4th, 2023. Format from:

Page et al. [31]. http://www.prisma-statement.org/.
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group. Overall, females were included more often than males. The
mean age of BD patients was mostly between 30 and 45 years. Three
studies specifically included older patients: [40] included geriatric
inpatients (mean age 77.0years), [42] patients aged > 55years, and
[43] patients aged >50years. Almost all studies included patients
that used psychotropic medication; exceptions were [44] (n=10 out
of 15/67% medication-free), [45] (n=27 out of 27/100% medication-
free), and two studies by Lee et al. (100% medication-free at base-
line before start of the RCT) [32, 46]. By far, most of the 60 studies
in this review included euthymic outpatients using strict inclusion
criteria. With regard to the included studies on CRP and Hcy, how-
ever, there were also some studies that included inpatients or out-
patients with an affective episode or suicidal ideations (see Table 1
and Appendix S5, Table S1) [41, 67, 72, 74, 84, 86].

The majority of 60 studies investigated multiple biomarkers within
one study. Most of the 184 biomarkers were measured in plasma
(n=96) or serum (n=64), but CSF (n=21), spot urine (n=2), whole
blood (n=1), and saliva (n=1) were also investigated.

Cognitive measurements in the studies were heterogeneous
and ranged from one test (domain-specific) to extensive multi-
domain neuropsychological testing (Appendix S5, Table S1).
Across studies, cognitive outcomes therefore ranged from un-
adjusted, raw, subitem test scores to composite scores for global
cognitive functioning based on many standardized tests. Full test
batteries that were often used were the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS), Cambridge
Neuropsychological Test Automated Battery (CANTAB), the
MATRICS Consensus Cognitive Battery (MCCB), the Brief
Assessment of Cognition in Schizophrenia (BACS), and the
Brief Assessment of Cognition in Affective Disorders (BAC-A).
Almost all studies used continuous outcomes for cognitive func-
tioning. Strawbridge et al. used a dichotomous outcome for “cog-
nitive impairment” alongside a continuous outcome for global
cognitive performance [52]. Poletti et al. created dichotomous
outcomes (poor versus good cognitive performance) for seven
cognitive domains based on BACS scores [53].

3.3 | Methodological Quality Assessment

The scoring for the quality assessment and sample sizes of each
study can be found in Appendix S5, Table S2. Some articles had
overlapping study samples, but each article was evaluated sep-
arately because often different statistical analyses were used
and quality of reporting varied per article. Out of 60 articles, the
methodological quality was considered good in 4, fair in 27, and
poor in 29 articles. Out of the four articles with good quality,
three articles had overlapping samples and mostly overlapping
authors (Dickerson et al. [77, 78, 80]).

Many of the included studies used small sample sizes and per-
formed bivariate correlation analyses without any adjustment
for confounders or correction for multiple testing, increasing
the risk of false positive results (type I error) and false nega-
tive findings (type II error) [93]. In 46 out of 60 studies, some
form of correction was performed, mostly controlling for age,
sex, education level, but sometimes also for bipolar subtype,
mood symptoms, and physical health indicators (e.g., smoking,
alcohol use, BMI). None of the included studies controlled for

recurrence of episodes, suicidality, and/or comorbid physical
diseases (Appendix S5, Table S2).

Twenty studies (33%) had sample sizes smaller than 50 BD pa-
tients and 17 studies (28%) larger than 100 BD patients. Often,
studies measured a large set of biomarkers in relation to a large
set of cognitive outcomes. As an example, Jakobsson et al. per-
formed correlation analyses between ten biomarkers and nine
cognitive outcomes, which resulted in 90 correlation analyses
[39]. Knochel et al. used three cognitive tests as outcomes, but
investigated 42 plasma proteins and thus performed 126 bivar-
iate correlation analyses [49]. Another point of concern was
that studies often used single neuropsychological test scores as
cognitive outcomes. These specific, raw, single (subitem) scores
were not standardized based on age, education level and/or sex
by comparison to a healthy control group or normative data.
Overall, the risks of multiple testing, publication bias, and re-
porting bias were high, making the available evidence prelimi-
nary and of limited quality.

3.4 | Biofluid Biomarkers in Relation to Cognition
in BD

This systematic review identified 184 different (combinations of)
biofluid biomarkers that were measured in relation to cognition
in BD. We organized these into ten biomarker categories. An
overview of all studied biomarkers and the reported relationship
with cognitive functioning in BD is shown in Table 1a-j. In this
review, a positive relationship means that a higher biomarker
level was significantly associated with better cognitive function-
ing, whereas an inverse relationship means that a higher bio-
marker level was significantly associated with worse cognitive
functioning. Most of the significant relationships between bio-
markers and cognitive outcomes were inverse, i.e., a higher bio-
marker level was associated with worse cognitive functioning.
See Table 1a—j for the full names of the abbreviated biomarkers
described in the text below. See Table 2 for a summary table of
findings for the biomarkers with most available evidence (i.e., a
biomarker analyzed by four or more studies).

3.4.1 | Oxidative Stress Markers

This review identified five studies that together investigated
fourteen oxidative stress markers [34, 37, 47-49]. Most markers
were measured by one single study.

GSH, SOD, and NO were analyzed by two studies, but these showed
mixed results. Tozoglu et al. identified significant correlations
with cognition for TAC, ADMA, NO, and SDMA, but the quality of
evidence for these findings was very low as these correlations were
unadjusted and the outcomes were non-standardized raw subitem
test scores [48]. For TAC and ADMA, the reported relationship
with cognition was positive, whereas for NO and SDMA the rela-
tionship was inverse. Garés-Caballer et al. performed a prospec-
tive, 1-year follow-up cohort study and created predictive models
with combinations of various biomarkers at baseline as predictors
and cognitive domain scores at 1-year FU as outcomes [37]. In this
study, GSH and SOD were positively related to processing speed
[37], but the study by Aydemir et al. did not identify significant
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relationships for GSH, SOD, or NO [47]. Non-significant relation-
ships were observed for MDA, NT-4, ROS, mROS, 8-oxo-Guo,
8-ox0-dG, ANT3, and HEP2.

3.4.2 | Growth Factors

Thirteen growth factors were examined by seven studies
[34, 41, 50-54].

BDNF was examined by four studies, of which two reported sig-
nificant associations with cognition. Mora et al. [50] and Liou
et al. [41] both described a positive association: higher BDNF lev-
els were related to better cognition, with the domains of execu-
tive functioning and verbal memory [50] and with specific items
of the Continuous Performance Test [41], respectively. Chou
et al. also studied BDNF using six neuropsychological tests with
a total of 48 subitem test scores [51]. Of all these, BDNF was sig-
nificantly correlated with cognition in only two out of 48 analy-
ses, but the direction of effect was not clearly stated. Strawbridge
et al. did not observe a significant relationship between BDNF
and cognition [52].

The results for other growth factors were mixed. The basic fi-
broblast growth factor (bFGF) was significantly related to cog-
nition in two studies, but the reported direction of effect was
opposite [52, 53]. Strawbridge et al. reported significant positive
associations for PIGf and VEGF-C with outcome global cogni-
tive performance as well as outcome cognitive impairment [52].
Omileke et al. reported a significant positive correlation with
FGF21 and letter fluency and motor speed [54]. No significant
relationships were reported for EPO, Flt-1, Tie-2, PDGF-BB, G-
CSF, GM-CSF, VEGF, and VEGF-D.

3.4.3 | Neurotransmitters

Four studies measured fourteen neurotransmitters or related
compounds in relation to cognition in BD [35, 44, 55-56]. Some
significant relationships were identified, but these were not con-
sistent across studies. KYNA was significantly associated with
global cognitive functioning as well as BACS-SC (processing
speed) by Hebbrecht et al. [35], but Paribello et al. and Platzer
et al. did not find significant associations with KYNA [55, 56].
Higher 5-HTP was significantly associated with worse perfor-
mance on the BAC-A color naming subtask, but only for BD sub-
groups with lifetime suicide attempts or ideations [55]. Platzer
et al. found that the 3-HK/KYNA ratio was inversely related
and KYN/3-HK ratio positively related to the California Verbal
Learning Test (CVLT), but only in BD males [56]. No significant
associations were noted for Glu, 5-HT, TRP, QA, KYN, 3-HK,
5-HTP/TRP ratio, KYN/KYNA ratio, KYN/TRP*1000 ratio, or
the QA/KYNA ratio.

3.4.4 | Neuropeptides and Hormones

Regarding the biomarker category of neuropeptides and hor-
mones, fourteen different compounds were investigated by
eleven studies [32, 36, 42, 46, 49, 57-62].

Cortisol was studied by five studies, of which two reported
significant relationships, but with opposite directions of ef-
fect. A higher cortisol serum level was significantly associated
with worse performance on the paired associative learning test
(PAL) for visuospatial functioning [61]. However, Thompson
et al. found that higher cortisol levels in saliva were associated
with better cognitive performance on the Stroop, the Tower of
London, and COWAT [62]. Lee et al. performed an RCT in which
all patients received open label valproate [38]. At baseline, cor-
tisol and cognition were not significantly associated [38]. In
addition, Tournikioti et al. reported a significant association
between cortisol/ DHEA-S ratio and stockings of Cambridge
test for executive function [60]. None of the other investigated
neuropeptides or hormones (a-MSH, -endorphin, neurotensin,
oxytocin, substance P, pentraxin-3, arginine vasopressin, CBG,
DHEA, pregnenolone, T3) were significantly associated with
cognition.

3.4.5 | Neurodegenerative Markers

This review identified three studies that together explored
eleven (combinations of) neurodegenerative biomarkers in rela-
tion to cognition in BD patients [39, 63-64], but the results were
inconsistent.

Regarding neurofilament light chain (NfL), two studies de-
scribed significant inverse relationships with cognition in BD:
with composite cognitive score, verbal fluency, and process-
ing speed [63], with memory, and with verbal functions [64].
However, Chen et al. studied NfL in serum [63], whereas Rolstad
et al. measured NfL in CSF [64]. Chen et al. also identified an
opposite, positive relationship between NfL and verbal fluency
for older patients [63].

Soluble amyloid precursor protein alfa (SAPP-o) was signifi-
cantly associated with cognition in two studies: positively with
trail making test (TMT) by Jakobsson et al. [39] but inversely
with attention/speed by Rolstad et al. [64]. Regarding T-Tau, two
studies also described significant relationships, but the direction
of effect was opposite. Inconsistent findings were also reported
for Amyloid beta 42/40 ratio (Af42/40 ratio) and Amyloid beta
42/38 ratio (Af42/38 ratio): The study by Rolstad et al. reported
significant relationships [64], but the study by Jakobsson et al.
did not [39].

3.4.6 | Inflammatory/Immune Markers

Of all the biomarkers included in this review, by far most fell into
the inflammatory/immune markers category. In total, 59 differ-
entinflammatorybiomarkers,amongwhich 17 interleukins, were
examined across 21 studies [33, 37,41, 43,44, 50, 52, 53,59, 65-76].
The inflammatory markers that were assessed most often were
(high/ultra-sensitive) C reactive protein (CRP/hsCRP/PCR-us,
eleven studies), tumor necrosis factor alpha (TNF-a, ten stud-
ies), interleukin-6 (IL-6, seven studies), soluble tumor necrosis
factor receptor-1 (STNF-aR1, six studies), interleukin-10 (IL-10,
five studies), and soluble tumor necrosis factor receptor-2 (sT-
NF-aR2, four studies).
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Out of the 17 interleukins examined, most studies reported on
IL-6, but results were inconsistent. In plasma, Barbosa et al.
[65] and Poletti et al. [53] found significant inverse relationships
(higher IL-6, worse total BAC-A z-score and executive func-
tions, respectively). In serum, however, Garés-Caballer et al.
[37] noted a positive relationship between IL-6 and verbal flu-
ency. Moreover, Civil Arslan et al., Mora et al., King et al., and
Strawbridge et al. could not detect significant relationships for
IL-6 [44, 50, 52, 66)].

For CRP, a relatively large amount of evidence was available:
significant inverse relationships with cognition were reported
by six out of eleven studies. Notably, all significant findings for
CRP were observed in serum, not in plasma. Across studies,
higher CRP levels were associated with worse performance on
25 diverse cognitive outcomes (see Table 1): from very specific
single subitem scores such as the negative hits response times
of the CANTARB affective Go/no-go task [73] to cognitive com-
posite scores based on several cognitive domains such as the
MATRICS composite score [71]. In the study by Sanchez-Autet
et al., significant correlations for CRP were only found for a fe-
male subgroup [72]. Huang et al. [68] and Millett et al. [71] both
reported that the observed associations of CRP with cognition
were significant for BD-I, but not BD-II patients. Five studies
did not find significant relationships between CRP and cogni-
tion in BD.

Regarding TNF-a, only two out of ten studies reported a sig-
nificant inverse relationship: one in plasma [41] and one in
serum [70]. Higher TNF-a was associated with worse per-
formance on the WCST, Wechsler Memory Scale III (WMS-
I11) visual immediate index subtest, and Stroop test [41, 70].
Soluble tumor necrosis factor receptor-2 (sTNF-aR2) was
found to be significantly inversely related to single cognitive
test scores in two out of four studies, both measured in plasma
[69] and serum [70].

Considering other inflammatory biomarkers, the following
were significantly associated with cognitive outcomes in BD,
but each of these biomarkers only by one single study: inverse
relationships for IL-1f [53], interleukin-1 receptor antagonist
(IL-1RA [43]), soluble interleukin-6 receptor (sIL-6R [68]),
1L-8 [41], soluble tumor necrosis factor receptor-1 (STNF-aR1
[68]), matrix metallopeptidase 9 (MMP9 [75]), monocyte che-
moattractant protein-1 (MCP-1/CCL2 [53]), macrophage in-
flammatory protein-18 (MIP-18/CCL4 [53]), RANTES (CCL5
[53]), and chitinase-3-like-1 protein (YKL-40 [76]), and posi-
tive relationships for I1L-7 [52], IL-16 [52], IL-17A [53], and IL-
18 [66]. Of note, IL-10 was not related to cognition in BD in
any of five studies.

3.4.7 | Serostatus to Infectious Agents

This review identified five studies that investigated eleven anti-
bodies in relation to cognition in BD [59, 77-80], measuring the
serostatus to various infectious agents.

Most evidence was available for herpes simplex virus type 1
(HSV-1 IgG); three out of four studies reported inverse relation-
ships with cognition: with RBANS total score [77, 78], RBANS

domain scores [77], the Letter Number Sequencing Test [78],
and verbal and attention subscores [79]. Also, higher CMV IgG
was associated with worse BACS total score [59] and higher
Toxoplasma gondii IgM with worse RBANS total score, RBANS
delayed memory, and RBANS visuospatial/constructional [80].
However, other studies could not find significant relationships
for the latter two biomarkers [59, 77, 79]. Non-significant rela-
tionships were described for HSV-2 IgG, CMV IgM, EBV IgG,
HHV-6 1gG, HHV-3/VZV IgG, T gondii IgG, Influenza B IgG,
and IGHM.

3.4.8 | Amino Acids, Vitamins, and Minerals

A total of fourteen studies were included that together stud-
ied seven different amino acids, vitamins, or minerals
[40, 42, 47, 49, 63, 72, 81-88].

By far most evidence in this category was available for the amino
acid homocysteine (Hcy); nine studies were available, of which
six reported significant inverse relationships with cognition.
Across studies, Hcy was significantly inversely related to 21 di-
verse cognitive outcomes (see Table 1): from very specific single
subitem scores such as the number of perseverative errors on
the WCST [85] to cognitive composite scores for several cogni-
tive domains such as verbal fluency [42]. Permoda-Osip et al.
also identified four inverse relationships, but only in male or fe-
male subgroups [86]. One study initially described a significant
correlation between Hcy and RAVLT, but after adjustment or
Bonferroni correction significance disappeared [83]. Two stud-
ies reported non-significant relationships for Hey [47, 72].

We identified some evidence that both folate/folic acid and vi-
tamin B12 are not related to cognitive functioning in BD. Folate
was researched by seven studies, but only one study found a sig-
nificant inverse relationship with cognition and this was only
with a very specific subitem score (number of errors on the
Stroop test part B [86]). Vitamin B12 was researched by six stud-
ies, of which only one study reported a significant inverse rela-
tionship with a very specific subitem score (number of errors on
the Stroop test part A [86]). However, the absence of significance
may also be due to underpowered studies.

Regarding vitamin D, Chen et al. identified significant rela-
tionships with a cognitive composite score, verbal fluency, and
processing speed, but the direction of the effect was inverse for
younger patients and positive for older aged BD patients [63]. In
contrast, the study by Van Rheenen et al. found no significant
association between vitamin D and global cognition in patients
with BD [87]. Methionine, RET4, and zinc were not significantly
associated with cognition.

3.4.9 | Metabolic Factors

This review identified seven studies that investigated a total of
23 metabolic biomarkers [33, 45, 49, 50, 89-91].

A higher HDL was associated with a better RBANS total score,
better immediate memory and language scores in the study
by Hui et al. [89]. Also Salvi et al. found a positive association
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between HDL and a composite score of verbal memory, but this
association became non-significant after adjustment [90].

Regarding leptin, an inverse association with three cognitive
subtests was identified by Mansur et al. [33]. A higher level of
triglycerides was related to worse cognition by Van Rheenen
et al. [91] and Salvi et al. [90], but the association became non-
significant after adjustment in the latter study.

Knochel et al. analyzed 42 plasma proteins, in relation to three
cognitive tests [49]. Out of all of these analyses, only ApoC3 was
inversely related to a single cognitive test score (TMT-B test) [49].
Non-significant relationships were observed for all other Apo
proteins, as well as for clusterin, total cholesterol, FPG, fasting
basal insulin, TBARS, and PHLD.

3.4.10 | Hemogram, Coagulation
and Fibrinolysis Markers

Three studies examined biomarkers from the hemogram, co-
agulation and fibrinolysis system in relation to cognition in BD
[37, 49, 92].

As mentioned earlier, Garés-Caballer et al. created predictive
models with combinations of biomarkers, so the biomarkers
were not studied separately in relation to cognition [37]. A
predictive model with hemoglobin (HGB), hematocrit (HCT),
but also IL-6, PCR-us, and SOD explained 49.8% of variance
(R2) of verbal fluency. A predictive model with HCT and HGB
explained 26.4% of variance of cognitive flexibility. Predictive
models with multiple white blood cell (WBC) biomarkers
explained 48% of variance of executive domain and 54.4% of
variance of working memory [37]. However, the direction of
effects differed between biomarkers (inverse for total WBC,
WBC-AM, and HCT, but positive for WBC-N, WBC-AN,
WBC-L, WBC-AL, WBC-M, HGB), which makes these results
difficult to interpret [37].

Saglam Aykut et al. found a significant correlation between the
neutrophil-lymphocyte ratio (NLR) and Stroop interference, but
these analyses were unadjusted [92]. Non-significant relation-
ships were reported for red blood cells, platelets, PLR, A2AP,
A2MG, F13B, KLKBI, and PLMN.

4 | Discussion
4.1 | Main Findings

Cognitive impairment can be a major clinical challenge for BD
patients and has considerable impact on daily functioning, with
accumulated burden as patients age. Identifying biological factors
that are associated with cognition and easily measured from bio-
fluids may help to identify patients at risk of cognitive impairment
and provide adequate monitoring and personalized treatment
across the lifespan. This systematic review identified 60 articles,
reporting on 184 different (combinations of) biofluid biomarkers
that have been researched in relation to cognitive functioning in
BD. We organized these biomarkers into ten categories: oxidative
stress markers (n = 14); growth factors (n =13); neurotransmitters

(n=14); neuropeptides and hormones (1 = 14); neurodegenerative
markers (n=11); inflammatory/immune markers (n=59); se-
rostatus to infectious agents (n=11); amino acids, vitamins, and
minerals (n=7); metabolic factors (n=23); hemogram, coagula-
tion, and fibrinolysis markers (n=18). Due to small sample sizes,
a high risk of error associated with multiple testing, and thus pub-
lication and reporting bias, combined with small effect sizes in
most studies, the presented evidence is of relatively low quality
and should therefore be interpreted with caution.

Most biomarkers were assessed by a single study, but twelve bio-
markers were examined in four or more studies (Table 2). Based
on the total number of studies per biomarker and the percentage
of studies reporting significant findings in a consistent direc-
tion, this review revealed preliminary evidence for inverse asso-
ciations between cognitive functioning in BD and (1) HSV-1IgG,
(2) CRP, and (3) Hcy; for these biomarkers, higher levels were
associated with worse cognition. These three biomarkers were
related to a broad range of cognitive outcomes, ranging from
very specific single subitem scores to cognitive composite scores
based on several cognitive domains (Table 2). The only four ar-
ticles with quality rating “Good” described significant inverse
associations for (1) HSV-1 1gG [77, 78], (2) Toxoplasma Gondii
IgM [80], and (3) CRP [72]. Of note, out of these four articles
with good quality, three articles had overlapping samples and
mostly overlapping authors (Dickerson et al. [77, 78, 80]). Taken
together, our findings suggest that previous infections, current
inflammation, and/or physical or psychological stress may de-
crease cognitive functioning in BD.

4.2 | Interpretation and Mechanisms

421 | CRP

Our finding that CRP is related to cognitive functioning in BD is
in line with previous reviews [27-29]. However, a recent review
by Morrens et al., who performed a large systematic review and
meta-analysis on the relationship between immune markers and
cognitive impairment in mood and psychotic disorders, reported
more pessimistically on the available evidence [94]. Due to wider,
transdiagnostic inclusion criteria, Morrens et al. included more
studies than are listed in the current review for the respective
biomarkers. Although Morrens et al. also reported a (weak) asso-
ciation for CRP and cognitive impairment, they concluded over-
all that “there is no reliable evidence of a meaningful association
between blood-based immune markers and global or domain
specific cognitive performance”; not across diagnoses and nei-
ther within the BD diagnostic subgroup. In our review, the good
quality study by Sanchez-Autet et al. showed small to medium
effect sizes (r=0.2-0.3), but only in female BD patients [72].

In healthy adults, baseline CRP levels tend to increase slightly
with age and higher levels are associated with a higher risk of
chronic, aging-related diseases, including dementia [95]. CRP
not only reflects systemic (low-grade) inflammation, but possi-
bly also accelerates biological aging (inflammageing). Although
inflammation is normally a protective response that facilitates
the healing process, chronic inflammation interferes with the
maintenance and repair of all bodily tissues, leading to accumu-
lation of tissue damage [95].

32 of 40

Bipolar Disorders, 2026



4.2.2 | Homocysteine

To our knowledge, this is the first systematic review combining
the evidence on homocysteine and cognition in BD. In the arti-
cles that reported standardized effect sizes (Table 1), effect sizes
ranged from small to medium (r=0.2-0.6) but mainly involved
single neuropsychological tests as outcomes. Dittmann et al.,
who performed a study of “Fair” quality with multiple cogni-
tive domains as outcomes, found small to medium effect sizes
(beta =—-0.24-0.35) for outcomes verbal learning, delayed mem-
ory, and executive function [82].

Hcy is a cardiovascular risk factor and promoter of oxidative
stress and has been associated with progression from cognitive
impairment to dementia [96]. There are several ways in which
Hcy could be related to cognitive impairment. Hypertension (as
a result of physical or psychological stress) increases Hcy levels
[97]. In patients with cognitive impairment induced by hyper-
tension, Hcy levels are also increased [98]. In addition, high Hcy
may induce indirect neurotoxicity, which could lead to the death
of hippocampal neurons [84]. Last, Hcy is a marker for vitamin
B12 deficiency, which in turn can also cause cognitive problems,
especially in older people [99].

4.2.3 | HSV-1IgG

We identified four studies that studied the relationship between
HSV-11gG and cognition in BD patients, of which three reported
significant inverse associations [77-79]. However, effect sizes
were difficult to interpret in all these studies as these were not
standardized. The good quality study by Dickerson et al. 2004
found a highly significant difference of 9.1 in total RBANS score
between BD (HSV-1 positive 77.5 and HSV-1 negative 86.6) [77].
A recent study estimated the minimum clinically important dif-
ference (MCID) for the RBANS total score minimally 8, which
suggests that Dickerson et al. 2004 found a small, but meaning-
ful clinical difference [100].

According to the WHO, about 67% of the world population
under the age of 50 had HSV-1 in 2012 [101]. Many of those
infected never develop symptoms. In the past, chronic or latent
HSV infections were considered to be relatively benign and were
believed to be only associated with cognitive impairment in case
the virus caused acute encephalitis [102]. However, recent lit-
erature has identified associations between HSV and cognitive
impairment in patients with schizophrenia as well as in healthy
individuals without a history of encephalitis. Also, HSV-1 has
been identified as a causative agent in the pathogenesis of spo-
radic Alzheimer's disease (AD) through neuronal production
and accumulation of amyloid beta (AB), hyperphosphorylation
of tau proteins, dysregulation of calcium homeostasis, and im-
paired autophagy [103].

4.3 | General Mechanisms
Taken together, the three biomarkers that were most consistently

related to cognition in BD (HSV-1 IgG, CRP, and Hcy) all play a
role in inflammation and/or presence of increased physical or

psychological stress. At first sight, this seems in line with the “neu-
roprogression hypothesis” [104]. This hypothesis postulates that
each affective episode in BD is neurotoxic, causing chronic (low
grade) inflammation and anatomical changes, suggesting that
multiple mood episodes eventually result in progressive cognitive
impairment and treatment resistance [105]. However, there is cur-
rently much debate on the neuroprogression hypothesis [106], as
recent longitudinal studies have reported that the decrease of cog-
nitive function observed in BD patients is similar to the decrease in
healthy controls [10, 107-108]. An alternative explanation for the
observed link between the number of mood episodes and cognitive
impairment could be that cognitive impairment increases the risk
of recurrences and poorer clinical course in BD [109]. Another pos-
sibility is that physical or psychological stress, for example from
infections or life events, can result in chronic low-grade inflam-
mation, which in itself can trigger an affective episode [110]. This
would imply that the course of BD does not necessarily have to be
progressive and that a healthy lifestyle without physical diseases
and psychological stress may reduce the risk of recurrences and
progression of cognitive impairment.

CRP and Hcy are closely intertwined and possibly have synergis-
tic effects on cardiovascular and cognitive outcomes [111]. For
example, in healthy older adults at risk of cognitive decline, co-
existence of both elevated CRP and homocysteine was associated
with the strongest cognitive decline throughout 5-year follow-up
[112]. In addition, both CRP and Hcy can be influenced by mood
symptoms. In the current review, significant associations be-
tween CRP, Hcy and cognitive function were observed both in
studies with euthymic patients as well as in studies including pa-
tients with mood symptoms. Recently, a systematic review was
published that investigated the relationship between biomarkers
and cognition in BD, but specifically in different mood states of
BD [113]. This review identified only two relevant studies, both
of which did not find significant correlations between the bio-
logical markers and cognition. Regarding BD versus HC studies,
a systematic review of observational studies reported that CRP
was only elevated during mood episodes in BD [114]. A meta-
analysis on Hcy in BD concluded that Hcy levels are increased
in BD patients compared to healthy controls, especially during
episodes of mania [115]. In two-month isolated mice, depressive-
like behaviors correlated with an increase of Hey [116]. Another
RCT suggested that there seems to be an inflammatory biotype of
bipolar depression, which may be more susceptible to anhedonia
and cognitive impairment [117]. More research is needed to un-
ravel this knot between these biomarkers, psychiatric symptoms,
and cognitive functioning.

Taken together, we hypothesize that the pathophysiology of cog-
nitive impairment in BD is multifactorial. A vulnerability for
cognitive impairment could be the result of social or psycholog-
ical factors, illness severity, but also the physical health status
of a BD patient. The latter may be represented by several aber-
rant biological marker levels. For example, vitamin deficiencies
(Hcy), cardiovascular risk (Hcy), and/or presence of (low-grade)
inflammation (CRP, HSV-1 IgG) are all risk factors for cognitive
impairment, both in the general population as well as in BD pa-
tients. The presence of mood symptoms may worsen the physical
condition of the patient further, which can alter these biomarker
levels as well.

Bipolar Disorders, 2026

33 of 40



4.4 | Strengths and Limitations

This systematic review is the first to provide a broad, but de-
tailed overview of the complete spectrum of biofluid biomarkers
in relation to cognition in BD. Previous reviews only focused
on one biofluid biomarker or a biomarker category. Another
strength was that this review combined all available evidence
including studies with non-significant findings, which reduces
publication bias to some extent.

An important limitation of this review was that we did not per-
form a meta-analysis or meta-regression due to the heterogeneity
of the data. The identified effect-size measures (Table 1) were
heterogeneous and often not standardized, which makes the ef-
fect sizes difficult to compare across studies. Therefore, our anal-
ysis focused on the number of studies per biomarker reporting
statistical significance in a consistent direction. In doing so, it
remains unclear if the observed effects on cognition are also clin-
ically relevant. Of note, if a study reported at least one significant
relationship for a biomarker, we did not list the non-significant
results of that biomarker with other cognitive outcomes within
that particular study. For example, Chou et al. (2012) reported
correlations of plasma BDNF with 48 (!) separate cognitive out-
comes, of which only two were significant and were entered in
Table 1 of this review [51].

Another limitation was that we used strict inclusion criteria due
to the wide scope of the review, forcing us to exclude certain
relevant studies. For example, we excluded 13 studies that were
relevant, but included children, adolescents or patients from 16
or 17years of age (Figure 1). Furthermore, we could not make
definitive conclusions on causality as most studies in this review
were cross-sectional. This review did not focus on BD versus HC
comparisons, as was done by a previous review [118]. Thus, we
do not know whether the observed relationships between bio-
markers and cognition are specific to BD (i.e., BD-specific cog-
nitive impairment) or may be linked to cognitive impairment in
general (i.e., not BD-specific). A recent systematic review [118]
found significant overlap between biomarkers identified for BD
in general and those associated with cognition in BD.

Considering the limitations of individual studies included in
this review, most had small sample sizes and performed mul-
tiple testing, increasing the risk of false positive results (type I
error) and false negative findings (type II error), and thus report-
ing and publication bias. Observed effect sizes were often small
and based on unadjusted bivariate correlation analyses, so the
results need to be carefully interpreted. Last, most analyses did
not take important confounders into account, such as psychotro-
pic medication use [119], physical health factors including smok-
ing and BM]I, sleep, or duration of illness.

4.5 | Implications for Future Research

Despite decades of research, the pathophysiology of BD-related
cognitive impairment is still unclear. This impedes risk as-
sessment for the individual BD patient and the development of
personalized treatment strategies. This is problematic since cog-
nitive impairment significantly decreases personal, functional,

occupational, and social functioning [8, 9]. It is therefore essen-
tial that more research is conducted in the research area of cog-
nitive impairment in BD.

Our hope is that in future, a multi-dimensional comprehensive
“risk score” can be developed for BD-related cognitive impair-
ment by integrating multiple data types, including physical sta-
tus, psychiatric characteristics, (psychotropic) medication load,
psychological, functional, and social factors, and ecological
momentary assessments. Physical status could be represented
by objective biomarkers (blood/CSF/neuroimaging) [120]. The
current systematic review suggests that the biofluid biomarkers
HSV-1 IgG, CRP, and Hcy may be promising as part of such a
comprehensive risk score, but the evidence is preliminary.

Due to the current risk of reporting and publication bias (see
Section 3.3), future studies should replicate findings in much
larger samples, which could be ensured through collaborative
efforts across research centres. After this, performing a meta-
analysis or meta-regression is essential to draw definite conclu-
sions. In this way, the evidence can be weighted not only based
on the percentage of studies reporting positive results, but also
based on the magnitude of the association and total number of
patients investigated across studies for a specific marker. For
the biomarkers identified as “promising” by this review (HSV-1
IgG, CRP, and Hcy), future studies also need to investigate the
longitudinal course of biomarker levels in both young and older
individuals with BD.

In addition, future studies should take into account possible
confounding variables, such as age, sex, clinical features (e.g.,
bipolar subtype, mood symptoms, recurrence of episodes, sui-
cidality), psychotropic medication use, and physical health
(e.g., smoking, alcohol use, BMI, comorbid physical diseases).
Perhaps, statistical analyses that deal with complexity (“every-
thing influences everything”) such as Bayesian network analy-
sis can be valuable in this regard. Another approach could be to
investigate biomarkers for cognitive impairment across related
psychiatric or physical illnesses where cognitive impairment
is common (e.g., schizophrenia, ADHD, but also COVID-19, or
HIV), in order to examine whether the identified biomarkers
are specific for BD-related cognitive impairment or associated
with cognitive impairment in general. Future studies could also
differentiate between broad and specific cognitive domains as
study outcomes.

5 | Conclusion

This systematic review identified 184 different biofluid biomark-
ers that were measured in relation to cognitive functioning in
BD. Of those, there was some preliminary evidence for a sig-
nificant relationship between (1) HSV-1 IgG, (2) CRP, (3) Hcy,
and cognition. These biomarkers play a role in a state of (chronic
low-grade) inflammation and/or presence of increased physi-
cal or psychological stress. This indicates that a poor physical
health status, which can be represented by biofluid biomarkers,
may be one piece in the multifactorial puzzle that is BD-related
cognitive impairment. A key limitation was the significant pub-
lication and reporting biases, as well as small sample sizes in
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many of the included studies, which likely explains the incon-
sistent and negative findings. There is a need for larger scale
studies through collaborative efforts across research centres to
ensure large enough samples for robust findings.
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Additional supporting information can be found online in the
Supporting Information section. Appendix S1: Search Profile.
Appendix S2: Checklist Title/Abstract Screening. Appendix S3:
Instructions Full-Text Screening. Appendix S4: Appraisal Criteria For
Risk Of Bias Assessment. Appendix S5, Table S1: Study characteristics
of all studies on biofluid biomarkers in relation to cognitive function in
individuals with bipolar disorder (n = 60). Appendix S5, Table S2: Risk
of bias assessment for all of the studies included in this review (n=60).
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