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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.
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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 (AJMB) 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 

http://www.rayyan.ai
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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) 

FIGURE 1    |    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.​prism​a-​state​ment.​org/​.

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 77.0 years), [42] patients aged ≥ 55 years, and 
[43] patients aged ≥ 50 years. 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]. Knöchel 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-oxo-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 PlGf 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 (α-MSH, β-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-α) 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 (Aβ42/40 ratio) and Amyloid beta 
42/38 ratio (Aβ42/38 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-
ent inflammatory biomarkers, among which 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-α, ten stud-
ies), interleukin-6 (IL-6, seven studies), soluble tumor necrosis 
factor receptor-1 (sTNF-αR1, six studies), interleukin-10 (IL-10, 
five studies), and soluble tumor necrosis factor receptor-2 (sT-
NF-αR2, 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 CANTAB 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-α, only two out of ten studies reported a sig-
nificant inverse relationship: one in plasma [41] and one in 
serum [70]. Higher TNF-α was associated with worse per-
formance on the WCST, Wechsler Memory Scale III (WMS-
III) visual immediate index subtest, and Stroop test [41, 70]. 
Soluble tumor necrosis factor receptor-2 (sTNF-αR2) 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-1β [53], interleukin-1 receptor antagonist 
(IL-1RA [43]), soluble interleukin-6 receptor (sIL-6R [68]), 
IL-8 [41], soluble tumor necrosis factor receptor-1 (sTNF-αR1 
[68]), matrix metallopeptidase 9 (MMP9 [75]), monocyte che-
moattractant protein-1 (MCP-1/CCL2 [53]), macrophage in-
flammatory protein-1β (MIP-1β/CCL4 [53]), RANTES (CCL5 
[53]), and chitinase-3-like-1 protein (YKL-40 [76]), and posi-
tive relationships for IL-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 IgG, 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 Hcy [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.

Knöchel 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].

Sağlam 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, KLKB1, 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 (n = 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-1 IgG, 
(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 IgG [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

4.2.1   |   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].
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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-1 IgG

We identified four studies that studied the relationship between 
HSV-1 IgG 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 (Aβ), 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 Hcy [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.
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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 17 years 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 BMI, 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.

Acknowledgements

The authors thank all members of the ISBD Targeting Cognition and 
Older-Age Bipolar Disorder Task Forces for their valuable input on the 
manuscript.

Funding

The authors have nothing to report.

Conflicts of Interest

K.E.B. receives honoraria from Merck, Suven Life Sciences, and Alto 
Neuroscience (advisory boards) and from Breakthrough Discoveries 
for thriving with Bipolar Disorder (BD2) as Scientific Director for the 
Integrated Network. L.V.K. has within the recent 3 years been a con-
sultant for Lundbeck and Teva. R.S.M. has received research grant 
support from CIHR/GACD/National Natural Science Foundation of 
China (NSFC) and the Milken Institute; speaker/consultation fees from 
Lundbeck, Janssen, Alkermes, Neumora Therapeutics, Boehringer 
Ingelheim, Sage, Biogen, Mitsubishi Tanabe, Purdue, Pfizer, Otsuka, 
Takeda, Neurocrine, Neurawell, Sunovion, Bausch Health, Axsome, 
Novo Nordisk, Kris, Sanofi, Eisai, Intra-Cellular, NewBridge 
Pharmaceuticals, Viatris, Abbvie, Bristol Myers Squibb (BMS) Teva, 
Adhere Tech, GH Research, Autobahn Theapeutics and Atai Life 
Sciences. I.J.T. has served as consultant for Boehringer Ingelheim 
Canada. T.E.V.R. was supported by an Al and Val Rosenstrauss 
Fellowship form The Rebecca L Cooper Medical Research Foundation. 
E.V. has received grants and served as a consultant, advisor, or CME 
speaker for the following entities: AB-Biotics, AbbVie, Adamed, 
Angelini, Biogen, Biohaven, Boehringer-Ingelheim, Celon Pharma, 
Compass, Dainippon Sumitomo Pharma, Ethypharm, Ferrer, Gedeon 
Richter, GH Research, Glaxo-Smith Kline, HMNC, Idorsia, Johnson 
& Johnson, Lundbeck, Medincell, Merck, Neuraxpharm, Newron, 
Novartis, Orion Corporation, Organon, Otsuka, Roche, Rovi, Sage, 
Sanofi-Aventis, Sunovion, Takeda, Teva, and Viatris, outside the sub-
mitted work. L.N.Y. reports consultant/speaker fees from Alkermes, 
Allergan (currently Abbvie), Sumitomo Pharma, Gedeon Richter, 
Intracellular Therapies, Merck, Otsuka, Sanofi, and Sunovion, and 
grants from Allergan (now AbbVie), CIHR, and Sumitomo Pharma, out-
side the submitted work, over the last 3 years. A.H.Y. has the following 
to declare: Employed by King's College London; Honorary Consultant 
South London and Maudsley NHS Foundation Trust (NHS UK). Editor 
of Journal of Psychopharmacology and Deputy Editor, BJPsych Open. 
Paid lectures and advisory boards for the following companies with 
drugs used in affective and related disorders: Flow Neuroscience, 
Novartis, Roche, Janssen, Takeda, Noema pharma, Compass, 
Astrazenaca, Boehringer Ingelheim, Eli Lilly, LivaNova, Lundbeck, 
Sunovion, Servier, Livanova, Janssen, Allegan, Bionomics, Sumitomo 
Dainippon Pharma, Sage, Neurocentrx. Principal Investigator in 
the Restore-Life VNS registry study funded by LivaNova. Principal 
Investigator on ESKETINTRD3004: “An Open-label, Long-term, Safety 
and Efficacy Study of Intranasal Esketamine in Treatment-resistant 
Depression”. Principal Investigator on “The Effects of Psilocybin on 
Cognitive Function in Healthy Participants”. Principal Investigator on 
“The Safety and Efficacy of Psilocybin in Participants with Treatment-
Resistant Depression (P-TRD)”. Principal Investigator on “A Double-
Blind, Randomized, Parallel-Group Study with Quetiapine Extended 
Release as Comparator to Evaluate the Efficacy and Safety of Seltorexant 
20 mg as Adjunctive Therapy to Antidepressants in Adult and Elderly 
Patients with Major Depressive Disorder with Insomnia Symptoms 
Who Have Responded Inadequately to Antidepressant Therapy” 
(Janssen). Principal Investigator on “An Open-label, Long-term, Safety 

and Efficacy Study of Aticaprant as Adjunctive Therapy in Adult and 
Elderly Participants with Major Depressive Disorder (MDD)” (Janssen). 
Principal Investigator on “A Randomized, Double-blind, Multicentre, 
Parallel-group, Placebo-controlled Study to Evaluate the Efficacy, 
Safety, and Tolerability of Aticaprant 10 mg as Adjunctive Therapy 
in Adult Participants with Major Depressive Disorder (MDD) with 
Moderate-to-severe Anhedonia and Inadequate Response to Current 
Antidepressant Therapy”. Principal Investigator on “A Study of 
Disease Characteristics and Real-life Standard of Care Effectiveness in 
Patients with Major Depressive Disorder (MDD) With Anhedonia and 
Inadequate Response to Current Antidepressant Therapy Including an 
SSRI or SNR” (Janssen). UK Chief Investigator for Compass; COMP006 
and COMP007 studies. UK Chief Investigator for Novartis MDD study 
MIJ821A12201. Grant funding (past and present): NIMH (USA); CIHR 
(Canada); NARSAD (USA); Stanley Medical Research Institute (USA); 
MRC (UK); Wellcome Trust (UK); Royal College of Physicians (Edin); 
BMA (UK); UBC-VGH Foundation (Canada); WEDC (Canada); CCS 
Depression Research Fund (Canada); MSFHR (Canada); NIHR (UK). 
Janssen (UK) EU Horizon 2020. No shareholdings in pharmaceutical 
companies. K.W.M. has received honoraria from Lundbeck, Gedeon 
Richter, and Angelini in the past 3 years. All other authors do not de-
clare conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. R. S. McIntyre, M. Berk, E. Brietzke, et al., “Bipolar Disorders,” Lancet 
396 (2020): 1841–1856, https://​doi.​org/​10.​1016/​S0140​-​6736(20)​31544​-​0.

2. C. Bourne, O. Aydemir, V. Balanzá-Martínez, et  al., 
“Neuropsychological Testing of Cognitive Impairment in Euthymic 
Bipolar Disorder: An Individual Patient Data Meta-Analysis,” Acta 
Psychiatrica Scandinavica 128 (2013): 149–162, https://​doi.​org/​10.​1111/​
acps.​12133​.

3. E. Bora and C. Pantelis, “Meta-Analysis of Cognitive Impairment 
in First-Episode Bipolar Disorder: Comparison With First-Episode 
Schizophrenia and Healthy Controls,” Schizophrenia Bulletin 41 (2015): 
1095–1104, https://​doi.​org/​10.​1093/​SCHBUL/​SBU198.

4. M. J. Green, L. Girshkin, K. Kremerskothen, O. Watkeys, and 
Y. Quidé, “A Systematic Review of Studies Reporting Data-Driven 
Cognitive Subtypes Across the Psychosis Spectrum,” Neuropsychology 
Review 30 (2020): 446–460, https://​doi.​org/​10.​1007/​s1106​5-​019-​09422​-​7.

5. L. Montejo, C. Torrent, E. Jiménez, et  al., “Cognition in Older 
Adults With Bipolar Disorder: An ISBD Task Force Systematic Review 
and Meta-Analysis Based on a Comprehensive Neuropsychological 
Assessment,” Bipolar Disorders 24 (2022): 115–136, https://​doi.​org/​10.​
1111/​BDI.​13175​.

6. L. Montejo, B. Solé, E. Jiménez, et  al., “Aging in Bipolar Disorder: 
Cognitive Performance and Clinical Factors Based on an Adulthood-
Lifespan Perspective,” Journal of Affective Disorders 312 (2022): 292–
302, https://​doi.​org/​10.​1016/J.​JAD.​2022.​06.​030.

7. L. V. Kessing and P. K. Andersen, “Does the Risk of Developing 
Dementia Increase With the Number of Episodes in Patients With 
Depressive Disorder and in Patients With Bipolar Disorder?,” Journal of 
Neurology, Neurosurgery, and Psychiatry 75 (2004): 1662–1666, https://​
doi.​org/​10.​1136/​jnnp.​2003.​031773.

8. B. T. Baune and G. S. Malhi, “A Review on the Impact of Cognitive 
Dysfunction on Social, Occupational, and General Functional 
Outcomes in Bipolar Disorder,” Bipolar Disorders 17, no. Suppl 2 (2015): 
41–55, https://​doi.​org/​10.​1111/​BDI.​12341​.

9. H. M. Pennarts, S. N. T. M. Schouws, and I. M. B. Bongers, “Cognitive 
Functioning in Relation to Self-Care in Elderly Persons With a Bipolar 

https://doi.org/10.1016/S0140-6736(20)31544-0
https://doi.org/10.1111/acps.12133
https://doi.org/10.1111/acps.12133
https://doi.org/10.1093/SCHBUL/SBU198
https://doi.org/10.1007/s11065-019-09422-7
https://doi.org/10.1111/BDI.13175
https://doi.org/10.1111/BDI.13175
https://doi.org/10.1016/J.JAD.2022.06.030
https://doi.org/10.1136/jnnp.2003.031773
https://doi.org/10.1136/jnnp.2003.031773
https://doi.org/10.1111/BDI.12341


36 of 40 Bipolar Disorders, 2026

Disorder,” Clinical Gerontologist 37 (2014): 419–428, https://​doi.​org/​10.​
1080/​07317​115.​2014.​907589.

10. T. E. Van Rheenen, K. E. Lewandowski, I. E. Bauer, et al., “Current 
Understandings of the Trajectory and Emerging Correlates of Cognitive 
Impairment in Bipolar Disorder: An Overview of Evidence,” Bipolar 
Disorders 22 (2020): 13–27, https://​doi.​org/​10.​1111/​bdi.​12821​.

11. E. M. Sánchez-Morla, A. López-Villarreal, E. Jiménez-López, et al., 
“Impact of Number of Episodes on Neurocognitive Trajectory in Bipolar 
Disorder Patients: A 5-Year Follow-Up Study,” Psychological Medicine 
49 (2019): 1299–1307, https://​doi.​org/​10.​1017/​S0033​29171​8001885.

12. E. Jiménez, B. Solé, B. Arias, et al., “Impact of Childhood Trauma 
on Cognitive Profile in Bipolar Disorder,” Bipolar Disorders 19 (2017): 
363–374, https://​doi.​org/​10.​1111/​bdi.​12514​.

13. E. Bora, “Neurocognitive Features in Clinical Subgroups of Bipolar 
Disorder: A Meta-Analysis,” Journal of Affective Disorders 229 (2018): 
125–134, https://​doi.​org/​10.​1016/j.​jad.​2017.​12.​057.

14. A. J. M. Beunders, T. Kemp, N. C. M. Korten, et  al., “Cognitive 
Performance in Older-Age Bipolar Disorder: Investigating Psychiatric 
Characteristics, Cardiovascular Burden and Psychotropic Medication,” 
Acta Psychiatrica Scandinavica 144 (2021): 392–406, https://​doi.​org/​10.​
1111/​acps.​13342​.

15. S. Leopold and A. Quante, “Effects of Lithium, Valproic Acid, 
Carbamazepine and Antipsychotic Agents on Cognition in Bipolar 
Disorders-A Systematic Review,” Der Nervenarzt 94 (2023): 417–424, 
https://​doi.​org/​10.​1007/​S0011​5-​023-​01454​-​Y.

16. E. Bora, R. S. McIntyre, and A. Ozerdem, “Neurococognitive and 
Neuroimaging Correlates of Obesity and Components of Metabolic 
Syndrome in Bipolar Disorder: A Systematic Review,” Psychological 
Medicine 49 (2019): 738–749, https://​doi.​org/​10.​1017/​S0033​29171​
8003008.

17. E. Ringin, D. W. Dunstan, D. Meyer, et al., “Relative Associations of 
Behavioral and Physiological Risks for Cardiometabolic Disease With 
Cognition in Bipolar Disorder During Mid and Later-Life: Findings 
From the UK Biobank,” Psychological Medicine 54 (2024): 2612–2622, 
https://​doi.​org/​10.​1017/​S0033​29172​4000722.

18. R. S. McIntyre, A. T. H. Kwan, J. D. Rosenblat, K. M. Teopiz, and R. B. 
Mansur, “Psychotropic Drug-Related Weight Gain and Its Treatment,” 
American Journal of Psychiatry 181 (2024): 26–38, https://​doi.​org/​10.​
1176/​APPI.​AJP.​20230922.

19. K. W. Miskowiak and C. S. Petersen, “Neuronal Underpinnings 
of Cognitive Impairment and Improvement in Mood Disorders,” 
CNS Spectrums 24 (2019): 30–53, https://​doi.​org/​10.​1017/​S1092​85291​
8001062.

20. Food and Drug Administration (US) and National Institutes of 
Health (US), BEST (Biomarkers, EndpointS, and Other Tools) Resource 
(Food and Drug Administration (US), 2016), accessed 30 Sep 2022, 
https://​www.​ncbi.​nlm.​nih.​gov/​books/​​NBK32​6791/​.

21. B. N. Frey, A. C. Andreazza, J. Houenou, et  al., “Biomarkers in 
Bipolar Disorder: A Positional Paper From the International Society for 
Bipolar Disorders Biomarkers Task Force,” Australian and New Zealand 
Journal of Psychiatry 47 (2013): 321–332, https://​doi.​org/​10.​1177/​00048​
67413​478217.

22. G. Anmella, M. Sanabra, A. Mas-Musons, and D. Hidalgo-Mazzei, 
“Combining Digital With Peripheral Biomarkers in Bipolar Disorder,” 
European Neuropsychopharmacology 63 (2022): 71–72, https://​doi.​org/​
10.​1016/J.​EURON​EURO.​2022.​07.​187.

23. J. A. Karantonis, S. P. Carruthers, K. E. Burdick, et  al., “Brain 
Morphological Characteristics of Cognitive Subgroups of Schizophrenia-
Spectrum Disorders and Bipolar Disorder: A Systematic Review With 
Narrative Synthesis,” Neuropsychology Review 33 (2022): 192–220, 
https://​doi.​org/​10.​1007/​S1106​5-​021-​09533​-​0.

24. G. M. Mandolini, M. Lazzaretti, A. Pigoni, G. Delvecchio, 
J. C. Soares, and P. Brambilla, “The Impact of BDNF Val66Met 
Polymorphism on Cognition in Bipolar Disorder: A Review: Special 
Section on ‘Translational and Neuroscience Studies in Affective 
Disorders’ Section Editor, Maria Nobile MD, PhD. This Section of JAD 
Focuses on the Relevance of Translational and Neuroscience Studies 
in Providing a Better Understanding of the Neural Basis of Affective 
Disorders,” Journal of Affective Disorders 243 (2019): 552–558, https://​
doi.​org/​10.​1016/J.​JAD.​2018.​07.​054.

25. A. Pigoni, M. Lazzaretti, G. M. Mandolini, et  al., “The Impact of 
COMT Polymorphisms on Cognition in Bipolar Disorder: A Review: 
Special Section on ‘Translational and Neuroscience Studies in Affective 
Disorders’ Section Editor, Maria Nobile MD, PhD. This Section of JAD 
Focuses on the Relevance of Translational and Neuroscience Studies 
in Providing a Better Understanding of the Neural Basis of Affective 
Disorders. The Main Aim Is to Briefly Summaries Relevant Research 
Findings in Clinical Neuroscience With Particular Regards to Specific 
Innovative,” Journal of Affective Disorders 243 (2019): 545–551, https://​
doi.​org/​10.​1016/J.​JAD.​2018.​08.​009.

26. Z. B. Dombi, I. Szendi, and P. W. J. Burnet, “Brain Derived 
Neurotrophic Factor and Cognitive Dysfunction in the Schizophrenia-
Bipolar Spectrum: A Systematic Review and Meta-Analysis,” Frontiers 
in Psychiatry 13 (2022): 827322, https://​doi.​org/​10.​3389/​FPSYT.​2022.​
827322.

27. I. E. Bauer, M. C. Pascoe, B. Wollenhaupt-Aguiar, F. Kapczinski, 
and J. C. Soares, “Inflammatory Mediators of Cognitive Impairment 
in Bipolar Disorder,” Journal of Psychiatric Research 56 (2014): 18–27, 
https://​doi.​org/​10.​1016/J.​JPSYC​HIRES.​2014.​04.​017.

28. J. D. Rosenblat, E. Brietzke, R. B. Mansur, N. A. Maruschak, Y. Lee, 
and R. S. McIntyre, “Inflammation as a Neurobiological Substrate of 
Cognitive Impairment in Bipolar Disorder: Evidence, Pathophysiology 
and Treatment Implications,” Journal of Affective Disorders 188 (2015): 
149–159, https://​doi.​org/​10.​1016/J.​JAD.​2015.​08.​058.

29. B. Misiak, B. Stańczykiewicz, K. Kotowicz, J. K. Rybakowski, J. 
Samochowiec, and D. Frydecka, “Cytokines and C-Reactive Protein 
Alterations With Respect to Cognitive Impairment in Schizophrenia 
and Bipolar Disorder: A Systematic Review,” Schizophrenia Research 
192 (2018): 16–29, https://​doi.​org/​10.​1016/J.​SCHRES.​2017.​04.​015.

30. F. Benedetti and B. Vai, “New Biomarkers in Mood Disorders: 
Insights From Immunopsychiatry and Neuroimaging,” European 
Neuropsychopharmacology 69 (2023): 56–57, https://​doi.​org/​10.​1016/J.​
EURON​EURO.​2023.​01.​003.

31. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020 
Statement: An Updated Guideline for Reporting Systematic Reviews,” 
British Medical Journal 372 (2021): n71, https://​doi.​org/​10.​1136/​
BMJ.​N71.

32. H. H. Lee, C. H. Chang, L. J. Wang, et al., “The Correlation Between 
Longitudinal Changes in Hypothalamic-Pituitary-Adrenal (HPA)-
Axis Activity and Changes in Neurocognitive Function in Mixed-State 
Bipolar II Disorder,” Neuropsychiatric Disease and Treatment 14 (2018): 
2703–2713, https://​doi.​org/​10.​2147/​NDT.​S173616.

33. R. B. Mansur, M. Subramaniapillai, Y. Lee, et  al., “Leptin 
Mediates Improvements in Cognitive Function Following 
Treatment With Infliximab in Adults With Bipolar Depression,” 
Psychoneuroendocrinology 120 (2020): 104779, https://​doi.​org/​10.​1016/j.​
psyne​uen.​2020.​104779.

34. K. W. Miskowiak, A. H. Simonsen, M. Meyer, et al., “Cerebrospinal 
Fluid Erythropoietin, Oxidative Stress, and Cognitive Functions in 
Patients With Bipolar Disorder and Healthy Control Participants: A 
Longitudinal Case-Control Study,” Journal of Psychiatric Research 163 
(2023): 240–246, https://​doi.​org/​10.​1016/J.​JPSYC​HIRES.​2023.​05.​045.

35. K. Hebbrecht, M. Morrens, E. J. Giltay, A. L. N. Van Nuijs, B. 
Sabbe, and S. Van Den Ameele, “The Role of Kynurenines in Cognitive 

https://doi.org/10.1080/07317115.2014.907589
https://doi.org/10.1080/07317115.2014.907589
https://doi.org/10.1111/bdi.12821
https://doi.org/10.1017/S0033291718001885
https://doi.org/10.1111/bdi.12514
https://doi.org/10.1016/j.jad.2017.12.057
https://doi.org/10.1111/acps.13342
https://doi.org/10.1111/acps.13342
https://doi.org/10.1007/S00115-023-01454-Y
https://doi.org/10.1017/S0033291718003008
https://doi.org/10.1017/S0033291718003008
https://doi.org/10.1017/S0033291724000722
https://doi.org/10.1176/APPI.AJP.20230922
https://doi.org/10.1176/APPI.AJP.20230922
https://doi.org/10.1017/S1092852918001062
https://doi.org/10.1017/S1092852918001062
https://www.ncbi.nlm.nih.gov/books/NBK326791/
https://doi.org/10.1177/0004867413478217
https://doi.org/10.1177/0004867413478217
https://doi.org/10.1016/J.EURONEURO.2022.07.187
https://doi.org/10.1016/J.EURONEURO.2022.07.187
https://doi.org/10.1007/S11065-021-09533-0
https://doi.org/10.1016/J.JAD.2018.07.054
https://doi.org/10.1016/J.JAD.2018.07.054
https://doi.org/10.1016/J.JAD.2018.08.009
https://doi.org/10.1016/J.JAD.2018.08.009
https://doi.org/10.3389/FPSYT.2022.827322
https://doi.org/10.3389/FPSYT.2022.827322
https://doi.org/10.1016/J.JPSYCHIRES.2014.04.017
https://doi.org/10.1016/J.JAD.2015.08.058
https://doi.org/10.1016/J.SCHRES.2017.04.015
https://doi.org/10.1016/J.EURONEURO.2023.01.003
https://doi.org/10.1016/J.EURONEURO.2023.01.003
https://doi.org/10.1136/BMJ.N71
https://doi.org/10.1136/BMJ.N71
https://doi.org/10.2147/NDT.S173616
https://doi.org/10.1016/j.psyneuen.2020.104779
https://doi.org/10.1016/j.psyneuen.2020.104779
https://doi.org/10.1016/J.JPSYCHIRES.2023.05.045


37 of 40Bipolar Disorders, 2026

Dysfunction in Bipolar Disorder,” Neuropsychobiology 81 (2022): 184–
191, https://​doi.​org/​10.​1159/​00052​0152.

36. M. J. van der Werf-Eldering, R. F. Riemersma-van der Lek, 
H. Burger, A. Aleman, and W. A. Nolen, “Can Variation in 
Hypothalamic-Pituitary-Adrenal (HPA)-Axis Activity Explain the 
Relationship Between Depression and Cognition in Bipolar Patients?,”  
PLoS One 7 (2012): e37119, https://​doi.​org/​10.​1371/​JOURN​AL.​PONE.​
0037119.

37. M. Garés-Caballer, J. V. Sánchez-Ortí, P. Correa-Ghisays, et  al., 
“Immune-Inflammatory Biomarkers Predict Cognition and Social 
Functioning in Patients With Type 2 Diabetes Mellitus, Major 
Depressive Disorder, Bipolar Disorder, and Schizophrenia: A 1-Year 
Follow-Up Study,” Frontiers in Neurology 13 (2022): 883927, https://​doi.​
org/​10.​3389/​FNEUR.​2022.​883927.

38. S.-Y. Lee, T.-Y. Wang, S.-L. Chen, et al., “ALDH2 Modulated Changes 
in Cytokine Levels and Cognitive Function in Bipolar Disorder: A 12-
Week Follow-Up Study,” Australian & New Zealand Journal of Psychiatry 
52 (2018): 680–689, https://​doi.​org/​10.​1177/​00048​67417​720517.

39. J. Jakobsson, H. Zetterberg, K. Blennow, C. J. Ekman, A. G. M. 
Johansson, and M. Landen, “Altered Concentrations of Amyloid 
Precursor Protein Metabolites in the Cerebrospinal Fluid of Patients 
With Bipolar Disorder,” Neuropsychopharmacology 38 (2013): 644–672, 
https://​doi.​org/​10.​1038/​npp.​2012.​231.

40. I. R. Bell, J. S. Edman, J. Miller, et  al., “Relationship of Normal 
Serum Vitamin B12 and Folate Levels to Cognitive Test Performance in 
Subtypes of Geriatric Major Depression,” Journal of Geriatric Psychiatry 
and Neurology 3 (1990): 98–105, https://​doi.​org/​10.​1177/​08919​88790​
00300208.

41. Y. J. Liou, T. Y. Wang, S. Y. Lee, et al., “Effects of Comorbid Alcohol 
Use Disorder on Bipolar Disorder: Focusing on Neurocognitive 
Function and Inflammatory Markers,” Psychoneuroendocrinology 152 
(2023): 106083, https://​doi.​org/​10.​1016/J.​PSYNE​UEN.​2023.​106083.

42. P. Chen, H. Liu, M. Lu, et  al., “Homocysteine, Rather Than Age 
of Onset, Is a Better Predictor for Cognitive Function in Older Adults 
With Bipolar Disorder,” International Journal of Geriatric Psychiatry 34 
(2019): 1473–1480, https://​doi.​org/​10.​1002/​gps.​5156.

43. F. E. Lotrich, M. A. Butters, H. Aizenstein, M. M. Marron, C. F. 
I. I. I. Reynolds, and A. G. Gildengers, “The Relationship Between 
Interleukin-1 Receptor Antagonist and Cognitive Function in Older 
Adults With Bipolar Disorder,” International Journal of Geriatric 
Psychiatry 29 (2014): 635–644, https://​doi.​org/​10.​1002/​gps.​4048.

44. S. King, L. A. Jelen, C. M. Horne, et al., “Inflammation, Glutamate, 
and Cognition in Bipolar Disorder Type II: A Proof of Concept Study,” 
Frontiers in Psychiatry 10 (2019): 381397, https://​doi.​org/​10.​3389/​
FPSYT.​2019.​00066/​​BIBTEX.

45. C. T. Li, Y. M. Bai, J. C. Hsieh, et al., “Peripheral and Central Glucose 
Utilizations Modulated by Mitochondrial DNA 10398A in Bipolar 
Disorder,” Psychoneuroendocrinology 55 (2015): 72–80, https://​doi.​org/​
10.​1016/J.​PSYNE​UEN.​2015.​02.​003.

46. S.-Y. Lee, L.-J. Wang, C.-H. Chang, et  al., “Serum DHEA-S 
Concentration Correlates With Clinical Symptoms and Neurocognitive 
Function in Patients With Bipolar II Disorder: A Case-Controlled 
Study,” Progress in Neuro-Psychopharmacology & Biological Psychiatry 
74 (2017): 31–35, https://​doi.​org/​10.​1016/j.​pnpbp.​2016.​11.​006.

47. Ö. Aydemir, Z. Çubukçuoğlu, S. Erdin, C. Taş, E. Onur, and M. Berk, 
“Oxidative Stress Markers, Cognitive Functions, and Psychosocial 
Functioning in Bipolar Disorder: An Empirical Cross-Sectional Study,” 
Revista Brasileira de Psiquiatria 36 (2014): 293–297, https://​doi.​org/​10.​
1590/​1516-​4446-​2013-​1299.

48. E. O. Tozoglu, M. F. Ustundag, and G. P. Sen, “The Relationship 
Between Cognition and Asymmetric Dimethyl Arginine, Symmetric 
Dimethyl Arginine, Nitric Oxide Levels and Total Antioxidant Capacity 
in Euthymic Bipolar Disorder Patients,” Archives of Clinical Psychiatry 

(São Paulo) 48 (2021): 195–202, https://​doi.​org/​10.​15761/​​0101-​60830​
00000​0307.

49. C. Knöchel, J. Kniep, J. D. Cooper, et  al., “Altered Apolipoprotein 
C Expression in Association With Cognition Impairments and 
Hippocampus Volume in Schizophrenia and Bipolar Disorder,” 
European Archives of Psychiatry and Clinical Neuroscience 267 (2017): 
199–212, https://​doi.​org/​10.​1007/​S0040​6-​016-​0724-​3.

50. E. Mora, M. J. Portella, G. Piñol-Ripoll, et al., “High BDNF Serum 
Levels Are Associated to Good Cognitive Functioning in Bipolar 
Disorder,” European Psychiatry 60 (2019): 97–107, https://​doi.​org/​10.​
1016/J.​EURPSY.​2019.​02.​006.

51. Y. H. Chou, S. J. Wang, J. F. Lirng, et  al., “Impaired Cognition in 
Bipolar I Disorder: The Roles of the Serotonin Transporter and Brain-
Derived Neurotrophic Factor,” Journal of Affective Disorders 143 (2012): 
131–137, https://​doi.​org/​10.​1016/J.​JAD.​2012.​05.​043.

52. R. Strawbridge, R. Carter, F. Saldarini, D. Tsapekos, and A. H. Young, 
“Inflammatory Biomarkers and Cognitive Functioning in Individuals 
With Euthymic Bipolar Disorder: Exploratory Study,” BJPsych Open 7 
(2021): e126, https://​doi.​org/​10.​1192/​BJO.​2021.​966.

53. S. Poletti, M. G. Mazza, F. Calesella, et al., “Circulating Inflammatory 
Markers Impact Cognitive Functions in Bipolar Depression,” Journal 
of Psychiatric Research 140 (2021): 110–116, https://​doi.​org/​10.​1016/J.​
JPSYC​HIRES.​2021.​05.​071.

54. F. Omileke, S. Ishiwata, J. Matsuo, et  al., “Possible Associations 
Between Plasma Fibroblast Growth Factor 21 Levels and Cognition in 
Bipolar Disorder,” Neuropsychopharmacology Reports 40 (2020): 175–
181, https://​doi.​org/​10.​1002/​NPR2.​12102​.

55. P. Paribello, A. Squassina, C. Pisanu, et al., “Probing the Association 
Between Cognition, Suicidal Behavior and Tryptophan Metabolism in 
a Sample of Individuals Living With Bipolar Disorder: A Secondary 
Analysis,” Brain Sciences 13 (2023): 693, https://​doi.​org/​10.​3390/​BRAIN​
SCI13​040693.

56. M. Platzer, N. Dalkner, F. T. Fellendorf, et al., “Tryptophan Breakdown 
and Cognition in Bipolar Disorder,” Psychoneuroendocrinology 81 
(2017): 144–150, https://​doi.​org/​10.​1016/j.​psyne​uen.​2017.​04.​015.

57. S. Hidese, F. Yoshida, I. Ishida, J. Matsuo, K. Hattori, and H. Kunugi, 
“Plasma Neuropeptide Levels in Patients With Schizophrenia, Bipolar 
Disorder, or Major Depressive Disorder and Healthy Controls: A 
Multiplex Immunoassay Study,” Neuropsychopharmacology Reports 43 
(2023): 57–68, https://​doi.​org/​10.​1002/​NPR2.​12304​.

58. L. H. Rubin, C. S. Carter, J. R. Bishop, et  al., “Reduced Levels of 
Vasopressin and Reduced Behavioral Modulation of Oxytocin in 
Psychotic Disorders,” Schizophrenia Bulletin 40 (2014): 1374–1384, 
https://​doi.​org/​10.​1093/​schbul/​sbu027.

59. T. Tanaka, T. Matsuda, L. N. Hayes, et  al., “Infection and 
Inflammation in Schizophrenia and Bipolar Disorder,” Neuroscience 
Research 115 (2017): 59–63, https://​doi.​org/​10.​1016/j.​neures.​2016.​
11.​002.

60. K. Tournikioti, M. Alevizaki, I. Michopoulos, et  al., “Cortisol to 
Dehydroepiandrosterone Sulphate Ratio and Executive Function in 
Bipolar Disorder,” Neuropsychobiology 80 (2021): 342–351, https://​doi.​
org/​10.​1159/​00051​3512.

61. K. Tournikioti, M. Alevizaki, I. Michopoulos, et  al., “Differential 
Association of Cortisol With Visual Memory/Learning and Executive 
Function in Bipolar Disorder,” Psychiatry Research 307 (2022): 114301, 
https://​doi.​org/​10.​1016/J.​PSYCH​RES.​2021.​114301.

62. J. M. Thompson, P. Gallagher, J. H. Hughes, et al., “Neurocognitive 
Impairment in Euthymic Patients With Bipolar Affective Disorder,” 
British Journal of Psychiatry 186 (2005): 32–40, https://​doi.​org/​10.​1192/​
bjp.​186.1.​32.

63. W.-Y. Chen, M.-C. Huang, C. C. Chiu, et  al., “The Interactions 
Between Vitamin D and Neurofilament Light Chain Levels on Cognitive 

https://doi.org/10.1159/000520152
https://doi.org/10.1371/JOURNAL.PONE.0037119
https://doi.org/10.1371/JOURNAL.PONE.0037119
https://doi.org/10.3389/FNEUR.2022.883927
https://doi.org/10.3389/FNEUR.2022.883927
https://doi.org/10.1177/0004867417720517
https://doi.org/10.1038/npp.2012.231
https://doi.org/10.1177/089198879000300208
https://doi.org/10.1177/089198879000300208
https://doi.org/10.1016/J.PSYNEUEN.2023.106083
https://doi.org/10.1002/gps.5156
https://doi.org/10.1002/gps.4048
https://doi.org/10.3389/FPSYT.2019.00066/BIBTEX
https://doi.org/10.3389/FPSYT.2019.00066/BIBTEX
https://doi.org/10.1016/J.PSYNEUEN.2015.02.003
https://doi.org/10.1016/J.PSYNEUEN.2015.02.003
https://doi.org/10.1016/j.pnpbp.2016.11.006
https://doi.org/10.1590/1516-4446-2013-1299
https://doi.org/10.1590/1516-4446-2013-1299
https://doi.org/10.15761/0101-60830000000307
https://doi.org/10.15761/0101-60830000000307
https://doi.org/10.1007/S00406-016-0724-3
https://doi.org/10.1016/J.EURPSY.2019.02.006
https://doi.org/10.1016/J.EURPSY.2019.02.006
https://doi.org/10.1016/J.JAD.2012.05.043
https://doi.org/10.1192/BJO.2021.966
https://doi.org/10.1016/J.JPSYCHIRES.2021.05.071
https://doi.org/10.1016/J.JPSYCHIRES.2021.05.071
https://doi.org/10.1002/NPR2.12102
https://doi.org/10.3390/BRAINSCI13040693
https://doi.org/10.3390/BRAINSCI13040693
https://doi.org/10.1016/j.psyneuen.2017.04.015
https://doi.org/10.1002/NPR2.12304
https://doi.org/10.1093/schbul/sbu027
https://doi.org/10.1016/j.neures.2016.11.002
https://doi.org/10.1016/j.neures.2016.11.002
https://doi.org/10.1159/000513512
https://doi.org/10.1159/000513512
https://doi.org/10.1016/J.PSYCHRES.2021.114301
https://doi.org/10.1192/bjp.186.1.32
https://doi.org/10.1192/bjp.186.1.32


38 of 40 Bipolar Disorders, 2026

Domains in Bipolar Disorder,” BJPsych Open 8 (2022): e207, https://​doi.​
org/​10.​1192/​BJO.​2022.​608.

64. S. Rolstad, J. Jakobsson, C. Sellgren, et al., “Cognitive Performance 
and Cerebrospinal Fluid Biomarkers of Neurodegeneration: A Study 
of Patients With Bipolar Disorder and Healthy Controls,” PLoS One 10 
(2015): e0127100, https://​doi.​org/​10.​1371/​journ​al.​pone.​0127100.

65. I. G. Barbosa, R. F. de Almeida, N. P. Rocha, et al., “Predictors of 
Cognitive Performance in Bipolar Disorder: The Role of Educational 
Degree and Inflammatory Markers,” Journal of Psychiatric Research 
106 (2018): 31–37, https://​doi.​org/​10.​1016/J.​JPSYC​HIRES.​2018.​
09.​003.

66. F. Civil Arslan, A. Tiryaki, E. Özkorumak, et al., “The Relationship 
of Interleukin-18 and Interleukin-6 Levels With Cognitive Functions 
in Bipolar Disorder 2,” Turkish Journal of Psychiatry 28 (2017): 81–88, 
https://​doi.​org/​10.​5080/​u17086.

67. M. H. Huang, M. H. Chen, Y. L. E. Chan, et al., “Pro-Inflammatory 
Cytokines and Suicidal Behavior Among Patients With Bipolar I 
Disorder,” Journal of Psychiatric Research 150 (2021): 346–352, https://​
doi.​org/​10.​1016/J.​JPSYC​HIRES.​2021.​11.​030.

68. M. H. Huang, Y. L. E. Chan, M. H. Chen, et al., “Pro-Inflammatory 
Cytokines and Cognitive Dysfunction Among Patients With Bipolar 
Disorder and Major Depression,” Psychiatry and Clinical Neurosciences 
76 (2022): 450–458, https://​doi.​org/​10.​1111/​PCN.​13433​.

69. R. Zazula, S. Dodd, O. M. Dean, et  al., “Cognition-Immune 
Interactions Between Executive Function and Working Memory, 
Tumour Necrosis Factor-Alpha (TNF-Alpha) and Soluble TNF 
Receptors (sTNFR1 and sTNFR2) in Bipolar Disorder,” World Journal 
of Biological Psychiatry 23 (2021): 67–77, https://​doi.​org/​10.​1080/​15622​
975.​2021.​1925152.

70. C. E. Millett, J. Harder, J. J. Locascio, et al., “TNF-α and Its Soluble 
Receptors Mediate the Relationship Between Prior Severe Mood 
Episodes and Cognitive Dysfunction in Euthymic Bipolar Disorder,” 
Brain, Behavior, and Immunity 88 (2020): 403–410, https://​doi.​org/​10.​
1016/J.​BBI.​2020.​04.​003.

71. C. E. Millett, M. Perez-Rodriguez, M. Shanahan, et al., “C-Reactive 
Protein Is Associated With Cognitive Performance in a Large Cohort 
of Euthymic Patients With Bipolar Disorder,” Molecular Psychiatry 26 
(2021): 4096–4105, https://​doi.​org/​10.​1038/​S4138​0-​019-​0591-​1.

72. M. Sanchez-Autet, B. Arranz, G. Safont, et al., “Gender Differences 
in C-Reactive Protein and Homocysteine Modulation of Cognitive 
Performance and Real-World Functioning in Bipolar Disorder,” Journal 
of Affective Disorders 229 (2018): 95–104, https://​doi.​org/​10.​1016/j.​jad.​
2017.​12.​038.

73. A. T. Peters, C. E. Millett, J. Harder, et al., “C-Reactive Protein and 
Affective Inhibition in Bipolar Disorder,” Journal of Affective Disorders 
306 (2022): 39–46, https://​doi.​org/​10.​1016/J.​JAD.​2022.​02.​073.

74. F. Dickerson, C. Stallings, A. Origoni, C. Vaughan, S. Khushalani, 
and R. Yolken, “Elevated C-Reactive Protein and Cognitive Deficits in 
Individuals With Bipolar Disorder,” Journal of Affective Disorders 150 
(2013): 456–459, https://​doi.​org/​10.​1016/j.​jad.​2013.​04.​039.

75. E. Z. Reininghaus, N. Lackner, A. Birner, et al., “Extracellular Matrix 
Proteins Matrix Metallopeptidase 9 (MMP9) and Soluble Intercellular 
Adhesion Molecule 1 (sICAM-1) and Correlations With Clinical Staging 
in Euthymic Bipolar Disorder,” Bipolar Disorders 18 (2016): 155–163, 
https://​doi.​org/​10.​1111/​BDI.​12380​.

76. S. Rolstad, J. Jakobsson, C. Sellgren, et al., “CSF Neuroinflammatory 
Biomarkers in Bipolar Disorder Are Associated With Cognitive 
Impairment,” European Neuropsychopharmacology 25 (2015): 1091–
1098, https://​doi.​org/​10.​1016/j.​euron​euro.​2015.​04.​023.

77. F. B. Dickerson, J. J. Boronow, C. Stallings, et al., “Infection With 
Herpes Simplex Virus Type 1 Is Associated With Cognitive Deficits in 
Bipolar Disorder,” Biological Psychiatry 55 (2004): 588–593, https://​doi.​
org/​10.​1016/j.​biops​ych.​2003.​10.​008.

78. F. B. Dickerson, J. J. Boronow, C. Stallings, et al., “The Catechol O-
Methyltransferase Val158Met Polymorphism and Herpes Simplex Virus 
Type 1 Infection Are Risk Factors for Cognitive Impairment in Bipolar 
Disorder: Additive Gene-Environmental Effects in a Complex Human 
Psychiatric Disorder,” Bipolar Disorders 8 (2006): 124–132, https://​doi.​
org/​10.​1111/J.​1399-​5618.​2006.​00288.​X.

79. S. I. Gerber, U. J. Krienke, N. C. Biedermann, et  al., “Impaired 
Functioning in Euthymic Patients With Bipolar Disorder—HSV-1 as 
a Predictor,” Progress in Neuro-Psychopharmacology and Biological 
Psychiatry 36 (2012): 110–116, https://​doi.​org/​10.​1016/J.​PNPBP.​2011.​
09.​003.

80. F. Dickerson, C. Stallings, A. Origoni, et  al., “Antibodies to 
Toxoplasma Gondii and Cognitive Functioning in Schizophrenia, 
Bipolar Disorder, and Nonpsychiatric Controls,” Journal of Nervous 
and Mental Disease 202 (2014): 589–593, https://​doi.​org/​10.​1097/​NMD.​
00000​00000​000166.

81. S. Dittmann, F. Seemüller, M. J. Schwarz, et  al., “Association of 
Cognitive Deficits With Elevated Homocysteine Levels in Euthymic 
Bipolar Patients and Its Impact on Psychosocial Functioning: 
Preliminary Results,” Bipolar Disorders 9 (2007): 63–70, https://​doi.​org/​
10.​1111/j.​1399-​5618.​2007.​00412.​x.

82. S. Dittmann, F. Seemüller, H. C. Grunze, et  al., “The Impact of 
Homocysteine Levels on Cognition in Euthymic Bipolar Patients: A 
Cross-Sectional Study,” Journal of Clinical Psychiatry 69 (2008): 899–
906, https://​doi.​org/​10.​4088/​JCP.​v69n0603.

83. G. Özge Doğanavşargil-Baysal, G. Zehra, H. Akbaş, B. Cinemre, 
Ö. Metin, and T. Karaman, “Association of Serum Homocysteine and 
Methionine Levels With Cognition and Functioning in Bipolar Disorder 
2,” Turkish Journal of Psychiatry 24 (2013): 7–16.

84. W.-Q. Na, W. Su, J.-S. Sun, et al., “Correlation of Serum Homocysteine 
With Attention and Executive Functions in Patients With Type I Stable 
Bipolar Affective Disorder,” Iranian Red Crescent Medical Journal 22 
(2020): 65, https://​doi.​org/​10.​32592/​​IRCMJ.​2020.​22.​12.​65.

85. Y. Osher, Y. Bersudsky, H. Silver, B. A. Sela, and R. H. Belmaker, 
“Neuropsychological Correlates of Homocysteine Levels in Euthymic 
Bipolar Patients,” Journal of Affective Disorders 105 (2008): 229–233, 
https://​doi.​org/​10.​1016/J.​JAD.​2007.​04.​005.

86. A. Permoda-Osip, J. Kisielewski, J. Dorszewska, and J. Rybakowski, 
“Homocysteine and Cognitive Functions in Bipolar Depression,” 
Psychiatria Polska 48 (2014): 1117–1126, https://​doi.​org/​10.​12740/​​PP/​
31394​.

87. T. E. Van Rheenen, E. Ringin, J. A. Karantonis, et al., “A Preliminary 
Investigation of the Clinical and Cognitive Correlates of Circulating 
Vitamin D in Bipolar Disorder,” Psychiatry Research 320 (2023): 115013, 
https://​doi.​org/​10.​1016/J.​PSYCH​RES.​2022.​115013.

88. B. H. Jonsson, F. Orhan, S. Bruno, et al., “Serum Concentration of 
Zinc Is Elevated in Clinically Stable Bipolar Disorder Patients,” Brain 
and Behavior 12 (2022): e2472, https://​doi.​org/​10.​1002/​BRB3.​2472.

89. L. Hui, X. L. Yin, J. Chen, et al., “Association Between Decreased 
HDL Levels and Cognitive Deficits in Patients With Bipolar Disorder: 
A Pilot Study,” International Journal of Bipolar Disorders 7 (2019): 25, 
https://​doi.​org/​10.​1186/​S4034​5-​019-​0159-​7.

90. V. Salvi, G. Di Salvo, J. Korčáková, et  al., “Insulin Resistance Is 
Associated With Verbal Memory Impairment in Bipolar Disorders,” 
Journal of Affective Disorders 266 (2020): 610–614, https://​doi.​org/​10.​
1016/J.​JAD.​2020.​01.​145.

91. T. E. Van Rheenen, R. S. McIntyre, V. Balanzá-Martínez, M. Berk, and 
S. L. Rossell, “Cumulative Cardiovascular Disease Risk and Triglycerides 
Differentially Relate to Subdomains of Executive Function in Bipolar 
Disorder; Preliminary Findings,” Journal of Affective Disorders 278 (2021): 
556–562, https://​doi.​org/​10.​1016/j.​jad.​2020.​09.​104.

92. D. Sağlam Aykut, F. C. Arslan, E. Ö. Karagüzel, G. Aral, and S. 
Karakullukçu, “The Relationship Between Neutrophil-Lymphocyte, 

https://doi.org/10.1192/BJO.2022.608
https://doi.org/10.1192/BJO.2022.608
https://doi.org/10.1371/journal.pone.0127100
https://doi.org/10.1016/J.JPSYCHIRES.2018.09.003
https://doi.org/10.1016/J.JPSYCHIRES.2018.09.003
https://doi.org/10.5080/u17086
https://doi.org/10.1016/J.JPSYCHIRES.2021.11.030
https://doi.org/10.1016/J.JPSYCHIRES.2021.11.030
https://doi.org/10.1111/PCN.13433
https://doi.org/10.1080/15622975.2021.1925152
https://doi.org/10.1080/15622975.2021.1925152
https://doi.org/10.1016/J.BBI.2020.04.003
https://doi.org/10.1016/J.BBI.2020.04.003
https://doi.org/10.1038/S41380-019-0591-1
https://doi.org/10.1016/j.jad.2017.12.038
https://doi.org/10.1016/j.jad.2017.12.038
https://doi.org/10.1016/J.JAD.2022.02.073
https://doi.org/10.1016/j.jad.2013.04.039
https://doi.org/10.1111/BDI.12380
https://doi.org/10.1016/j.euroneuro.2015.04.023
https://doi.org/10.1016/j.biopsych.2003.10.008
https://doi.org/10.1016/j.biopsych.2003.10.008
https://doi.org/10.1111/J.1399-5618.2006.00288.X
https://doi.org/10.1111/J.1399-5618.2006.00288.X
https://doi.org/10.1016/J.PNPBP.2011.09.003
https://doi.org/10.1016/J.PNPBP.2011.09.003
https://doi.org/10.1097/NMD.0000000000000166
https://doi.org/10.1097/NMD.0000000000000166
https://doi.org/10.1111/j.1399-5618.2007.00412.x
https://doi.org/10.1111/j.1399-5618.2007.00412.x
https://doi.org/10.4088/JCP.v69n0603
https://doi.org/10.32592/IRCMJ.2020.22.12.65
https://doi.org/10.1016/J.JAD.2007.04.005
https://doi.org/10.12740/PP/31394
https://doi.org/10.12740/PP/31394
https://doi.org/10.1016/J.PSYCHRES.2022.115013
https://doi.org/10.1002/BRB3.2472
https://doi.org/10.1186/S40345-019-0159-7
https://doi.org/10.1016/J.JAD.2020.01.145
https://doi.org/10.1016/J.JAD.2020.01.145
https://doi.org/10.1016/j.jad.2020.09.104


39 of 40Bipolar Disorders, 2026

Platelet–Lymphocyte Ratio and Cognitive Functions in Bipolar 
Disorder,” Nordic Journal of Psychiatry 72 (2018): 119–123, https://​doi.​
org/​10.​1080/​08039​488.​2017.​1397192.

93. M. De Prisco and E. Vieta, “The Never-Ending Problem: Sample 
Size Matters,” European Neuropsychopharmacology 79 (2024): 17–18, 
https://​doi.​org/​10.​1016/J.​EURON​EURO.​2023.​10.​002.

94. M. Morrens, C. Overloop, V. Coppens, et  al., “The Relationship 
Between Immune and Cognitive Dysfunction in Mood and Psychotic 
Disorder: A Systematic Review and a Meta-Analysis,” Molecular 
Psychiatry 27 (2022): 3237–3246, https://​doi.​org/​10.​1038/​S4138​0-​022-​
01582​-​Y.

95. L. Ferrucci and E. Fabbri, “Inflammageing: Chronic Inflammation in 
Ageing, Cardiovascular Disease, and Frailty,” Nature Reviews Cardiology 
15 (2018): 505–522, https://​doi.​org/​10.​1038/​S4156​9-​018-​0064-​2.

96. E. Setién-Suero, M. Suárez-Pinilla, P. Suárez-Pinilla, B. Crespo-
Facorro, and R. Ayesa-Arriola, “Homocysteine and Cognition: A 
Systematic Review of 111 Studies,” Neuroscience and Biobehavioral 
Reviews 69 (2016): 280–298, https://​doi.​org/​10.​1016/J.​NEUBI​OREV.​
2016.​08.​014.

97. A. Sawai, K. Ohshige, N. Kura, and O. Tochikubo, “Influence of 
Mental Stress on the Plasma Homocysteine Level and Blood Pressure 
Change in Young Men,” Clinical and Experimental Hypertension 30 
(2008): 233–241, https://​doi.​org/​10.​1080/​10641​96080​2068725.

98. C. Wan, R. Y. Zong, and X. S. Chen, “The New Mechanism of 
Cognitive Decline Induced by Hypertension: High Homocysteine-
Mediated Aberrant DNA Methylation,” Frontiers in Cardiovascular 
Medicine 9 (2022): 928701, https://​doi.​org/​10.​3389/​FCVM.​2022.​
928701.

99. D. O'Connor, A. M. Molloy, E. Laird, R. A. Kenny, and A. 
M. O'Halloran, “Sustaining an Ageing Population: The Role of 
Micronutrients in Frailty and Cognitive Impairment,” Proceedings of 
the Nutrition Society 82 (2023): 315–328, https://​doi.​org/​10.​1017/​S0029​
66512​3002707.

100. R. Phillips, G. Qi, S. L. Collinson, et al., “The Minimum Clinically 
Important Difference in the Repeatable Battery for the Assessment of 
Neuropsychological Status,” Clinical Neuropsychologist 29 (2015): 905–
923, https://​doi.​org/​10.​1080/​13854​046.​2015.​1107137.

101. K. J. Looker, A. S. Magaret, M. T. May, et al., “Global and Regional 
Estimates of Prevalent and Incident Herpes Simplex Virus Type 1 
Infections in 2012,” PLoS One 10 (2015): e0140765, https://​doi.​org/​10.​
1371/​JOURN​AL.​PONE.​0140765.

102. E. Fruchter, S. Goldberg, D. Fenchel, I. Grotto, K. Ginat, and M. 
Weiser, “The Impact of Herpes Simplex Virus Type 1 on Cognitive 
Impairments in Young, Healthy Individuals — A Historical Prospective 
Study,” Schizophrenia Research 168 (2015): 292–296, https://​doi.​org/​10.​
1016/J.​SCHRES.​2015.​08.​036.

103. S. A. Harris and E. A. Harris, “Molecular Mechanisms for Herpes 
Simplex Virus Type 1 Pathogenesis in Alzheimer's Disease,” Frontiers in 
Aging Neuroscience 10 (2018): 346721, https://​doi.​org/​10.​3389/​FNAGI.​
2018.​00048/​​BIBTEX.

104. T. Cardoso, I. E. Bauer, T. D. Meyer, F. Kapczinski, and J. C. Soares, 
“Neuroprogression and Cognitive Functioning in Bipolar Disorder: A 
Systematic Review,” Current Psychiatry Reports 17 (2015): 75, https://​
doi.​org/​10.​1007/​s1192​0-​015-​0605-​x.

105. M. Berk, F. Kapczinski, A. C. Andreazza, et  al., “Pathways 
Underlying Neuroprogression in Bipolar Disorder: Focus on 
Inflammation, Oxidative Stress and Neurotrophic Factors,” 
Neuroscience and Biobehavioral Reviews 35 (2011): 804–817, https://​doi.​
org/​10.​1016/j.​neubi​orev.​2010.​10.​001.

106. S. A. Strejilevich, C. Samamé, and D. Quiroz, “The Neuroprogression 
Hypothesis in Bipolar Disorders: Time for Apologies?,” Bipolar Disorders 
25 (2023): 353–354, https://​doi.​org/​10.​1111/​BDI.​13358​.

107. C. Samamé, B. L. Cattaneo, M. C. Richaud, S. Strejilevich, and I. 
Aprahamian, “The Long-Term Course of Cognition in Bipolar Disorder: 
A Systematic Review and Meta-Analysis of Patient-Control Differences 
in Test-Score Changes,” Psychological Medicine 52 (2022): 217–228, 
https://​doi.​org/​10.​1017/​S0033​29172​1004517.

108. S. N. T. M. Schouws, H. C. Comijs, A. Dols, A. T. F. Beekman, and 
M. L. Stek, “Five-Year Follow-Up of Cognitive Impairment in Older 
Adults With Bipolar Disorder,” Bipolar Disorders 18 (2016): 148–154, 
https://​doi.​org/​10.​1111/​bdi.​12374​.

109. C. Samamé, “What Do Psychiatrists Do With Hypotheses 
Proven False? The Case of Neuroprogression in Bipolar Disorders,” 
Psychological Medicine 54 (2024): 41–42, https://​doi.​org/​10.​1017/​S0033​
29172​3003318.

110. M. Leboyer, J. Oliveira, R. Tamouza, and L. Groc, “Is It Time for 
Immunopsychiatry in Psychotic Disorders?,” Psychopharmacology 233, 
no. 9 (2016): 1651–1660, https://​doi.​org/​10.​1007/​S0021​3-​016-​4266-​1.

111. J. Kim, S. Pyo, D. W. Yoon, et al., “The Co-Existence of Elevated 
High Sensitivity C-Reactive Protein and Homocysteine Levels Is 
Associated With Increased Risk of Metabolic Syndrome: A 6-Year 
Follow-Up Study,” PLoS One 13 (2018): e0206157, https://​doi.​org/​10.​
1371/​JOURN​AL.​PONE.​0206157.

112. K. V. Giudici, P. de Souto Barreto, F. Guerville, et al., “Associations 
of C-Reactive Protein and Homocysteine Concentrations With the 
Impairment of Intrinsic Capacity Domains Over a 5-Year Follow-Up 
Among Community-Dwelling Older Adults at Risk of Cognitive Decline 
(MAPT Study),” Experimental Gerontology 127 (2019): 110716, https://​
doi.​org/​10.​1016/J.​EXGER.​2019.​110716.

113. A. Pérez-Ramos, C. Romero-López-Alberca, M. Hidalgo-Figueroa, 
E. Berrocoso, and J. I. Pérez-Revuelta, “A Systematic Review of the 
Biomarkers Associated With Cognition and Mood State in Bipolar 
Disorder,” International Journal of Bipolar Disorders 12 (2024): 18, 
https://​doi.​org/​10.​1186/​S4034​5-​024-​00340​-​Z.

114. M. Solmi, M. Suresh Sharma, E. F. Osimo, et  al., “Peripheral 
Levels of C-Reactive Protein, Tumor Necrosis Factor-α, Interleukin-6, 
and Interleukin-1β Across the Mood Spectrum in Bipolar Disorder: A 
Meta-Analysis of Mean Differences and Variability,” Brain, Behavior, 
and Immunity 97 (2021): 193–203, https://​doi.​org/​10.​1016/J.​BBI.​2021.​
07.​014.

115. E. Salagre, A. F. Vizuete, M. Leite, et  al., “Homocysteine as a 
Peripheral Biomarker in Bipolar Disorder: A Meta-Analysis,” European 
Psychiatry 43 (2017): 81–91, https://​doi.​org/​10.​1016/J.​EURPSY.​2017.​
02.​482.

116. M. D. Wei, Y. Y. Huang, Y. Zeng, et al., “Homocysteine Modulates 
Social Isolation-Induced Depressive-Like Behaviors Through BDNF in 
Aged Mice,” Molecular Neurobiology 60 (2023): 4924–4934, https://​doi.​
org/​10.​1007/​S1203​5-​023-​03377​-​W.

117. Y. Lee, R. B. Mansur, E. Brietzke, et al., “Peripheral Inflammatory 
Biomarkers Define Biotypes of Bipolar Depression,” Molecular 
Psychiatry 26 (2021): 3395–3406, https://​doi.​org/​10.​1038/​S4138​0-​021-​
01051​-​Y.

118. U. Knorr, A. H. Simonsen, H. Zetterberg, K. Blennow, S. G. 
Hasselbalch, and L. V. Kessing, “Biomarkers in Cerebrospinal Fluid 
of Patients With Bipolar Disorder Versus Healthy Individuals: A 
Systematic Review,” European Neuropsychopharmacology 28 (2018): 
783–794, https://​doi.​org/​10.​1016/j.​euron​euro.​2018.​04.​002.

119. L. Ilzarbe and E. Vieta, “The Elephant in the Room: Medication 
as Confounder,” European Neuropsychopharmacology 71 (2023): 6–8, 
https://​doi.​org/​10.​1016/J.​EURON​EURO.​2023.​03.​001.

120. A. J. M. Beunders and A. Dols, “Response to the Letter 
‘Multimorbidity and Cognition in OABD: The Need for Longitudinal and 
Multidimensional Approaches’ From Dr. Aphale Et  al,” International 
Psychogeriatrics (2025): 100161, https://​doi.​org/​10.​1016/J.​INPSYC.​2025.​
100161.

https://doi.org/10.1080/08039488.2017.1397192
https://doi.org/10.1080/08039488.2017.1397192
https://doi.org/10.1016/J.EURONEURO.2023.10.002
https://doi.org/10.1038/S41380-022-01582-Y
https://doi.org/10.1038/S41380-022-01582-Y
https://doi.org/10.1038/S41569-018-0064-2
https://doi.org/10.1016/J.NEUBIOREV.2016.08.014
https://doi.org/10.1016/J.NEUBIOREV.2016.08.014
https://doi.org/10.1080/10641960802068725
https://doi.org/10.3389/FCVM.2022.928701
https://doi.org/10.3389/FCVM.2022.928701
https://doi.org/10.1017/S0029665123002707
https://doi.org/10.1017/S0029665123002707
https://doi.org/10.1080/13854046.2015.1107137
https://doi.org/10.1371/JOURNAL.PONE.0140765
https://doi.org/10.1371/JOURNAL.PONE.0140765
https://doi.org/10.1016/J.SCHRES.2015.08.036
https://doi.org/10.1016/J.SCHRES.2015.08.036
https://doi.org/10.3389/FNAGI.2018.00048/BIBTEX
https://doi.org/10.3389/FNAGI.2018.00048/BIBTEX
https://doi.org/10.1007/s11920-015-0605-x
https://doi.org/10.1007/s11920-015-0605-x
https://doi.org/10.1016/j.neubiorev.2010.10.001
https://doi.org/10.1016/j.neubiorev.2010.10.001
https://doi.org/10.1111/BDI.13358
https://doi.org/10.1017/S0033291721004517
https://doi.org/10.1111/bdi.12374
https://doi.org/10.1017/S0033291723003318
https://doi.org/10.1017/S0033291723003318
https://doi.org/10.1007/S00213-016-4266-1
https://doi.org/10.1371/JOURNAL.PONE.0206157
https://doi.org/10.1371/JOURNAL.PONE.0206157
https://doi.org/10.1016/J.EXGER.2019.110716
https://doi.org/10.1016/J.EXGER.2019.110716
https://doi.org/10.1186/S40345-024-00340-Z
https://doi.org/10.1016/J.BBI.2021.07.014
https://doi.org/10.1016/J.BBI.2021.07.014
https://doi.org/10.1016/J.EURPSY.2017.02.482
https://doi.org/10.1016/J.EURPSY.2017.02.482
https://doi.org/10.1007/S12035-023-03377-W
https://doi.org/10.1007/S12035-023-03377-W
https://doi.org/10.1038/S41380-021-01051-Y
https://doi.org/10.1038/S41380-021-01051-Y
https://doi.org/10.1016/j.euroneuro.2018.04.002
https://doi.org/10.1016/J.EURONEURO.2023.03.001
https://doi.org/10.1016/J.INPSYC.2025.100161
https://doi.org/10.1016/J.INPSYC.2025.100161


40 of 40 Bipolar Disorders, 2026

Supporting Information

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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