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Background: With similarities in heritability, neurobiology and symptomatology,
the question has been raised whether schizophrenia and bipolar disorder are truly
distinctive disorders or belong to a continuum. This narrative review summarizes
common and distinctive findings from genetics, neuroimaging, cognition and
clinical course that may help to solve this ethiopathogenetic puzzle.

Methods: The authors conducted a literature search for papers listed in PubMed
and Google Scholar, using the search terms “schizophrenia” and “bipolar
disorder” combined with different terms such as “genes”, "neuroimaging
studies”, "“phenomenology differences”, “cognition”, “epidemiology”. Articles
were considered for inclusion if they were written in English or Spanish,
published as full articles, if they compared subjects with schizophrenia and
bipolar disorder, or subjects with either disorder with healthy controls,
addressing differences between groups.

Results: Several findings support the hypothesis that schizophrenia and bipolar
disorder are discrete disorders, yet some overlapping of findings exists. The
evidence for heritability of both SZ and BD is obvious, as well as the
environmental impact on individual manifestations of both disorders.
Neuroimaging studies support subtle differences between disorders, it appears
to be rather a pattern of irregularities than an unequivocally unique finding
distinguishing schizophrenia from bipolar disorder. The cognitive profile displays
differences between disorders in certain domains, such as premorbid intellectual
functioning and executive functions. Finally, the timing and trajectory of
cognitive impairment in both disorders also differs.

Conclusion: The question whether SZ and BD belong to a continuum or are
separate disorders remains a challenge for further research. Currently, our
research tools may be not precise enough to carve out distinctive, unique and
undisputable differences between SZ and BD, but current evidence favors
separate disorders. Given that differences are subtle, a way to overcome
diagnostic uncertainties in the future could be the application of artificial
intelligence based on BigData.
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Limitations: Despite the detailed search, this article is not a full and complete
review of all available studies on the topic. The search and selection of papers
was also limited to articles in English and Spanish. Selection of papers and
conclusions may be biased by the personal view and clinical experience of

the authors.
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1 Introduction

Bipolar disorder (BD), as proposed by Kleist and Leonhard, is
nowadays used to refer to Kraepelin's Manic Depressive Illness. BD
and schizophrenia (SZ), in spite of having a clear phenomenology,
share some phenomenological manifestations that often makes
differential diagnosis difficult. Since Emil Kraepelin described
fundamental aspects that distinguished “manic-depressive illness”
from “dementia pricox”140 years ago, countless scientific studies
have been carried out that have failed to establish the unique
etiopathogenic element that defines each of them (1). Instead, a
dimensional approach that conceives them as the extremes of a
continuum has been put forward by several distinguished researchers
(2-4), reviving the concept of a unitary psychosis as it has been put
forward by 19" century researchers prior to Kraepelin’s dichotomy
According to this concept, there were no distinct disease entities in
psychiatry but only varieties of a single universal madness, and the
boundaries between these variants were fluid (5).Despite the large
amount of research on the subject, however, there is no solid evidence
to indicate that the Kraepelinian dichotomous categorical model
should be abandoned (6). Instead, there is reasonable evidence to
support their individual entity. A unique and discriminable
psychopathology based on clinical symptom profile, outcome and
prognosis as well as family history data constitutes a working
hypothesis sustained for more than a century by schools such as
Wernicke-Kleist-Leonhard (7). Not being the dominant approach in

Abbreviations: ACC, anterior cingulate cortex; BD, Bipolar Disorder; BD-I,
Bipolar Disorder Type I; BD-II, Bipolar Disorder Type II; BrainAGE, brain age
gap estimation; CNV, copy number variants; DLPFC, dorso-lateral prefrontal
cortex; DSM-5, Diagnostic and statistical manual, 5th revision; EM, episodic
memory; ENIGMA, Enhancing Neuroimaging Genetics through Meta Analysis
Consortium; ES, effect size; FRS, Schneiderian first rank symptoms; GM, grey
matter; GWAS, Genome-Wide Association Study; HC, Healthy controls; ICD-11,

1™ revision; iPSCs, Human-derived

International Classification of Diseases, 1
induced pluripotent stem cells; MDD, Major depressive disorder; MHC, Major
Histocompatibility Complex; MRI, magnetic resonance imaging; mRNA,
messenger- ribonucleic acid; NTD, negative formal thought disorders; OR,
Odds ratio; PTD, positive formal thought disorders; SNP, Single Nucleotide

Polymorphism; SZ, Schizophrenia; WM, white matter.
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the clinic, Leonhard’s nosology has encountered difficulties in
producing convincing data that generates wide acceptance (8).
More recently, however, analysis of large databases comparing
categorial diagnosis and polygenetic risk scores also favors SZ and
BD being distinctive entities (9).

Both SZ and BD are severe disorders, affecting the same organ,
the brain, and having several commonalities in symptomatology
and outcome. Yet, not only for sophisticated reasons, but for the
sake of patients who need optimized treatment, SZ and BD need to
be conceptualized as independent disorders. To illustrate the
matter: Declining function and dyspnea affect the same organ
(lung) but may be the result of a multitude of different diseases,
e.g. allergic asthma, COPD, pulmonary edema, to name a few. Just
labelling it as “Unitary pulmonary disease” would not be very
helpful. Without a firm diagnosis, causal treatment cannot be
established, but only unspecific support (e.g., oxygen supply) can
be offered.

In this narrative review, we will examine the current evidence
that supports the hypothesis that there are distinctive boundaries
separating SZ from BD. Carving out the often subtle differences will
foster future research for individual and optimized treatment of BD
and SZ, while resting on a dimensional concept of an unitary
psychosis is likely to lay scientific curiosity and progress to rest.

2 Methods

The aim of this article is to review the main characteristics that
distinguish SZ from BD. This narrative review by six authors with
clinical experience in the field is based on selected papers, retrieved
from PubMed and Google Scholar. Search term applied were:
“(genetic differences) AND (schizophrenia) AND (bipolar
disorder); (neurobiological differences) AND (schizophrenia)
AND (bipolar disorder); (clinical differences) AND
(schizophrenia) AND (bipolar disorder); (differentiating bipolar
disorder type I) AND (schizophrenia); (differentiating
schizophrenia) AND (bipolar disorder); (schizophrenia) AND
(bipolar) AND (progression).

Our initial PubMed search on June 30, 2023 for systematic
reviews or meta-analyses on commonalities and differences between
SZ and BD returned 80 unique records. Repetition of the search in
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Google scholar did not add any additional hits. Of these reports, 54
met our predefined inclusion criteria. We excluded 26 studies as
ineligible. Studies were considered for exclusion if they were not
published as full articles, or if they focused on disorders other than
SZ and BD. Moreover, we excluded records if they mainly focused
on highly specific aspects of SZ/BD that were beyond the scope of
our review, or have not been reproduced, or are of very limited
clinical utility (e.g., retinal biomarkers; serum repetin levels).
Subsequently, the selected 54 articles referred to 86 additional
PubMed listed reports supplying information and research results
cited in this article. In addition, one more recent paper (10)
published after the initial search were added to the discussion of
findings, as it appeared relevant for the discussion.

Studies were considered for inclusion if they were written in
English or Spanish, published as a full article, if they compared
subjects with SZ and BD, or subjects with either SZ or BD with
healthy controls (HC), addressing differences between groups.

3 Results
3.1 Epidemiology and risk factors

The lifetime prevalence of SZ is about 1% (11), although
numbers vary with the study design. In addition to a genetic
predisposition, there are epigenetic risk factors in SZ such as
urban life, poverty, childhood trauma, abandonment and prenatal
infections (12-14). The clinical manifestation usually begins in late
adolescence, in the majority of cases with residual poor psychosocial
function (15). The strong genetic predisposition remains
throughout life, and frequent recurrences of psychotic episodes is
rather the rule than the exception (16, 17). Historic concordance
rates reported for monozygotic twins are around 60% (18);
however, a more recent analysis of Danish registries found
concordance rates of 33% in monozygotic twins and 7% in
dizygotic twins (19). This lower-than-expected concordance rate
in monozygotic twins demonstrates that vulnerability to the disease
is not solely due to genetic factors. Besides the already mentioned
psychosocial adversities, early developmental complications such as
maternal exposure to starvation and influenza in the second
trimester of pregnancy, birth weight < 2500 g, Rhesus
incompatibility during the second pregnancy, and hypoxia during
birth additionally increase the risk (20). In addition, childhood
trauma and adversities also contribute to the manifestation and
severity of schizophrenia (21), according to a meta-analysis the
odds ratio (OR) for an association of childhood adversities and
psychosis is OR=2,78 (22).

BD comprises a clinical picture characterized by the alternance
of depressive, mixed and manic or hypomanic poles. Although a
DSM-5 (23) or ICD-11 (24) categorial diagnosis is established by
the occurrence of a single manic, hypomanic or mixed episode,
depressive episodes are those that carry most of the burden of this
chronic and disabling disease. Similar to SZ, the age of onset of BD
is usually between 15 and 30 years — the second and third decade of
life with some variance between subtypes (25). For BD type I (BD-
I), the average age of onset is 18.4 years, for BD type II (BD-II), 20
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years, and for subclinical forms, 21.9 years (25). Additionally, a
large cohort study also establishes a second peak of onset between
the age of 45 and 54 years (26). Variations of age at onset, however,
are difficult to identify accurately due to the latency in both the
diagnosis and the beginning of treatment (27). However, half of the
patients usually have the first episode before the age of 25, and there
is a reciprocal relationship between the age of onset and the severity
of the BD subtype- the younger the patient at onset of BD, the more
severe is the long-term course (28, 29).

A delay of several years is common from the onset of the first
affective episode to the diagnosis of BD. The average delay in
reaching the correct diagnosis of BD is 8 to 10 years, with the
consequence of both a delay in receiving adequate treatment as well
as a higher possibility of receiving inappropriate medication that
may trigger further episodes (30). Achieving a correct diagnosis and
initiating optimal treatment may become even more difficult since
more than half of patients with BD have an additional diagnosis, the
most common being alcohol or drug abuse disorder (31).

BD is highly heritable (32), reported concordance rates for
monozygotic twins range from 40-70%, similar to SZ (33). Again,
recent studies show the additional role of several environmental
factors. Childhood adversities, ranging from neglect to physical and
sexual abuse, have a significant contribution to the manifestation of
bipolar disorder in adolescence and early adulthood (34). A meta-
analysis of 19 eligible studies showed that childhood adversity was
2.63 times (95% CI 2.00-3.47) more likely to have occurred in
subjects with bipolar disorder compared to non-clinical controls
(35). In addition, bipolar patients who experienced childhood
adversities also tend to have a more detrimental course of the
disorder, including a higher risk of suicide attempts and medical
comorbidities (36). Although stressful life events in later life are not
believed to be the cause of BD per se, they may trigger recurrence. A
role of perinatal complications, maternal influenza infection during
pregnancy, and maternal exposure to smoking in utero and
tuberculosis risk is supported by relatively strong evidence, as well
as advanced paternal age at conception is a risk factor, suggesting a
role for de novo mutations (37).

In summary, genetic predisposition plays a dominant role in
both disorders (see also next chapter). Perinatal complications and
childhood adversities constitute risk factors for the manifestation of
both SZ and BD, and have a detrimental effect on the course of
illness. Environmental stressors can trigger onset or relapse in
individuals vulnerable to both disorders by initiating epigenetic
changes (38). Thus, these factors do not differentiate between SZ
and BD, and rather appear to be a common feature of severe mental
disorders in general.

3.2 Genetic data

SZ and BD are strongly determined by inheritance. The
contribution of heritability has been estimated up to 70-80% %
for both SZ (19) and BD (33). Concordance in twins is around 40%
to 45% in monozygotics and 0% to 10% in dizygotics for SZ and BD
(39). Significant progress has been made more recently in the
discovery of specific genetic loci associated with these disorders.
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Genome-wide association studies (GWAS) have discovered 270
single nucleotide polymorphisms (SNPs) that confer risk of SZ (40)
and 64 for BD (41) with some overlapping associations. The Bipolar
Disorder and Schizophrenia Working Group of the Psychiatric
Genomics Consortium performed association analysis of BD and
SCZ combined into a single phenotype, totaling 53,555 cases
(20,129 BD, 33,426 SCZ) and 54,065 controls on 15.5 million
SNP allele dosages imputed from 1000 genomes phase 3 (42).
They identified 114 genomic risk loci shared between SZ and BD
(43). These overlapping associations may constitute the biological
substrate of the observed co-aggregation of the two disorders in
families (44, 45). On the other hand, many of these common genetic
variants are not shared between these disorders and other forms of
genetic variation, such as copy number variants (CNVs) (46, 47)
and rare variants identified by sequencing (48, 49) which appear to
play a much more prominent role in the genetic architecture of SZ
than in BD (50).

A meta-analysis published in 2019 of GWAS included 20,352
cases and 31,358 controls of European ancestry, with follow-up of
the main findings in an independent sample of 9,412 cases and
137,760 controls. 30 loci associated with bipolar disorder stand out;
8 of these also harbor associations with SZ. Relevant loci contain
genes that encode, among other things, ion channels,
neurotransmitter transporters and synaptic components. The
meta-analysis also demonstrates the genetic overlap of BD-I and
SZ, including psychosis, as well as BD-II with major depressive
disorder (MDD) (51).

In a study carried out by Akihito Uezato and collaborators,
significant allelic and genotypic associations were found between
the SLC35B2 gene and BD, as well as a decrease in the expression of
SLC35B2 mRNA in the dorso-lateral prefrontal cortex (DLPFC) in
bipolar patients. On the other hand, in patients with SZ, no
modifications were observed in mRNA expression in DLPFC or
anterior cingulate cortex (ACC), although there was a significant
genetic association with SZ (52).

Gender differences in onset and course of both SZ and BD may
be, at least in part, also genetically determined. GWAS showed
significant sex-dependent effects for genes related to neuronal
development, immune and vascular functions across and within
SCZ, BD, and MDD both at the variant, gene, and pathway
levels (53).

As mentioned above, environmental variables have been
studied in both disorders; however, fewer studies have been
carried out in BD, with smaller samples and with inconsistent
results. It is important to highlight that the impact environmental
exposure can generate is related to the genetic structure of that
individual. This highlights the importance of studying the
relationship between genes and environment. For example, the
effect of infections during pregnancy and the risk of developing
SZ has been well established. Furthermore, there is a genetic
correlation between susceptibility to infection and psychiatric
disorders in general, reported in a GWAS conducted in a large
Danish cohort, revealing shared genetic factors (54). We can further
add that the variation of the Major Histocompatibility Complex
(MHC) region associated with potential susceptibility to infections
(55) has been associated with SZ and recently also with BD (56, 57).
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A number of peripheral immune markers have been associated
with specific categories of psychopathology such as positive
symptomatology and cognitive deficits in both SZ and BD (58,
59). However, the relationship between complement expression and
clinical variables in these disorders has not been studied in depth,
paying attention not only to the diagnoses but also to the
association between immune activation and symptoms.
Melbourne and her colleagues demonstrated a positive association
between C4A mRNA expression and delusions (60).

Epigenetic alterations (modifications of chromatin structure,
measured by assessing the degree of methylation of CpG
dinucleotides) are closely related to gene expression, procuring
the aging process of cells and affecting their function (61).
Research carried out on epigenetic age, individuals with SZ, BD,
children at familiar high risk of SZ or BD, and healthy controls
delivered inconclusive results. Overall, the accelerated aging
hypothesis in schizophrenia could not be confirmed, and clear-cut
differences between SZ and BD not be established (38).

Summarizing results from genetic studies, GWAS identified
discrete SNPs associated with the risk of SZ or BD, several of them
overlapping (43). However, CNVs and rare variants appear to play a
more prominent role in SZ, whereas the heritability of BD is largely
attributed to multiple small-effect loci. Of the two main
manifestations of BD, BD-I displays more genetic similarities with
SZ than BD-II. As a future prospect, a Bipolar Schizophrenia
Network on Intermediate Phenotypes (B-SNIP) has been created
to examine psychotic disorders with a wide variety of intermediate
phenotypes and aims to use information from these biomarkers in
the search towards a biomarker-based classification of psychoses
(62). However, it has to be kept in mind that SNPs may not have
any relevant impact in physiological terms, unless the SNPs in
question has/have been demonstrated to have an actual
cellular effect.

Looking at epigenetic differences, perinatal infections seem to
contribute to risk for both disorders, but also other factors such as
early childhood adversities, psychosocial stress and trauma are
likely to be involved in increased epigenetic risk for both disorders.

3.3 Neuroimaging data

Despite advances in the field of neuroimaging, there is no
pathognomonic finding so far that differentiates unequivocally
BD from SZ, yet some quantitative differences have been
described. In a previous review conducted by Grunze and
Cetkovich-Bakmas in 2021 some findings were detailed such as
hippocampal volume reduction observed in SZ but not in BD, or
cortical reductions in the orbitofrontal cortex of BD and in dorsal
and frontal temporal areas of SZ patients that also correlated with
cognitive deficiencies, among other findings (6).

Ian Ellison-Wright conducted a meta-analysis in 2010 where they
compared maps of brain structural abnormalities in 2058 patients
with SZ with 2131 healthy controls and 366 patients with BD and 497
healthy controls (HC). Meta-analysis of this data identified four
regions of gray matter decreases in BD compared with controls on
sum-rank analysis. The regions were in the right insula, perigenual
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anterior cingulate, left insula and subgenual anterior cingulate. In SZ,
meta-analysis of the data identified two regions of gray matter
decreases when compared with controls on sum-rank analysis:
First, an extensive region covering the insula bilaterally (extending
into dorsolateral prefrontal cortex and superior temporal cortex and
bilateral hippocampal- amygdala region), thalamus, anterior
cingulate and medial-frontal gyrus. The second region was in
the posterior cingulate. In addition, meta-analysis of gray matter
increase co-ordinates in SZ identified a region extending from
the right globus pallidus to the left caudate. For the GM reduction,
72 BD co-ordinates were within the grey matter brain mask of
which 27 were inside the regions of GM reduction in SZ. This
over-representation was significant (p < 0.01). In summary, the
regions of GM reduction in BD were less extensive than the GM
reductions in SZ but were substantially overlapping. Only a
distinctive region of the pregenual cingulate cortex (anterior
Brodmann area 24) stood out where GM reduction was detected in
BD studies but not in SZ studies (63).

The Enhancing Neuroimaging Genetics through Meta Analysis
Consortium (ENIGMA) conducted the largest magnetic resonance
imaging (MRI) studies of patients with SZ and BD so far, reporting
that the hippocampus had the largest volume reduction of all
subcortical brain structures in both disorders (64, 65). These
findings were also supported by K. Haukvik and colleagues who
conducted a systematic review and meta-analysis of 21 MRI studies
to address and compare hippocampal subfield abnormalities in both
disorders (66).

Several functional MRI (fMRI) studies have found abnormalities
of the ventral prefrontal cortex and striatal activation in BD whereas
reduced dorsal prefrontal cortex activation was found in SZ. To test
the hypothesis that brain areas involved in word production can help
to differentiate BD from SZ, Andrew McIntosh and colleagues
recruited 42 outpatients with BD-I, 27 outpatients with SZ and 37
HC. Compared to SZ and HC, they found differences of fronto-
striatal systems associated with performance on a set shifting task
(Hayling Sentence Completion Test) in BD patients (67). BD patients
engaged emotional brain areas more than HC and SZ patients while
performing the Hayling task. These results support the hypothesis
that circuits involving the dorsal prefrontal cortex are implicated in
the pathophysiology of SZ, whereas circuits involving the lateral
orbitofrontal cortex are more specifically implicated in BD.

In 2016 Liberg et al. conducted a narrative review to investigate
whether longitudinal brain trajectories of dynamic illness features
could help differentiate between SZ and BD. In this review, authors
detailed illness-specific trajectories of morphological change in total
grey matter volume and in regions of the frontal, temporal and
cingulate cortices. Also, a trajectory involving progressive grey
matter loss confined to fronto-temporal cortical regions was
found in SZ patients. Authors also described this less severely
impacted trajectory in a number of regions in bipolar disorders
(68). However, as this is a narrative review based on a small number
of studies, results may be taken with caution.

Last but not least, BrainAGE (brain age gap estimation) is a
novel morphometric parameter using a machine learning approach.
The BrainAGE score was developed to estimate the age from
individual MRI images based on the reduction of multi-variate
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age-related grey matter effects across the whole brain (69). The
difference between each individual’s estimated and chronological
age results in the BrainAGE providing an indication of deviation
from normal aging trajectories. Lower scores might indicate
developmental delays, a higher BrainAGE score accelerated aging.
Using this approach, Nenadic and colleagues conducted a case-
control study analyzing MRI data and BrainAge quantification of
acceleration or deceleration of individual aging. Data from 45 SZ
patients, 22 BD-I and 70 HC was analyzed concluding that SZ
patients, but not BD-I patients, had higher rates of BrainAge scores
than HC. These findings suggest the presence of an additional
progressive pathogenic (neurodegenerative) component in SZ
despite the conceptualization of SZ as a neurodevelopmental
disorder (70).

In 2022 Zhao et al. conducted a multimodal meta-analysis of
anisotropy and volume abnormalities in white matter (WM)
comparing patients with SZ, BD and HC. The bilateral corpus
callosum showed shared decreased WM volume and fractional
anisotropy in both SZ and BD. Compared with BD patients, SZ
patients showed remarkable more extensive disorder-specific WM
abnormalities: decreased FA and increased WM volume in the left
cingulum, and increased FA plus decreased WM volume in the right
anterior limb of the internal capsule (71).

In summary, up to date no pathognomonic neuroimaging
finding has been identified allowing to make the diagnosis of
either SZ or BD. Both GM and WM abnormalities overlap in SZ
and BD, but some findings, e.g., GM reduction in the pregenual
cingulate cortex in BD, can be related to one or the other supporting
the hypothesis of discrete disorders. Brain age gap estimation
suggests that SZ is not a purely neurodevelopmental disorder, but
has, similar to BD, also a neurodegenerative component.

3.4 Postmortem data

In a recent review and meta-analysis, Harrison and colleagues
(72) concluded that no neuropathological findings in bipolar
disorder can be considered to have been established beyond
reasonable doubt due to small sample sizes in singular studies
and lack of replication studies. Nevertheless, some replicated
findings resemble closely what has been observed in vivo in
neuroimaging studies, namely decreased cortical thickness and
glial density in subgenual anterior cingulate cortex and reduced
neuronal density in the lateral, basal and accessory basal nuclei of
the amygdala (73, 74). Several post- mortem studies also described
decreased calbindin-positive neuron density in the prefrontal
cortex. It has been hypothesized from animal studies that
calbindin-positive neurons are regulating brain networks involved
in spatial navigation, memory processes, and social interactions
(75). Main focus of post-mortem research in SZ has been the
hippocampal formation, prefrontal cortex thalamus. In line with
neuroimaging data, postmortem studies showed a significant
reduction of volume and neuron number in multiple
hippocampal subfields in left, but not right hippocampus. Neuron
size, averaged bilaterally, was also significantly reduced (76).
Changes in fast-spiking GABAergic interneurons containing the
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parvalbumin (PV) are well established in SZ (77), reductions in the
number and density of PV interneurons in the prefrontal cortex and
hippocampus have been found in the postmortem brain of
individuals with SZ (78, 79), and abnormal PV interneuron
function in the PFC has been associated with cognitive
impairments and negative symptoms (80).For the thalamus, two
meta-analyses indicated a small-to-moderate effect size for thalamic
size reduction in schizophrenia (81).

Thus, similar to neuroimaging, post-mortem findings suggest a
more pronounced role of the hippocampal formation in SZ,
whereas changes of the cingulate cortex and amygdala are more
pathognomic for BD. However, as both disorders are network
affections, it comes with no surprise that there is no single
pathognomic brain structure that is solely affected by one, but not
the other disorder, and that there are common regions of interest
such as the prefrontal cortex in both disorders. Also of note, the vast
majority of postmortem examinations found no evidence for
excessive gliosis in SZ and BD, making them distinct from
neurodegenerative disorders such as Alzheimer's disease (72, 82).

3.5 Cognition: neurodevelopmental vs.
neuroprogressive impairment

Both SZ and BD are disorders characterized by cognitive
impairment (83-87). In SZ, the degree of neurocognitive
dysfunction correlates negatively with the functional outcome
(83). With regard to BD, Bortolato and colleagues suggested that
there is evidence of cognitive dysfunction across several domains,
although less severe compared to SZ. As neurocognitive
peculiarities have been observed in both disorders prior to clinical
manifestations and also in first degree relatives, they appear to be, at
least in part, caused by neurodevelopmental irregularities. This
notion has been supported by a recent study by Menkes and
colleagues examining a large sample of early and chronic stage
schizophrenia and psychotic bipolar patients, reporting evidence for
neurodevelopmental and neuroprogressive cognitive trajectories in
both disorders (88). The situation is less clear in non-psychotic BD.
Results are, in part, contradictory; thus, it is currently unknown
whether BD is characterized by cognitive stability or progression
after illness onset (Van Rheenen et al., 2020). Contradictory results
in cognition research may, in part, originate from patient selection.
More recent studies comparing cohorts of bipolar and
schizophrenic individuals found that the long- term cognitive
outcome does not only rely on the diagnostic category (SZ vs,
BD). Within diagnostic groups there is a large heterogeneity of type
and extend of cognitive deficits, and premorbid intelligence predicts
to a large degree cognitive outcome in later life. Both in SZ and BD,
three discrete cognitive subgroups can been clustered: severely
impaired, mildly impaired, and relatively intact. The study by
Vaskinn and colleagues (89) assessed 223 individuals with SZ, 175
with BDI and 476 HC. Looking at individuals with SZ and BD,
cluster analyses consistently yielded those three clusters: the
relatively intact group (36% of whole sample), the intermediate
group with mild cognitive impairment (44%), and the impaired
group with global deficits (20%). Clusters differed significantly for
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neuropsychological, functional, and clinical outcome measures. Of
note, 32% of the SZ sample and 42% of the BD sample belonged to
the relatively intact group, supporting the notion that premorbid
intellectual functioning is probably a more decisive predictor for
outcome than categorial diagnosis. The authors of the study
concluded that highlighting a neuropsychological assessment is
needed for the precise characterization of the individual
independent from diagnosis SZ or BD.

3.6 Cognitive dysfunction in SZ and BD

Multiple meta-analyses report deficits of large effect sizes (ES) in
a broad range of cognitive domains, such as intellectual function,
learning and memory, attention, working memory, language and
executive function (90-94).

In recent decades, a substantial amount of data has been
collected indicating that cognitive deficits in SZ are to a large
extent neurodevelopmental (83, 95-98). Discrete premorbid
cognitive dysfunction may suggest deviant development or is a
precursor of the disorder that will manifest itself later. In line with
this, a meta-analysis of longitudinal population-based studies
showed that people with SZ had reduced premorbid IQs, and that
this was associated with an earlier onset of the illness (99). Even in
early to mid-adolescence, a moderately reduced IQ appears to be an
indicator of the imminent manifestation of the illness (100).

Cognitive deficits and impaired adjustment to the environment
are prominent features not only at first psychotic episode, but also
in individuals at high-risk, even at early stages of infancy (101-103).
The severity of these widespread cognitive deficits may get close to
that of adults with chronic illness, even being more pronounced in
immediate verbal memory and processing speed (104). Similarly, it
has been reported that intellectual impairment is comparable to that
seen in more advanced phases of the illness, supporting the
aforementioned neurodevelopmental hypothesis (83).

However, with respect to the longitudinal course of cognitive
deficits, it has been suggested that small-to-moderate improvements
in several domains are possible after illness onset (105, 106) with
largest ES estimates observed in tasks of memory and attention and
also in cognitive flexibility (107).

Several factors have been identified as possible moderators of
cognitive performance in this population, such as chronicity,
symptomatic severity, comorbidity and medication status and
dosage. Moreover, negative symptoms and disorganization seem
to be related to deficits in executive functions and intellectual
functioning (83). Also, some authors suggest that -in comparison
to patients with an adult onset- early onset is associated with greater
severity of cognitive deficits, such as larger deficits in IQ, executive
functioning, psychomotor speed, and verbal memory (108).

Regarding BD, it has been consistently related to cognitive
dysfunction in several cognitive domains (83). There are subtle
differences in the extent of cognitive dysfunction between BD-I and
BD-II patients, but the overall pattern of cognitive deficits is similar
(109). These deficits persist even in periods of euthymia (110, 111)
and -as a consequence- have been regarded as trait markers of the
disorder. Moreover, it has been suggested that following a first
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episode of BD, young adults present a generalized cognitive
impairment (101) similar to the medium effect that has been
reported by studies that included also individuals with recurrent
episodes (Bourne, Aydemir, Balanza-Martinez, et al., 2013).

This evidence is consistent with a staging model for the disorder
based on neuroprogression, characterized by progressive
deterioration over time in BD patients (112, 113). However, the
theory of neuroprogression has also been challenged (114). Of
interest, contrary to data from subjects with several recurrences of
mood episodes (115), and also different from SZ patients with a first
psychotic episode, visual memory seems to be not impaired after a
first bipolar episode (116).

Psychotic symptoms have been related with worse cognitive
functioning in comparison with nonpsychotic BD patients in tasks
of verbal memory, planning and reasoning, working memory and
processing speed (117).

Regarding differences in cognitive function between individuals
with BD type I and BD type II, a meta-analysis found a greater
impairment in verbal memory in BD-I, while no differences were
observed in global cognition, attention, working memory, and
executive function (118). The authors posited that memory
impairment might be a specific endophenotype for type I of BD,
and may result from the neuroprogressive alterations related with
manic episodes.

With respect to the longitudinal course of cognitive deficits, the
current evidence still is scant and inconsistent (83). Lewandowski
and colleagues (119) have conceptualized BD as a neuroprogressive
disease characterized by a subtle neurodevelopmental component
that precedes illness onset, and which is followed by
neurodegeneration after onset and progressive cognitive decline
as a function of recurrences. The presence of a neurodevelopmental
component of cognitive dysfunction in BD is supported by studies
carried out in pediatric BD populations, showing cognitive deficits
across different cognitive domains (120). Cross-sectional studies
have proposed an association between cognitive impairment and
the cumulative number of episodes (121) as a representation of the
neuroprogressive nature of BD (122) although the direction of
causality is not understood. Likewise, some studies have not
identified any distinctive differences in neurocognitive
performance between patients and control (123). It is possible
that BD may be a heterogeneous phenotype, which could cause
diverse levels of cognitive impairment based on the respective share
of genetic and epigenetic contributions (83).

Compared with SZ, there is scarce evidence regarding
premorbid global intellectual impairment in BD. In this context,
it has been proposed that neurodevelopmental deficits occur in both
SZ and BD, but appear to play a more prominent role in SZ. And
there are distinctive differences, at least early in the course of illness,
such as the extent of visual memory impairment, supporting again
the notion of distinctive disorders (85, 103).

Considering both disorders, there is evidence that they have a
large symptomatic and etiological overlap, and many authors no
longer consider SZ and BD as distinctive or categorical entities (86,
124). The difference in cognition between SZ and BD seems to be
more quantitative (degree of deficit) rather than qualitative
(profile), supporting a dimensional approach. In this context, it is

Frontiers in Psychiatry

10.3389/fpsyt.2024.1352250

suggested that SZ patients show more severe and pervasive deficits
while BD patients present a milder and more confined impairment
(85-87). One meta-analysis indicated that BD patients showed
better cognitive performance than SZ patients in measures like
verbal fluency, verbal working memory, mental speed, executive
control, and immediate verbal memory (125). Another meta-
analysis indicated similar results, with SZ patients producing
inferior results in 6 out of 12 cognitive domains (126).

The longitudinal course of cognitive impairment also differs
between groups: premorbid cognitive impairment is present already
early in life in SZ (often childhood/adolescence), preceding the
onset of psychosis, but visible cognitive impairment in BD typically
does not occur until later in adulthood, after many years of
recurrent mood episodes. Meta-analysis of data on initial stages
of BD and SZ showed that neuropsychological performance of first-
episode manic BD patients was impaired, albeit to a lesser degree
than first-episode SZ patients and healthy controls. Notably, those
who had a first episode of mania exhibited a level of impairment
comparable to that found in those with more chronicity (103, 126).

Zanelli and colleagues (127) suggested that both SZ and bipolar I
patients experience cognitive decline in general and specific functions
after the first episode, but the age at which cognitive fading occurs
differs between disorder and intellectual function. Another study
evaluated whether SZ and BD show different patterns of episodic
memory (EM) performance, according to their clinical stages (128).
The results showed that in SZ, EM impairment occurs in the early stage
of illness, whereas in BD patients, the cognitive decline was found
alongside with the progression of the illness. In other words, patients
with a recent-onset SZ performed similar to chronic patients. In
contrast, individuals with early-stage BD and healthy controls,
demonstrated similar cognitive capabilities and performed better than
late-stage BD group. With regard to this last group, it was found the
same degree of EM dysfunction as in individuals with SZ. The authors
argued that these findings corroborate the hypothesis of BD as a
progressive disease that impairs cognition along its course (129-131).

One study aimed to compare cognitive dysfunction between BD
and SZ across symptomatic and remitted states (84). Results
showed that both disorders are related to neurocognitive
alterations which are state dependent (such as global cognition
and working memory) and diagnosis dependent (such as global
cognition and verbal fluency). These deficits were more pronounced
in SZ. Processing speed was in a normal range in remitted SZ and
BD patients, as well as symptomatic BD patients, but significantly
slowed down in symptomatic states of schizophrenia. It has been
hypothesized that these neuropsychological differences between
groups could be due to the presence of psychotic features, to
environmental factors (such as stressful events, duration of the
disease and number of hospitalizations) and could also be related to
differences during the neurodevelopmental phase (85), the latter
supporting again the notion of different entities.

3.7 Phenomenology

With the emergence of second-generation antipsychotics,
ranked highly in treatment algorithms in both SZ and BD,
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diagnostic diligence appears to have taken a back seat. Differential
diagnosis has been reduced to the presence or absence of psychotic
symptoms leaving out performance and functional impairment in
SZ. In the absence of a unique and easy to capture biological
marker, full assessment of the phenomenology is key for a proper
diagnosis. The course of illness may be one of the most important
criteria when making the differential diagnoses between the two
disorders, whereas a pure cross-sectional view of acute
symptomatology may direct the physician in the wrong direction
(27). Moreover, psychotic symptoms in both BD and SZ have
several similarities (27). Regarding positive symptoms,
Schneiderian first rank symptoms (FRS) had been suggested as a
criterion to differentiate SZ from other psychotic disorders. In 2020,
Peralta and Cuesta concluded a study with 1146 subjects addressing
the validity of FRS (132). Their findings suggest that not only FRS
do not have a diagnostic value for diagnosing SZ nor add validity
compared to other delusions and hallucinations to a diagnosis of SZ.

Regarding the thought domain, formal thought disorder has
been considered as a possible distinctive symptom of SZ. In 2016,
Yalincentin and colleagues conducted a meta-analysis addressing
formal thought disorders in BD and SZ patients (133). They
compared positive (PTD) and negative (NTD) formal thought
disorder in both disorders. Their findings suggested that PTD is a
shared feature of both SZ and BP but persistent PTD or NTD can
distinguish subgroups of SZ from BP and SZ patients with better
clinical outcomes.

Regarding early symptoms of each disease, Andersen and
colleagues conducted a retrospective study comparing the type
and frequency of diagnoses preceding adult BD and SZ (134).
The number of patients with any preceding diagnosis amounted
to 69.3% in BD and 76.6% in SZ, and patients with SZ had also
minor but statistically significant earlier onset of any psychiatric
disorder compared to BD patients (mean age: 22.5 vs 23.3, p<.001).
Regression analyses indicated that BD was associated with an
increased risk of previously diagnosed affective disorders and
Attention-Deficit/Hyperactivity Disorder (ADHD). As a caveat,
there is still an intense debate ongoing whether or not ADHD is
comorbid to BD or a frequent misdiagnosis of early signs of BD. SZ
was associated with an increased risk of preceding substance use
disorders, psychosis, anxiety disorders and personality disorders
diagnoses. Researchers concluded that different patterns of
vulnerability in terms of preceding diagnoses were associated with
the two diagnoses, with affective disorders being more specific to
BD, and both substance use disorders and psychosis to SZ.

Another important domain to analyze is the affective share in
both disorders. Psychotic mood disorders are difficult to
differentiate from SZ, mainly because there is a wrong conception
of positive symptoms as the core of SZ. Fountoulakis et al.
conducted a study with 175 patients with SZ to evaluate the
presence of manic symptoms. Significant subthreshold manic
symptoms were found in 25.14% patients. Mood symptoms
correlated with positive symptoms (135). This study suggests that
many patients are misdiagnosed with SZ while they currently suffer
from a psychotic affective disorder.

However, also schizophrenia patients frequently manifest mood
symptoms. Increased emotional arousal and reactivity is frequently
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observed together with positive symptoms, termed ‘the emotional
paradox’ of schizophrenia (136). Likewise, depression is common in
schizophrenia as part of the prodromal and florid phase, following
an acute episode (“postpsychotic depression”), or occurring
between psychotic exacerbations (137). The prevalence of
depressive disorder in schizophrenia has been reported to be
around 40%, however the stage (early vs chronic) and state (acute
or post-psychotic) influences figures. In acute episodes rates are up
to 60%, whilst in post-psychotic schizophrenia rates of moderate to
severe depression vary between 20% in chronic schizophrenia and
50% following treatment of first episode (121).

In summary, SZ and BD have several symptoms in common in
a variety of domains such as affective or positive symptoms.
However, a differential diagnosis can be done by delineating the
course of illness, although it can be challenging to analyze a first
episode retrospectively in the absence of a medical history supplied
by relatives/partner etc.

4 Discussion

In this review of the differences between SZ and BD we
highlighted findings in epidemiological, genetic, neuroimaging,
phenomenological and cognition data. Meanwhile there is good
evidence supporting the hypothesis of SZ and BD as discrete
disorders, yet some overlapping exists.

There is little evidence pointing towards SZ and BD being part
of a spectrum; yet more evidence would be needed to move away
from a categorical to a continuum perspective. A main reason that
keeps this discussion ongoing may be that in some patients the
current diagnostic tools and the current genetic and clinical data do
not “work together”. Regarding phenomenology and current
diagnostic tools, the main focus in SZ is on positive symptoms
while, as we had discussed, these can also be transiently present in
BD. As we suggested, the focus should be on the longitudinal course
of illness instead.

Unfortunately, neuroimaging cannot resolve diagnostic
uncertainty. Even though some neuroimaging studies support
subtle differences between disorders, there is no unequivocally
unique finding distinguishing SZ from BD.

The coincidence in age of onset in SZ and BD is not necessarily
an argument that supports the hypothesis of a single disorder; in
fact, it is also the common age of onset of several severe mental
disorders while the brain is still maturating. The evidence for
heritability of both SZ and BD is obvious, as well as the
environmental impact on individual manifestations of both
disorders. Environmental stressors can trigger onset and relapse
by initiating epigenetic changes in both disorders. So far, a genetic
correlation has been observed between BD type I and SZ, including
psychosis on the one hand, and BD type II and depression on the
other. And although SNPs associated with both SZ and BD were
identified, CNVs and rare variants seem to have a more relevant
role in SZ, while multiple loci with small effects in BD.

A downside of genetic research in BD and SZ is the fact that the
source of information are isolated peripheral cells, not mature human
brain cells with their differentiation (neurons, interneurons,
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astrocytes etc.) interacting with each other. GWAS and CNV
association studies have reproducibly identified numerous risk
alleles associated with BD and SZ but biological characterization of
these alleles lags gene discovery, owing to the inaccessibility of live
human brain cells. Olfactory Neuroepithelial Cells (138) or
Monocyte-Derived-Neuronal-like Cells (139) may be suitable future
models, but, again, are distinct from brain tissues and do not resemble
fully brain neurons and the complexity of a neuronal network. A
more promising approach may be Human-derived induced
pluripotent stem cells (iPSCs) that can be differentiated into living,
disease-relevant cells and 3D brain organoids carrying the full
complement of genetic variants present in the donor germline. Re-
programming methods enable generation of iPSCs from patient
fibroblasts and peripheral blood mononuclear cells has opened
possibilities for new approaches to study relevant disease biology
using iPSC-derived neurons. The use of iPSC-derived cells may allow
functional characterization of risk alleles, understanding of causal
relationships between genes and neurobiology, and screening for
potential targets of therapeutics (10, 140, 141). First results showing
deviations in gene expression in iPSCs from individuals with BD and
SZ compared to HC have been published, but samples are still small
and direct comparison studies between BD and SZ are still lacking
(141). Thus, these studies are not yet helpful to distinguish between
BD and SZ, but may be in the future with more data collected.

Looking at the neurobiological basis of BD and SZ, we notice
that aberrations in several downstream neurotransmitters, namely
the biogenic amines, GABA and glutamate are related to the
different phases of both disorders, and their correction is a
therapeutic target, although causality and specificity to one or the
other disorder remains vague. Inflammation also appears to play a
role in the progression of both disorders. The immune-
inflammation response is an essential component of the
multifactorial disease pathogenesis in major psychiatric disorders.
Whereas most investigated inflammation markers are not distinct
between major psychiatric illnesses, a recent finding seems to
separate SZ, BD (manic phase) and BD (depressive phase). In a
large sample of individuals with SZ or BD, Wei and colleagues
found a relationship between the inflammation and lipid
metabolism with differential association patterns in SZ, BD
manic, and BD depressed. Thus, the data suggest that specific
patterns of inflammation and lipid metabolism markers could be
potential biomarkers separating again SZ from BD and may allow
for differential diagnosis (142).

Regarding the cognitive profile of SZ and BD, though there is
evidence of overlap between these disorders, there are also
differences in certain domains, such as premorbid intellectual
functioning and executive functions. Moreover, the timing and
trajectory of cognitive impairment in both disorders also differs.
Deficits tend to appear earlier in SZ, and are more pronounced than
in BD. More research data, however, is needed to understand the
timing and trajectory of cognitive impairment in both disorders,
which in turn might help provide effective treatment options
targeting cognition.

Finally, it is worth mentioning that besides several symptom-
orientated medication such as antipsychotics, there is at least one
medication that is specifically helpful in BD but not in SZ: lithium.
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Using new techniques as iPSCs to completely elaborate lithium’s
mode of action may supply further neurobiological evidence for
distinct disorders.

Bipolar disorder and schizophrenia have been studied as
separate disorders for 130 years by thousands of psychiatrists
throughout the world. It has always been evident that there is a
grey area where it remains difficult to establish a firm diagnosis and
treatment plan. Neurobiological research’s latest findings may have
failed to find unequivocal boundaries between both disorders so far,
but, by no account, proved that they are part of a continuum.

5 Limitations

Despite the detailed search, this article is not a full and complete
review of all available studies on the topic. Although following
systematic search criteria, we did not fill out a PRISMA sheet as this
review does not claim to be a comprehensive meta-review but a
narrative review of key papers that, according to our judgement,
make a contribution to the question whether bipolar and
schizophrenia are part of the same spectrum or distinctive (and
distinguishable) disorders.

The search and selection of papers was also limited to articles in
English and Spanish. Selection of papers and conclusions may be
biased by the personal view and clinical experience of the authors.

Both bipolar disorder and schizophrenia are dynamic disorders.
Whereas comparison of the symptomatology refers almost
exclusively to acute mania or acute psychosis with positive
symptoms, data of other domains such as cognition are usually
gathered in non-acute states. Other characteristics, e.g. genetics and
epigenetics, are researched and collected in all phases of the illness but
especially epigenetics may change over time and depend on illness
trajectories. Thus, proximity and demarcation of BD and SZ is not
static but may differ both between individuals and over life span.

Notwithstanding these limitations, the findings from this review
may contribute to a better understanding of SZ and BD as
distinctive disorders.

6 Conclusions

The question whether SZ and BD belong to a continuum or are
separate disorders remains a challenge for further research.
Overlapping symptoms and neurobiological findings can be
explained by the fact that SZ and BD affect the same organ, the
brain. To epitomize the dilemma: Liver failure can be caused both
by toxic agents (alcohol) and virus infection (hepatitis), but the
longitudinal course of symptomatology and treatment differs
despite the same terminal outcome. Thus, liver cirrhosis caused
by alcohol and by infection are related with overlapping symptoms
and potentially fatal outcome, but still are different diseases needing
different treatment approaches. Currently, our research tools may
not be precise enough to carve out distinctive, unique and
irrefutable differences between SZ and BD. Given that differences
are subtle, a way to overcome diagnostic uncertainties in the future
could be the application of artificial intelligence based on BigData,
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also in the field of Mental Health. This may support clinicians in
making an early and correct diagnosis, avoiding delays in treatment
and resulting in better outcomes, both in SZ and BD.
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