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Editorial on the Research Topic
Comorbidity in bipolar disorder, volume Il

Bipolar disorder (BD), with a lifetime prevalence of about 2 per cent in the general
population and a recurrent course tending toward chronicity, represents one of the most
severe, frequent and costly psychiatric disorders, characterized by significant rates of
disability, a high incidence of suicidality and multiple medical and psychiatric comorbidities
(1). In addition, literature reviews estimate that at least 50 per cent of BD patients meet
the criteria for other mental or organic disorders, with obvious repercussions on diagnostic
framing, treatment and healthcare costs (2).

The presence of comorbidities, a concept that originated in general medicine in the 1970s
but which finds its fullest expression in psychiatry, becomes fundamental for any in-depth
study of the etiopathogenic hypotheses, the prognostic judgement and, above all, for the
relevant therapeutic strategies (3).

Alarming data on the co-presence of other disorders in bipolar patients come from
both large community epidemiological studies and those conducted on clinical samples. For
example, the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC),
conducted in 2001-2002, confirmed that substance use and psychiatric disorders continue
to be highly comorbid, and, in particular, bipolar disorder was steadily associated with
panic disorder, agoraphobia, posttraumatic stress disorder, and borderline, schizotypal and
antisocial personality disorders (4). The National Comorbidity Survey Study (NCS) and
various clinical studies also reported high rates of comorbidity in BD patients (5-7). The
works carried out by the Stanley Foundation Bipolar Treatment Outcome Network on about
300 patients with BD-I and BD-II showed that 65% of these subjects had met the diagnostic
criteria for at least one other Axis I disorder at some point in their lives, with an earlier onset
of affective symptoms and a worse prognosis (8, 9). On the other hand, Strakowski et al. (10),
in a famous study of inpatients suffering from DB, showed psychiatric comorbidity of about
40 per cent and general medical comorbidity of 20 per cent, with a higher frequency in the
female sex.

The psychiatric disorders most commonly associated with BD are anxiety disorders,
eating disorders, attention deficit hyperactivity disorder and substance (SUD) and alcohol
abuse (2). It remains to be clarified whether substance abuse is a cause or a consequence
of BD. Still, the association between the two pathologies leads to increased affective mood
swings, prolonged intervallic phases, a higher prevalence of physical disorders and suicide
attempts, and worse adherence to treatment (11).
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Concerning the main theme of the Research Topic, Aguglia
et al. conducted a cross-sectional study involving 556 patients with
a primary diagnosis of BD (376 without SUD, 101 with SUD, and
79 with Polysubstance Use Disorder [polySUD]). They found that
younger age, male gender, early age at onset, psychotic and residual
symptoms, positive family history of psychiatric disorders, and use
of benzodiazepines were significantly associated with polySUD in
patients with BD. Interestingly, patients with BD and polySUD
were more likely to take four or more medications, particularly
benzodiazepines and other drugs. The Authors pointed out that
particular attention on this specific subtype of patients with BD may
help implement personalized pharmacological and psychosocial
therapies integrating the different professional roles.

Following the line of substance abuse and intoxication,
Swoboda et al. aimed to compare intoxications due to a suicide
attempt with an antidepressant (AD) and antipsychotic (AP)
agents, or both with those of other medications and alcohol to
illustrate the toxicity potential of these substances in a general
population treated for intoxication. They conducted a retrospective
and naturalistic one-year registry study that included 105 patients
treated for oral intoxication at the University Department of
Emergency Medicine in Vienna, Austria. AD/AP intoxications
were present in 26 patients, while in the control group (n = 79),
non-AD/AP drugs (n = 54) and exclusively alcohol (n = 25)
were the toxic agents. In addition, they found that patients with
AD/AP intoxication were significantly more often transferred to
the psychiatric department, while discharge to home was more
likely in the control group. Luckily, study results suggested that the
risk of a potentially life-threatening outcome in intoxication with
AD/AP wasn’t substantially higher than in other readily available
toxic agents, in line with the advantageous risk/benefit ratio of
newer ADs and APs.

Two papers on the Research Topic addressed the problem
of comorbidity between ADHD and BD. In a perspective paper,
Comparelli et al. focused on specific clinical and developmental
dimensions to recognize and/or differentiate the pattern of ADHD
across the course of BD from a nosological perspective. They
concluded that treating concurrent ADHD and BD remains an
unresolved challenge regardless of the phase of illness. From a
developmental perspective, such treatment might require a staged
approach. By staging the introduction of treatments, it's possible
to reduce the risk of overmedicating patients, better assessing
the effect of each treatment. On the other hand, in the case of
real comorbidity, a hierarchical approach to treatment should be
followed: BD should be treated first. In contrast, ADHD should
be treated by combining ADHD medications and mood stabilizers
after mood stabilization. Besides, proper mood stabilizing therapy
can reduce the chance of positive mood episodes that might arise
if psychiatrists only use ADHD-specific medications. That is why
a hierarchical approach should be followed. In another interesting
study, Nunez et al. evaluated demographic, clinical, treatment,
and genetic differences between BD with and without ADHD
comorbidity, extending this comparison to consider the onset of
attention deficits. Among patients with BD (N = 2,198) enrolled in
the Mayo Clinic Bipolar Biobank, the researchers identified those
with ADHD diagnosed in childhood (BD + cADHD; N = 350),
those with adult-onset attention deficit symptoms (BD + aAD;
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N = 254), and those without ADHD (N = 1,594). A subset of
the clinical sample had genotype data available. They found that
attention deficits are more prevalent in men and associated with
lower employment rates. In line with previous studies, they found
a higher prevalence of ADHD in the offspring of BD patients. In
addition, BD+ ADHD patients showed significantly higher rates
of family history of affective disorders and a higher prevalence
of substance use disorders. Specifically, it was observed increased
rates of alcohol use disorder and stimulant use. Besides a higher
prevalence of anxiety and depression disorders in patients with
attentional deficits and, in terms of treatment response to mood
stabilizers, the BD + cADHD group had a significantly poorer
response to lithium and lamotrigine. Study results showed that
BD + cADHD was associated with more significant comorbidities
and reduced response to mood-stabilizing treatments. The higher
ADHD polygenic risk scores (PRSs) for the BD + cADHD group
may reflect a more powerful influence of genetic factors on the early
presentation of ADHD symptoms.

Studies have found that traumatic events that occurred during
childhood, adolescence and adulthood are associated with an
increased risk of developing BD, with a significant likelihood
of suicide and psychotic evolution (12-14). As dissociative
disorders are an influential group of trauma-related disorders,
the co-occurrence of dissociative disorders (DD) and symptoms
(DS) in bipolar disorder has been relatively understudied.
Still, there is some evidence that this comorbidity may have
significant mechanistic and clinical implications. Rajkumar wrote
an interesting scoping review on the frequency and correlates of
DS and DD in BD. He pointed out that a significant minority
of patients (10-20%) with bipolar disorder might experience
important DS, even during the euthymic phase. The overall
severity of DS was higher in BD than in healthy controls and
major depression but lower in BD compared to “trauma spectrum
disorders” such as DD, complex PTSD and borderline personality
disorder. The presence of DS might be associated with psychotic
symptoms, suicide attempts, and a poorer response to treatment.
DS also appeared to be related to the severity of childhood trauma
in patients with BD. Thus, assessing DD and DS in a patient affected
by BD would be helpful in everyday clinical practice to adequately
address the treatment.

On the other hand, Hogg et al. started from the assumption
that post-traumatic stress disorder (PTSD) is an established
comorbidity in BD. They conducted a multi-center study
comprising 79 adult participants with BD with a history
of psychological trauma and reported baseline data from a
trial registered in Clinical Trials (https://clinicaltrials.gov; ref:
NCT02634372). Study findings provided further evidence of the
lack of difference in how trauma symptoms were presented across
BD subtypes and provided essential data regarding the high levels
of trauma symptoms in BD subjects, even when criteria for a PTSD
diagnosis weren’t met. However, the evidence showed that there
were few differences in clinical BD severity between the subjects
with full PTSD and subsyndromal PTSD, although they found a
possible tendency for appositive correlation between full PTSD and
psychotic symptoms, as well as between sexual abuse and rapid
cycling, which can be clinically helpful in the identification and
treatment of both. In conclusion, the study findings highlighted
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the proper investigation to understand the impact of comorbidity
with a history of psychological trauma in BD patients, including
subsyndromal PTSD symptoms and underlined the importance of
screening for psychological trauma in the BD population.

Recently, some studies have suggested a higher risk of
developing metabolic syndrome in BD than in the general
population, increasing the risk of cardiovascular morbidity (15, 16).
Furthermore, BD patients are at high risk of being overweight
and obese, suffer more frequently from type II diabetes mellitus,
and have higher cardiovascular mortality rates than the general
population (17). Yi et al. conducted a retrospective, cross-sectional
study to investigate the prevalence and associated factors of obesity
and overweight in a sample of 1,169 inpatients with BD in China.
They found that the prevalence rates of obesity and overweight
were 21.0% and 32.2%, respectively, and the duration of BD was
significantly associated with obesity. Besides, in a binary logistic
regression analysis, the duration of BD and the levels of uric
acid, ALT, triglycerides, and LDL cholesterol were identified as
predictors for obesity. In contrast, male sex and uric acid level
were associated with a higher frequency of overweight. The results
of the present study show a need to implement early screening,
prevention and interventions for obesity and overweight in patients
with BD.

Finally, from a mixed psychopathological and translational
perspective, gastrointestinal (GI) symptoms are widespread in BD
patients but relatively understudied. Guo et al. recruited 59 BD
patients that were divided into two groups. Each group was assessed
with the 24-item Hamilton Depression Rating Scale (HAMD-
24) according to the presence or absence of GI symptoms and
compared with healthy controls. Differential metabolites were
identified and further analyzed using Metabo Analyst 3.0 to
identify associated metabolic pathways. The results showed that
BD patients with GI symptoms experience more severe symptoms
than the metabolic pathways related to GI symptoms, which
may be risk factors for gastrointestinal symptoms in BD patients.
Moreover, researchers found that the total HAMD-24 scores in
the GI symptoms group were more significant than that of the
non-GI symptoms group, consistent with past research findings.
Based on metabolomic analysis results, it was also found that
the common disturbances metabolic pathways of both groups of
patients jointly exhibited disorders of ketone body metabolism:
ketone body metabolism might be involved in the inflammation,
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Background: Bipolar disorder (BD) with co-occurring attention deficit-hyperactivity
disorder (ADHD) is associated with an unfavorable course of illness. We aimed to identify
potential clinical and genetic correlates of BD with and without ADHD.

Methods: Among patients with BD (N = 2,198) enrolled in the Mayo Clinic Bipolar
Biobank we identified those with ADHD diagnosed in childhood (BD+cADHD; N = 350),
those with adult-onset attention deficit symptoms (BD+aAD; N = 254), and those without
ADHD (N = 1,594). We compared the groups using linear or logistic regression adjusting
for age, sex, and recruitment site. For genotyped patients (N = 1,443), logistic regression
was used to compare ADHD and BD polygenic risk scores (PRSs) between the BD
groups, as well as to non-BD controls (N = 777).

Results: Compared to the non-ADHD BD group, BD+cADHD patients were younger,
more often men and had a greater number of co-occurring anxiety and substance use
disorders (all p < 0.001). Additionally, BD4+cADHD patients had poorer responses to
lithium and lamotrigine (p = 0.005 and p = 0.007, respectively). In PRS analyses, all BD
patient subsets had greater genetic risk for BD and ADHD when compared to non-BD
controls (p < 0.001 in all comparisons). BD+cADHD patients had a higher ADHD-PRS
than non-ADHD BD patients (p = 0.012). However, BD+aAD patients showed no
evidence of higher ADHD-PRS than non-ADHD BD patients (p = 0.38).

Conclusions: BD+cADHD was associated with a greater number of comorbidities
and reduced response to mood stabilizing treatments. The higher ADHD PRS for the
BD+cADHD group may reflect a greater influence of genetic factors on early presentation
of ADHD symptoms.

Keywords: ADHD, bipolar disorder, polygenic risk score, genetic, clinical features

Frontiers in Psychiatry | www.frontiersin.org

9 April 2022 | Volume 13 | Article 884217


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2022.884217
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2022.884217&domain=pdf&date_stamp=2022-04-14
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:Biernacka.joanna@mayo.edu
mailto:mfrye@mayo.edu
https://doi.org/10.3389/fpsyt.2022.884217
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.884217/full

Nunez et al.

Correlates of Bipolar Disorder With or Without Attention Deficits

BACKGROUND

Bipolar disorder (BD) is a severe episodic mood disorder with a
considerable morbidity and premature mortality due to suicide
and multiple medical comorbidities (1). Lifetime prevalence rate
of BD is between 2.4 and 4.4 % (2, 3) and the comorbidity
with attention deficit and hyperactivity disorder (ADHD) among
adults diagnosed with BD has been estimated to range from
9 to 35% (4, 5) with a higher prevalence in BD type I (BD-
I) (4). Importantly, the co-occurrence of BD and ADHD is
associated with a significantly increased risk of addiction and
anxiety disorders, which negatively impacts BD course of illness
(4,6,7).

Diagnostic boundaries between BD and ADHD can been
clinically difficult to discern due to overlapping symptoms
and a persistence of ADHD from childhood to adulthood
in certain cases. Moreover, longitudinal studies have shown
that ~25% of individuals with childhood ADHD (cADHD)
develop BD (8) although persistent attention deficits can also
be linked to the natural course of BD illness. Although the
symptomatic and syndromic overlap between BD and ADHD
has been addressed extensively in the literature suggesting more
of a mixed clinical presentation linked by the inattention
domain, the neurobiological distinctive underpinnings
of BD with and without comorbid cADHD remains
unclear (9).

Both BD and ADHD have a substantial genetic component
and thus many studies examining the overlap in BD and
ADHD have focused on relatives of individuals with BD.
Interestingly, a study on offsprings of BD patients considering
high risk individuals, revealed there was no increase in
ADHD diagnosis but a higher prevalence of hyperactive and
mood/anxiety symptoms (10). Further, Meyer and colleagues
found a higher prevalence of childhood attention and executive
functions deficits and behavioral symptoms in the offsprings
who developed BD compared to those with absence of a mood
disorder in adulthood (11).

Polygenic risk scores (PRSs) are increasingly used in
psychiatric studies because, in addition to estimating a person’s
genomic burden for a particular trait, they may demonstrate
overlapping genetic predisposition between two traits (12). There
have been previous studies that examined ADHD-PRS and its
association with different psychiatric phenotypes. For example,
a study examined the genetic risk for psychosis spectrum
symptoms and different psychiatric phenotypes underscoring
a significant association between ADHD-PRS and psychotic
symptoms (13); also, a common genetic variation associated
with risk for clinically diagnosed ADHD has been found to be
associated with anxiety and depressive disorders amongst others
(14). A recent study found that ADHD PRS was higher in BD
patients diagnosed with cADHD compared to controls but was
only marginally higher than in BD patients without cADHD (15).
Moreover, a large Danish population study comparing genetic
loci between childhood, persistent and late diagnosed patients
with ADHD suggested a higher ADHD PRS was associated
with persistent ADHD symptoms compared to cADHD or late
ADHD (16).

Our aim in this study was to evaluate demographic,
clinical, treatment, and genetic differences between BD with
and without ADHD comorbidity. We extend this comparison
to also consider the onset of attention deficits. Given the
nosological controversies, we aimed to enhance the literature
by replicating the previous findings of increased illness burden
and associated sociodemographic features as well as treatment
outcomes. Furthermore, we compared associations of genetic
risk for ADHD and BD with the presence and time of onset of
attention deficits.

MATERIALS AND METHODS

Sample Description

The Mayo Clinic BD Biobank (MCBB) was established by a
collaborative network with the aim of building a repository that
will facilitate studies on disease risk, pharmacogenomics and
treatment outcomes (17). Enrollment sites included: Mayo Clinic
(Rochester, Minnesota), Lindner Center of HOPE/University of
Cincinnati College of Medicine (Cincinnati, Ohio), University
of Minnesota (Minneapolis, Minnesota), Clinica Alemana
(Santiago, Chile) and Universidad Autonoma de Nuevo Leon
(Monterrey, Mexico). Each site had its own protocol approved by
the local Institutional Review Board, and all patients consented
to use of their data for future genetic studies. Diagnostic
confirmation of BD was determined using the Structured Clinical
Interview (SCID) for DSM-1IV (18). Mood disorder psychiatrists
recorded clinical characteristics and current medications by
review of all available clinical materials (i.e., electronic health
record, patient interviews). Using the Clinical Questionnaire,
clinicians recorded the presence or absence of current and/or
lifetime diagnoses of ADHD during childhood (cADHD). We
also explored the phenotype of attention deficits in adulthood
(aAD) in patients with no cADHD diagnoses. For the genetic
analysis, controls without BD were selected from the Mayo Clinic
Biobank (19). Potential controls with International Classification
of Disease-9 codes for BD or schizophrenia in their electronic
medical record were excluded. Patients with other psychiatric
illnesses (e.g., major depression) were not excluded.

Clinical Measures

Patients were assessed for an anxiety disorder comorbidity
domain (range 0-6) based on the sum of all lifetime
anxiety disorders namely: post-traumatic stress disorder (PTSD),
generalized anxiety disorder (GAD), social anxiety disorder
(SAD), obsessive-compulsive disorder (OCD), phobia, and panic
disorder. Similarly, we calculated a mood instability domain
(range 0-5) which was determined by the sum of a lifetime
presence of mixed episodes, rapid cycling, ultra rapid/ultradian
cycling, cycle acceleration over time, and increased episode
severity over time, being coded as no = 0 and yes = 1. Data
related to family history, comorbidities and pharmacological
treatments were collected at time of inclusion into the MCBB by
clinical interview supplemented by information extracted from
the electronic health records. Treatment response to lithium,
antipsychotics and antiepileptic mood stabilizers (lamotrigine
and divalproex) were assessed with the Alda scale (20). This
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scale was developed for retrospective evaluation of prophylactic
treatment response in naturalistic conditions; it utilizes two
subscales A and B. The A score is a composite measure of clinical
improvement in severity, duration and frequency of illness and is
rated from 0 (no change)-10 (complete response) thus a higher
A score represents a greater improvement. The B score evaluates
five potential confounders to determine the role of the medicine
in improvement of BD: number of episodes before the treatment
(B1), frequency of episode before the treatment (B2), duration
of the treatment (B3), compliance during periods of stability
(B4), and use of additional medications during the periods of
stability (B5).

Genotyping and Imputation for Overall

Sample

A subset of the clinical sample had genotype data available.
Genotyping and genetic data quality control of this sample
were previously described (21, 22). Briefly, the Illumina
HumanOmniExpress platform was used to genotype 1,046 BD
cases and 828 controls. For quality control purposes, we excluded
subjects with <98% call rate and related subjects (randomly
choosing one individual in pairs with kinship coefficient > 0.2).
SNPs with call rate <98%, MAF < 0.01, and those not in Hardy-
Weinberg Equilibrium (HWE; P<1e-06 in healthy controls) were
removed. After these steps 643 011 SNPs and 920 BD cases with
ADHD assessment and 777 non-BD control subjects remained.
Genotypes were imputed using the Michigan Imputation Server
(23) with the HRC reference sample. Dosage data was converted
to best guess genotype for the well-imputed (dosage R?> >0.8)
and common (MAF >0.01) SNPs, resulting in more than 5
million SNPs.

Polygenic Risk Scores

PRSs were calculated based on genome-wide association study
(GWAS) summary statistics from the largest PGC studies of BD
(24) and ADHD (25) and restricted to only well-imputed variants
(INFO>0.9). Summary statistics removing the MCBB sample
from Mullins et al. (24) were used to avoid sample overlap.
LDpred2 (26) was used to compute the ADHD and the BD-PRSs
using the “auto” setting which directly learns the two LDpred2
parameters from the GWAS data and creates one PRS for a given
trait. PRSs were standardized to have standard deviation equal to
one and centered with respect to controls such that controls have
a mean of zero.

Statistical Analysis

We used linear and logistic regression to compare demographic
and clinical variables between BD+cADHD and non-ADHD
(BD patients with no cADHD or aAD) groups. We also
performed an exploratory analysis comparing these groups of
patients to the BD+aAD group. All analyses were adjusted for
age, sex and recruitment site. The PRS analyses also included
comparisons with non-BD controls. For the PRS analyses logistic
regression was used to predict each binary outcome (e.g.,
cADHD vs. non-BD controls) while adjusting for the first
four principal components of ancestry (PCs) to control for
population stratification. All statistical analyses were performed

in R (version 3.5.1). To account for the multiple statistical tests in
Table 1, we mainly highlight comparisons with p < 0.001, which
approximately controls for the 30 variables compared between
cADHD cases to non-ADHD BD cases.

RESULTS

Table 1 summarizes demographic and clinical information of
subjects with BD+cADHD (n 350), non-ADHD (n
1594), BD+aAD (n = 254) and comparisons between groups.
Compared to non-ADHD, BD4+-cADHD patients were younger
(34.9 £ 13.1 vs. 43.0 & 15.3; p < 0.001), more likely to be men
(49.7 vs. 35.8%; p < 0.001) and less likely to have full time
employment (21.5 vs. 27.2%; p = 0.002). Similarly, comparing to
those with aAD, BD+cADHD cases also were younger (34.9 +
13.1 vs. 42.5 & 13.3; p < 0.001), and more likely to be men (49.7
vs. 35.2%; p < 0.001). In comparing those with aAD vs. those
with non-ADHD, there was no significant difference in gender
(35.2 vs. 35.8%; p = 0.94) or in age (42.5 + 13.3 vs. 43.0 & 15.3; p
=0.71).

Family History

BD+cADHD had greater prevalence of family history of mental
illness: BD (52.9 vs. 44.8%, p < 0.001), depression (87.5 vs. 77.4%,
p<0.001) and alcoholism (54.5 vs. 47.2%, p = 0.001) compared
to non-ADHD. BD+aAD showed higher rates of BD (56.3 vs.
44.8%, p = 0.005) and depression (86.9 vs. 77.4%, p < 0.001)
family history when compared to non-ADHD. There were no
significant differences between BD+cADHD and BD+aAD in
terms of family history.

BD-Specific Clinical Presentation
BD+cADHD, BD+aAD and non-ADHD groups were not
significantly different in regard to clinical presentation. They had
similar rates of BD type I (71.062.6 and 67.8%, respectively),
history of psychosis (41.4, 39.3, and 39.3%, respectively), suicide
attempts (35.1, 37.9, and 33.3%, respectively), and rapid cycling
(71, 70, and 60%, respectively).

Anxiety Comorbidity

The BD+cADHD group exhibited a greater mean number of
anxiety disorder comorbidities compared to non-ADHD (1.7 +
1.3 vs. 1.3 &+ 1.2, p <0.001) which included: greater lifetime
prevalence of generalized anxiety disorder (58.3 vs. 44.5%; p <
0.001), social anxiety (30.9 vs. 18.4%; p < 0.001), panic disorder
(35.7 vs. 27.0%; p = 0.002) and OCD (16.2 vs. 10.0%; p = 0.005).
Similarly, the BD+aAD group had a greater overall number of
anxiety disorder comorbidities compared to non-ADHD (1.8
+ 14 vs. 1.3 £ 1.2, p < 0.001) including generalized anxiety
disorder (61.3 vs. 44.5%; p < 0.001), social anxiety (27.5 vs. 18.4%;
p < 0.001), and OCD (25.0 vs. 10.0%; p < 0.001). The BD+-aAD
group did not differ from the BD+cADHD group with respect to
anxiety comorbidity.

Substance Use Comorbidity
BD+cADHD also had higher rates of overall substance use
disorder comorbidities than non-ADHD (1.2 &+ 1.0 vs. 0.87 +
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TABLE 1 | Comparison of demographic and clinical variables between BD patient subgroups: BD+cADHD, BD+aAD, and no-ADHD.

Child onset No ADHD cADHD Adult onset cADHD aAD
(cADHD) N =1,594 vs No ADHD (aAD) vs aAD vs No ADHD
N=350 p-value N = 254 p-value p-value

Sex, Male, N (%) 174 (49.7%) 570 (35.8%) <0.001* 89 (35.2%) <0.001* 0.939
Age, Mean (SD) 34.9 (13.1) 43.0 (15.3) <0.001* 425 (13.3) <0.001* 0.707
Married (Y/N) N (%) 128 (37.9%) 720 (47.2%) 0.649 103 (41.7%) 0.209 0.185
Education > 12 years, N (%) 320 (94.7%) 1,458 (95.7%) 0.355 239 (96.8%) 0.616 0.533
Fulltime work, N (%) 72 (21.5%) 407 (27.2%) 0.002 56 (23.0%) 0.223 0.192
Diagnosis: BD-I vs. BD-II, N (%) 250 (71.4%) 1,080 (67.8%) 0.175 159 (62.6%) 0.077 0.130
Family history of bipolar disorder, N (%) 145 (52.9%) 541 (44.8%) <0.001 107 (56.3%) 0.658 0.005
Family history of depression, N (%) 252 (87.5%) 1,043 (77.4.%) <0.001 186 (86.9%) 0.307 0.001
Family history of alcoholism, N (%) 162 (54.5%) 639 (47.2%) <0.001 119 (54.3%) 0.365 0.063
History of psychosis, N (%) 143 (41.4%) 621 (39.3%) 0.480 99 (39.3%) 0.736 0.910
History of suicidal attempts, N (%) 121 (35.1%) 528 (33.3%) 0.496 96 (37.9%) 0.536 0.171
History of rapid cycling, N (%) 163 (70.6%) 619 (59.7%) 0.037 114 (69.5%) 0.550 0.085
Nicotine dependence, N (%) 163 (47.4%) 595 (37.6%) <0.001 106 (42.4%) 0.375 0.171
Alcohol dependence, N (%) 165 (48.1%) 541 (34.2%) <0.001 104 (40.9%) 0.305 0.063
SUD (Cocaine- Methamphetamine),
N (%) 58 (17.0%) 32 (2.0%) 0.051 39 (15.5%) 0.564 0.218
Substance use disorder comorbidity sum,
Mean (SD) 1.20 (1.05) 0.87 (0.98) <0.001 1.05 (1.02) 0.211 0.020
Anorexia, N (%) 23 (6.7%) 76 (4.8%) 0.044 13 (56.2%) 0.218 0.698
Bulimia, N (%) 25 (7.3%) 85 (5.2%) 0.055 7 (6.7%) 0.454 0.334
Binge eating disorder, N (%) 44 (12.8%) 188 (11.8%) 0.465 37 (14.7%) 0.823 0.101
Generalized anxiety disorder, N (%) 201 (58.3%) 724 (44.5%) <0.001 152 (61.3%) 0.812 <0.001
Social anxiety disorder, N (%) 105 (30.9%) 300 (18.4%) <0.001 69 (27.5%) 0.475 <0.001
Panic disorder, N (%) 123 (35.7%) 440 (27.0%) 0.002 91 (36.3%) 0.476 0.007
Obsessive compulsive disorder, N (%) 56 (16.2%) 163 (10.0%) 0.005 63 (25.0%) 0.027 <0.001
Anxiety disorder comorbidity sum,
Mean (SD) 1.7 (1.35) 1.3(1.23) <0.001 1.8(1.4) 0.977 <0.001
Mood instability sum,
Mean (SD) 1.8 (1.33) 1.5(1.31) 0.017 1.88(1.4) 0.321 0.005
Alda A Scores, mean (SD)
Antipsychotics 4.1(2.5) 5(2.8) 0.020 3.6 (2.8 0.914 0.044
Divalproex 4.9 (2.6) 2(2.8) 0.466 46(2.2) 0.663 0.296
Lamotrigine 4.5 (2.5) 6 (2.5) 0.007 4.4 (2.6) 0.922 0.005
Lithium 4.7 (2.9) 5.6 (2.8 0.005 4.4 (3.0 0.761 <0.001
Adherence-Alda score B4 12 (12.1%) 77 (18.0%) 0.077 9 (13.4%) 0.910 0.048

Comparisons are adjusted for age, sex, and recruitment site.

ADHD, attention deficit and hyperactivity disorder; SD, standard deviation,; BD, bipolar disorder; BD-I, bipolar disorder type I; BD-II, bipolar disorder type Il; SUD, stimulant use disorder;

SCZ-BD, schizoaffective disorder bipolar type; Y/N, yes-no binary outcome.
“Non-adjusted by for age, sex and recruitment site.

0.98, p<0.001) namely: alcohol dependence (48.1 vs. 34.2%, p <
0.001) and nicotine dependence (47.4 vs. 37.6%; p < 0.001). The
BD+aAD cases also had slightly higher rates of overall substance
use disorders than non-ADHD cases (1.05 4= 1.02 vs. 0.87 4= 0.98,
p = 0.02) but did not differ from the BD+cADHD group.

Pharmacological Treatment and Treatment

Response
BD+cADHD and BD+aAD showed greater prevalence of
stimulant use compared to non-ADHD (70.2 and 75.2%,

respectively vs. 53.5%; p < 0.001), while BD+aAD had higher
antidepressant use compared to non-ADHD (85.4 vs. 78.8%;
p < 0.001) and BD+cADHD (85.4 vs 80.6%; p < 0.001).
Treatment response assessed by the Alda scale showed that non-
ADHD cases had significantly higher mean Alda A scores (better
response) for lamotrigine (5.6 + 2.5 vs. 4.5 &+ 2.5, p = 0.007)
and lithium (5.6 £ 2.8 vs. 47 £ 2.9, p = 0.005) compared
to BD+cADHD. Similarly, non-ADHD cases had significantly
higher mean Alda A scores for lamotrigine (5.6 &+ 2.5 vs. 4.4
+ 2.6, p = 0.005) and lithium (5.6 £ 2.8 vs. 44 &+ 3.0, p <
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TABLE 2A | Associations of ADHD PRS with BD subtypes defined by cADHD and aAD.

BD group N OR (95% CI) R? p-value Reference

All 1,443 1.26 (1.15, 1.38) 1.5% 9.32E-07 No BD Control (N = 777)
No ADHD 963 1.23 (1.10, 1.36) 1.2% 7.28E-05

cADHD 234 1.61(1.28,1.77) 4.0% 4.05E-07

aAD 178 1.32 (1.11,1.57) 1.7% 0.002

cADHD 234 1.20(1.04, 1.38) 0.7% 0.012 BD no ADHD (N = 963)
aAD 178 1.07 (0.91, 1.26) 0.0% 0.38

CADHD 234 1.12 (0.91, 1.36) 0.2% 0.26 BD-+aAD (N = 178)

ADHD, attention-deficit/hyperactivity disorder diagnosed during childhood (CADHD) or attention deficits diagnosed in adulthood (aAD); BD, bipolar disorder; OR, odds ratio; Cl, confidence

interval; PRS, polygenic risk score. R2-Nagelkerke’s pseudo-R?.

TABLE 2B | Associations of BD PRS with BD subtypes defined by cADHD and aAD.

BD group N OR (95% CI) R? p-value Reference

All 1,443 1.65 (1.49, 1.83) 6.4% 8.7E-23 No BD Control (N = 777)
No ADHD 963 1.70 (1.52, 1.90) 7.5% 1.3E-21

cADHD 234 1.51(1.27,1.79) 3.6% 1.5E-06

aAD 178 1.60 (1.32, 1.94) 4.0% 1.7E-06

cADHD 234 0.90 (0.78, 1.04) 0.1% 0.188 BD no ADHD (N = 963)
aAD 178 0.91 (0.77, 1.07) 0.1% 0.273

cADHD 234 0.98 (0.79, 1.21) 0.0% 0.884 BD+aAD (N = 178)

ADHD, attention-deficit/hyperactivity disorder diagnosed during childhood (cADHD) or attention deficits diagnosed in adulthood (@AD); BD, bipolar disorder; OR, odds ratio; Cl, confidence

interval: PRS, polygenic risk score. R2-Nagelkerke’s pseudo-R2.

0.001) compared to BD4-aAD. There were no differences in mean
Alda A scores between the groups of BD patients with cADHD
and aAD.

Polygenic Risk Scores

Tables 2A,B summarize the associations of the ADHD and BD
PRSs with groups and the proportion of variance explained by
the PRSs (measured using Nagelkerke’s pseudo-R?). All BD cases
had higher ADHD PRS and BD PRS than controls regardless of
ADHD subgroup (OR > 1.26 for ADHD and OR > 1.65 for BD; p
< 0.001 for all comparisons). Further, BD+cADHD had a higher
ADHD PRS than non-ADHD cases (OR = 1.20; p = 0.012) while
there was no significant difference between those with aAD and
without ADHD (OR = 1.07; p = 0.38). No other within-case
comparisons were significant.

DISCUSSION

This study extends on previous studies by examining clinical
features and two distinct PRSs (ADHD and BD) in a cohort
of patients with BD and with or without ADHD by time of
symptom onset, as well as a group of controls without BD.
Our results are consistent with previous literature showing that
attention deficits are more prevalent in men (27) and associated
with lower rates of employment (28). In line with previous
studies that reported a higher prevalence of ADHD in offspring
of BD patients (29), BD+ ADHD patients showed significantly
higher rates of family history of affective disorders and higher

prevalence of substance use disorders. Specifically, we observed
increased rates of alcohol use disorder and stimulants use, which
is in accordance with earlier studies that reported a higher rate
(reporting up to 44%) in ADHD patients of developing substance
use disorders during their lifetime (30, 31). This underscores
a potential worrisome consideration for clinicians as the use
of stimulants may accelerate onset of BD (32) or contribute to
the development of a future substance use disorder. However, a
previous study showed that the use of stimulants during cADHD
(ie. methylphenidate) was not associated with an increased risk
to develop a later substance use disorder (33).

Our results suggest a higher prevalence of anxiety and
depression disorders in patients with attentional deficits which
is consistent with previous observations (29, 34); conversely, our
findings differ from an earlier study that reported higher anxiety
symptoms but not anxiety disorders (35). Despite focusing on
the symptomatic overlap between disorders, anxiety disorders
per se and ADHD symptoms have been linked to an overall
worse psychosocial global functioning in pediatric BD patients
(36) emphasizing the need for an accurate and early diagnosis to
develop successful interventions.

Overall, our data showed that in terms of treatment response
to mood stabilizers, the BD+cADHD group had a significantly
poorer response to lithium and lamotrigine. These findings
are in accordance with previous data where BD patients
with attentional deficits generally exhibit worse outcomes (35).
Interestingly there were no significant differences in treatment
response by time of onset of attentional deficits.
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Our findings also extend the literature showing a higher
ADHD PRS in BD patients compared to controls (15). Grigoroiu-
Serbanescu et al. (15) reported that ADHD PRSs tend to be
higher in BD patients compared to healthy controls and showed
marginally significant difference between BD patients with and
without ADHD comorbidity. In our study we additionally
observed that ADHD PRSs were higher in BD +cADHD
compared non-ADHD BD cases, but not significantly higher
when we compared to BD+aAD suggesting adult symptoms
of inattention, without corresponding syndromal disorder in
childhood, may simply be symptoms of bipolar disorder.
Although the Grigoroiu-Serbanescu study had comparable
sample sizes to ours (BD +cADHD = 365 and no-cADHD
= 577) they tested PRS associations under multiple p-
value thresholds requiring higher multiple testing corrections.
Furthermore, our PRS results align with a recent study of
ADHD patients from the iPSYCH cohort, which underscored a
high genetic heterogeneity in ADHD subgroups with a higher
polygenic risk load for childhood ADHD compared to late-onset
ADHD (16).

To our knowledge, our study is the first to examine the BD PRS
association with ADHD comorbidity in BD. However, we found
no evidence that the genetic risk for BD was different between
the different ADHD patients’ subgroups. Additionally, while
those with BD+ aAD have symptoms of inattention and receive
stimulants at a much higher rate and longer duration of time
than non-ADHD BD patients, we found no differences between
the two groups in terms of ADHD genetic risk. Interestingly a
significant difference was found for the BD+cADHD from non-
ADHD, which could potentially suggest a genetic and phenotypic
distinctiveness of the BD4-aAD group between time of onset.
These concepts of an intermediate phenotype were initially
described by investigations of Post and colleagues regarding the
nosological separation of ADHD and BD (37) emphasizing the
intricacies underlying inattention deficits in adult BD patients.
Furthermore, attentional deficits in adults with BD could be
far more diagnostically related to core bipolar/soft hypo/manic
and/or depressive symptoms.

Our findings should be considered in the context of several
limitations. First, our data is extracted from a biobank with
retrospective data collection and a relatively small sample
size, particularly for attentional deficits with adult onset.
Thus, our findings warrant replication in larger, prospectively
assessed cohorts. Secondly, we did not have data regarding
different ADHD subtypes, such as the inattentive, hyperactive or
combined subtypes (38). Another limitation is that a structured
clinical interview was used only to confirm BD diagnosis,
while presence or absence of cADHD and aAD was based on
patient interviews and the present information in the electronic
health record. The use of a structured clinical interview or an
operationalized rating scale (such as the Adult ADHD Self-
Report Scale or the Wender-Reimherr Adult ADHD Rating
Scale) to assess ADHD would have been preferred. Additionally,
controls were not assessed for cADHD or aAD. However,

potential controls with cADHD would only reduce the power of
the PRS comparisons with controls rather than inducing false
positive associations. Finally, our PRS analysis was restricted
to patients with European ancestries, which may limit the
generalizability of our findings to other populations.

Despite the aforementioned limitations, this work has broad
relevance in terms of the nature of the relationship between
ADHD and BD. It strengthens the hypothesis of a unique genetic
pathophysiology in patients with BD+ADHD, particularly
those with BD+cADHD, and differential response to certain
mood stabilizers compared to non-ADHD patients. Improving
our understanding of the clinical and genetic structure of
this complex comorbid phenotype should improve diagnostic
accuracy and design of future genetic and other biomarker
studies leading to tailored interventions.
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QT interval prolongation and ventricular tachyarrhythmia are potential adverse effects
of antidepressant (AD) and antipsychotic- (AP) agents, especially when overdosed.
Since AD and AP agents are often prescribed to patients suffering from suicidal
intentions, it is essential to estimate these risks in the context of intoxications. This
retrospective and naturalistic one-year registry study included 105 patients treated for
oral intoxication at the University Department of Emergency Medicine in Vienna, Austria.
AD/AP intoxications were present in 26 patients, while in the control group (n = 79)
non-AD/AP drugs (n = 54) and exclusively alcohol (n = 25) were the toxic agents. QT
intervals, the necessity of intubation, the extent of conscious state, and the subsequent
discharge management were compared. The mean age was 34.94 4+ 14.6 years,
62 patients (59%) were female. There were no significant between-group differences
regarding QT prolongation >470 ms using Bazett’s correction (p = 0.178), or >440 ms
using Fridericia’s correction (p = 0.760). No significant group differences concerning
the need for intubation were observed (o = 0.747). The AD/AP and the control group
did not significantly differ regarding Glasgow Coma Scale scores (p = 0.439). Patients
with AD/AP intoxication were significantly more often transferred to the psychiatric
department, while discharge to home was more likely in the control group (p = 0.002).
These results suggest that the risk of a potentially life-threatening outcome in cases of
intoxication with AD/AP is not substantially higher than in other easily available toxic
agents, in line with the advantageous risk/benefit ratio of newer ADs and APs.

Keywords: toxicity, electrocardiography, antidepressants, antipsychotics, alcohol, emergency psychiatry

INTRODUCTION

Antidepressants (AD) and antipsychotics (AP) administered as monotherapy or in the course of
combinations/augmentations are recommended as first-line treatments for psychiatric disorders
with a high risk of suicidality according to the current international treatment guidelines (1-4).
In this context, it is necessary to mention that adequate psychopharmacotherapy was repeatedly
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shown to decrease the risk of suicidal behavior (5-13).
On the other hand, the risk of suicidality as an adverse
effect of psychopharmacotherapy was discussed thoroughly,
especially regarding ADs (14) but could not be ultimately
confirmed (15-17). Intoxication as a method of committing
suicide is often realized with accessible agents such as
prescribed medications or alcohol (18). Notably, self-poisoning
with psychopharmacotherapy accounted for 25% of completed
suicides in men and 45% in women (19).

Although the general toxicity of ADs is expected to be
relatively low (20), there is evidence for cases of fatal toxicity
with risk varying substantially between the particular AD
substance classes (21, 22). In this context, it is essential
to systematically estimate the related risk potentials of such
frequently prescribed substances. In terms of ADs and APs,
cardiovascular effects seem to be most relevant (23, 24), with QT
interval prolongation present in approximately 8% of patients
undergoing psychopharmacotherapy (25). Increasing the risk
for torsades des pointes, QT interval prolongation represents a
significant risk factor for sudden cardiac death (26). Although
optimal adjustments for heart rate and exact thresholds to
correlate with arrhythmic risk have not been established yet
(27, 28), internationally accepted formulas to measure the QT
interval exist (29), whereby the Bazett (30) and Fridericia (31)
QT correction formulas represent the currently recommended
measures (Figure 1).

The present study aims to compare intoxications with ADs,
APs, or both with those of other medications and alcohol to
illustrate the toxicity potential of these substances in a general
population treated for intoxication.

MATERIALS AND METHODS
Study Design

The naturalistic retrospective register study was approved by
the Ethics Committee (EC) of the Medical University of
Vienna (MUV) (EC number: 1626/2013) and conducted between
09/2013 and 09/2014. Based on the documented medical history
during inpatient care at the Department of Emergency Medicine
of the MUYV, patients suffering from intoxications with ADs, APs,
or other substances were consecutively registered.

Patients

Both male and female patients above 17 years diagnosed with
and treated for oral intoxication were included. Furthermore,
available electrocardiography (ECG) reports at admission were
mandatory for enrollment in the present study. Exclusion criteria
comprised parenteral intoxications (intravenous-, gas poisoning),
acute intoxications with opioids, non-medical substances such as
fungal toxins, or chronic intoxications, e.g., long-term overdosing
with coumarin-type drugs.

Data Collection
QT intervals were extracted from the available ECG reports and
subsequently corrected for individual heart rate using the Bazett

(QTc-B) and Fridericia (QTc-F) formulas (Figure 1). A QTc-
B above 470 ms and a QTc-F above 440 ms were considered
pathologic. All ECG reports were derived from 12-lead ECGs
with a 25 mm/sec feed rate.

The necessity of intubation was evaluated to estimate the
severity of intoxication in a clinically pragmatic way. We
differentiated between endotracheal and pharyngeal intubation
employing Guedel and Wendl tubes, respectively (32, 33).
Moreover, scores of the Glasgow Coma Scale (GCS) were
obtained for each patient at the time of admission at the
Department of Emergency Medicine. Discharge management
was represented either by transfer to the Department of
Psychiatry and Psychotherapy or the Department of Internal
Medicine (general ward or intensive care unit) or by discharges
to home corresponding with or against medical advice.

Statistical Analyses
In total, 105 patients could be included in the study and were
grouped accordingly: intoxication with (1) ADs/APs, and (2)
non-AD/AP substances, which were further subdivided into
intoxications with non-AD/AP drugs and exclusively alcohol.
The socio-demographic (age, sex), clinical [QTc interval,
intubation, and Glasgow Coma Scale (GCS)], and discharge
management displayed using descriptive statistics
(means =+ standard deviation, percentages). Between-group
differences in categorical variables (sex, QTc-B >470 ms, QTc-F
>440/470 ms, intubation, discharge management) were assessed
using chi-squared tests and Fisher’s/Fisher-Freeman-Halton
exact tests in the case of small subsamples. Metric data were
tested for Gaussian distribution via the Kolmogorov Smirnov
test. To test for between-group differences in continuous
variables (heart rate, QTc-B, QTc-FE and GCS), t-tests (for
comparison of two groups), and analyses of variance (ANOVA)
(for comparison of more than two groups) were used. Mann-
Whitney-U tests (i.e., Wilcoxon signed-rank tests for comparison
of two groups and Kruskal-Wallis tests for comparison of more
than two groups) were performed in case of continuous non-
normally distributed or ordinally scaled data. All data analyses
were conducted two-sided, and p-values <0.05 were identified
as statistically significant. IBM SPSS Statistics software (version
22.0, IBM Corp., Armonk, NY, United States) was employed for
all statistical analyses. To better understand the comparison of
QTc values between the AD/AP and control group, we conducted
a post-hoc power analysis for a t-test of means of two samples
with different sizes, based on the sample sizes and standard
deviations found in our cohort. This analysis was performed in
R (version 4.1.1"), using the R packages “pwr” and “ggplot2” for
calculation and visualization, respectively.

were

RESULTS

Descriptive Data
Out of the 105 patients, 62 (59%) were female. There were no
duplicates in the assessed sample. The age ranged from 17 to
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TABLE 1 | Individual cases of the AD/AP group.

AD/AP category AD/AP substance Co-intoxication QTc-B QTc-F HR
SSRI Paroxetine, Trazodone Oxacepam (BZD), Alprazolam (BZD) 380ms 371 ms 70/min
SSRI Citalopram Lamotrigine (AC), alcohol 428 ms 402 ms 88/min
SSRI Trazodone 421 ms 413 ms 84/min
SSRI Trazodone Hydroxyzine (H1RB), 437 ms 430ms 72/min
SSRI Trazodone 476 ms 458 ms 75/min
SSRI Citalopram Lorazepam (BZD) 457 ms 430 ms 85/min
SSRI Trazodone 490 ms 450 ms 101/min
SSRI, NaSSA Citalopram, Mirtazapine 483 ms 441 ms 106/min
SSRI, AP Trazodone, Prothipendyl Doxepin (AB), alcohol 468 ms 433 ms 95/min
NDRI Bupropion 505 ms 464 ms 101/min
SNRI, AP Venlafaxine, Tiapride 424 ms 416 ms 66/min
NaSSA Mirtazapine Naproxen (NSAID), Metformin (ADM), Flunarizine (CaA) 440 ms 413 ms 89/min
AP, NaSSA Quetiapine, Mirtazapine Dexibuprofen (NSAID), Mefenamic Acid (NSAID), Propyphenazone (NSAID) 496 ms 455ms 101/min
AP Prothipendyl, Risperidone Mefenaminic Acid (NSAID) 447 ms 435ms 68/min
AP Olanzapine 475ms 421 ms 126/min
AP Quetiapine, Risperidone 446 ms 408 ms 105/min
AP Quetiapine, Chlorprothixene Lorazepam (BZD) 466 ms 421 ms 113/min
AP Chlorprothixene 457 ms 427 ms 92/min
AP Prothipendyle Ramipril (ACE-I), Paracetamol (AN), Pantoprazole (PPI), Bezafibrate (FD), alcohol 469 ms 440 ms 89/min
AP Quetiapine, Olanzapine, Prothipendyl Oxazepam (BZD) 467 ms 444 ms 83/min
AP Quetiapine, Prothipendy! 494 ms 449 ms 108/min
AP Chlorprothixene Nitrazepam (BZD), alcohol 462 ms 431 ms 81/min
AP Chlorprothixene Clonazepam (BZD) 441 ms 406 ms 98/min
AP Levomepromazine Zolpidem (NBZD), alcohol 428 ms 387 ms 112/min
AP Quetiapine, Prothipendyl Zolpidem (NBZD), alcohol 435ms 408 ms 88/min
AP Quetiapine 469 ms 440 ms 89/min

AD, antidepressant; AP, antipsychotic; QTc-B, QT interval — Bazett’s correction;, QTc-F, QT interval — Fridericia’s correction; HR, heart rate; SSRI, selective serotonin
reuptake inhibitor; NaSSA, noradrenergic and specific serotonergic antidepressant; NDRI, noradrenaline dopamine reuptake inhibitor; SNRI, (selective) serotonin
norepinephrine reuptake inhibitor; BZD, benzodiazepine; AC, anticonvulsants, H1RB, H1 receptor blocker; AB, antibiotic; NSAID, nonsteroidal anti-inflammatory drug;
ADM, antidiabetic medication; CaA, calcium antagonist; ACE-I, ACE inhibitor; AN, anesthetic; PPI, proton pump inhibitor; FD, fibrate drug; NBZD, non-benzodiazepine).
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FIGURE 2 | Categories and shares of all substances utilized for overdosing. (AD/AP = antidepressants/antipsychotics).
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87 years, with a mean age of 34.9 £ 14.6 years at intoxication.
26 patients (24.8 %) were intoxicated with ADs/APs, comprising
sole intoxications with ADs/APs and those mixed with other
substances. 13 and 16 intoxications included ADs and APs,
respectively. In three cases, both ADs and APs were involved.
Table 1 shows these individual cases. Nine patients ingested
selective serotonin reuptake inhibitors (SSRIs) or trazodone.
In the control group (n = 79), 54 cases consisted of drug
intoxications without AD/AP involvement, and 25 patients
exclusively experienced mono-intoxications with alcohol. Within
the non-AD/AP group, benzodiazepines (n = 30), Z-drugs
(n =7), anticonvulsants (n = 6), non-steroidal anti-inflammatory
drugs (n = 18, predominantly mefenamine), antihistamines
(n = 5), antiarrhythmic drugs (n = 3), and others (n = 13)
including antidiabetics, amphetamines, and muscle relaxants
were involved (Figure 2).

Single substance intoxications were present in seven patients
(26.9%) in the AD/AP group (Table 1: 3x trazodone, 1x
bupropion, 1x olanzapine, 1x chlorprothixene, 1x quetiapine)
and 21 patients (38.9%) in the non-AD/AP subgroup. Co-
ingestion of alcohol was observed in 6 patients (23.1%) of the
AD/AP group and in 17 patients (31.5%) of the control group
with other medication.

Heart Rate

The mean heart rate amounted to 91.7 £ 15.1 bpm in the
AD/AP group and 88.3 + 18.8 bpm in the control group,
with no significant between-group differences [#(102) = —0.851,
p = 0.397]. Comparing AD/AP with the control subgroups,
there were also no significant differences (non-AD/AP group:

86.8 £ 19.3 bpm, t(77) = 1.147, p = 0.255; alcohol group:
91.4 & 17.6 bpm, £(49) = 0.063, p = 0.950).

There was no significant difference in heart rate between
male and female cases (male: 89.0 + 18.4 bpm; female:
89.3 £ 17.7 bpm, #(102) = —0.086, p = 0.932).

QT Interval Corrected for Heart Rate
(QTc)

Mean QTc-B did not significantly differ between the AD/AP
(456.19 = 28.21 ms) and the control group (446.79 = 31.18 ms;
t(102) = —1.362, p = 0.176), nor between the subgroups (non-
AD/AP: 44291 + 28.48 ms; alcohol: 455.04 + 35.46 ms; F(2,
101) =2.312, p = 0.104), and between males and females (females:
450.21 + 24.47 ms; males: 447.63 + 24.41 ms; £(102) = —0.423,
p = 0.674). 21 patients (20%) showed a pathological QTc-B
>470 ms, with no significant differences between the AD/AP
(seven cases, 26.9%) and the control group (14 cases, 17.7%;
X2 (1, 105) = 1.04, p = 0.309). Similarly, there were no
significant differences between the three subgroups, as well as
between mono- and poly-intoxications in QTc-B values >470 ms
(all p > 0.05). High QTc-B prolongations of >500 ms were
detected in 3 patients (1 case in the AD/AP group, 2 cases in
the control group).

Regarding QTc-F, the mean QTc-F in the AD/AP group was
426.65 + 22.08 ms and 420.57 & 24.63 ms in the control
group (non-AD/AP subgroup: 418.42 + 23.10 ms; alcohol
subgroup: 425.88 & 27.39 ms). Analogous to QTc-B, there were
no significant differences between the AD/AP and the control
group (t (103) = —1.120, p = 0.266), respectively the subgroups
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FIGURE 3 | Median values and percentiles (box plots) of the QTc-B and QTc-F data set in the AD/AP group and both control groups.

(F(2, 102) = 1.531, p = 0.221), as well as between males and
females (females: 422.56 + 26.53 ms; males: 421.4 + 20.27 ms;
£(103) = —0.249, p = 0.804). Figure 3 shows median values and
percentiles (box plots) of the QTc-B and QTc-F data set in the
AD/AP group and both control groups. Post-hoc power analysis
suggested that the available sample would have been sufficiently
powered (power = 0.8) to detect an effect of around 20 ms mean
difference (Supplementary Figure 1).

A prolonged QTc-F >440 ms was measured in nine patients
(34.6%) in the AD/AP group and 15 patients (19%) in the control
group, without reaching significance (Exact Test, p = 0.113). Also,
subgroup analysis did not reach significance (X* (2, 105) = 4.394,
p =0.111). However, a more stringent cut-off at QTc-F >470 ms
was only present in two patients (1.9%) in the alcohol subgroup
(Exact Test, p = 0.055).

Intubation

Intubation was necessary in 10 (9.5%) of 105 cases. While an
oropharyngeal airway was applied in four patients, all from
the control group, an endotracheal tube was necessary for six
patients (5.7%). No significant differences in terms of the rate
of endotracheal intubation were detected between the AD/AP
group (1 case) and the control group (5 cases; Exact Test, p = 1),
respectively both subgroups (non-AD/AP subgroup: 3 cases;

alcohol subgroup: 2 cases; X (2, 105) = 0.413, p = 0.813). Patients
who received an endotracheal tube were not more likely to suffer
from poly- versus mono-intoxication (Exact Test, p = 0.437).

No significant association was identified between the necessity
of endotracheal intubation and QTc-B >470 ms (Exact Test,
p = 0.093). However, the mean QTc-B of patients who received
endotracheal intubation was significantly higher than that of non-
intubated patients (488.20 £ 41.11 ms vs. 447.17 & 28.87 ms;
£(102) = —3.040, p = 0.003). Regarding QTc-F, the mean
QTc-value of endotracheal intubated patients was also higher
than that of non-intubated patients, though not significantly
(439.00 £ 36.12 ms vs. 421.05 + 23.01 ms; #(103) = —1.793,
p = 0.076). The two patients in the alcohol group with QTc-F
>470 ms were not intubated.

Glasgow Coma Scale

The mean score of the GCS assessed in the AD/AP group was
12.73 £ 3.69 and 12.14 + 3.80 in the control group. However,
the GCS data were not normally distributed (D(105) = 0.253,
p < 0.001). The median CGS was 15 in the AD/AP group and
14 in the control group. 48.6% (N = 51) of all patients reached a
GCS maximum score of 15. That was achieved in 57.7% (N = 15)
in the AD/AP group and in 45.6% (N = 36) in the control group
(non-AD/AP: N = 28, 51.9%; alcohol: N = 8, 32%).
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Nine patients (8.6%) showed very low vigilance, represented
by a GCS total score of 3. Out of those patients, three cases were
found in the AD/AP group, five in the non-AD/AP subgroup,
and one in the alcohol subgroup. No significant differences
were found between the distributions of GCS scores, neither
in the AD/AP group and the control group (Mann-Whitney
U = 1125.00, p = 0.439) nor between the AD/AP group and
the two subgroups (Kruskal-Wallis H(2) = 2.876, p = 0.237).
Similarly, GCS scores did not significantly differ between mono-
and poly-intoxications (Mann-Whitney U = 1266.500, p = 0.447).

Discharge Management

Of all 105 patients, 55 (52.4%) could be discharged after
immediate care, six (5.7%) left the emergency room unplanned
(two patients against medical advice and four patients without
any notice of departure), five (4.8%) were transferred to a general
care unit and three (2.9%) to an internal medicine intensive
care unit. 36 patients were transferred to the department of
psychiatry and psychotherapy. Non-psychiatric transfers were
not significantly overrepresented in one of the groups (X2
(2, 105) = 2.425, p = 0.297). However, significantly more
patients from the AD/AP group, but no patients from the
alcohol subgroup, were transferred to the psychiatric department
(AD/AP: 15/26 cases, 57.7%; non-AD/AP: 21/54 cases, 38.9%;
alcohol: 0/25 cases; X2 (2, 105) = 19.874, p < 0.001). Similarly,
more patients in the non-AD/AP group (27/54 cases, 50%) and
alcohol group (20/25 cases, 80%) than in the AD/AP group (8/26
cases, 30.8%) were discharged after the initial emergency care (X?
(2,105) = 12.637, p = 0.002).

DISCUSSION

The present study retrospectively examined the toxicity potential
of AD and AP agents compared to other medication and alcohol
in a sample of 105 patients with rather heterogeneous clinical
profiles, who were consecutively treated for oral intoxication at
the emergency unit of the MUV within 1 year.

The majority of our sample was female, in line with
previous studies that reported a predominance of female suicide
attempters (34, 35), especially in the case of intoxication or
poisoning (36, 37). Interestingly, the available evidence reported
a drop in suicide rates in recent years, though this effect may
be partly attributable to misclassifications and underreporting
(38, 39). According to available autopsy data, suicides due
to self-poisoning may be frequently interpreted as unintended
or undetermined due to insufficient proof, resulting in biased
suicide rates (40, 41).

We have no valid information about the severity of the
patients’ suicidal intent within our sample. High GCS
scores and a low intubation rate in most patients may
indicate an irresolute death wish. It is not unlikely that
several patients, e.g., those with alcohol intoxication alone,
suffered from accidental overdoses rather than from suicide
attempts. Only in those patients transferred to the psychiatric
department (n = 36) the suicide attempt and further suicidal
ideation were explicitly documented. The AD/AP target

group was, as expected, significantly overrepresented within
this group.

We did not divide our target group into antidepressant
and antipsychotic subgroups, given the small sample size and
the clinically and pharmacologically overlapping effects. ADs
and APs are often used in combination to treat psychiatric
illnesses linked to suicidal behavior. For instance, several APs
are indicated for augmentation therapy in severe or treatment-
resistant depression (1, 2). Similarly, QTc prolongation has been
a specific concern in developing safer drugs in both drug classes.
Regarding the control group, too many different medications
were used to allow for a meaningful analysis of subgroups or
specific substances.

Considering that acute alcohol intoxication is quite extensively
found in emergency departments, it is noteworthy that associated
ECG changes are not well defined in the medical literature.
A recent systematic review (42) suggests an incidence of about
50% for QTc prolongation. While we found only two patients
with QTc-F values higher than 470 ms in our sample of
105 patients, both suffered from alcohol intoxication. These
cases may be outliers, or the sample size might be too
small since there was no significant group effect. None of
the 25 patients with alcohol intoxication were transferred
to the psychiatric ward, even though alcohol use disorders
constitute an important challenge in psychiatry. It can be
speculated that the rather stressful emergency unit setting
may not be appropriate to initiate treatment of alcohol use
disorders, suggesting the development of tailored interventions
for this group.

A comparison between mono- and poly-intoxications did
not reveal any significant findings regarding QTc intervals,
rates of intubation, or GCS scores in our study. Given
the relatively low number of life-threatening overdoses, a
lack of power could primarily explain this counterintuitive
finding. In addition, the comparison of single and multiple
substance intoxications is a methodological problem due to
the limited availability of chemical analyses, the overlap in
different classification algorithms, and the almost unlimited
number of combinations in real-world conditions. It is
noteworthy in this context that no patient investigated in our
study suffered from intoxication with tricyclic ADs (TCAs).
This might be explained by the fact that the prescriptions
of TCAs generally decreased due to the increasing use of
modern ADs such as SSRIs, which are equally effective, much
better tolerated, and recommended as first-line treatment (2,
43, 44).

As the present results did not reveal any significant group
differences in heart rate, QTc-B, QTc-FE rate of intubation, and
GCS scores, we postulate that ADs and APs generally do not
show higher toxicity potential than non-AD/AP medications and
alcohol. These results are in contrast to reports of overdoses
of APs that, in some circumstances, were associated with a
higher risk for intubation compared to other psychiatric and
nonpsychiatric medications (45, 46). Post-hoc power analysis
suggested that our sample would likely have been sufficiently
powered to observe a mean difference of around 20 ms between
the AD/AP and the control group. Our data, therefore, is too

Frontiers in Psychiatry | www.frontiersin.org

May 2022 | Volume 13 | Article 825546


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Swoboda et al.

Toxicity Potential of Antidepressants and Antipsychotics

small to conclude that there is no clinically significant effect of
ADs/APs on QTc values. Still, the data suggests that it is smaller
than commonly anticipated.

Interestingly, patients receiving intubation showed a
significantly higher QTc-B, a tendency that was also trend-wise
present for mean QTc-F. While mean QTc and the need for
intubation are unlikely directly causally related, this result
suggests that prolonged QTc and potentially higher cardiac
risk are generally associated with the need for more intensive
medical care, i.e., intubation. A tendency toward higher
QTc-F in the alcohol subgroup further confirms previous
findings (47).

Regarding the subsequent treatment, the discharge rate was
the lowest, and the transfer rate to the department of psychiatry
and psychotherapy was the highest within the AD/AP group.
In contrast, the control group, especially the alcohol subgroup,
showed an opposite pattern. Patients who already received
psychopharmacotherapy were more often referred to subsequent
psychiatric care. Correspondingly, international evidence shows
that being diagnosed with a psychiatric disorder is associated
with a higher risk for suicide attempts (1, 35). Furthermore,
such associations, including rates for completed suicide, were
prominent in patients treated with TCAs, representing older
AD substances that were largely replaced by newer AD
substances such as SSRIs and SNRIs (43, 48) due to their
beneficial side effect profile (21, 49), especially in terms of
QTc prolongation (25, 44). Although international treatment
guidelines recommend the employment of SSRIs and SNRIs
as first-line AD treatment (2), heterogeneous prescription and
suicide rates identified in international samples may additionally
reflect the varying quality and access of mental health care (50).
Crucially, improvement of access to psychiatric care and the
adequate use of ADs were repeatedly associated with a decrease
in suicide rates in Austria (51) and in Europe in general (6),
supporting the relevance of individualized suicide prevention
strategies (52).

Several limitations need to be addressed. The retrospective
cross-sectional study design does not justify causal conclusions.
Furthermore, due to the applied naturalistic design that solely
relied on the available case history, valid data about the included
patients were not available, such as detailed socio-demographic
characteristics, psychiatric and somatic diagnoses, the presence
and severity of specific clinical indicators, including suicidality,
and details related to the ongoing treatments. Moreover, plasma
levels of the suspected toxic agents, breath-alcohol analysis,
or blood electrolytes could not be analyzed due to limited
availability. Additionally, sample characteristics such as the
relatively low number of life-threatening overdoses, the sample
size and the fact that we did not observe any significant
differences between mono- and poly-intoxications in terms of
mean QTc intervals, intubation rates, and GCS total scores might
be critically considered. On the other hand, we are confident
that these real-world data provide a valuable and generalizable
perspective on oral intoxications and their management in
clinical routine.

Although morbidity and mortality associated with ADs, APs,
and other psychopharmacotherapeutics remain frequent subjects

of scientific discourse (53), the present study corroborates
the relative safety of AD/AP medication even in patients
at increased risk for suicidality. It, therefore, supports the
adequate use of these drugs in this vulnerable patient group,
even more so since it was repeatedly shown to reduce
suicidality (1, 2, 43). In emergency settings, the potential
stigmatization of patients suffering from psychiatric disorders
should be considered, focusing on potentially underdiagnosed
psychiatric comorbidities.
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Objective: Although gastrointestinal (Gl) symptoms are very common in patients with
bipolar disorder (BD), Few studies have researched the pathomechanism behind these
symptoms. In the present study, we aim at elucidate the pathomechanism of Gl
symptoms in BD through metabolomic analysis.

Method: BD patients were recruited from Shanxi Bethune Hospital that divided into
two groups, each group assessed with the 24-item Hamilton Depression Rating Scale
(HAMD-24) according to the presence or absence of Gl symptoms. Healthy controls
were recruited from the medical examination center of the same hospital. Differential
metabolites were identified and further analyzed using Metabo Analyst 3.0 to identify
associated metabolic pathways.

Results: There were significantly higher HAMD-24 scores in the GI symptoms group
than that of non-Gl symptoms group (p = 0.007). Based on metabolomic analysis results,
we found that the common disturbances metabolic pathway of both two patients groups
was ketone body metabolism, and the unique disturbances metabolic pathways of BD
with Gl symptoms were fatty acid biosynthesis and tyrosine metabolism, and these
changes were independent of dietary habits.

Conclusion: BD patients with GI symptoms exhibited disturbances in fatty acid and
tyrosine metabolism, perhaps suggesting that the Gl symptoms in BD patients are
related to disturbances of the gut microbiome. Both groups of patients jointly exhibit
disturbances of ketone body metabolism, which may serve as a biomarker for the
pathogenesis of BD patients.

Keywords: bipolar disorder, gastrointestinal symptoms, metabonomics, biomarker, gut microbiome
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Metabolomics in Bipolar Disorder

INTRODUCTION

Bipolar disorder (BD) is a chronic psychiatric disorder
characterized by recurrent episodes of depression (bipolar
depression), mania (bipolar mania), and hypomania, which
affecting 1-3% of the population worldwide (1, 2). On the bipolar
spectrum, bipolar depression is the leading cause of morbidity
in patients with bipolar disorder, at least 50% of patients
initially present with a depressive episode (3). Mood disorders
or emotional symptoms, such as depression, are common among
those who seek help for functional somatic symptoms. According
to the studies, ~69% of patients with major depressive disorder
(MDD) experience somatic symptoms (4, 5) and over 45% of
MDD seek medical attention mainly for these (6). According to a
meta-analysis, the estimated prevalence of somatic symptoms in
BD was 47.8%, a rate nearly double that of the healthy controls,
and a rate similar to MDD (7). Studies have likewise suggested
that somatic symptoms of BD may be an independent risk factor
of disease severity, suicidal ideation, and rapid-cycling disease
processes, implying that somatic and psychological symptoms
must be co-managed in severe mental illness (8). Therefore,

somatic symptoms may be key indicators of the severity and
prognosis of BD.

Gastrointestinal (GI) symptoms as the most commonly
reported group of somatic symptoms in affective disorders, which
have a strong relationship with anxiety and depressive disorders
(9). The majority of patients presenting with major depressive
and anxiety also complain of GI symptoms, such as nausea,
bloating, decreased appetite, etc. One study based on the general
population found that 54% of those with depressive symptoms
had complaints of GI discomfort, which was much higher than
29% of controls without affective disorders. In addition, the GI
symptoms group had more severe affective symptoms as well as
a decreased quality of life than the non-GI symptoms group (10).
Another study found that there is a strong association between
symptoms of affectivity and GI symptoms in BD, the findings are
consistent with those reported in MDD (11).

Studying the causal connection between the onset of GI
symptoms and affective symptoms is difficult because the
onset of both symptoms is insidious and the course fluctuates
widely (12). Previous studies have shown that there may be
a common pathophysiological mechanism between depressive
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FIGURE 1 | Typical "H NMR spectrum of plasma in BD patients groups and healthy controls group.
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TABLE 1 | Demographic and clinical characteristics of all participants.

Variable Group Analysis
Gl (N = 25) Non-Gl (N = 34) HC (n = 10) df F/x2 P
Age (year) 27.16 £ 9.02 28.29 + 12.08 28.50 + 3.10 66 0.109 0.897
BMI 2216 £ 2.97 22.65 + 4.35 21.30 + 3.68 66 0.501 0.608
Onset age (year) 21.40 £ 8.15 22.35 + 10.58 - 57 0.141 0.709
Duration of illness (months) 37.32 + 43.30 41.82 + 42.52 - 57 0.159 0.691
The total scores of HAMD-24 31.68 + 5.57 27.083 + 6.84 - 57 7.761 0.007
Gender Male 13 9 3 2 4.261 0.119
Female 12 25 7
Drink sugary drinks or eat desserts <3 times /week 16 18 6 2 6.510 0.164
3-6 times /week 6 6 4
>6 times /week 3 10 0
kind of meat do eat Don't eat meat 3 0 1 2 5.964 0.202
Main lean meat 18 24 8
Each half 4 10 1
Main fat 0 0 0
Cooking oil Total vegetable oil 8 10 3 2 1.808 0.771
Main vegetable oil 12 16 3
Each half 5 8 4
Main animal oil 0 0 0

and GI symptoms, which may refer to the neuroendocrine
system, neural plasticity, inflammatory response cascade and gut
microbiome (13). Metabolomics, a branch of systems biology that
has been widely used in many fields, can help us understand the
mechanisms by which the gut microbiota could drive symptom.
With the development of effective analytical techniques and
methods, the discovery of specific biomarkers through the
analysis of fluids and tissues has made a significant contribution
to the understanding of the basis of disease (14). Four main
matrixes (i.e. feces, urine, plasma and serum) have been used
to analyzing the metabolites involved in the gut-brain axis by
metabolomics, when focusing on plasma samples, the main goal
is to remove the proteins from the sample prior to metabolomics
analysis (15). We can maximize the metabolomics information
of the samples by proton nuclear magnetic resonance (‘H
NMR), gas chromatography-mass spectrometer (GC-MS), liquid
chromatography-mass spectrometry (LC-MS) combined with
multivariate data analysis.

GI pathologies have long been known as a common
comorbidity of BD and other psychological disorders, further
confirming the theory that GI pathology and psychological
disorders are interrelated. A meta-analysis consisting of 177,117
irritable bowel syndrome (IBS) patients and 192,092 healthy
controls showed a significant increase in the prevalence of BD
in patients with IBS compared to healthy participants (16). In
IBS patients, 'H NMR spectroscopy showed the short-chain
fatty acids (SCFAs) propionate, butyrate, and acetate to be
significantly lower in the stool samples of IBS compared to
healthy controls (17).

Thus, abnormal metabolic may be associated with the onset
and development of GI symptoms. However, few studies have

investigated the changes in metabolic in BD patients with GI
symptoms. In the present study, we sought to elucidate the
biochemical basis of GI symptoms by comparing metabonomics
between BD patients with and without GI symptoms. We further
sought to determine if these metabolic pathways were risk factors
for GI symptoms in BD patients.

MATERIALS AND METHODS

Participants

Fifty-nine BD patients were recruited from Shanxi Bethune
Hospital. All subjects and their guardians voluntarily participated
in the study and gave informed consent. Experienced and
licensed psychiatrists participated in the recruiting procedure.
For inclusion in this study, the diagnoses were validated with the
DSM-5 (Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition). The exclusion criteria for this study included any
physical or other mental disorders and drug abuse. All patients
have never been treated with medication or have not been treated
in the last month. A control group of 10 healthy controls were
recruited by advertisement and had no DSM-IV axis I disorders.
The Ethics Committee of Shanxi Bethune Hospital reviewed and
approved this study and all subjects provided informed consent
prior to inclusion.

Eligible patients with BD were divided into two groups based
on various GI symptoms scores from the HAMD-24 (item 12)
and Young Mania Rating Scale (YMRS). The scores of YMRS
for all enrolled patients were <5. The severity of GI symptoms
of HAMD-24 is divided into three levels from 0 to 2. Zero
means no GI symptoms, 1 means the most severe GI symptoms
leading to mild occasional discomfort, and 2 means the most
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TABLE 2 | Peak attribution in "H-NMR spectra of differential metabolites.

No. Metabolites Chemical shift

1 Lipid 0.874 (m)

2 Pantothenate 0.907 (s)

3 Isoleucine 0.949 (t)

4 Leucine 0.961 (t)

5 3-hydroxybutyric acid 1.21(d)

6 Lactate 1.33(d)

7 Acetate 1.927 (s)

8 O-acetyl glycoproteins 2.14 (s)

9 Acetoacetate 2.28 (s), 3.44 (s)

10 Methionine 2.14 (s)

ih Guanidinoacetate 3.80 (s)

12 Uracil 5.81(d, 7.7 Hz), 7.55 (d, 7.7 Hz)
13 Histidine 7.04 (s), 7.84 (s)

14 Dimethylglycine 2.92 (s), 3.70 (s)

15 Creatine 3.04 (s), 3.93 (s)

16 Acetylcholine 3.23 (s)

17 Taurine 3.27 (t, J =6.6Hz), 3.42 (t, J = 6.6 Hz)
18 Scyllo-inositol 3.36 (s)

19 3-D-hydroxybutyrate 1.20 (d)

20 Betaine 3.27 (m)

21 Glyceryl 3.67 (M), 3.78 (M)

22 Citrulline 3.73 (s)

23 N-acetyl-glycoproteins 2.05 (s)

24 Glutamate 2.06 (m), 2.14 (m), 2.36 (M)
25 Glutamine 2.14 (m)

26 Acetone 2.23 (s)

27 Acetoacetate 2.28 (s), 3.44 (s)

28 Citrate 2.53(d, 16.1Hz), 2.70 (d, 16.1Hz)
29 Choline 3.20 (s), 4.06 (m)

severe symptoms leading to frequent discomfort. Among the
eligible patients with BD, 34 patients reported at least one GI
symptom (GI symptoms group), and 25 patients reported no GI
symptoms (non-GI symptoms group). Furthermore, all of the
healthy controls were free of any GI symptoms.

Sample Collection

The blood samples were collected from all subjects in the
morning after 12 h of fasting by the professional staff of Shanxi
Bethune Hospital. After clotting, the blood was mixed upside
down and stored at room temperature for half an hour. Then
centrifuged at 3,000 r/min for 15min, and the supernatant
(plasma) was taken by pipette and uniformly transferred to clean
eppendorf tubes, and stored at —80°C prior to analysis.

NMR Acquisition

The samples stored at —80°C were thawed at 0°C and centrifuge
at 3,000 rpm for 15 min. Four hundred and fifty pL of plasma was
mixed with 900 pL of methanol and centrifuged at 13,000 rpm for
20 min at 4°C to pellet the proteins, then 1,000 L of supernatant
was transferred to a clean vial. Another 900 wL of methanol was

added and the proteins were removed by centrifugation at 4°C
for 20 min at 13,000 rpm. Finally, 1,800 L of the supernatant
was dried in a nitrogen stream, and 600 pL of dry-mixed
samples [phosphate buffer (0.2 M Na,HPO4/NaH,PO4, pH =
7.4)] containing sodium 3-trimethylsilyl D,O-(2, 2, 3, 3-d4) 1-
propionate (TSP, 0.01%) to reduce chemical shift changes and
remove any precipitates by centrifugation (13,000 rpm, 10 min at
4°C) at that time. Five hundred and fifty lL of supernatant was
transferred into a 5-mm NMR tubes for NMR analysis (18).

The 'H NMR spectra of the plasma samples were obtained
using a Bruker 600 MHz AVANCE III NMR spectrometer
(Bruker Biospin, Rheinstetten, Germany) operating at a 'H
frequency of 600.13 MHz and a temperature of 298K. The
broad signals with short lateral relaxation times of proteins
and lipoproteins were attenuated using one-dimensional Carr-
Purcell-Merboom-Gill (CPMG, RD-90-(zcp-180-tcp)-capture)
and spin-spin relaxation delay of 320 ms. The ' H NMR spectrum
of each sample consisted of 64 scans with an acquisition time of
5min and parameters of spectral width of 12019.2 Hz, spectral
width of 65,536 points, and pulse width (PW) = 30 (12.7 ms),
and relaxation delay (RD) = 1.0 s (18).

Data Processing and Statistical Analyses
All of the acquired 'H NMR spectra were manually phased,
and the baseline was set using MestReNova software (Mestrelab
Research, Santiago de Compostella, Spain). The chemical shift of
creatinine (33.04, -CH3) was used as a calibration standard. The
region in the range of chemical shift values 8 4.7 ~ 5.2 ppm was
artificially removed to eliminate the water peak. Al NMR spectra
were superimposed and the § 0.8-9.0 ppm in the spectra were
integrated into the base unit of 3 0.01 ppm (19).

The processed 'H NMR spectrum profile data were
introduced into SIMCA-P 14.1 (Umetrics, Sweden) for
multivariate analysis. Partial leastsquare-discrimination analysis
(PLS-DA) and orthogonal projection to latent structure-
discriminate analysis (OPLS-DA) were employed. The quality
of the PLS-DA model was described by the parameters for
model fitness (R%) and predictive ability (Q3?), where a large R2
(close to 1) and Q? (Q? > 0.5) indicate a good model. Next,
the PLS-DA model was validated by the response values of the
permutation test in which the class membership was randomly
shuffled 200 times. The result indicated a lack of over-fitting
when the new R? and Q? values were lower than the original ones
(20). In the OPLS-DA model, the p-values of cross-validated
analysis of variance (CV-ANOVA) (p < 0.05) was used to
indicate the significance level of population separation. To
further understand the underlying variables that contribute to
differentiation, we performed an S-plot analysis of the OPLS-DA
model, where each coordinate reflects a NMR region used
to define metabolites that contribute significantly to group
separation. The key metabolites needed to differentiate groups
were selected from the results of the variable importance (VIP)
of the items analyzed by the established OPLS-DA model (18).

To determine the pathways involved in the metabolites where
the differences occurred, they were further introduced into
Metabo Analyst 3.0 (http://www.metaboanalyst.ca/) to perform
Pathway analysis using the human Pathway library. Pathways
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FIGURE 2 | PLS-DA of "H NMR spectra of urine samples from BD patients and HC groups. (A) PLS-DA score plots of "H NMR spectra in which Gl group (circle),
Non-Gl group (square) were obviously separated from HC group (triangle). (B) 200-iteration permutation test map of the PLS-DA model.
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FIGURE 3 | S-plot of "H-NMR spectra between HC and Gl group.
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were screened based on the p value of pathway enrichment and
the impact value of pathway topology analysis.

Data analyses were performed using SPSS 20.0 (IBM, Chicago,
IL, United States). A t-test was used to evaluate the significant
differences in the selected signals of the main metabolites that
were responsible for class discrimination. All clinical scale data
were expressed as the mean £ SD. Continuous variables were
checked using one-way analysis of variance (ANOVA) and

classified variables using the Chi-square test. A p value of 0.05
or below was considered significant for demographic analysis.

RESULTS

Demographic Data Comparisons
As shown in Table 1, there were no significant differences in
age (F = 0.109, p = 0.897), gender (x2 = 4.261, p = 0.119), or
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TABLE 3 | The peak area of metabolites in serum "H-NMR spectra of HC group
and Gl group.

Metabolites Peak area after normalization

HC Gl
Lipid 0.314 £ 0.079 0.467 £0.116
Pantothenate 0.245 + 0.053 0.401 + 0.098
3-D-hydroxybutyric acid 0.532 £ 0.192 0.127 £ 0.094
Acetate 0.717 £ 0.105 0.400 £ 0.131
N-acetyl-glycoproteins 0.120 + 0.066 0.378 £ 0.082
Acetoacetate 0.623 £ 0.117 0.317 £0.132
Glyceryl 1.161 £ 0.192 0.563 + 0.305
Ascorbic acid 0.231 +0.389 0.548 + 0.116
B- glucose 10.432 £+ 3.295 6.841 £4.178

body mass index (F = 0.501, p = 0.608) among the three groups.
There were no significant differences in age of disease onset (F
= 0.141, p = 0.709), duration of illness (F = 0.159, p = 0.691)
between two patients group. However, the total HAMD-24 scores
in the GI symptoms group were greater than that of the non-
GI symptoms group (F = 7.761, p = 0.007). Furthermore, there
were no significant differences in dietary habits among the three
groups, include how often drink sugary drinks or eat desserts (%2
= 6.510, p = 0.164), what kind of meat do eat (x2 = 5.964, p
= 0.202), and what kind of oil do use for cooking (x2 = 1.808,
p=0.771).

TH NMR Spectroscopy Data Analysis

Figure 1 shows the typical '"H NMR spectrum profiles of BD
with GI symptoms, BD without GI symptoms and HC groups.
By looking up the human metabolome database (HMDB) (http://
www.hmdb.ca/) and related articles over the years, we identified
29 small molecule compounds in the 'H NMR spectrum profiles
(Table 2).

To screen the potential differential metabolites of the
three groups, the 'H-NMR spectral data obtained were first
subjected to PLS-DA. The score plot of the PLS-DA model
showed that BD patients (whether or not with gastrointestinal
symptoms) and HC could be clearly separated with little overlap
(Figure 2A). In order to further verify the PLS-DA model, 200
iteration permutation tests were conducted (Figure 2B). The
corresponding permuted values (bottom left) were all lower than
the original R? and Q? values (top right), which meant the
PLS-DA model was not over-fitted.

According to serum macro profile analysis of each group,
it could be seen that HC was significantly separated from BD
patients, indicating that endogenous metabolites in the BD
patients group were changed compared with the HC group.
However, There was no significant difference between the
BD patients group with gastrointestinal symptoms and BD
patients group without gastrointestinal symptoms. The above
results could not observe the specific regulation of endogenous
metabolites. Therefore, pairwise analysis in each group were
required to find the differential metabolites.

Plasma Metabolite and Metabolic
Pathways Differences Between the Gl

Group and HC Group

The corresponding OPLS-DA loading plot was further
established between GI group and HC group to improve
the classification of the different groups, as well as for biomarker
screening, according to the S-plot (Figure 3), 10 key metabolites
were especially meaningful for the distinction between two
groups (VIP > 1 and p < 0.05; Table 3). Compared to HC, BD
with GI symptoms were characterized by significantly higher
levels of lipid, pantothenate, N-acetyl-glycoprotein, ascorbic
acid, and significantly lower levels of 3-D-hydroxybutyric acid,
acetate, acetoacetate, glyceryl and B- glucose.

Pathway analysis of differential metabolites was performed
to reveal biological implications. Differential metabolites
were analyzed using the Metabo Analyst 3.0 (http://www.
metaboanalyst.ca/) platform, and the main involved metabolic
pathways were identified. Among these, ketone body metabolism,
fatty acid biosynthesis and tyrosine metabolism were more
closely related to BD patients with GI symptoms. The analysis
results are shown in Figure 4.

Plasma Metabolite and Metabolic
Pathways Differences Between the Non-Gi
Group and HC Group

The corresponding S-plot was further established between Non-
GI group and HC group (Figure5). According to the S-
plot, 10 key metabolites were especially meaningful for the
distinction between two groups (VIP > 1 and p < 0.05;
Table 4). Compared to HC, BD without GI symptoms were
characterized by significantly higher levels of lipid, pantothenate,
N-acetyl-glycoprotein, ascorbic acid, valine, 3-D-hydroxybutyric
acid, dimethylglycine, and significantly lower levels of acetate,
trimethylamine oxide, and guanidine acetate.

The closely related metabolic pathways between HC and BD
without GI symptoms group was ketone body metabolism. The
analysis results are shown in Figure 6.

DISCUSSION

To the best of our knowledge, this is the first study to
investigate the metabolomics characteristics of BD patients with
GI symptoms. The results revealed that BD patients with GI
symptoms experience more severe symptoms compared to the in
metabolic pathways associated with GI symptoms that may be
risk factors for gastrointestinal symptoms in BD patients.

In this study, we found that the total HAMD-24 scores in
the GI symptoms group were greater than that of the non-GI
symptoms group, that consistent with past research findings.
Liu et al. demonstrated that the presence of GI symptoms in
patients with MDD is associated with more severe symptoms of
depression, especially as it pertains to patients who demonstrate
no GI symptoms (21). Pinto-Sanchez et al. found a positive
correlation between the prevalence and severity of depressive
symptoms and the frequency and severity of GI symptoms in
patients with FGIDs (22). Perera et al. studied 16,415 patients
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FIGURE 4 | Metabolic pathways analysis of the differential metabolites found between HC and GI group.

in the Hispanic Community Health Study and found that adults
who reported multiple episodes of GI symptoms were more
psychologically stressed than those who reported less frequent
episodes of GI symptoms (23). Karling et al. discovered that
shown that also patients with an established recurrent depression
disorder report high scores on GI symptoms, but when in
remission they do not differ from controls in reporting GI
symptoms (24), and similarly in BD patients, they also shown
that there is a strong association between symptoms of affectivity
and GI symptoms (11). We believe that the present study and our
previous study support that GI symptoms has an effect on the
affective symptoms.

Although the exact pathological alterations in patients with
BD are unknown, recent studies have demonstrated extensive
alterations in very complex metabolic pathways may partially
underlie the pathophysiology, and we found that these changes
were independent of dietary habits. Based on metabolomic
analysis results, we found that the common disturbances
metabolic pathways of both groups of patients jointly exhibit
disturbances of ketone body metabolism. In mammals, ketone

bodies are produced predominantly in the liver from B-
oxidation (FAO)-derived acetyl-CoA, and they are transported
to extrahepatic tissues for terminal oxidation. Acetoacetic acid,
B-hydroxybutyric acid, and acetone are eventually formed,
and these three products are collectively known as ketone
bodies. Apart from serving as energy fuels for extrahepatic
tissues like brain, heart, or skeletal muscle, ketone bodies
play pivotal roles as signaling mediators, drivers of protein
post-translational modification (PTM), and modulators of
inflammation and oxidative stress (25). Growing preclinical and
clinical evidence that dietary ketosis lead to the mitochondrial
dysfunction, amelioration of oxidative stress, and peripheral
and brain inflammation in animals and humans (13, 26, 27),
and research teams have reported that nutritional ketosis may
reduce symptoms in patients with schizophrenia (28), BD (29),
and major depressive disorder (30, 31). It is means that major
depressive disorder, BD, and schizophrenia are increasingly
described as neuroprogressive disorders, reflecting progressive
neuroanatomical and cognitive decline caused by many common
factors present in each disorder, such as peripheral and brain

Frontiers in Psychiatry | www.frontiersin.org

32

May 2022 | Volume 13 | Article 861285


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Guo et al.

Metabolomics in Bipolar Disorder

FIGURE 5 | S-plot of "H-NMR spectra between HC and non-Gl group.
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TABLE 4 | The peak area of metabolites in serum "H-NMR spectra of HC group
and non-GlI group.

Metabolites Peak area after normalization
HC Non-Gl

Lipid 0.345 £ 0.069 0.442 £ 0.075
Pantothenate 0.270 £ 0.032 0.373 £+ 0.061
Valine 0.015 + 0.005 0.097 + 0.051
3-D-hydroxybutyric acid 1.460 + 0.385 1.808 + 0.669
Acetate 0.749 + 0.069 0.504 + 0.086
N-acetyl-glycoprotein 0.107 £ 0.025 0.318 4+ 0.031
Dimethylglycine 0.079 + 0.026 0.190 + 0.036
Trimethylamine oxide 0.813 £0.134 0.333 + 0.047
Guanidine acetate 0.979 £ 0.116 0.516 + 0.101
Ascorbic acid 0.018 + 0.015 0.138 + 0.061

inflammation, oxidative stress, mitochondrial dysfunction with
disorders of tryptophan metabolism (32-35). In a word, ketone
body metabolism be involved in the inflammation and oxidative
stress may be one of the pathogeneses of BD.

What’s more, we found the unique disturbances metabolic
pathways of BD patients with GI symptoms were fatty acid
biosynthesis and tyrosine metabolism. GI disorders pathogenesis
involves changes in GI motility, intestinal secretion, visceral
hypersensitivity, and intestinal permeability, all of which can be
modified by the gut microbiome (36). Recent studies have shown

that the composition and metabolic functions of gut microbiota
have been proposed as being able to affect fatty acid biosynthesis
(37). By comparing the response of germ-free and normal mice
to high-fat diets, found that germ-free mice are resistant to high-
fat diets, but microbial remodeling can lead to obesity in germ-
free mice, thus confirming that gut microbiome are important
factors affecting fatty acid biosynthesis (38, 39). Some other
studies have shown that the human gut microbiota produces
dozens of metabolites that accumulate in the bloodstream,
where they can have systemic effects on the host (40). Dodd
et al. used a combination of genetics and metabolic profiling
to characterize a pathway from the gut symbiont Clostridium
sporogenes that generates aromatic amino acid metabolites,
and the results reveal that all three aromatic amino acids
(tryptophan, phenylalanine and tyrosine) serve as substrates
for the pathway, and it involves branching and alternative
reductases for specific intermediates, through modulate serum
levels of these metabolites in gnotobiotic mice, and show
that in turn this affects intestinal permeability and systemic
immunity (41). Hence, according previous studies, we found
that the abnormalities of these two metabolic pathways may be
related to the disturbance of the gut microbiome, and the gut
microbiome has been implicated in multiple human chronic GI
disorders (17).

CONCLUSION

In conclusion, we show that BD patients with GI symptoms
have more severe depressive symptoms. BD patients with
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FIGURE 6 | Metabolic pathways analysis of the differential metabolites found between HC and non-Gl group.
GI symptoms exhibited abnormalities in fatty acid and ETHICS STATEMENT

tyrosine metabolism, which may be associated with the
disturbance of the gut microbiome. Both two patient groups
exhibit abnormalities in the ketone body metabolism,
which may serve as a biomarker for the pathogenesis of
BD patients.

Limitations

There are two primary methodological limitation for the
current study that should be considered. First, our study
is a cross-sectional study that we could not continue to
explore the changes in metabolomics with drug treatment.
Secondly, the sample size of this study was not large.
Therefore, we plan to conduct further large sample
follow-up studies.
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Dissociative Symptoms and
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Disorders: A Scoping Review
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Department of Psychiatry, Jawaharlal Institute of Postgraduate Medical Education and Research, Pondicherry, India

Dissociative disorders are an important group of trauma-related disorders associated
with significant disability. The co-occurrence of dissociative disorders (DD) and symptoms
(DS) in bipolar disorder has been relatively understudied, but there is some evidence that
this comorbidity may have significant mechanistic and clinical implications. This paper
presents the results of a scoping review of the frequency and correlates of DS and
DD in bipolar disorder. Based on the available evidence, DS/DD are more common in
bipolar disorder than in healthy controls or in unipolar depression, are related to childhood
trauma, and are associated with psychotic symptoms, suicide attempts, and a poorer
response to treatment in patients with bipolar disorder. The implications of these findings,
and possible mechanistic pathways underlying them, are discussed based on the current
literature. Clinicians should be aware of the frequent occurrence of significant DS or DD
when treating patients with bipolar disorder. A tentative future research agenda for this
field, based on clinical, risk factor-related and neurobiological considerations, is outlined.

Keywords: bipolar disorders, dissociative disorders, depression, depersonalization, derealization, comorbidity

INTRODUCTION

Bipolar disorders are a group of mental illnesses characterized by recurrent episodes of elevated and
depressed mood, associated with significant levels of morbidity and an elevated mortality risk (1).
Comorbidity with other psychiatric disorders is seen in over 50% of patients with BD, particularly
with anxiety, attention-deficit/hyperactivity and substance use disorders (2). The presence of
comorbid diagnoses in BD is associated with poorer treatment response and a more severe
illness course; patients with these diagnoses often require more intensive or complex treatment
regimens (3-6).

Dissociative disorders (DD), which are characterized by disruption or discontinuity in the
integration of one’s consciousness, memory, identity and behavior, are associated with risks of
hospitalization, self-injury and suicide comparable to BD (7). Though the comorbidity of DD and
BD has been relatively under-studied (8), there is evidence from the literature of several potential
clinical and mechanistic links between them. BD and DD appear to share a genetic substrate to
some extent (9, 10) and the onset of symptoms of DD may be a herald of subsequent BD in
adolescents (11, 12). DD may be underdiagnosed in patients with BD because of diagnostic criteria
that do not allow DD to be diagnosed in the presence of depression (13), confusion arising from
similar symptoms (14), or a reluctance to diagnose DD among mental health professionals (15). A
further problem is posed by patients with BD who have features of dissociation that are clinically
significant, but do not fulfill criteria for DD; these are referred to as “pathological dissociation” or
“dissociative symptoms” (DS).
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The present of DD or DS in BD raises several important
questions. How frequent and severe is this comorbidity? What
is the impact of DD/DS on the clinical features and prognosis
of BD? Are there any specific environmental risk factors, such
as childhood adversity, that are associated with the presence
of DD/DS? Are DD/DS in BD associated with specific genetic
factors or other biomarkers? The current scoping review aims to
address these questions in a preliminary manner.

METHODOLOGY

Given the lack of a single specific question and the paucity of
literature in this area, a scoping review was carried out instead
of a systematic review (16). This review was carried out in
accordance with the PRISMA guideline for scoping reviews
(PRISMA-ScR) (17). The PubMed, Scopus and ScienceDirect
databases were searched using combinations of the key words
“bipolar disorder”, “bipolar disorders”, “bipolar spectrum”,
“bipolar I disorder”, “bipolar II disorder” in association with
“dissociative disorders”, “dissociative amnesia’, “dissociative
identity  disorder”,  “depersonalization”,  “derealization”,
“dissociative symptoms”, “pathological dissociation”. All
studies published up to April 15, 2022 were included in
this review. Studies were included if they measured the
frequency and/or correlates of the presence of DD/DS in
BD, with or without the inclusion of comparator groups.
Any study that provided information on the frequency,
severity, clinical impact, association with environmental risk
factors, or neurobiological correlates of DS/DD in patients
with bipolar disorder was included in this review. Case
reports/series, editorials, commentaries and general review
articles were excluded.

A total of 471 citations were retrieved; after removal of
duplicates, 333 citations were screened; after exclusion of 226
unrelated abstracts, 107 citations were tabulated and their full
text was examined for relevance. Of these, 27 were included in
the final review (18-44). This process is illustrated through a
PRISMA-ScR flow diagram in Figure 1.

Following tabulation, study results were sorted thematically
according to the objectives of this review, as follows:

e Frequency of comorbid DD in BD or vice versa
e Frequency of significant DS in BD

Abbreviations: AAO, age at onset; BD, bipolar disorders; BD-I, bipolar I
disorder; BD-II, bipolar II disorder; BDNE € brain-derived neurotrophic factor;
CADSS, Clinician-Administered Dissociative States Scale; CDS, Cambridge
Depersonalization Scale; COMT, catechol O-methyltransferase; DAT, dopamine
transporter; DID, dissociative identity disorder; DRD4, dopamine type 4
receptor; DD, dissociative disorders; DD-NOS, dissociative disorder not otherwise
specified; DES, Dissociative Experiences Scale; DSM-IV, Diagnostic and Statistical
Manual for Mental Disorders, Fourth Edition; HAM-D, Hamilton Rating Scale
for Depression; MDD, major depressive disorder; OCD, obsessive-compulsive
disorder; PTSD, post-traumatic stress disorder; SCI-DER, Structured Clinical
Interview for Depersonalization/Derealization Spectrum; SCL-90-R, Symptom
Checkist-90 Revised; SDQ-20, Somatoform Dissociation Questionnaire-20; SERT,
serotonin transporter.

Studies retrieved through
database searches (n = 471)
PubMed - 79
Scopus — 243
ScienceDirect — 149
Duplicate citations

l = — £ (n=138)
Studies screened for inclusion
in the scoping review, based on

title and abstract (n = 333)
Citations unrelated to the
l — — > review topic
(n=226)
Studies tabulated and
examined for relevance to the
review using full texts (n = 107)
Case reports, editorials,
- - 5 commentaries or general
‘v review articles
(n=80)
Studies included in the scoping
review
(n=27)

FIGURE 1 | PRISMA-ScR flow diagram for the current scoping review.

Comparison of DD/DS in BD compared to other
groups (major depression, other psychiatric diagnoses,
healthy controls)

e Associations with BD subtype (e.g. type I vs type II)

e Associations with BD course (e.g., age at onset, number
of episodes)

Associations with BD symptomatology (e.g., mixed features,
psychotic symptoms, suicide attempts)

Associations with BD outcome (e.g., treatment response,
disability, quality of life)

Associations with other comorbidities in BD (e.g., anxiety
disorders, substance use disorders)

Associations with environmental factors in BD (e.g., childhood
trauma, current stressors)

Associations with other psychological
temperament, personality traits)
Associations with neuropsychological deficits in BD (e.g.,
attention or memory deficits)

Associations with genetic or other biological markers (e.g.,
specific genetic polymorphisms, levels of hormones or
inflammatory markers)

variables (e.g.,

The same schema was followed when reporting the results.

RESULTS

A complete description of the included studies is provided, in
chronological order, in Table 1.
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TABLE 1 | Studies examining the association between dissociative symptoms or disorders and bipolar disorder, with a summary of their key findings.

References

Study population and sample size

Variables or outcomes studied

Results

Nijenhuis et al. (18)

Nijenhuis et al. (19)

Hlastala &
McClellan (20)

Johnson et al. (21)
Oedegaard et al.

(22)

Savitz et al. (23)

Mula et al. (24)

Latalova et al. (25)

Mula et al. (26)

Chien et al. (27)

Latalova et al. (28)

Weber et al. (29)

Souery et al. (30)

Macri et al. (31)

Dorahy et al. (32)

Eryilmaz et al. (33)

Patients with BD (n = 41) and DD
(h=51)

Patients with BD (n = 23), DD (n =
44), somatoform disorders (n = 47),
eating disorders (n = 50), and other
psychiatric diagnoses (n = 45)

Youth with psychotic BD (n = 22),
schizophrenia (n = 27) and atypical
psychosis (n = 20)
Community-dwelling adults (n = 658)

In- and out-patients with BD-II
(n = 24) and MDD (n = 41)

Patients with BD-I ( = 31), BD-Il (n =
16), and their first-degree relatives
with MDD (n = 64), other psychiatric
diagnoses (n = 17) or no psychiatric
diagnosis (n = 50)

Patients with BD-I

(n = 43) and BD-II (n = 48), euthymic

Patients with BD, euthymic (n = 23)

Patients with mood and anxiety
disorders (n = 258) including BD-I (n
= 43) and BD-Il (n = 48)

College students (n = 2,731)

Patients with BD, euthymic (n = 41),
healthy controls (n = 198)

Discharge records of patients with BD
(n = 27,054) compared to those with
other diagnoses (n = 2,325,247)

Patients with BD-I (n = 104), BD-II

(n = 64), and MDD (n = 1283; 53 with
family history of BD)

Outpatients with BD (n = 17), MDD
(n = 18), anxiety disorders (n = 32),
adjustment disorders (n = 11) and
somatoform disorders (n = 5)
Patients with dissociative disorder

(n = 39), complex PTSD (n = 13) and
mood disorders (n = 21)

Patients with BD-II, euthymic

(n = 33), healthy controls (n = 50)

DS severity across groups, rated
using DES

DS severity across groups, rated
using DES; somatoform DS severity
across groups, rated using SDQ-20;

DS severity across groups, rated
using DES

Prevalence and comorbidities of
dissociative disorders as per DSM-IV

DS severity across groups, rated
using DES; association with
temperament and comorbid
diagnoses.

DS severity across groups, rating
using DES; association with
childhood trauma and polymorphisms
of BDNF, COMT, DAT, DRD4, and
SERT genes.

DS severity rated using DES;
depersonalization symptom severity
using SCI-DER; association with
temperament, illness course and
comorbidities

DS severity rated using DES;
association with illness course, tests
of attention, verbal fluency and
executive function, and quality of life.

Depersonalization symptom severity
using SCI-DER; distinction between
depersonalization and anhedonia

Psychiatric symptoms as per DSM-IV
using the Adult Self Report
Inventory-4

DS severity rated using DES;
association with demographic
variables and illness course.

Presence of comorbid “anxiety,
dissociative and somatoform
disorders” in BD; comparison of
morbidity between BD and those with
other diagnoses

Depersonalization symptom severity
across groups, rated using item 19 of
HAM-D

DS severity rated using DES;
association with severity of
depression and psychopathological
domains on SCL-90-R

DS severity across groups, rated
using DES

DS severity across groups, rated
using DES; association with
childhood trauma and
obsessive-compulsive symptoms

DES scores higher in DD than in BD; significant DS in
10% of BD patients.

DES and SDQ-20 positively correlated; DES scores
significantly lower in BD than in DD; DES comparable in
BD and somatoform disorders; SDQ-20 significantly
lower in BD than in somatoform disorders and DD.

DES scores higher in atypical psychosis than in BD or
schizophrenia.

Diagnosis of dissociative disorder 2.4 times more likely in
those with a mood disorder (unipolar depression or BD).

DES scores higher in BD-Il than in unipolar depression;
cyclothymic temperament associated with higher DES
scores; pathological dissociation associated with
comorbid OCD

DES scores higher in BD-I and BD-II than in relatives with
no or “other” diagnoses; significant interaction between
COMT genotype and childhood trauma associated with
DES score; additive effect of BONF genotype on DES
score.

DES and SCI-DER scores comparable in BD-I and BD-II;
no association of DES or SCI-DER scores with
temperament; DES and SCI-DER scores associated with
earlier AAO; higher SCI-DER scores in BD with comorbid
panic disorder.

DES scores associated with higher number of manic
episodes, higher mean mood stabilizer dosage, and
lower quality of life in the “social activities” domain. No
correlation between DES and cognition.

SCI-DER scores higher in BD than in unipolar
depression; SCI-DER score associated with earlier AAO
in BD.

Significant positive correlation between symptoms of
bipolar and dissociative disorders independent of gender.

Significant dissociation (DES > 30) in 51.2% of BD
patients; DES total and sub-scores significantly higher in
BD than in controls; pathological dissociation associated
with earlier AAO.

“Anxiety, dissociative and somatoform disorders”
identified in 11.4% of BD discharge records; “anxiety,
dissociative and somatoform disorders” associated with
2.8 times greater morbidity in BD than in those with other
diagnoses.

Depersonalization symptom severity greater in BD-I than
in BD-Il or MDD.

No association between DS severity and depression
severity; total DES score positively correlated with all nine
domains of SCL-90-R and with overall global severity of
illness across diagnoses.

Dissociative symptoms higher in the dissociative disorder
group than in the complex PTSD or mood disorder
groups.

Significant dissociation (DES > 30) in 15.2% of BD-II
patients; dissociative symptoms higher in BD-Il than
controls; DES correlated with scores for childhood
trauma and OCD symptoms in BD-II

(Continued)
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TABLE 1 | Continued

References

Study population and sample size

Variables or outcomes studied

Results

Hariri et al. (34)

Yayla et al. (35)

Bayes et al. (36)

Yilmaz et al. (37)

Chatterjee et al.
38)

Kefeli et al. (39)

Tekin et al. (40)

Tuineag et al. (41)

Steardo et al. (42)

Stone et al. (43)

Lietal (44)

Patients with BD, euthymic (n = 200),
healthy controls (n = 50)

Patients with conversion disorder
(n=54)

Patients with BD or borderline
personality disorder (n = 226)
Patients with BD-euthymic (n = 70),
healthy controls (n = 70)

Patients with BD-depression (n = 35)
and recurrent MDD (n = 36)

Patients with BD-I-euthymic (n = 40),
healthy controls (n = 40)

Patients with BD, euthymic (n = 51),
healthy controls (n = 49)

Outpatients with BD-I (n = 41), BD-Il
(n = 27) or other BD (n = 5)

Outpatients with BD-I (n = 55) and
BD-Il (n = 45)

Patients with psychotic BD (n = 53)
or schizophrenia (n = 47), healthy
controls (n = 51), recruited during the
COVID-19 pandemic

Inpatients with BD-depression
(n = 32) and MDD (n = 59)

DS severity across groups, rated
using DES

Prevalence of DSM-IV DD and
comorbidities

Depersonalization symptoms
(self-reported)

DS severity across groups as rated
using DES; association with
childhood trauma, illness course and
alexithymia

DS severity as rated using DES-II

DS severity as rated using DES-II;
association with number of manic and
depressive episodes

DD diagnosis as per DSM-IV criteria;
DS severity across groups as rated
using DES; association with illness
course

DS severity as rated using CDS;
association with childhood trauma
and symptoms of mania, depression
and anxiety.

DS severity as rated using DES-II;
association with demographic
variables, ilness course and
treatment response.

DS severity as rated using DES-II;
association with childhood trauma
and pandemic-related adversities.

DS severity as rated using CADSS;
association with parenting style,
betrayal trauma and psychotic
symptoms

Significant dissociation (DES > 30) in 19.5% of BD
patients; depersonalization/amnesia symptoms
associated with earlier AAO and longer duration of BD;
absorption/identity symptoms associated with earlier
AAO.

27.8% of patients with DD had comorbid BD; BD more
common in patients with DD.

Depersonalization symptoms more common in
borderline personality disorder than in BD.

DES scores higher in BD than in healthy controls; DES
score significantly associated with episode frequency
and alexithymia but not with childhood trauma.

DS more severe in BD than in unipolar depression; no
correlation of DES-II with AAQ, illness duration or
number of episodes in BD.

Significant dissociation (DES > 30) in 20% of BD-I as
against 2.5% controls; absorption/imaginative symptoms
negatively associated with BD-I; somatoform dissociation
associated with number of depressive episodes.

35.4% of BD patients qualified for a diagnosis of
comorbid DD (depersonalization disorder 17.6%,
DD-NOS 15.6%, dissociative amnesia 7.8%, DID 3.9%,
dissociative fugue 1.9%); DES scores significantly higher
in BD than in controls; DES total score associated with
number of suicide attempts and earlier AAO in BD group.

CDS valid for the assessment of DS in BD; CDS total
score associated with childhood trauma and symptoms
of depression, social anxiety, and panic disorder.

DES scores significantly higher in BD-I than in BD-II; DES
score significantly associated with number of episodes,
presence of mixed or psychotic features, history of
suicide attempts or aggressive behavior, symptoms of
anxiety, seasonality, antidepressant-induced mania, and
poorer treatment response.

DES scores significantly higher in BD and schizophrenia
than in healthy controls; significant dissociation (DES >
30) in 17% of BD; no significant association between
DES and childhood trauma or pandemic-related
adversities.

DS of equal severity in BD and unipolar depression; DS
associated with betrayal trauma and severity of
psychotic symptoms.

Characteristics of the Included Studies

The majority of the studies included in this review (n = 21)
were cross-sectional clinical studies measuring the severity or
correlates of DS in patients with BD. Three studies examined
the association between syndromal DD and BD (21, 29, 40),
while one study each examined associations with cognitive
test performance (25) and polymorphisms of specific genes
considered to be related to dissociation (23).

Comorbidity Between BD and DD

Only one study directly measured the frequency of DSM-IV
categorical diagnoses of DD in patients with BD. In this study,

35.4% of BD patients fulfilled criteria for one or more DD,
with depersonalization disorder (17.6%) being the most frequent
(40). A community-based study found that DD were 2.4 times
more likely to be diagnosed in patients with mood disorders,
but did not distinguish between BD and unipolar depression
(21). A study of patients with conversion disorder found a
significant association between comorbid diagnoses of DD and
BD (35). Finally, a study of discharge records found that 11.4%
of patients discharged with BD received a comorbid diagnosis
of “anxiety, somatoform or dissociative disorder” as per ICD-9
criteria, but details of individual diagnoses within this group were
not reported by the authors (29).
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Presence of Clinically Significant DS in BD
Of the six studies providing estimates of clinically significant
DS in BD, as indicated by symptom scores above a specified
cut-off, five yielded very similar values in the range of 10-20%
(18, 33, 34, 39, 43). A single study yielded a much higher estimate
of 51%, but in this study, the control group also reported high
levels of DS (24%), suggesting concerns related to methodology
or sample selection (28).

Comparisons of DS Severity Between BD

and Other Disorders

Five studies have compared the severity of DS in patients with
BD and major depressive disorder (MDD), have measured DS
during depressive episodes. In four of these studies, DS were
more prominent in BD than in MDD (22, 26, 30, 38), while in the
other, they were comparable (44). Studies comparing the severity
of DS between BD and other, non-affective psychiatric disorders
found that DS were significantly less in BD than in somatoform
disorders and DD (18, 19, 32), complex post-traumatic stress
disorder (PTSD) (32), atypical psychosis in adolescents (20),
and borderline personality disorder (36). DS were comparable
in BD and schizophrenia in a single study (43). However, DS
scores were significantly higher in patients with BD than in their
asymptomatic first-degree relatives (23) and were consistently
higher in BD than in healthy controls (28, 33, 34, 37, 39, 43).

Relationship of DS to BD Subtype

Though some researchers have reported no difference in DS
severity scores between BD-I and BD-II (23, 24), there is some
evidence that DS and particularly depersonalization symptoms
may be more severe in BD-I (30, 42). Only one study assessed DS
in patients with other BD subtypes (BD-III and BD not otherwise
specified) along with BD-I and BD-II, but the small number of
cases in this subgroup precluded a meaningful comparison (41).

Relationship of DS to Symptomatology

in BD

DS scores have been associated with the severity of psychotic
symptoms (42, 44); both positive and null results have been
reported for associations between DS and depressive symptom
severity (31, 41). DS severity has also been associated with general
symptom severity across psychopathological dimensions (31),
with the severity of symptoms of social anxiety, panic disorder
and obsessive-compulsive disorder (33, 41), with the presence of
mixed symptoms (42), with suicide attempts (40, 42) and with
aggression (42).

Relationship of DS/DD to lliness Course

in BD

Five studies found a negative correlation between the severity
of DS and the age at onset of BD (AAO), suggesting an
association between dissociation and an early AAO (24, 26,
28, 34, 40). This association appeared to be more specific for
depersonalization-related symptoms (24, 26, 34). Only one study
reported no association between DS and AAO in BD (38).
Associations between DS severity and episode frequency (37),
total number of episodes (42) and frequency of manic (25) and

depressive episodes (39) have been reported in individual studies.
However, a lack of association with episode number has also been
reported (38).

Relationship of DS to Outcome in BD

The severity of DS appears to be associated with treatment
response; associations with a higher dose requirement for mood
stabilizers (25), with a higher risk of antidepressant-induced
mania (42) and with a poorer response to treatment (42) have
all been observed. DS are also associated with a poorer quality of
life in the “social activities” domain in euthymic BD patients (25).

Relationship of DS to Other Comorbidities
in BD

Higher DS scores have been associated with elevated rates of
comorbid obsessive-compulsive disorder (OCD) (22) and panic
disorder (24) in BD; no other specific associations with any
comorbid diagnosis have been reported.

Relationship of DS to Environmental Risk

Factors in BD

Six studies have examined the association between childhood
abuse or neglect and DS in BD; four of these found a positive
association between childhood trauma and DS severity (23, 33,
41, 44), while two failed to do so (37, 43). A single study examined
the relationship between DS and current stress related to the
COVID-19 pandemic, but did not find any significant association
between the two (43).

Relationship of DS to Temperament and
Other Psychological Variables in BD

Cyclothymic temperament, considered to be a developmental
precursor of BD, was associated with the presence of DS in BD
patients in one study (22) but not in another (24). DS severity has
also been associated with measures of alexithymia in BD (37).

Neuropsychological Correlates of DS in BD
A study examining the association between DS and performance
on tests of cognition (attention, concentration, executive
function and verbal fluency) found no significant association
between DS severity and scores on these tests (25).

Genetic and Biomarker Studies of DS in BD
Only one study has examined the potential genetic correlates of
DS in BD; in this study, an interaction between childhood trauma
and a functional polymorphism of the COMT gene, as well as an
additive effect of the BDNF gene, was found to predict the severity
of DS (23). No other study of any specific biomarker associated
with DS/DD in BD has been conducted to date.

DISCUSSION

Certain features emerge clearly from an overview of the current
literature. A significant minority of patients (10-20%) with
bipolar disorder experience significant DS, even during the
euthymic phase. The overall severity of DS is higher in BD
than in healthy controls and in major depression, but is lower
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in BD when compared with “trauma spectrum disorders” such
as DD, complex PTSD and borderline personality disorder.
When considering the clinical profile of BD, replicated results
suggest that DS are associated with psychotic symptoms, suicide
attempts, and a poorer response to treatment. DS also appear to
be associated with the severity of childhood trauma in patients
with BD. Results related to other symptom domains, episode
number and frequency, and quality of life, though of interest,
require replication.

The above findings are consistent with the existing literature
on DS/DD. Both pathological dissociation and DD are
considered part of the “trauma spectrum” of disorders, which are
related to exposure to traumatic stress, particularly in childhood
(45). This group also includes PTSD and borderline personality
disorder; it is perhaps significant that these conditions are also
often comorbid with BD (46, 47). Given that childhood adversity
is itself a risk factor for BD (48) and was associated with DS in the
reviewed studies, this factor may explain a significant proportion
of the co-occurrence of DD/DS and BD. Moreover, dissociation
is an important mediator of the links between childhood abuse
and both psychotic symptoms (49) and suicide (50), which is
consistent with the findings observed in patients with BD.

Recent research has shed some light on the neurobiological
correlates of dissociative symptoms (51). Some of the replicated
biomarkers of pathological dissociation, such as reduced
hippocampal and thalamic volumes and elevated peripheral
levels of oxytocin, have also been identified in bipolar disorder
(52-54), suggesting common neuroanatomical and biochemical
substrates for these conditions. It should however be noted that
for other biomarkers of dissociation, such as levels of tumor
necrosis factor alpha, findings in bipolar disorder are in the
opposite direction (55). This suggests that there may be shared
mechanistic pathways, but not a complete overlap, between BD
and dissociative symptoms.

Besides exposure to childhood trauma or other environmental
stressors, the link between DS/DD and BD may be partly
mediated through genetic vulnerability. While earlier researchers
suggested that this might result from variations in single
genes, such as the serotonin transporter (56), more recent
results suggest that the overlap between bipolar and dissociative
disorders may be polygenic in origin (10).

These findings must be interpreted in the light of important
limitations in study design and methodology in the existing
literature. The majority of reviewed studies are cross-sectional
and focus on clinical variables, with very few studies examining
neuropsychological or neurobiological correlates of DD or DS
in BD. Most studies have been conducted in remitted, euthymic
or clinically stable BD patients, and have measured DS using
standardized scales instead diagnosing comorbid DD using
standard criteria. There is also substantial heterogeneity in the
measurement of DS, with some studies focusing on a subset
of DS such as depersonalization/derealization or somatoform
dissociation. Sample sizes for BD were generally low (mean:
61.2 + 47.8), suggesting that some studies may have been
underpowered to detect significant differences. Further, in some
studies, associations between DS and clinical or environmental
variables of interest were not estimated even when the data was
available. These factors limit both the value of the conclusions

that can be drawn from individual studies and the likelihood of
their replication, and suggest the need for better designs even if
the research questions are purely clinical in nature.

A further limitation arises from the fact that the link between
DS/DD and BD may be non-specific. Dissociative symptoms of
severity comparable to or slightly greater than those reported in
BD have been observed in a wide range of psychiatric disorders,
including schizophrenia, anxiety disorders, eating disorders
and substance use disorders (57). These findings suggest that
dissociation may be better considered from a dimensional rather
than a categorical perspective, or that it may be related to a
common genetic substrate that cuts across traditional psychiatric
diagnoses (58).

Despite these limitations, the above review suggests that the
presence of DS/DD in patients with BD may have significant
clinical and research implications. From a clinical perspective,
practitioners should be aware of the co-occurrence of these
conditions, and maintain a high index of clinical suspicion;
in cases of doubt, a standardized rating scale such as the
DES can aid decision-making. Given the replicated associations
with psychotic symptoms, suicidality, and poor treatment
response, these patients may require more intensive clinical
management. Lithium therapy, which has been shown to reverse
the hippocampal and thalamic volume reductions common to
bipolar disorder and dissociation (51, 52), may be a useful
therapeutic option. Bipolar patients with DS/DD should be
screened for other comorbid anxiety disorders as well as post-
traumatic stress disorder (22, 24, 33, 41). Given the link between
childhood trauma and dissociation in BD, a sensitive inquiry
into possible childhood abuse or neglect should be made when
patients are clinically stable. Finally, when there are significant
DS or a syndromal DD, appropriate psychological interventions
should be provided (59).

From a research perspective, the following areas require
particular attention in the study of the links between dissociation
and bipolarity:

Replications of findings related to clinical and psychological
variables of interest, such as affective temperaments,
alexithymia, cycle length and the presence of mixed features
Accurate studies of the prevalence of comorbid DD in BD, and
of comorbid BD in DD, using standard diagnostic criteria
Longitudinal studies of the impact of DS or DD on the course
and outcome of BD

Studies of high-risk youth (e.g., with a family history of BD
or with a history of childhood abuse) with DS or DD, to
assess their subsequent risk of BD and the possibility of early
intervention (12, 60)

Studies of structural, functional and biochemical markers
of the link between BD and DD; areas that could be
immediately explored include associations with peripheral
levels of cytokines (61) and functional brain imaging studies
focusing on key frontal and subcortical regions implicated in
both disorders (49, 62)

Assessment of the utility of a dimensional rather than a
categorical approach to the study of dissociation in patients
with BD, and of the correlations between DS and other
symptom dimensions in BD (63)
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Genome-wide association studies using either a narrower
definition of DD (i.e., without lumping them with anxiety
and somatoform disorders) or a continuous measure
of DS, to identify specific and shared genetic loci
associated with vulnerability to pathological dissociation in
patients with BD

Evaluation of the efficacy of specific pharmacological (mood
stabilizer, antipsychotic), brain stimulation (rTMS) and
psychotherapeutic (trauma-focused) approaches in patients
with BD and DD/DS (64, 65).

CONCLUSION

Though research on dissociative symptoms and disorders
in patients with bipolar disorders is still in its infancy,
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existing evidence suggests that these symptoms are significantly
associated with both risk factors—particularly childhood abuse—
and a specific illness profile in bipolar disorder. It is hoped
that the findings reviewed and summarized above will be of
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to improved strategies for early intervention as well as treatment
in subsequent stages of bipolar disorder.
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As COVID-19 pandemic spread all over the world, it brought serious health
consequences in every medical field, including mental health. Not only healthcare
professionals were more prone to develop anxiety, depression, and stress, but the
general population suffered as well. Some of those who had no prior history of a
psychiatric disease developed peculiar symptoms following infection with SARS-CoV-
2, mostly because of psychological and social issues triggered by the pandemic.
People developed traumatic memories, and hypochondria, probably triggered by social
isolation and stress. Infection with SARS-CoV-2 has influenced the mental health of
psychiatric patients as well, exacerbating prior psychiatric conditions. In this review,
we focus on analyzing those cases of mania in the context of bipolar disorder (BD)
reported after COVID-19 disease, both in people with no prior psychiatric history and
in psychiatric patients who suffered an exacerbation of the disease. Results have shown
that COVID-19 may trigger a pre-existing BD or unmask an unknown BD, due to social
and psychological influences (decreased social interaction, change in sleep patterns)
and through biological pathways both (neuroinflammation and neuroinvasion through
ACE-2 receptors expressed in the peripheral and central nervous systems (PNS and
CNS respectively). No direct correlation was found between the severity of COVID-19
disease and manic symptoms. All cases presenting severe symptoms of both diseases
needed specific medical treatment, meaning that they concur but are separate in the
treatment strategy needed. This review highlights the importance of a now widespread
viral disease as a potential agent unmasking and exacerbating bipolar mood disorder,
and it can hopefully help physicians in establishing a rapid diagnosis and treatment, and
pave the road for future research on neuroinflammation triggered by SARS-CoV-2.

Keywords: COVID-19, SARS-CoV-2, manic episode, bipolar disorder, neuroinflammation, neuroinvasion

INTRODUCTION

On December 31st, 2019, several cases of atypical pneumonia arose in Wuhan, China, later found
as being caused by a novel coronavirus called Severe Acute Respiratory Syndrome CoronaVirus-2
(SARS-CoV-2) (1). The World Health Organization classified the epidemic as a global pandemic
on March 11th, 2020. As the pandemic was spreading, several important consequences on the
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mental health of the world population were emerging (2-4).
Among these consequences, high rates of depression and anxiety
among health professionals need to be highlighted (5), as
well as anxiety, depression, and stress-related disorders in the
general population (6, 7), psychological symptoms related to
social isolation, especially in the elderly, poor, and subjects
with difficulties in accessing or handling technology, such as
telephone or Internet connections (7). Other symptoms that
could arise in the general population are related to social
isolation and quarantine (3, 8, 9), unemployment and financial
difficulties (3, 9). Some of the psychological issues triggered
by the pandemic are specific to infected patients and may
include hypochondriac ideas, stigma-related concerns, amnesia,
and traumatic memories of severe illness (4). Nevertheless,
mental conditions have witnessed a change in paradigm, as the
environment played a certain role in triggering some diseases, as
previously stated, but the virus itself has the potential to influence
the development of some neurological and psychiatric sequelae,
as a direct effect of the coronavirus infection of the CNS and PNS,
or an indirect effect of medical therapy or abnormal immune
response, or a combination of these factors. Patients admitted to
the hospital for severe SARS-CoV-2 infection can show different
neurological symptoms, more commonly delirium. Different
mental disorders may manifest in the subsequent months,
including post-traumatic stress disorder, depression, anxiety, and
fatigue. COVID-19 can be associated with delirium, agitation,
and symptoms of depression, anxiety, and insomnia (4). The
reason why this happens finds its roots in microbiological
processes: the access of SARS-CoV-2 into human host cells
is mediated by the angiotensin-converting enzyme II (ACE-
2) receptor, mainly expressed in the lungs and gastrointestinal
tract. This is also expressed in brain endothelial cells, which are
a hypothetical route of entry into the CNS for coronaviruses
(10, 11). Even if severe neurological and psychiatric direct
consequences of SARS-CoV-2 appear to be rare, considering the
prevalence of the pandemic, many people worldwide may have
been affected (4, 12). Most of all, there is evidence of an overall
increased vulnerability of patients with a primary diagnosis
of bipolar disorder (BD) compared to the general population,
despite some studies report a lower degree of distress in this
population during the first month of the pandemic compared to a
previous baseline (13, 14) Different COVID-19-related stressors
can impact BD, mainly including social isolation, restrictive
measures, lifestyle, biological circadian rhythms changes, and
infection-related concerns (15). Furthermore, the access to
mental health services among BD patients had become more
difficult during some phases of the pandemic. Conversely, BD
might indirectly worsen the risk of acquiring SARS-CoV-2
infection (15, 16). Neuroinvasion of the virus may represent a
potential etiology for BD in absence of any other biological,
psychological, and social precipitating factors. Nevertheless,
some citokines appear to be involved in the development of
psychiatric symptoms: it has been suggested that some may
be specific for manic state (IL-2,4,6), and for depression (IL-
6) (17, 18). Some authors have indeed suggested the particular
need to develop standardized laboratory panels that include
inflammatory markers (IL-6, TNF-a), cerebrospinal fluid (CSF)
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FIGURE 1 | PRISMA 2020 flow diagram of the systematic review. For more
information visit: http://www.prisma-statement.org/.

testing, and SARS-CoV-2 antibody assays to entirely understand
the etiology of neuropsychiatric complications of SARS-CoV-
2 infections and the pandemic itself (19). Neuroinflammation
might be related to BD symptoms and is infrequently an
etiological factor. An aberrant neuroglial function may be
responsible for some neuronal miswiring that is consistent with
psychotic symptoms frequently observed in BD (20). Manic
episodes manifested during or after Covid-19 can arise both as
an onset of BD and as a relapse. The main purpose of this article
is to provide a review of the scientific literature focused on the
clinical and biological correlates of cases of mania manifested in
conjunction with or after SARS-CoV-2 infection.

METHODS

On April the 18th, 2022, we conducted a first research on
PubMed with the title/abstract specification, using the terms
“(mania OR manic) AND (COVID OR SARS-CoV-2)” in the
search bar. For eligibility, we included randomized controlled
studies, case-control studies, and case reports focused on the
issue. We excluded reviews, other types of articles and other
studies that did not focus on the main topic, such as BD following
another medical condition. The system provided 51 articles, of
which we excluded 22 for low relevance. Hence, we assessed 29
articles for eligibility, excluding 12 articles for not respecting
the inclusion criteria (4 reviews, 4 unrelated to the topic, and 4
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focused on other diagnoses). We finally included 17 articles in
the qualitative analysis (see PRISMA flow diagram in Figure 1).

RESULTS

The main results are summarized as follows in Table 1 below.
All studies are observational, being case-reports/case-series.
Only traditional medical treatments were employed for the
diseases. All studies regarded mania manifestations in different
scenarios, and patients from cases analyzed shared a diagnosis
of mania plus SARS-CoV-2 infection. Seven patients had a
preexisting diagnosis of BD (21, 29); two patients had a
preexisting diagnosis of major depressive disorder/unipolar
depression (21, 31) 1 patient had a preexisting diagnosis of OCD
(33), 2 of psychosis (21). Some cases, despite having a negative
psychiatric history, had a positive psychiatric family history: 3 for
BD (27, 28, 35) 1 for cognitive deficits, major depressive disorder
and delirium (31). Since the aim of the review was to identify
episodes of mania in the context of Covid-19, single patient
outcome (resolution of the disease, remission, etc.) were not
taken into consideration. Different and common clinical aspects
were included in the main table in the symptoms column. Not all
articles mentioned lab results of the case presented. Whenever
mentioned, the mostly involved inflammatory markers were
fibrinogen, ferritin, LDH, d-dimer, PCR, ESR, IL-6, IL-10.

DISCUSSION

There is increasing evidence in literature regarding patients
infected with SARS-CoV-2 which developed manic symptoms,
possibly correlating with the infection itself, due to a
cascade triggered by SARS-CoV-2 neuroinvasion, increased
neuroinflammatory and inflammatory response in general,
hypoxia, iatrogenic factors including antibiotics and steroidal
therapy. Results of our research raise questions regarding the
possibility that SARS-CoV-2 infection can be a trigger for a
manic/hypomanic episode. On the basis that COVID-19 is
still under many investigations regarding all consequences of
the disease, the study can be enlightening in helping clinicians
to suspect a psychiatric correlate of COVID-19 when specific
symptoms of mania arise.

Igbal et al. (21) have highlighted how mania can both be
caused by psychosocial stress in susceptible individuals, and by
an inflammatory mechanism as well, as has been hypothesized
by Park et al. (25) as well: COVID-19 infection could trigger
an initial manic episode, SARS-CoV-2 could penetrate blood-
brain barriers and stimulate the production of cytokines (TNF-a,
IL 1 and 6, and INF-a). Nonetheless, DSM-5 (38) and ICD-10
(39) permit a diagnosis of manic episode even in the background
of a medical disorder or substance use, and this could be the
case with COVID-19, but knowing how widespread the virus
has become, this could influence the incidence of manic episodes
across all countries.

The main mania symptoms experienced in the cases analyzed
include classical presentations of mania: insomnia (22, 26)
abnormal behavior (23, 24, 27), delusions (30, 31), irritability

(34, 36), agitation (35), aggressive behavior (33, 37), anxiety (37),
impaired concentration (21), persecutory beliefs (30), auditory
hallucinations (21, 25), grandiose ideas (21, 28, 29). These
findings support the hypothesis that the psychiatric condition
experienced is no other than a manic episode, therefore not
representing a separate diagnostic entity. The fact that remission
of the mood swing occurred after appropriate medical treatment
(mostly thanks to Atypical and Typical Anti-psychotics) further
supports this statement.

The elevated peripheral inflammatory markers support
neuroinflammation as a possible mechanism for COVID-19
causing the patients’ neuropsychiatric symptoms (22, 26, 29).
Furthermore, the included studies showed that the severity of
COVID-19 did not correlate with manic symptoms, suggesting
hidden neuroinflammatory mechanisms are strongly present. A
discrepancy between pro-inflammatory and anti-inflammatory
cytokines has been observed in bipolar patients, the former being
more elevated and the latter being less expressed, in particular
during mania. (40) Inflammation may act as a triggering factor by
disrupting the blood brain barrier mostly, allowing SARS-CoV-2
entrance in the CNS (41), although the neurotropism of SARS-
CoV-2 is still under investigation (42). SARS-CoV-2 apparently
enters human cells through ACE-2, which is mostly expressed
in the respiratory and gastrointestinal system, although being
present in the endothelial system as well, also in the brain (10, 11).
Invasion of the Central Nervous and of the Peripheral Nervous
System as well (43) may explain a potential psychiatric clinical
presentation of COVID-19. More specifically, in animal models
there is evidence of the expression of ACE-2 in the amygdala,
i.e, a site in which the spike proteins of the virus may bind
(44). Neuronal and endothelial cells are potential targets for
SARS-CoV-2 infection, which may cause their dysregulation after
contact with the Spike viral protein (45). Viral invasion of the
CNS may occur through several routes, including transsynaptic
transfer across infected neurons, entry via the olfactory nerve,
vascular endothelium infection, and leukocyte migration across
the blood-brain barrier (46). Furthermore, SARS-CoV-2 can
replicate in in-vitro neuronal cells, although confirmatory in vivo
studies are required (47).

Worth of mention is that behavioral and mood disorders
following infectious disorders have been observed previously
as far as other coronaviruses are concerned (48). Studies have
shown that individuals affected by BD may show an increased
inflammatory status (49), therefore neuroinvasion may act as
a trigger for the disease in those with a certain predisposition,
culminating with the well-known manifestations of mania.
Knowing the role played by the inflammatory cascade in the
development of BD (50, 51), the hypothesis that COVID-19 may
be a co-protagonist in unmasking a latent BD, as has happened
in some cases analyzed (27, 28, 31, 35, 36) is gaining importance,
yet needing further investigation.

Regarding the hypothesis that the pandemic social
consequences themselves can be triggering factors for a
previously unknown BD [as happened in some case reports
analyzed: Uzun et al. (36), Varsak et al. (37), Meltem et al.
(32)] or an exacerbating factor for those who had already
been diagnosed with BD (52, 53), this appears to be relevant,
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TABLE 1 | Studies of manic episodes comorbid with ymrsSARS-CoV-2.

Article Sample Main SARS-CoV-2 related Main manic symptoms Therapy Main clinical and
symptoms pathophysiological correlates
Igbal et al. (21) 15 cases of — Asymptomatic: 10 patients Insomnia (13 subjects), elation Steroids prescribed: Potential mechanisms by which

Retrospective case
series

Haddad et al. (22)
Case report

COVID-19-associated mania

or hypomania Inclusion criteria: -
Patients aged > 18 years -
Positive real-time polymerase
chain reaction test for
SARS-CoV-2

during hospitalization. Mean age:
40 years (age range: 23-66)
Gender: 14 men 1 woman
Psychiatric history: — 6 with
bipolar disorder — 2

with psychosis — 1 with

unipolar depression — 6 without a
past psychiatric history
Significant pandemic-related
psychosocial stressors prior

to admission: — Present: 9 cases
— Absent: 6 cases Comorbidities:
1 patient had epilepsy, which
was well controlled. 1 patient
with BD had brain metastases

A 30-year-old woman with no
family history of mental health
problems. No current or past
pathologies.

- Mild COVID-19: 2

— Mild COVID-19 pneumonia: 1
— Severe COVID-19 pneumonia:
2

— Raised peripheral inflammatory
markers: 7

— Mild white matter ischaemic
changes: 3

A mild cough and diffuse bodily
aches

RT-PCR: positive

Laboratory tests: elevated CRP,
ferritin, LDH

(10), behavioral disorder (10),
delusion (9), irritability (9),
agitation (8), aggressive behavior
(8), anxiety (7), impaired
concentration (5), persecutory
beliefs (5), auditory
hallucinations (5).
Consultation-Liaison diagnoses:
— Mania: 12 patients —
Hypomania 3 patients

The patient showed features of
both delirium and mania. Manic
features: elevated mood,
decreased need for sleep,
grandiose ideation, increased
talkativeness, pressured speech,
flight of ideas and distractibility.
Classic features of delirium:
acute disturbance of attention,
awareness and cognition,
misidentification of family
members, brief visual
hallucinations, reduced attention,
disorientation to time and
behaviors that implied reduced
awareness, including undressing
inappropriately and ingesting
body wash (she denied an
attempt to harm herself) —
diagnosis of delirious mania

-VYes 3

-No 12

Psychotropic medications
prescribed:

— Olanzapine: 12

— Benzodiazepines (lorazepam or
clonazepam): 9

— Haloperidol: 6

— Antihistamines
(diphenhydramine/promethazine):
5

— Valproate: 4

— Zolpidem: 3

— Quetiapine: 2

All patients responded well to
standard treatment for mania or
hypomania.

Upon discharge from
COVID19-designated hospitals:
— 5 patients were transferred to a
psychiatry hospital for the
treatment of ongoing manic
symptoms

— 10 patients were discharged to
their homes.

Dexamethasone, Ceftriaxone,
Enoxaparin, Remdesivir, oxygen
therapy

Lorazepam 2 mg per day,
Quetiapine 300 mg per day — at
discharge: Quetiapine 500 mg
per day — Reduction to
quetiapine 200 mg at night —
stopped 4 months after
discharge (effective treatment).

SARS-CoV-2 could be a risk
factor for mania or hypomania: —
Psychosocial stress related to
the pandemic, social isolation,
and financial difficulties (9 cases).
— Raised peripheral inflammatory
markers (7 cases) — A history of
bipolar affective disorder (6
cases, of which there was
evidence of poor medication
adherence in 3 cases). — Steroids
were prescribed to 3 patients.
Steroids can cause mania and
have been implicated in some
reports of

COVID-19-associated mania —
Hypoxia, inflammation, and a
hypercoagulable state may be
risk factors. — Neuroinflammation
may be the most plausible
correlate of manic states related
to SARS-CoV-2.

Although the patient showed
some symptoms consistent with
hyperactive delirium, the manic
symptoms were not explained
by delirium. Psychiatric
symptoms started soon after she
developed physical symptoms of
COVID-19 and received a
positive PCR test. The duration
of symptoms (9 days in total)
was consistent with COVID-19.
The raised inflammatory markers
provide a plausible aetiological
mechanism by which COVID-19
could cause

neuropsychiatric symptoms. The
association of delirious mania
with COVID-19 was coincidental
with the former representing the
first episode of BD.
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TABLE 1 | Continued

Article

Sample

Main SARS-CoV-2 related
symptoms

Main manic symptoms

Therapy

Main clinical and
pathophysiological correlates

Jiménez-Fernandez et
al. (23)
Case report

Kozian and Chaaban
(24)

Case report
Kummerlowe et al. (25)
Case report

Lu et al. (26)
Case report

A 71-year-old retired male
patient with no medical history of
major affective disorders

85-year-old patient with no
psychiatric history

A 56-year-old Caucasian male
with no past personal or family
psychiatric history

A 51-year-old male patient
without a past or family history of
mental disorders

Fever, mild cough, dizziness

CT: cortico-subcortical retraction
pattern

Blood tests: slight unspecific
abnormalities

PCR SARS-CoV-2 test: positive

COVID-19, mild symptoms

Mild neutrophilia,
thrombocytosis, and elevated
ESR and CRP

SARS-CoV-2 nucleocapsid total
antibody was positive (not
vaccinated)

Laboratory tests: leukopenia,
increased plasma levels of IL-6,
IL-10, and CRP in the acute
phase of the illness.

Positive for SARS-CoV-2 IgG
antibody in CSF.

Brain MRI: small ischemic lesions
located at the basal ganglia and
semioval center, suggesting no
major pathological changes in
the brain.

Admitted to ED for confusion,
elevated mood, logorrhoea,
excessive motor activity, global
insomnia, megalomaniacal
delusions, sexual disinhibition,
prodigality, and cognitive
symptoms.

Elevated mood, increased drive,
and behavior

Presented to ED for new-onset
odd and erratic behavior
preceded by a 4-week period of
decreased need for sleep,
fluctuating mood, increased
energy, distractibility, overvalued
religious ideation that he was a
prophet, conceptual
disorganization, auditory
hallucinations but

demonstrated insight. Received
a diagnosis of brief psychotic
disorder — rapid improvement
— discharged after 24 hours —
10 days after re-presented to the
ED with labile mood, increased
energy, pressured speech,
talkativeness, distractibility,
overvalued religious thought, and
brain fog — manic episode

On illness day 17 he showed
excitement, logorrhoea,
irritability, ideas of grandiosity,
and decreased need for sleep.
YMRS= 36

Corticosteroids 1 month back for
a recurrent varicella-zoster lesion
Quetiapine 75 mg per day,
clonazepam 1 mg per day.

Not treated with corticosteroids
or antibiotics

Risperidone 1 mg and
Lorazepam 1 mg daily: rapid
response (24 h)

2° access to ED: restarted
Risperidone 1 mg increased up
to 2mg daily.

Arbidol, Moxifloxacin, Darunavir
and Cobicistat Tablets, and
Methylprednisolone
Haloperidol, Olanzapine.

Possible conditioning factors:
-infection with COVID-19
(neuroimmune response,
biochemical

alterations, neuroinvasion)
-treatment with corticosteroids.

Symptoms rapidly improved
following treatment with atypical
antipsychotics, but maintenance
treatment needs to be
considered even after the early
remission as with typical

manic episodes. Not certain
whether this case may be
correlated with
SARS-Coronavirus-2 itself or
immune response. COVID-19
infection could trigger an initial
manic episode; SARS-CoV-2
could penetrate the blood-brain
barrier and stimulate the
production of cytokines (TNF-a,
IL 1 and 6, and INF-a).

Possible risk factors for mania: —
neuroinvasive potential of
SARS-CoV-2 inducing

CNS symptoms. — SARS-CoV-2
IgG in CSF as possible evidence
of a past CNS infection —
inflammation (increased IL-6,
IL-10, and CRP in the acute
phase of the illness) —
Moxifloxacin —
Methylprednisolone.
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TABLE 1 | Continued

Article

Sample

Main SARS-CoV-2 related
symptoms

Main manic symptoms

Therapy

Main clinical and
pathophysiological correlates

Mahapatra and Sharma
@7)
Case series

Mawhinney et al. (28)
Case report

Panda et al. (29)
Case series
Case report 1

Reinfeld and Yacoub
(30)
Case report

A 48-year-old married man, with
secondary level education, of
middle socioeconomic status,
with well-adjusted premorbid
functioning. No history of mental
disorders. Father was possibly
affected by BD.

A 41-year-old man, with no
significant medical history,
reported a previous
cannabis-induced severe
transient mood reaction (no
further use since then). Sister
affected by BP.

A 58-year-old man affected by
severe BD, diabetes.

A 50-year-old, married,
employed man, no psychiatric
history

COVID-19 requiring
hospitalization; meanwhile, his
mother died due to COVID-19.

Presented to ED with severe
headache and a 10-day history
of dry cough and fever.

He was positive for
SARS-CoV-2, chest X-ray
showed pneumonitis.

CRP and neutrophils were initially
raised.

Normal neuroimaging and
lumbar puncture.

COVID-19 pneumonia with fever,
cough, and breathlessness
Inflammatory markers were
raised

Low fever, tachycardia, elevated
blood pressure

Chest CT: bilateral pneumonia
Laboratory test: elevated ESR,
CRP, ferritin, D-Dimer

PCR SARS-CoV-2 test: negative,
but 2 weeks after discharge
COVID-19 IgG were positive

After 2 weeks he showed
decreased need for sleep,
logorrhoea, irritable mood, and
ideas of grandiosity. YMRS=27

He received a diagnosis of a
manic episode, showing
decreased sleep, agitation, flight
of ideas, hypochondriasis, sexual
disinhibition, elevated mood,
pressured speech, and
persecutory, mystical, and
grandiose ideas, needing heavy
sedation and intensive care.

Excessively cheerful, logorrhoea,
disinhibited behavior, reduced
sleep, grandiose ideas.
Diagnosed as BD, current
manic episode

Delirium, mania and catatonia.
Admitted to ED reporting
aggressiveness, episode of
staring, decrease of sleep,
decreases speech, beliefs that
he was responsible for
pandemic, and suicidal ideation.
During hospitalization continued
to pace, paranoid delusion, rapid
and pressured speech,
incoherent behaviors, staring
episode, intermittently mute,
hyperactivity,

fluctuating orientation.

Olanzapine 15 mg per day;
Clonazepam 1 mg per day
optimized over 1 week — clinical
response over the next 2 weeks.

Antimicrobial and antiviral
treatment for 48 hours; he was
extubated after less than 24
hours.

Clinical response of manic
symptoms to olanzapine,
antipsychotics and
benzodiazepines.

Amoxicillin, Dexamethasone,
Remdesivir

Last 3 months before COVID-19:
Sodium valproate 1500 mg per
day, chlorpromazine 100 mg per
day.

After infection, chlorpromazine
was stopped, and the patient
was treated with haloperidol
10mg per day, Sodium Valproate
1500 mg per day.

Broad-spectrum antibiotics
Lorazepam— no response
Elettroconvulsive Therapy:
bifrontal treatments over 2
weeks, 0.5 ms-70Hz (anesthetic
and neuromuscular blocker
used: succinylcholine and
methohexital, later replaced by
etomidate) — symptoms
gradually improved, after 6th
treatment euthymic, normal
sleep-wake cycle, no
excitement, normal speech, no
delusion, no suicidal ideation.

Possible risk factors for mania: —
bereavement (and impossibility
of attending a funeral) —

genetic vulnerability — COVID-19.

Possible risk factors for mania: —
Neuroinvasion of the virus The
development of validated assays
for SARS-CoV-2 in the CSF may
help to determine the
neuroinvasive potential of

the virus.

Possible risk factors for mania: —
production of a high amount of
pro-inflammatory factors. This
proinflammatory state leads to
relapse in patients with BD —
iatrogenic factors, including
corticosteroids and antibiotics —
stress due to diagnosis of
COVID-19, isolation,

and hospitalization.

Possible risk factors for mania: —
Neuroinflammation (elevated
acute-phase proteins and
cytokines, in particular

IL-6, TNF-alpha) — Not
completely understood
connection with

SARS-CoV-2 infection.
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TABLE 1 | Continued

Article

Sample

Main SARS-CoV-2 related
symptoms

Main manic symptoms

Therapy

Main clinical and
pathophysiological correlates

Russo et al. (31)
Case report

Sen et al. (32)
Case report

Uvais and Mitra (33)
Case report

A 60-year-old woman with a
diagnosis of major depression.
Family history was positive for
cognitive deficits (maternal
grandmother), delusions
(mother), and major depression
(two siblings).

A 33-year-old
high-school-graduated female
patient with no previous
neurological or psychiatric
history and no prior alcohol or
substance abuse

A 22-year-old unmarried woman,
no family psychiatric history, no
medical comorbidity, no
significant life stressors, personal
history of obsessive-compulsive
symptoms

Swab positive, asymptomatic for
covid-19.

Negative neurological exam
Negative MRI

Normal EEG

Laboratory tests: mild anemia

Sore throat and fever (37.8 C)
SARS-CoV-2 IgM antibodies
CT: bilateral ground-glass
opacities

Blood screening: increased
levels of white blood cell count,
C-reactive protein, fibrinogen,
ferritin, and D-Dimer

MRI: hyperintense signal in the
splenium of the corpus callosum
with decreased apparent
diffusion coefficient: possibly
presence of cytotoxic oedema

COVvID-19

Delusions consisting of mold
growing everywhere (threw away
several pieces of furniture and
bought large amounts of
cleaning products to deep clean
her house), hallucinations (her
dead mother ordered her to
clean the tombstones of all her
relatives to be safe from
COVID-19), aggressive behavior,
restless, and insomnia. Brought
to a psychiatric ward, at
admission she showed euphoria,
accelerated speech, racing
thoughts, logorrhoea,

and distractibility. Diagnosed
with mania with psychotic
features triggered by
SARS-CoV-2 infection.

Admitted to ED reporting an
acute onset of insomnia,
irritability, and paranoid
delusions; logorrhoea and
increased psychomotor activity;
anxiety and dysphoric mood.
Hospitalized with a diagnosis of
an acute manic episode. YMRS
=43

Admitted to a psychiatric
department for a diagnosis of
obsessive-compulsive disorder
comorbid with moderate
depressive episode treated

with fluoxetine. After 2 days from
COVID-19, she showed
talkativeness, overactivity, sexual
disinhibition, reduced need for
sleep, gender incongruence, and
irritability, for which she received
a diagnosis of manic episode.

Prednisone 1 mg/kg for two
days.

Haloperidol 8 mg per day

— after 2 weeks no notable
changes

— switched to Clotiapine

8 months later she can recall
hallucinations and delusions.
Increased activity, buying sprees,
engagement in goal-directed
pursuits

have disappeared.

COVID-19: Hydroxychloroquine
400 mg per day; Favipiravir
1200 mg per day

Haloperidol 20 mg per day;
Biperiden 10 mg per day

— during hospitalization
switched to a daily dose of

20 mg of Olanzapine.

Sodium valproate gradually
increased to 1000 mg per day;
olanzapine gradually increased
to 10 mg per day. Improvement
in a month.

Possible risk factors for mania: —
SARS-CoV-2 infection — a
steroid-dependent mechanism
was ruled out.

Structural changes of the
splenium could be associated
with insomnia, irritability,
behavioral changes,

and psychosis. No corticosteroid
was administered, which
supports the hypothesis that the
manic symptoms may be related
to the infection itself. Possible
risk factors for mania: -

COVID-19 related
neuroinflammation and release of
pro-inflammatory cytokines in the
CNS (TNF-a, IL-1 and IL-6).

It is uncertain if the COVID-19
influenced the iliness course.
Gender incongruence for the
past 5 years may have been
covered up for social stigma.
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TABLE 1 | Continued

Article Sample Main SARS-CoV-2 related Main manic symptoms Therapy Main clinical and
symptoms pathophysiological correlates
Uvais and Moiden (34) A 36-year-old male with type 2 Fever, cough, and diarrhea. Disorientation, irritability, delusion Antibiotics Delirium and manic symptoms

Case report

Uvais (35)
Case report

Uzun et al. (36)
Case report

Varsak et al. (37)
Case report

diabetes, no personal or family
psychiatric history, history of
substance abuse

A 45-year-old woman with a
severe depressive episode.
Family history of BD
(maternal aunt).

A 16-year-old boy with cerebral
palsy and no previous psychiatric
disorder nor family history

A 64-year-old woman with no
psychiatric history

COVID-19 pneumonia

mild COVID-19 symptoms

Fever, myalgia, headache,
diarrhea, taste and smell
alterations.

CT: bilateral patchy shadows and
ground-glass opacity.

with religious contents,
grandiosity, urinary incontinence,
impaired appetite, decreased
need for sleep, increased energy
and motor activity. Diagnosed
with Catatonic disorder due to a
general medical condition
(delirious mania associated with
COVID-19 infection).

Logorrhoea, irritability, increased
energy level, reduced need for
sleep; diagnosed with a current
manic episode with psychotic
symptoms.

10 days after recovery he
presented excessive speaking,
euphoria, irritability, increased
energy and decreased sleep and
appetite.

On day 3 of hospitalization:
cheerful and irritable mood,
logorrhoea, aloud singing,
throwing things out of the
window, and grandiose and
mystic delusions. On day 7:
agitation, hostile behaviors,

and aggressiveness. YMRS= 43.

Olanzapine 2,5 mg/day —
remained disoriented, manic
symptoms exacerbated
Olanzapine increased up to 5mg
— symptoms resolved in about
a week.

Bilevel positive airway pressure,
oxygen therapy and oral steroids
(quetiapine was stopped)
Injection of low molecular weight
heparin for 5 days for pulmonary
embolism

Risperidone 2 mg per day;
lorazepam 3 mg per day.

Risperidone and after 1 month
Lithium was added —
symptoms disappeared—
Maintenance therapy:
Risperidone 3 mg/day and
Lithium 1200 mg/day — manic
symptoms did not

recurred over 4 months.

Hydroxychloroquine, Enoxaparin
sodium, Salbutamol,
Methylprednisolone

Haloperidol 20 mg and Biperiden
5mg i.m. for agitation—
Zuclopenthixol acetate,
Haloperidol 10 mg i.m.—
Zuclopenthixol decanoate/2
weeks, Olanzapine 20 mg per
day, Biperiden 4 mg per day —
Olanzapine 10 mg per day.

developed in middle age instead
of young adulthood. Possible
mechanisms could be: -
SARS-CoV-2 neuroinvasion —
Immunological response and the
related effect on the CNS —
Hyper-inflammatory state (ferritin,
CRP, IL-6).

Possible risk factors for mania: —
Steroid-induced mechanism —
COVID-19 related stress
(hospitalization, isolation) —
Neurotropism for the virus —
Immunologic response
associated with COVID-19

CNS infection.

Possible risk factors for mania: —
COVID-19 related
neuroinflammation and release of
pro-inflammatory cytokines in
the CNS - psychosocial stress
due to COVID-19 -

neurological disability.

The patient experienced
first-episode mania during the
COVID-19 treatment. The
absence of psychiatric history
and the first manic episode
during the treatment of

COVID-19 led to associating this
case to the

SARS-CoV-2 infection.

BD, bipolar disorder; CNS, central nervous system; COVID-19, coronavirus disease 2019; CRF, c-reactive protein; CSF, Cerebrospinal fluid; CT, computed tomography; ED, emergency department; ESR, erythrocyte sedimentation rate;
MRI, magnetic resonance imaging; PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus.
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as previous studies have already shown that social disasters
can exacerbate BD mania symptoms but no other psychiatric
disorders (54). Lockdown measures adopted to embank the
pandemic influenced some of those factors which are crucial in
mood maintenance in BD, such as sleep and social interactions,
therefore possibly causing exacerbation of the mood disorder
(55). In fact, studies have shown how the current pandemic has
led to more depressive episodes in individuals affected by BD
(56) compared to controls and patients affected by unipolar
depression (57).

LIMITS

Our investigation was based on a low sample population and
evidence mainly comes from single case reports and case series.
Hence, further investigation is needed as a direct correlation
between mania and SARS-CoV-2 neuroinvasion cannot be stated
with certainty, although having some clue.

CONCLUSIONS

Manic episodes occurring in the context of COVID-19
are becoming more and more frequent. Knowing that
biopsychological factors and environmental factors all concur
in the development and/or exacerbation of BD, already well
known to be of multifactorial etiology, raises alarm because of
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Introduction: Patients with bipolar disorder (BD) often show comorbidity with
substance use disorder (SUD) with a negative impact on clinical course, prognosis,
and functioning. The role of polysubstance use disorder (polySUD) is understudied. The
aim of the present paper is to evaluate the sociodemographic and clinical characteristics
associated with BD and comorbid SUD, focusing on polySUD, in order to phenotype this
specific group of patients and implement adequate treatment and prevention strategies.

Methods: A cross-sectional study was conducted involving 556 patients with a primary
diagnosis of BD (376 without SUD, 101 with SUD, and 79 with polySUD). A semi-
structured interview was administered to collect sociodemographic variables, clinical
characteristics, and pharmacological treatment. ANOVA and chi-square tests were used
to compare the three groups. Significantly different variables were then inserted in
multivariate logistic regression.

Results: Patients affected by BD and polySUD were younger, and more frequently
males and single, than patients with SUD or without SUD. Indeed, the prevalence
of patients affected by BD and polySUD living in residential facilities was higher than
in the other groups. Moreover, earlier age at onset, higher prevalence of psychotic
and residual symptoms, involuntary hospitalization, and a family history of psychiatric
disorders were associated with polySUD in patients suffering from BD. Lastly, patients
with BD and polySUD were more likely to take four or more medications, particularly
benzodiazepines and other drugs. At the multinomial regression, younger age, male
gender, early age at onset, psychotic and residual symptoms, positive family history
of psychiatric disorders, and use of benzodiazepines remained significantly associated
with polySUD in patients with BD.

Conclusion: Our findings show a specific profile of patients with BD and polySUD.
It is important to conduct research on this topic in order to adopt specific
therapeutic strategies, minimize the use of polypharmacy, and aim at full remission and
mood stabilization.

Keywords: bipolar disorder, substance use disorder, treatment, psychotic symptoms, polypharmacy
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Bipolar Disorder and Polysubstance Use Disorder

INTRODUCTION

Bipolar disorder (BD) is a severe, recurrent, and multifactorial
psychiatric condition, characterized by the alternation of different
phases, specifically hypomanic/manic and major depressive
episodes (1). BD affects at least 2-3% of the general population
and its onset typically occurs during adolescence or early
adulthood (2), influenced often by seasonality and sunlight (3,
4). BD is often associated with several medical conditions, such
as cardiovascular and endocrine-metabolic diseases (5-10) and
higher inflammatory status (11, 12), leading to a worsening of the
quality of life and functioning (13).

Substance use disorder (SUD), which is defined by the
Diagnostic and Statistical Manual for Mental Disorders (DSM-
5) criteria as “a cluster of cognitive, behavioral, and physiological
symptoms indicating that the individual continues using the
substance despite significant substance-related problems” (1), is a
common issue in patients with BD. It has a negative impact on the
illness course, including more difficulties to achieve intraepisodic
remission and stabilization and maintaining adequate and full
adherence to therapeutic strategies (14, 15).

The comorbidity between BD and SUD is frequent, as
confirmed by several epidemiological studies. For example, the
Epidemiologic Catchment Area (ECA) study found a higher
prevalence of substance abuse in subjects diagnosed with BD type
I (40.7%) than in the general population (16). In the National
Epidemiologic Survey on Alcohol and Related Conditions
(NERSAC) studies, patients with BD showed high rates of SUD
(17-20), as well as in other epidemiological studies, with a
prevalence ranging from 26 to 43% (21-23). In general, patients
with BD tend to use illicit substances with a strong statistical
association [odds ratio (OR): 4.96] with the following prevalence:
alcohol (42%), cannabis (20%), and cocaine and amphetamine
(17%) (24). However, the use of novel psychoactive substances
has been also associated with young patients with BD more than
controls and subjects with other psychiatric disorders (25, 26).

The reasons why patients with BD use illicit substances
are different, including seeking relief by self-medication,
improving psychic status, relieving tension and boredom,
escaping from reality, achieving and/or maintaining elevated
mood, and increasing energy (27). Furthermore, common
genetic (i.e., polymorphism of the aldehyde hydrogenase and
alcohol dehydrogenase, or 5HTyc gene), socioeconomic, and
environmental factors (i.e., access and availability of illicit
drugs in the community, poverty), stressful events (i.e., trauma,
physical, and sexual abuse), temperamental traits (i.e., a sensation
of seeking behavior), lifetime suicide attempts, and psychiatric
comorbidities (i.e., conduct disorder, cluster B personality
disorder, and post-traumatic stress disorder) have been associated
with SUD in patients with BD (24, 28, 29).

The comorbidity between BD and SUD is associated with
several detrimental clinical characteristics, such as an earlier
onset of illness, greater severity of the disorder, more rapid
cycling with a higher risk of switching into (hypo)manic or mixed
phases and frequent affective relapses, increased risk of suicide
attempts or suicide, and accelerated progression of BD with
higher prevalence of negative and cognitive symptomatology.

Furthermore, patients affected by BD and SUD are characterized
by treatment delay due to possible misdiagnosis, reduced
response to lithium and other pharmacological treatments with
worsening of adherence, presence of medical comorbidities
(hepatitis C, acquired immune deficiency syndrome, and others),
increased psychosocial problems, and poorer social support
(27, 28, 30). Finally, illicit substances, particularly cannabis, are
considered risk factors for the onset of BD (31, 32).

Although previous studies have recognized the negative
impact of concurrent SUD in patients with BD, to the best of
our knowledge, no studies have specifically focused on the factors
associated with BD and polysubstance use disorder (polySUD).
The present study aimed to evaluate the sociodemographic
and clinical characteristics associated with BD and comorbid
SUD, focusing specifically on polySUD. In fact, a detailed
characterization of the phenotype of patients with BD and
polySUD may help the identification and prevention of risk
factors for multidrug abuse. This may in turn improve the clinical
course and outcomes of BD and may help the building of a
meaningful therapeutic relationship and the choice of the most
effective treatments (28).

MATERIALS AND METHODS

Sample and Assessment

A cross-sectional study was conducted involving 556 patients
with a primary diagnosis of BD, consecutively admitted
to the Section of Psychiatry, Department of Neuroscience,
Rehabilitation, Ophthalmology, Genetics, Maternal and Child
Health (DINOGMI), IRCCS Ospedale Policlinico San Martino,
University of Genoa (Italy), during a period of 5 years (January
2017-December 2021).

The inclusion criteria consisted of the following: (a) inpatient
status; (b) ongoing major depressive or (hypo)manic episode into
a primary diagnosis of BD type I and II, according to the DSM-5
criteria (1); (c) 18 years of age or older; and (d) written informed
consent to participate in the study.

The exclusion criteria were as follows: (a) primary diagnosis
of schizophrenia and related disorders; (b) pregnancy or recent
childbirth; (c) any condition affecting the ability to fill out
the assessment, such as major neurocognitive disorders; (d)
any severe neurological disorder or positive history of acute
neurological injury, including an intellectual disability; and (e)
the inability or refusal to provide written informed consent to
participate in the study.

A semi-structured interview was administered to collect both
sociodemographic and clinical characteristics. Sociodemographic
characteristics included age, gender, marital and working
status, education level in years, and living status, while the
clinical characteristics included family history for psychiatric
disorders, age of BD onset, duration of illness, presence
of lifetime involuntary hospitalization, psychotic and residual
symptoms, suicide attempts and non-suicidal self-injury (NSSI),
lifetime SUD, and pharmacological treatment grouped as
antidepressants, antipsychotics, mood stabilizers (i.e., lithium,
valproate, lamotrigine, and carbamazepine), benzodiazepines,
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and others (i.e., gabapentin, pregabalin, and oxcarbazepine).
Moreover, according to the existing literature, the presence of
at least two or four medications was defined as polypharmacy
simplex and complex, respectively (33).

Potential participants were provided with an in-depth
explanation of the study objectives and procedures and an
opportunity to ask questions. The study was designed in
agreement with the guidelines from the Declaration of Helsinki
(34) and was approved by the Research Ethical Committees.

Statistical Analysis

Continuous and categorical variables were presented as
means and standard deviations (SD) or frequency and
percentage, respectively.

First, the sample was divided into three subgroups: (a) patients
with BD and absence of lifetime SUD; (b) patients with BD
and lifetime SUD (use of one illicit drug); and (c) patients
with BD and polySUD (at least two concomitant illicit drugs).
For the sociodemographic and clinical comparison, ANOVA
with Bonferroni’s post hoc correction was used for continuous
variables and Pearson’s chi-square test (x?) for categorical
variables. Subsequently, a multinomial regression analysis was
used to explore the relationship between patients with BD and
polySUD and each of the significant independent variables found
in univariate analysis, correcting for age and gender.

The Statistical Package for Social Sciences (SPSS) for Windows
25.0 (IBM Corp., Armonk, NY, United States) was used to
carry out all the mentioned statistical analyses, and the value of
statistical significance was set at p < 0.05 (two-tailed).

RESULTS

General Characteristics of the Sample
The total sample included 556 patients with a primary diagnosis
of BD, of which 43.7% were men (N = 243). The mean (& SD)
age was 49.17 (£ 14.14) years, and 239 patients (43.0%) were
single. Moreover, 198 patients (35.6%) were living alone, and 190
(34.2%) were employed. A total of 277 patients were affected
by BD type I, the age of onset was 29.07 (£ 13.26) years,
while the duration of illness was 19.79 (£ 13.10) years. Finally,
about half of the patients (N = 225, 40.5%) were taking at least
four medications.

All sociodemographic and clinical characteristics are displayed
in Tables 1, 2.

Comparison of Sociodemographic and
Clinical Parameters Between Three
Groups of the Sample

Comparing the sociodemographic characteristics, patients with
BD and polySUD were more frequently males (65.8% vs. 55.4%
vs. 35.9%, p < 0.001), younger (38.90 = 11.99 vs. 47.98 + 13.02
vs. 51.64 & 13.87 years, p < 0.001), single (69.6% vs. 46.5% vs.
36.4%, p < 0.001), and living in a residential facility (11.4% vs.
3.0% vs. 1.3%, p < 0.001) than both participants without SUD or
using only one illicit substance.

Regarding the clinical characteristics, patients suffering from
BD and polySUD had an earlier age onset (21.25 £ 9.78 vs.
27.29 £ 10.56 vs. 31.20 £ 13.88 years, p < 0.001), a higher
prevalence of psychotic (44.3% vs. 22.8% vs. 26.1%, p = 0.002) and
residual (31.6% vs. 15.8% vs. 13.6%, p < 0.001) symptoms, and
involuntary hospitalization (31.6% vs. 20.8% vs. 18.4%, p < 0.001)
than the other subgroups. Finally, a family history for psychiatric
disorders was significantly associated with a primary diagnosis
of BD and polySUD comorbid (57.0% vs. 53.5% vs. 42.0%,
p=0.015).

Lastly, patients suffering from BD and polySUD showed more
polypharmacy complex (53.2% vs. 45.5% vs. 36.4%, p = 0.012)
than the other subgroups and the assumption of benzodiazepines
(81.0% vs. 68.3% vs. 66.4%, p = 0.007) and other drugs (34.2%
vs. 32.7% vs. 19.9%, p = 0.003). All findings are reported in
Tables 1, 2.

Multinomial Regression
When the multinomial regression was performed with BD
without any SUD as the reference category, male gender [OR:
2.411; 95% confidence interval (CI): 1.50-3.87; p < 0.001] and
use of other drugs (OR: 1.819; 95% CI: 1.09-3.04; p = 0.023) were
associated with SUD in patients affected by BD.

Furthermore, younger age (OR: 0.938; 95% CI: 0.91-0.97;
p < 0.001), male gender (OR: 3.464; 95% CI: 1.88-6.40;
p < 0.001), earlier age at onset (OR: 0.956; 95% CI: 0.92-0.99;
p = 0.014), presence of psychotic (OR: 4.254; 95% CI: 1.87-
6.49; p = 0.001), and residual (OR: 7.815; 95% CI: 3.62-16.89;
p < 0.001) symptoms, positive family history for psychiatric
disorders (OR: 1.830; 95% CI: 1.02-3.28; p = 0.042), and use
of benzodiazepines (OR: 3.481; 95% CI: 1.61-7.53; p = 0.002)
resulted associated with polySUD in patients with BD, compared
to the reference category. All findings are displayed in Table 3.

DISCUSSION

The present paper aimed to evaluate the factors associated with
SUD and polySUD in a cohort of patients with BD. Evidence
from epidemiological, clinical, and review studies has shown that
the comorbidity between patients with a primary diagnosis of
BD and SUD is frequent (23, 27, 28, 35). This has also been
confirmed in our sample. Moreover, our results showed that while
SUD was significantly associated only with the male gender and
the category “other drugs,” several sociodemographic and clinical
factors were significantly associated with polySUD compared
to non-users among patients with BD. Overall, our findings
underline that the presence of polySUD should be carefully
considered in the pharmacological and non-pharmacological
approaches to BD patients for personalized treatment.
According to the existing data literature (26, 36, 37),
sociodemographic characteristics such as being male, single,
and younger are associated with polySUD. These findings
are quite expected, due to the increasing early use of illicit
substances in young males in the current society and their
well-known negative consequences on neurostructural patterns
and functioning, which may impair the building of meaningful
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TABLE 1 | Sociodemographic characteristics of the total sample and comparison between the three subgroups.

Total sample BD without SUD BD with SUD BD with polySUD F p

(N = 556) (N =376) (N =101) (N =79)
Gender (male), N (%) 243 (43.7) 135 (35.9) 56 (55.4) 52 (65.8) 30.666 <0.001
Age (years), mean + SD 4917 £ 1414 51.64 + 13.87 47.98 + 13.02 38.90 + 11.99 29.718 <0.001*
Marital Status, N (%)
Single 239 (43.0) 137 (36.4) 47 (46.5) 55 (69.6) 44.642 <0.001
Married 180 (32.4) 140 (37.2) 30 (29.7) 10 (12.7)
Separated/divorced 108 (19.4) 70 (18.6) 24 (23.8) 14 (17.7)
Widowed 29 (5.2) 29 (7.7) 0(0) 0(0)
Educational level (years), 11.62 + 3.62 11.83 £ 3.74 11.07 £ 3.21 11.33 £ 3.44 2.052 0.129
mean + SD
Occupational status, N (%) 190 (34.2) 136 (36.2) 30 (29.7) 24 (30.4) 2.069 0.355
Living with, N (%) 23.670 <0.001
Alone 198 (35.6) 141 (37.5) 31(30.7) 26 (32.9)
Family 341 (61.3) 230 (61.2) 67 (66.3) 44 (55.7)
Residential facility 17 (3.1) 5(1.3) 3 (3.0 9(11.4)
*Post hoc (Bonferroni) BD without SUD > BD with SUD > BD with polySUD.
BD, bipolar disorder; SUD, substance use disorder.
TABLE 2 | Clinical characteristics of the total sample and comparison between the three subgroups.

Total sample BD without SUD BD with SUD BD with polySUD F P

(N = 556) (N = 376) (N =101) (N=79)
Psychiatric family history, N (%) 257 (46.2) 158 (42.0) 54 (53.5) 45 (57.0) 8.467 0.015
Age at onset, mean + SD 29.07 + 13.26 31.20 + 13.88 27.29 + 10.46 21.25+9.78 20.878 <0.001*
Duration of illness (years), 19.79 +£13.10 19.98 + 13.41 20.99 £+ 13.71 17.38 £ 10.41 1.802 0.166
mean + SD
Diagnosis, N (%)
Bipolar disorder | 277 (49.8) 187 (49.7) 45 (44.6) 45 (57.0) 2.733 0.255
Bipolar disorder Il 279 (50.2) 189 (50.3) 56 (55.4) 34 (43.0)
Psychotic symptoms, N (%) 156 (28.1) 98 (26.1) 23 (22.8) 35 (44.3) 12.468 0.002
Residual symptoms, N (%) 92 (16.5) 51(13.6) 16 (15.8) 25 (31.6) 15.502 <0.001
Involuntary 115 (20.7) 69 (18.4) 21(20.8) 25 (31.6) 7.034 0.030
hospitalization, N (%)
Lifetime suicide attempts, N (%) 181 (32.6) 124 (33.0) 32 (31.7) 25 (31.6) 0.095 0.953
Non-suicidal self-injuries, N (%) 92 (16.5) 55 (14.6) 21(20.8) 16 (20.3) 3.107 0.212
Polypharmacy simplex, N (%) 101 (18.2) 75 (19.9) 18 (17.8) 8(10.1) 4.245 0.120
Polypharmacy 225 (40.5) 137 (36.4) 46 (45.5) 42 (53.2) 8.904 0.012
complex > 4, N (%)
Antidepressants, N (%) 224 (40.3) 152 (40.4) 46 (45.5) 26 (32.9) 2.950 0.229
Antipsychotics, N (%) 423 (76.1) 291 (77.4) 70 (69.3) 62 (78.5) 3.153 0.207
Mood Stabilizers, N (%) 470 (84.5) 310 (82.4) 87 (86.1) 73(92.4) 5.195 0.074
Benzodiazepines, N (%) 369 (66.4) 236 (62.8) 69 (68.3) 64 (81.0) 9.948 0.007
Others, N (%) 135 (24.3) 75 (19.9) 33(32.7) 27 (34.2) 11.919 0.003

*Post hoc (Bonferroni) BD without SUD > BD with SUD > BD with polySUD.
BD, bipolar disorder; SUD, substance use disorder.

social relationships, including marital ones (38-40). However,
a difference in marital status emerged only in the univariate
but not in the multinomial regression analysis. Furthermore,
although our findings showed that patients affected by BD and
polySUD lived mainly with family members, the prevalence of
patients living in residential facilities was significantly higher
than in the other two subgroups. In fact, as indicated by
recent guidelines, patients with BD and SUD often need to
be addressed toward specific and tailored therapeutic pathways
in residential facilities, especially when no familial and social

support is present (41). On the one hand, this clinical indication
contributes to avoid the use of illicit substances, because
patients are placed in a protected context, away from the
pathological environment; on the other hand, it allows to
follow specific psychological and pharmacological therapeutic
strategies, aimed at maintaining the mood stabilization and
correcting the unhealthy lifestyles for a better social and familial
functioning. Thus, the high rates of comorbidity between
severe mental illness and SUD need an integrated approach in
psychiatric services with specialized clinicians to encourage early
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TABLE 3 | Multinomial logistic regression.

BD with SUD BD with polySUD
Odds Ratio 95% CI p Odds ratio 95% ClI P

Gender (male) 2.411 1.50-3.87 <0.001 3.464 1.88-6.40 <0.001
Age 0.990 0.97-1.01 0.345 0.938 0.91-0.97 <0.001
Marital status (single) 0.954 0.54-1.68 0.870 0.796 0.38-1.66 0.543
Living with (residential facility) 1.500 0.33-6.87 0.601 2.241 0.59-8.51 0.236
Psychiatric family history 0.058 0.99-2.50 0.058 1.830 1.02-3.28 0.042
Age at onset 0.983 0.96-1.00 0.115 0.956 0.92-0.99 0.014
Psychotic symptoms 0.719 0.41-1.28 0.261 4.254 1.87-6.49 0.001

Residual symptoms 1.699 0.86-3.36 0.127 7.815 3.62-16.89 <0.001
Involuntary hospitalization 0.976 0.52-1.80 0.939 0.955 0.47-1.94 0.898
Polypharmacy complex > 4 1.288 0.77-2.16 0.338 1.570 0.83-2.98 0.168
Benzodiazepines 1.154 0.67-1.98 0.608 3.481 1.61-7.53 0.002
Others 1.819 1.09-3.04 0.023 1.450 0.63-2.78 0.158

The reference category is: bipolar patients without substance use disorder.
BD, bipolar disorder; Cl, confidence interval; SUD, substance use disorder.

assessment and intervention with active and careful monitoring
(42, 43).

Regarding clinical variables, earlier age at onset, the presence
of psychotic and residual symptoms, and a family history positive
for psychiatric disorders were found to be significantly associated
with polySUD in patients with BD. These findings are in line
with other studies (35, 37, 44). Illicit substances are considered
to be one of the main risk factors and triggers for bipolar illness,
as defined by the new diagnostic category named “substance-
induced bipolar and related disorder” in the DSM-5 (1). The use
of drugs, such as cocaine, amphetamines, or cannabis, is often
associated with the first manifestation of an affective episode
(31, 32, 45). The earlier age at onset in people with polySUD
is not surprising. A timely diagnosis of BD in individuals with
SUD may represent a challenge for clinicians, as both the acute
and long-term clinical effects of drug abuse and BD symptoms
may overlap. Thus, the clinical picture may initially be attributed
only to drug use without an accurate assessment for bipolarity,
with a consequent misdiagnosis and treatment delay. The actual
recognition of an underlying BD may thus be performed only
during subsequent hospitalizations.

It is very important to emphasize the association between
polySUD and psychotic and residual symptoms. These clinical
characteristics were found to be associated with polySUD not
only in the univariate but also in the multinomial regression
analysis. It is well-known that psychotic and residual symptoms
exert a negative impact on the functioning, quality of life,
and adherence to treatment in patients with BD (46-49). The
relationship between psychotic symptoms and illicit substances in
BD could be bidirectional. On the one hand, as mentioned above,
illicit substances may induce psychotic symptoms, especially at
the onset of BD; moreover, they may determine a switch to a
(hypo)manic or mixed episode and the persistence of psychotic
symptoms even after the interruption of the pathological use,
being potentially related to a gradual and progressive worsening
of cognitive functions (50-53). On the other hand, patients
suffering from BD may use drugs due to the disinhibition

and exaltation typical of manic phases, or to regulate, in
the short-term, the negative emotional states typical of major
depressive episodes (54). The presence of residual symptoms,
intra- or inter- affective episodes, are strongly associated with
chronic bipolar illness course, incomplete mood stabilization
and frequent affective recurrences, poor sleep quality, as
well as social, occupational, and cognitive deterioration with
increased subjective stigma and reduced adherence to treatment
(46, 55, 56). However, data about the association between
residual symptoms and SUD in patients with BD are still
controversial and this relationship needs to be explored in depth
(44, 57).

Family history of psychiatric disorders has been reported to
be a predictor of polySUD in patients with a primary diagnosis
of BD, suggesting a vulnerability for this comorbidity (35, 58,
59). Indeed, our results have shown an increase in inpatient
involuntary admissions of BD patients with SUD, in line with
previous studies (60, 61).

Lastly, our data revealed no difference in SUD between BD
type I and II. This is in contrast with previous clinical (26,
35, 62) and epidemiological studies, reporting an increased
prevalence of SUD in BD type I (20, 24). No association
between polySUD and current or lifetime suicidal behaviors
was found in the multinomial regression analysis, although this
significant relationship has been reported in a recent meta-
analysis (28). Clinicians should always monitor the bipolar illness
course in patients with polySUD, focusing mainly on full clinical
remission, providing more attention to psychotic symptoms,
reducing involuntary admissions, and avoiding the pathological
use of illicit substances to decrease suicidality, which should be
addressed and evaluated with specific psychometric tools (63, 64).

Finally, with regard to pharmacological treatment, patients
with BD and polySUD were more likely to be treated with a
complex pharmacological approach, defined as four or more
medications (33), compared to the other two subgroups. Even if
some level of evidence about the efficacy of polypharmacy exists
for BD with comorbid cannabis and cocaine use, unfortunately, a
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very low grade of evidence is available for heroin, amphetamine,
and methamphetamine (41). To our knowledge, this is the first
paper that analyzes this particular aspect, and to date, there is no
evidence about a possible role of SUD in determining a multiple
pharmacological prescriptions in patients affected by BD (33, 65).
Our results may underline the necessity to develop more specific
guidelines for the treatment of this peculiar subgroup of patients
with BD to guide clinicians and avoid the prescription of too
many medications with a poor efficacy/side effects balance.

Looking specifically at the pharmacological categories,
benzodiazepines and the category of “other drugs” (i.e.,
gabapentin, pregabalin, oxcarbazepine) were more frequently
prescribed among polySUD than the other categories. Several
studies showed higher rates of use of benzodiazepines in patients
with SUD than in the general population, with a risk of abuse
of these drugs (66-68). On the contrary, evidence regarding
factors associated with benzodiazepines prescription in patients
with BD and comorbid SUD are scarce and inconclusive (69,
70). A recent review explored the use of gabapentin and
pregabalin in the treatment of patients with BD, indicating
a potential role of these medications in the management of
SUD comorbidity (71). Similarly, oxcarbazepine has been
proposed as an alternative treatment for SUD during pregnancy
(72), but with scarce evidence for the treatment of SUD
in comorbidity with BD (73). The increased prevalence of
polypharmacy, particularly benzodiazepines and other drugs,
in patients suffering from BD and polySUD should be framed
as an attempt to reduce abstinence, treat residual symptoms
as sleep or anxiety derived from potential subsyndromal
psychotic symptoms, or recognize the need for better mood
stabilization. However, these hypotheses need to be confirmed
by further studies.

Despite the clinical relevance of our findings, several
limitations should be discussed. First, our study has a cross-
sectional design; therefore, it is not possible to make any
inferences on the temporal or causal relationship between
the considered variables. Second, several clinical variables (i.e.,
number of affective episodes, type of bipolar cycle, adherence
to treatment, substance switch, and psychiatric comorbidity
with personality disorders or anxiety disorders) that could
affect the illness course and impact the use of specific drugs
were not included in the analyses due to the high number of
missing values. Third, no assessment with psychometric tools
was made to investigate the potential clinical dimension such
as impulsivity, hostility, and aggressiveness. Finally, our data
are limited to those derived from a single research center and
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Bipolar Disorder (BD) and Attention Deficit and Hyperactivity Disorder
(ADHD) are mental disorders with high degree of lifetime comorbidity.
Both BD and ADHD are disorders with onset in childhood and early
adolescence. Both disorders are often undiagnosed, misdiagnosed, and
sometimes overdiagnosed, leading to high rates of morbidity and disability.
The psychiatric and behavioral symptoms associated with ADHD and BD have
significant overlap. Albeit the existence of a large body of literature, itis far from
being clear whether comorbidity can be explained by the confounding overlap
of operationally defined criteria or whether it reflects a genuine comorbidity
of two biologically distinct disorders. The aim of this paper is to recognize
and/or differentiate the pattern of ADHD across the course of BD from a
nosological point of view, focusing on specific clinical and neurobiological
dimensions. We found that some critical issues may help to fulfill the purpose
of our perspective. We suggest that the relationship between ADHD and BD,
based on clinical, developmental, and epidemiological commonalities, can be
better clarified using four different scenarios.

bipolar disorder, ADHD, comorbidity, nosology and classification of mental disorders,
neurodevelopment

Introduction

Bipolar Disorder (BD) and Attention-Deficit/Hyperactivity Disorder (ADHD) are
often recognized as mental disorders with a high degree of comorbidity (1-4). Bipolar
disorders are chronic diseases characterized by the alternance of episodes of mania or
hypomania and depression. Bipolar disorders have an early mean age of onset and are a
major cause for disability in young people. Early recognition of the disease leads to more
effective treatment and prevents greater disability (5). The definition of bipolar disorder
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in pre-pubertal children (pediatric bipolar disorder, PBD) is
still the object of an ongoing debate. There is a controversy
concerning what is the definition of a pre-pubertal bipolar
disorder, if there is a continuity of pediatric BD with adult BD,
and if symptoms explained by a diagnosis of PBD could be better
explained by other diagnoses, such as ADHD (6, 7).

ADHD is defined by the DSM-5 as an early-onset
“neurodevelopmental disorder defined by impairing levels of
inattention, disorganization and/or hyperactivity-impulsivity”
(8). ADHD is a common childhood mental health disorder, even
if its prevalence varies widely across different clinical settings
and countries, partly due to differences in classifications and
methods to diagnose it (9). About 50-65% of children with
ADHD will continue to meet diagnostic criteria for ADHD in
adulthood (4, 10).

There is an overlap between symptoms of ADHD and BD,
and in particular (hypo) manic mood episodes features, such
as hyperactivity, distractibility, lack of inhibition, restlessness,
racing thoughts, rapid speech, talkativeness, and irritability. The
overlap of symptoms and diagnostic criteria could make the
distinction between the two disorders difficult, even if ADHD is
a disorder with persistent symptoms, whereas symptoms in BD
are episodic (4, 11, 12).

Many children are diagnosed with comorbid ADHD and
PBD; comorbidity rates are estimated to be around 20% (1, 4),
and children with ADHD are more likely to be diagnosed with
BD later in life (4). BD with comorbid ADHD presents a more
severe course of illness, with earlier onset, a shorter interval
between episodes, and a shorter time of euthymia (11).

In this perspective paper, we focused on specific clinical
and developmental dimensions in order to recognize and/or
differentiate the pattern of ADHD across the course of BD in
a nosological perspective. We found that some issues may help
to fulfill the purpose of our perspective; we described the results
in sections according to the crucial points raised.

Shared background between BD and
ADHD

There is a well-established psychopathological bond between
ADHD and BD, even if some studies show controversial results
regarding their longitudinal relationship. Rates of comorbidity
are very heterogeneous; this is influenced by several aspects.
Interestingly, a difference can be detected between continents.
For BD, it was suggested that the prevalence may be higher in the
Americas compared with Asia and European nations (13, 14);
this is not the same for ADHD. Geographic factors only seem to
play a marginal role, while all the important differences between
countries might be better explained by the adoption of different
methodological approaches (9). A high proportion of ADHD
patients, about 10%, receive a BD diagnosis throughout their life
(2). One out of 13 patients with ADHD have BD, and nearly 1 in
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6 patients with BD are diagnosed with ADHD. The prevalence
of ADHD in BD patients differs when comparing distinct age
groups: 73% in childhood, 43% in adolescence, and 17% in
adulthood (3). The lifetime prevalence of ADHD is around 6.5%,
while that of BD reaches 1-2% (9, 15, 16). All these data suggest
that comorbid BD and ADHD can occur in around 0.12% of the
general population, or up to 0.38% if considering smaller studies;
this would correspond to nearly 4 million persons affected in
US and Europe (16), representing a large burden as a comorbid
nosological entity.

There are genetic implications involved in ADHD and BD
comorbidity. Relatives of patients with BD had a significantly
higher chance of having ADHD, and among relatives of ADHD
patients BD occurred more frequently (17); the relative risk
was about 2-fold higher for both situations. The existence of a
familiarity suggests a genetic vulnerability for both the diseases.
In fact, up to 33 loci were found to be involved in both ADHD
and BD (18-21).

Shared additional risk factors are related to the prenatal,
perinatal, and childhood periods. Maternal substance abuse
exposes children to both conditions, and one study showed
that this risk factor can be associated with the symptoms of
ADHD, but not with a clinical diagnosis (22, 23). Maternal stress
exposure during the first trimester was found to correlate with
an increased risk of BD (22); the same association emerged with
ADHD (24). However, this finding can be also attributed to
genetic factors. Mothers suffering from BD or ADHD might
experience more maternal stress; genetic background could
indirectly impact the offspring (25). Individuals with childhood
adversities and trauma were found more likely to develop
ADHD and BD (26); regarding the latter, this risk factor may
also lead to worse clinical outcomes (27).

ADHD: Developmental trajectories

The clinical course of ADHD to adulthood is characterized
by the development of several psychiatric comorbidities during
the transition from childhood/adolescence, impairment of
social functioning, and deviant or rule-breaking behaviors.
In adolescence, distinct cognitive profiles may emerge both
reflecting continuation or potential recovery of ADHD, with
or without an emotional dysregulation profile (28). Five
different neurobiological developmental models explain the
highly variable course of the symptomatology of ADHD
during the transition from childhood to adolescence have
been supposed (29). These models try to disentangle the
reasons that define remission or persistence of symptoms.
The first—“convergence”—posits that improvement follows
the convergence of atypical neural features toward more
typical brain features. The second—“compensation”—views
symptomatic improvement as a consequence of the recruitment
of new brain systems, compensating the core symptoms
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of ADHD. The third model—“carried forward”—postulates
different adolescent neural trajectories that take origin during
childhood. Adolescents showing improvement or remission
appear to have more typical neural features, while those
showing persistence had more childhood anomalies. The fourth
model—“cascading anomalies”—holds that early symptoms of
ADHD may worsen neural anomalies and generate neural
dysfunction. The last model—“fixed anomalies”—hypothesizes
that the presence of childhood ADHD may be seen as a neural
imprint that will persist regardless of the clinical course during
the transition toward adolescence.

Several clinically informed factors such as gender,
pre-mature birth, maternal education, school readiness,
peer and conduct problems, cognitive and temperamental
factors, early comorbidities, social context and medication
could differentiate individuals following different ADHD
symptom trajectories (29, 30). Genetic factors are major drivers
for ADHD symptoms persistence during adolescence (31);
conduct problems and comorbidities seems to play a major role
for the future development of Bipolar Disorder (32).

Clinical trajectories from childhood
ADHD to adult ADHD: Syndromatic
and symptomatic ADHD

A large body of literature (28-30) suggests that ADHD
tends to persist from childhood to adulthood in many cases.
Some questions have been raised about the need for a proper
definition of “persistence.” According to Faraone et al. (29),
syndromatic persistence is the permanence of a full diagnostic
status, referring to individuals continuing to meet ADHD
diagnostic criteria, even after the adulthood transition. On the
other hand, symptomatic persistence is the presence of a partial
diagnostic status along with impairment, referring to individuals
who fail to meet full blown diagnostic criteria for ADHD, but
who continue to have impairing symptoms.

A 10-year follow-up study by Biederman et al. (28)
demonstrated that the majority of ADHD individuals continue
to experience symptoms and functional impairment when
moving into adulthood. Persistence at follow-up was associated
functional impairments,
familiarity, comorbid Conduct Disorder (CD), Major
Depressive Disorder (MDD), treatment for ADHD and
Oppositional-Defiant Disorder (33, 34).

A recent global systematic review and meta-analysis (30)

with  psychiatric comorbidity,

estimated the prevalence of persistent adult ADHD (considering
a childhood onset) and symptomatic adult ADHD (not
considering childhood onset). Both measures showed a decrease
with advancing age. Prevalence of persistent adult ADHD
was 2.58%; prevalence of symptomatic adult ADHD was
6.76% globally.
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Bipolar disorder developmental
trajectory: “Homotypic trajectory”
and “heterotypic trajectory”

Many studies, including systematic reviews, meta-analyses,
prospective and retrospective studies, have evaluated the
developmental trajectory ADHD-BD (2, 11, 32, 35-38).

A recent systematic meta-analytic review (2) estimated that
about 10-12% of individuals with ADHD will be later diagnosed
with BD; this transition mostly occurs during development.
According to another follow-up study including a total of
17,285 subjects with ADHD conducted in Taiwan (35) the
progression rate from ADHD to BD was 5.12%. Interestingly,
among all participants, 62.16% progressed within the first 3
years, following the ADHD onset. Geographical features and
sample sizes could explain progression rates differences. From a
retrospective view Nierenberg et al. (11) estimated a 9.5% overall
lifetime prevalence of comorbid ADHD in adults with BD.

Predictors of BD, considering the psychopathological
characteristics that forewent the disorder, could be evaluated
following the model proposed by Faedda et al. (32). More
specifically, this involved a “homotypic trajectory” moving from
affective psychopathology toward BDI/II, and an “heterotypic
trajectory” moving from non-affective psychopathology.
Evidence from the aforementioned paper showed a heterotypic
developmental trajectory from prodromal sub-syndromal
(ADHD,
Conduct Disorder) and Anxiety Disorders (early-onset panic

and syndromal Disruptive Behavior Disorders

attacks, separation anxiety, and social phobia) toward BD.
ADHD or anxiety increased the risk of developing BD in
adulthood by 10-fold, while the combination of ADHD and
anxiety increased the risk by 30-fold (38). This suggests that
early manifestations of both externalizing and internalizing
psychopathology could be related with the risk of future BD,
considering internalizing psychopathology as an expression of
conditions associated with negative emotions and externalizing
psychopathology as an expression of conditions characterized by
disinhibition (39). This dysregulation profile is characterized by
a combination of externalizing (inattention and hyperactivity)
and internalizing (anxiety) psychopathology that may indicate
youth with propensity to BD. Dysregulation profile is currently
conceptualized as a broad syndrome of difficulties in regulating
affect, behavior, and cognition (40, 41). According to Brancati
et al. (2), moving from this pattern of prodromal features
emotional dysregulation can be considered as a trans-
nosographic psychopathological dimension that facilitates the
progression from ADHD to BD.

Several conditions and psychiatric comorbidities elevate
the risk of progression from ADHD to BD. Among these are
family history of BD, older age, Major Depressive Disorder
(MDD), Anxiety Disorder, Autism Spectrum Disorder (ASD),
Intelligence Disability (ID), Disruptive Behavior Disorder
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(DBD), Oppositional-Defiant Disorder (ODD), Conduct
Disorder (CD), criminal behavior, Alcohol Use Disorder (AUD),
and Cluster A or B Personality Disorder (32, 35, 36, 38).

Comorbidity between BD and ADHD

There are significant clinical differences between patients
diagnosed with both ADHD and BD and patients with BD
without comorbid ADHD. Compared with the “pure” BD
counterpart, patients with BD and ADHD have shorter period
of wellness and stability (37), are younger when experiencing
their first psychiatric symptoms (2, 11), show earlier treatment
implementation (2) and are less successful at school and more
unemployed (42). Talking about behavioral and properly ADHD
features, patients with comorbid ADHD-BD exhibit a younger
age of ADHD onset (2, 11), more externalizing problems (2,
43), a higher severity of hyperactive/impulsive and inattentive
symptoms (2), more reactivity and verbal aggressiveness (44)
and a history of violence, legal troubles, and rule-breaking
behaviors (2, 37). Moreover, referring only to affective episodes,
individuals with comorbid ADHD-BD experience significantly
more depressive, mixed, hypo-manic, and total number of mood
episodes (2, 37, 45), shorter euthymic intervals (2), earlier age of
onset of mood disorder, more severe and chronic mood disorder,
poorer response to mood stabilizer, and are more irritable (2, 37,
45, 46); the psychotic features are, however, less likely compared
to “pure” bipolar patients (37). At last, for these patients more
suicide attempts, more additional psychopathology (Anxiety,
Disruptive Behavior Disorders, Substance Use Disorder and
Alcohol Abuse) and more psychiatric hospitalizations are
documented (2, 3, 11, 47).

A recent systematic review and meta-analysis (16) reported
that there is no difference in comorbidity between ADHD and
BD type I or BD type II. Nevertheless, differential diagnosis
between ADHD and BD type II appears to be challenging due
to the presence of sub-syndromal phenomena and mood states
such as hypomania, rapid cycling, mixed episodes, and high-
frequency mood swings, which are particularly common in BD
type II. The trait-like nature of ADHD must be considered when
comparing with state-like features of BD. A positive history of
childhood ADHD can impact both the phenotype and the onset
of depressive disorder, increasing the risk of bipolar spectrum
features. Screening for lifetime ADHD in depressed individuals
with treatment refractoriness and mixed features should be
mandatory; on the other hand, young adults with ADHD along
with a familiar load for mood disorder or with anxiety disorders
should be candidates for depressive disorder prevention (36).

Discussion

Herein, we aimed to focus on specific clinical, developmental

and neurobiological ~dimensions to recognize and/or
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differentiate the pattern of ADHD across the course of BD
from a nosological perspective.

We are inclined to propose four scenarios that aim to clarify
possible different relationships in clinical and research settings:

1) Overestimated comorbidity of ADHD or BD due to
overlap of symptoms (especially in childhood and youth);

2) ADHD can be a prodrome of BD;

3) Comorbidity of syndromatic ADHD with strictly
defined BD;

4) ADHD-BD is a full entity.

Regarding the first point, some authors (48, 49) have
highlighted the possibility of a diagnostic artifact rather
than a genuine finding when considering BD and ADHD
in comorbidity. The adoption of a categorical approach
instead of a dimensional one, over-splitting of symptoms
(artificial subdivision of syndromes), and the overlapping
symptoms such as impulsivity, irritable mood, and poor
concentration might contribute to the development of a “false”
comorbidity. In childhood and youth, differential diagnosis
is clinically the most difficult due to the large overlap
of the symptomatic and family patterns of both disorders;
currently, there is substantial consensus that episodes are one
of the hallmarks of BD and that phenotypes characterized by
chronic irritability and lack of episodicity, are not consistent
with a diagnosis of BD (50). In adulthood, a correct
differential diagnosis between BD and ADHD, is pivotal,
because irritability, inattention and hyperactivity improve
with specific medications, and patients often do not need a
mood stabilizer (that might be given with an overestimated
comorbidity of BD) (51). A wrong BD diagnosis in adults
with ADHD can lead to mood stabilizers that do not usually
improve attention and memory, whilst the stimulant therapy
can improve overall symptomatology, including irritability
and hyperactivity (52).

Considering the second scenario, misleading comorbidity
may be also related to developmental sequencing, which
is an example of “heterotypic continuity” in which the
same developmental process has different phenotypes at
different stages of life. In this case, ADHD may represent
a BD precursor in a heterotypic trajectory. Unfortunately,
we are not currently able to accurately predict which
patients with ADHD are prone to subsequent development
of BD. In fact, on one hand, a specifically increased risk
of BD can be confirmed in ADHD patients compared
to healthy controls, which is higher than what expected
based on the general predisposing effect on other kinds of
psychopathology. On the other hand, BD following ADHD
may be a specific, pediatric-onset, neurodevelopmentally-
based, form of BD, different from adult-onset or older-age
(neurodegenerative)-onset BD, despite phenotypical similarities.
Early neurodevelopmental disorders, such as co-occurring
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ADHD and emotional dysregulation, may be considered a
precursor in the pathway to neurodevelopmental, early-onset,
bipolarity (2).

As regard to the third scenario, although the higher known
rates of ADHD and BD comorbidity is in childhood (3), we
suggest that further studies are needed to establish the timing
of emergence of different forms of BD in ADHD patients and
vice-versa. Lower but still rather high comorbidity rates have
been reported at later ages. Therefore, in adult patients with a
recent diagnosis of BD, but with an unknown history of ADHD,
an accurate assessment for a previous or current diagnosis of
ADHD appears mandatory (3); if a history of childhood or
adolescent ADHD emerges, clinicians should carefully ascertain
whether the ADHD persists in a symptomatic or syndromatic
form; only in the latter should a diagnosis of comorbidity be
made (32).

The hypothesis of a full entity ADHD-BD, different
from both ADHD and BD, is supported by several familial
(53, 54) and genetic (55) studies. These findings suggest a
mixed BD-ADHD disorder, with its own evolution, continuous
rather than cyclic (56), earlier onset, male predominance,
more frequent episodes with mixed states, irritability as
a main feature, more severe manic symptoms, increased
psychosocial problems, and necessitating a sequential treatment.
Interestingly, this hypothesis is also in line with recent
dimensional approaches to nosology, such as the Hierarchical
Taxonomy of Psychopathology (HiTOP), which aims to
identify psychopathology constructs based on patterns of co-
variation among signs and symptoms (57), in contrast to
the DSM/ICD nosography. In a dimensional perspective, in
fact, ADHD and bipolar disorder may fall on a genetic
continuum of severity, with patients with ADHD but not
bipolar disorder being at the mild end, patients with bipolar
disorder but not ADHD having greater severity and patients
with both ADHD and bipolar disorder having the greatest
severity (58).

Apart from theoretical and nosological issues, therapeutic
implications may arise from perspective paper such as the
present one.

Treatment of concurrent ADHD and BD, regardless of
the phase of illness, remains an unresolved challenge; in
a developmental perspective view, treatment may require a
staged approach. By staging the introduction of treatments,
one can reduce the risk of overmedicating patients and
better assess the effect of each individual treatment (59). On
the other hand, in case of real comorbidity, a hierarchical
approach to treatment should be followed. At present, data
on treatment response of comorbid ADHD-BD are very
limited. In clinical practice, most adult patients presenting
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with symptoms of both ADHD and BD tend to be treated
only for the mood disorder (60). The use of BD medications
in ADHD-BD patients may be problematic, with high rates
of non-response and residual functional impairment. Patients
should be treated hierarchically: BD should be treated first,
while ADHD should be treated combining ADHD medications
and mood stabilizers after mood stabilization (61). A proper
mood stabilizing therapy can reduce the chance of positive
mood episodes that might arise if we only use ADHD
specific medications and that is why we actually follow a
hierarchical approach.

Our perspective is focused on the clinical and developmental
of ADHD
neurocognitive and therapeutic aspects were not part of

aspects and BD; genetic, neurobiological,
the aims of this perspective paper. We hope that better clinical
and developmental characterization is coming and that parallel

efforts through nosology can be useful.
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Object: Despite abundant literature demonstrating a high prevalence of
obesity and overweight in people with bipolar disorder (BD), little is known
about this topic in China. Therefore, we assessed the prevalence and
associated factors of obesity and overweight among inpatients with BD in our
hospital, one of the largest public psychiatric hospitals in China.

Methods: In this retrospective, cross-sectional study, 1,169 inpatients >18
years with BD during 2019 were included. Obesity was defined as having a
BMI >25 kg/mz, and overweight was defined as having a BMI from 23 kg/m2 to
<25 kg/mz. Binary logistic regression analysis was performed to identify factors
associated with obesity and overweight.

Results: The prevalence of obesity and overweight was 21.0% and 32.2%
in patients with BD, respectively. Compared to patients with overweight and
normal weight, patients with obesity were older, had a longer duration of BD
and a longer length of hospital stay, had a higher prevalence of diabetes and
hypertension, and had a higher level of all metabolic indices, except for HDL
cholesterol. Binary logistic regression analysis showed that duration of BD, uric
acid, alanine aminotransferase (ALT), triglyceride, and LDL cholesterol were
significantly associated with obesity, and male sex and uric acid level were
significantly associated with overweight (p < 0.05).

Conclusions: Obesity and overweight were fairly prevalent in Chinese BD
patients, and several factors were related to obesity and overweight. The results
of the present study call for the need to implement early screening, prevention
and interventions for obesity and overweight in patients with BD in China.

obesity, overweight, prevalence, risk factors, bipolar disorder

Introduction

Bipolar disorder (BD) is one of the most severe and function-impaired
mental disorders with a high global burden. BD affected 4.53 million
people in 2017 (1). The disability-adjusted life years (DALYs) of BD
increased by 54.4%, from 6.02 million in 1990 to 9.29 million in 2017 (1).
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In the United States, the estimated total annual national
economic burden of BD/bipolar I disorder (BD-I) subtype was
more than $195 billion, with ~25% attributed to direct medical
costs (2). People with BD/BD-I used health-care services more
frequently and had higher direct medical costs than matched
controls (2). A meta-analysis with 31 studies suggested that
people with BD had a 7.42-fold increased risk of unnatural death
and a 1.64-fold increased risk of natural death compared to
the general population (3). A 1.73 times risk of deaths from
circulatory illnesses, 2.92 times risk of deaths from respiratory
illness, 2.25 times risk of deaths from respiratory illness, and
1.14 times risk of deaths from neoplasm caused these natural
deaths in patients with BD (3). Data from a meta-analysis of
32 studies between 1984 and 2013 with 470,411 participants
showed that the pooled prevalence of BD was generally lower in
China than in Western countries (4). Recently, a study based on
a multistage, stratified, cluster random sampling method with
20,884 participants also found that the prevalence of BD was
lower in China than in other countries (5). However, Chinese
patients with BD also had higher all-cause, natural-cause and
unnatural-cause mortality rates than the general population (6).
A study reported that Chinese men and women with BD had
6.78 years and 7.35 years of excess life-years lost, respectively
(6). Respiratory diseases, cardiovascular diseases and cancers
accounted for the majority of deaths among Chinese BD (6).

In recent years, the prevalence of obesity has increased
globally, and obesity has become a major public health problem
(7). In 2010, it was estimated that overweight and obesity
cause 3.4 million deaths, 3.9% of years of life lost, and
3.8% of DALYs worldwide (7). Based on Chinese criteria,
the estimated Chinese national prevalence rates of obesity
and overweight were 164 and 34.3% between 2015 and
2019, respectively (8). Economic developments, sociocultural
norms, substantial changes in dietary patterns, decreased
physical activity levels, increased sedentary behaviors, genetic
susceptibility, psychosocial factors, obesogens, and in utero and
early-life exposures drive the growing burden of overweight
and obesity in China (8). A Chinese study found that the
total, direct, and indirect costs of the four obesity-related
illnesses were up to $30,350.8 million, $28,642.5 million,
and $1,708.3 million, respectively, with 12.7% attributable to
general obesity and 28.7% attributable to central obesity (9).
Even in 2003, the estimated total medical cost attributable
to overweight and obesity reached ~$2.74 billion, accounting
for 25.5% of the total medical costs for the four obesity-
related chronic diseases or 3.7% of the national total medical
costs (10). If not eliminated, obesity is associated with an
increased risk of diseases such as type 2 diabetes mellitus,
fatty liver disease, hypertension, myocardial infarction, stroke,
dementia, osteoarthritis, obstructive sleep apnea and several
cancers, leading to a decline in both quality of life and
life expectancy (11). Moreover, previous evidence has shown
that obesity is closely correlated with an increased risk of
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developing mental disorders, including mood disorders, anxiety
disorders, personality disorders, attention deficit hyperactivity
disorder (ADHD), binge eating disorders, trauma, BD, and
schizophrenia (12). Maternal obesity has been found to be linked
with neuropsychiatric disorders, including ADHD, autism
spectrum disorders, anxiety, depression, schizophrenia, eating
disorders, and impairments in cognition in offspring (13).
Metabolic alterations, systemic inflammation, oxidative stress,
neuroinflammation and impaired brain plasticity induced by
a high-fat diet have been found to be tightly interconnected
processes, implicating the role of obesity in the pathogenesis of
neurological diseases (14).

People with BD have a high prevalence of obesity. A meta-
analysis of 49 studies found that the pooled prevalence of general
obesity (BMI > 30 kg/m?) was 29.0% among 322,494 adults
with BD, which was significantly higher than their healthy
counterparts (15). This meta-analysis also suggested that the
pooled prevalence of abdominal obesity in 2,378 BD patients
was up to 51.1%, and female BD patients and duration of
BD were significantly associated with abdominal obesity (15).
It has been reported that illness-related factors (mood-related
factors, i.e., mania or depression), treatment-related factors
(weight implications and other side effects of medications),
and lifestyle factors (physical inactivity, poor diet, smoking,
substance abuse) were associated with obesity among people
with BD (16). Although current evidence remains controversial
in most aspects of clinical outcomes, existing evidence suggests
that obesity in BD places patients at considerable risk for poor
outcomes, such as altering the course of BD, worsening global
functioning, poor treatment response and a chronic course
of illness, and enhancing rapid cycling (17). Furthermore, in
young people with BD, obesity has been shown to be associated
with physical abuse, suicide attempts, self-injurious behaviors,
psychotropic medication, and psychiatric hospitalizations (18).

Despite the substantial number of studies assessing obesity
and overweight in people with BD (15), little is known about
obesity and overweight among Chinese patients with BD. To
our knowledge, only two studies have assessed obesity in
Chinese BD patients. One early prospective study of 148 Chinese
adult patients with BD reported that the prevalence of obesity
(BMI >25 kg/mz) increased from 34.5% at baseline to 45.3%
at the study endpoint (19). Another recently published study
found that the prevalence of obesity and overweight were 17.74
and 34.68% in 124 patients with stable BD, respectively (20).
Both of these studies suggested that obesity was prevalent in
Chinese patients with BD, but they did not investigate the
associated factors of obesity and overweight and only included
a small sample.

Therefore, we conducted this study to investigate the
prevalence and associated factors of obesity and overweight in
a larger sample of inpatients with BD in China. This study will
add to the body of knowledge on obesity and overweight among
BD patients from a large public psychiatric hospital in China.
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Methods
Subjects and study design

This retrospective observational study was conducted at
the Affiliated Brain Hospital of Guangzhou Medical University,
which is one of the largest public mental health centers
with 1,920 beds for inpatient service in China. The ethics
committee of the Affiliated Brain Hospital of Guangzhou
Medical University approved this retrospective cross-sectional
study. The diagnosis of mental disorders was established by two
experienced psychiatrists according to the 10th revision of the
International Classification of Diseases (ICD-10).

The inclusion criteria were as follows: (1) inpatients
diagnosed with BD; (2) aged >18 years; (3) admitted to our
hospital between January 1, 2019, and December 31, 2019; and
(4) had a record of BMI at admission to the hospital. The
exclusion criteria were as follows: (1) inpatients aged <18 years;
(2) severe physical diseases, pregnancy, lactation, or missing
BMI data. If the patients were readmitted during 2019, only the
data of the first admission for the patients were collected and
used for analysis.

Data collection and analysis

Data were extracted from the electronic databases of
this hospital. The collected data were anonymized. The
following data were collected for all of the included inpatients:
sex, age, duration of BD, length of hospital stay, BMI at
admission, and diagnoses at discharge. Laboratory results
of the first blood tests were collected, including uric acid,
alanine aminotransferase (ALT), triglyceride, total cholesterol,
LDL cholesterol, and HDL cholesterol. The first blood tests
are usually conducted on the second day after admission to
our hospital.

Definitions of obesity and overweight

Based on the Asian-specific cutoff points (21), patients
with a BMI < 23 kg/m?> were defined as normal weight,
patients with a BMI from 23 kg/m?> to <25 kg/m?
were defined as overweight, and patients with a BMI
> 25 kg/m?> were defined as obese for both men
and women.

Data analysis

Demographic and clinical variables of patients with
obesity, overweight and normal weight were compared
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with the F test for continuous variables and the Chi-
squared test for categorical variables. Continuous variables
are presented as the mean and standard deviation, and
categorical variables are presented as frequencies. A binary
logistic regression was used to examine which factors were
strongly associated with obesity and overweight (with
normal weight as the reference group). All p-values were
2-tailed, and p < 0.05 was the threshold for statistical
significance. All statistical analyses were performed with
SPSS 21.0.

Results

Demographic and clinical characteristics
of patients with BD

There were 10,046 inpatients in the Affiliated Brain Hospital
of Guangzhou Medical University in 2019, among which
1,426 were BD patients aged >18 years. After excluding
257 (18.0%) patients without a recorded BMI, a total of
1169 patients (630 men and 539 women) were included
in this study. There were no significant difference in
age and gender between patients with BMI and patients
without BMIL.

The demographic and clinical characteristics of patients
with obesity, patients who were overweight and patients
with normal weight were compared and are presented in
Table 1. The average age of all the included patients was
35.2 £ 13.8 years, ranging from 18 to 79 years. The average
disease duration was 9.1 £ 9.3 years, and the average length
of hospital stay was 37.5 £ 42.3 days. Among all of the
patients, 70 (6.0%) patients had diabetes, and 81 (6.9%)
patients had hypertension. Significant differences between
the groups were found in the following variables: duration
of BD, uric acid, ALT, triglyceride, TC, HDL cholesterol
and LDL cholesterol (p < 0.05). There were significant
differences in the prevalence of sex, diabetes and hypertension
among the three groups (p < 0.05). Patients with obesity
had much higher levels of all metabolic parameters than
patients with overweight and normal weight, except for
HDL (p < 0.05).

The prevalence of obesity and
overweight

The overall prevalence of obesity and overweight
in patients with BD was 21.0% (246/1169) and 32.2%
(377/1169), respectively. A total of 22.2% (140/630) of
men and 19.7% (106/539) of women were obese; 40.3%
(254/630) of men and 22.8% (123/539) of women were
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TABLE 1 Demographic and clinical characteristics of BD patients with obesity, patients with overweight and patients with normal weight.

Obesity Overweight Normal weight X2/F P
(n, %) (n, %) (n, %)
Cases 246 (21.0) 377 (32.2) 546 (46.7) - -
Gender
Male 140 (22.2) 254 (40.3) 236 (37.5) 53.489 0.001
Female 106 (19.7) 123 (22.8) 310 (57.5)
Diabetes 25(10.2) 20 (5.3) 25 (4.6) 9.854 0.007
Hypertension 29 (11.8) 25 (6.6) 27 (4.9) 12.393 0.002
Hyperlipidemia 85 (35.0) 70 (18.8) 61 (11.4%) 61.268 0.001
Age (years) 36.8£12.9 354+134 345+ 145 2319 0.099
The length of hospital stay (days) 42.7 £459 36.2+43.7 36.2 +39.6 2.301 0.101
Duration (years) 11.9+9.6 91493 7.9+£9.0 16.455 0.000
Uric acid (wmol/L) (n = 1,166) 448.9 £ 136.0 4139+ 110.4 361.3 £102.8 57.292 0.001
ALT (U/L) (n = 1,168) 31.4+£25.1 234+18.1 20.5 £ 24.0 19.760 0.001
Total cholesterol (mmol/L) (n = 1,152) 48+ 1.1 46+ 1.0 43+0.8 20.064 0.001
Triglyceride (mmol/L) (n = 1,152) 1.6 £0.8 1.34+0.7 1.0+ 0.6 51.237 0.001
HDL cholesterol (mmol/L) (n = 1,152) 12402 12403 1.34+03 22.756 0.001
LDL cholesterol (mmol/L) (n = 1,152) 28+£09 26+£08 23+£0.6 37.872 0.001
TABLE 2 Associated factors for obesity in patients with BD.
P OR 95% CI
Age 0.053 0.982 0.965-1.000
Duration of BD <0.001 1.058 1.033-1.084
Male 0.317 0.820 0.555-1.210
The length of hospital stay 0.195 1.003 0.999-1.007
Diabetes 0.867 0.937 0.438-2.002
Hypertension 0.192 0.604 0.283-1.288
Uric acid <0.001 1.004 1.003-1.006
ALT 0.010 1.010 1.002-1.017
Total cholesterol 0.413 0.784 0.437-1.405
Triglyceride <0.001 1.745 1.289-2.363
HDL cholesterol 0.189 0.553 0.229-1.337
LDL cholesterol 0.023 2.180 1.114-4.268

overweight, and this difference was significant (X2 = 53.489,
p=10.001).

Factors associated with obesity and
overweight in patients with BD

As shown in Table 2, after adjusting for relevant variables,
the results of a stepwise forward binary logistic regression
showed that the duration of BD, uric acid, ALT, triglyceride
and LDL cholesterol were significantly associated with obesity
(p < 0.05).
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Factors associated with overweight in
patients with BD

As
logistic

in Table3, a
regression

shown stepwise forward binary

suggested that male sex and uric

acid  were associated  with

(p < 0.05).

significantly overweight

Discussion

Obesity is a major risk factor for non-communicable diseases
in the general population and among people with mental
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TABLE 3 Associated factors for overweight in patients with BD.

P OR 95% CI
Age 0.675 0.997 0.984-1.011
Duration of BD 0.112 1.015 0.997-1.034
Male <0.001 2.060 1.509-2.812
The length of hospital stay 0.704 0.999 0.996-1.003
Diabetes 0.881 1.056 0.518-2.153
Hypertension 0.578 0.826 0.420-1.622
Uric acid <0.001 1.003 1.001-1.004
ALT 0.637 0.998 0.992-1.005
Total cholesterol 0.533 1.200 0.676-2.131
Triglyceride 0.197 1.194 0.912-1.563
HDL cholesterol 0.251 0.628 0.284-1.389
LDL cholesterol 0.692 1.144 0.589-2.222

disorders. To the best of our knowledge, this is the first and
largest sample-based study investigating the prevalence and
associated factors of obesity and overweight in patients with
BD in China. We found that the prevalence rates of obesity
and overweight were 21.0% and 32.2% in 1,169 in patients with
BD, respectively. Given the global trend of increased obesity in
the general population and the high prevalence of obesity in
people with mental disorders, it is not surprising that obesity
and overweight were prevalent in our study. The prevalence
of obesity was 31.9% in 2007 and 37.2% in 2017 among two
large-sample nationally representative surveys in the Chinese
general population, which was much higher than our findings
(22). However, the total prevalence of overweight and obesity
was 52.2% in 2007 and 58.0% in 2017 in that study, which
is similar to the findings (53.2%) in our study. The mean
age in that study was 44.8 years in 2007 and 43.8 years in
2017, both much higher than our study (35.2 years). Age is an
independent risk factor for obesity (22). Another study in China
with 441 thousand adults reported that people aged 45-54 years
had the highest frequency of overweight and obesity (23). A
meta-analysis with 101 studies including 698,905 participants
identified that the prevalence of obesity increased with age, and
people aged > 40 years had the highest percentage of obesity
and overweight in Middle East countries (24). The lower mean
age in our study may account for our lower prevalence of
obesity. We found that overweight and obesity were prevalent,
which is consistent with existing studies of people with BD (15).
However, our 21.0% prevalence rate of obesity is lower than
the 29.0% reported in a recent meta-analysis (15), similar to a
previous study in China (20). That study with a smaller sample
noted that the prevalence of obesity and overweight were 17.74
and 47.58% in 124 Chinese stable BD patients, respectively (20).
The discrepancy between our study and other studies in the
prevalence of overweight and obesity among BD patients may be
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due to differences in race, region, quality of health care, lifestyles,
dietary habits, genetic factors, criteria for obesity, stage of BD,
and psychotropic use.

We found that the duration of BD was significantly
associated with obesity, which is consistent with the findings of
a previous study among patients with BD at the initiation of
the acute phase treatment (25). Some studies also found that
the duration of BD was associated with a higher BMI (26),
increased medical burden (27), worsening of both the clinical
profile and brain structural alterations (28), metabolic syndrome
(29), and diabetes (30). Recently, a positive correlation between
the duration of BD and the number of mood episodes with
both hypertension and the 10-year cardiovascular risk score
has been found in patients with BD type I (31). A longer
duration of BD may be linked with mood instability, chronicity,
unhealthy lifestyles, and more complex psychopharmacological
treatments involving antipsychotics, which may lead to insulin
resistance, metabolic syndrome, and autonomic nervous system
dysfunction, increasing the risk of developing obesity (31).

Conflicting results regarding gender differences in the
prevalence of overweight and obesity have been reported in
the general population and people with BD (15, 32). Between
1975 and 2014, the global age-standardized prevalence of obesity
more than tripled in men (from 3.2 to 10.8%) and doubled
in women (from 6.4% to 14.9%), and the global prevalence
of morbid obesity and severe obesity was much higher in
women than in men (32). However, according to a systematic
analysis for the global burden of disease study in 2013, gender
differences in the levels and trends of overweight and obesity
were much smaller in both developed and developing countries
(33). In addition, a meta-analysis showed that there were no
sex differences in the prevalence of obesity in BD (15). Two
studies suggested that male BD patients had a higher prevalence
of obesity and overweight than female BD patients (25, 34),
and we found that male BD patients had a higher prevalence
of obesity and overweight and that male sex was significantly
associated with overweight in our study. Interestingly, a study
in the Chinese general population also found that men had
higher rates of obesity and overweight than women in 2007
and 2017 (22). We speculate that different behavioral styles
(excessive eating, drinking and smoking) may account for the
higher prevalence of obesity and overweight in men with BD.

Uric acid is the end product of the purinergic system, and
hyperuricemia has been recognized as a potentially treatable
risk factor for cardiometabolic diseases; it could predict the
development of hypertension, metabolic syndrome, type 2
diabetes, coronary artery disease, left ventricular hypertrophy,
atrial fibrillation, myocardial infarction, stroke, heart failure
and chronic kidney disease in the general population (35). In
addition, hyperuricemia can accelerate hepatic and peripheral
lipogenesis to cause obesity (36). People with BD have a high
prevalence of hyperuricemia, with a figure ranging between
27.7 and 31.91% (37, 38). Increasing evidence from genetic and
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clinical studies suggests that purinergic system dysfunction may
play a role in the pathophysiology and therapeutics of BD (39),
and increased uric acid levels are correlated with impulsivity,
excitatory behavior, irritability, a hot temperament and severe
manic symptoms in patients with BD. Moreover, hyperuricemia
was associated with metabolic parameters in people with BD
(37, 40). For example, a study in Italy reported that metabolic
syndrome, abdominal circumference and triglyceride levels had
a significant effect on uric acid in patients with BD (40).
Hyperuricemia has also been found to be associated with
metabolic syndrome and a larger waist circumference in Chinese
patients with BD (37). A significant relationship between uric
acid and a higher prevalence of obesity and overweight was
found in the present study, which is consistent with previous
studies (36). Our findings suggest that more studies investigating
the potential association between uric acid and obesity should be
conducted among patients with BD.

ALT is the liver enzyme most strongly correlated with liver
fat accumulation and has been found to be closely related to
obesity and metabolic syndrome (41). For example, a large
sample-based study with 3,843 pediatric and adolescent subjects
suggested that each unit increment in ALT elevated the odds
of being metabolically unhealthy obese by 2% compared with
metabolically healthy non-obese individuals (42). In a study
with 5,411 adolescents aged 12-19 in the US, ALT levels
were significantly correlated with BMI Z score and metabolic
syndrome Z score (p < 0.0001) (43). A longitudinal study also
indicated that weight gain was significantly associated with an
increased risk of elevated ALT levels (44). Elevated ALT was
also associated with natural death in BD (45). In line with these
studies, we found that ALT was significantly associated with
obesity in patients with BD.

We found that triglycerides and LDL cholesterol were
associated with increased obesity in BD, consistent with previous
studies showing an association between obesity and blood lipid-
related parameters in the general population (46). Triglycerides
were much higher in drug-naive BD patients and BD patients
taking medications than in healthy controls, and triglycerides
were found to be associated with cognitive dysfunction and
worse cognitive flexibility in BD (47). Triglycerides were
the most accurate factor to identify individuals with greater
cognitive impairment from among patients with severe mental
disorders (48). In the general population, triglycerides are an
independent risk factor for cardiovascular disease (49), and
could serve as an independent marker for an increased risk
of cardiovascular diseases in patients with type 2 diabetes
mellitus (50). Furthermore, triglycerides are dose-dependently
associated with increased risks of cardiovascular diseases and
all-cause mortality in the general population (51). Notably,
elevated triglycerides and other metabolic risk factors are highly
prevalent yet under-treated in patients with BD (52).

There were several limitations in our study. First, a major
limitation is its retrospective and naturalistic design, which

Frontiersin Psychiatry

77

10.3389/fpsyt.2022.984829

cannot prove a direct causal association between any variables
and obesity in patients with BD. Second, we only included
inpatients with BD from a psychiatric hospital, and outpatients
and patients in general hospitals and communities were not
included. This population could not represent all patients with
BD in China. Third, data on other important associated factors
of obesity and overweight were not available, such as smoking, a
family history of obesity, the type and duration of psychotropic
medicine, physical activity, genetic factors and dietary habits.
Not including these factors could limit our study, and these
associated factors should be considered in future studies. Fourth,
healthy controls matched for age and sex were not included in
this study, so we could not compare obesity and overweight in
patients with BD and the general population. Fifth, ~20% of BD
patients with missing BMI were excluded, which might cause
potential selection bias. On the other hand, its large sample size
is a strength of our study.

Conclusion

In summary, this is the first study to investigate the
prevalence and associated factors of obesity and overweight
in a relatively large sample of adult patients with BD
in China. The present study provided detailed features of
obesity and overweight in Chinese patients with BD. In this
retrospective and cross-sectional study, obesity and overweight
were prevalent among inpatients with BD. In a binary
logistic regression analysis, duration of BD and the levels
of uric acid, ALT, triglycerides, and LDL cholesterol were
identified as predictors for the occurrence of obesity, whereas
male sex and uric acid level were associated with a higher
frequency of overweight. The results of the present study
indicate a need to implement early screening, prevention and
interventions for obesity and overweight in patients with BD
in China.
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Background: Post-traumatic stress disorder (PTSD) is an established
comorbidity in Bipolar Disorder (BD), but little is known about the
characteristics of psychological trauma beyond a PTSD diagnosis and
differences in trauma symptoms between BD-| and BD-II.

Objective: (1) To present characteristics of a trauma-exposed BD sample; (2)
to investigate prevalence and trauma symptom profile across BD-I1 and BD-II;
(3) to assess the impact of a lifetime PTSD diagnosis vs. a history of trauma
on BD course; and (4) to research the impacts of sexual and physical abuse.
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Methods: This multi-center study comprised 79 adult participants with BD
with a history of psychological trauma and reports baseline data from a
trial registered in Clinical Trials (https://clinicaltrials.gov; ref: NCT02634372).
Clinical variables were gathered through clinical interview, validated scales and
a review of case notes.

Results: The majority (80.8%) of our sample had experienced a relevant
stressful life event prior to onset of BD, over half of our sample 51.9% had
a lifetime diagnosis of PTSD according to the Clinician Administered PTSD
scale. The mean Impact of Event Scale-Revised scores indicated high levels
of trauma-related distress across the sample, including clinical symptoms in
the PTSD group and subsyndromal symptoms in the non-PTSD group. Levels
of dissociation were not higher than normative values for BD. A PTSD diagnosis
(vs. a history of trauma) was associated with psychotic symptoms [2(1) = 5.404,
p = 0.02] but not with other indicators of BD clinical severity. There was
no significant difference between BD-I and BD-II in terms of lifetime PTSD
diagnosis or trauma symptom profile. Sexual abuse significantly predicted rapid
cycling [2(1) = 4.15, p = 0.042], while physical abuse was not significantly
associated with any clinical indicator of severity.

Conclusion: Trauma load in BD is marked with a lack of difference in trauma
profile between BD-I and BD-II. Although PTSD and sexual abuse may have
a negative impact on BD course, in many indicators of BD severity there is
no significant difference between PTSD and subsyndromal trauma symptoms.
Our results support further research to clarify the role of subsyndromic
PTSD symptoms, and highlight the importance of screening for trauma in
BD patients.

bipolar disorder, PTSD—post-traumatic stress disorder, psychological trauma, sexual
abuse, physical abuse and neglect, dissociation

Comorbidity of PTSD and BD leads to a higher symptom
burden and lower quality of life (9), and psychological

Bipolar disorder (BD) is a severe mental illness which
negatively impacts life expectancy (1) and is characterized by
depressive and at least one manic or hypomanic episode in the
case of BD Type I (BD-I), and by depressive and at least one
hypomanic episode in the case of BD Type 2 (BD-II) (2). The
aetiology of BD is understood to be complex, involving multiple
genes (3) and gene x environment interactions (4), as well as
environmental risk factors (5).

One factor which has received increasing attention in the
aetiology and prognosis of BD is psychological trauma, which
predicts increased comorbidity with other mental and somatic
disorders (6), including, notably, post-traumatic stress disorder
(PTSD) (7). The prevalence of PTSD in bipolar patients has
been estimated between 4 and 40% according to reviews (8, 9),
compared to an estimated lifetime prevalence of 6.2% in the
general population (10). Research suggests there may be a higher
prevalence of PTSD in patients with BD-I compared to BD-
II (9, 11), but the symptom presentation appears to be similar
across both subtypes (11).
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trauma during childhood has been associated with a more
severe form of the disease: it has been implicated in
an earlier onset of BD, increased suicidality, increased
substance abuse, lower functioning, more hospitalizations, and
faster cycling frequencies (6, 7, 12-14). It has also been
associated with more psychosocial stressors occurring before
the first and most recent affective episodes (6). Psychological
trauma may partially mediate the relationship between a
family history of mood disorder and its expression (15),
and studies have shown that early life stress may interact
with genes of several biological pathways to lead to a
poorer prognosis in BD, including lower age at onset, or
increased suicide risk (4, 12). Even at the subsyndromal
level, post-traumatic stress symptoms are, like full PTSD,
associated with significant social and work impairment and a
greater number of suicide attempts in the general population
(16), and were found to be associated with increased
symptoms of anxiety in BD patients during the COVID-19
pandemic (17).
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Evidence suggests that different forms of psychological
trauma can increase the risk of psychiatric disorders in different
ways (18). Physical, emotional, and sexual abuse in childhood
are all independently associated with a greater risk of BD (15),
and have all been shown to predict an increased number of
suicide attempts and lower age of onset (6, 14, 19, 20), as
well as cognitive impairment (21). However, childhood physical
abuse and sexual abuse have also both been found to be
associated with faster cycling frequencies, more substance abuse
and comorbidity with other disorders, and more psychosocial
stressors occurring before the first and most recent affective
episode (6, 19, 20). Specifically, sexual abuse has been shown
to be the strongest predictor of rapid cycling (20), and also to
be associated with an increased number of mood episodes and
with psychotic episodes (14). Meanwhile, physical abuse was
associated with self-harm episodes, and both emotional abuse
and physical abuse were associated with lower functioning (14),
while more research is needed into the impact of emotional
abuse in severe mental illness (22).

Despite strong evidence of the link between trauma and
BD, and high comorbidity with PTSD, there has been little
focus on how to treat this comorbidity (9). Additionally,
more research is needed into dissociative disorders in patients
with BD and other severe mental illnesses (22). To address
these gaps in current research, a multi-center study (23)
was implemented to evaluate the effectiveness of a trauma-
focused psychotherapy called Eye Movement Desensitization
and Reprocessing (EMDR) (24) in a trauma-exposed sample
of adult BD I and BD II patients. During the baseline
visit for this trial, we collected data covering the detailed
retrospective trauma history, symptoms related to reported
trauma and dissociation, and the clinical characteristics of
a sample of 79 participants with BD and a history of
psychological trauma.

In this paper, we present this data, the first to our knowledge
to review the sociodemographic and clinical characteristics of
a trauma-exposed bipolar disorder sample, with or without the
presence of a diagnosis of PTSD. Based on the aforementioned
research, we hypothesized that there would be significantly
greater comorbidity between BD-I and PTSD and BD-II and
PTSD, but that there would not be significant differences in
the presentation of trauma symptoms according to BD subtype.
Furthermore, we hypothesized that comorbidity with PTSD
in a sample of traumatized BD patients would be associated
with a worse disease course, and that reported sexual abuse
and physical abuse would each be associated with a worse
disease course. Therefore, our primary research objectives were
the following:

1. To present the sociodemographic, trauma, and clinical
characteristics of a sample of trauma-exposed BD patients.

2. To investigate if there is significantly greater comorbidity
between BD-I and PTSD than between BD-II and PTSD.

Frontiers in Psychiatry

82

10.3389/fpsyt.2022.931374

3. To investigate if the presentation of trauma symptoms, in
terms of re-experiencing, avoidance, arousal, or dissociative
symptoms, is the same across BD-I and BD-II.

Our secondary research objectives were:

1. To investigate if a lifetime PTSD diagnosis as compared
to never having received a PTSD diagnosis is associated
with a history of psychotic symptoms, suicidal ideation and
suicide attempts, current rapid cycling, an earlier onset of
disease, a lower level of functioning, and a greater degree of
cognitive impairment.

2. To investigate if reporting having experienced sexual
abuse, compared to not reporting having experienced
sexual, is associated with a history of psychotic symptoms,
suicidal ideation and suicide attempts, current rapid
cycling, an earlier onset of disease, and a greater number
of hospital admissions.

3. To investigate if reporting having experienced physical
abuse, compared to not reporting having experienced
physical abuse, is associated with a history of psychotic
symptoms, suicidal ideation and suicide attempts, current
rapid cycling, an earlier onset of disease, and a greater
number of hospital admissions.

Materials and methods
Data

The data in this paper is the baseline data from a study
evaluating the effectiveness of a trauma-focused therapy in
traumatized bipolar patients (23). This was a multicenter project
comprising three hospitals from the Barcelona area of Spain
(Hospital Benito Menni, Hospital Clinic of Barcelona and
Hospital Parc de Salut Mar). The trial was registered prior to
starting enrolment at Clinical Trials (https://clinicaltrials.gov)
under reference NCT02634372.

Participants

Participants who met criteria for BD-I or BD-II according
to DSM-IV criteria, based on clinical interview and a review
of case notes, were referred to the study by their referent
psychiatrist. The inclusion criteria for participants was: (1) to
be aged between 18 and 65; (2) to have experienced two to
six affective episodes over the previous 12 months; (3) current
clinical status of euthymia or subsyndromal symptoms at the
moment of the assessment, defined by a score representing the
past week on the Bipolar Depression Rating Scale (BDRS) of
<14 and a score representing the previous 2 days on the Young
Mania Rating Scale (YMRS) of <12; (4) Presence of a traumatic
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event according to the Clinician Administered PTSD CAPS-DX
scale 0; (5) Current trauma symptoms as indicated by a score >0
on the Impact of Events Scale-Revised (IES-R). The inclusion
criteria were designed to enable the testing of the primary
hypothesis of the clinical trial comparing EMDR therapy with
Supportive Psychotherapy. The EMDR therapy protocol was
designed for use with all patients excluding those with active
acute symptoms in the present moment, and therefore we
screened for active acute symptoms. To be able to test the
impact on number of affective episodes, it was necessary to
include patients with multiple previous episodes, and the 12-
month criteria ensures recent instability as well as permitting
classification into rapid cycling (>4 episodes in the previous
year) or not. Exclusion criteria were: (1) current substance
abuse/dependency, i.e., not meeting criteria for early remission
(three to 12 months without meeting criteria) or sustained
remission (over 12 months without meeting criteria) (25), with
the exception of nicotine; (2) neurological disease or brain
trauma history; (3) current suicidal ideation; (4) having received
a trauma-focused therapy within the previous 2 years.

Variables of study

Patient data was collected by trained evaluators who were
all qualified psychologists or psychiatrists working within the
participating centers. Each patient was assigned a code, and this
was used throughout the data collection to ensure anonymity. A
Case Report Form (CRF) was designed to capture baseline data
such as sociodemographic variables and clinical variables related
to the onset and course of BD. The following data was collected
through clinical interview contrasted with a review of medical
case notes:

1. Age of onset, defined as the first manic, hypomanic, mixed
or depressive episode as per DSM-IV criteria. This data
was based on patient recall during the clinical interview,
contrasted with notes from medical records.

2. History of psychotic symptoms, defined as having ever
experienced psychotic symptoms in line with DSM-IV
criteria, based on clinical interview and a review of
medical records.

3. Number of relapses over the last year, with a relapse defined
as a manic, hypomanic, mixed, or depressive affective
episode as per DSM-1V criteria, with data gathered through
clinical interview and a review of medical records.

4. Current rapid cycling, defined as four or more affective
episodes over the previous 12 month period, with data
gathered through clinical interview and a review of
medical records.

5. History of suicide attempts, based on patient recall and
review of medical records.
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6. Current pharmacological treatment, based on their current
prescription, and current psychological treatment, based on
patient report and medical records.

7. Family history of psychiatric disorder, based on patient
recall and review of medical records.

8. Use of substances, collected through patient self-report.

Clinical features, trauma history and symptomatology,
functioning and cognitive impairment were all assessed by
means of validated scales. Where available, we used scales
specifically designed for use in a BD population, and where this
was not possible we used the gold standard or most widely used
scale. Clinical severity was measured using the following scales:

1. The Bipolar Depression Rating Scale (BDRS) (26), Spanish
validation (BDRS-S) (27). This clinician-administered scale
is used to assess depressive and mixed symptoms in
BD-I and BD-II patients. The BDRS includes 20 items,
which sum to a total score between zero and 50.
Scores of <8 indicate euthymia and >8 and <14 the
presence of subsyndromal symptoms. A score of >14
indicates the presence of an acute depressive episode.
The Spanish validation was carried out with a relatively
small sample size but shows robust psychometric properties
and captures depressive and mixed symptoms in Spanish
bipolar patients.

2. The Young Mania Rating Scale (YMRS) (28), Spanish
validation (29), is a clinician-administered scale composed
of 11 items aimed at quantifying the severity of manic and
hypomanic features. Of the 11 items, four items (irritability,

thought

behavior) are graded on a scale of 0 to 8, while the

speech, content and disruptive/aggressive
remaining seven items are graded on a 0 to 4 scale. Total
scores range between 0 and 60: scores of <6 indicate
euthymia, between >7 and <12 indicate the presence of
subsyndromal symptoms, while scores of >12 indicate the
presence of moderate to severe manic symptomatology.
The Spanish validation shows this is a reliable tool for the
assessment of manic symptoms in patient with manic or

hypomanic symptoms in Spain.

Reported trauma history and symptomatology were
evaluated using the below scales:

1. The Clinician-Administered PTSD Scale (CAPS-DX) (30),
Spanish validation (31). The CAPS is the gold standard for
determining a diagnosis of PTSD according to DSM-IV
criteria. It provides a diagnosis of both current and lifetime
PTSD. The Spanish validation showed good reliability,
internal consistency and rest-retest values, similar to the
original version.

2. The Impact of Event Scale-Revised (IES-R) (32), Spanish
validation (33). The IES-R is a 22-item self-report scale.
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It measures the presence of subjective distress related to a
specific traumatic event, yielding an overall score and one
for each of its three subscales, intrusion, avoidance, and
hyperarousal, which correspond to the DSM-IV diagnostic
criteria for PTSD. Higher scores indicate greater distress
and a score of >32 has been suggested as the cut off for the
presence of PTSD symptoms (34). The Spanish validation
in a large sample showed adequate internal consistency and
convergent validity with other scales of psychopathology,
but some difficulties with the test-retest validity.

3. The Holmes-Rahe Life Stress Inventory (35), Spanish
validation (36). This scale measures the number of stressful
events that have occurred over the previous 12 months.
Each potential stressful event is accorded a weighted score
depending on how stressful it is estimated to be, and these
are summed to provide a total score. A score of under
150 reflects low levels of stress and a low risk of stress-
related illness, scores from 150-299 reflect a moderate level
of stress which can imply a 50% risk of developing a stress-
related illness, and scores of 300 and over reflect a high level
of stress which can imply an 80% risk of developing a stress-
related illness. The Spanish validation includes a cultural
adaptation of the items.

4. Dissociative Experiences Scale (DES) (37), Spanish
validation (38). This scale assesses the presence of
dissociation, by asking participants the percentage of time
they experience a range of dissociative symptoms. The
results yield an average total score and an average score
for each of the three subscales: amnesia, absorption, and
depersonalization. Total scores of 30 or higher indicate
a potential Dissociative Identity Disorder. The DES is
the scale most often employed to measure dissociative
symptoms in bipolar patients (39). The Spanish validation
was carried out in healthy adults and in inpatients with
schizophrenia. The scale was shown to be valid in both
populations, with improved validity in a psychiatric
population when the scale was administered by a clinician.

The level of functioning and cognitive impairment was
evaluated using the following scales:

1. Functioning Assessment Short Test (FAST) (40). This scale
evaluates level of functioning through 24 items assessing six
domains: autonomy, work, cognitive functioning, finances,
interpersonal relationships, and leisure. Each item is scored
from 0-3, and overall scores range from 0-72. Higher
scores indicate a lower level of functioning. This scale was
originally developed in Spanish for a Spanish population.

2. Screen for Cognitive Impairment in Psychiatry (SCIP)
(41), Spanish validation (42). The SCIP is a clinician-
administered scale which assesses cognitive impairment in
psychiatric patients. This scale briefly assesses five different
cognitive domains: immediate verbal learning, delayed
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verbal learning, working memory, verbal language, and
processing speed. The scale provides a score for each
subdomain and then a global score obtained by summing
all scores. Lower scores indicate a greater level of cognitive
impairment. The Spanish validation was carried out in a
psychiatric population of patients with schizophrenia, and
showed good validity and reliability.

Data analysis

Since the data in this paper come from a study where the
sample size was determined to understand the effectiveness of
EMDR therapy compared to Supportive Therapy, in which the
sample size calculation was based on a survival analysis using the
statistical package “powerSurvEpi” for R (http://www.r-project.
org/) (40), we performed a second sample size calculation to
ensure the sample size is sufficient to meet the objectives of
the current paper. In this case, the sample size was based on a
correlation test, given the difficulty of exact data regarding the
prevalence of BD patients with a history of psychological trauma
in the population. A sample of 79 patients, with a statistical
power of 80% and a type I error rate of 0.05, is sufficient to detect
low correlations (R = 0.31) (43, 44).

All statistical analyses were carried out using STATA
Statistics/Data analysis, version 16.1 (StataCorp LLC, Texas,
USA). Fitness to parametric assumptions was checked for
all variables, and the Shapiro-Wilk test was used to assess
the normality of data distribution. With regards to the
descriptive analysis of the sociodemographic and clinical data,
the arithmetic mean was used for quantitative variables and
the proportion for categorical variables. In the case of the
impossibility of reconciling patient recall data with medical
history, or failure to log a valid response to an item, listwise
deletion was applied and analyses are based on the total
number of valid responses for each question. The standard
area and the confidence interval, set at 95%, were calculated
for both quantitative and categorical variables. Pearson Chi
squared test was used to analyze the relationship between
two binomial categorical variables, and a two-sample ¢-test
was used for analysing the relationship with the quantitative
dependent variables.

Firstly, the relationship between BD-I or BD-II and a lifetime
diagnosis of PTSD was analyzed. The lifetime PTSD group
comprised both those with a current and lifetime diagnosis
of PTSD; while those who had never met criteria for PTSD
comprised the non-PTSD group. The current and lifetime PTSD
diagnoses were included together as most of the variables against
which it was planned to be analyzed were not current (e.g.,
lifetime number of hospital admissions, lifetime number of
suicide attempts, ever having experienced psychotic symptoms,
ever having experienced suicidal ideation). Secondly, analyses
were carried out for the relationship between BD-I and BD-II
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and the impact of the traumatic event (IES-R) and dissociative
symptoms (DES). Thirdly, the relationship between a lifetime
diagnosis of PTSD and a range of clinical symptoms: having
experienced suicidal ideation, attempted suicide, experienced
psychotic symptoms, rapid cycling, number of suicide attempts,
age of BD onset, number of hospital admissions, stressful
events over the previous 12 months (Holmes & Rahe scale),
level of functioning (FAST), and level of cognitive impairment
(S-SCIP) was analyzed. Fourthly, analyses were carried out
to determine the relationship between sexual abuse and four
categorical variables (whether the participant had experienced
suicidal ideation, had a history of suicide attempts, had
experienced psychotic symptoms, and rapid cycling), and two
quantitative variables (age of onset of BD, and number of
hospital admissions). Finally, this analysis was repeated with
physical abuse instead of sexual abuse as the independent
variable. In all analyses, p-value significance was set at <0.05.

We also present adjusted p-values based on applying the
Holm-Bonferroni correction for multiple comparisons (45).
Although only two independent groups are compared in the
study, several dependent variables are evaluated. Performing
multiple comparisons of the two independent groups for the
independent variables may increase the type I error (alpha
al type error), increasing the risk of falsely rejecting the null
hypothesis, being true in the population. To account for this
possible effect, we performed the Holm-Bonferroni procedure.
However, applying the adjustment for multiple comparisons
increases the risk of a type II error, of falsely accepting the null
hypothesis, and this risk is arguably greater where the analyses
are pre-planned and based on prior evidence (46-49). Therefore,
we present both adjusted and unadjusted p-values.

Ethical approval

The study received ethical approval from the Ethics
Committee of the Germanes Hospitalaries del Sagrat Cor de
Jestus (reference number: PR-2014-15), the Hospital Clinic
of Barcelona (reference number: HCB/2015/1005) and the
Hospital Parc de Salut Mar (reference number: 2015/6502/1). All
participants signed informed consent prior to enrolment.

Results

Sociodemographic and clinical variables

In total, 82 subjects agreed to participate in the study, but
three did not complete the baseline assessment, leaving a total
sample of 79. Most of our sample were females (77.2%, n =
61) and Caucasian (94.6%, n = 70). The mean age was 46.56
[SD (standard deviation) £ 8.408] and participants had spent
an average of 13.74 (SD =+ 3.834) years in education. Of the
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sample, 40.5% (n = 32) were single, 38.0% (n = 30) married or
in a civil partnership, 1.3% (n = 1) widowed and 20.3% (n = 16)
separated. The majority (61.8%, n = 47) were on temporary or
permanent sick leave, while 22.3% (n = 17) were employed and
working either full- or part-time. These results can be seen in full
in Table 1.

The average age of onset of BD in our sample was 29.53 (SD
=+ 10.840) years old. Age of onset was significantly higher in BD-
II patients than BD-I (33.10 years compared to 28.39 years, p =
0.044), and in women compared to men (30.89 years compared
to 24.65 years, p = 0.017).

Patients had experienced on average 3.27 hospital admission
during their lifetime, and 2.48 affective episodes in the previous
12 months. In our sample, 73.4% (n = 58) had a diagnosis of BD-
T compared to 26.6% (n = 21) with a diagnosis of BD-II, 13.9%
(n = 11) experienced rapid cycling, and 46.2% (n = 36) had
experienced psychotic symptoms. Regarding suicidality, 79.7%
(n = 63) had experienced suicidal ideation and 39.7% (n = 31)
had attempted suicide. Data regarding severity was available for
29 patients, and in over half of those cases (51.7%; n = 15)
the attempt had resulted in severe injury. The most common
medications taken by our sample were mood stabilizers (94.6%;
n = 70) and anti-psychotics (75.7%; n = 56).

Comparison of the sociodemographic and clinical variables
in the current study, as compared to large BD samples from
four other studies which are not specifically in a traumatized
population (45-48), as well as sociodemographic data for the
Barcelona area can be seen in Supplementary Table S1. Our
sample had a higher proportion of females and higher age of
onset than other studies. The proportion of BD-II patients was,
while a minority, greater than in the majority of other studies.
Educational level was lower than in other studies and reflected
the norms for the Barcelona area. Suicidality was similar to other
studies, while a history of psychotic symptoms and current rapid
cycling were lower than in most other studies.

Reported trauma symptoms and profile

The majority (79.7%; n = 59) had experienced a relevant
stressful life event prior to onset of BD. Over half of our sample
(51.9%; n = 40) had a lifetime diagnosis of PTSD according to
the CAPS. In more than half of these cases, the lifetime diagnosis
of PTSD was current, meaning 27.3% of the total sample (n
= 21) had a current PTSD diagnosis. To carry out the clinical
interview for PTSD, using the CAPS scale, participants are asked
for the reported traumatic event which most affects them. In
nearly half of cases (45.3%; n = 34), this was not related to
a specific reported traumatic event category. Following this,
physical abuse, sexual abuse, and the sudden death of a loved
one were all chosen by 12.0% of participants (n = 9), followed by
violent death (9.3%; n = 7), followed by a life-threatening illness
(5.3%; n = 4) and transport accident (4.0%; n = 3). The average
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TABLE 1 Sociodemographic characteristics of the sample.
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Variable Obs/Freq Mean /Percentage®*  Std. Err.  [95% Conf. Interval]
Age 79 46.56 1 45 48
Education (years of studies) 57 13.74 1 13 15
Sex Male 18 22.8% 0.050 0.142 0.34
Female 61 77.2% 0.050 0.661 0.858
Race Caucasian 70 94.6% 0.027 0.857 0.979
Latin American 3 4.1% 0.024 0.013 0.125
Asian 1 1.4% 0.014 0.002 0.096
Relationship status Single 32 40.5% 0.058 0.299 0.528
Married/civil partnership 30 38.0% 0.057 0.261 0.486
Widowed 1 1.3% 0.014 0.002 0.096
Separated/divorced 16 20.3% 0.048 0.130 0.324
Employment status  Student 4 5.3% 0.027 0.021 0.143
Homemaker 1 1.3% 0.014 0.002 0.096
Employed full-time 14 18.4% 0.047 0.119 0.308
Employed part-time 3 3.9% 0.020 0.007 0.108
Temporary sick leave 32 42.1% 0.059 0.325 0.555
Permanent disability payments due to mental illness 14 18.4% 0.044 0.098 0.277
Permanent disability payments for other reasons 1 1.3% 0.014 0.002 0.096
Unemployed 5 6.8% 0.030 0.029 0.160
Other 2 2.6% 0.014 0.002 0.096

Data are presented as mean or number (%).

Obs/Freq: Number of cases observed/Frequency; Std. Error: Standard Error; Conf.: Confidence.

*Age and education data are presented as means. The rest of the variables are presented as percentages.

age of the participant at the time of the event was 24.18 (SD %+
16.327). However, approximately half of our sample (50.0%; n
= 38) reported having experienced sexual abuse, while a lower
percentage reported having experienced physical abuse (42.1%, n
= 32). In our sample, over the previous 12 months, participants
reported on the Holmes and Rahe scale having experienced an
average of 6.72 stressful events each, with an average total score
of 214, indicating a moderate level of stress. These results can be
seen in Table 2.

Across our sample, the mean score on the IES-R was 38.95,
indicating PTSD symptoms. In this scale, participants with a
lifetime diagnosis of PTSD had a significantly higher average
score of 47.19 compared to 29.72 in the non PTSD group [t(72)
= —2.783, p = 0.007]. Regarding dissociative symptoms, the
average score on the DES was 13.24, and was significantly higher
in the PTSD group (an average score of 15.53 compared to
10.75), [t(70) = —2.224, p = 0.029].

BD subtype and presence of lifetime
diagnosis of PTSD

The Chi squared analysis found no significant between-
group differences between Bipolar Type (BD-I or BD-II) and the
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presence or not of a lifetime diagnosis of PTSD [xz(l) =0.702,
p=0.402].

Trauma symptom profile per BD subtype

Our results showed no significant differences in the
expression of trauma symptoms between BD subtypes in terms
of intrusion, avoidance, hyperarousal, or dissociative symptoms.
These results can be seen in Supplementary Table S2.

Impact of PTSD on disease course and
cognition

A lifetime PTSD diagnosis was significantly associated with
having experienced psychotic symptoms [y2(1) = 5.404, p =
0.02]. Our results showed that PTSD did not have a significant
impact on disease course in terms of suicidal ideation or
behavior, or rapid cycling (please see Table 3). No significant
difference was found between lifetime PTSD diagnosis and age
of onset, number of hospital admissions, level of functioning
according to the FAST, or cognition according to the SCIP, when
compared to the sample without a PTSD diagnosis. These results
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TABLE 2 Clinical characteristics of the sample.

Variable Obs/Freq Mean/Percentage* Std. Err. (95% Conf. Interval)
Age of onset of bipolar disorder 78 29.53 1 28 33
Number of hospital admissions 77 3.27 1 2 5
Number of affective episodes in the last year 79 248 0 2 3
Number of suicide attempts 78 0.85 0 0 1
BDRS (total score) 79 9.29 1 8 11
YMRS (total score) 79 2.23 0 2 3
Holmes and Rahe Scale (number of events) 74 6.72 1 6 8
Holmes and Rahe Scale (total score) 74 214 18 177 251
Age of CAPS event 57 24.18 2 20 29
IES-R (total score) 75 38.95 2.973 33.1 44.8
DES (total score) 74 13.24 1.105 11.1 15.4
BD subtype BD-I 58 73.4% 0.093 0.447 0.815
BD-II 21 26.6% 0.093 0.185 0.553
Presence of rapid cycling No 68 86.1% 0.071 0.6424 0.944
Yes 11 13.9% 0.071 0.056 0.358
Ever experienced psychotic symptoms No 42 53.8% 0.093 0.447 0.815
Yes 36 46.2% 0.093 0.185 0.553
Stressful event at time on onset No 15 20.3% 0.077 0.079 0.399
Yes 59 79.7% 0.077 0.601 0.921
Ever experienced suicidal ideation No 16 20.3% 0.052 0.018 0.275
Yes 63 79.7% 0.052 0.725 0.982
Suicide attempt No 47 60.3% 0.056 0.494 0.712
Yes 31 39.7% 0.056 0.288 0.506
Severity of Suicide attempt No 14 48.3% 0.098 0.276 0.658
Yes 15 51.7% 0.098 0.342 0.724
Adherence to treatment Good 73 94.8% 0.063 0.684 0.964
Partial 4 5.2% 0.063 0.036 0.316
Mood stabilizers No 4 5.4% 0.052 0.018 0.275
Yes 70 94.6% 0.052 0.725 0.982
Antipsychotic No 18 24.3% 0.071 0.056 0.358
Yes 56 75.7% 0.071 0.642 0.944
Anxiolytic No 41 55.4% 0.095 0.214 0.589
Yes 33 44.6% 0.095 0.411 0.786
Antidepressant No 42 57.5% 0.097 0.376 0.755
Yes 31 42.5% 0.095 0.214 0.589
Other Meds No 59 79.7% 0.077 0.601 0.921
Yes 15 20.3% 0.077 0.079 0.399
CAPS selected event Accident (transport) 3 4.0% 0.052 0.018 0.275
Physical abuse 9 12.0% 0.071 0.056 0.358
Sexual abuse 9 12.0% 0.063 0.036 0.316
Life-threatening illness 4 5.3% 0.038 0.005 0.246
Violent death 7 9.3% 0.052 0.018 0.275
Sudden death 9 12.0% 0.071 0.056 0.358
Other 34 45.3% 0.095 0.214 0.589

Data are presented as mean or number (%).

Obs/Freq: Number of cases observed/Frequency; Std. Error: Standard Error; Conf.: Confidence; BDRS: Bipolar Depression Rating Scale; YMRS: Young Mania Rating Scale; IES-R: Impact
of Event Scale-Revised; DES: Dissociative Experiences Scale.

“Variables up to and including “DES Score” are presented as means. The rest of the variables are presented as percentages.
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can be seen in Table 4. The p-values were no longer significant
following application of the Holm-Bonferroni to adjust for
multiple comparisons.

We conducted sensitivity analyses to understand whether
there was a significantly different impact from a current PTSD
diagnosis as compared to a historical (but not current) PTSD
diagnosis. We found no significant differences between the
current and historical PTSD group, or the current and never
PTSD groups, on any of the variables tested (total FAST score,
total SCIP score, rapid cycling, history of psychotic symptoms,
age of onset, history of suicide attempts or suicidal ideation). The
only significant difference on these variables when comparing
the lifetime PTSD group with the never PTSD group was in the
history of psychotic symptoms [x2(1) = 6.175, p = 0.013; please
see Supplementary Table S3], in line with the findings from our
main analysis.

Impact of sexual and physical abuse on
disease course

Sexual abuse was shown to be significantly associated
with rapid cycling [%(1) = 4.15, p = 0.042]; results were
not significant following application of the Holm-Bonferroni
to adjust for multiple comparisons. There was no significant
association between sexual abuse and suicidal ideation,
psychotic symptoms, or history of ever having attempted
suicide, or physical abuse and any of the aforementioned
variables (see Table 3). Similarly, there was no significant
association between sexual or physical abuse and number
of suicide attempts, age of onset of BD, or number of
hospital admissions. These results can be seen in full in
Supplementary Table S4.

Discussion

Our study is one of the first to analyze a range of
clinical and trauma variables in a sample of BD patients
exclusively with a history of psychological trauma. Our sample
was mostly Caucasian and 77.2% were female, which was
higher than the proportion of females in previous studies
with large bipolar samples (see Supplementary Table S1) and
despite evidence showing BD is estimated to affect both genders
almost equally (49). The large proportion of females in our
specific sample of BD patients with a history of trauma may
reflect evidence showing women are more likely to experience
high-impact trauma, experience trauma at an earlier age, and
are approximately two to three times more likely to suffer
from PTSD (50). In BD patients, PTSD is a more common
comorbidity in female BD patients than in male (49, 51). Just
over half of our sample (54.1%) had a lifetime diagnosis of
PTSD, with this being current in 30.4% of the total sample, and
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the average age at which the most important traumatic event
occurred was 24.18.

The level of education of our participants was representative
for the Barcelona area (see Supplementary Table S2), and lower
than in other studies, where the samples were found to be
more highly educated than the general population (45, 46,
48). Most patients in our sample were unable to work either
temporarily or permanently due to BD. Most of our sample
of traumatized BD patients (79.7%) had suffered from suicidal
ideation at some point in their lives, and 39.7% had carried out
a suicide attempt, comparable to data from other BD samples
(see Supplementary Table S2). Of note, current suicidal ideation
was a criterion for exclusion in our study. In our sample,
13.9% currently experienced rapid cycling, lower than in other
samples but participants were excluded from our study if they
had experienced >6 mood episodes in the previous 12 months.
A history of psychotic symptoms was present in 46.2% of our
overall sample, lower than in some other samples but this may
partially be due to the higher proportion of BD-II patients, where
psychotic symptoms are not a feature of the disease course.

The average age of participants in our sample was 46.56 years
and the average age of BD onset was 29.53 years. The age of
onset in our study is much higher than the late teens and early
twenties reported in other studies (see Supplementary Table S1).
This may partially be explained by the fact that, as compared
to other studies, the mean age of our sample was higher, there
was a higher percentage of females, and BD-II patients formed
a larger proportion of the total sample than in other studies:
females were shown in our study to have a significantly later
age of onset than males, and the same pattern was found for
BD-II patients as compared to BD-I, both patterns reflected
in other research (52). However, a surprising finding was that
there was no significant association between age of onset and
physical abuse, sexual abuse, or a lifetime PTSD diagnosis,
although our data showed a non-significant trend towards a
higher age of onset than participants who had never had a
PTSD diagnosis. This tendency was against expectations, given
the prior research showing that childhood trauma is associated
with a significantly lower age of onset (12). In our study, in the
majority of cases (79.7%), BD onset happened in the context
of a stressful life event, which supports previous findings that
adverse life events can precede mood symptoms (53, 54), and
that traumatic stress disorders can significantly increase the
probability of subsequent onset of BD (55). However, our data
points to a bidirectional relationship between BD and trauma.
Firstly, our results showed that the sample had on average
experienced levels of stressful life events in the 12 months prior
to evaluation which put them at a 50% risk of developing
a stress-related illness, which supports previous findings that
BD patients suffer more adverse life events in general than
healthy controls (56). Furthermore, the average age for the most
traumatic event experienced by our sample was 24.18 (although
this figure is subject to bias as this variable was the only one
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TABLE 3 The impact of a lifetime PTSD diagnosis, sexual and physical abuse on categorical variables of disease course.

No Yes Mean
Lifetime PTSD diagnosis
History of psychotic symptoms No 24 16 0.333
Yes 12 24 0.6
History of suicidal ideation No 8 7 0.784
Yes 29 33 0.825
History of suicide attempts No 24 22 0.333
Yes 12 18 0.45
Rapid Cycling No 34 32 0.081
Yes 3 8 0.2
Sexual abuse
History of psychotic symptoms No 24 17 0.351
Yes 13 21 0.553
History of suicidal ideation No 10 6 0.737
Yes 28 32 0.842
History of suicide attempts No 22 24 0.405
Yes 15 14 0.368
Rapid Cycling No 36 30 0.053
Yes 2 8 0.211
Physical abuse
History of psychotic symptoms No 25 16 0.432
Yes 19 15 0.484
History of suicidal ideation No 10 6 0.773
Yes 34 26 0.813
History of suicide attempts No 30 16 0.318
Yes 14 15 0.484
Rapid Cycling No 36 30 0.182
Yes 8 2 0.063

Std. Error: Standard Error; CI: Confidence Interval.

with a substantial amount of missing data [n = 57], due to
not being systematically collected in the CAPS). In nearly a
third of the sample where age of trauma event was available
(32.14%, n = 18), the traumatic event selected for the CAPS
occurred after the onset of bipolar disorder, and in 14.29% (n
= 8) of cases, the traumatic event stemmed from a BD affective
episode, While there is a body of research showing that the
experience of psychosis can cause PTSD (57), there has been
no similar research to the authors’ knowledge into PTSD related
to BD mood episodes, despite these clearly having the potential
to be traumatic based on our data. Our data points to the
importance of research focusing not just on childhood trauma
but also on adult traumatic experiences, including experiences
related to severe mood episodes and hospitalization experiences,
to further elucidate the complex relationship between trauma
and clinical disease course. Additionally, clinicians may need
to include ongoing assessment of the occurrence and impact
of adult trauma experiences, experienced in the context
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Std. Err. 95% CI ¥2(1) P-value
0.079 0.179 0.487 5.404 0.020
0.077 0.448 0.752
0.068 0.651 0.916 0.208 0.648
0.060 0.707 0.943
0.079 0.179 0.487 1.079 0.299
0.079 0.296 0.604
0.045 —0.007 0.169 2.220 0.136
0.063 0.076 0.324
0.078 0.198 0.505 3.065 0.080
0.081 0.395 0.711
0.071 0.597 0.877 1.267 0.260
0.059 0.726 0.958
0.081 0.247 0.564 0.108 0.742
0.078 0215 0.522
0.036 —0.018 0.124 4.146 0.042
0.066 0.081 0.340
0.075 0.285 0.578 0.199 0.656
0.090 0.308 0.660
0.063 0.649 0.897 0.176 0.675
0.069 0.677 0.948
0.070 0.181 0.456 2.105 0.147
0.090 0.308 0.660
0.058 0.068 0.296 2.308 0.129
0.043 —0.021 0.146

of the BD disease course, in addition to screening for
childhood trauma.

The data from our study showed participants experienced
on average high levels of current trauma symptoms. The impact
caused by the traumatic event, measured by the IES-R, was
on average well above the cut off for clinical post-traumatic
stress symptoms in the group with lifetime PTSD diagnosis,
with an average score of 47.19 compared to a cut off score
of >32 (34), indicating high levels of distress caused by the
traumatic event. Yet it is of note that the group with no lifetime
diagnosis of PTSD also had on average symptoms nearing this
cut off point (29.72), suggesting a high level of subsyndromal
post-traumatic stress symptoms even in those in our sample
without a lifetime PTSD diagnosis. In terms of dissociation,
there was a significantly higher level of dissociative symptoms
in the lifetime PTSD group than in the non-lifetime PTSD
group. However, the scores in both groups were well below
the >25 score correlated with PTSD, and in line with the
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TABLE 4 Impact of lifetime diagnosis of PTSD on quantitative variables of disease course.

Obs Mean Std.Err. Std. Dev.
Age of onset
No lifetime PTSD Dx 37 27.892 1.809 11.002
Lifetime PTSD Dx 39 31.410 1.716 10.718
Number of hospital admissions
No lifetime PTSD Dx 36 2.778 1.105 6.629
Lifetime PTSD Dx 39 3.744 0.710 4.435
FAST total
No lifetime PTSD Dx 37 30.703 2.187 13.304
Lifetime PTSD Dx 40 28.275 2.379 15.045
SCIP total
No lifetime PTSD Dx 36 65.667 2.833 16.996
Lifetime PTSD Dx 39 66.641 2.955 18.455

95% Conlf. Interval t Deg. Freedom  P-value
23.851 36.788 0.748 74 0.162
27.400 40.275
0.535 5.021 —0.747 73 0.458
2.306 5.181
26.267 35.138 0.748 75 0.457
23.463 33.087
59.916 71.417 —0.237 73 0.813
60.658 72.624

Obs: Number of cases observed; Std. Error: Standard Error; Conf.: Confidence; Deg.: Degrees of; Dx: Diagnosis; FAST: Functioning Assessment Short Test for Bipolar Disorder; SCIP: The

Screen for Cognitive Impairment in Psychiatr.

mean score of 14.8 on this scale for BD patients, according to
a recent meta-analysis which found bipolar disorder patients
to be the psychiatric group with lowest levels of dissociation
(58). Our results also support dissociative symptoms not being
at a clinical level, even in a sample of traumatized BD
patients, and our results indicate that the sample was not
characterized by complex PTSD, where it has been argued
that dissociation is a major feature (59). Our data is useful
given the previous lack of information focusing on dissociative
symptoms in severe mental illness (22), but contrasts with some
prior studies which have found higher levels of dissociation
in BD patients (39, 60). One possible explanation for this
is that these studies appear to have applied the DES as a
self-administered scale, whereas to improve validity and avoid
inflated scores in psychiatric patients, we applied the DES as
a clinician-administered scale (38). Additionally, in our study,
no participants were in an acute affective phase, and further
research can clarify the effect of an acute mood episode on
dissociative symptoms.

Of note, in our study, we use retrospective reports of
trauma. Retrospective and prospective reports show a poor
level of agreement (61), and while retrospective reports
of adverse childhood experiences can predict negative life
outcomes and psychopathology (62, 63), retrospective reports
of childhood maltreatment are more strongly associated with
early adult life psychopathology than prospective reports,
suggesting that the recollection of having been maltreated is
more closely associated with psychopathology than prospective
measures (64), although other studies have found both
retrospective and prospective reports of childhood trauma
predict psychopathology (65, 66). There is a dearth of studies
analyzing the association between BD and prospective measures
of trauma, and our data should be interpreted in the context
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of the relationship between patient recall of trauma and clinical
BD course.

Regarding our first hypothesis, an association was found
between BD comorbidity with PTSD and psychotic symptoms.
This no longer reached statistical significance once adjustments
for multiple comparisons, to decrease possibility of a type I error
(i.e., a false positive) were applied. However, adjustments for
multiple comparisons increase the risk of a type II error (i.e.,
a false negative), and arguably are not indicated in situations
where hypotheses are planned a priori based on prior evidence,
rather than testing for multiple random associations (67-70).
Therefore, we present both adjusted and unadjusted p-values
and note that the interpretation of results must be made
with caution.

The tendency in our results to a link with psychosis is
unsurprising given the large body of literature which supports a
link between trauma and psychosis generally (71). Psychological
trauma may increase risk of psychotic symptoms in people
vulnerable to psychosis (72), and previous research has shown
a link between comorbid PTSD in BD and psychotic symptoms
(73). Within our sample, 46.2% had experienced psychotic
symptoms, lower than in some studies which have estimated
that over half of BD patients experience psychotic symptoms
(74, 75), although our study included BD-II patients. It has
been argued that psychotic symptoms do not necessarily reflect
a worse disease course as they do not have a significant impact
on functioning (75) yet psychotic symptoms can be traumatizing
for those experiencing them (76). The association between
psychotic symptoms in BD and PTSD and its implications for
treatment warrant further research.

No significant association was found between PTSD and
an earlier onset of BD or suicidality, which was somewhat
unexpected given previous research (6, 7, 51). There was also no
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significant difference found in level of functioning or cognitive
impairment. Our results are striking compared to the wide body
of literature showing that a PTSD diagnosis in non-BD patients
is associated with increased suicidality (77) and can negatively
affect functioning and cognition (78, 79). Furthermore, previous
research in BD patients has shown that comorbid PTSD has
a significant further negative impact (20) over and above the
negative impact that BD itself has on functioning and cognition
(80, 81). Our sample only included BD patients with a history
of trauma, which is not representative of all BD patients. In
fact, a trauma history may be present in as few as 50% of BD
patients (82), although other studies suggest higher estimates
(73). One possible explanation for our results is the high level of
subsyndromal psychological trauma symptoms even in the non-
PTSD diagnosis group. Indeed, subsyndromal PTSD has been
shown in other populations to be associated with significant
psychosocial impairment (83, 84) and with increased suicidality
(85). One study which compared three groups of BD patients
(patients with comorbid PTSD, patients with trauma but no
PTSD diagnosis, and patients with no trauma history), found
that BD patients with PTSD were significantly more likely than
BD patients with no trauma to have a worse disease course, in
terms of significantly more rapid cycling and manic symptoms,
but there was no significant difference when comparing the
comorbid PTSD group with the trauma group, or the trauma
group with the no trauma group (86). The impact of comorbidity
between BD and psychological trauma, without a diagnosis of
PTSD, warrants further investigation. If psychological trauma
without a PTSD diagnosis has a similar impact on disease course,
this would have important ramifications for screening for and
treating psychological trauma in BD patients.

Our second hypothesis, that there would be significantly
more cases of PTSD in BD-I patients than BD-II, was not
proven, which contrasted with prior evidence from Hernandez
et al. (11). In the study by Hernandez and colleagues, the
lifetime PTSD diagnosis was 21.3% in BD-I and 15.6% in BD-
II. Unsurprisingly, in our sample of BD patients with a history
of trauma, the proportion was higher: 49.1% of BD-I and 57.1%
of BD-II patients had a lifetime PTSD diagnosis. It is possible
that BD-I patients may suffer more rates of psychological trauma
but, within BD subtypes with a trauma history, there is not
a significantly greater chance of developing PTSD. Indeed,
our third hypothesis, that there would be no difference in
trauma symptom profile between BD-I and BD-II was shown
to be correct: there was no significant difference in levels of
post-traumatic stress symptoms or levels of dissociation. This
adds to previous evidence (9, 11) which suggests that the
different BD subtypes do not influence the expression of trauma
symptoms. This data suggests also that addressing PTSD as
a comorbidity in BD does not need to differentiate by BD
subtype, which could be a useful insight for planning therapeutic
approaches for addressing the presentation of trauma symptoms
in BD.
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Our fourth hypothesis, that the presence of reported sexual
abuse would be correlated with a worse disease course, was
proven only in the case of rapid cycling, when p-values were
unadjusted. This is in line with previous studies that found
childhood trauma is related to rapid cycling (12) and sexual
abuse is the strongest predictor of it (20). Rapid cycling can
indicate poor prognosis and be associated with a greater number
of suicide attempts (87). The impact of sexual abuse can be
treated with psychological treatments such as Trauma Focused
Cognitive Behavioral Therapy (TF-CBT) and EMDR (88), and
these therapeutic approaches can be adapted specifically for
PTSD within the context of bipolar disorder (89, 90). Further
research can investigate whether including trauma-focused
treatment for BD patients with a history of sexual abuse can
improve symptoms of rapid cycling.

Our fifth hypothesis, that reported physical abuse would
be correlated with a worse disease course as compared to not
reporting having experienced physical abuse, was not proven
with any variables. Our findings for sexual and physical abuse
do not support previous findings regarding their negative impact
on disease course (6, 14, 20). Our results are the first, to the
authors” knowledge, to review the impact of physical and sexual
abuse only in a sample of BD patients with a psychological
trauma history. Therefore, while sexual and physical abuse have
been shown in previous research to have a significant impact on
disease course, this effect seems to be muted when compared
against people who have suffered trauma but not specifically
sexual or physical abuse. Another explanation is that our study
did not specify physical and sexual abuse in childhood, and
there is a strong body of evidence showing that the impact of
trauma is greater in childhood (18). Further research can clarify
the specific effects of sexual, physical, and emotional abuse at
different life stages within a traumatized sample, and whether
these warrant specific treatment approaches.

Regarding the clinical implications of our research, the
high rates of PTSD within our traumatized sample reflect an
important comorbidity which not only can impact prognosis
(13) and treatment outcomes (91) but also warrants treatment
as a clinical disorder with its own impact on functioning and
suffering. Our research supports not only general screening for
comorbid psychological trauma and comorbid PTSD in BD
patients, which is already implemented in some countries and
settings but is not universal, but also ongoing evaluating of
whether there has been a traumatic impact due to a BD mood
episode or hospitalization.

Clinicians can use information about comorbid trauma
symptoms to tailor the BD treatment plan, paying particular
attention to possible indicators of worse prognosis such
as rapid cycling or psychotic symptoms. Additionally, the
inclusion of pharmacological and psychological treatment for
clinical trauma symptoms can help clinicians in alleviating the
overall symptomatology in patients, and future research should
elucidate if this can improve the prognosis of BD course itself.
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Strengths of this multicentric study include the exhaustive
trauma evaluation, including dissociative symptoms which
have received little attention to date (22), and which were
assessed through a clinician-administered scale to reduce bias
(38), and the PTSD diagnosis which was determined through
clinical interview using the gold-standard CAPS. A further
strength is that we included “real world” bipolar patients
within a pragmatic randomized controlled trial (RCT) with
few exclusion criteria. However, some limitations have to be
considered as well. We did not evaluate further psychiatric
comorbidities using a (semi) structured diagnostic interview,
although comorbidities were checked through a review of
case notes. Our patients clinically had further psychiatric and
somatic comorbidities and it would have been interesting
including this variable in our analysis, as prior results indicate
negative effects on the course of the illness (92). Furthermore,
our study did not include a control group of BD patients
without psychological trauma, as the data was taken from
a RCT comparing EMDR vs. ST in trauma-exposed bipolar
patients. The lack of a non-traumatized control group makes
interpretation of the impact of subsyndromic trauma symptoms
more challenging. In our study, we collected data regarding
the total lifetime number of BD episodes for each participant
but many subjects struggled to identify hypomanic episodes
or quantify episodes, so this data was not reliable enough to
be used. Additionally, emotional abuse was not evaluated, and
the timepoint for reported sexual abuse and physical abuse
was not assessed. Due to the cross-sectional design of this
study, conclusions about causality cannot be drawn. Trauma
history was based on subjective recall, which can result in recall
bias (93). However, it has been shown that psychopathology
is associated more with subjective than objective recall of
traumatic events (94). Additionally, trauma history was gathered
through use of the gold standard CAPS interview, and we
have clarified throughout the paper that this is reported
trauma history.

In summary, our paper provides further evidence of the
lack of difference in how trauma symptoms are presented
across BD subtypes, and provides important data regarding
the high levels of trauma symptoms in BD subjects, even
when criteria for a PTSD diagnosis are not met. The
evidence shows there are few differences in clinical BD
severity between the PTSD and subsyndromic PTSD group,
although we also found a possible tendency for there to be
a correlation between PTSD and psychotic symptoms, as well
as between sexual abuse and rapid cycling, which can be
clinically helpful in the identification and treatment of both.
It prompts further investigation to understand the impact
of comorbidity with a history of psychological trauma in
BD patients, including subsyndromal PTSD symptoms, and
highlights the importance of screening for psychological trauma
in the BD population.
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