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Abstract: Background and objectives: A deeper comprehension of the role that environmental risk factors
play in the development of adolescent Bipolar Disorder (BD), as well as in the evolution of high-risk
states for BD, may entangle further prevention and treatment advances. The present systematic
review is aimed at critically summarizing evidence about the role that environmental risk factors play
in the development of BD in adolescence and their interaction with BD high-risk states. Materials and
Methods: MEDLINE/Pubmed, Scopus and Web of Science datasets were systematically searched until
4 September 2020. Original studies that reported information about the role of environmental risk
factors in the development of BD during adolescence, or assessing their influence on the development
of psychopathology in high-risk states for BD, were considered for inclusion. Two blind researchers
performed title/abstract, full-text screening, and hand-screening of relevant references. The risk of
bias was assessed by means of the Newcastle-Ottawa Scale. Results: Fourteen studies were included
in the review. Negative stressful life events, particularly sexual and physical abuse, but also emotional
mistreatment, were associated with more severe psychopathology in adolescents with BD, as well as
with higher risk for developing mood disorders in BD offspring. Similar findings were detected for
familial environment-related features, such as parental rejection and low perceived care, while no
univocal results were found when analyzing familial functioning. Conclusions: The present systematic
review confirmed the relevant role that environmental risk factors, particularly negative stressful
live events and family-related features, play in the development of BD psychopathology during
adolescence. Future studies are expected to clarify possible further environmental factors that may be
implicated in the development of BD during youth that may serve as target of prevention and early
treatment strategies.

Keywords: bipolar disorder; adolescence; youth; early-onset bipolar disorder; high-risk states;
environment; risk factors

1. Introduction

Bipolar disorder (BD) represents a serious mental illness affecting the global functioning of subjects
at different ages. The prevalence of early-onset BD, defined by the onset occurring before the age
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of 18, significantly increased during the last years, despite being considered a rare clinical entity in
the past [1]. The presentation of BD in youth populations is characterized by mood episodes and
increased irritability, also being responsible for a significant functional impairment, as well as for a
higher risk for developing adult BD. Hence, early-onset BD represents a severe clinical phenotype
accounting for high suicide rates, comorbidity with anxiety and psychosis, substance abuse, and rapid
cycling [2]. The correct identification of BD during childhood and adolescence represents a crucial
issue [3], not only due to the fact that the first presentations of the disorder occur before the age of 18
in 70% of the cases [4], but also considering that early trajectories of the illness may be non-specific,
and may thus, result in a diagnostic delay up to 10 years [5]. In addition, the missed diagnosis of BD
during adolescence and young adulthood jeopardizes the possibility for targeting adequate treatments
during a crucial time window [6]. Furthermore, the understanding of potential determinants of risk in
early development of BD enhances therapeutic aspects, and may also help implementing preventive
interventions [7].

The development of BD is strongly influenced by genetic factors, as demonstrated by twin and
family studies underlining the presence of an inheritable component up to 58% [8,9]. Nonetheless,
complex interactions between genes and environment may significantly contribute to the etiology
of BD, possibly regulating epigenetic mechanisms [10]. Previous literature considered the role of
environmental determinants in the development of BD, with preliminary evidence concerning a
heterogeneous range of risk factors that encompass perinatal infections, childhood trauma and
adversity, physical comorbidities, and urbanization-related factors [11-16]. Noteworthy, the exposure
to traumatic events during childhood appeared to affect specific brain regions in subjects affected
by BD, as demonstrated by Magnetic Resonance Imaging (MRI) studies where hippocampal and
amigdalar regions resulted to be altered in BD patients exposed to childhood trauma [17,18]. Despite
this, the meaning of environmental triggers is still considered to be unspecific and no univocal results
hinder the inclusion of the above-mentioned risk factors as definitive markers of the illness [19]. To the
best of our knowledge, no systematic review focused on the influence that putative environmental
risk factors may play in the development of BD in adolescence. Previous reports considered possible
environmental determinants that may increase the risk for developing BD in the general population,
without providing a specific spotlight on young subjects [20,21]. Moreover, there is still a lack of
evidence about the role that the environment plays in the trajectories of illness of high-risk states
for BD.

The better identification of potentially modifiable risk factors for the development of BD in
adolescence represents a crucial issue in the context of a better understanding of the disorder, also due
to its severe clinical presentation and to its implications in terms of illness course and overall burden.
In addition, a deeper comprehension of the role that environmental risk factors play in the evolution of
high-risk states for BD may entangle prevention and treatment advances. Therefore, the aim of the
present systematic review is to critically summarize the evidence about the role of environmental risk
factors in the development of BD during adolescence and their interaction with high-risk states for BD.

2. Materials and Methods

The present review was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [22].

2.1. Literature Search

A systematic search of the electronic databases MEDLINE/PubMed, Scopus and Web of Science
was conducted from inception to 4 September 2020, using the following search string: ((((bipolar
disorder [MeSH Terms]) AND (bipolar disorder)) AND (adolescen*)) AND (environment)) AND
(risk factor®).

Two blind investigators (GM and PMB) performed the literature search, title/abstract screening,
full-text review. The obtained references were cross-checked and the reference list of selected articles
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was screened in order to search for additional literature. Discrepancies were resolved through
consensus. A third investigator was consulted (AT) whenever a final decision could not be made.

2.2. Study Selection

Observational studies investigating the role of environmental risk factors in the development of
BD during adolescence were included in the present review. In addition, we included papers reporting
information about the influence of the environment on specific aspects of BD in adolescence. Reports
assessing the interplay between environmental risk factors and the development of psychopathology
in high-risk states for BD, namely first-degree relatives of subjects affected by BD, were also included.
Studies considering parents affected by non-BD mood disorders were not included, unless they served
as control group. No language restriction was applied. Grey literature was included if sufficient
information was provided. Articles presenting only an opinion or hypothesis without empirical
investigation, retrospective studies, reviews, letters to the editor, and case reports were excluded.
Studies reporting data about genetic risk factors and peripheral biomarkers were not deemed eligible
for the present review, as well as interventional studies and research focusing on BD as a possible risk
factor for other disorders.

Whenever different papers referring to overlapping samples were analyzed, more than one
paper was considered for inclusion if relevant information was provided for the aims of the present
review. Reports investigating the development of psychiatric disorders among high-risk adolescent
populations were included only if reporting information about the development of mood disorders,
particularly BD, or psychopathological features possibly connected to the development of BD.

2.3. Data Extraction

Two blind researchers performed data extraction (LA and FB). In order to address the objectives
of the review, the following information was extracted from the included papers: First author name,
year and country of publication, analyzed period of time, study sample, study methodology, analyzed
risk factors, and results.

2.4. Risk of Bias Assessment

The quality of the evidence provided by eligible studies was assessed by the two independent
researchers (GM and PMB). The Newcastle-Ottawa Scale was employed for risk of bias assessment
in cohort studies, considering the selection of the study groups, the comparability and the outcome
assessment [23]. As for cross-sectional studies, a readapted version of the scale was adopted [24].

3. Results

3.1. Systematich Search Results

The search initially yielded 304 records. Among these, 78 were identified as duplicates and were
subsequently excluded. After performing the title and abstract screening, 15 papers were deemed
eligible for further evaluation. The full text examination led to the final selection of 9 papers. The hand
search of references led to the inclusion of 5 further records. The final selection led to the inclusion of
14 papers in the present review (see flowchart in Figure 1).
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Figure 1. PRISMA flow-diagram.
3.2. Content Results

Results are presented according to the analyzed population, with different sections for adolescents
diagnosed with BD, that were considered by four of the selected studies, and offspring of subjects with
BD, both affected and non-affected by psychiatric disorders, evaluated in eleven papers. Data extracted
from the selected studies is summarized in Tables 1 and 2.
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Table 1. Selected studies concerning influence of environmental risk factors on Bipolar Disorders in adolescence.

Assessment

Considered Environmental

References Country Study Design Sample Instruments Factors Results
K]?SS};/I[D_IS\-/P BD youth with current suicidal ideation (1 = 160, 36%) reported
K-SADS-PL SES more conflict with their mother (mean CBQ score 4.9 + 5.2 vs. 6.0
446 outpatients and inpatients K-SADS-MRS Living with both parents + 5.4, p = 0.04) and less family adaptability (mean FACES-II score
patt b History of physical and sexual 44.3 £9.1 vs. 42.4 +9.2). A significantly higher rates of stressful
(7-17) with BD-I, BD-II or CBQ yorphy 8m y g
Goldstein USA 4-year BD-NOS accordin ! to DSMLIV FACESII abuse family events was also reported, in particular: illness of a family
et al., 2009 longitudinal study ccording to L8 Family conflict member (40%
(Course and Outcome of Bipolar LEC . o . o o
Tliness in Youth study) FHS Family closeness vs. 28%, p = 0.04), death of a family member 35% vs. 24%,
cIS Family adaptability p = 0.03), increased absence of a parent from home (27% vs. 14%,
C-GAS Family stress p < 0.01), and trouble with a sibling (51% vs.
Clinical interview 39%;p = 0.03).
44(67(_)111;1)31515?;];{\1(1El}r]\)pj\ias\ts Subjects with BD reported a similar rate of NLEs as DEP/ANX
BD-NOS accor ding’ to DSM-IV group (mean number 5.5 + 0.3 vs. 6.1 + 0.5, NS).
Cross-sectional study  (Course and Outcome of Bipolar Negative dependent, Both groups had more NLES than HCs (mean number 5.5 £ 0.3 vs.
Romero et . . K-SADS-PL . - 2.3 +0.2,p <0.001).
USA with data from a Illness in Youth study) independent, and uncertain life . : - .
al., 2009a 6-vear period 65 vouths with LEC events NLEs were associated with lower socioeconomic status (p = 0.005),
yearp de ressior)ll/anxiet disorders non-intact family (p = 0.003), and psychiatric comorbidity, namely
P (DEP/ANX }Lou ) conduct disorders (p = 0.003), anxiety disorders (p = 0.02), ADHD
65 LCs yoguthsp (p = 0.03), and ODD (p = 0.03).
Sexual and/or physical abuse were found to be common (1 = 92,
20.6%; physical abuse: n = 40, 9%, sexual abuse: n = 30, 7%, both:
. . . n =22, 5%). Physical abuse was associated with PTSD (OR 10.4, CI
446 outpatients and inpatients  K-5ADS-PL, PTSD SES 3.2-34.4), non-intact family (OR 4.2, CI 1.5-11.7), first-degree
(7-17) with BD-I, BD-II or section y 8
Romero et . - Intact family family history of mood disorder (OR 3.4, CI 1.1-10.6), and
USA Cross-sectional study ~ BD-NOS according to DSM-IV FHS . . . . .
al., 2009b (Course and Outcome of Bipolar Hollingshead History of physical and sexual psychosis (OR 2.3, CI 1.1-5). Sexual abuse was associated with
Tlness in Youth stud )p four-fa % - scal abuse PTSD (OR 7.8, CI 2-30.4). Subjects with both types of abuse were
€8s outh study ° ctor scale older (p = 0.015), with longer illness duration (p = 0.01), non-intact
family (p = 0.003), and greater prevalence of PTSD (<0.001) and
CD (p = 0.03) as compared with the non-abused group.
Socio-demographic ?,/i :;:sitfit;tuze(;frte};:tfjrf:}r:its Poor premorbid peer relationship (p < 0.001), poor relationship
Bakare et One-vear 46 outpatient adolescents (15-18) estion r%airle): Religi (1)9 1 activities p with siblings (p < 0.001), low level of religion activities (p < 0.001),
Nigeria Y with BD-I or BD-II diagnosed qu . & v . and history of sexual risky behavior (p < 0.001), comorbidities (p <
al., 2011 cross-sectional study C-GAS History of sexual risky behavior

according to DSM-IV

Clinical interview

Relationship with siblings
Substance use

0.001), and number of hospital admissions (p < 0.001) were
significantly associated with lower functioning.

Notes: ADHD = Attention Deficit/Hyperactivity Disorder; BD = Bipolar Disorder; CBQ = Conflict Behavior Questionnaire; CD = Conduct Disorder; C-GAS = Children’s Global Assessment
Scale; CI = Confidence Interval; FHS = Family History Screen; FACES-II = Family Adaptability and Cohesion Evaluation Scale-II; GIS = General Information Sheet; HCs = Healthy
Controls; HEIC = Home Environment Interview for Children; K-SADS-BP = Kiddie Schedule for Affective Disorders and Schizophrenia, Bipolar Disorder Version; K-SADS-MRS =
Kiddie Schedule for Affective Disorders and Schizophrenia, Mania Rating Scale; K-SADS-P = Kiddie Schedule for Affective Disorders and Schizophrenia, Present Version; K-SADS-PL =
Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version; LEC = Life Events Checklist; NLEs = Negative Life Events; NS = Not Significant; ODD =
Oppositive-Defiant Disorder; OR = Odds Ratio; PTSD = Post Traumatic Stress Disorder; SES = Socioeconomic Status.
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Table 2. Selected studies concerning influence of environmental risk factors on the development of psychopathology in adolescents at high-risk for Bipolar Disorder.

Considered Environmental

References Country Study Design Sample Assessment Instruments Factors Results
DSM-1V
Cohort stud K-LEDS 27% of youth included in the sample developed a mood disorder during
Hillegers The (preliminar finc}ilin s 140 adolescents (12-21), offspring of FH-RDC follow-up (median age 14). The life event load, not depending on the
& P nary & 86 BD parents (Dutch Bipolar Life event load Stressful life events model, was associated with a 10% increased risk for mood disorders (HR
etal., 2004 Netherlands from a first 16-month . . . . e . R . .
Offspring Study) (time-dependent variable = 1.1), with no modification of the significant relationship after controlling
assessment) . o
calculated according to four for the familial component.
different models)
. . K-SADS-PL The number of NLEs was higher in affected BD offspring when compared
126 (8-25) yo‘sﬁg.séc(:gsprmg of BD Semi-structured interview by to unaffected ones (mean number of NLEs 1.50 + 1.42 vs. 0.76 + 0.97,p =
Duffy et . Jects. . Goodyear et al. for life Stressful life events 0.03). This result was not replicated for early losses. This relationship was
Canada Cross-sectional study ~ Parents were stratified according to U . . ) . . o
al., 2006 o events, difficulties, and Early permanent losses detected to be mediated by emotionality, which contributed to lifetime
lithium response (responders = 36, 1 d disord h . : lvsi o
non-responders = 27) permanent losses mood disorders at the stepwise regression analysis (OR 2.47, 95% CI
EAS 4.56-1.34, p < 0.01).
Cross-sectional study . DSM-IV Offspring with a father affected by BD perceived more rejection than those
. (third, 5-year 129 offsPrmg of 80 BP parents K-SADS-PL . . with a mother with BD (mean scores at the EMBU Rejection subscale: 9.33
Reichart et The (Dutch Bipolar Offspring Study) Parental rearing behavior . .
measurement of a EMBU vs. 8.19, p < 0.05). The development of psychopathology in BD offspring
al., 2007 Netherlands o 1122 young adults from the general - . Parental psychopathology . . . . X
longitudinal opulation Clinical history features for was associated with higher rates of parent rejecting (unstandardized
prospective study) pop BD course characteristics coefficient B = 2.82 for father, B = 1.29 for mother, p = 0.05).
BD families were characterized by lower cohesion (p = 0.001),
intellectual-cultural orientation (p = 0.005), active-recreational orientation
46 subjects (18-65) diagnosed with (p = 0.002), moral-religious emphasis (p = 0.004) and organization (p <
. . 0.001), and higher
. BD-I according to DSM-IV and their :
Ferreira et . . R K-SADS-PL . . conflict (p < 0.001).
Brazil Cross-sectional study offspring (6-17) Family environment . .
al., 2013 . . FES Offspring of BD parents presented more frequent development of Axis I
30 healthy subjects (18-65) and their . .
offspring (6-17) disorders (BD = 12.8%). In the affected group, lower cohesion (p = 0.003),
pring intellectual-cultural orientation (p = 0.01) and active-recreational
orientation (p = 0.007) and higher conflict (p = 0.001) and
control (p = 0.01) were detected.
24% BD offspring developed BD, with a 54% incidence of mood disorders
DSM-IV . . . .
K-SADS-PL during follow-up. First mood episode was associated to the total load of
. 140 adolescents (12-21), offspring of stressful life events (HR = 1.14). Subsequent episodes, although to a lesser
Kemner et The Cohort study with a ) LEDS . . o .
86 BD parents (Dutch Bipolar Stressful life events extent, were as well associated with life events (HR = 1.12). Passive
al, 2015  Netherlands 12-year follow-up N TCI . . . .
Offspring Study) UCL coping style increased the risk of mood episode onset and recurrent
episodes HR = 1.23, HR = 1.18), but also altered the effect of life events on
Short-EMBU .
mood disorders.
DSM-IV
K-SQII\)/S_PL Perceived maternal neglect predicted mood and anxiety disorders onset in
Doucette Cohort study witha 233 offspring (mean age 16.6) of BD EAS Emotionality . . . > €& XP P i,
Canada High offspring emotionality appeared to be as well associated to the
etal, 2016 25-year follow-up parents LEQ Exposure to parental BD development of mood disorders (HR = 1.7, 95% CI 1.9-3.1), also being the
Hollingsead SES Scale Stressful life events P TR o 8

Self-report measures of
temperament and early
adversities

possible mediator of the relationship between maternal neglect and the
development of psychopathology.
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Considered Environmental

References Country Study Design Sample Assessment Instruments Factors Results
Offspring (13-18) of parents affected Offspring of BD probands had greater number of severe stressful life
Cross-sectional stud bp BDg(n =269) nIS)n—BD Axis 1 DSM-1V events than HCs offspring (mean (SE) 13.89 (0.05) vs. 10.22 (0.08), p =
Panetal,, y ed ¢ . Stressful live events during 0.001), but not non-BD offspring.
USA of a sample from a disorders (1 = 88), and offspring of K-SADS-PL . . X . .
2017 7-vear cohort stud HCs (n = 81) (Pittsburgh Bipolar SLES the year before evaluation Total number and severity of negative stressful life events was associated
Y y E)ffs rine Stu dg ) P with higher rates of Axis I disorders in both BD and non-BD affected
pring y probands.
Eih:—]l)\é—:]l;[; BD offspring presented significantly higher internalizing and
FIGS externalizing problems, both on self- (Int: M (SE) 55.95 (1.31) vs. 48.27
146 offspring (12-21): High-risk (1 = DICS vd (1.74), p = 0.001, Ext: M (SE) 53.74 (1.19) vs. 49.00 (1.52), p = 0.03) self- and
Cross-sectional study pring g . . . parent- (Ext: 56.37 (4.71) vs. 47.17 (6.36), p = 0.029) reports. Internalizing
Lauetal, . 90) BD offspring and control (1 = 56) FACES-IT Family cohesion Parental . o ol :
2018 Australia of a sample from a offspring (Bipolar Kids and Sibs PBI bondin. problems displayed a significant association with low maternal (p = 0.025)
cohort study pring gtu dy) CBCL/ 6—18 & and paternal (p = 0.025) care, whilst externalizing problems were
4 YSR associated with low maternal care (p = 0.011). Family environment-related
ABCL/18-59 factors did not mediate the relationship between high-risk BD state and
ASR dimensional psychopathology.
DSM-IV
K-SADS-PL
. K-SADS-MRS
:azr;))ffsg ]r;Bg (;Ler?; azgzeolés'l rii—nZAo ¢ CALS Higher risk calculator score showed greater positive associations between
Cross-sectional stud K alth ntrpl (m a;n a 15 7 j:gl 3 SCARED number of recent exposure to negative stressful life events and activity
Hanford et USA Ois sec lo £ study calthy controls e) 8¢ 15 ! C-GAS Stressful li " within bilateral fusiform gyri (right: Z =5, p <0.001, left: Z=3.6,p <
al., 2019 lato eia;l}};)oii sfll!dnies (Pittsburgh Bi };T::SOffs rine Stud SLES Tessiutive events 0.001) and the right amygdala (Z = 4.1, p < 0.001). Risk calculator score
8 Lon ituginal {)’\ssessmeﬁ " onganiZ/ Predictive 5-year risk alone showed positive relationships with activity in bilateral lateral
& Symptoms) calculator occipital cortices (right: Z = 3.7; p < 0.001; left: Z = 4.0 p = 0.001).
ymp MRI for investigation of
emotional and reward
networks
52.9% (n = 54) offspring developed a mood disorder, of which 12.7% (n =
DSM-IV 24) developed BD. Emotional maltreatment was significantly associated
Koenders The 12-vear cohort stud 102 offspring (12-21) of parents with K-SADS-PL Childhood trauma with mood disorder onset (HR = 1.07, 95% CI 1.18-2.82,
etal, 2020 Netherlands Y Y BD (Dutch Bipolar Offspring Study) QFP Family functioning p =0.007). Family functioning, nor its subscales, shows significant
CTQ associations with mood disorder onset (HR = 1.01, 95% CI: 0.89-1.14,

p =0.889.

Notes: ABCL/18-59 = Adult Behavior Checklist for Ages 18-59; AMI = Affective Morbidity Index; ASR = Adult Self-Report; BD = Bipolar Disorder; CALS = Children Affective Liability
Scale; CBCL/6-18 = Child Behavior Checklist for Ages 6-18; CBQ = Conflict Behavior Questionnaire; CD = Conduct Disorder; CECA.Q = Childhood Experience of Care and Abuse
Questionnaire; C-GAS = Children’s Global Assessment Scale; CI = Confidence Interval; CTQ = Child Trauma Questionnaire; DIGS = Diagnostic Interview for Genetic Studies; EAS =
Early Adolescence Temperament Scale; EMBU = Swedish acronym for “my memories of upbringing”; FACES-II = Family Adhesion and Cohesion Evaluation Scales-II; FES = Family
Environment Scale; FH-RDC = Family History Related Research Criteria; FHS = Family History Screen; FIGS = Family Interview for Genetic Studies; HCs = Healthy Controls; HEIC
= Home Environment Interview for Children; HR = Hazard Ratio; K-LEDS = Kiddie Life Events and Difficulty Scale; K-SADS-BP = Kiddie Schedule for Affective Disorders and
Schizophrenia, Bipolar Disorder Version; K-SADS-MRS = Kiddie Schedule for Affective Disorders and Schizophrenia, Mania Rating Scale; K-SADS-P = Kiddie Schedule for Affective
Disorders and Schizophrenia, Present Version; K-SADS-PL = Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version; LEC = Life Events Checklist; LEDS
= Life Events and Difficulties Scale; LEQ = Life Events and Difficulties Questionnaire; M = Median; PBI = Parental Bonding Instrument; QFP = Questionnaire for Family Problems;
SCARED = Screening for Child Anxiety Related Disorders; SE = Standard Error; TCI = Temperament and Character Inventory; UCL = Utrecht Coping List; YSR = Youth Self-Report.
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3.2.1. Environmental Risk Factors in Adolescents with BD

In a large sample of youths aged 7-17 the total number of negative life events was detected
to be significantly higher in BD subjects than healthy controls when performing bivariate analyses
(mean number of negative life events 5.5 + 0.3 vs. 2.3 + 0.2). Although, no significant differences
were detected when comparing BD youths to those affected by depression and anxiety. In this
population, psychiatric comorbidities, namely conduct disorders, anxiety disorders, Attention Deficit
and Hyperactivity Disorder (ADHD), and Oppositive Defiant Disorder (ODD), were associated with
the total number of negative live events at the binomial regression model [25]. In the same sample,
the rates of physical and sexual abuse were specifically analyzed, presenting a prevalence of 20.6% and
a significant association with Post-Traumatic Stress Disorder (PTSD) (Odds Ratio (OR) 8.8, Confidence
Interval (CI) 95% 3.1-25.1), non-intact family (OR 2.6, CI 95% 1.4-5), conduct disorder (OR 2.3, CI 95%
1.1-4.8), psychotic symptoms (OR 2.1, CI 95% 1.1-3.6), longer duration of illness (OR 1.12, CI 95%
1.03-1.2) [26]. Several variables, accounting for health-, family-, and social-related factors, predicted a
lower functioning in a population of adolescents aged 15-18 with a BD diagnosis [27]. Particularly,
the presence of comorbidities, poor premorbid social relationships, low religious activity, and risky
sexual behaviors, as well as the lack of a good relationship with siblings, determined lower scores at
the Children’s Global Assessment Scale (C-GAS) [28].

One of the selected studies investigated the association between suicidal ideation and family
environment in a sample of BD youths, where the prevalence of suicidal ideation resulted to be 36%.
The study dedicated particular attention to familial cohesion (the level of warmth and intimacy between
family members), adaptability (the ability of the family to change in response to stressful situations),
conflicts, familial stressful events and familial psychiatric history [29]. Current suicidal ideation,
demonstrated to be more frequently connected to maternal conflicts, scarce adaptability of the familial
context, as measured by the Family Adaptability and Cohesion Evaluation Scale-II (FACES-II) [30],
and stressful familial events during the year prior to evaluation. While, familial psychiatric history did
not distinguish subjects who presented suicidal ideations from those who did not.

3.2.2. Environmental Risk Factors in BD High-Risk Adolescents

In a population of BD offspring considered as genetically high-risk subjects, family environment
was analyzed as a possible risk factor influencing illness trajectories, in absence of significant differences
in family cohesion, parental care, and parental overprotection among the high-risk subjects and
controls [31]. In the same study, subjects in the BD offspring group appeared to present with
significantly higher internalizing and externalizing problems, as reported by both offspring and parents.
Internalizing problems were associated with lower paternal and maternal care, whilst externalizing
problems were only linked to lower maternal care, but the family environment did not mediate
the relationship between BD high-risk status and dimensional psychopathology at the multi-level
mediation analysis. In a 12-year longitudinal study, 52.9% of adolescent offspring of a parent with
BD developed a mood disorder. The occurrence of mood disorders in this population displayed a
significant association with childhood trauma, particularly emotional maltreatment, whilst family
functioning did not seem to predict the onset of a mood disorder [7]. Moreover, in the same sample
stressful life events as measured by the Life Events and Difficulties Schedule (LEDS) in its adolescent
readaptation [32] were found to be strong predictors of the development of a first mood episode,
also in absence of a clear-cut BD diagnosis, in BD offspring, together with a passive coping style and
harm-avoidant temperament [33]. In a study considering early parent-child relationships, maternal
neglect predicted the onset of a mood disorder in a BD high-risk population [34]. In the same sample,
offspring emotionality evaluated as a temperamental trait was associated with the hazard of mood
disorders, also being influenced by duration of exposure to parental BD. Similarly, the perception of
maternal and paternal rejection was associated with psychopathology and with the development of
BD in adolescents grown up in parental BD families [35]. In a study considering offspring of parents
with BD, both affected and non affected by major psychiatric disorders, particularly mood disorders,



Medicina 2020, 56, 689 9 of 15

the presence of lower cohesion, intellectual-cultural and active-recreational orientation, as well as
higher conflict and control were demonstrated in families with affected offspring [36].

Preliminary results from a prospective high-risk cohort study outlined the development of a mood
disorder during adolescence in 27% BD offspring from the analyzed population [37]. The relationship
between adverse events and the emergence of mood disorders was evaluated in this study by means of
a time-dependent variable, namely the life event load, indicating the exposure load from all stressful
life events that occurred up to a particular point in time. Even though the life event load was calculated
according to four different models, in the study sample the presence of stressful life events displayed a
signification association with the onset of a mood disorder not depending on the employed model,
with approximately 10% increased risk per unit life event load. Furthermore, the risk related to the
negative stressful events was not influenced by familial loading. Higher risk for developing BD during
the following 5 years in high-risk offspring, predicted by means of a risk calculator, was also associated
with negative stressful life events as evaluated by a self-administered questionnaire, that appeared
to influence emotion and reward processing in amygdala and occipital regions [38]. Stressful life
events presented a higher prevalence in offspring of BD subjects when compared to healthy controls
offspring (mean number of negative life events 1.50 £ 1.42 vs. 0.76 + 0.97), but this prevalence was not
significantly different than was demonstrated for offspring of individuals affected by non-BD Axis I
disorders [39]. Furthermore, both frequency and severity of stressful life events were associated to the
current diagnosis of an Axis I disorder, including BD, among high-risk offspring. In a study conducted
among BD offspring aged 8-25, the majority developed a psychiatric disorder, with a higher prevalence
for BD. In this high-risk affected group, more negative life events were reported, whilst early losses
were not linked to a higher risk for developing clear-cut psychopathology [40].

3.3. Risk of Bias Assessment

Studies included in the present review showed a relatively low risk of bias as measured by the
two versions of the Newcastle-Ottawa Scale (see Tables 3 and 4). When assessing risk of bias for cohort
studies, major methodology flaws were related to outcome assessment, particularly to the length of
follow-up and adequacy of follow-up cohorts. As for cross-sectional studies, the risk of bias was
mainly related to sample size, adequate description of non-responders and comparability.

Table 3. Newcastle-Ottawa Quality Scale assessment for cohort studies. Stars (*) are assigned to each
item if the requirement is satisfied.

Author(s) Selection Comparability Outcome Total

(Year) S1 S2 S3 S4 Cla Clb O1 O2 O3 Stars
Hillegers et al., (2004) * * * * * * * 7
Duffy et al., (2007) * * * * * * * * 8
Goldstein et al., (2009) * * * * * 5
Kemner et al., (2015) * * * * * * * * 8
Doucette et al., (2016) * * * * * * 6
Koenders et al., (2020) * * * * * * * 7

Table 4. Newcastle-Ottava Scale assessment readapted for cross-sectional studies. Stars (*) are assigned
to each item if the requirement is satisfied. Stars (**) are assigned to each item if the requirement
is satisfied.

Author(s) Selection Comparability Outcome Total

(Year) S1 S$2 S3 S4 Cla Clb O1 O2  Stars
Reichart et al., (2007) * * ** * > * 8
Romero et al., (2009a) * ** * * 5
Romero et al., (2009b) * ** * * ** * 8
Bakare et al., (2011) * ** * * 6
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Table 4. Cont.

Author(s) Selection Comparability Outcome Total

(Year) S1 S2 S3 S4 Cla Cib O1 O2  Stars
Ferreira et al., (2013) * ** * * 5
Pan et al., (2017) * o * * - * 8
Lau et al., (2018) * et * * * * 7
Hanford et al., (2019) * x* * d * 7

4. Discussion

The present systematic review assessed the influence of non-genetic risk factors in the context
of adolescent BD, not only focusing on populations of subjects with full-blown presentation of the
disorders, but also considering the interplay between environmental and hereditary load in the possible
evolutions of high-risk states for BD in adolescence. The identification of risk factors, during early
stages of BD and in high-risk states presents several implications, due to the pleomorphic nature of
such conditions and to the higher efficacy that the early administration of psychiatric treatments may
demonstrate [3,41,42]. The influence of environmental risk factors on adolescent BD was confirmed by
the analyzed studies, thus, endorsing the hypothesis of a multifactorial etiopathogenesis for BD during
early life stages [43].

Negative stressful life events appeared to be strongly related to the development of mood disorders
during the follow-up of BD high-risk populations [36,37,39], even when controlling for the familial
component [38]. Furthermore, negative life events accounted for features of higher illness severity
in adolescents with an already established diagnosis of BD, as demonstrated by higher comorbidity
rates, more complex psychopathological presentation, longer illness duration, also impacting on
functioning [25-27]. The higher risk for BD after stressful life events was already demonstrated in
adult BD, especially when those events were proximal to the onset of the disorder [20,44]. This class of
risk factors also deserves particular attention due to its influence on illness course, partly confirmed
for adolescent populations by results from the present review. Indeed, stressful life events may
also represent predictors for BD relapses and point at longer time until recovery [45]. At the same
time, stressful life events may also be a consequence of mood episodes, with relevant impact on
overall functioning [45]. Due to the controversial nature of this association, future prospective studies
should further clarify this relationship in adolescent BD populations, also focusing on subsyndromal
manifestations of the disorder. On the other side, stressful life events represented risk factors for more
severe psychopathology in BD offspring also for what concerns the development of other disorders [38].
This could be due to the pluripotent nature that high-risk states themselves may display, with different
disorders that could crystallize overtime and with the possibility for comorbid disorders to present as
adjunctive outcomes [19]. Due to the scarce specificity that these putative risk factors display when
analyzed within an entire group, future studies should probably improve individual risk assessment,
e.g., by means of optimized risk calculators, in the attempt to advance personalized intervention
strategies [46,47]. The role of environmental risk factors in a precision psychiatry framework is
validated by the demonstrated interplay between negative events, risk of developing BD and functional
alterations in specific neuroanatomic regions, such as hippocampus, amygdala and frontoparietal
areas [37]. Such a relationship may be illustrative of the complex interactions underpinned by the
emergence of BD during youth, that could be better understood by means of the identification of
neuroimaging and peripheral biomarkers [48-51]. The combination of these biological factors, together
with familial and environmental markers should be considered in the future in order to define
individual risk, identifying a “risk syndrome” that could increase the likelihood of the progression to
BD [52].

Due to the already-mentioned overall high severity of BD when presenting during early stages
of life [2], the identification of modifiable environmental factors represent a crucial issue, in order to
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target prevention strategies. For this purpose, the recent efforts that some countries made to denounce
childhood physical and sexual abuse by strengthening their public policies on the topic may be
interpreted as the first step towards larger campaigns aimed at preventing psychiatric disorders among
youth populations [53,54]. In the context of childhood traumatic events, physical as well as emotional
abuse should be considered as strong determinants of BD development, as demonstrated by the results
from some of the included reports regarding parental rejection, neglect, and low care [7,30,33,34].
The role of emotional abuse was demonstrated in adult BD samples as the preferential trauma
subtype associated with later development of the disorder, probably influencing emotional regulation
and stress reactivity through changes in catecholaminergic responses [55]. A better stratification of
childhood trauma and a standardization of the assessment instruments will hopefully further clarify
this association also in adolescent and high-risk populations.

Further studies focusing on the role of traumatic experiences in the development of BD may also
present implications in consideration of the frequent comorbidity between BD and PTSD. In fact, the
two disorders were also demonstrated to share common genetic heritage that two may be mediated by
a variant of the Brain-Derived Neurotrophic Factor (BDNF), with possible epigenetic mechanisms that
could act as response to traumatic and stressful life events [56]. Similarly, in neuroimaging studies
alterations of the prefrontal cortex were detected in both conditions [57,58]. As a consequence, a better
comprehension of the role that traumatic experiences play as possible mediators of BD development
could also help shedding light on pathogenetic pathways that lead to the development of a clear-cut
PTSD in BD subjects.

The role of family functioning was controversial according to reports included in the present review,
influencing specific features of BD in adolescence, e.g., suicidal ideation, rather than the development
of the disorder [29]. This finding partially contrasts with previous literature on BD [59], but more
specific factors related to the familial environment, e.g., parental bonding, should be analyzed in order
to elucidate the exact impact of family-related factors in BD development [60]. The better identification
of the above-mentioned risk factors may also help targeting psychosocial interventions during early
stages of adolescent BD, such as family-focused treatment and family-oriented psychoeducation,
that already obtained positive evidence in previous literature [3,61,62].

Surprisingly, only few risk factors were considered in the included studies. Although medical
comorbidities may play a less significant role in younger populations, the shared pathophysiological
pathways leading to both mental and physical illnesses and the decrease of life expectancy caused by
the medical burden in BD subjects claim further research also in youth samples [63,64]. A growing
body of research is also evidence of the role of urbanization-related factors, particularly air pollution,
in the development of major psychiatric disorders [11], as well as their influence on mental illnesses
relapses [65]. Consequently, further research should better clarify the relationship between urbanicity
and air pollution and adolescent BD.

To our best knowledge, the present review presents the first effort to systematically summarize
the evidence about environmental risk factors in youths affected by BD and high-risk populations,
in the attempt to enhance knowledge in this still under-studied area of investigation. Potential
strengths of this report include the use of a systematic methodology following PRISMA guidelines,
the inclusion of studies considering not only full-blown BD, but also high-risk populations, and the
methodological validity of most of the assessed studies. Despite this, the present review presents
limitations. First, the different study designs and the heterogenous populations in terms of age
limited the possibility of inter-study comparisons. Small sample sizes in some of the included studies
represented a further limitation to the generalizability of findings. As for outcome assessment, we did
not select studies on the basis of specific instruments, e.g., semi-structured interviews, thus including
reports evaluating symptoms by means of auto-administered tools that may increase subjectivity of
findings. Furthermore, the indirect exclusion of subjects that may present with unipolar depressive
disorders during adolescence did not allow crucial issues in adolescent BD to be assessed, such as
antidepressant use and the unipolar-bipolar conversion.
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5. Conclusions

The present systematic review confirmed the relevant role that environmental risk factors play in the
development of BD psychopathology, with particular attention to adolescent and high-risk populations.
Although the function of negative stressful life events and family-related factors appeared to be crucial,
future studies should hopefully better stratify risks related to the above-mentioned determinants,
as well as possible further environmental factors that may be implicated in the development of BD
during youth. The better identification of the complex pathogenetic pathways that lead to full-blown
manifestations of BD may help targeting preventing strategies and thus contribute to the modification
of unfavorable illness outcomes.
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