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The offspring of parents with mental disorders are at increased risk for developing mental disorders themselves. The risk to offspring may extend trans-
diagnostically to disorders other than those present in the parents. The literature on this topic is vast but mixed. To inform targeted prevention and
genetic counseling, we performed a comprehensive, PRISMA 2020-compliant meta-analysis. We systematically searched the literature published up
to September 2022 to retrieve original family high-risk and registry studies reporting on the risk of mental disorders in offspring of parents with any
type of mental disorder. We performed random-effects meta-analyses of the relative risk (risk ratio, RR) and absolute risk (lifetime, up to the age at
assessment) of mental disorders, defined according to the ICD or DSM. Cumulative incidence by offspring age was determined using meta-analytic
Kaplan-Meier curves. We measured heterogeneity with the F statistic, and risk of bias with the Quality In Prognosis Studies (QUIPS) tool. Sensitivity
analyses addressed the impact of study design (family high-risk vs. registry) and specific vs. transdiagnostic risks. Transdiagnosticity was appraised with
the TRANSD criteria. We identified 211 independent studies that reported data on 3,172,115 offspring of parents with psychotic, bipolar, depressive,
disruptive, attention-deficit/hyperactivity, anxiety, substance use, eating, obsessive-compulsive, and borderline personality disorders, and 20,428,575
control offspring. The RR and lifetime risk of developing any mental disorder were 3.0 and 55% in offspring of parents with anxiety disorders; 2.6 and
17% in offspring of those with psychosis; 2.1 and 55% in offspring of those with bipolar disorder; 1.9 and 51% in offspring of those with depressive dis-
orders; and 1.5 and 38% in offspring of those with substance use disorders. The offspring’s RR and lifetime risk of developing the same mental disorder
diagnosed in their parent were 8.4 and 32% for attention-deficit/hyperactivity disorder; 5.8 and 8% for psychosis; 5.1 and 5% for bipolar disorder;
2.8 and 9% for substance use disorders; 2.3 and 14% for depressive disorders; 2.3 and 1% for eating disorders; and 2.2 and 31% for anxiety disorders.
There were 37 significant transdiagnostic associations between parental mental disorders and the RR of developing a different mental disorder in the
offspring. In offspring of parents with psychosis, bipolar and depressive disorder, the risk of the same disorder onset emerged at 16, 5 and 6 years, and
cumulated to 3%, 19% and 24% by age 18; and to 8%, 36% and 46% by age 28. Heterogeneity ranged from 0 to 0.98, and 96% of studies were at high
risk of bias. Sensitivity analyses restricted to prospective family high-risk studies confirmed the pattern of findings with similar RR, but with greater
absolute risks compared to analyses of all study types. This study demonstrates at a global, meta-analytic level that offspring of affected parents have
strongly elevated RR and lifetime risk of developing any mental disorder as well as the same mental disorder diagnosed in the parent. The transdi-
agnostic risks suggest that offspring of parents with a range of mental disorders should be considered as candidates for targeted primary prevention.

Key words: Familial risk, mental disorders, psychosis, depression, bipolar disorder, substance use disorders, eating disorders, anxiety disorders,
transdiagnostic risk, targeted primary prevention

(World Psychiatry 2023;22:433-448)

Mental disorders run in families. Decades of epidemiologi-
cal research have documented that having an affected biological
parent is a potent risk factor for mental disorders in the offspring.
For some mental disorders, the relationship to offspring’s risk
is so strong that a parent’s diagnosis has been considered as an
indication for primary targeted prevention'. For example, pre-
ventive approaches have been developed for young offspring of
individuals affected with psychosis, bipolar disorder or depres-
sive disorder”®. Another area of clinical application is genetic

World Psychiatry 22:3 - October 2023

counselling, which helps people make meaning out of genetic
information, including familial risk, and use that information in
alignment with their wishes, needs and values, to manage their
health in the face of uncertainty”®.

The preventive potential of these approaches relies on accu-
rate knowledge of the likelihood of mental disorders and their
age of onset among offspring of affected parents. Such knowl-
edge remains incomplete in several respects. First, while numer-
ous studies examined offspring of parents with major depressive,
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bipolar or psychotic disorders, the impact of other parental dis-
orders on offspring risk is less mapped out. Second, most prior
publications focused on one parental mental disorder at a time
(e.g., only examining risk in offspring of parents with bipolar dis-
order), making a comparison of risks associated with different
parental disorders difficult.

Moreover, the findings differ among study designs, popula-
tions and settings, leaving uncertainty about the accuracy of
estimates. For example, traditional family high-risk studies and
reports from national registries draw different conclusions about
the magnitude and extent of familial risk. A synthesis drawing
on the complementary strengths of family high-risk and regis-
try studies is therefore needed to provide accurate estimates for
clinical practice and prevention.

Finally, both degree and specificity of familial risk is undeter-
mined. The causes of mental disorders’ clustering in families in-
clude genetic variants, shared environment, and the interplay be-
tween genetic and environmental factors”'®. Most genetic variants
and environmental risk factors are not specific to a particular di-
agnosis''*®. Common causal factors and high rates of comorbid-
ity between disorders have motivated the move to transdiagnostic
approaches in psychiatry'. Yet again, there are discrepancies be-
tween study designs. For example, some family high-risk studies
reported that increased risk in offspring was specific to the disor-
der diagnosed in their parent'>', while analyses of nationwide
registries suggest a pattern of non-specific risk that extends across
all mental disorders'*"”. An earlier meta-analysis by our group
drew on data from 33 studies of 3,863 offspring of parents with
schizophrenia, bipolar and major depressive disorders to reveal a
pattern of partial specificity and broad transdiagnostic risks'®.

The last decade has seen more publications on offspring of par-
ents with a range of mental disorders. Additional meta-analyses
have focused on offspring of parents with bipolar disorder'*%,
offspring of parents with anxiety disorders*"**, offspring of par-
ents with attention-deficit/hyperactivity disorder (ADHD)*, or
anxiety and disruptive disorders among offspring of parents with
multiple diagnoses****. However, there has been no comprehen-
sive transdiagnostic synthesis across offspring of parents with var-
ious types of mental disorders that could inform clinical practice.
Transdiagnostic approaches may be especially relevant to pre-
vention, as early developmental manifestations of psychopathol-
ogy often change in ways that cross diagnostic boundaries**?’.

The present study aims to fill this gap in the literature, by pro-
viding a transdiagnostic synthesis of the available studies in
offspring of parents affected with all types of mental disorders
to inform targeted prevention and genetic counselling. For the
first time, we combine, compare and synthesize family high-risk
studies and registry studies. We compare the relative risk between
offspring of affected and unaffected parents, and examine both
transdiagnostic and diagnosis-specific risk to offspring. We quan-
tify the probability (absolute risk) of developing a range of mental
disorders for offspring of affected parents up to the assessment
age (lifetime). We further estimate the cumulative incidence by
offspring age, and test the impact of study design. We then lever-
age the evidence to formulate recommendations for targeted
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primary prevention and genetic counselling. We conclude by
drafting a research agenda for the next generation of studies in
this field.

METHODS

We performed a systematic review and meta-analysis of the
available literature on the relationship between any mental dis-
order in parents and the risk of mental disorders in the off-
spring. We followed a protocol that was registered at PROSPERO
(CRD42022358509) on September 22, 2022. We report the review
process and results according to the PRISMA 2020 statement?®,

Literature search

We searched Web of Science with a combination of terms tag-
ging family studies (offspring, parent*, matern*, patern*) and
terms capturing mental disorders, to identify publications from
database inception until September 16, 2022, with no language
restrictions. We validated the search strategy against a set of 62
relevant publications obtained through expert suggestions and
a prior systematic review'®. The search identified all 62 publica-
tions in this validation set.

Inclusion and exclusion criteria

Inclusion criteria were: a) original family high-risk (cross-sec-
tional or prospective) or registry study that reported quantitative
data on the relationship between one or more mental disorders
in a parent and one or more mental disorders in their biologi-
cal offspring; b) offspring sampled from the general population
or selected based on parent diagnosis; c) definitions of mental
disorders in parents and offspring based on the ICD or the DSM
(any version), established with a diagnostic interview or a stan-
dard clinical assessment; d) published in any language.

Exclusion criteria were: a) inadequate study design, including
adoption studies (because they systematically differ from family
high-risk studies in separating genetic from environmental as-
pects of familial risk), case reports (to avoid highly selective sam-
pling), and intervention studies (in which the risk of disorders in
offspring could be reduced through an intervention); b) offspring
selection (where offspring were selected based on their own
health or an environmental exposure, as such selection could in-
flate the risk of disorders in the offspring); c) lack of ICD/DSM
parent diagnosis (when no ICD/DSM diagnosis in parents was
reported, or parent assessment was limited to self-report ques-
tionnaires that do not clearly identify ICD/DSM diagnoses); d)
lack of ICD/DSM offspring diagnosis (when no ICD/DSM diag-
nosis in offspring was reported, or offspring assessment was lim-
ited to self-report questionnaires that do not clearly identify ICD/
DSM diagnoses); and e) lack of relevant data (when there was
no numeric information on the relationship between ICD/DSM
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diagnoses in parents and in offspring, or data on offspring were
only reported as part of a larger group of first-degree relatives).

Selection of relevant publications

The selection of eligible publications proceeded in two stages,
implemented in Covidence®. First, two independent reviewers
screened all titles and abstracts against a list of eligibility crite-
ria, to remove studies that were ineligible and select publications
for full-text review. Second, two independent reviewers went
through full texts of the pre-selected publications, to confirm that
eligibility criteria were met and select a final list of publications
for data extraction. At both stages, a senior investigator resolved
discrepancies between the reviewers.

Data extraction

We extracted the information on parent-offspring disorder
relationships as relative risk and absolute risk, using Covidence
extraction 2 interface®. To assess relative risk, we extracted the
risk ratios (RR), odds ratios (OR) or hazard ratios (HR) reflecting
the increased (values greater than 1) or decreased (values smaller
than 1) rates of disorder in offspring of parents with a given diag-
nosis, relative to control offspring of parents without a diagnosis.
We recorded the type of the relative risk (RR, OR or HR), and its
95% confidence interval (CI) or standard error (SE). To assess ab-
solute risk, for each group of offspring defined by a given parental
diagnosis, we extracted the number of offspring with and without
each mental disorder and the total number of offspring assessed
for the disorder. We extracted the absolute risk of the same disor-
ders for control offspring of parents without a diagnosis, if such
control group was included. We use the term “lifetime risk” to
describe these absolute risks measured up to age at assessment.

In addition, we extracted the country of origin of the study, the
study design (prospective, cross-sectional, registry), the population
(general, high-risk), the diagnostic instruments and classification
system used to make diagnoses in parents and in offspring, and
the mean offspring age at assessment. For prospective studies,
we extracted the offspring age at first and last assessment and ad-
ditional information on the cumulative incidence of developing
mental disorders by offspring age (from available Kaplan-Meier
plots, see the data analysis section).

Where two or more publications reported data on the same
disorder from the same sample or a partially overlapping sam-
ple, we selected the report with the largest sample size. For pro-
spective studies, we extracted data from all time points, to inform
analyses of cumulative incidence by offspring age.

Study design
We defined the two primary study types based on their de-

sign: i.e., family high-risk studies and registry studies. We fur-
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ther subdivided family high-risk studies into cross-sectional and
prospective ones. Cross-sectional studies are those where off-
spring are assessed only once for presence or absence of men-
tal disorders***2. Prospective studies are those where research-
ers follow the offspring over time and repeatedly assess them
for mental disorders at two or more time points® >, Registry
studies are those where offspring are not systematically assessed
for the presence or absence of diagnosis, but information on the
presence of a mental disorder is obtained from a health care re-
cord database or national registry™"”.

Family high-risk studies systematically assess offspring with
diagnostic interviews covering the full range of mental disorders
and including comorbidity (high psychometric validity). How-
ever, samples are often selected from clinical populations and
therefore are prone to selection bias (low ecological validity).
This is of particular concern in cross-sectional studies, which re-
cruit participants when the target disorders are already present.
Prospective studies mitigate disorder-related sources of selection
bias by recruiting participants before they develop mental disor-
ders of interest, but they may still be prone to selection bias and
confounding because of factors pre-dating enrolment and attri-
tion of participants over time leading to incomplete follow-up.
Typically, each one of these studies is too small to individually
provide conclusive results (low statistical power)*.

Registry studies avoid most sources of sampling bias and pro-
vide adequate statistical power to detect even weak relationships
with high ecological validity, as they take advantage of data on an
entire population®”. However, registries only contain diagnostic
information on mental disorders which received treatment, and
this information is based on unstructured clinical assessments
(low psychometric validity)*’. Individuals who meet diagnostic
criteria for a mental disorder but do not seek treatment are mis-
classified as not having a disorder®”. This misclassification may
result in significant underestimates of risk of mental disorders
that often remain untreated or are not seen as the primary rea-
son of hospital admissions or clinic visits.

Risk of bias

To capture the various sources of bias in prospective, cross-
sectional, and registry studies, we rated the risk of bias using the
Quality In Prognosis Studies (QUIPS) tool®. For each included
report, we rated six bias domains: participation, attrition, parent
diagnosis assessment, offspring diagnosis assessment, blinding
of offspring assessors to parent diagnosis, and analysis reporting.
Each domain is rated as low, moderate or high risk of bias. A “high”
score in any domain indicates that a study is at high risk of bias.

Transdiagnosticity assessment
To meet the TRANSD criteria, we defined the gold standard

by including specific ICD/DSM diagnoses, acknowledged the
primary outcome of the study, defined the transdiagnostic con-
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struct as relative or absolute risk, appraised it across ten diag-
nostic groups, performed three types of multiple comparative
analyses (RR, absolute risk, and risk of having the same mental
disorder as the parent vs. having any other mental disorder), and
validated the findings by focusing on those supported by at least
three independent studies (see below)"***.

Outcome measures

We grouped parent and offspring disorders into ten diagnostic
categories: psychosis (schizophrenia, schizophreniform, schizoaf-
fective and other psychotic disorders); bipolar disorder (bipolar,
bipolar II, and other/not otherwise specified); depressive disor-
ders (major depressive disorder, persistent depressive disorder,
and dysthymia); anxiety disorders (generalized anxiety disorder,
panic disorder, social anxiety disorder, and phobias); substance
use disorders (alcohol or substance use disorder, excluding nic-
otine use disorder); borderline personality disorder; ADHD (inat-
tentive, hyperactive/impulsive, combined); disruptive disorders
(oppositional-defiant disorder and conduct disorder); obsessive-
compulsive disorder (OCD); eating disorders (anorexia nervosa,
bulimia nervosa, other/not otherwise specified eating disorder).

We also included “any mental disorder” where this was re-
ported (here, “any mental disorder” refers to one or more mental
disorder diagnoses; because of comorbidity, this number is dis-
tinct from a sum of individuals affected with specific disorders).
When a study reported more than one specific disorder (e.g.,
several specific anxiety disorders), we used the one representing
more affected individuals as a proxy for the number of individu-
als with any specific disorders, considering the high comorbid-
ity between them. For specific eating disorders at the same time
point, we added the number of individuals with anorexia and
bulimia, as these diagnoses are mutually exclusive®.

Statistical analyses

For each parent and offspring disorder combination, we per-
formed two random-effect meta-analyses.

First, we conducted a meta-analysis of the RR of the target dis-
order among offspring of affected parents compared to control
offspring (i.e., those with no affected parents). Specifically, we
calculated RR as the disorder risk in the offspring of affected par-
ents divided by the disorder risk in control offspring. When the
statistic available was only a RR/HR/OR and its CI, we first used
the “improve_ci” function of the “metaumbrella’ R package®' to
unround the estimates, and then derived the SE. We forced esti-
mated SEs to be at least 0.001, to avoid a few samples receiving
exaggerated weights in the subsequent meta-analyses. When the
risk estimate reported was an OR, we imputed the equivalent RR
using a modified version of the “estimate_n_from_or_and_n_
cases” functions of the “metaumbrella” package41’42. Then, we
used the imputed number of affected offspring to derive the
RR. As these imputations are not free from error, we forced the
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imputed RR to be equal to or smaller (in absolute logarithmic
terms) than the corresponding OR, while we retained the vari-
ance, so that the imputed RR was similar or slightly lower and
had a similar or slightly lower statistical significance than the re-
ported OR.

To meta-analyze the RR, we used the “metafor” R package®
to create random-effects models of the log-transformed RR. This
package uses the restricted maximum likelihood (REML) to fit
the model and adds 0.5 to any zero counts of affected and non-
affected offspring. While computationally necessary, the addition
of 0.5 can distort rate estimates in very small samples; therefore
we restricted this procedure to groups of 50 or more individuals.
We interpreted p values smaller than 0.05 as statistically signifi-
cant. We estimated the heterogeneity between studies with the I?
statistic.

Second, we completed a meta-analysis of the absolute risk,
i.e., the proportion of offspring affected with the target mental
disorder, which is the preferred metric in genetic counseling’.
We followed the same methodology as for the RR meta-analysis,
except for using the logit instead of the log-transform. We noted
that some disorders are typically underdiagnosed in the popu-
lation registries but frequently diagnosed in family high-risk
studies, leading to the absolute risks of clinically meaningful dis-
orders being systematically underestimated in registry studies
and overestimated in non-registry studies. Since family high-risk
and registry studies differ in more ways that can be accounted for,
and neither is free from bias, we meta-analyzed registry and non-
registry studies separately and then combined the two meta-
analytic results, setting the weights to be 50% (rather than altering
the variances). Of note, such weighting was not necessary for RR,
under the assumption that under- and over-diagnoses applied to
both offspring of affected parents and control offspring.

To further characterize the age-dependent risk, we performed
ameta-analytic Kaplan-Meier assessment of the absolute risk (cu-
mulative incidence) of severe mental disorders by offspring age.
We first generated pseudo-individual participant data (pseudo-
IPD), whose survival curve would be identical to the published
survival curves, using an established methodology™ as in previ-
ous meta-analyses*>*. For a study*’ which reported separate
Kaplan-Meier plots for bipolar disorder and bipolar disorder not
otherwise specified in the same sample, we matched the events
of each curve with censors occurring at the same age in the other
curve, to generate a single dataset. Second, we combined the da-
tasets from the different studies to estimate a curve for the risk of
psychosis in the offspring of parents with psychosis, a curve for
the risk of bipolar disorder in the offspring of parents with bipo-
lar disorder, and a curve for the risk of depressive disorders in the
offspring of parents with depressive disorders. There were too few
studies for other disorder combinations (all n<3).

We then conducted some sensitivity analyses. First, we con-
ducted meta-analyses of the relative and absolute risks restricted
to prospective studies that had followed the offspring at least un-
til the typical age of each disorder onset or diagnosis (childhood
for ADHD, disruptive disorders and OCD; adolescence for de-
pressive, anxiety and eating disorders; adulthood for psychosis,
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bipolar, substance use and borderline personality disorders).
For this purpose, we labeled the samples as “children” when the
mean age was <12 years old, “adolescents” when it was >12 but
<18years old, and “adults” when it was >18 years old. When data
from multiple age groups were available, we used multilevel ran-
dom-effects models, including the age group as a moderator. These
multilevel models are conceptually the same as subgroup analy-
ses by follow-up age ranges, with the only difference being that
they include studies with shorter follow-ups in the model to im-
prove fit. For these multilevel models, we calculated 1% as recom-
mended by the creator of the “metafor” package at https://www.
metafor-project.org/doku.php/tips.

Second, to formally assess whether absolute risks were sig-
nificantly smaller in registry than in non-registry studies, we
calculated the difference in (logit-transformed) absolute risks
between registry and non-registry meta-analytic results, along
with its variance and the (log-transformed) risk ratio. Then, we
conducted a meta-analysis of these differences for each offspring
disorder (across parental disorders and children age ranges) and
applied the resulting weights to the (log-transformed) relative
risks. Risk ratios <1 mean that the absolute risk of a disorder is
smaller in registry than in non-registry studies.

Third, to address the risk of having the same mental disorder
as the parent vs. having any other mental disorder, we conducted
multilevel meta-analyses of the RR of having a mental disorder
other than the disorder of the parent. The reason to use multi-
level models, with the sample as a random factor, was that we
include several RR estimates from each sample (i.e., an estimate
for each mental disorder in offspring). We discarded offspring
disorders with less than two studies and “having any mental dis-
order” because this grouping includes the parent’s disorder. We
then meta-analyzed the results of these meta-analyses to have
an overall estimate of the RR of developing the same mental
disorder as the parent and an estimate of the RR of developing
a different mental disorder from the parent. We conducted this
analysis separately for family high-risk and registry studies.

The main meta-analytic (i.e., based on at least three inde-
pendent studies) results were presented stratified according to
clinical-informative topics that may inform practice and pre-
vention. The estimates based on fewer than three independent
studies are reported in tables, but are not interpreted, as they are
considered to be less reliable.

RESULTS
Meta-analytic database

Of 20,964 unique records identified by the literature search,
we selected 911 reports for full-text review, and extracted data
from 457 eligible publications (see Figure 1). Common reasons
for exclusion at the full-text review stage were offspring sample
selection based on their own health or environmental factors,
missing or inadequate information on diagnosis in parents or off-
spring, and publications that contained no original data on the
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relationship between parent diagnosis and offspring disorders.

The 457 eligible publications reported data from 211 unique
studies, including 3,172,115 offspring of parents with mental dis-
orders. A subset of 157 studies reported data on 20,428,575 com-
parison offspring. Most studies were family high-risk studies, but
the 18 registry studies included a disproportionately large num-
ber of participants (see Table 1). The sample size of the included
studies ranged from 19 to 8,951,763. Offspring were assessed at
a mean age of 4 to 42 years. One hundred and thirty-five (64%)
studies reported data on children, 142 (67%) on adolescents, and
95 (44%) on adult offspring. Of the 211 included studies, 54%
(n=113) were from the US, 23% (n=48) from Europe, 7% (n=15)
from Asia, 7% (n=15) from Canada, 4% (n=8) from Australia, and
1% (n=3) from low- or middle-income countries. We computed
88 RRs (10 for the same disorder and 78 for different disorder
combinations) and 96 absolute risks (10 for the same disorder
and 86 for different disorders or controls).

How likely are the offspring of affected parents to
develop any mental disorder?

Of the 211 eligible studies, 86 provided data on offspring’s risk
of developing any mental disorder. Compared to control offspring,
the offspring of affected parents had a 1.5- to 3-fold elevated RR
for developing any mental disorder (see Table 2): 3.0 in offspring
of parents affected with anxiety disorders; 2.6 in those of parents
affected with psychosis; 2.1 in those of parents affected with bi-
polar disorder; 1.9 in those of parents affected with depressive
disorders; and 1.5 in those of parents affected with substance use
disorders. No or few data were available on the RR of any mental
disorders in offspring of parents with other mental disorders.

The absolute risk of any mental disorder among offspring of
affected parents was 55% in offspring of parents affected with bi-
polar disorder or anxiety disorders; 51% in offspring of parents
affected with depressive disorders; 38% in those of parents af-
fected with substance use disorders, and 17% in those of parents
affected with psychosis (see Table 3). In contrast, one in seven
(14%) control offspring developed any mental disorder. No or
few data were available on the lifetime risk of any mental disor-
ders in offspring of parents with other mental disorders.

Sensitivity analyses restricted to prospective studies that had
followed the offspring at least until the typical age of each disor-
der’s onset reported similar RRs, but substantially higher abso-
lute risks of mental disorders (see supplementary information).

How likely are the offspring to develop the same mental
disorder as their parents?

Across all mental disorders examined, the offspring had in-
creased risk of the same type of disorder that was diagnosed in
their parents, with RRs ranging from 2.2 for anxiety disorders to
8.4 for ADHD (see Table 2). The other RRs were 5.8 for psychosis,
5.1 for bipolar disorder, 2.3 for depressive disorders, 2.8 for sub-
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A4
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A

Reports sought for retrieval
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> (n=120)
- Records excluded
" (n=20,053)
o Reports not retrieved
g (n=0)
Reports excluded (n=454)

(n=911)

\4

Studies included in meta-analysis
(n=211)

Reports of included studies
(n=457)

Figure 1 PRISMA 2020 flow chart

stance use disorders, and 2.3 for eating disorders. Small datasets
of offspring of parents with borderline personality disorder and
OCD precluded establishing statistical significance. There were
no data for disruptive disorders.

The absolute risks of the same disorder diagnosed in parents
were 32% for ADHD, 31% for anxiety disorders, 14% for depres-
sive disorders, 9% for substance use disorders, 8% for psychosis,
5% for bipolar disorder, and 1% for eating disorders. There were
no or too little data to reliably estimate the risk of other mental

Table 1 Included studies and participants by study type

Offspring of Control All
affected parents offspring offspring
Study type n N n N N
Prospective family 81 21,477 62 11,389 32,866
high-risk
Cross-sectional 112 69,918 77 9,008 78,926
family high-risk
Registry 18 3,080,720 18 20,408,178 23,488,898
Total 211 3,172,115 157 20,428,575 23,600,690
438

 Offspring selection (n=88)

* No parent diagnosis (n=74)

* No offspring diagnosis (n=91)
* No original data (n=201)

disorders. In terms of absolute risk, control offspring had a low
risk of developing specific mental disorders, with estimates rang-
ing from 1% (psychosis, bipolar disorder, eating disorders) to 7%
(anxiety disorders).

Sensitivity analyses restricted to prospective studies that had
followed the offspring at least until the typical age of each disor-
der’s onset confirmed the overall direction and pattern of results,
but showed a higher RR of bipolar disorder in offspring of par-
ents with bipolar disorder (RR=9.0) and 2- to 3-fold higher ab-
solute risks of disorders for which adequate data were available:
35% for substance use disorders, 34% for depressive disorders,
21% for psychosis, and 13% for bipolar disorder (see supplemen-
tary information). There were no prospective studies for ADHD.

How likely are the offspring to develop mental disorders
other than those diagnosed in their parents?

The eligible studies provided data on 62 transdiagnostic re-
lationships between parental mental disorders and the risk of a
different mental disorder in the offspring (see the off-diagonal
cells with white background in Table 2). Of the 62 transdiagnostic

World Psychiatry 22:3 - October 2023
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RR estimates, 60 (97%) were greater than 1.0, and 37 (60%) were
statistically significant. However, most of these RRs were of small
magnitude, and only psychosis in offspring of parents affected
with substance use disorder had a lower bound of the 95% CI of
atleast 2 (see Table 2).

Table 3 shows the absolute lifetime risks of developing men-
tal disorders other than those diagnosed in parents (in the off-
diagonal white-background cells). For example, 10-13% of off-
spring of parents with psychosis, bipolar disorder, depressive
disorders, or substance use disorders developed ADHD, but only
3% of offspring of parents without mental disorders did so. Nota-
bly, several RRs or absolute risk cells were characterized by small
sample sizes, and there were little or no data on risk in offspring
of parents with borderline personality disorder, ADHD, disrup-
tive disorders, OCD and eating disorders.

Sensitivity analyses restricted to prospective studies that had fol-
lowed the offspring at least until the typical age of each disorder’s
onset showed similar RRs and larger absolute risks of most disor-
ders (see supplementary information). One notable difference was
in the absolute risk of psychosis among offspring of parents with
bipolar disorder, which was estimated at 1% in the overall analysis
but at 4% in the sensitivity analysis of prospective studies.

How does the risk of having a mental disorder change
with age?

Twenty-one prospective family high-risk studies provided
detailed data on cumulative incidence of mental disorders in
the form of Kaplan-Meier curves based on repeated diagnostic
assessments. These detailed data were limited to psychotic, bi-
polar and depressive disorders in the offspring of parents with

60%
- Offspring of affected parents
+ Control offspring

50%
40%
30%

20%

Cumulative risk of psychosis

10%

the same disorder (see Figures 2-4 and Table 4).

Among offspring of parents with psychosis, the onset of psy-
chotic disorders became notable at age 16, increased to 3% at
age 18, and continued to increase in an approximately linear
fashion until age 30, when it reached 9%, then remaining sta-
ble (Figure 2). Among offspring of parents with bipolar disorder,
the onset of that disorder became notable as early as age 5, in-
creased to 9% at age 12, 19% at age 18, and 36% by age 28 (Fig-
ure 3). Among offspring of parents with depressive disorders, the
onset of depressive disorders became notable at age 6, increased
at first slowly, then accelerated around age 12, leading to a steep
rise in cumulative incidence that continued until mid twenties,
when itreached 43%, with sparse data indicating possible further
increase beyond 50% (Figure 4).

Heterogeneity and risk of bias

Heterogeneity (I?) ranged from 0 to 0.98, and 202 (96%) of in-
cluded studies were at high risk of bias in one or more domains.
The risk of bias was unevenly distributed across study types. The
nine studies that had low or moderate risk of bias in all six do-
mains were all prospective family high-risk studies'>**>®,

What factors affect our knowledge about the risk to
offspring?

Sensitivity analyses showed that study type (family high-risk
vs. registry study) was a key contributor to heterogeneity in abso-
lute risks. Specifically, the comparison of absolute risks between
registry and family high-risk studies showed that the risk of any

0%
0 3 6 9 12 15 18 21 24 27 30 33 36
Age (years
N at risk ge (v )
613 613 613 613 613 612 596 580 568 554 170 167 163
"""" 8,983 8,983 8,983 8,983 8,983 8,978 8,859 8,837 8,824 8,812 8,812 175 175

Figure 2 Meta-analytic Kaplan-Meier curve summarizing the cumulative incidence of DSM/ICD psychotic disorders in offspring of parents
affected with those disorders (n=4) and control offspring (n=3). The shade in the curve represents 95% CIL.
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60%
— Offspring of affected parents
* Control offspring

50%

40%

30%

20%

Cumulative risk of bipolar disorder

10%

0% 5
N at risk
765 765 743 683 604 534
'''' 514 514 511 481 425 367

33 36

Age (years)

441 255 178 126 100
318 214 170 91 79

Figure 3 Meta-analytic Kaplan-Meier curve summarizing the cumulative incidence of DSM/ICD bipolar disorder in offspring of parents
affected with that disorder (n=4) and control offspring (n=4). The shade in the curve represents 95% CI.

mental disorder was 5 times smaller in the former than in the lat-
ter. Of the specific mental disorders, the risks of bipolar disorder,
depressive disorders, anxiety disorders, substance use disorders,
borderline personality disorder, and ADHD were between 3 and
10 times lower in registry than in family high-risk studies (see
Figure 5).

What is offspring’s risk of developing the same mental
disorder as the parent compared to the risk of developing
any other mental disorder?

Across all examined mental disorders, the offspring of affect-
ed parents were 3-fold more likely to develop the same disorder
as the parent and 2-fold more likely to develop a mental disorder
other than that diagnosed in the parent, with little difference be-
tween family high-risk and registry studies (see Table 5).

DISCUSSION

The body of evidence on the risk of developing mental disor-
ders in offspring of affected parents has increased dramatically
over the past decade. The present meta-analysis synthesizes data
from 6 times more studies than the most inclusive prior analy-
sis'®. We present estimates of relative and absolute risks for 90
parent-offspring disorder combinations, based on over 3 mil-
lion offspring of affected parents and 20 million control off-
spring, originating from 211 family high-risk (prospective, cross-
sectional) and registry studies. This data synthesis shows that the
offspring of affected parents have strongly elevated relative and
absolute risk of developing any mental disorder, as well as the

442

same mental disorder that was diagnosed in the parent. In addition,
the offspring of affected parents have moderately elevated trans-
diagnostic risk of most other disorders. We provide tables allow-
ing clinicians to reference relative and absolute risks for parent-
offspring disorder combinations as well as meta-analytic cumu-
lative incidence by offspring age to inform clinical practice and
prevention.

By systematically searching the global literature and summa-
rizing evidence, this study has identified offspringwho are athigh-
est risk for mental disorders. We found that approximately one-
in-two offspring of parents with anxiety, bipolar and depressive
disorders will develop a mental disorder. Similarly, more than one
third of offspring of parents with substance use disorder and one
sixth of offspring of parents with psychosis will develop a mental
disorder. Notably, offspring of parents with ADHD have 8-fold
increased risk of developing the same disorder; offspring of par-
ents with psychotic and bipolar disorders have a 5-fold increased
risk; and offspring of parents with substance use, depressive and
anxiety disorders about a 2-fold increased risk.

Prospective studies reveal that the lifetime risk of offspring to
develop the same disorder of parent is substantial, cumulating
to 34% for offspring of parents affected with depressive disorder,
21% for offspring of parents with psychosis, and 13% for offspring
of parents with bipolar disorder. These estimates are important
for clinical practice, including genetic counselling and preven-
tion in psychiatry. The results align with independent twin-study
literature showing that twin heritability is 77% for psychotic, 76%
for bipolar, 40% for anxiety and 34% for depressive disorders™.
There is also evidence for a dose-response association in first-
degree relatives for psychotic (one proband: OR=7.69; two pro-
bands: OR=11.11), bipolar (one proband: RR=6.10, two pro-
bands: RR=29.1) and depressive (one proband: OR=2.14; two
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Figure 4 Meta-analytic Kaplan-Meier curve summarizing the cumulative incidence of DSM/ICD depressive disorders in offspring of parents
affected with those disorders (n=5) and control offspring (n=6). The shade in the curve represents 95% CI.

probands: OR=3.23) disorders®*" ™,

The magnitude of the meta-analytic risks designates offspring
of parents affected with psychotic, mood (bipolar and depres-
sive), anxiety, substance use disorders and ADHD as a popula-
tion that should be prioritized for systematic screening, monitor-
ing and preventive interventions. To date, these efforts have been
largely limited to young people at clinical high risk for psychotic,
and more recently bipolar disorders®*®*®', While the clinical high-
risk paradigms include a subgroup of individuals with affected
first-degree relatives, screening of relatives is not routinely im-
plemented®. Our meta-analytic data urge professionals to sys-
tematically assess and address the mental health of offspring of
patients affected with psychotic, mood, anxiety, substance use
disorders and ADHD.

Based on the substantial risk, mental health screening of these
offspring would be supported by sufficient evidence. A next step
could involve the implementation of a periodic monitoring for
additional risk indicators over time, coupled with targeted pre-
ventive approaches®. Emerging preventive approaches include
needs-based interventions; psychotherapy for offspring at risk of
psychotic or anxiety disorders; physical activity for offspring at
risk of depressive disorders; and genetic counselling for offspring
at risk for bipolar or depressive disorders, and their parents®*>%*-
67

These interventions are not effective when administered to the
whole population (universal prevention). For example, school-
based interventions designed to prevent anxiety and depressive
disorders are ineffective®® and may even cause harm to some
adolescents®. However, interventions targeted to youth with a
specific risk profile can have beneficial effects, including reduc-
tion in the risk of depressive disorder onset’""". Preventive inter-
ventions may target symptomatic offspring of affected parents™,

World Psychiatry 22:3 - October 2023

and include optimized treatment of parents’®, both of which can
reduce the risk of onset and burden of mental disorders in off-
spring.

The present report is also the most comprehensive summary
of the transdiagnostic risk of developing mental disorders in off-
spring of affected parents. It has been debated whether the risk to
offspringis specific to the disorder diagnosed in a parent or wheth-
er it extends transdiagnostically to most or all mental disorders.
Typically, family high-risk studies focus on disorder-specific
relationships'>'®, but studies of national registries highlighted
extensive transdiagnostic risks'®'”. The present synthesis of fam-
ily high-risk and registry studies suggests broad transdiagnostic
risks, although the magnitude of transdiagnostic RRs was smaller
than for disorder-specific estimates. Overall, the offspring of af-
fected parents were 3 times more likely to develop the same dis-
order as their parent and, in addition, were 2 times more likely to
develop a different disorder. These results were consistent across
family high-risk and registry studies, suggesting that discrepan-
cies in prior literature might have been the result of limited sta-
tistical power.

The most robust transdiagnostic risk was observed for psy-
chosis in offspring of parents with substance use disorder. There
was substantial variation in transdiagnostic effect sizes and some
indications of limited specificity. For example, the relative risk of
anxiety disorders is elevated in offspring of parents with bipolar,
depressive and substance use disorders, but not in offspring of
parents with psychosis. On the other hand, the relative risk of
ADHD is elevated in offspring of parents with bipolar disorder, de-
pressive disorders, borderline personality disorder and psycho-
sis, but not in offspring of parents with anxiety disorders. These
variations to the broad transdiagnostic familial risks deserve at-
tention, as they may hold clues to the structure of risks for mental
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Table 4 Cumulative incidence by age of psychotic, bipolar and depres-
sive disorders in offspring of parents affected with the same disorder

Risk of mental disorder in offspring of parents with that

disorder
Age Depressive
(years) Psychosis Bipolar disorder disorders
4 0% (0-0) 0% (0-1) 0% (0-1)
6 0% (0-0) 1% (1-2) 1% (0-1)
8 0% (0-0) 4% (2-5) 2% (1-3)
10 0% (0-0) 6% (4-8) 3% (2-4)
12 0% (0-0) 9% (7-11) 7% (5-8)
14 0% (0-0) 11% (9-14) 11% (9-13)
16 2% (1-3) 15% (12-18) 17% (15-19)
18 3% (2-5) 19% (16-22) 24% (22-26)
20 5% (3-7) 23% (19-26) 29% (27-31)
22 6% (4-7) 26% (22-29) 35% (32-37)
24 7% (5-9) 28% (24-32) 39% (37-42)
26 7% (6-9) 28% (24-31) 43% (41-46)
28 8% (6-10) 36% (30-41) 46% (43-48)
30 9% (6-11) 36% (30-41) 54% (47-59)

Estimates (with 95% CIs) are based on meta-analytic Kaplan-Meier curves

disorders.

In the context of precision psychiatry, these findings can in-
form the development of new algorithms that can predict the
transdiagnostic risk of onset across mental disorders’*"”. In the
context of genetic counseling, the provision of absolute risk esti-
mates helps counter the common overestimation of familial risk
and related fatalism among potential parents living with mental
disorders’. In the context of public health, the common element

Psychosis
Bipolar disorder -
Depression -
Anxiety disorders -
Substance use disorders -
Borderline personality disorder -
ADHD o
Disruptive disorders
OCD
Eating disorders

Any mental disorder -

in familial risk suggests that transdiagnostic approaches to tar-
geted prevention can be more advantageous, as multiple out-
comes can be potentially prevented with the same intervention.

The risk of mental disorders is age dependent. Information on
the development of risk over age is essential to time-targeted pre-
vention efforts in clinical practice and to adjust risk information
to the client’s current age (for example, when providing genetic
counselling)”. In this respect, longitudinal family high-risk studies
provide unique information on prospectively ascertained onsets
over long developmental periods, that complements clinical high-
risk studies focused on individuals at an age close to the typical
onset of major mental disorders. Our meta-analyses of cumu-
lative incidence show a rapid accumulation of onsets through
adolescence and into mid-to-late twenties, aligning with a re-
cent meta-analysis which indicated that the peak age of onset
of any mental disorder worldwide is of 14.5 years’’. By age 28,
just under one-in-ten offspring of parents with psychotic disor-
ders, one-in-three offspring of parents with bipolar disorder, and
one-in-two offspring of parents with depressive disorders will
develop the same disorder themselves.

These cumulative incidence estimates exceed the absolute life-
time risk estimates derived from family high-risk and registry
studies. In line with the known differences in prevalence between
prospective and retrospective ascertainment of mental disor-
ders”™, this discrepancy suggests that the actual risk of mental dis-
orders in offspring of affected parents may be even higher than
whatis expected based on current family high-risk literature. The
relatively low incidence of psychosis onset in offspring aligns with
the existing meta-analytic evidence in samples at clinical high-
risk for psychosis, which indicates that the genetic risk and de-
terioration syndrome subgroup, which includes first-degree rel-
atives, has a lower short-term risk of transitioning to psychosis
than other clinical high-risk groups™.

Our meta-analytic cumulative incidence data are clinically in-

T T T T
0 2 4 6

Higher in family high-risk studies

T T T T T T T
8 1 1.2 1.4 1.6 1.8 2

No difference Higher in registry studies

Figure 5 Comparison of the risk of mental disorders reported in registry studies vs. family high-risk studies. For each mental disorder in offspring,
the square shows the estimate and the horizontal line the 95% CI of the registry to family high-risk ratio. Significant ratios are shown in dark grey
squares; non-significant ratios in pale grey squares. ADHD - attention-deficit/hyperactivity disorder, OCD - obsessive-compulsive disorder.
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Table 5 Relative risk (with 95% CI) of same or different mental disorder in offspring of parents with a mental disorder across family high-risk and

registry studies

Same disorder in offspring

Different disorder in offspring

Disorder in parents Family high-risk studies Registry studies Family high-risk studies Registry studies
Psychosis 4.4(2.8-6.8) 6.1(4.1-9.1) 1.9(1.2-3.1) 1.7 (0.9-3.0)
(n=12, N=2,506) (n=9, N=7,542,868) (n=42, N=2,302) (n=23, N=11,553,211)
Bipolar disorder 5.4 (3.5-8.4) 4.4(1.2-16.9) 2.2(1.9-2.6) 1.2 (0.5-2.8)
(n=28, N=5,234) (n=5, N=11,555,792) (n=70, N=6,698) (n=9, N=14,805,882)
Depressive disorders 2.3(2.0-2.8) 2.1(1.7-2.6) 2.7(2.1-3.5) 1.3(0.5-3.2)
(n=47, N=22,121) (n=6, N=11,873,567) (n=26, N=6,682) (n=7,N=10,952,304)
Anxiety disorders 2.1(1.8-2.6) 2.3(2.0-2.7) 1.3(1.0-1.7) 1.8(1.7-2.0)
(n=19, N=13,575) (n=3,N=1,967,517) (n=10, N=4,345) (n=2, N=6,356,323)
Substance use disorders 3.0(2.24.2) 2.1(1.3-3.5) 9.4(2.9-30.1) 2.2 (2.0-2.4)
(n=19, N=10,680) (n=4, N=674,572) (n=2, N=1,328) (n=3,N=2.151.844)
Overall 3.1(2.2-4.4) 2.9 (1.8-4.6) 2.2(1.5-3.3) 1.9 (1.6-2.3)

(n=125, N=54,116)

(n=27,N=33.614.316)

(n=150, N=21,355) (n=44, N=45,819,564)

Low-confidence estimates based on fewer than three studies are shown in italics

formative. For example, a general practitioner might use them to
predict the 5-year likelihood of developing bipolar disorder in a
16 year-old who has a parent affected with the same condition.
However, the decision to communicate such information to in-
dividuals or families should take into account their preferences
and priorities, as well as the availability of interventions and
tools that can modify the risk. A clinician should explore existing
perceptions of risk before providing new information, provide
absolute rather than relative risks, contextualize the numbers
provided, check understanding and emotional impact so as to
promote positive outcomes (e.g., appropriate preventive inter-
vention to mitigate risk for developing the condition) and avoid
the potential for harms associated with this type of information
(e.g., increasing stigma, or fatalism)”%"*,

Although based on a vast body of literature, the present study
has some limitations. First, there are considerable differences in
the estimates reported by family high-riskvs. registry studies. Since
these two study designs are prone to different sources of selec-
tion and information bias, it may not be appropriate to declare
one set of results as superior to the other. Accordingly, we gave
family high-risk and registry studies equal weight in our primary
analyses and we qualified the estimates in sensitivity analyses.
For several mental disorders, registry studies report absolute
risks between 5 and 10 times lower than those seen in family
high-risk studies that systematically assess participants with di-
agnostic interviews. This difference is probably due to the fact that,
in registry studies, diagnosis depends upon treatment seeking.
Prospective studies suggest that the offspring of parents with psy-
chotic, bipolar and depressive disorders have substantially ele-
vated rates of mental disorders, that are discernable on repeated
active inquiry even when some of them do not present for treat-
ment. The clinical and societal significance of such undertreated
disorders remains to be established.

Second, although we referred to a lifetime absolute risk of de-
veloping mental disorder, this estimate indexes the risk measured
at the assessment point. The latter could widely vary from cross-
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sectional to prospective studies. However, we have performed
a meta-analytic Kaplan-Meier assessment that provides fine-
grained cumulative incidence of mental disorders by offspring
age.

Third, the geographic distribution of available evidence is im-
balanced: ofthe211 eligible studies, only three originated from low-
or middle-income countries. Intensive work is needed to estab-
lish the global invariance or heterogeneity of familial risk. Fourth,
the distribution of evidence over various mental disorders is un-
even, and several comparisons were underpowered (i.e., less than
three independent studies available). While extensive efforts
have been dedicated to examining familial risk for psychotic and
mood (bipolar, depressive) disorders, less evidence is available for
anxiety and substance use disorders, and most of the other men-
tal disorders remain unexplored. Fifth, we have not identified
enough relevant data to examine the effects of having both par-
ents affected with mental disorders®. With evidence of assorta-
tive mating®® suggesting that cumulation of risk from two affect-
ed parents is common, targeted efforts are warranted to prospec-
tively study the offspring of two parents with mental disorders.

Although the current study primarily informs clinical practice,
especially in prevention and genetic counselling, it additionally
paves the way for future research in this field. Research may next
focus on filling the gaps in existing evidence, particularly relating
to familial risk for borderline personality disorder, ADHD, dis-
ruptive disorders, eating disorders and OCD. The empty or low-
count cells in our tables highlight the specific parent-offspring
combinations that should be prioritized by future studies. Trans-
diagnostic risks to offspring growing up in low- or middle-
income countries also need to be determined. Although well-
designed prospective studies require substantial resources, re-
cent interest in epidemiological research by several European
funders, international research networks, and methodological
innovation may facilitate this type of research®.

Examining mixed diagnostic groups of parents without diag-
nostic exclusions may prove particularly important. Additionally,
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potential sex-specific patterns of transgenerational transmission
of mental disorders - which have been reported for anxiety dis-
orders, psychosis and ADHD®**! _ gshould be examined transdi-
agnostically. A further research priority is better characterizing
differences between family high-risk and registry studies. This
would benefit from validation of registry diagnoses that extends
to “controls” without registry-identified disorder and examines
multiple comorbid mental disorders®. Future research may take
advantage of family high-risk studies nested within registries to
understand the sources of information in national and health-
provider registries®. Only a few studies have been able to com-
bine the advantages of the different study designs, through using
anational registry as a basis for comprehensive recruitmentinto a
prospective family high-risk study®”. These exceptionally well-
designed studies allow mapping the sources of selection and infor-
mation bias to improve the interpretation of broader literature®.

In conclusion, this large meta-analytic synthesis documents
elevated risks for a range of mental disorders, including trans-
diagnostic risks, in offspring of parents affected with psychotic,
mood (bipolar and depressive), anxiety and substance use dis-
orders, as well as ADHD. While gaps in evidence motivate future
research, the present knowledge robustly supports systematic
screening in offspring of parents affected with these conditions.
Urgent research is needed to identify effective targeted interven-
tions to reduce risk for offspring of parents with these mental dis-
orders, and to deliver them without exacerbating fatalism or stig-
ma.
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