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Abstract

Objectives: The extent to which heterogeneity in childhood risk trajectories may un-
derlie later heterogeneity in schizophrenia (SZ), bipolar disorder (BP), and major de-
pressive disorder (MDD) remains a chief question. Answers may optimally be found
by studying the longitudinal trajectories of children born to an affected parent. We
aimed to differentiate trajectories of global functioning and their sensitive periods
from the age of 6 to 17 years in children at familial risk (FHRs).

Methods: First, a latent class mixed model analysis (LCMM) was applied to yearly rat-
ings of the Children's Global Assessment Scale (CGAS) from the age of 6 to 17 years
in 170 FHRs born to a parent affected by DSM-IV SZ (N=37), BP (N=82) or MDD
(N=51). Then, we compared the obtained Classes or trajectories of FHRs in terms of
seX, parental diagnosis, 1Q, child clinical status, childhood trauma, polygenic risk score
(PRS), and outcome in transition to illness.

Results: The LCMM on yearly CGAS trajectories identified a 4-class solution showing
markedly different childhood and adolescence dynamic courses and temporal vulner-
ability windows marked by a functioning decline and a degree of specificity in parental
diagnosis. Moreover, IQ, trauma exposure, PRS level, and timing of later transition to
iliness differentiated the trajectories. Almost half (46%) of the FHRs exhibited a good
and stable global functioning trajectory.

Conclusions: FHRs of major psychiatric disorders show heterogeneous functional de-
cline during development associated with parental diagnosis, polygenic risk loading,

and childhood trauma.
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1 | INTRODUCTION

Increasing knowledge has been extracted from studies of chil-
dren born to a parent affected by psychosis, bipolar, or major
depressive disorders (MDDs)*® and from developmental studies
suggesting heterogeneity in pathways of risk and vulnerability
windows."” Chief questions remain, particularly in the extent to
which heterogeneity in childhood risk trajectories may underlie
later heterogeneity in schizophrenia (SZ), bipolar disorder (BP),
and MDD. Although the Clinical High-Risk (CHRs) individuals have
been extensively studied mostly in a later period of life,® children
at familial risk (FHRs) represent a key source of early childhood
developmental information about the illness origin since they have
a 10- to 20-fold increased risk of later developing the disorder of
their parent or a spectrum disorder.>®%101 This situation is not
negligible since these children amount to 10 million in the G7 na-
tions alone.®

Recent longitudinal studies of bipolar offspring™? have begun to
define sequential preclinical stages in FHRs and suggested a degree
of heterogeneity in the courses of these FHRs. For instance, the
Canadian study of Duffy et al.r observed that the offspring of bipo-
lar parents having a poor response to lithium had a different clinical
profile than the offspring of parents who were good responders.
This merits further investigation not only for bipolar offspring but
also for MDD and SZ spectrum disorders given the recognized with-
in-diagnosis heterogeneity of the three major psychiatric disorders
which likely have roots in early development.lz'13 Most longitudinal
studies investigated FHRs descending from only one parental iliness
and used solely clinical phenotypes as risk factors.'® Relatedly, a
new task force report* has recommended that future FHRs studies
increase their power by combining clinical and biological markers
and by including more than one parental psychiatric disorder within
the same study since there is evidence of shared transmission and
etiology for the three parental psychiatric illnesses.®?'* Such advice
might help to investigate differences among FHRs in their childhood
developmental course.

The childhood trajectory of global functioning has been demon-
strated as relevant for the understanding of the developmental
roots of affective disorder and psychosis. A few bodies of data have
looked at the progression of global functioning in childhood and
adolescence as assessed by the Children Global Assessment Scale
(CGAS) and consistently found general patterns consisting of three
to four different longitudinal trajectories of global functioning in
FHRs, in CHRs of psychosis individuals or in retrospective studies
of SZ and BP patients. In brief, these results suggested that some
FHRs would have a stable functioning trajectory with a good level
of functioning, others show a stable trajectory with an intermediate
functioning and one subgroup of FHRs displays a course character-
ized by a deteriorating functioning.*>* Similarly, in a 20-year study
of patients having an affective or non-affective psychosis, Velthorst

et al?

reported, by means of a latent class growth analysis of ret-
rospective data, four different childhood functioning trajectories:

a normally preserved functioning course, a moderately impaired

course, a severely impaired course, and a profoundly impaired
course.

Since these previous data on early course of global functioning
justify a deeper characterization and the further digging into con-
ceivable sources of developmental heterogeneity, since we had as
a measure of global functioning, yearly ratings of the CGAS across
childhood and adolescence, and since the field needs new longitudi-
nal childhood studies of premorbid functioning, we were justified to
undertake (i) a follow-up of FHRs from early childhood until late ad-
olescence to better inspect vulnerability windows, (ii) the inclusion
of both psychosis and mood disorders as parental diagnoses, and (iii)
the combining of prospective measures of environmental, clinical,
and biological risk variables.

Based on the above findings, we hypothesized that (i) we would
find heterogeneity among FHRs functioning trajectories, particu-
larly among abnormal functioning trajectories and (ii) heterogeneity
would be marked by differences in parental diagnosis, FHRs’ clinical
characteristics, environmental adversity, and genetic factors.

Our first objective was to apply a latent class mixed modeling
to the course of global functioning in FHRs from the age of 6 to
17 years based on the yearly rating of the CGAS.2° We herein dis-
tinguished four global functioning trajectories with temporally dif-
ferent shapes. In a second step, we performed an external validity
analysis by comparing the obtained trajectories in terms of sex,
parental diagnosis, 1Q, non-psychotic non-mood childhood DSM
diagnoses, childhood trauma, polygenic risk score (PRS) as a ge-

nomic index of vulnerability, and outcome in transition to illness.

2 | METHODS
2.1 | Sample of offspring

Offspring inclusion criteria were having a parent with a DSM-IV diag-
nosis of SZ, BP, or MDD. The exclusion criteria were the presence of
a diagnosis of DSM-IV psychotic disorder, BP or MDD, and spectrum
disorders, autism, brain trauma, and metabolic disorders. The sample
consisted of 170 FHRs that included 65 singletons, 36 sibling pairs,
and 11 sibships of three children. All participants were Caucasians.
The average age of FHRs at entry in the study was 14.9 years (range
5.2-27.6years). The follow-up to assess clinical status and a transi-
tion to SZ, BP, or MDD extended to the average age of 21.0years
(range 8.5-36.5years).

Out of the 170 offspring, 82 were offspring of an affected par-
ent who were members of followed-up multigenerational kindreds
densely affected by SZ and BP that were the object of several pre-
viously published reports.?Y?® The other 88 were offspring of an
affected parent who were children referred to our regional youth
mental health care from the CIUSSS de la Capitale Nationale, the
institution that covers under a public health care system all child
and family mental health services in the Quebec City area (800,000
population), Canada. These offspring have also been the subjects of
previous reports.?*2° To examine a possible bias created by the two

Asu20I'T suowwo)) aanear) a[qesrjdde ayy £q pauroaoS a1e SA[ONIE Y AN JO SN 10J ATRIqIT AUI[UQ AS[IA\ UO (SUOIIPUOD-PUE-SULIA)/ W00 Ko[IM ATeIqr[outjuo,/:sdy) suonipuo)) pue suua ] oy} 39S *[£70Z/11/87] uo Areiqi autjuQ A[IA\ “SI01], V 99qang) n( asIoAtu £q 98€E T IPQ/1 [ 11°01/10p/wod Kd]im KIeIqrjaur{uo//:sdiy woij papeoumo( ‘0 ‘8 19566€ 1



BUREAU ET AL.

sampling sources, we looked at the distribution of the offspring from
the two sampling sources in the four trajectory Classes obtained
from the latent class mixed model (LCMM) and found a homoge-
neous distribution of the two subgroups of offspring in the Classes
(see Table S7).

The sample characteristics are described in detail in Table S1. It
included 48% of girls and 19% of these FHRs had transitioned to first
episodes of psychosis or mood disorders at follow-up. The retention
rate was 93%. Signed consent was obtained from all participants or
the parents of participants under 18, as reviewed by our University
Ethics Committee.

2.2 | Measures
2.2.1 | Global Assessment of Functioning

Global functioning was measured by means of the CGAS?° for chil-
dren under 18 that we rated year by year, from age 6 to 17years
according to the life chart procedure of Post et al.? that we used in
previous studies.?”%®

The yearly ratings were administered by experienced clinical pro-
fessionals who then made a team consensus. Ratings relied on all avail-
able information, clinical interviews, family informants, and medical
records, according to a method used in previous studies.?”?® For the
67% of FHRs recruited before age 18, the yearly CGAS ratings were
prospective or had a short recall period. Ratings were retrospective
for the rest of the sample. Figure S1 in online supplement provides the
distribution of the time span of yearly CGAS ratings obtained between
the age 6 and 17years (average span 9.12years; SD 2.80years). The
Figure also shows that the majority of subjects (75%) had yearly CGAS
measurements spanning 8years or more. The sample had an average

span of measurements of 9.12years (SD 2.80years).

2.2.2 | Clinical diagnoses of offspring and parents

For the parents, a consensus best estimate lifetime diagnostic pro-
cedure based on multiple sources of information was administered
to the parents by experienced clinical professionnals29 as previ-
ously described.®® The procedure included the Structured Clinical
Interview for DSM-IV disorders (Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorder [SCID]),3*32 fam-
ily interviews, and all available medical records across a lifetime
according to a previous method showing reliabiIity.21'29’33’34 All
medical charts were reviewed for each patient. The public universal
health care in Québec makes easily available the out- and in-patient
medical records across the patient's life. Based on this lifetime in-
formation (obtained from interview, medical records, and family
informant's interviews), a DSM-IV diagnosis of SZ spectrum disor-
der, BP, or MDD was made by a panel of research psychiatrists or
experienced clinicians who reached a consensus. When absence of
consensus the case was rejected.

For the children, the same methods were applied except for the
administration of the Kiddie-Schedule for Affective Disorders and
Schizophrenia35 with the parents of children under 18 in the pres-
ence of the child, or the SCID to offspring over 18 as we also have
previously reported.?”:28:36

The presence of psychotic symptoms in the lifetime diagnosis of
bipolar parents or parents having a diagnosis of MDD was drawn
from two sources: (i) the symptoms items of the SCID interview
that explicitly inquires about psychotic symptoms (delusions, hal-
lucinations, disorganized speech, disorganized or catatonic be-
havior, and negative symptoms), the SCID interview being done
with the patient and a family informant and (ii) the review of the
medical charts. The presence or absence of psychotic symptoms
was then judged by consensus during the best estimate diagnosis
consensus session.

The parents having SZ, BP with psychotic features and MDD
with psychotic features were combined to form the subgroup of par-
ents defined as having psychosis. In total, 12% of the MDD parents
and 45% of BP parents had psychosis.

2.2.3 | GloballQ

We measured 1Q at entry in the study by means of the Wechsler
Intelligence Scale for Children (WISC-IIl or WISC-V) for subjects under
15 and with the Wechsler Adult Intelligence Scale (WAIS-11l or WAIS-IV)
for subjects 18 to 27 years old.

2.24 | Genotyping and genotype imputation

Whole-genome single nucleotide polymorphisms (SNPs) genotyping
with Infinium Human OmniExpress24 lllumina microchips was made
using DNA extracted from immortalized lymphocytes or fresh blood
by affinity column (Midi prep Qiagen). Only SNPs with a minimum
call rate of 98 percent were retained. We prepared genotype data
for imputation using the HRC-1000G-check-bim.pl script (www.well.
ox.ac.uk/~wrayner/tools/), which removed 5934 SNPs (0.9%) failing
quality checks (see Data S1), leaving 635,147 SNPs. The imputation
of all common variants was then made by the Michigan Imputation
Server (imputationserver.sph.umich.edu) based on the Haplotype
reference consortium panel.’’

2.2.5 | Polygenic risk scores calculation

In addition to the genomic data, we obtained results on odds ratios
(ORs) and p-values for the association of approximately 10 million
autosomal SNPs with SZ, BP, and SZ and BP combined from the
Psychiatric Genomics Consortium.*® We performed LD clumping
based on genotype data on the familial sample with plink (www.cog-
genomics.org/plink2). We discarded SNPs within 500kb and with an
R-squared 20.1 with an SNP more significantly associated with SZ
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and BP. Finally, we selected the SNPs that had p-values for associa-
tion with SZ, BP, or SZ and BP under 0.10 in the calculation of the
PRSs as in a previous report,22 The PRS was dichotomized at the

75th percentile to form a high- and low-genetic risk group.

2.2.6 | Trauma

Five types of childhood trauma were assessed: physical abuse,
sexual abuse, emotional abuse, neglect (physical and emotional),

28,39

and witnessing domestic violence. As in previous studies, we

performed a semi-structured interview (Traumatic Event Screening
Inventory)*© with offspring or one of their parents and a rating of
all available lifetime information: clinical interviews, contacts with
families, research briefs of the home visits, and medical records col-
lected throughout the longitudinal follow-up. This information was
then rated consensually by two experts in childhood trauma blind to
the other measures. Further details about the assessment are pro-

vided in Data S1.

2.3 | Statistical analysis

Our analysis of CGAS yearly rating trajectories followed the prin-
ciples of growth mixture modeling of developmental trajectories*
with the modification that, for the trajectory shape, instead of the

42 we opted for linear B-splines with inter-

usual polynomial curves,
nalknots at 9,11, 13, and 15years of age, to capture potential abrupt
changes in slope at these ages. The random effect for the intercept
captures variation in the overall level within class and ensures that
latent classes represent different trajectory shapes and not merely
different mean functioning levels. This model is also known as a
LCMM, a term we prefer in the present case given there is no notion
of growth in functioning. LCMMs ranging from 1 to 8 classes were
estimated by maximum likelihood, and the Bayesian information
criterion (BIC) was computed as fit index. Posterior probabilities of
class membership were computed for each subject from the LCMM.
Analyses were performed using the LCMM R package.*®

For descriptive purposes, mean 1Q at entry in the study and
Kaplan-Meier curves of survival free of a DSM-5 diagnosis of SZ,
BP, or MDD or a spectrum disorder were estimated for each class,
after assigning subjects to their most likely class.

In a subsequent external validity analysis to test differences
among the obtained trajectories, we examined the association be-
tween the latent classes and the external variables such as child-
hood trauma, 1Q, PRS, and parental diagnosis (with or without the
presence of psychosis). We tabulated each variable in turn among
the subjects assigned to each class based on maximum class mem-
bership probability for a descriptive purpose only. Univariate anal-
ysis: To formally estimate and test the association of each variable
with class membership, we refitted LCMMs with each variable as
an explanatory variable for both class membership and mean CGAS
level given class membership, keeping the number of classes fixed,

using all subjects with available measures for each variable. For di-
chotomous variables, we reported ORs of membership to a given
class compared to the reference class between subjects with and
without the characteristic of interest (e.g., presence of childhood
trauma) with pointwise 95% confidence intervals. We tested vari-
ables influencing class membership using likelihood ratio (LR) tests.
Multivariable analysis: We fitted a model with the four examined di-
chotomous predictors (sex, childhood trauma, parental psychosis,
and dichotomized PRS) to explore the latent class distribution for
different profiles of child and parental characteristics** on a reduced
set of subjects with observed values on all predictors. Confidence
intervals for the latent class distribution were computed using the

delta method for multinomial probabilities.

3 | RESULTS

The BIC of LCMMs as a function of the number of classes is shown in
Figure S2 in online supplement. The BIC declined rapidly from 1 to 4
classes, then more slowly to reach a minimum value at a solution of 7
classes. The 7-class solution included 2 classes that were the highest
probability class for fewer than 10% of subjects (Figure S3 in supple-
ment), thus representing rare trajectories. Three empirical reasons
made us choose the 4-class solution: (i) it allowed a clearer clinical
interpretation of each class; (ii) each of the four classes contained at
least 15% of the sample and (iii) the 4-class solution BIC was only
slightly higher than for the 7-class solution. The 4-class solution also
satisfied recommended criteria of model adequacy (average poste-
rior probabilities of class membership >0.7 and odds of correct clas-
sification based on these probabilities >5).4*

The CGAS trajectories of the 4-class solution showed notice-
ably different courses depicted in Figure 1 with slopes reported in
Table S2 in online supplement. Class 1 defined the largest subtype
of FHRs (46%) that had a functional and stable CGAS score in the
80 range over the entire span from ages 6 to 17 (Stable higher func-
tioning trajectory). Class 2 FHRs (15%) showed a trajectory marked
by a fairly high average CGAS of 77 from age 6 to 11years which
then considerably declined in adolescence (from 11 to 15years)
down to a low average level of 57 (Early adolescence decline trajec-
tory). The two last Classes had the most deterioration. Class 3 FHRs
(19%) exhibited an overall very dysfunctional CGAS trajectory.
They started at age 6 with a functioning below 70 and progressed
down to an average CGAS under 55 in early adolescence which
then tended to slightly increase from age 13 but remained below
the 65 level (Stable lower functioning trajectory). Class 4 FHRs with
Preadolescence decline with recovery (20%) started with the lowest
average CGAS hovering around 63 from age 6 to 11 with a subse-
quent functioning increase from 13 to 15years of age reaching a
CGAS around 70.

We found no familial resemblance in class membership
(Figure 1): the two siblings were assigned to the same class in
38% of the sibling pairs, a proportion not significantly higher than
the 33% expected under the independence hypothesis (Z=0.83,
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FIGURE 1 Mean class-specific CGAS trajectories from age 6 to
17 years detected by a latent class mixed model (LCMM) analysis
with a 4-class solution. n: number of subjects assigned to each class
based on highest posterior probability. The estimated proportions
in each class were: 46% in Class 1, 19% in Class 2, 15% in Class 3,
and 20% in Class 4. We found no evidence of familial resemblance
of class membership: the two siblings were assigned to the same
class in 38% of the sibling pairs, a proportion not significantly
higher than the 33% expected under the independence hypothesis
(Z=0.83, p=0.41). No statistically significant difference in class
distribution or mean CGAS level within-class was found between
the 33% of subjects with entirely retrospective CGAS ratings and the
other subjects (LR test with 4 df, p=0.08).

p=0.41). Thus, it was not required to take into account family re-
latedness in the analyses.

No statistically significant difference in class distribution or mean
CGAS level within-class was found between the 33% of subjects
with entirely retrospective CGAS ratings and those with prospective
ratings (LR test with 4 df, p=0.08). Adjusting for the span of yearly
CGAS ratings revealed differences among the classes (Table S3 in
supplement) but produced trajectory shapes almost identical to
Figure 1 and similar class assignments (Figure S4 in supplement).
Since interpreting results from a model conditioning on drop-out

t,% we did not retain the span of CGAS ratings in

patterns is difficul
our models.
Then, we inspected potential differences among the four
classes in terms of parent or child characteristics in two related
steps (Tables 1 and 2). We first presented more simply in Table 1
the LCMM derived OR for each of the external variables in univar-
iate analyses. Then, we presented the latent class distribution for
the four dichotomous external variable profiles in a multivariable
analysis where the effect of one variable was controlled for the
effect of the three others being entered in the model. Because
of its good and steady longitudinal functioning, Class 1 was con-
sidered a reference group in some analyses. Exposure to childhood
trauma was associated with class membership (Table 1; LR test,
p=0.002). The odds of belonging to Class 3 versus Class 1 were
nearly 8 times higher in children with childhood trauma than those
without. There was no association of class membership with sex
(LR test p=0.87) in the univariate analysis. We obtained in Table 1

a trend of differences (p=0.10) at the LR test with 3 degrees of
freedom for the association of the SZ+BP PRS involving all the
four classes membership. However, in Table 1 the odds of hav-
ing a PRS in the top quartile for the FHRs belonging to Classes 3
(Stable Low Functioning) were more than 4 times higher (OR=4.7,
95% Cl=[1.18, 18.7]) than in Class 1 (Stable high functioning).
Moreover, considering the model with multiple predictors esti-
mated from LCMM, when one examines in Table 2 the distribu-
tion of class membership for various profiles of FHRs in terms of
child and parental characteristics, we observed congruent results.
Table 2 shows that in the children of parents with psychosis, both
boys and girls having exposure to maltreatment and high PRS had
close to 50% predicted probability of belonging to the Stable Low
functioning Class 3. The confidence intervals for the latter two
predicted probabilities [46%, 95% Cl=(22, 72) and 50%, 95%
Cl=(22, 78)] exceeded the overall probability of Class 3, while the
probabilities among children with low PRS were close to or lower
than the overall Class 3 probability of 14%. Table 2 also suggests
that certain subgroups of boys or girls are less likely to be part of
specific classes. For instance, girls of parents without psychosis
presenting trauma, high PRS or both were less likely to be in Class
1, whereas boys with psychotic parents were less likely to be in
Class 2. We also performed the same LCMM when entering either
the SZ PRS or the BP PRS, and the maximum log of the likelihood
for each LCMM analysis was not higher than that from the LCMM
using the combined SZ + BP PRS: respectively -4360 with the BP
PRS, -4362 with the SZ PRS versus -4359 with the combined PRS.
We thus pursued the following analyses with the LCMM using the
combined PRS.

The presence of psychosis in parents was not found homo-
geneously distributed among the 4 Classes (p=0.0012; Table 1).
Table 1 may suggest at a first glance a counter-intuitive finding, that
is, Class 1 having a higher rate of psychotic parents. But when one
considers that two ORs in Table 1 (Classes 3 vs. 1 and Classes 4 vs.
1) did not reach significance and the relatively similar proportions
of psychotic parents in Class 1, Class 3, and Class 4, the observed
heterogeneity would be mainly due to a lower presence of parental
psychosis in Class 2 rather than an overproportion of psychotic par-
ents in Class 1.

In Table S4, we observed a trend of association (p=0.06) with
DSM-1V parental diagnoses suggesting that offspring of the parents
with mood disorders, particularly with BP, might tend to be more
represented in Class 1 having a Stable higher functioning trajectory.
The presence of psychosis in parents was not found homogeneously
distributed among the four Classes (p=0.0012; Table 1) which would
be mainly due to a lower presence of parental psychosis in Class 2.

Global IQ at entry in the study showed that reference Class 1 had
a mean 1Q of 100.9, whereas Classes 2, 3, and 4 FHRs had, respec-
tively, a mean 1Q of 98.0, 90.3, and 92.9 (F=8.98, df=3, p<0.0001).

We examined whether the early timing and type of transitions
would also distinguish the four Classes, even though all participants
had not reached the full age of illness incidence in this developmen-
tal study. Figure 2 illustrates the cumulative incidence of transitions
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TABLE 2 Distribution of latent classes predicted by the LCMM model with multiple predictors for various profiles of child and parental

characteristics.?

Profile

Parents without psychosis

Girls with no other risk factor

Girls with childhood maltreatment

Girls with high PRS®

Girls with childhood maltreatment and high PRS
Boys with no other risk factor

Boys with childhood maltreatment

Boys with high PRS

Boys with childhood maltreatment and high PRS
Parents with psychosis

Girls with no other risk factor

Girls with childhood maltreatment

Girls with high PRS

Girls with childhood maltreatment and high PRS
Boys with no other risk factor

Boys with childhood maltreatment

Boys with high PRS

Boys with childhood maltreatment and high PRS

Overall

Class 1

Prob® (95% ClI)

0.46(0.23,0.71)
0.24(0.09,0.51)
0.21(0.07,0.48)
0.08(0.02,0.27)
0.66(0.45,0.82)
0.43(0.22,0.67)
0.34(0.13,0.63)
0.15(0.04, 0.42)

0.81(0.59, 0.93)
0.57 (0.34,0.77)
0.52(0.26,0.77)
0.22(0.09, 0.46)
0.87(0.73, 0.95)
0.68(0.50, 0.82)
0.61(0.35,0.82)
0.30(0.13,0.56)
0.53

Class 2

Prob (95% Cl)

0.32(0.09,0.70)
0.46(0.14, 0.81)
0.40(0.09,0.82)
0.43(0.10, 0.84)
0.05(0.02,0.13)
0.10 (0.03, 0.29)
0.08(0.02,0.25)
0.09 (0.02,0.33)

0.06 (0.01, 0.38)
0.11 (0.02, 0.45)
0.10 (0.01, 0.60)
0.12(0.02, 0.55)
0.01 (0.00, 0.03)
0.02 (0.01, 0.05)
0.01 (0.00, 0.09)
0.02 (0.00, 0.08)
0.15

Class 3

Prob (95% Cl)

0.04(0.01, 0.15)
0.11(0.03, 0.37)
0.10(0.02, 0.35)
0.25(0.06, 0.64)
0.03(0.01, 0.15)
0.14 (0.04,0.39)
0.11(0.02,0.39)
0.31(0.08, 0.69)

0.05(0.01, 0.19)
0.20(0.07, 0.46)
0.19 (0.05, 0.50)
0.50(0.22, 0.78)
0.03(0.01, 0.13)
0.17 (0.07, 0.34)
0.15(0.04, 0.42)
0.46(0.22,0.72)
0.14

Class 4

Prob (95% Cl)

0.18 (0.08, 0.35)
0.19 (0.07,0.44)
0.29(0.10, 0.62)
0.24(0.07,0.58)
0.25(0.11,0.48)
0.34(0.15,0.60)
0.48 (0.21,0.75)
0.44(0.16,0.77)

0.08(0.03,0.21)
0.11 (0.04, 0.26)
0.19 (0.06, 0.43)
0.16 (0.06, 0.39)
0.09 (0.03, 0.23)
0.14 (0.05, 0.30)
0.22(0.08, 0.49)
0.22(0.08, 0.48)
0.19

Note: Bold values refer to confidence intervals that do not contain the associated overall probability.

2Analysis performed on 128 subjects with complete data. The 42 excluded subjects were mainly subjects without genotype. Compared to the
subjects with complete data, excluded subjects were not significantly different in terms of duration of follow-up, sex, presence of childhood
maltreatment. They were significantly younger at the last visit (mean [SD] of 16.8 [4.8] years vs. 22.4 [7.8] years) and fewer had a parent with

psychosis (32% vs. 52%).

PModel-estimated probability of class membership with 95% confidence interval.

“Polygenic risk score for SZ and BP combined.

to a major psychiatric disorder revealing that illness incidences in
Class 2 FHRs with Early adolescence decline happened rather early,
largely between 13 and 18years of age, following by a few years
their CGAS decline, and were mainly MDDs (Table Sé). By contrast,
transitions in Class 3 FHRs with Stable lower functioning were spread
rather evenly from 8 to 28years of age. Subjects in Class 1 Stable
higher functioning and Class 4 Preadolescence decline with recovery
were overall free from illness until age 17 up to which CGAS tra-
jectories extend. Expectedly, Class 1 consisting of high-functioning
offspring exhibited the lowest cumulative incidence which started
rising only after 20years of age, whereas Class 2 and Class 3 had the
highest cumulative incidence. Table Sé6 in supplement displays the
distribution of diagnoses.

As regards the presence of childhood non-psychotic non-mood
DSM 5 diagnoses between 6 and 17 years of age, Table S8A pres-
ents the potential differences among the four FHRs Classes in rates
of ADHD, neurodevelopmental disorders or anxiety disorders.
Table S8B shows that Class 3 (Stable lower functioning) FHRs had
more comorbid childhood diagnoses than Class 1 (Stable higher func-
tioning) FHRs.

4 | DISCUSSION

The LCMM analysis of the yearly CGAS scores from age 6 to 17
detected four global functioning trajectories in children at risk of
SZ and MDD. The distinctive trajectories differed in terms of tem-
poral shape or vulnerability windows, 1Q level, childhood trauma,
genetic vulnerability, and timing and rate of ensuing transitions
to illness. Our multivariate design including three parental di-
agnoses, the first of its kind to our knowledge, uncovered new
dynamic information about potential developmental sources of
iliness heterogeneity that have methodological and clinical impli-
cations. Encouragingly, the present trajectories retain some archi-
tectural resemblance with the less defined patterns from earlier

1519 \which would increase the likelihood of fu-

mentioned studies
ture replication. Our study adds substantive evidence of specific
timings in different functioning declines and suggests an involve-
ment of both environmental and genetic factors in the distinction
among outcomes.

Table 3 summarizes an interpretation of the contrasts in sensitive

periods and clinical portrait among the four Classes or trajectories.
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FIGURE 2 Cumulative incidence of transition to a DSM-5 diagnosis of SZ, BP or MDD. Cumulative incidence was estimated using the
Kaplan-Meier estimator applied to subjects assigned to each class based on highest posterior probability. See legend of Figure 1 for color

code. There was no significant difference in age at the last follow-up between subjects with and without transition (p=0.82) suggesting
no violation of the censoring-at-random hypothesis. Hazard of transition differed significantly among the classes (log-rank test chi-
square=29.4, df=3, p<0.0001). One must note that all participants had not reached the full age of illness incidence in this developmental
study. This to an extent may limit the appraisal of outcome and exact later lifetime rate of transition.

In brief, a first Class (the Stable Higher Functioning trajectory) rep-
resented a majority (46%) of the FHR boys and girls of our sample
who, even though they had undergone some of the highest risk
conditions known in childhood,® had a good and stable longitudinal
CGAS functioning through almost the peak period of risk of onset
of illness. These FHRs would have a lower PRS and lesser exposure
to trauma suggesting lower genetic and environmental liabilities. In
all, almost half of the children born to an affected parent would fare
well which may be an important message for the clinician toward
some affected parents who worry too much about their children by
overinterpreting the overall risk pending over them. However, it is
also noteworthy that a small proportion of these FHRs would nev-
ertheless transition to a major psychiatric disorder (13% cumulative
incidence by age 25) which certainly deserves future investigation.
The three other trajectories (Table 3) exhibited distinct periods
of decline and rates of transitions. Unlike Classes 3 and 4, the Class
2 (the Early Adolescence Decline trajectory) FHRs of whom mostly
young girls more likely to be born to mothers having an affective
disorder without psychosis experienced an abrupt CGAS decline
in early adolescence, followed by transitions to first episodes of
MDD in later adolescence. Previous studies of offspring MDD par-
ents have reported, in the same life period, lower global functioning
when compared to offpring of BP or control parents.*® Weissman
etal¥’ similarly reported in offspring of MDD parents a severe bur-
den in terms of poor functioning and morbidity. Class 3 (the Stable
Lower Functioning trajectory) FHRs exhibited the most deteriorated

functioning trajectory from childhood with possible further descent
in adolescence and had the poorest outcome (Table 3). Class 4 (the
Preadolescence Decline with Recovery trajectory) to an extent resem-
bled Class 3 in early childhood but subsequently differed by having
a relative CGAS recovery in adolescence and an overall lower tran-
sition rate as outcome. Class 4 late functioning improvement needs
replication but it could be compatible with our previously reported
data suggesting that compensatory or protective mechanisms could
be implicated in the development of major psychiatric disorders?’
and psychopathology.”*®

Noteworthy, although bipolar offspring would display a higher
PRS than controls,* our findings suggest that both a higher PRS and
trauma exposure would modulate the form, timing or transition out-
come of specific trajectories such as the Class 3 FHRs with Stable
lower functioning in comparison to the Class 1 FHRs with Stable
higher functioning. Childhood trauma has been documented as hav-

39,50

ing a major effect in major psychiatric disorders, and an early

effect that could, for instance, be mediated through an impact on

d® or on the accumulation of risk

cognitive dysfunctions in childhoo
factors in FHRs,25:28.51,52,53,54,55
Methodologically, most previous studies of FHRs concentrated
on only one parental diagnosis, whereas we sampled FHRs born
from a parent affected by either one of the three major diagnoses
which may explain differences in results with the former studies.
However, the Duffy et al's Canadian longitudinal study® of FHRs of

a BP parent compared the FHRs of parents with a good response
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TABLE 3 FHRs profile in each of the four trajectory classes
obtained by means of a LCMM analysis.

Class 1 stable higher functioning trajectory:

These FHRs kept a good functioning course across childhood
and adolescence, had higher 1Qs, were less likely to have
been exposed to childhood trauma and tended to display a
lower genetic load as indexed by the PRS. A small proportion
nonetheless transitioned to an affective or non-affective
disorder but at a later life period than the FHRs of the other
classes.

Class 2 early adolescence decline trajectory:

This trajectory would characterize mostly young FHR girls with
a parent affected by a mood disorder who would be more
vulnerable to a functioning decline in early adolescence followed
in later adolescence by early transition to a major depressive
disorder. These FHRs had higher IQs at the level of Class 1 FHRs,
were more likely to be exposed to childhood trauma and to have
a high-genetic vulnerability based on the PRS.

Class 3 stable lower functioning trajectory:

These FHRs born to a parent having affective or non-affective
psychosis, would carry a as high liability toward a transition
as Class 2 FHRs but over a wider time span from childhood
to young adulthood. They presented the most deteriorated
functioning course with a CGAS under 60 all along childhood
and adolescence, had lower 1Qs, were more likely to be exposed
to childhood trauma and to have a high-genetic vulnerability as
indexed the PRS.

Class 4 preadolescence decline with recovery:

This peculiar trajectory exhibited a decline in childhood to a
CGAS lower than 60 that would then slightly recuperate in
adolescence. These FHRs had lower 1Qs and were exposed or
not to childhood trauma.

Note: FHRs: children at familial risk born to a parent affected by
schizophrenia, bipolar disorder, or major depressive disorder; LCMM:
latent class mixed model; PRS: combined schizophrenia and bipolar
disorder polygenic risk score.

to lithium to those of non-responder parents. They observed early
global functioning declines (as measured by the GAF) but mainly in
the offspring of lithium non-responder parents. This difference is
congruent with our finding heterogeneous global functioning tra-
jectories in FHRs. Moreover, as in our data, Duffy et al's findings
suggest that a large proportion of FHRs would keep a fairly good
functioning across development.

Our data would pinpoint that not only offspring of a BP parent
but also those of parents with MDD or SZ might go through four
possible functional decline trajectories with dissimilar developmen-
tal sequences and different vulnerability windows that may help
early detection of the most at risk. Regarding future research, our
data suggest that sampling methods could influence the results in
variability among risk trajectories.

Our findings have clinical implications as they could inform
about the practice of individualized surveillance among the sib-
lings born to an affected parent. First, starting with simple serial
measures of CGAS that most practitioners are familiar with, our
study uncovered differing risk trajectories in terms of specific tim-
ings and outcomes, a finding concordant with hypotheses from the
extensive review of Gee.” Second, as we previously argued,5 the

majority of affected parents are known in the clinic and can be in-
terrogated about their children's functioning. Third, the presently
observed limited inter-sibling resemblance in trajectories suggests
asking questions about family or school functioning, or inquiring
for change in functioning from one parental visit to the next. This
might help distinguish among the siblings who would merit greater
surveillance adjustment or an orientation toward child mental
health services. Fourth, our findings raise the need of considering
timing in the gathering and the interpretation of clinical informa-
tion. Just as an example, regarding the Class 2 FHRs, the clinician
should be alarmed when the child exhibits a functioning decline
in preadolescence and be on the alert the following years for an
emergence of first symptoms. An earlier timing of functioning
decline might be particularly detrimental for later development
since it may cause a child to miss social or academic opportunities,
two protective factors that could contribute to mitigate the risk
trajectory.

Our study has limitations and strengths. Among the strengths of
our longitudinal study are the number of measures taken in the off-
spring and parents, both clinical and environmental that were com-
bined with a genomic indicator.**8 A first limitation was that, despite
the relatively large sample size, the possibility of type 2 errors in
the detection of class predictors remains. A larger sample might also
have increased the number of interpretable trajectories. Second, we
did not include a control group. Our aim was to investigate the longi-
tudinal trajectories in children living in a high-risk situation,* and not
to compare the rates of risk indicators to those in the population,
the latter having already been shown to be considerably lower.%730
Third, this is an early developmental study and several FHRs had not
yet reached the full age of incidence of major psychiatric disorders.
This to an extent may limit the appraisal of outcome and later life-
time rate of transition. Fourth, |IQ was measured at entry of the study
and unfortunately did not provide a longitudinal profile. Fifth, the
characterization of the parental illness in high-risk studies such as
ours has been concentrated on diagnosis only. Given the clear with-
in-diagnosis heterogeneity among adult BP, SZ, and MDD, longitu-
dinal high-risk studies should probably refine parental clinical and
biological subtype measurements in an attempt to further delineate
heterogeneity in FHRs trajectories and outcome. Refinement of pa-
rental illness definitions could help enhance relationships with the
differences among FHRs observed in previous studies in terms of de-
velopmental, cognitive, and clinical antecedents, outcomes®%4853:5¢
and in FHRs neuronal endophenotypes.?*>” Considering the paren-
tal diagnosis of affective or non-affective disorder when compar-
ing results among FHRs studies would also be imperative. Sixth, our
study is one of the rare long-term longitudinal risk studies extending
over more than 20years of follow-up and we consequently relied
on the gold standard instrument of that time, that is, a yearly rat-
ing of global functioning using the CGAS. The possibility of using in
our study the modern global functioning instruments now available
could have modulated the results. Finally, caution is advised in inter-
preting the generalizability of our findings to the children at risk of
the population even though studies have suggested that findings in
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familial cases would not largely differ from those obtained in spo-

radic cases.?”>85?
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