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Abstract

Background. We investigated (a) whether polygenic risk for schizophrenia predicts different
trajectories of social development among those who have not developed psychoses and (b)
whether possible associations are PRSSCZ-specific or evident also for any polygenic risk for
mental disorders, e.g. for major depression.
Methods. Participants came from the population-based Young Finns Study (n = 2377). We
calculated a polygenic risk score for schizophrenia (PRSSCZ) and for major depression
(PRSDEP). Diagnoses of psychotic disorders were derived from the hospital care register.
Social development from adolescence to middle age was measured by (a) perceived social sup-
port from friends, family, and a close other, (b) perceived sociability, and (c) family structure
(partnership status, number of children, age of first-time parenthood).
Results. Among those without manifest psychoses, high PRSSCZ predicted lower experienced
support from friends (B =−0.04, p = 0.009–0.035) and family (B =−0.04, p = 0.009–0.035)
especially after early adulthood, and also lower perceived sociability (B =−0.05, p = 0.010–
0.026). PRSSCZ was not related to family structure. PRSDEP did not predict any domain of
social development.
Conclusions. Individuals at high PRSSCZ (not converted to psychosis) seem to experience a
lower preference to be with others over being alone. Individuals with high (v. low) PRSSCZ
seem to have a similar family structure in terms of partnership status or number of children
but, nevertheless, they experience less support from their family. Among those not converted
to psychosis in a typical age period, high PRSSCZ may predict a ‘later risk phase’ and reduced
functional resilience when approaching middle age.

Introduction

Schizophrenia is known to have a strong genetic background, with a heritability of ca.
80% (Sullivan, Kendler, & Neale, 2003) and a strong familial risk (Mäki et al., 2005).
A current prevailing approach to estimate genetic risk for schizophrenia is to calculate
polygenic risk scores on the basis of genome-wide association studies (GWAS), including
a weighted set of the single nucleotide polymorphisms (SNP, a difference in a single DNA
nucleotide) associated with schizophrenia. Recently identified polygenic risk scores for
schizophrenia have typically ca. 7–8% of the variation in liability to schizophrenia
(Legge et al., 2021).

A great body of evidence has shown that patients with psychotic disorders have im-
pairments in their social life in terms of, for example, lower social support
(Gayer-Anderson & Morgan, 2013), challenges in creating romantic relationships and an
increased risk for divorce (Walid & Zaytseva, 2011), and narrow networks including on aver-
age three friends (Palumbo, Volpe, Matanov, Priebe, & Giacco, 2015). Also, evidence in clinical
high-risk samples has shown that social impairments are evident already before psychosis
(Addington, Penn, Woods, Addington, & Perkins, 2008; Ballon, Kaur, Marks, &
Cadenhead, 2007; Gayer-Anderson & Morgan, 2013) and increase risk for conversion to
psychosis (Addington et al., 2017; Cannon et al., 2008).
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Despite the obvious association between social impairments and
psychosis, it has remained unclear to which extent some social
impairments might reflect genetical liabilities, not necessarily pre-
ceding or resulting from a psychosis. That is, whether certain
‘deviances’ in social development might rather reflect ‘normative
development’ in individuals with a genetic liability to psychosis,
and might be evident also individuals who have not converted
and will not convert to psychosis. To date, polygenic risk for
schizophrenia is found to predict lower prosocial tendencies in
childhood and adolescence (Schlag et al., 2022) and impaired facial
emotion recognition in adulthood (Germine et al., 2016; Tripoli
et al., 2022). Those studies have not, however, differentiated
between those converted v. not converted into psychosis.

The current study focused on individuals who have not devel-
oped a psychosis until middle age. We first investigated whether a
polygenic risk for schizophrenia (PRSSCZ) predicts (a) different
trajectories of perceived support and sociability from adolescence
to adulthood and (b) differences in family structure (age in first-
time parenthood, number of children, or partnership status) in
adulthood. Second, we investigated whether possible associations
between PRSSCZ and social trajectories are specific to PRSSCZ or
whether similar associations can be obtained for polygenic risk
for major depression. Polygenic risk for major depression could
be a relevant comparison since major depression and schizophre-
nia have partly overlapping genetic liabilities (Schulze et al., 2014)
and both represent common mental disorders in the population.
We used the population-based Young Finns data with a 24-year
prospective follow-up of social trajectories (participants being
12–49-year-olds during the follow-up). The data provided possi-
bilities for taking into consideration a variety of potential con-
founders such as early family environment and adulthood
socioeconomic factors.

Methods

Participants

The Young Finns Study (YFS) is an on-going prospective
follow-up study that has begun in 1980 (baseline assessment),

and follow-ups have been conducted in 1983, 1986, 1989, 1992,
1997, 2001, 2007, 2012, and 2017. Altogether 4320 subjects
were invited (born in 1962, 1965, 1968, 1971, 1974, or 1977),
and 3596 of them participated in the baseline study. The sampling
was designed to include a population-based sample of non-
institutionalized Finnish children, representative with regard to
most crucial sociodemographic factors. In practice, the sampling
was conducted in collaboration of five Finnish universities with
medical schools (i.e. Universities of Helsinki, Turku, Tampere,
Oulu, and Kuopio). A more detailed description of the YFS can
be found elsewhere (20).

The study design has been approved by the ethical committees
of all the Finnish universities conducting the study. All the parti-
cipants or their parents (participants aged < 18 years) provided
informed consent before participation. The Declaration of
Helsinki has been followed throughout the study.

The design of the present study is illustrated in Fig. 1. Of the
3596 participants, we first excluded participants who had not
been genotyped (n = 1153), who had been diagnosed with non-
affective psychotic disorders (n = 37), or who had not reported
family structure (number of children, age in first-time parent-
hood, and partnership status) or perceived social support and
sociability in any measurement year (n = 29). Accordingly,
altogether 2377 participants were included in the analyses of
the present study. The number of observations per participant
per longitudinal outcome is shown in online Supplementary
Table S1.

Measures

Polygenic risk score for schizophrenia (PRSSCZ)
Polygenic risk score for schizophrenia was calculated on the basis
of the summary statistics of the most recent genome-wide associ-
ation study (GWAS) on schizophrenia that was conducted by
Schizophrenia Working Group of the Psychiatric Genomics
Consortium et al., and published in Nature (Consortium, 2014).
Specifically, a weighted polygenic risk score (Igo, Kinzy, &
Cooke Bailey, 2019) for every study subject was created by sum-
ming up each participant’s schizophrenia-associated risk alleles

Figure 1. An illustration of the measurement years and participants’ age at each follow-up wave.
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weighted by risk allele beta estimates (Consortium, 2014).
Altogether 128 independent SNPs (single nucleotide polymorph-
isms) reaching genome-wide significance in the schizophrenia
GWAS were included in the PRS. More specifically, genotyping
was done for 2556 samples using custom build Illumina
Human 670k BeadChip at Welcome Trust Sanger Institute.
Sample call rate < 0.95, excess heterozygosity, sex mismatch, cryp-
tic relatedness (pi-hat > 0.2), SNP call rate < 0.95, minor allele fre-
quency (MAF) < 0.01, and Hardy–Weinberg Equilibrium (HWE)
p value < 1 × 10−6 were used as quality control filters. After the
quality control, there were 2443 samples and 546 677 genotyped
SNPs available for further analysis. Genotype Imputation to
1000 Genomes reference was performed using the following pre-
phasing tools: SHAPEIT v1 for haplotype phasing and IMPUTE2
and 1000 Genomes March 2012 haplotypes for genotype
imputation. SNPs with imputation information metric > 0.3
were considered as well-imputed. This polygenic risk score for
schizophrenia is shown to predict an increased likelihood of
psychoses (Saarinen et al., 2022). The calculation of the polygenic
risk score for major depression is described in the Supplementary
Material.

Outcomes of social development
Perceived social support was assessed in 1989, 1992, 1997, 2001,
and 2007 (participants being 12–45 years) with the
Multidimensional Scale of Perceived Social Support (MSPSS)
(Zimet, Dahlem, Zimet, & Farley, 1988). The scale measures per-
ceived social support from friends (4 items), family (4 items), and
a significant other (4 items). The items (e.g. ‘My friends always
help me, when I need help’) are rated on a 5-point Likert-scale
(1 = totally disagree, 5 = totally agree). For each measurement
year, we calculated a total score of perceived social support
from friends, family, and a significant other. The internal consist-
ency for the scale was high (Cronbach’s α = 0.92‒0.95 in 1989‒
2007). The MSPSS is found to be a valid and reliable measure
of perceived social support (Hardan-Khalil & Mayo, 2015;
Rajabi & Hashemi-Shabani, 2011).

Perceived sociability was measured in 1992, 1997, 2001,
2007, and 2012 (participants being 15–50 years) with the
Sociability scale of the Emotionality, Activity, and Sociability
Temperament Survey (EAS) (Buss & Plomin, 1975, 1986). The
scale includes five items (e.g. ‘I like to be with people’; ‘I engage
in social interactions whenever possible’; ‘I would feel melan-
cholic if I could not form many acquaintances’ [reversed])
that are responded with a 5-point scale (1 = totally disagree,
5 = totally agree). The scale assesses a tendency to prefer and
enjoy the presence of others over being alone, and a tendency
to feel comfortable in a group. The scale had adequate internal
reliability (Cronbach’s alpha = 0.78‒0.80 in 1992‒2012). The fac-
tor structure of the scale is shown in online Supplementary
Fig. S1 (results of an non-rotated exploratory factor analysis),
indicating a one-factor structure and providing support for the
structural validity of the scale.

Partnership status was assessed in 2001, 2007, and 2011 (par-
ticipants being 24‒49 years old) with a questionnaire asking
whether a participant was unmarried (single), married, engaged,
living in cohabitation, divorced, or a widow. We formed a
dichotomous variable displaying whether a participant had
been in a partnership at least once during the follow-up (value 1)
or not (value 0). Number of children was assessed with an open
response format. Age of first-time parenthood was calculated on
the basis of participant’s birth year and first child’s birth year.

In case a participant had not reported his/her number of children
or his/her first child’s birth year in 2011, we used the reports in
2007/2001.

Psychiatric diagnoses
In the present study, we excluded participants diagnosed with
non-affective psychoses. Participants’ psychiatric diagnoses over
their lifespan were collected up to 2017 (when participants were
40–55 years old) from the Care Register for Health Care
(https://thl.fi/en/web/thlfi-en/statistics-and-data/data-and-service
s/register-descriptions/care-register-for-health-care). The register
covers all psychiatric disorders that have required hospital care
in Finland. Regarding psychotic disorders, the register is esti-
mated to cover ca. 97% of psychotic cases (Sund, 2012).
Diagnoses were given in accordance with the diagnostic classifica-
tion at that time (ICD-8, ICD-9, or ICD-10). The conversion of
ICD-diagnoses to DSM-IV diagnoses has been described else-
where (Sormunen et al., 2017). Non-affective psychoses included
the diagnoses of DSM-IV 295 and 297–298. The register has been
used also in previous research (Suvisaari, Haukka, Tanskanen, &
Lönnqvist, 1999).

Covariates
Covariates included age, sex, participants’ (2011) and their par-
ents’ (1980) socioeconomic factors (educational level, annual
income), qualities of early family environment (stressful life
events and emotional family atmosphere in 1980/1983), and a
polygenic risk score for major depressive disorder (PRSDEP). A
more detailed description of the covariates is available in
Supplementary Material.

Statistical analyses

In all the analyses, participants diagnosed with non-affective
psychotic disorders were excluded.

We used growth curve models (with maximum likelihood esti-
mation) to examine whether polygenic risk for schizophrenia
(PRSSCZ) predicts trajectories of (a) perceived support from fam-
ily, (b) perceived support from friends, (c) perceived support from
a significant other, and (d) perceived sociability. We estimated
separate curves for each outcome over the follow-up. The follow-
ups ranged from 1989 to 2007 for perceived social support (par-
ticipants being 12–45 years) and from 1992 to 2012 for perceived
sociability (participants being 15–50 years). The scores of per-
ceived social support and sociability were standardized with the
mean and S.D. of the first measurement year (1992 for perceived
sociability, 1989 for perceived social support) to stabilize the
scales of the growth curves. PRSSCZ was set as a predictor variable
(i.e. included in the fixed effects). The growth curve models were
run with different blocks of covariates (included in the fixed
effects). Model 1 was adjusted for age and sex; Model 2 also for
qualities of early family environment (parents’ socioeconomic
factors, early emotional family atmosphere and stressful life
events); and Model 3 also for participants’ socioeconomic factors
in adulthood (educational level, annual income). Also, as the
effects of age2 and age3 were significant when predicting perceived
social support ( p < 0.001 for age2 and age3) or perceived sociabil-
ity ( p < 0.001 for age2 and p = 0.036 for age3), those effects were
included in the growth curve models. Random effects included
variance of intercept and residual variance. As the PRS*sex inter-
action was non-significant when predicting the growth curves, we
ran the analyses simultaneously for both sexes.
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Next, we used linear regression models to predict age in first-
time parenthood (approximately normally distributed variable),
Poisson regression models to predict number of children (continu-
ous and slightly skewed responses), and logistic regression models
to predict the likelihood of being in a partnership (0 = not in a
partnership, 1 = in a partnership) over the follow-up. PRSSCZ
was set as the predictor. Covariates were similar to those in the
growth curve models.

Then, we examined whether possible associations with social
outcomes are specific to PRSSCZ or whether the associations
between PRSSCZ and social domains can be obtained independ-
ently of PRS for major depression (PRSDEP). For this purpose,
we reran the analyses so that PRSSCZ AND PRSDEP were included
as predictors simultaneously.

Finally, we investigated possible bias in participant drop-out
over the follow-up. That is, we compared included and dropped-
out participants with regard to study variables using independent
samples t tests and chi-square tests.

Results

Descriptive statistics of the sample are shown in Table 1. First, we
examined attrition over the follow-up: whether included and
dropped-out participants differed with regard to the study vari-
ables (for details, see online Supplementary Table S2). In sum-
mary, we did not find any attrition bias in PRSSCZ, PRSDEP,
number of children, perceived sociability, or socioeconomic

factors in adulthood. Included participants had, however, slightly
higher age in first-child parenthood (28.1 v. 27.5 years, p < 0.05),
higher likelihood of being in partnership (86.0% v. 72.5%,
p < 0.001), and slightly higher perceived social support ( p < 0.001).
Also, females were more likely to participate in the follow-ups
than male (54.6% v. 43.9%).

Table 2 shows the results of growth curve models. As can be seen
in Table 2a, high PRSSCZ predicted lower trajectories of perceived
support from friends (B =−0.035–0.040, p = 0.009–0.035 in
Models 1–3), perceived support from family (B =−0.035–0.040, p
= 0.009–0.035) but not perceived support from a close friend.
Additionally, high PRSSCZ predicted lower perceived sociability (B
=−0.045–0.048, p = 0.010–0.026) in all the models. These associa-
tions sustained after adjusting for different sets of potential confoun-
ders: age, sex, early family environment (parents’ socioeconomic
factors, and early emotional family atmosphere and stressful life
events), and socioeconomic factors in adulthood (Models 1–3).

Also, we found a significant interaction effect of age*PRSSCZ
when predicting perceived support from family ( p = 0.042) and
friends ( p = 0.042) but not when predicting perceived support
from a close friend ( p = 0.472) or perceived sociability ( p =
0.904). This indicated that age modified the association of
PRSSCZ with perceived support from family and friends but did
not modify the association between PRSSCZ and perceived support
from a close friend or sociability. The findings are illustrated in
Fig. 2. In the figure, we included the significant age*PRSSCZ
effects. Taken together, participants with high (v. low) PRSSCZ

Table 1. Descriptive statistics of the sample

Mean (S.D.) Frequency (%) Measurement range

Age (2001) 31.6 (5.04)

Sex (Female) 1297 (54.6)

Parents’ educational level (1980)

Comprehensive school 781 (33.4)

Occupational school or high school 965 (41.2)

Academic level 596 (25.5)

Parents’ annual income (1980) 4.9 (2.0) 1–8

Educational level (2011)

Comprehensive school 38 (2.2)

Occupational school or high school 206 (22.6)

Academic level 1273 (75.2)

Annual income (2011) 7.4 (3.0) 1–13

Perceived social support (mean over the follow-up)

From friends 4.0 (0.7) 1–5

From family 4.1 (0.7) 1–5

From a close other 4.2 (0.7) 1–5

Perceived sociability (mean over the follow-up) 3.5 (0.6) 1–5

Age in first-child parenthood 28.1 (4.8) 12–44

Number of children 2.2 (1.1) 1–11

Partnership at least once over the follow-up 2031 (86.0)

PRS for schizophrenia 0.0 (1.0) −3.4–3.2

PRS for major depression 0.0 (1.0) −3.4–3.4

This table includes participants who were included in at least one analysis.
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seemed to perceive lower support from family and friends espe-
cially in middle age, ca. 30–50 years of age, but not in teenage
years or early adulthood. In sociability, the difference between
high v. low PRSSCZ appeared to be similarly evident from adoles-
cence to middle age.

Next, we reran the analyses so that both PRSSCZ and PRSDEP
were included as predictors. Table 2b shows the results. In sum-
mary, the associations between PRSSCZ and social development
remained. Further, when including both PRSSCZ and PRSDEP as
predictors simultaneously, PRSDEP did not have any main effect
on the trajectory of any outcome variable: perceived support
from friends ( p = 0.680–0.791 in Models 1–3), perceived support
from family ( p = 0.680–0.791), perceived support from a close
friend ( p = 0.239–0.798), or perceived sociability ( p = 0.192–
0.939). Also, PRSDEP did not have any main effect on social sup-
port or sociability when PRSSCZ was not included as predictors
(online Supplementary Table S3).

Table 3 presents the results of regression analyses. As can be
seen in Table 3a, PRSSCZ did not predict age in first-time
parenthood ( p = 0.617–0.964 in Models 1–3), number of
children ( p = 0.834–0.963), or likelihood of being in partnership
( p = 0.284–0.867). Further, when including both PRSSCZ and
PRSDEP as predictors, all the associations remained non-
significant (see Table 3b). Also, PRSDEP did not have any main
effect on any outcome when PRSSCZ was not included as predic-
tors (online Supplementary Table S4).

Discussion

The present study investigated whether polygenic risk for schizo-
phrenia (PRSSCZ) predicts social trajectories in individuals

without manifest psychosis until middle age. We found that
high PRSSCZ predicted lower perceived support from friends
and family and lower perceived sociability. PRSSCZ did not predict
participants’ adulthood family structure as measured by age in
first-time parenthood, number of children, or partnership status.
Thus, individuals with high PRSSCZ appeared to have an intact
adulthood family structure but they experienced lower support
(than those with low PRSSCZ). The associations of PRSSCZ with
social trajectories were evident independently of PRSDEP (i.e. evi-
dent after controlling for PRSDEP). This suggests that the observed
social trajectories may be preferentially related to
schizophrenia-related genetic liabilities although many vulnerabil-
ity gene loci are shared by non-affective psychoses and affective
disorders.

Our study focused on participants without manifest psychosis
until middle age (until age of 40–55 years). As the onset of schizo-
phrenia typically occurs in early adulthood (at the age of ca.
24–28 years) and late-onset psychoses are very rare with prevalence
of 0.1% (Chen, Selvendra, Stewart, & Castle, 2018; Copeland et al.,
1998; Häfner, Hambrecht, Löffler, Munk-Jørgensen, & Riecher-
Rössler, 1998; Ochoa, Usall, Cobo, Labad, & Kulkarni, 2012), our
participants are unlikely to convert to psychosis in their later life
but rather display a long-term and mostly stable vulnerability for
psychosis. Taking this into consideration, our study showed that
individuals with high PRSSCZ who have not converted to psychosis
have different social trajectories, especially after early adulthood
and in middle age. This age period differs from individuals with
prodromal psychoses or ultra-high risk for psychosis: on average
they are shown to have most evident cognitive and social impair-
ments in early adolescence and early adulthood (Velthorst et al.,
2017). Taken together, among those not converted to psychosis

Table 2. Results of growth curve models

Perceived support from
friends

Perceived support from a
close friend

Perceived support from
family Perceived sociability

B S.E. p B S.E. p B S.E. p B S.E. p

(a) Only PRS for schizophrenia included

Model 1: PRSSCZ −0.040 0.015 0.009 −0.018 0.013 0.156 −0.040 0.015 0.009 −0.045 0.017 0.010

Model 2: PRSSCZ −0.035 0.015 0.021 −0.019 0.013 0.139 −0.035 0.015 0.021 −0.046 0.018 0.010

Model 3: PRSSCZ −0.037 0.017 0.035 −0.019 0.015 0.189 −0.037 0.018 0.035 −0.046 0.020 0.026

(b) Also PRS for major depression included

Model 1

PRSSCZ −0.040 0.015 0.009 −0.018 0.013 0.153 −0.040 0.015 0.009 −0.045 0.017 0.010

PRSDEP 0.005 0.015 0.750 0.003 0.013 0.798 0.005 0.015 0.750 −0.001 0.017 0.939

Model 2

PRSSCZ −0.035 0.015 0.020 −0.020 0.013 0.130 −0.036 0.015 0.020 −0.046 0.018 0.011

PRSDEP 0.009 0.015 0.558 0.007 0.013 0.564 0.009 0.015 0.558 −0.001 0.018 0.945

Model 3

PRSSCZ −0.037 0.017 0.033 −0.021 0.015 0.162 −0.038 0.018 0.033 −0.048 0.021 0.020

PRSDEP 0.007 0.017 0.680 0.015 0.014 0.290 0.007 0.680 0.680 0.025 0.020 0.213

Estimates (B) with standard errors (S.E.) of PRS for schizophrenia and PRS for major depression, when predicting standardized scores of perceived social support and sociability from
adolescence to middle age. Statistically significant associations are bolded.
Model 1 (n = 2281) was adjusted for age and sex.
Model 2 (n = 2148) was adjusted for age, sex, parents’ socioeconomic factors, and stressful life events and emotional atmosphere.
Model 3 (n = 1515) was adjusted for age, sex, parents’ socioeconomic factors, and stressful life events and emotional atmosphere, and participants’ annual income and educational level in
adulthood.
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in a typical age period, high PRSSCZ may predict a ‘later risk phase’
and reduced functional resilience when approaching middle age.

A possible interpretation of our results is that PRSSCZ may
modify one’s perceptions of social support (not necessarily object-
ively measured social support). In our study, high PRSSCZ was not
related to a narrower family structure (lower number of children
or lower likelihood of being in a partnership). Nevertheless, indi-
viduals with high PRSSCZ experienced lower social support from
their family. Thus, our findings indicate that individuals with
high PRSSCZ may have an impaired ability to experience available
support around them or to form close emotional relationships
with their family members. This is in accordance with previous
studies in clinical high-risk samples, demonstrating that indivi-
duals at clinical risk for psychosis have a stronger bias to perceive
hostility and blame for others (An et al., 2010), impaired theory of
mind and less accurate recognition of negative facial expressions
and (Piskulic et al., 2016; Thompson, Bartholomeusz, & Yung,
2011), lower awareness of social inferences (Glenthøj et al.,
2016), and increased prevalence (12%) of autism spectrum traits
(Vaquerizo-Serrano, Salazar de Pablo, Singh, & Santosh, 2022).

Patients with psychotic disorders are known to have narrower
social networks consisting of family members for the most part
(Palumbo et al., 2015), which seems to be related to e.g. rejection,
discrimination, and internalized stigma (Cullen et al., 2017; Perry,
2011). Our study showed that individuals with high PRSSCZ have
lower trajectory in perceived sociability from adolescence to mid-
dle age. Sociability as such is a normal temperament trait, being
partly genetically determined and partly affected by social envir-
onment, and indicates one’s personal motivation (not social skills
or deficits) to spend time with others. In our study, individuals
with high PRSSCZ self-reported a lower motivation to prefer and
enjoy the presence of others over being alone. This raises a ques-
tion whether narrower social networks in individuals with high
PRSSCZ may not reflect deficits in forming social relationships
but lower personal motivation to spend time in social networks.

Genetic and environmental risk factors are known to com-
monly accumulate within families. For example, offspring of
schizophrenia patients have increased risk for prenatal substance
exposure (Simoila et al., 2020), premature birth (Simoila et al.,
2018), and placement in out-of-home care (Simoila et al.,

Figure 2. Model-predicted values of (a) perceived support from family, (b) perceived support from friends, and (c) perceived sociability separately for subjects with
low (−1 S.D.) or high (+1 S.D.) polygenic risk for schizophrenia. Adjusted for age and sex.
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2019). Also, polygenic risk for schizophrenia correlates with
unfavorable child-rearing practices, traumatic experiences in
childhood, and stronger socioeconomic neighborhood depriv-
ation (Zhu et al., 2021). In our study, different social trajectories
in participants with high PRSSCZ sustained after controlling for a
set of normal-life adversities such as adverse emotional family
atmosphere (e.g. harsh parenting attitudes, parental life dissatis-
faction), stressful life events (e.g. parental divorce), or socio-
economic factors.

Regarding limitations, there was some drop-out over the long
follow-up from 1980 onwards. When investigating whether this
drop-out caused some bias in the composition of our sample,
we did not find any bias PRSSCZ, PRSDEP, perceived sociability,
number of children, or adulthood socioeconomic factors.
Included (v. dropped-out) participants had, however, slightly
higher age in first-child parenthood (28.1 v. 27.5 years), higher
likelihood of being in partnership (86.0% v. 72.5%), and slightly
higher perceived social support. Thus, included participants
seemed to live in a slightly more favorable social environment
than dropped-out participants.

Second, we had data available on participants’ psychotic disor-
ders but not their parents’ psychotic disorders. Thus, we could not
prove that different social trajectories were resulting directly from
schizophrenia-related genetic liabilities rather than psychosocial
effects of parents’ psychotic disorders. Offspring of schizophrenia
patients are at risk for stigmatization (Corrigan, Watson, & Miller,
2006), weaker reciprocal relationships with parents (Strand,
Boström, & Grip, 2020), and perceived difficulties to connect
with other people (Foster, 2010). On the basis of prevalence esti-
mates of schizophrenia, however, it is not likely that a major num-
ber of parents had been diagnosed with schizophrenia in our
general population sample.

Third, our analyses cannot confirm possible causal relation-
ships between PRSSCZ and social outcomes. Also, it is complicated
to separate between individuals’ proactive behavior v. individuals’
responses to environmental adversities and between genetically
guided v. psychosocially learned individual dispositions. Further
studies are needed to explore possible mediator variables between
PRSSCZ and social outcomes.

Regarding implications, there have been a number of social
functioning interventions for youth at risk of psychosis (Devoe,
Farris, Townes, & Addington, 2019). Cognitive behavioral therapy
or cognitive remediation, however, are shown not to significantly
improve social functioning at any follow-up point (2, 3, 6, or 12
months) in high-risk groups (Devoe et al., 2019). Our study indi-
cates that, first, individuals at high risk for psychosis might need
social interventions also in middle age, not only in adolescence or
early adulthood. Second, our study indicates that individuals at
risk for psychosis may in general have a lower temperament-based
need for being in a group (over being alone). Thus, they may not
benefit from broadening their social network but from increasing
their emotional supportiveness of their close relationships. Finally,
future studies are needed to investigate factors that could modify
the associations from PRSSCZ to social trajectories; such studies
could provide concrete implications for interventions.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S003329172300346X.
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Table 3. Results of regression analyses

Age in first-time parenthood Number of children Likelihood of being in partnership

B S.E. p B S.E. p B S.E. p

(a) Only PRS for schizophrenia included

Model 1: PRSSCZ 0.005 0.112 0.964 0.003 0.016 0.834 −0.018 0.110 0.867

Model 2: PRSSCZ 0.049 0.113 0.664 0.001 0.016 0.963 −0.065 0.118 0.583

Model 3: PRSSCZ 0.066 0.133 0.617 0.004 0.019 0.843 −0.182 0.170 0.284

(b) Also PRS for major depression included

Model 1

PRSSCZ 0.018 0.112 0.873 0.003 0.016 0.868 −0.030 0.110 0.783

PRSDEP −0.189 0.113 0.094 0.010 0.016 0.545 1.145 0.127 0.225

Model 2
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Estimates (B) with standard errors (S.E.) of PRS for schizophrenia, when predicting age at becoming a parent, number of children, and marital status in adulthood.
Model 1 (n = 1795) was adjusted for age and sex.
Model 2 (n = 1684) was adjusted for age, sex, parents’ socioeconomic factors, and stressful life events and emotional atmosphere.
Model 3 (n = 1228) was adjusted for age, sex, parents’ socioeconomic factors, and stressful life events and emotional atmosphere, and participants’ annual income and educational level in
adulthood.

Psychological Medicine 1595

https://doi.org/10.1017/S003329172300346X Published online by Cambridge University Press

https://doi.org/10.1017/S003329172300346X
https://doi.org/10.1017/S003329172300346X
https://doi.org/10.1017/S003329172300346X


State Research Financing of the Expert Responsibility area of Kuopio, Tampere
and Turku University Hospitals (grant X51001); Juho Vainio Foundation;
Paavo Nurmi Foundation; Finnish Foundation for Cardiovascular Research;
Finnish Cultural Foundation; The Sigrid Juselius Foundation; Tampere
Tuberculosis Foundation; Emil Aaltonen Foundation; Yrjö Jahnsson
Foundation; Signe and Ane Gyllenberg Foundation; Diabetes Research
Foundation of Finnish Diabetes Association; EU Horizon 2020 (grant
755320 for TAXINOMISIS and grant 848146 for To Aition); European
Research Council (grant 742927 for MULTIEPIGEN project); Tampere
University Hospital Supporting Foundation, Finnish Society of Clinical
Chemistry and the Cancer Foundation Finland.

Competing interests. None.

Ethical standards. The authors assert that all procedures contributing to
this work comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

References

Addington, J., Liu, L., Perkins, D. O., Carrion, R. E., Keefe, R. S., & Woods,
S. W. (2017). The role of cognition and social functioning as predictors
in the transition to psychosis for youth with attenuated psychotic symp-
toms. Schizophrenia Bulletin, 43(1), 57–63. doi:10.1093/schbul/sbw152

Addington, J., Penn, D., Woods, S. W., Addington, D., & Perkins, D. O. (2008).
Social functioning in individuals at clinical high risk for psychosis.
Schizophrenia Research, 99(1–3), 119–124. doi:10.1016/j.schres.2007.10.001

An, S. K., Kang, J. I., Park, J. Y., Kim, K. R., Lee, S. Y., & Lee, E. (2010).
Attribution bias in ultra-high risk for psychosis and first-episode schizo-
phrenia. Schizophrenia Research, 118(1–3), 54–61. doi:10.1016/
j.schres.2010.01.025

Ballon, J. S., Kaur, T., Marks, I. I., & Cadenhead, K. S. (2007). Social function-
ing in young people at risk for schizophrenia. Psychiatry Research, 151(1–2),
29–35. doi:10.1016/j.psychres.2006.10.012

Buss, A. H., & Plomin, R. (1975). A temperament theory of personality devel-
opment. Hoboken, NJ: Wiley-Interscience.

Buss, A. H., & Plomin, R. (1986). The EAS approach to temperament. In
J. D. R. Plomin (Ed.), The study of temperament: Changes, continuities,
and challenges (pp. 67–77). Hillsdale, NJ: Lawrence Erlbaum.

Cannon, T. D., Cadenhead, K., Cornblatt, B., Woods, S. W., Addington, J.,
Walker, E., … Heinssen, R. (2008). Prediction of psychosis in youth at
high clinical risk: A multisite longitudinal study in North America.
Archivals of General Psychiatry, 65(1), 28–37. doi:10.1001/archgenpsychiatry.
2007.3

Chen, L., Selvendra, A., Stewart, A., & Castle, D. (2018). Risk factors in early
and late onset schizophrenia. Comprehensive Psychiatry, 80, 155–162.
doi:10.1016/j.comppsych.2017.09.009

Consortium, S. W. G. O. T. P. G. (2014). Biological insights from 108
schizophrenia-associated genetic loci. Nature, 511(7510), 421–427.
doi:10.1038/nature13595

Copeland, J. R., Dewey, M. E., Scott, A., Gilmore, C., Larkin, B. A., Cleave, N.,…
McKibbin, P. E. (1998). Schizophrenia and delusional disorder in older age:
Community prevalence, incidence, comorbidity, and outcome. Schizophrenia
Bulletin, 24(1), 153–161. doi:10.1093/oxfordjournals.schbul.a033307

Corrigan, P. W., Watson, A. C., & Miller, F. E. (2006). Blame, shame, and con-
tamination: The impact of mental illness and drug dependence stigma on
family members. Journal of Family Psychology, 20(2), 239–246.
doi:10.1037/0893-3200.20.2.239

Cullen, B. A., Mojtabai, R., Bordbar, E., Everett, A., Nugent, K. L., & Eaton, W.
W. (2017). Social network, recovery attitudes and internal stigma among
those with serious mental illness. International Journal of Social
Psychiatry, 63(5), 448–458. doi:10.1177/0020764017712302

Devoe, D. J., Farris, M. S., Townes, P., & Addington, J. (2019). Interventions
and social functioning in youth at risk of psychosis: A systematic review
and meta-analysis. Early Intervention in Psychiatry, 13(2), 169–180.
doi:10.1111/eip.12689

Foster, K. (2010). ‘You’d think this roller coaster was never going to stop’:
Experiences of adult children of parents with serious mental illness.
Journal of Clinical Nursing, 19(21–22), 3143–3151. doi:10.1111/
j.1365-2702.2010.03293.x

Gayer-Anderson, C., & Morgan, C. (2013). Social networks, support and early
psychosis: A systematic review. Epidemiology and Psychiatric Sciences, 22(2),
131–146. doi:10.1017/s2045796012000406

Germine, L., Robinson, E. B., Smoller, J. W., Calkins, M. E., Moore, T. M.,
Hakonarson, H., … Gur, R. E. (2016). Association between polygenic risk
for schizophrenia, neurocognition and social cognition across development.
Translational Psychiatry, 6(10), e924. doi:10.1038/tp.2016.147

Glenthøj, L. B., Fagerlund, B., Hjorthøj, C., Jepsen, J. R. M., Bak, N.,
Kristensen, T. D., … Nordentoft, M. (2016). Social cognition in patients
at ultra-high risk for psychosis: What is the relation to social skills and func-
tioning? Schizophrenia Research: Cognition, 5, 21–27. doi:10.1016/
j.scog.2016.06.004

Häfner, H., Hambrecht, M., Löffler, W., Munk-Jørgensen, P., &
Riecher-Rössler, A. (1998). Is schizophrenia a disorder of all ages? A com-
parison of first episodes and early course across the life-cycle. Psychological
Medicine, 28(2), 351–365. doi:10.1017/s0033291797006399

Hardan-Khalil, K., & Mayo, A. M. (2015). Psychometric properties of the
multidimensional scale of perceived social support. Clinical Nurse
Specialist, 29, 258–261.

Igo, R. P., Jr., Kinzy, T. G., & Cooke Bailey, J. N. (2019). Genetic risk scores.
Current Protocols in Human Genetics, 104(1), e95. doi:10.1002/cphg.95

Legge, S. E., Santoro, M. L., Periyasamy, S., Okewole, A., Arsalan, A., &
Kowalec, K. (2021). Genetic architecture of schizophrenia: A review of
major advancements. Psychological Medicine, 51(13), 2168–2177.
doi:10.1017/s0033291720005334

Mäki, P., Veijola, J., Jones, P. B., Murray, G. K., Koponen, H., Tienari, P., …
Isohanni, M. (2005). Predictors of schizophrenia – a review. British
Medical Bulletin, 73–74, 1–15. doi:10.1093/bmb/ldh046

Ochoa, S., Usall, J., Cobo, J., Labad, X., & Kulkarni, J. (2012). Gender differ-
ences in schizophrenia and first-episode psychosis: A comprehensive litera-
ture review. Schizophrenia Research and Treatment, 2012, 916198.
doi:10.1155/2012/916198

Palumbo, C., Volpe, U., Matanov, A., Priebe, S., & Giacco, D. (2015). Social
networks of patients with psychosis: A systematic review. BMC Research
Notes, 8, 560. doi:10.1186/s13104-015-1528-7

Perry, B. L. (2011). The labeling paradox: Stigma, the sick role, and social net-
works in mental illness. Journal of Health and Social Behavior, 52(4),
460–477. doi:10.1177/0022146511408913

Piskulic, D., Liu, L., Cadenhead, K. S., Cannon, T. D., Cornblatt, B. A.,
McGlashan, T. H., … Addington, J. (2016). Social cognition over time in
individuals at clinical high risk for psychosis: Findings from the
NAPLS-2 cohort. Schizophrenia Research, 171(1–3), 176–181. doi:10.1016/
j.schres.2016.01.017

Rajabi, G., & Hashemi-Shabani, S. E. (2011). The study of psychometric prop-
erties of the Multidimensional Scale Perceived Social Support. International
Journal of Behavioral Sciences, 5, 357–364.

Saarinen, A., Lyytikäinen, L. P., Hietala, J., Dobewall, H., Lavonius, V.,
Raitakari, O., … Keltikangas-Järvinen, L. (2022). Magical thinking in indi-
viduals with high polygenic risk for schizophrenia but no non-affective
psychoses-a general population study. Molecular Psychiatry, 27, 3286–
3293. doi:10.1038/s41380-022-01581-z

Schlag, F., Allegrini, A. G., Buitelaar, J., Verhoef, E., van Donkelaar, M., Plomin,
R., … St Pourcain, B. (2022). Polygenic risk for mental disorder reveals dis-
tinct association profiles across social behaviour in the general population.
Molecular Psychiatry, 27(3), 1588–1598. doi:10.1038/s41380-021-01419-0

Schulze, T. G., Akula, N., Breuer, R., Steele, J., Nalls, M. A., Singleton, A. B., …
McMahon, F. J. (2014). Molecular genetic overlap in bipolar disorder,
schizophrenia, and major depressive disorder. World Journal of Biological
Psychiatry, 15(3), 200–208. doi:10.3109/15622975.2012.662282

Simoila, L., Isometsä, E., Gissler, M., Suvisaari, J., Halmesmäki, E., & Lindberg,
N. (2018). Obstetric and perinatal health outcomes related to schizophrenia:
A national register-based follow-up study among Finnish women born
between 1965 and 1980 and their offspring. European Psychiatry, 52,
68–75. doi:10.1016/j.eurpsy.2018.04.001

1596 Aino Saarinen et al.

https://doi.org/10.1017/S003329172300346X Published online by Cambridge University Press

https://doi.org/10.1017/S003329172300346X


Simoila, L., Isometsä, E., Gissler, M., Suvisaari, J., Halmesmäki, E., & Lindberg,
N. (2020). Schizophrenia and pregnancy: A national register-based
follow-up study among Finnish women born between 1965 and 1980.
Archives of Women’s Mental Health, 23(1), 91–100. doi:10.1007/
s00737-019-0948-0

Simoila, L., Isometsä, E., Gissler, M., Suvisaari, J., Sailas, E., Halmesmäki, E., &
Lindberg, N. (2019). Maternal schizophrenia and out-of-home placements
of offspring: A national follow-up study among Finnish women born 1965–
1980 and their children. Psychiatry Research, 273, 9–14. doi:10.1016/
j.psychres.2019.01.011

Sormunen, E., Saarinen, M. M., Salokangas, R. K. R., Telama, R.,
Hutri-Kähönen, N., Tammelin, T., … Hietala, J. (2017). Effects of childhood
and adolescence physical activity patterns on psychosis risk-a general popu-
lation cohort study. NPJ Schizophrenia, 3, 5. doi:10.1038/s41537-016-0007-z

Strand, J., Boström, P., & Grip, K. (2020). Parents’ descriptions of how their
psychosis affects parenting. Journal of Child and Family Studies, 29(3),
620–631. doi:10.1007/s10826-019-01605-3

Sullivan, P. F., Kendler, K. S., & Neale, M. C. (2003). Schizophrenia as a com-
plex trait: Evidence from a meta-analysis of twin studies. Archives of General
Psychiatry, 60(12), 1187–1192. doi:10.1001/archpsyc.60.12.1187

Sund, R. (2012). Quality of the Finnish hospital discharge register: A system-
atic review. Scandinavian Journal of Public Health, 40(6), 505–515.
doi:10.1177/1403494812456637

Suvisaari, J. M., Haukka, J. K., Tanskanen, A. J., & Lönnqvist, J. K. (1999).
Decline in the incidence of schizophrenia in Finnish cohorts born from
1954 to 1965. Archives of General Psychiatry, 56(8), 733–740. doi:10.1001/
archpsyc.56.8.733

Thompson, A. D., Bartholomeusz, C., & Yung, A. R. (2011). Social cognition
deficits and the ‘ultra high risk’ for psychosis population: A review of litera-
ture. Early Intervention in Psychiatry, 5(3), 192–202. doi:10.1111/
j.1751-7893.2011.00275.x

Tripoli, G., Quattrone, D., Ferraro, L., Gayer-Anderson, C., La Cascia, C., La
Barbera, D., … Murray, G. K. (2022). Facial emotion recognition in psych-
osis and associations with polygenic risk for schizophrenia: Findings from
the multi-center EU-GEI case–control study. Schizophrenia Bulletin, 48
(5), 1104–1114. doi:10.1093/schbul/sbac022

Vaquerizo-Serrano, J., Salazar de Pablo, G., Singh, J., & Santosh, P. (2022).
Autism spectrum disorder and clinical high risk for psychosis: A systematic
review and meta-analysis. Journal of Autism and Developmental Disorders,
52(4), 1568–1586. doi:10.1007/s10803-021-05046-0

Velthorst, E., Fett, A. J., Reichenberg, A., Perlman, G., van Os, J., Bromet, E. J., &
Kotov, R. (2017). The 20-year longitudinal trajectories of social functioning in
individuals with psychotic disorders. American Journal of Psychiatry, 174(11),
1075–1085. doi:10.1176/appi.ajp.2016. 15111419

Walid, M. S., & Zaytseva, N. V. (2011). Which neuropsychiatric disorder is
more associated with divorce. Journal of Divorce & Remarriage, 52,
220–224. doi:10.1080/10502556.2011.556976

Zhu, X., Ward, J., Cullen, B., Lyall, D. M., Strawbridge, R. J., Smith, D. J., &
Lyall, L. M. (2021). Polygenic risk for schizophrenia, brain structure, and
environmental risk in UK biobank. Schizophrenia Bulletin Open, 2(1),
sgab042. doi:10.1093/schizbullopen/sgab042

Zimet, G. D., Dahlem, N. W., Zimet, S. G., & Farley, G. K. (1988). The multi-
dimensional scale of perceived social support. Journal of Personality
Assessment, 52, 30–41.

Psychological Medicine 1597

https://doi.org/10.1017/S003329172300346X Published online by Cambridge University Press

https://doi.org/10.1017/S003329172300346X

	Polygenic risk for schizophrenia predicting social trajectories in a general population sample
	Introduction
	Methods
	Participants
	Measures
	Polygenic risk score for schizophrenia (PRSSCZ)
	Outcomes of social development
	Psychiatric diagnoses
	Covariates

	Statistical analyses

	Results
	Discussion
	References


