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Abstract
Schizophrenia	is	often	regarded	as	a	disorder	of	premature	aging.	We	investigated	(a)	
whether	polygenic	risk	for	schizophrenia	(PRSsch)	relates	to	pace	of	epigenetic	aging	
and	(b)	whether	personal	dispositions	toward	active	and	emotionally	close	relation-
ships	protect	against	accelerated	epigenetic	aging	in	individuals	with	high	PRSsch. The 
sample	 came	 from	 the	 population-based	 Young	 Finns	 Study	 (n = 1348).	 Epigenetic	
aging	was	measured	with	DNA	methylation	aging	algorithms	such	as	AgeAccelHannum, 
EEAAHannum,	 IEAAHannum,	 IEAAHorvath,	 AgeAccelHorvath,	 AgeAccelPheno,	 AgeAccelGrim, 
and	DunedinPACE.	A	PRSsch was calculated using summary statistics from the most 
comprehensive	genome-wide	association	study	of	schizophrenia	to	date.	Social	dis-
positions	 were	 assessed	 in	 terms	 of	 extraversion,	 sociability,	 reward	 dependence,	
cooperativeness,	and	attachment	security.	We	found	that	PRSsch did not have a sta-
tistically	significant	effect	on	any	studied	indicator	of	epigenetic	aging.	Instead,	PRSsch 
had	a	significant	interaction	with	reward	dependence	(p = 0.001–0.004),	cooperation	
(p = 0.009–0.020),	 extraversion	 (p = 0.019–0.041),	 sociability	 (p = 0.003–0.016),	 and	
attachment	security	(p = 0.007–0.014)	in	predicting	AgeAccelHannum,	EEAAHannum, or 
IEAAHannum.	Specifically,	participants	with	high	PRSsch appeared to display accelerated 
epigenetic	 aging	at	higher	 (vs.	 lower)	 levels	of	 extraversion,	 sociability,	 attachment	
security,	 reward	 dependence,	 and	 cooperativeness.	 A	 rather	 opposite	 pattern	was	
evident	for	those	with	low	PRSsch.	No	such	interactions	were	evident	when	predict-
ing	 the	 other	 indicators	 of	 epigenetic	 aging.	 In	 conclusion,	 against	 our	 hypothesis,	
frequent social interactions may relate to accelerated epigenetic aging in individu-
als	at	risk	for	psychosis.	We	speculate	that	this	may	be	explained	by	social-cognitive	
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1  |  INTRODUC TION

It	is	well	known	that	schizophrenia	patients	display	many	signs	of	
premature	 aging.	 For	 example,	 compared	with	 the	 general	 pop-
ulation,	 schizophrenia	 patients	 are	 estimated	 to	have	9–18 years	
shorter	 expected	 lifespan	 (Plana-Ripoll	 et	 al.,	 2019),	 espe-
cially	 if	 they	 have	 comorbid	 psychiatric	 disorders	 (Plana-Ripoll	
et al., 2020).	Also,	schizophrenia	patients	show	accelerated	aging	
in	 terms	 of	 metabolic	 indicators	 (hyperlipidemia,	 bone	 density,	
wrinkling	 of	 the	 skin,	 thinning	 of	 the	 hair,	muscle	mass),	 inflam-
matory	 and	 oxidative	 stress	 biomarkers,	 telomere	 length,	 and	
synaptic	 function	 (Kirkpatrick	et	 al.,	 2008;	Nguyen	et	 al.,	 2018).	
Large-scale brain imaging studies also indicate faster structural 
brain	aging	 in	 schizophrenia	 (Koutsouleris	et	al.,	2014).	Most	 re-
cently,	schizophrenia	is	reported	to	associate	with	different	pace	
of	 epigenetic	 aging	 compared	 with	 healthy	 controls	 (Chrusciel	
et al., 2022;	Wu	et	al.,	2021).

Schizophrenia	is	known	to	have	a	strong	genetic	background:	
twin	 studies	 have	 shown	 its	 high	 heritability	 (80%)	 (Sullivan	
et al., 2003),	and	genome-wide	association	studies	 (GWAS)	have	
identified	 an	 extensive	 number	 of	 schizophrenia-related	 SNPs	
(differences	 in	 a	 single	DNA	nucleotides)	 that	 explain	 7–33%	of	
the	 variance	 in	 liability	 to	 the	 disorder	 (Lee	 et	 al.,	 2012; Legge 
et al., 2021;	 Purcell	 et	 al.,	 2009).	 Interestingly,	 epigenetic	 aging	
and	schizophrenia	are	found	to	have	a	partly	shared	genetic	back-
ground, including genes related to the regulation of cell activation 
and	development	 (Wu	et	 al.,	2021).	 Evidence	on	 the	 association	
between	 polygenic	 risk	 for	 schizophrenia	 and	 epigenetic	 aging	
is limited and inconclusive. To the best of our knowledge, there 
are	 two	 studies	 on	 this	 very	 topic.	 In	 a	 multi-cohort	 case–con-
trol	 study,	 female	but	not	male	 schizophrenia	patients	with	high	
polygenic	 risk	 for	 schizophrenia	 showed	 accelerated	 epigenetic	
aging	in	terms	of	differential	phenotypic	age	(Levine	clock),	while	
no	 association	was	 obtained	with	Horvath	 epigenetic	 aging	 (Ori	
et al., 2019).	In	another	case–control	study,	the	polygenic	risk	for	
schizophrenia	was	negatively	correlated	with	DNAmAge	gap	but	
not	with	PhenoAge	gap	(Teeuw	et	al.,	2021).

Neither	of	 the	studies,	however,	considered	factors	 that	might	
explain	individual	differences	in	the	pace	of	epigenetic	aging	in	psy-
chosis-susceptible	populations.	We	hypothesized	 that,	 in	 individu-
als at risk for psychosis, social relationships may represent such a 
factor in protecting against accelerated aging. High-risk cases who 
have good social relationships or who spend their time with famil-
iar	others	are	more	 likely	 to	experience	 lesser	stress,	 lower	symp-
toms, recover symptomatically, or have a lower risk for conversion 

to	 psychosis	 (Addington	 et	 al.,	 2017; Cannon et al., 2008; Fett 
et al., 2022;	Gee	&	Cannon,	2011;	Ortega	 et	 al.,	 2019; Robustelli 
et al., 2017).	Consistently,	young	people	with	early	psychosis	report	
that their social goals are to have larger networks, more peer re-
lationships,	and	more	social	opportunities	(Macdonald	et	al.,	2005).	
A	close	and	supportive	social	network,	however,	may	not	 likely	be	
successfully	created	and	maintained	by	external	attempts	to	“forced	
socialization”	but,	rather,	by	“patients'	drive	to	establish	new	social	
contacts”	(Giacco	et	al.,	2016).	Thus,	a	key	factor	appears	to	be	an	
inner	drive	or	readiness	for	social	 interactions,	deriving	from	one's	
temperament- or personality-based dispositions.

We	 examined,	 first,	 whether	 polygenic	 risk	 for	 schizophrenia	
(PRSsch)	predicts	the	pace	of	epigenetic	aging.	Second,	we	examined	
whether personal dispositions toward active and emotionally close so-
cial interactions could protect against accelerated epigenetic aging in 
individuals	with	high	PRSsch.	We	used	data	from	the	Young	Finns	Study,	
including a population-based sample and a follow-up of social disposi-
tions from teenage years to middle age. The data provided possibilities 
to consider a wide array of potential confounders such as health be-
haviors, socioeconomic factors, and early family environment.

2  |  MATERIAL S AND METHODS

2.1  |  Participants

The	Young	Finns	 Study	 (YFS)	 is	 an	ongoing	prospective	 follow-up	
study	that	began	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 popu-
lation-based	sample	of	noninstitutionalized	Finnish	children,	repre-
sentative	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	partic-
ipants	 or	 their	 parents	 (participants	 aged	<18 years)	 provided	 in-
formed consent before participation. The Declaration of Helsinki 
has been followed throughout the study.

Of	 the	 3596	 participants,	we	 first	 excluded	 1885	 participants	
who had no data on epigenetic clocks. Thereafter, in each analysis, 

impairments	(perceiving	social	situations	as	overwhelming	or	excessively	arousing)	or	
ending up in less supportive or deviant social groups.

K E Y W O R D S
biological clock, epigenetic clock, longitudinal, psychosis, social development, social 
functioning
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we included participants who had data available on social disposi-
tions in at least one measurement year and data available on co-
variates	(sex,	health	behaviors,	socioeconomic	factors,	early	family	
environment).	 Accordingly,	 the	 sample	 size	 varied	 between	 1088	
and	1348	in	the	final	analyses.

2.2  |  Measures

2.2.1  |  Polygenic	risk	score	for	schizophrenia	
(PRSsch)

Polygenic	risk	score	for	schizophrenia	was	calculated	on	the	basis	
of the summary statistics of the most recent genome-wide as-
sociation	 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	 Jr.	 et	 al.,	 2019)	
for every study subject was created by summing up each partici-
pant's	schizophrenia-associated	risk	alleles	weighted	by	risk	allele	
beta	 estimates	 (Consortium,	2014).	Altogether	128	 independent	
SNPs	 reaching	 genome-wide	 significance	 in	 the	 schizophrenia	
GWAS	were	included	in	the	PRSsch. More specifically, genotyping 
was	 done	 for	 2556	 samples	 using	 custom-build	 Illumina	Human	
670 k	 BeadChip	 at	Welcome	 Trust	 Sanger	 Institute.	 Sample	 call	
rate <0.95,	 excess	 heterozygosity,	 sex	 mismatch,	 cryptic	 relat-
edness	 (pi-hat > 0.2),	 SNP	 call	 rate < 0.95,	MAF < 0.01,	 and	HWE	
p-value < 1e−6	were	used	as	quality	control	filters.	After	the	qual-
ity	 control,	 there	 were	 2443	 samples	 and	 546,677	 genotyped	
SNPs	available	for	further	analysis.	Genotype	Imputation	to	1000	
Genomes	 reference	 was	 performed	 using	 SHAPEIT	 v1	 for	 hap-
lotype	 phasing	 and	 IMPUTE2	 and	 1000	 Genomes	 March	 2012	
haplotypes	for	genotype	imputation.	SNPs	with	imputation	infor-
mation metric >0.3 were considered well-imputed. This polygenic 
risk	score	for	schizophrenia	is	shown	to	predict	an	increased	likeli-
hood	of	psychoses	(Saarinen	et	al.,	2022).

2.2.2  |  Social	dispositions

We	assessed	a	broad	repertoire	of	features	and	dispositions	related	
to	 sociability	 and	 human	 relationships,	 including	 (1)	 sociability,	 (2)	
extraversion,	(3)	reward	dependence,	(4)	cooperativeness,	and	(5)	at-
tachment security. Each disposition was assessed with a self-report 
questionnaire widely used for research purposes.

Sociability	assesses	one's	tendency	to	prefer	and	enjoy	the	pres-
ence	of	others	over	being	alone.	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”)	that	are	responded	
to	with	 a	 5-point	 scale	 (1 = totally	 disagree,	 5 = totally	 agree).	 The	

scale	had	adequate	 internal	 reliability	 (Cronbach's	α = 0.77–0.87	 in	
1992–2012).

Extraversion includes dispositions toward warmth, gregarious-
ness,	assertiveness,	activity,	excitement	seeking,	and	positive	emo-
tionality.	 Extraversion	 was	 measured	 in	 2007	 and	 2012	 with	 12	
items	(“I	really	like	to	discuss	with	people”;	Cronbach's	α = 0.82–0.83	
in	 2007/2012)	 using	 Neuroticism-Extraversion-Openness	 Five-
Factor	Inventory	(NEO-FFI;	Costa	&	McCrae,	1992;	McCrae	&	Costa	
Jr., 1988).	Extraversion	scores	had	high	test–retest	correlations	be-
tween	different	measurement	years	(r = 0.79).

Reward Dependence	 assesses	 one's	 disposition	 to	 dependency	
on	 others'	 acceptance,	 sentimentality,	 and	 attachment	 to	 others.	
Reward Dependence was assessed with the Temperament and 
Character	 Inventory	 (TCI)	 (Cloninger	et	al.,	1994).	The	scale	of	 re-
ward	dependence	(used	in	1997,	2001,	2007,	and	2012)	includes	24	
items	responded	with	a	5-point	scale	(1 = totally	disagree,	5 = totally	
agree).	The	scale	had	high	test–retest	correlations	between	measure-
ment	 years	 (r = 0.68–0.82)	 and	 high	 internal	 reliability	 (Cronbach's	
α = 0.79–0.80).

Cooperativeness	assesses	one's	disposition	toward	social	accep-
tance, empathy, helpfulness, compassion, and pure-hearted con-
science.	Cooperativeness	was	also	assessed	with	the	TCI	(Cloninger	
et al., 1994).	The	scale	of	Cooperativeness	(used	at	the	follow-ups	of	
1997,	2001,	and	2012)	includes	42	items	responded	with	a	5-point	
scale	(1 = totally	disagree,	5 = totally	agree).	The	scale	was	found	to	
have	good	psychometric	properties	in	terms	of	test–retest	correla-
tion	(r = 0.64–0.73)	and	internal	reliability	(Cronbach's	α = 0.90).

Attachment security	refers	to	one's	capacity	to	form	and	maintain	
emotionally close social relationships by trusting in others, seeking 
emotional	support	during	distress,	not	constantly	fearing	others'	re-
jection,	and	being	comfortably	alone	if	needed.	Attachment	security	
was	measured	 in	 2001,	 2007,	 and	2012	using	 the	Finnish	 version	
of	the	Relationship	Questionnaire	(Bartholomew	&	Horowitz,	1991).	
It	 consists	of	 four	 statements,	which	are	 answered	with	 a	7-point	
Likert	 scale	 (1 = totally	 disagree,	 7 = totally	 agree).	 The	 statements	
measure four attachment styles: secure, preoccupied, dismissing, 
and	fearful	(e.g.,	“I	strive	for	relationships	that	are	as	close	as	possi-
ble,	but	others	seem	to	avoid	such	closeness”).	All	items	were	scaled	
so that higher values referred to more secure attachment styles and 
summed	together.	Previous	studies	have	reported	high	test–retest	
reliability	during	a	7-year	follow-up	for	the	Finnish	version	of	the	scale	
(Salo	et	al.,	2011)	and	good	predictive	validity	for	the	scale:	attach-
ment styles correlate with more mature personality development 
(Saarinen	et	al.,	2018),	depressive	symptoms	(Pesonen	et	al.,	2004),	
and	childhood	maternal	nurturance	style	(Salo	et	al.,	2011).

For each social disposition, we calculated a mean score of the 
disposition over the follow-up for all participants who had data 
available on the respective disposition in at least one measurement 
year.	 Pairwise	 correlations	 between	 different	 social	 dispositions	
ranged between r = 0.39–0.67,	 with	 strongest	 correlations	 being	
between	extraversion	and	sociability	 (r = 0.67)	and	between	extra-
version	and	attachment	(r = 0.57)	and	weakest	correlations	between	
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cooperativeness	and	sociability	(r = 0.39)	and	between	cooperative-
ness	and	extraversion	(r = 0.39).

2.2.3  |  Indicators	of	epigenetic	age	acceleration

The	 samples	 for	 DNA	 methylation	 analysis	 were	 collected	 at	
the	 follow-up	 point	 of	 2011.	 Genome-wide	 DNA	 methylation	
levels	 from	 whole	 blood	 were	 obtained	 with	 Illumina	 Infinium	
HumanMethylation450	 BeadChip	 (n = 182)	 or	 Illumina	 Infinium	
MethylationEPIC	 BeadChip	 (n = 1529)	 following	 standard	 protocol	
by	Illumina.	Previously,	it	has	been	demonstrated	that	the	lack	of	the	
clock-CpGs	on	the	EPIC	array	does	not	affect	the	utility	of	the	epige-
netic	clock	variables	(McEwen	et	al.,	2018).	Preprocessing	and	nor-
malization	of	the	methylation	data	were	conducted	by	the	authors	
and	have	been	described	in	detail	elsewhere	(Marttila	et	al.,	2021).

Indicators	of	epigenetic	age	included	in	the	study	were	the	Horvath	
clock	(Horvath,	2013),	Hannum	clock	(Hannum	et	al.,	2013),	and	their	
intrinsic	and	extrinsic	derivatives,	namely	IEAAHorvath,	IEAAHannum and 
EEAAHannum	 (Chen	et	al.,	2016).	Additionally,	we	 included	2 s-gener-
ation	 epigenetic	 clocks,	 that	 is,	 PhenoAge	 (Levine	 et	 al.,	 2018)	 and	
GrimAge	 (Lu	 et	 al.,	 2019).	 Generally,	 chronological	 age	 correlates	
strongly	with	epigenetic	aging:	for	example,	r = 0.94	with	phenotypic	
age	(Levine	et	al.,	2018),	r = 0.97	with	Horvath	DNA	methylation	age	
(Horvath,	 2013),	 and	 r = 0.96	 with	 Hannum	 DNA	 methylation	 age	
(Hannum	et	 al.,	2013).	 For	 the	Horvath	and	Hannum	clocks	as	well	
as	PhenoAge	and	GrimAge,	we	utilized	the	measure	of	epigenetic	age	
acceleration, which is defined as the residual that results from regress-
ing	 epigenetic	 age	 on	 chronological	 age	 (Chen	 et	 al.,	 2016).	 These	
are	 denoted	 as	 AgeAccelHorvath,	 AgeAccelHannum,	 AgeAccelPheno, and 
AgeAccelGrim. Finally, we included a third-generation measure for pace 
of	aging,	DunedinPACE	(Belsky	et	al.,	2022).	All	measures	of	epigen-
etic age or pace of aging were calculated by the authors according 
to	the	published	methods	described	above.	A	histogram	depicting	the	
distribution of each variable of epigenetic aging in our data set can be 
found in Figure S1.	Additionally,	the	pairwise	correlations	between	the	
epigenetic clock variables are presented in Table S1.

Evidence suggests that the Hannum clock may be related to 
all-cause mortality and aging-related diseases more strongly than 
Horvath	clocks	(Fransquet	et	al.,	2019),	while	the	Horvath	clock	may	
have stronger associations with innate development such as puberty 
and	menopause	(Levine	et	al.,	2018).	A	meta-analysis	suggested	that	
the associations between Hannum/Horvath epigenetic clocks and 
risk	of	death	are	approximately	similar	between	females	and	males	
and	between	different	ethnic	groups	(Fransquet	et	al.,	2019).

AgeAccelGrim is known for its strong association with mortality 
(Föhr	et	al.,	2021)	and	predicts	severe	somatic	diseases	and	age-re-
lated	conditions	(Lu	et	al.,	2019; McCrory et al., 2021).	AgeAccelPheno 
is found to relate to a wide scope of outcomes, including physical 
functioning,	cognitive	impairment,	cancers,	Alzheimer's	disease,	and	
all-cause	mortality	(Levine	et	al.,	2018; McCrory et al., 2021).	Finally,	
DunedinPACE	has	high	test–retest	reliability	(Belsky	et	al.,	2022)	and	
good predictive validity by predicting cognitive dysfunction, chronic 

conditions,	Alzheimer's	disease,	and	mortality	in	non-clinical	popu-
lations	(Faul	et	al.,	2023;	Sugden	et	al.,	2022).

2.2.4  |  Covariates

Covariates	included	age,	sex,	participants'	(2011)	and	their	parents'	
(1980)	 socioeconomic	 factors	 (educational	 level,	 annual	 income),	
health	behaviors	 (daily	 smoking	 status,	BMI,	 alcohol	 consumption,	
physical	activity),	and	qualities	of	early	family	environment	(stressful	
life	events	and	emotional	family	atmosphere	in	1980).	We	included	
these factors as control variables in our analyses because of edu-
cational	level	and	income	(Hamlat	et	al.,	2022;	Simons	et	al.,	2016),	
BMI,	 physical	 activity,	 alcohol	 consumption	 (Huang	 et	 al.,	 2019; 
Kresovich et al., 2021; Rosen et al., 2018),	and	psychosocial	adver-
sities	 in	childhood	 family	 (Hamlat	et	al.,	2021; Marini et al., 2020)	
are	shown	to	correlate	with	epigenetic	age	acceleration.	Also,	there	
is evidence that psychosis risk correlates with lower socioeconomic 
status, less favorable health behaviors, and childhood adversities 
(Fusar-Poli	et	al.,	2017; Ruhrmann et al., 2010),	implying	their	poten-
tial	role	as	confounders.	A	more	detailed	description	of	the	covari-
ates is available in Data S1.

2.3  |  Statistical analyses

Data	analysis	was	conducted	using	Stata	SE	14.0.	First,	we	used	lin-
ear	regression	analyses	to	examine	whether	polygenic	risk	for	schizo-
phrenia	 (PRSsch)	 predicts	 indicators	 of	 epigenetic	 age	 acceleration.	
Separate	models	were	estimated	 for	each	 indicator:	AgeAccelHannum, 
EEAAHannum,	 IEAAHannum,	 IEAAHorvath,	 AgeAccelHorvath,	 AgeAccelPheno, 
AgeAccelGrim,	and	DunedinPACE.	Second,	we	examined	whether	social	
dispositions	 (extraversion,	 sociability,	 reward	 dependence,	 coopera-
tiveness,	and	attachment	security)	moderate	the	associations	of	PRSsch 
with indicators of epigenetic age acceleration. Each social disposition 
and	its	PRSsch-interaction was added as a predictor separately.

Analyses	were	run	with	two	different	sets	of	covariates.	Models	
1	were	adjusted	for	sex,	array	type	(450 K	or	EPIC),	and	health	be-
haviors	(daily	smoking	status,	body	mass	index	[BMI],	physical	activ-
ity,	and	alcohol	consumption).	Models	2	were	additionally	adjusted	
for	participants'	and	their	parents'	socioeconomic	factors	and	early	
family	environment	(stressful	life	events	and	emotional	atmosphere).	
To	correct	for	multiple	testing,	we	used	false	discovery	rate	 (FDR)	
correction	with	Benjamini-Hochberg	procedure.

Finally,	we	examined	attrition	over	the	follow-up	by	comparing	
included and dropped-out participants with regard to study vari-
ables	(using	independent	samples	t-tests	and	chi-square	tests).

3  |  RESULTS

Descriptive statistics of the sample are shown in Table 1.	First,	we	ex-
amined attrition over the follow-up: whether included and dropped-out 
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    |  5 of 13SAARINEN et al.

participants	differed	with	regard	to	the	study	variables	(for	details,	see	
Table S2).	In	summary,	included	participants	had	slightly	higher	scores	in	
social	dispositions:	slightly	higher	extraversion,	reward	dependence,	co-
operativeness, and attachment security than dropped-out participants. 
Also,	included	(vs.	dropped-out)	participants	had	slightly	more	favorable	
health behaviors in terms of alcohol consumption and physical activity 
and	also	higher	 income.	We	did	not	 find	any	attrition	bias	 in	PRS	for	
schizophrenia	or	in	most	indicators	of	epigenetic	age	acceleration.

3.1  |  Main analyses

First,	 we	 examined	 the	main	 effect	 of	 PRS	 on	 epigenetic	 age	 ac-
celeration. Full results are presented in Table S3.	Briefly,	PRSsch did 

not predict any indicator of epigenetic age acceleration in Models 1 
(p = 0.240–0.961)	or	Models	2	(p = 0.216–0.824).	Figure S2 presents 
the	scatter	plots	between	PRS	and	the	variables	of	epigenetic	aging.	
Also,	there	were	no	sex	interactions	of	PRSsch when predicting epi-
genetic	age	acceleration	(p = 0.273–0.995).

Next,	we	examined	whether	social	domains	moderate	the	re-
lationship	between	PRSsch and epigenetic age acceleration. That 
is,	we	added	an	interaction	effect	between	PRSsch and each social 
disposition to the model. Table 2 presents the results of Models 1 
(adjusted	for	sex,	array	type,	daily	smoking	status,	BMI,	physical	ac-
tivity,	and	alcohol	consumption).	When	predicting	AgeAccelHannum, 
EEAAHannum,	or	IEAAHannum, we found a significant interaction be-
tween	PRSsch	and	reward	dependence	(B = 0.76–1.17,	p < 0.005	for	
all	 Hammun	 clocks),	 between	 PRSsch	 and	 cooperation	 (B = 0.82,	

Mean ± SD Frequency (%)
Measurement 
range

Age	(2011) 42.0 ± 5.0 34–49

Sex	(Female) 756	(56.1)

Parents'	educational	level

Comprehensive school 434	(32.7)

Occupational	school	or	
high school

539	(40.6)

Academic	level 356	(26.8)

Parents'	annual	income 5.0 ± 2.0 1–8

Educational level

Comprehensive school 24	(1.8)

Occupational	school	or	
high school

301	(22.6)

Academic	level 1007	(75.6)

Annual	income 7.5 ± 3.0 1–13

Daily smoking status 176	(13.1)

Alcohol	consumption 0.77 ± 1.1 0–10

Physical	activity 9.1 ± 1.9 5–15

BMI 26.5 ± 4.8 17.5–58.5

Sociabilitya 3.5 ± 0.6 1–5

Extraversiona 3.4 ± 0.5 1–5

Reward Dependencea 3.3 ± 0.4 1–5

Cooperativenessa 3.8 ± 0.4 1–5

Attachment	securitya 5.3 ± 0.8 1–7

PRS	for	schizophrenia 0.0 ± 1.0 −3.4–3.2

AgeAccelHannum 0.0 ± 4.2 −19.2–14.2

EEAAHannum 0.0 ± 5.1 −18.7–16.8

IEAAHannum 0.1 ± 3.7 −17.2–14.0

IEAAHorvath 0.2 ± 4.1 −19.6–18.9

AgeAccelHorvath 0.1 ± 4.2 −22.7–19.5

AgeAccelPheno 0.2 ± 5.4 −17.5–20.1

AgeAccelGrim −0.2 ± 3.6 −9.2–16.1

DunedinPACE 0.9 ± 0.1 0.61–1.3

Note:	This	table	includes	participants	who	were	included	in	at	least	one	analysis	(n = 1348).
aMean over the follow-up.

TA B L E  1 Descriptive	statistics	of	the	
sample.
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p = 0.011	 for	AgeAccelHannum, B = 0.91,	p = 0.020	 for	EEAAHannum, 
B = 0.76,	p = 0.009	 for	 IEAAHannum,	 respectively),	 between	PRSsch 
and	extraversion	 (B = 0.55,	p = 0.019,	and	B = 0.58,	p = 0.041,	and	
B = 0.49,	 p = 0.020,	 respectively),	 between	 PRSsch and sociability 
(B = 0.51,	p = 0.006,	and	B = 0.55,	p = 0.016,	and	B = 0.49,	p = 0.003,	
respectively),	 and	 between	 PRSsch and attachment security 
(B = 0.37,	 p = 0.007,	 B = 0.41,	 p = 0.014,	 and	 B = 0.33,	 p = 0.008,	
respectively).	All	 these	 associations	 remained	 statistically	 signif-
icant after applying FDR correction for multiple testing; the only 
exception	was	 the	 interaction	 between	 PRSsch	 and	 extraversion	
when	 predicting	 EEAAHannum.	 Interactions	 between	 PRSsch and 
social dispositions were mostly nonsignificant when predicting 
the	 other	 indicators	 of	 epigenetic	 age	 acceleration	 (IEAAHorvath, 
AgeAccelHorvath,	AgeAccelPheno,	AgeAccelGrim,	and	DunedinPACE),	
regardless of applying or not applying FDR correction for multiple 
testing.

The findings are illustrated in Figure 1a–e, where we plotted 
model-predicted	values	of	EEAAHannum at different levels of social 
dispositions,	separately	for	participants	with	low	PRS	(PRS	at	least	
one	SD	below	the	sample	mean)	and	high	PRS	(PRS	at	least	one	SD	
above	the	sample	mean).	Briefly,	participants	with	high	PRSsch had 
lower	epigenetic	age	acceleration	at	lower	(vs.	higher)	levels	of	ex-
traversion, sociability, attachment security, reward dependence, 
and	cooperativeness.	On	the	contrary,	participants	with	low	PRSsch 
appeared	 to	 have	 lower	 epigenetic	 age	 acceleration	 at	 higher	 (vs.	
lower)	 levels	 of	 extraversion,	 attachment	 security,	 reward	 depen-
dence, and cooperativeness.

The findings were replicated in Models 2 that were further ad-
justed	 for	 participants'	 and	 their	 parents'	 socioeconomic	 factors	
and	 early	 emotional	 family	 environment	 (stressful	 life	 events	 and	
emotional atmosphere; see Table S4).	 Also,	 almost	 all	 the	 results	
remained	after	FDR	correction	for	multiple	testing	(the	only	excep-
tions	were	the	interactions	between	PRSsch	and	extraversion	when	
predicting	EEAAHannum	or	IEAAHannum).

3.2  |  Sensitivity analyses

First, we reran the interaction analyses so that participants with 
nonaffective	 psychotic	 disorders	 were	 excluded	 from	 the	 sample	
(collection	of	psychiatric	diagnoses	is	described	in	Data	S1).	Again,	
all the main results were replicated. That is, we found an interaction 
effect	 between	 PRSsch and each social disposition when predict-
ing	 AgeAccelHannum	 (B = 0.40–0.90,	 p = 0.002–0.023),	 EEAAHannum 
(B = 0.43–1.11,	 p = 0.002–0.048),	 or	 IEAAHannum	 (B = 0.37–0.70,	
p = 0.005–0.022).

Second,	as	a	minority	of	the	data	set	was	analyzed	with	a	450K	
array,	 we	 reran	 the	 interaction	 analyses	 so	 that	 only	 EPIC	 array	
data were included. The findings were mostly replicated, also 
after	 applying	 FDR	 correction	 for	 multiple	 testing	 (see	 Table S5).	
The	 only	 exceptions	 were	 that	 the	 interaction	 between	 PRSsch 
and reward dependence became significant when predicting 
AgeAccelPheno	 (B = 1.03,	 p = 0.010)	 and	 the	 interaction	 between	
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PRSsch	 and	 extraversion	 became	 non-significant	 when	 predicting	
AgeAccelHannum	(p = 0.063)	or	EEAAHannum	(p = 0.097).

4  |  DISCUSSION

PRSsch did not have any main effect on any indicator of epige-
netic	aging.	We	found,	however,	that	social	dispositions	modified	
the	 associations	 of	 PRSsch	 with	 AgeAccelHannum,	 EEAAHannum, or 
IEAAHannum,	indicating	that	individuals	with	high	PRSsch seemed to 
have	 higher	 pace	 of	 epigenetic	 aging	 at	 higher	 (vs.	 lower)	 levels	
of	extraversion,	sociability,	attachment	security,	reward	depend-
ence, and cooperativeness. Thus, the interaction was replicated 
across	all	of	our	social	 indicators.	A	 rather	opposite	pattern	was	

obtained	 in	 participants	 with	 low	 PRSsch.	 When	 predicting	 the	
other	indicators	of	epigenetic	aging	(IEAAHorvath,	AgeAccelHorvath, 
AgeAccelPheno,	AgeAccelGrim,	and	DunedinPACE),	none	of	the	as-
sociations was significant.

We	found	 that	 social	dispositions	modified	 the	associations	of	
PRSsch with epigenetic aging. The findings indicate that individuals 
with	high	PRSsch may have an accelerated pace of epigenetic aging if 
they also have a strong personal need to have social company and 
spend	time	with	others,	to	be	dependent	on	others'	acceptance,	to	
behave in cooperation with others, or to have an emotionally close 
bonding	to	others.	Although	they	are	in	contradiction	with	our	hy-
potheses,	the	findings	are	in	line	with	some	previous	studies.	It	has	
been found that patients with psychotic disorders may be less likely 
to	report	feelings	of	loneliness	despite	lesser	social	contacts	(Giacco	

F I G U R E  1 Model-predicted	values	of	EEAAHannum	at	different	levels	of	(a)	sociability,	(b)	extraversion,	(c)	reward	dependence,	(d)	
cooperativeness,	and	(e)	attachment	security.	Those	values	were	plotted	separately	for	subjects	with	low	PRS	(PRS	being	at	least	one	
SD	below	the	mean	in	our	sample)	or	high	PRS	(PRS	being	at	least	one	SD	above	the	mean	in	our	sample).	Adjusted	for	sex,	array	type,	
and	health	behaviors	(smoking	status,	BMI,	alcohol	consumption,	physical	activity).	For	illustrative	purposes,	we	allowed	PRSsch to have 
curvilinear interactions with the social predictors.
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et al., 2016)	and	less	likely	to	perceive	a	lack	of	friendships	as	a	prob-
lem	 (Harley	 et	 al.,	2012).	 Also,	 secure	 attachment	 is	 found	 not	 to	
protect	against	depressive	or	anxiety	symptoms	in	individuals	at	risk	
for	psychosis	(Russo	et	al.,	2018).	Thus,	it	seems	that	social	contacts	
may not necessarily support health and well-being in individuals at 
risk for psychosis.

Against	 our	 hypotheses,	 the	 results	 imply	 that	 frequent	 social	
interactions	may	be	strenuous	for	individuals	at	risk	for	psychosis.	A	
potential	explanation	may	lie	in	their	weaker	capacity	to	cope	with	
social	 interactions.	Previous	studies	have	found	that	 individuals	at	
clinical risk for psychosis may have a stronger bias to perceive hos-
tility	in	others'	behavior	(An	et	al.,	2010),	a	lower	awareness	of	social	
inferences	(Glenthøj	et	al.,	2016),	slight	impairments	in	their	theory	
of	mind	(Piskulic	et	al.,	2016; Thompson et al., 2011),	and	a	higher	
disposition	to	paranoid	interpretations	after	being	socially	excluded	
(Lincoln	et	al.,	2018).	Accordingly,	there	is	evidence	that	a	perceived	
lack of control in social situations may provoke distress in youth at 
clinical	risk	for	psychosis	(Millman	et	al.,	2017).

A	second	explanation	for	our	results	may	be	that	some	individ-
uals at risk for psychosis may have a deviant composition in their 
social network, due to accumulation of social risk factors within 
individuals. There is evidence that individuals with psychosis spec-
trum are more likely to live in more socially fragmented neighbor-
hoods	 (Solmi	 et	 al.,	 2020),	 to	 perceive	 bullying	 victimization	 in	
their	 social	 networks	 (Braun	et	 al.,	2022),	 to	 report	 experiences	
of	discrimination	or	stigmatization	(Colizzi	et	al.,	2020),	or	initiate	
substance	use	with	their	acquaintances	(Archie	et	al.,	2013).	In	ad-
dition, individuals at psychosis spectrum are more likely to report 
having	 less	 diverse	 social	 networks	 (Robustelli	 et	 al.,	 2017):	 for	
example,	they	may	perceive	fellow	users	of	mental	health	services	
as	their	 friends	 (Harley	et	al.,	2012)	or	report	healthcare	profes-
sionals	as	members	of	their	social	network	(Pernice-Duca,	2008).	
Thus, individuals at risk for psychosis may, in some cases, live in 
a social network where their interpersonal relationships are not 
fully emotionally supportive.

Our	 interaction	 analyses	 identified	 associations	 with	 Hannum	
clocks	 but	 not	 with	 Horvath	 clocks	 or	 DunedinPACE.	 Also,	 two	
previous	 studies	 have	 reported	 associations	 of	 PRSsch with some 
epigenetic	clocks	but	not	with	others.	In	the	first	study,	PRSsch was 
negatively	 correlated	 with	 the	 DNAmAge	 gap	 but	 not	 with	 the	
PhenoAge	 gap	 (Teeuw	 et	 al.,	2021),	 and,	 in	 the	 second	 study,	 fe-
male	 patients	with	 high	 PRSsch displayed accelerated aging in dif-
ferential	phenotypic	age	(Levine	clock)	but	not	in	Horvath	age	(Ori	
et al., 2019).	 Since	 evidence	 is	 still	 very	 limited,	more	 research	 is	
needed	to	more	deeply	understand	why	PRSsch may correlate with 
only	certain	epigenetic	clocks.	Overall,	Hannum	clocks	may	be	re-
lated to all-cause mortality and aging-related diseases more strongly 
than	Horvath	clocks	(Fransquet	et	al.,	2019),	whereas	the	Horvath	
clock may have stronger associations with innate maturation such 
as	menopause	or	puberty	(Levine	et	al.,	2018).	While	schizophrenia	
is	related	to	shortened	lifetime	expectancy	and	premature	mortal-
ity	(Plana-Ripoll	et	al.,	2019, 2020),	the	significant	associations	with	
Hannum clocks seem plausible. Moreover, the genes regulated by 

epigenetic	clocks	include	also	schizophrenia-linked	genes,	related	to	
cell	activation	and	development	(Wu	et	al.,	2021),	and	Hannum	clock	
is	found	to	capture	more	cell-extrinsic	aging	with	moderate	correla-
tion	with	cell	compositions	(Hannum	et	al.,	2013).

While	we	found	significant	interactions	between	PRSsch and so-
cial	dispositions,	we	did	not	find	any	significant	main	effect	of	PRSsch 
on	epigenetic	aging.	Overall,	our	study	in	combination	with	previous	
evidence	(Chrusciel	et	al.,	2022;	Wu	et	al.,	2021)	implies	that	differ-
ent	pace	of	epigenetic	aging	may	be	more	evident	in	schizophrenia	
patients	vs.	in	individuals	at	genetic	risk	for	the	disorder	(without	the	
disorder).	The	onset	of	schizophrenia	may	have	effects	on	epigenetic	
aging	via	multiple	mechanisms.	Specifically,	the	onset	of	the	disorder	
commonly results in sick leaves, antipsychotic medications, unem-
ployment periods, and narrowed social network that, in turn, seems 
to correlate with pace of epigenetic aging on the basis of prelimi-
nary	evidence	(Beach	et	al.,	2022; Das, 2022; Du et al., 2022; Freni-
Sterrantino	et	al.,	2022; Li et al., 2023).

Our	attrition	analyses	showed	that	there	was	not	any	drop-out	
bias	in	PRS	for	schizophrenia	or	in	most	indicators	of	epigenetic	age	
acceleration. Thus, our data collection captured quite well subpop-
ulations with different levels of epigenetic aging or genetic risk fac-
tors	for	schizophrenia.	 Included	participants	had,	however,	slightly	
higher	scores	in	social	dispositions:	slightly	higher	extraversion,	re-
ward dependence, cooperativeness, and attachment security than 
dropped-out participants. Hence, our results cannot be directly gen-
eralized	to	populations	with	very	low	social	dispositions.

When	calculating	the	PRSsch, we used the genome-wide associ-
ation	study	(GWAS)	on	schizophrenia	that	was	most	recent	at	that	
time,	conducted	by	Schizophrenia	Working	Group	of	the	Psychiatric	
Genomics	 Consortium	 et	 al.	 and	 including	 a	 total	 of	 128	 schizo-
phrenia-related	 SNPs	 (Consortium,	 2014).	 Since	 then,	 a	 more	 re-
cent	GWAS	study	on	schizophrenia	has	been	published	(Trubetskoy	
et al., 2022)	and,	also,	novel	statistical	methods	have	been	developed	
to	enhance	calculations	(Privé	et	al.,	2021).	Nevertheless,	recent	re-
views	have	emphasized	that	“PRS	will	never	be	able	to	establish	or	
definitively	predict	a	diagnosis	of	common	complex	conditions”	such	
as	schizophrenia	(Murray	et	al.,	2021)	and	that	“even	with	the	rapid	
expansion	of	the	psychiatric	genetic	knowledge	base,	pure	genetic	
prediction in clinical psychiatry appears to be out of reach in the 
near	future”	(Fusar-Poli	et	al.,	2022).	Thus,	a	recently	recommended	
way	of	improving	predictive	accuracy	is	to	combine	PRSs	with	other	
risk	factors	(Fusar-Poli	et	al.,	2022; Murray et al., 2021).	Consistently,	
the focus of our study was to consider a broad array of psychosocial 
factors	along	with	PRS.

Previously,	 a	 number	 of	 social	 functioning	 interventions	 have	
been	 developed	 for	 individuals	 with	 psychosis	 spectrum	 (Devoe	
et al., 2019).	 Also,	 there	 have	 been	 recommendations	 to	 increase	
those	 individuals'	 “drive	 to	 establish	 new	 social	 contacts”	 (Giacco	
et al., 2016).	Individuals	at	genetic	risk	for	psychosis,	however,	have	
on average lower temperament-based drive for social contacts 
(Saarinen	et	 al.,	 in press)	 that,	 in	 turn,	 appears	 to	 correlate	with	 a	
decelerated pace of epigenetic aging. Thus, as noted previously, so-
cial	withdrawal	may	act	as	a	protective	 strategy	against	excessive	
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arousal in psychosis spectrum individuals who perceive social con-
tacts	overwhelming	(Palumbo	et	al.,	2015).	Hence,	although	individ-
uals at risk for psychosis have a limited number of social contacts 
(Gayer-Anderson	&	Morgan,	2013),	 it	may	 not	 indicate	 a	 distress-
ing	discrepancy	between	their	 ideal	and	actualized	social	activities	
but may rather reflect their lower temperament-based social drive. 
Additionally,	instead	of	aiming	to	increase	an	intrinsic	social	drive,	it	
is important to focus on providing concrete stress regulation strate-
gies on how to cope with possible feelings of distress or uncontrolla-
bility in social situations. Finally, individuals at risk for psychosis may 
need support to form relationships outside health care settings and 
outside potential delinquent networks so that social contacts, when 
taking place, could be reciprocal and emotionally safe.
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