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ovel emergence of schizophrenia (SCZ) in its sporadic type has been linked, among many

candidate epigenetic factors, with advanced paternal age (PA) and advanced maternal age

(MA). The most common hypothesis to the paternal age effect is the increased “de novo muta-

tions” during spermatogenesis, while the maternal age hypothesis, though controversial, is
at most based on studies that support higher frequency of perinatal complications. Our sample con-
sisted of 462 subjects with DSM-IV-TR SCZ spectrum disorders from the outpatient unit of Eginition
Hospital in Athens, Greece, who were further screened for heritability and were divided in a group of
sporadic cases (no reported family history for SCZ related disorders up to 2nd degree relatives) and a
group of familial SCZ-spectrum disorder cases (positive reported history for SCZ spectrum). These two
groups of patients were compared regarding either paternal or maternal age, while the familial type
band was used as a control group. The aim of this retrospective file study was to examine whether ad-
vanced parental age may contribute in novel appearance of non-affective psychosis in offspring. Using
logistic regression analysis, we found that the risk for the sporadic type, as compared to familial type,
showed a significant increase for both advanced MA (OR=4.39, p=0.001) and PA (OR=1.92, p=0.012).
After adjusting for confounding effects for the other parent’s age and gender, the risk effect for the
sporadic type of SCZ remained statistically significant for both advanced MA (OR=4.04, p=0.002) and
advanced PA, but with a loss of statistical power (OR=1.72, p=0.049). Few studies have been conducted
in Greece concerning the role of parental age in SCZ. Our study is consistent with current literature
which indicates that both advanced MA and PA may contribute to an increased risk for emergence of
sporadic type of SCZ. Furthermore, it is implied that this risk for the sporadic type as compared to the
familial type could be higher for advanced MA than advanced PA. Patients with the sporadic type of
SCZ, though clinically indistinguishable from the patients with the familial type of the disorder, may
share other pathophysiological underlying mechanisms in which parental age, especially advanced MA,
may be a candidate mediator. However, future studies could help clarify the role of both PA and MA in
the pathophysiology of the disorder.
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Introduction

The heterogeneity in what psychiatrists define
as Schizophrenia (SCZ) has led many researches to
try to identify clinical or biological subtypes of the
disorder. Classification between sporadic and famil-
ial type has been the focus of attention for many
years."? The present consensus suggests that SCZ
is a result of gene-environment interplay between
multiple genes, epigenetic factors, environmental
exposures.® In many genetic diseases the appear-
ance of a sporadic case, in a previous unaffected
family, signals a possible de novo mutation. In SCZ
it is not clear whether novel disease emergence (in
an individual without any family history) originates
from genetic mutations or environmental factors
that act independently or through interaction with
susceptibility genes.

It has been suggested that, amongst many other
risk factors, the paternal age at birth of patients with
schizophrenia-spectrum disorders plays a role in
the development of the disorder.* There have been
reports of later paternal age in SCZ patients since
the 1950s. Book®> was the first to suggest that new
mutations might contribute to a higher risk by rein-
troducing genetic abnormalities to the population.
More recent studies seem to confirm that advanced
paternal age (PA) is linked with increased risk of SCZ
in offspring®’ and it has been suggested that the ac-
cumulation of de novo mutations in paternal sperm
contributes to the increased risk of schizophrenia.®?
The hypothesis of delayed childbearing in fathers
who themselves have genetic schizophrenia vulner-
ability offers an alternative explanation,'® but there
are opposite evidence indicating that later childbirth
may not be attributable to parental psychiatric ill-
ness.'" It has also been supported that the risk due
to PA may be different between genders and higher
for males.'? On the other hand, the role of maternal
age (MA) has also been documented in studies sup-
porting its association with SCZ onset. Higher risk
has been reported in children of younger and older
mothers.”'* However, other studies dispute MA as
a risk factor supporting that paternal derived muta-
tion drive this association,'> while others argue for
the higher importance of mother’s age at time of
birth compared to age of the father.'® Nevertheless,
this positive correlation of advanced parental (pater-
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nal and maternal) age with SCZ has not always been
confirmed.”'®

The aim of this retrospective file study is to ex-
amine the possible association of paternal age and/
or maternal age with the appearance of non-affec-
tive psychosis in offspring. In order to do that, two
groups of patients with SCZ spectrum disorder were
compared regarding both paternal or maternal age,
one group with the sporadic type of psychosis and
one with the familial type of psychosis, which was
used as a control group. We assume that, if either
PA or MA is correlated with a novel appearance of
non-affective psychosis, then it would be expected
that this association would appear more often in
the group with the sporadic type of psychosis rather
than in the group with the familial type.

Material and method

This file study was based on the outpatient regis-
ter data unit of Eginition Hospital in Athens, Greece.
Data for 2974 medical files was collected. Our sam-
ple included 462 patients with a DSM-IV-TR diagno-
sis of SCZ-spectrum disorder (SCZ, schizoaffective
disorder, schizophreniform disorder, delusional
disorder, atypical psychosis) which were assessed
by the outpatient unit of our hospital from 2008 to
2012. Other diagnoses such as affective psychotic
disorder (bipolar or depressive disorder with psy-
chotic features), developmental disorder, psychotic
disorder due to medical condition or substance-
related psychotic disorder were excluded from our
analysis.

Patients in our sample were further screened for
heritability and were divided in a group of sporad-
ic cases (no reported family history of SCZ related
disorders up to 2nd degree relatives) and a control
group of familial cases (positive family record for
schizophrenia related disorders up to 2nd degree
relatives). PA and MA were defined as the age of the
parent at the proband’s birthday and was estimated
from information provided by the patient or their
relatives. Sociodemographic data concerning mari-
tal status, professional status, years of education and
place of residence were also available from patients
and/or their relatives.
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Data analysis

The final sample consisted of 462 individuals
(285 males and 177 females). Differences between
study groups were examined using chi-square test
for categorical variables and independent sample
t test for continuous variables. Probability values
of p<0.05 were considered statistically significant.
Familial type was used as a reference category.
Due to the small sample size of fathers and moth-
ers aged below 20 or over 40 in both groups, we
set the lowest and highest parental age category
at <25 and =35 years old respectively. PA and MA
were divided into four bands: <25, 25-29, 30-34,
and >35. Logistic regression was used to estimate
the odds for each parental age group of having
the sporadic type versus the familial type of the
disorder. We set the 30-34 category as reference,
since this one shared the lowest risk. At first, we
conducted the analysis for each parental age sep-
arately and then re-ran the analysis adjusting for
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the participant's gender and the other parent’s
age at birth. All analyses were conducted using
SPSS (version 22.0).

Results

Sociodemographic data

Sociodemographic data of our sample is indicat-
ed in table 1. The mean PA at subjects’ birth was
34.3 (SD=%6.3) years and the mean MA was 28.4
(SD==£5.9) years. MA at subjects’ birth was avail-
able for 87.9% of the cases (n=406) and the pater-
nal date of birth for 86.4 % (n=399). The male indi-
viduals with the sporadic type of psychosis (n=192,
p=66%) were more than the female (n=99, p=34%),
while in the familial type the ratio between male
(n=70, p=55.6%) and female (n=56, p=44.4%) pa-
tients was more balanced. Gender was not asso-
ciated with neither MA (p=0.48) nor PA (p=0.86).
The majority of individuals lived (n=389, p=85.5%)
in the capital or another big city rather than small

Table 1. Distribution of 417 patients with schizophrenia spectrum disorders by sociodemographic variables and

their relevance with familial or sporadic type of psychosis.

Sporadic type

Paternal Age (n=399)

Years (SD) 34.78 (+6.43)
Maternal Age (n=406)

Years (SD) 28.83 (+6.26)
Gender (n=417)

Male (n=262) 192
Female (n=155) 99

Education (n=405)
Mean years (SD) 12.67 (=3.17)

Family status (n=414)

Unmarried (n=351) 248
Married (n=63) 40
Occupational status (n=416)

Employed (n=121) 91
Unemployed (n=295) 200
Residence (n=414)

Big city 246
Small town or village 43

Familial type o]

33.23 (+6.17) 0.028P

27.50 (+5.05) 0.044b
(%) (%)
73.3 70 26.7 0.0432
63.8 56 36.2

12.44 (+£3.10) 0.512
70.7 103 29.3 0.298
63.5 23 36.5
75.2 30 24.8 0.158
67.8 95 32.2
69.9 106 30.1 0.933
69.4 19 30.6

(a) Statistically significant difference, Chi-square test, (b) Statistically significant difference, Independent Samples

Test
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towns or rural areas. Only 15.2% out of 414 patients
were married (74% unmarried, 10.8% divorced or
widowed) and 28.3% out of 416 patients were em-
ployed during assessment time. The mean years of
education were 12.58 (SD=%3.17) of a total of 405
patients.

The sporadic cases of psychosis (n=291, p=69.8%)
outnumbered the familial cases (n=126, p=30.2%).
The distribution of the patients by age group (ma-
ternal/paternal) and type of heritability is shown in
figure 1.

Paternal age

Logistic regression analysis of PA and sporadic
type of SCZ is demonstrated in table 2. Using the
third group as a reference category, we found that
the group with the older PA had a greater risk of
having a relative with novel psychotic disorder
as compared to the familial type of the disorder
(OR=1.92, p=0.012). Adjusting for confounding ef-
fects of MA and gender, the risk effect of this group
on sporadic type remained statistically significant,
but with loss of power (OR=1.72, p=0.049).

1509 & Famitial type

B Sporadic type
2 100
S 50

<25 25-29

30-34 >35

Paternal age
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Maternal age

Logistic regression analysis of MA and sporadic
type of SCZ is demonstrated in table 3. Using again
the third group band as a reference category, we
found that the group with the older MA (=35 years
old) had a greater risk of having a relative with spo-
radic SCZ, as compared to the familial type of the dis-
order (OR=4.39, p=0.001). Adjusting for confounding
effects of PA and gender, the risk effect of this group
on sporadic type remained highly statistically signifi-
cant (OR=4.04, p=0.002). Moreover, the 25-29 age
group showed a higher risk (in both adjusted and
unadjusted analysis) for the sporadic type as com-
pared to familial type.

Discussion

The present study focused on the investigation
of sporadic schizophrenia and its possible associa-
tion with parental age at the time of birth. This as-
sociation is examined indirectly by comparing two
groups of patients with schizophrenia spectrum
disorder diagnosis, one belonging to the sporadic

1004 ™ Familial type
B Sporadic type

Cases, no

<25 25-29 30-34 >35

Maternal age

Figure 1. Distribution of schizophrenia spectrum cases by type of heritability by parental age group.

Table 2. Effects of Paternal age groups on heritability Type of Schizophrenia Spectrum Disorders, unadjusted

and adjusted for maternal age and gender.

Age Group Familial Sporadic Unadjusted OR p Adjusted OR (95% CI) p
Type(n) Type (n) (95% CI) for Gender
and Paternal Age
<25 6 10 0.98 (0.33-2.87) 0.969 1.13 (0.37-3.46) 0.834
25-29 24 51 1.24 (0.68-2.28) 0.472 1.39 (0.74-2.61) 0.309
30-34 47 80 1 - 1 -
>35 41 133 1.92 (1.15-3.15) 0.012 1.72 (1.00-2.97) 0.049




28 C.KOLLIAS et al

PSYCHIATRIKI 30 (1), 2019

Table 3. Effects of Maternal age groups on heritability Type of Schizophrenia Spectrum Disorders, unadjusted

and adjusted for paternal age and gender.

Age Group Familial Sporadic Unadjusted OR o] Adjusted OR (95% CI) o]
Type(n) Type (n) (95% CI) for Gender
and Paternal Age
<25 38 68 1.142 (0.64-2.02) 0.650 1.28 (0.68-2.43) 0.443
25-29 33 96 1.86 (1.05-3.29) 0.034 2.07 (1.14-3.78) 0.017
30-34 37 58 1 - 1 -
>35 8 55 4.39 (1.88-10.25) 0.001 4.04 (1.69-9.66) 0.002

type of schizophrenia and one, which is used as
a control group, belonging to the familial type of
schizophrenia with PA and MA at birth time. Our
findings indicate that both advanced PA and MA in-
crease the risk for sporadic SCZ-spectrum disorder
onset, but the robustness of the effect is more evi-
dent for advanced MA (OR=4.04, p=0.002) than PA
(OR=1.72, p=0.049).

Our findings of advanced PA seem to confirm the
hypothesis of Malaspina,'’ namely that patients
without a family history of schizophrenia had sig-
nificantly older fathers than probands with a posi-
tive family history of schizophrenia. Older fathers
seem to increase the risk for sporadic SCZ in their
children and moreover as this risk is differentiated
for the sporadic versus the familial type, this may
imply different underlying pathophysiological
mechanisms for each subtype. The most common
hypothesis to the PA effect is the increased “de
novo mutations” in the paternal germ line,*® due
to the fact that point mutations can accumulate in
the clones of spermatogonia as men age. Advanced
father’s age in the population may result in an ac-
cumulation of rare “de-novo” mutations in the pa-
ternal sperm and contribute to a significant propor-
tion of SZ risk." Other potential mechanisms seem
to be related to delayed fatherhood rather than the
advancing PA per se, which could be due to envi-
ronmental (e.g. urban culture) and/or genetic (e.g.
impaired social functioning traits) factors.'®%° Still
more assumptions such as dysregulation of epige-
netic regulation (e.g. imprinting or DNA methyla-
tion),?’ or the impact of specific stressful events on
children with older fathers (e.g. father’s death)*
warrant further investigation. Few studies found an
association between younger PA (<25) and the risk

of schizophrenia in the offspring, yet they need ad-
justment for potential confounders.'? In our study,
the effect of PA was reduced in terms of statistical
significance, when adjusted for gender and MA.
Besides statistical-related reasons, it could be sup-
ported that MA could be more important in medi-
ating the advanced parental age effect on sporadic
SCZ, as the opposite, i.e. adjusting PA in MA effect
on SCZ subgroup is not met.

On the other hand, it remains controversial wheth-
er MA plays such an implicating role,'® since there are
studies reporting that the association of advanced
MA and schizophrenia becomes non-significant
when adjusted for paternal age.*?* However, it is
assumed that advanced MA may have an independ-
ent effect on an increased risk of schizophrenia.'*?®
Recently, a case-control study in a greek sample
found that MA, as a risk factor, characterises SCZ
specifically compared to other mental disorders,*’
while we found that advanced MA (and PA) may fur-
thermore specify the risk for its sporadic type. The
late MA hypothesis is further reinforced in studies
that support higher frequency of perinatal complica-
tions in older mothers and their association with in-
creased risk of psychotic disorders.?® Finally, young-
er MA (<25) has also been related to schizotypy?’
and schizophrenia spectrum disorders,'**° which
might be associated with psychosocial, cultural or
resource mediated factors.'®®' In our study, results
have been consistent with recent reports on the role
of advanced MA and schizophrenia in offspring'*'®
and the hypothesis that SCZ risk associated with
increased MA is explained by the age of the father
may need to be reconsidered. The significant finding
of the 25-29 age group, which showed higher risk
compared to <25 subgroup, cannot be adequately
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interpreted in this study, but it may imply a different
pathophysiological effect of mother’s age on novel
psychosis compared to familial type. On the other
hand, no replication of studies concerning increased
risk of psychosis in the offspring of younger moth-
ers'* was confirmed.

The present study also suggests a small variation
of increased frequency for males compared to fe-
males in the sporadic form of SCZ. Current literature
provides evidence of greater incidence risk ratios
for men to develop SCZ relative to women.??33 Qur
findings do not associate gender with advanced MA
or PA arguing that older parental age does not pos-
sibly have an X-linked etiopathological role in an in-
creased risk of SCZ.

Our study has to be considered in light of its
limitations. First, we used SCZ cases (familial type)
only and not healthy subjects as a control group.
However, this study model has been used both in
genetic®* and psychiatric epidemiology."" Second,
selection or information bias that should be ex-
pected, as register-based diagnoses may be biased
towards more severe cases. Third, secondary diag-
noses were not considered. Fourth, there is no evi-
dence from the literature for a clear cut-off thresh-
old beyond which PA or MA should be considered

“advanced”® and thus determining age subgroups
may not reflect precise risk for each age. Fifth, other
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potential confounders (psychological factors relat-
ed to increased PA and MA, psychiatric diagnosis of
fathers and mothers, obstetric events, psychologi-
cal abuse and trauma, cannabis, migration) that are
known risk factors for psychosis, could not be ad-
dressed in this study.

Conclusion

The sporadic versus familial cases in SCZ spectrum
disorders raise a prominent scientific interest, as it
could provide answers to possible etiopathologi-
cal mechanisms underlying these perplexing psy-
chiatric disorders. Patients with the sporadic type,
though clinically indistinguishable from the familial
type patients, may share other pathophysiologi-
cal pathways in which advanced parental age may
be a candidate mediator. Few studies have been
conducted concerning the role of parental age in
sporadic SCZ in Greece. This study implies that high
maternal age maybe an important risk factor for
sporadic SCZ, maybe higher than advanced pater-
nal age. However, future studies could help clarify
both the role of PA and MA in the pathophysiology
of the disorder. Since parental age is linked not only
to the novel cases of psychosis, but to autism and
various neurodevelopmental disorders*®*3” optimal
age of parenthood may have significant implica-
tions in public health.
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H epgdvion véwv, omopadikol TUTOU, TIEPIOTATIKWVY OXI{o@pévelag (XX) éxel OUOXETIOOEL, peTagw
TTOANWV UTTOYNPIWV ETTIYEVETIKWY TTAPAYOVTWY, LUE TNV TTPOXWPENHEVN TIATPIKN KAL TNV TIPOXWPENUEVN
pNTEIKA NAKIa. H mo Koivr) umdBeon w¢ mpog TNV emidpacn TN maTpIKAg NAIKIag agopd Tnv avénon
Twv de novo peTaANd€ewv Katd tn Sladikacia omeppaToyéveonc, evw n ummoBeon yla tov poAo TG
MNTPLIKAG NAIKIAE, av KAl AU@IAEYOUEVN, OTNPICETAL KUPIWG O UENETEC OL OTTOIEC TN CUOXETICOUV UE
auvénuévn ouxvoTNTA TIEPLYEVVNTIKWY EMTAOKWV. To dgiypa pag amoteleital and 462 dtopa pe dla-
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Tapaxég oxllopevikol @daopatog (AXXD) otov dova | katd DSM-IV-TR, amd ta e§wtepikd atpeia
Tou Atyvnteiou Noookopegiou. Ta dTopd autd eAéyxOnkav yia KAnpovouIKOTNTA Kal XwpeioTnKav Te-
paltépw o€ pia opada pe Tov omopadikd TUTO TG Slatapaxig (Xwpeic avapepOUEVO OIKOYEVEIOKO
IOTOPIKO O€ CUYYEVEIG £w¢ 20V Babuov) kat pia opdada pe Tov olkoyevr| TUmo AXXD (BeTikd KAnpo-
VOUIKO 1oTOPLKO). Ot U0 ouddeg aobevwv ouyKpiBnkav ite WG TPOG TNV NALKIA TOU TTATEPA EiTE WG
TPOC TNV NAIKIA TNG UNTEPAG KATA TN yévvnor Toug. H opdda pe tov olkoyevr TUTIO Xpnolpomolrion-
KE WG OpdAda EAEYXOU. ZKOTIOC AUTAC TNG AVASPOUIKNAG LENETNG apXEiou ATV va e€eTaoTEl KATA TOGO
n MpoxwpenMévn yoveiki nAkia Katd tn yévvnon umopei va maifel poAo oTn véd EUPAVION PN OU-
valodnuatikAg PUXwWong 0ToUG Amoyovous. XpnoIPoTolwvTag avaluon AOYIOTIKAG TTAAlvépounong,
SlamotwOnke 611 0 Kivouvog gppdviong omopadikol Tumou AXXD, og oUYKpPIoN UE TOV OLKOYEVH
TUTIO, ATAV OTATIOTIKA MEYAAUTEPOG O OX€ON TOOO UE TNV TIPOXWPENUEVN UNTPIKA NAkia (OR=4,39,
p=0,001) 660 Kat pe TNV avénuévn nAikia Tou matépa (OR=1,92, p=0,012). MeTd TNV Mpocappoyn yla
TOV aMOKAEIONS TOAVWV CUYXUTIKWY TTOPAYOVTWY KAl CUYKEKPIUEVA TNG NAIKIAg Tou dAAou yovéa
Kal Tou @UAOU Tou acBevoug, o kivouvog yia Tov oTmopadikéd TUTo AZXD apEUEIVE OTATIOTIKA ONMa-
VTIKOG TOOO yla TN UNTPIKNA NAKia (OR=4,04, p=0,002) 600 Kal yla TNV matptki NAKia, av Kat yia tnv
TeAevtaia unnpée peiwon NG OTATIOTIKAG loXVo¢ (OR=1,72, p=0,049). ENdxX10TEC PeNETEG EXOULV Ole-
vepynBei oTov EANANVIKO TANBUGCUO Yia TOV POAO TNG YOVEIKNG NALKiaG 0TV epgpdvion XX. H mapovoa
MENETN ouppwvel Pe Tn Stebvn BiBAloypagia amd Tnv omoia emonuaiveTal 6TL n Tpoxwpenuévn ma-
TPIKA KAl UNTPIKA NAIKia mBavw¢ au€dvel Tov Kivduvo yia epgdavion ommopadikou Tumou XX. EmmAéoy,
n avénuévn UNTPIKA NAKia evéexopévwe avfavel Tov Kivbuvo yla Tov omopadikd TUTo, o€ oxéon
ME ToV olkoyev TUTIO XX, TIEPIOOOTEPO amd O,TL N MpoXwpPnUévN Matpikh nAkia. Ot acBeveig pe
omopadikn pop@r AXXO, poAovoTt KAVIKA adlagoporointol o€ oX€on PE AuTOUG E TNV OLKOYEVH
™G Hopen, Umopsei va poipdlovtal S1a@opeTIKOUG UTTOKEILEVOUG TTABO@UGIOAOYIKOUG UNXAVIOHOUG
OTOUG OTToi0UG N Yoveikn NAKia, 18laitepa n MpoxwpenUévn UNTELKA NAKIA, Umopeil va amotelei mba-
VO pecoAafnTn. QoTtoo0, HEANOVTIKEC €peuVeC Ba umopoloav va CUVEICPEPOUV OTO va Eekabapioel
0 pOAO¢ TNG YoveikNng NAkiag otnv mabopuaioloyia tng Statapaxnig.
Né€eig evpeTnpiov: Daopa oxlogpévelag, ommopadiKOG/OIKOYEVE TUTTOC, YOVEIKH NALKIQ, TTATPIKA
NAIKia, uNTPIKNA NAKIa.
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