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Abstract

Background. The typical onset of schizophrenia coincides with the maturational peak in cog-
nition; however, for a significant proportion of patients the onset is before age 18 and after age
30 years. While cognitive deficits are considered core features of schizophrenia, few studies
have directly examined the impact of age of illness onset on cognition.
Methods. The aim of the study was to examine if the effects of age on cognition differ between
healthy controls (HCs) and patients with schizophrenia at illness onset. We examined 156
first-episode antipsychotic-naïve patients across a wide age span (12–43 years), and 161
age- and sex-matched HCs. Diagnoses were made according to ICD-10 criteria. Cognition
was assessed using the Brief Assessment of Cognition in Schizophrenia (BACS), and IQ
was estimated using subtests from the Wechsler adult- or child-intelligence scales.
Multivariate analysis of covariance (MANCOVA) was used to examine linear and quadratic
effects of age on cognitive scores and interactions by group, including sex and parental socio-
economic status as covariates.
Results. There was a significant overall effect of age on BACS and IQ ( p < 0.001). Significant
group-by-age interactions for verbal memory (for age-squared, p = 0.009), and digit sequen-
cing (for age, p = 0.01; age-squared, p < 0.001), indicated differential age-related trajectories
between patients and HCs.
Conclusions. Cognitive functions showing protracted maturation into adulthood, such as verbal
memory and verbal working memory, may be particularly impaired in both early- and late-
schizophrenia onset. Our findings indicate a potential interaction between the timing of neuro-
developmental maturation and a possible premature age effect in late-onset schizophrenia.

Introduction

The typical onset of schizophrenia is in late adolescence and early adulthood, with a peak age
of illness onset (AIO) of 22 years (Pedersen et al., 2014), coinciding temporally with late mat-
urational brain remodeling processes (Lebel, Treit, & Beaulieu, 2019; Moises, Zoega, &
Gottesman, 2002). While pre-teen onset is very rare, as many as 18% of schizophrenia patients
have their illness onset before the age of 18 years (Frangou, 2013), and a considerable propor-
tion have an illness onset after the age of 30 and even 40 years (Harris & Jeste, 1988).
Early-onset schizophrenia (EOS) in childhood and adolescence is considered phenotypically
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and neurobiologically continuous with adult-onset schizophrenia
(AOS), but is characterized by more familial and premorbid risk
factors, and a more insidious onset and severe course of illness
(Eggers, 1999). In very EOS in childhood, a premature, excessive
and progressive process of synaptic pruning has been demon-
strated (Thompson et al., 2001), indicating that the timing of ill-
ness onset appears to be influenced by multiple factors, including
the type, timing and severity of aberrant neurodevelopment
(Gogtay, Vyas, Testa, Wood, & Pantelis, 2011). The continuity
between AOS and late-onset schizophrenia (>40 years) is less
clear, due to few available studies (Maglione, Thomas, & Jeste,
2014). Nevertheless, most studies support late onset as a subtype
of schizophrenia (Vahia et al., 2010), with a similar symptom pro-
file, although some suggest fewer negative symptoms in the
late-onset group (Howard, Rabins, Seeman, & Jeste, 2000). The
neurobiological findings in late-onset schizophrenia are similar
to those in young AOS, implicating both gray and white matter
abnormalities, with increased ventricle size and atrophy in frontal,
temporal and subcortical areas (Van Assche, Morrens, Luyten,
Van de Ven, & Vandenbulcke, 2017).

Cognitive deficits are core features of schizophrenia, the
specific profile and severity of which may be impacted by the
AIO, dependent on the timing of maturational processes for spe-
cific cognitive functions (Pantelis, Yucel, Wood, McGorry, &
Velakoulis, 2003). If an early age of onset is a proxy measure of
the severity of illness processes and implicates more disruptions
of developmental processes, then earlier ages of onset should be
associated with a broader range and greater severity of cognitive
deficits. Most of the available evidence is indirect, comparing
results from separate early-onset and adult-onset studies. These
studies indicate lower levels of IQ, both premorbidly and after
illness onset (Khandaker, Barnett, White, & Jones, 2011; Rajji,
Ismail, & Mulsant, 2009), and more severe deficits in certain spe-
cific cognitive functions, such as executive functions, processing
speed and verbal memory in EOS compared to AOS (Rajji
et al., 2009). Some studies have found cognitive deficits of a simi-
lar magnitude in children and adolescents with EOS to those
found in the AOS literature, indirectly suggesting a similar profile
and severity of deficits (Kravariti, Morris, Rabe-Hesketh, Murray,
& Frangou, 2003a, 2003b). In comparison, similar levels of defi-
cits have been found in late-onset schizophrenia compared to
young adult-onset patients regarding intelligence, processing
speed, attention and some aspects of executive functions, while
other aspects of executive functions, and verbal memory have
been reported as less impaired (Van Assche et al., 2017). There
is also evidence of some relatively preserved functions, suggesting
a rather specific profile of deficits, not merely indicative of aging
effects (Rajji et al., 2009).

The very few studies that have directly examined the effects of
AIO across EOS and AOS patients show conflicting results. Biswas,
Malhotra, Malhotra, & Gupta (2006) found more severe deficits in
younger AIO in IQ and memory, with very early onset patients
(age <13 years) underperforming relative to EOS, who in turn
had worse deficits than AOS. In contrast, Tuulio-Henriksson,
Partonen, Suvisaari, Haukka, & Lonnqvist (2004) found an associ-
ation between younger ages of onset and more severe verbal mem-
ory deficits, but without effects of AIO on IQ, processing speed,
attention and working memory. That study retrospectively exam-
ined a wide range of ages of onset between 12 and 44 years in a
chronic schizophrenia sample. In another direct comparison
examining AIO, White, Ho, Ward, O’Leary, & Andreasen (2006)
found more severe deficits in EOS than AOS when examining

raw scores for language, working memory and motor skills; how-
ever, when corrected for age-related developmental differences in
healthy controls (HCs), only deficits in motor skills in EOS remained
significant. A study by Rhinewine et al. (2005) compared only very
early-onset schizophrenia to EOS and did not find age-related differ-
ences in severity of cognitive deficits. These conflicting findings may
be due to differential sample characteristics and methodological
approaches in these studies, such as small sample sizes, medication
status and some studies assessing AIO retrospectively, making it
difficult to disentangle effects of AIO from illness progression,
continued maturational processes and medication effects.

To our knowledge, no previous study has directly examined
the impact of AIO on cognition in antipsychotic-naïve, early-,
adult- and late-onset first-episode patients with schizophrenia
or schizoaffective disorder. The aim of the study was to examine
if the effects of age on cognition differ between patients with
schizophrenia or schizoaffective disorder and HCs. This was
examined in first-episode antipsychotic-naïve patients across a
wide age span from 12 to 43 years. Based on the literature, we
hypothesized EOS patients would have more severe cognitive def-
icits than AOS- and late-onset patients. We also expected the
late-onset patients to have more circumscribed and less severe
cognitive deficits than EOS and young AOS patients.

Methods

The study was approved by the Danish National committee
on Biomedical Research Ethics (H-3-2009-123; H-D-2008-088
and H-3-2013-149) and the Danish Data Protection Agency
(CSU-FCFS-2017-012, I-Suite no. 05787). All participants pro-
vided written informed consent, including parental consent for
participants below age 18 years. The study was carried out in
accordance with the Helsinki Declaration II.

Subjects

Participants were included from parallel collaborative studies in
child and adolescent and adult psychiatry services in the Mental
Health Services in the Capital Region, Copenhagen, Denmark.
The adolescent patients and HCs were included as part of the
baseline assessments in the TEA trial (Pagsberg et al., 2014),
while the adult patients and HCs were included as part of the
PECANS studies (Bojesen et al., 2019; Jessen et al., 2019;
Nielsen et al., 2012). Adolescent patients were recruited from
five child- and adolescent mental health centers throughout
Denmark, the majority from the Copenhagen catchment area.
Adult patients were included from mental health centers in the
Copenhagen catchment area. Inclusion criteria for patients in
the current study were: a diagnosis of schizophrenia or schizo-
affective disorder, antipsychotic-naïve status (strictly defined,
not allowing any previous antipsychotic exposure), first-episode
status (defined as the first diagnosis of schizophrenia or schizo-
affective disorder) and complete cognitive datasets (allowing for
⩽3 missing cognitive scores). Exclusion criteria for both patients
and controls were: a current diagnosis of drug dependence, any
previous or current treatment with antipsychotic compounds, ser-
ious somatic or neurological illness and a history of severe head
injury. Exclusion criteria specific to HCs were: previous or current
psychiatric illness or family history of psychiatric illness in first-
degree relatives.

The sample included 156 antipsychotic-naïve patients with
first-episode schizophrenia or schizoaffective disorder between
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the ages 12 and 43 years, and 161 age- and sex-matched HCs.
Results from previously published studies partially overlap with
the data included here, but did not focus on cognitive data
[regarding adolescent data see Jensen et al. (2017) and Pagsberg
et al. (2017), also see http://www.cinsr.dk for publications from
the adult cohorts].

Demographics, diagnoses and psychopathology

Parental socioeconomic status (SES) was calculated based on a
combination of scores combining the highest parental attainment
of educational level and/or occupation and household income,
according to criteria from the Danish Institute of Clinical
Epidemiology, and resulted in three groups (high, medium, and
low) of parental SES.

Diagnoses were made according to ICD-10 criteria using the
Schedules for Clinical Assessment in Neuropsychiatry (SCAN)
(Wing et al., 1990) and Schedule for Affective Disorders and
Schizophrenia for School-Age Children Present and Lifetime ver-
sion (K-SADS-PL) interviews. Psychopathology was rated using
the Positive and Negative Syndrome Scale (PANSS) (Kay,
Fiszbein, & Opler, 1987). Duration of untreated illness (DUI)
was recorded slightly differently between studies, either specific-
ally as the patient’s recollection of the onset of functional impact
of either psychotic symptoms, or more generally as illness-related
symptoms. These were combined into one measure of DUI.

Cognition

The Brief Assessment of Cognition in Schizophrenia (BACS) was
used to assess verbal learning, working memory, motor speed,
verbal fluency, processing speed and planning. The BACS battery
has been validated in adult patients regarding reliability, validity
and correlation with measures of functional outcome (Keefe,
Poe, Walker, & Harvey, 2006, 2008).

Intelligence was estimated using four subtests from the Wechsler
intelligence scales (WISC-III, WISC-IV or the WAIS-IV in adoles-
cents, and the WAIS-III in adults) (Wechsler, 1991, 1997, 2003,
2008). The four subtests selected (vocabulary, similarities, block
design and matrix reasoning) have been highly correlated with
full-scale IQ (Axelrod, 2002). To enable direct comparisons across
the different versions of the Wechsler scales, raw scores were stan-
dardized to z-scores, using the HC groups for the respective
Wechsler version as a reference.

Statistical analyses

Analyses were performed using SPSS 24.0. Normality of distribu-
tions was tested using the Shapiro–Wilk test. Negatively skewed
data were reflected and the square root was then used to approxi-
mate a normal distribution. Parametric statistics were used for all
analyses. Nominal data (sex, parental SES and diagnostic distribu-
tion) were analyzed with Pearson’s χ2. The effect of age on PANSS
scores in the patient group was examined using Pearson’s
bivariate correlation analysis. To examine linear and nonlinear
(quadratic) effects of age on cognitive scores and interactions by
group, a linear regression model with multivariate analysis of
covariance (MANCOVA) was used. Parameter estimates were
calculated using bootstrap sampling (10 000 samples) with a bias-
corrected and accelerated bootstrap interval. Main effects of age,
age-squared and interactions by group were examined, including
sex and parental SES as covariates. Age and age-squared were

centered in all analyses. Separate post-hoc analysis of covariance
(ANCOVA) analyses (corrected for sex and SES) examined the
potential impact of IQ, psychopathology scores and DUI on the
relationship between age and cognitive test scores, when this rela-
tionship differed between patients and controls.

Results

Demographic data

Demographic data (age, sex and parental SES) are shown in
Table 1. Patients and controls did not differ on sex (χ2 = 0.021,
df = 1, p = 0.885), but parental SES was significantly higher in
HCs (χ2 = 10.871, df = 2, p = 0.005) (see Table 1). Sex ratio was
significantly different between adolescent and adult patients,
with more females (71%) in the adolescent group than in the
adult group (45%) (χ2 = 9.492, df = 1, p = 0.002). Parental SES
was significantly higher in the adolescent patients than the
adult patients (χ2 = 8.055, df = 2, p = 0.02).

Diagnostic distribution and psychopathology

The diagnostic distribution differed between groups, with more
cases of schizoaffective disorder in the adolescent group (19%)
compared to the adult group (3%) (χ2 = 12.126, df = 1, p < 0.001).
Nine of the 10 adolescent patients with schizoaffective disorder
were female, while all three adult patients with schizoaffective dis-
order were male. The patients were moderately ill, according to
PANSS total scores (Leucht et al., 2005). Adult patients had sig-
nificantly higher general PANSS symptoms than adolescent
patients ( p = 0.002), but did not differ on positive or negative
symptoms. The DUI was significantly longer in the adolescent
than the adult patients ( p = 0.002).

Cognition

The main MANCOVA results indicated a significant overall effect
of age on BACS and IQ measures (F(7,270) = 8.373; p < 0.001;
Wilk’s lambda = 0.8; partial eta squared = 0.18). Highly significant
group effects between patients and controls were seen on all BACS
subtests and on estimated IQ (see Table 2). There were significant
main effects of age on estimated IQ ( p = 0.01), verbal memory
( p = 0.01), digit sequencing ( p < 0.001), token task ( p < 0.001),
verbal fluency ( p < 0.001 for age, and p = 0.001 for age squared),
tower of London ( p = 0.02 for age squared) and on symbol digit
( p = 0.02 for age squared). All linear age effects indicated overall
better scores with age, while non-linear, quadratic effects indi-
cated an inverted U-curve, with lower scores at the younger and
older ages (Fig. 1a–e). There were significant group-by-age inter-
actions for verbal memory ( p = 0.009 for age squared), and digit
sequencing ( p = 0.01 for age, and p < 0.001 for age squared), indi-
cating differential age-related trajectories on verbal memory and
verbal working memory between patients and HCs. Separate
group analyses showed that the significant group × age interac-
tions on verbal memory were driven by highly statistically signifi-
cant quadratic effects of age on verbal memory in patients ( p <
0.00001), which was non-significant in controls. Similarly, on
digit sequencing, patients showed a highly significant quadratic
effect of age ( p < 0.00001), which was non-significant in controls
(see Fig. 2a and b). HCs showed significant linear effects of age on
verbal memory ( p = 0.006) and digit sequencing ( p = 0.001) (see
Table 3).
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Post-hoc ANCOVA analyses (with sex and parental SES as
fixed factor covariates) examined the potential impact of IQ, psy-
chopathology scores and DUI on the quadratic relationships
between age and verbal memory and verbal working memory.
While there was a highly significant main effect of IQ on verbal
memory ( p < 0.0001) and on digit sequencing ( p < 0.0001) in
patients, this did not change the significant quadratic relationship
between age and verbal memory ( p < 0.0001) and working mem-
ory in patients ( p = 0.001). None of the PANSS scores changed
the significant quadratic relationship between age and verbal
memory and working memory, which all remained significant
at p < 0.001; although negative and general symptoms had a sig-
nificant main effect on working memory ( p = 0.002, and p <
0.0001, respectively), and verbal memory ( p = 0.01 for negative
symptoms, and p = 0.02 for general symptoms). Positive symp-
toms showed a trend-level effect on working memory only ( p =
0.05), without significant effect of general symptoms on the verbal
memory model. The DUI did not have a significant impact on
any of the models.

Discussion

In this study of antipsychotic-naïve first-episode schizophrenia
patients aged 12–43 years who were assessed at illness onset,
patients had significantly lower performance on all cognitive
tasks compared with HCs. An age effect was evident on all cogni-
tive tasks across patients and controls, with linear effects indicat-
ing better scores with increasing age on motor skills, and
estimated IQ. Non-linear, quadratic age effects (indicating an
inverted U-curve fit) were seen for verbal fluency, planning skills
and processing speed, with evidence of a similar, parallel
age-related peak in performance in early adulthood in both
patients and HCs. Verbal memory and verbal working memory

showed differential relationships with age in patients in compari-
son with HC, indicating poorer performance in patients at both
younger and older ages of onset.

Thus, for most of the cognitive tasks examined, we did not find
evidence for differential age effects between patients and controls,
indicating that an adolescent-onset of illness was not associated
with greater impairment of cognitive function than adult-onset
in the domains of motor skills, verbal fluency, planning, process-
ing speed or intelligence. This result is similar to some (e.g.
Kravariti, Morris, Rabe-Hesketh, Murray, & Frangou, 2003b;
Rhinewine et al., 2005; White et al., 2006) but not all (Biswas
et al., 2006; Tuulio-Henriksson et al., 2004) previous studies.

In contrast, there were significant age by group interaction
effects for verbal learning and memory (BACS verbal memory)
and verbal working memory (BACS digit sequencing task). For
these tasks, the highly significant non-linear, quadratic age effects
indicated relatively poorer performance at the early and later AIO
ranges compared with the cognitive deficits in patients with an
illness onset in early adulthood. These non-linear effects were
significant in patients, but were not present in HC. The quadratic
effects were not explained by psychopathology, duration of illness
or IQ. Further, while the adolescent patients had significantly
longer DUI than the adult patients, similar to previous findings
suggesting a more insidious onset in adolescence (e.g. Eggers,
1999), there was no impact of DUI on the relationship with
age. EOS patients had fewer general symptoms than AOS patients,
which does not suggest EOS to be a more clinically severe form of
the illness, and the psychopathology measures did not impact the
relationship between cognition and age. These findings suggest a
particular, direct, inverted U-curve association between age and
both verbal memory and verbal working memory in patients
only, which is independent of the effects of IQ, psychopathology
and DUI.

Table 1. Demographic and clinical data for antipsychotic-naïve schizophrenia or schizoaffective patients and HCs

Patients HCs

StatisticsN = 156 N = 161

Demographic data

Mean age in years; mean (S.D.); range 21.45 (6.18)
12–43

21.10 (5.99)
12–43

p = 0.614a

Female gender, N (%) 84 (54) 88 (55) Patients v. controls (χ2 = 0.021, df = 1, p = 0.885)b

Parental SES (A/B/C)c (53/79/21) (84/62/14) Patients v. controls (χ2 = 10.871, df = 2, p = 0.005)b

Estimated intelligence; mean z-score (S.D.) −1.13 (1.46) 0.00 (1.00) Patients v. controls (F(1,284) = 31.774, p < 0.001)
b

Clinical data

Diagnosis, N SCZ, 143 SCZ-AF, 13 HCs, 161 –

Duration untreated illness, weeks, mean (S.D.), range 104.4 (126.2)
0–530

– –

PANSS positive, mean (S.D.) 19.74 (4.05) – –

PANSS negative, mean (S.D.) 20.00 (6.07) – –

PANSS general, mean (S.D.) 38.79 (8.16) – –

PANSS total, mean (S.D.) 78.54 (14.62) - –

Results from analyses of group differences.
Parental SES, parental socioeconomic status; SCZ, schizophrenia; SCZ-AF, schizoaffective disorder; PANSS, Positive and Negative Syndrome Scale.
aStudent’s t test.
bPearson’s χ2.
cN varies due to missing data: parental SES (patient N = 152/control N = 160).
*Significant results.
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Table 2. Bootstrap parameter estimates of age and group effects on cognition

Dependent variables Parameter B (Std. error) Sig. (two-tailed) BCa 95% confidence interval

Bootstrap for parameter estimates

Verbal memory Intercept 53.02 (2.028) 0.0001* 49.067–56.972

Group −3.85 (1.383) 0.005* −6.575 to −0.963

Sex 1.132 (1.273) 0.384 −1.355 to 3.717

Parental SES = 1 3.999 (2.004) 0.045* 0.117–7.931

Parental SES = 2 2.417 (1.937) 0.212 −1.302 to 6.308

Age 0.484 (0.193) 0.011* 0.123–0.875

Age2 −0.02 (0.014) 0.134 −0.048 to 0.007

Group × Age 0.454 (0.272) 0.097 −0.093 to 0.998

Group × Age2 −0.062 (0.024) 0.009* −0.11 to −0.02

Digit sequencing Intercept 22.558 (1.009) 0.0001* 20.557–24.592

Group −1.772 (0.619) 0.006* −3.007 to −0.512

Sex −1.392 (0.487) 0.006* −2.338 to −0.429

Parental SES = 1 0.401 (1) 0.686 −1.491 to 2.439

Parental SES = 2 −0.014 (0.987) 0.987 −1.889 to 1.932

Age 0.228 (0.061) 0.0001* 0.105–0.351

Age2 −0.004 (0.005) 0.375 −0.014 to 0.003

Group × Age 0.256 (0.103) 0.014* 0.05–0.463

Group × Age2 −0.029 (0.009) 0.001* −0.047 to −0.013

Token test Intercept 69.754 (2.307) 0.0001* 65.316–74.017

Group −8.678 (2.042) 0.0002* −12.735 to −4.419

Sex 2.334 (1.742) 0.179 −1.201 to 5.983

Parental SES = 1 2.408 (2.52) 0.341 −2.548 to 7.589

Parental SES = 2 1.263 (2.443) 0.609 −3.519 to 6.122

Age 0.909 (0.242) 0.0001* 0.437–1.398

Age2 −0.025 (0.016) 0.107 −0.056 to 0.008

Group × Age 0.283 (0.388) 0.462 −0.491 to 1.068

Group × Age2 −0.044 (0.028) 0.1 −0.1 to 0.001

Fluency Intercept 61.083 (2.908) 0.0001* 55.655–66.779

Group −11.198 (2.027) 0.0001* −15.162 to −7.311

Sex 3.811 (1.667) 0.023* 0.536–7.128

Parental SES = 1 0.973 (2.818) 0.72 −4.563 to 6.48

Parental SES = 2 2.398 (2.781) 0.391 −3.426 to 8.088

Age 1.388 (0.257) 0.0001* 0.896–1.874

Age2 −0.076 (0.02) 0.0003* −0.117 to −0.041

Group × Age −0.518 (0.346) 0.135 −1.182 to 0.169

Group × Age2 −0.003 (0.031) 0.916 −0.063 to 0.061

Symbol digit Intercept 63.224 (2.456) 0.0001* 58.457–68.108

Group −9.549 (1.84) 0.0001* −13.294 to −5.682

Sex 2.075 (1.586) 0.194 −1.033 to 5.226

Parental SES = 1 4.143 (2.388) 0.081 −0.627 to 9.006

Parental SES = 2 2.765 (2.371) 0.241 −1.799 to 7.28

Age 0.441 (0.224) 0.05 −0.007 to 0.895

(Continued )
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The more severe deficits in EOS patients regarding verbal
memory is consistent with findings by Tuulio-Henriksson et al
(2004) and the meta-analysis by Rajji et al. (2009), although
other studies [reviewed by Frangou (2010)] did not find differ-
ences in verbal memory deficits between EOS and AOS. Fewer
studies have examined working memory differences between
early- and adult-onset patients, most pointing toward similar
levels of deficits (e.g. Tuulio-Henriksson et al., 2004; White
et al., 2006). The differential findings may be partly due to varying
task complexity in relation to the timing of maturation of the
specific measures used across studies. For example, the digit-span
backward task used to assess verbal working memory (Tuulio-
Henriksson et al., 2004; White et al., 2006) shows adult-level per-
formance already in adolescence (Iverson & Tulsky, 2003), and
may not be a sufficiently difficult measure of the more executive
aspects of working memory (Egeland, 2015). The relatively more
severe deficits in verbal memory and verbal working memory in
our late-onset patients is in contrast to previous findings, which
reported less severe visual and verbal memory deficits and similar
deficits in working memory in late-onset compared to young
adult-onset patients (Van Assche et al., 2017). Again, we suggest
that differences between studies may be task-specific, reflecting
different maturational trajectories.

The differential relationship of age and cognition between
patients and controls on verbal memory and verbal working

memory is interesting from a maturational perspective. We have
previously suggested that perhaps in part due to the age-related
decrease in neural plasticity, cognitive functions that mature late
in the developmental process may be more impacted in
schizophrenia-spectrum disorders than those maturing early
(Pantelis et al., 2003, 2009b, 2015). The basic elements of working
memory are established early in life, with a steady increase in
working memory capacity until early puberty (Conklin,
Luciana, Hooper, & Yarger, 2007; Simmonds, Hallquist, &
Luna, 2017), with further maturation continuing in late adoles-
cence into early adulthood related to increasing complexity and
efficiency of information processing (De Luca et al., 2003;
Diamond, 2002). In parallel with this maturation, there is a pro-
tracted development of neural networks, e.g. maturation of white
matter in fronto-parietal networks, and an increased specializa-
tion of the cortical areas recruited in working memory processing
(Andre, Picchioni, Zhang, & Toulopoulou, 2016; Tamnes et al.,
2013). The present linear relationship between age and working
memory in HCs indicates a late maturation of functioning regard-
ing these tasks (e.g. Andre et al., 2016). Results on a non-verbal
working memory task support the current findings, indicating
that the onset of schizophrenia may interact with these matur-
ational processes (Pantelis et al., 2009a, 2015).

Brain maturation may also be relevant to our findings for ver-
bal memory. Basic episodic memory functions, such as those

Table 2. (Continued.)

Dependent variables Parameter B (Std. error) Sig. (two-tailed) BCa 95% confidence interval

Age2 −0.035 (0.018) 0.035* −0.072 to −0.007

Group × Age 0.147 (0.343) 0.673 −0.526 to 0.825

Group × Age2 −0.034 (0.028) 0.18 −0.089 to 0.015

Tower of London Intercept 0.46 (0.064) 0.0001* 0.325–0.586

Group 0.108 (0.043) 0.011* 0.023–0.186

Sex 0.008 (0.035) 0.804 −0.057 to 0.073

Parental SES = 1 −0.05 (0.065) 0.437 −0.172 to 0.074

Parental SES = 2 −0.013 (0.061) 0.833 −0.127 to 0.111

Age −0.009 (0.005) 0.089 −0.019 to 0.001

Age2 0.001 (0) 0.019* 6.44 × 10−05 to 0.002

Group × Age 0 (0.007) 0.962 −0.013 to 0.014

Group × Age2 0 (0.001) 0.42 −0.001 to 0.002

Estimated intelligence Intercept −0.644 (0.284) 0.024* −1.227 to −0.141

Group −0.872 (0.177) 0.0001* −1.247 to −0.495

Sex −0.085 (0.145) 0.565 −0.376 to 0.216

Parental SES = 1 1.054 (0.279) 0.0001* 0.536–1.602

Parental SES = 2 0.56 (0.279) 0.046* 0.037–1.143

Age 0.051 (0.02) 0.012* 0.013–0.089

Age2 −0.002 (0.002) 0.361 −0.006 to 0.004

Group × Age 0.033 (0.033) 0.309 −0.032 to 0.101

Group × Age2 −0.003 (0.003) 0.325 −0.009 to 0.002

BCa, bias-corrected and accelerated bootstrap interval; Parental SES, parental socioeconomic status (1 = high SES, 2 = middle SES, 3 = low SES); Group, patients and controls (0 = patients;
1 = HCs); Sex (0 = female, 1 = male).
Age and age2 were centered in all analyses.
*Significant results.
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assessed on verbal list learning tasks, show steep development
from around age 7 years and mature much earlier than the
more complex aspects of working memory (Diamond, 2002;
Finn et al., 2016). Nevertheless, elements of verbal memory con-
tinue to mature in early adulthood, most likely reflecting matur-
ation of more executive aspects of cognition, when strategic
learning or recall of information is required, as for the BACS ver-
bal memory task where the memory load exceeds immediate
working memory capacity. The continued, significant linear
increase in performance with age in the HC indicates that per-
formance on this test matures late, well into adulthood. This tra-
jectory is consistent with findings that verbal memory has been
associated with hippocampal volume development (Tamnes
et al., 2014) (early neurodevelopment), while strategic verbal
memory recall has been related to maturation of the prefrontal
cortex (late neurodevelopment) (Yu et al., 2018).

The notion of an interaction between maturational stage and
AIO of schizophrenia is one possible explanation for the findings
of a relatively poorer performance in the EOS patients compared
to the AOS patients regarding verbal memory and verbal working
memory. Based on previous findings, we speculated that patients
developing the illness later in life would show a relatively circum-
scribed profile of cognitive deficits, with relatively intact function
on late-maturing abilities compared to patients with an earlier
AIO (Rajji et al., 2009). However, the findings for the later-AIO
patients in the current analysis are not consistent with this
hypothesis, indicating that there is increased impairment on
such late-developing functions of verbal memory and verbal

working memory, with a greater disparity between adult-onset
patients and controls with AIO beyond age 25 years. This inverted
U-curve relationship between age and verbal memory and work-
ing memory in patients with schizophrenia in conjunction with a
positive linear relationship in HCs requires explanation. A num-
ber of possibilities could be considered.

First, those presenting at a later age may have had a lengthy
prodrome or longer DUI, during which they may have
shown deterioration in cognitive ability. However, this was not
the case in our sample where, consistent with the literature
(Stentebjerg-Olesen, Pagsberg, Fink-Jensen, Correll, & Jeppesen,
2016), early-onset cases had a longer DUI, and where we found
a relatively short DUI in the older onset patients. Further, DUI
did not impact the relationship between age and verbal memory
functions.

Second, it has been suggested that cognitive deficits in
adulthood in schizophrenia may represent later expressions of
underlying neurodevelopmental processes (Zipursky, Reilly, &
Murray, 2013). For example, a relationship between early neuro-
developmental processes and later cognitive functioning in both
healthy people and schizophrenia patients is demonstrated in
the Northern Finland Birth Cohort study (Murray et al., 2006).
The pattern of findings in this study for the EOS group is also
consistent with findings from studies showing that cognitive abil-
ities that mature late in the neurodevelopmental process may be
particularly impaired at illness onset (Pantelis et al., 2003,
2015). Nevertheless, an exclusively neurodevelopmental process
does not explain the lower functioning in verbal memory and

Fig. 1. Linear and non-linear (quadratic) effects of age on cognitive measures in schizophrenia patients and HCs. The panels show the corrected data (residuals
after correcting for parental SES and sex) + fitted across age, in years of (a) estimated intelligence; (b) token task; (c) fluency; (d ) symbol coding and (e) tower of
London.
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working memory in the older onset patients relative to the
younger adult onset patients.

Third, the profile of deficits in the older onset patients may
reflect a premature, accelerated, or exaggerated cognitive aging
effect, the onset of which may have precipitated the illness
presentation in patients at a later age. This is consistent with
evidence of accelerated and premature cognitive and brain
aging effects in schizophrenia (Harvey & Rosenthal, 2018;
Koutsouleris et al., 2014). Nevertheless, if premature aging
effects were affecting cognitive functions more globally, we
would expect to have seen an even earlier decline in schizophre-
nia of the other cognitive measures that do show an age-related
decline in both HCs and patients, including processing speed
and verbal fluency that show parallel inverted U-curve relation-
ships with age in both groups. Thus, aging effects alone
cannot explain the specificity of the age-related trajectory
with relatively poorer functioning in the late-onset group on
verbal memory tasks compared to the age effects on the other
cognitive tasks.

A fourth possibility is an interaction between a neurodevelop-
mental immaturity of these functions and related brain areas and
networks with the onset of a premature aging effect. This model
could explain why a decrease in late-maturing cognitive functions
is seen both in early-onset patients and in late-onset patients.
There is support for a relationship between early neurodevelop-
mental delays in childhood and later decline of cognitive func-
tioning in adulthood in the Dunedin Birth Cohort (Reichenberg
et al., 2010). The Northern Finland birth cohort also found an
inverse relationship between age of attainment of motor skills
in infancy and later decline in memory in schizophrenia
(Murray et al., 2006). These findings suggest a coupling between
early neurodevelopment and later degeneration,
possibly representing temporally distinct reflections of the same
underlying processes in schizophrenia (Kobayashi et al., 2014).
Although our study is cross-sectional and cannot directly show
evidence of decline, our results may support a model of possible
premature age-related loss of specific cognitive functions that
appears to be dependent on the timing of maturational processes.
This result adds to the findings by Kobayashi et al (2014), suggest-
ing that early pathogenic neurodevelopmental processes may be
further linked to the timing of cognitive maturational processes
in adolescence and adulthood, possibly inducing or interacting

with pathogenic processes involved in a premature onset of
age-related cognitive decline in schizophrenia.

Of the four possible models discussed above, only the inter-
action between the timing of maturational processes with prema-
ture aging effects appears to sufficiently explain the pattern of
results in the current study.

Strengths and limitations

A strength of the current study was that the impact of age
was determined at illness onset, and was not established post-hoc,
as has been done in several previous studies (e.g. Tuulio-
Henriksson et al., 2004; White et al., 2006). Importantly, all
patients were antipsychotic-naïve, excluding the possible impact
of medication and the sample size for this group of patients
was relatively large. The age-matched HCs enabled the direct
comparison of AIO trajectories on cognition in patients relative
to the age trajectories in healthy people. Another strength was
that the same cognitive test battery (BACS) was used to assess spe-
cific cognitive functions across the age-span from adolescence to
adulthood, which has rarely been done in comparative studies of
EOS and AOS patients. This uniformity was not possible regard-
ing the IQ assessments, as age-relevant versions of the Wechsler
intelligence scales were used. Nevertheless, further studies are
warranted, preferably using a more specific neuropsychological
test battery allowing for delineation of sub-functions that
have shown maturational peaks at different ages throughout
adolescence and adulthood (such as e.g. the Cambridge
Neuropsychological Test Automated Battery) (De Luca et al.,
2003; Luciana & Nelson, 1998).

Compared to several other relevant first-episode cohorts, the
age-span was relatively large in this study, with age ranging
from 12 to 43 years. Nevertheless, only a few patients presented
with an illness onset after age 40 years, reflecting the distribution
of AIO, but limiting the conclusions that can be drawn at that
older part of the age spectrum. Despite the relatively low number
of patients with an older AIO and the related risk of type-2 errors,
the quadratic age effects on verbal memory tasks were highly sig-
nificant, suggesting a robust effect. The diagnostic distribution of
schizophrenia and schizoaffective disorder differed between ado-
lescent and adult patients, and was strongly associated with sex.
Because of collinearity with sex, diagnosis (schizophrenia or

Fig. 2. Non-linear (quadratic) effects of age on verbal memory and verbal working memory in schizophrenia patients and HCs. The panels show the corrected data
(residuals after correcting for parental SES and sex) + fitted across age, in years of (a) verbal memory and (b) digit sequencing. The quadratic effects were significant
in patients only.
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schizoaffective disorder) could not be included as a covariate in
the analyses. Because this was a cross-sectional study, we cannot
answer if the relatively lower functioning in verbal memory
tasks in early- and late-onset patients was a precipitating factor
in bringing about the illness onset; or if both lower verbal mem-
ory functions and clinical illness presentation may primarily be
seen as reflecting the same underlying illness processes. Also,
since this was a cross-sectional study, we do not know if the
patients with illness onset in young adulthood will show a

premature age-related decline in these verbal memory functions
when they reach the same age as the older-onset patients.

Conclusions

Our findings suggest that some cognitive functions that show
protracted maturation into adulthood, such as the verbal memory
and verbal working memory functions assessed in this study may
be particularly impaired in both early- and late-schizophrenia

Table 3. Separate group analyses of effects of age on verbal memory and verbal working memory

Dependent variable Parameter B Std. error t Sig. 95% confidence interval

Parameter estimates patients

Verbal memory Intercept 49.711 3.218 15.446 <0.0001* 43.349–56.073

Age 0.897 0.195 4.605 <0.0001* 0.512–1.281

Age2 −0.078 0.016 −4.824 <0.0001* −0.11 to −0.046

(Sex = 0) 0.49 4.467 0.11 0.913 −8.341 to 9.321

(Parental SES = 1) 4.396 4.105 1.071 0.286 −3.718 to 12.51

(Parental SES = 2) 1.665 3.61 0.461 0.645 −5.472 to 8.801

(Sex = 0) × (Parental SES = 1) −1.015 5.382 −0.189 0.851 −11.654 to 9.623

(Sex = 0) × (Parental SES = 2) −2.286 5.018 −0.455 0.649 −12.206 to 7.635

Digit sequencing Intercept 19.113 1.462 13.075 <0.0001* 16.223–22.002

Age 0.43 0.088 4.858 <0.0001* 0.255–0.604

Age2 −0.029 0.007 −3.905 0.0001* −0.043 to −0.014

(Sex = 0) 2.049 2.029 1.01 0.314 −1.963 to 6.06

(Parental SES = 1) 2.04 1.864 1.094 0.276 −1.646 to 5.725

(Parental SES = 2) 1.473 1.64 0.898 0.37 −1.768 to 4.714

(Sex = 0) × (Parental SES = 1) −4.16 2.444 −1.702 0.091 −8.992 to 0.672

(Sex = 0) × (Parental SES = 2) −4.321 2.279 −1.896 0.06 −8.827 to 0.185

Parameter estimates HCs

Verbal memory Intercept 49.086 3.169 15.491 <0.0001* 42.826–55.347

Age 0.498 0.179 2.787 0.006* 0.145–0.851

Age2 −0.021 0.014 −1.551 0.123 −0.048 to 0.006

(Sex = 0) 6.485 4.828 1.343 0.181 −3.054 to 16.024

(Parental SES = 1) 5.631 3.554 1.584 0.115 −1.391 to 12.653

(Parental SES = 2) 7.432 3.56 2.088 0.039* 0.398–14.466

(Sex = 0) × (S Parental SES = 1) −1.939 5.226 −0.371 0.711 −12.265 to 8.386

(Sex = 0) × (Parental SES = 2) −6.222 5.342 −1.165 0.246 −16.777 to 4.332

Digit sequencing Intercept 19.753 1.261 15.67 <0.0001* 17.262–22.243

Age 0.228 0.071 3.208 0.002* 0.088–0.368

Age2 −0.005 0.005 −0.992 0.323 −0.016 to 0.005

(Sex = 0) 2.828 1.921 1.473 0.143 −0.966 to 6.623

(Parental SES = 1) 2.905 1.414 2.055 0.042* 0.112–5.698

(Parental SES = 2) 3.384 1.416 2.389 0.018* 0.586–6.182

(Sex = 0) × (Parental SES = 1) −3.542 2.079 −1.704 0.09 −7.65 to 0.565

(Sex = 0) × (Parental SES = 2) −5.17 2.125 −2.433 0.016* −9.369 to −0.971

Parental SES, parental socioeconomic status (1 = high SES, 2 = middle SES, 3 = low SES); group, patients and controls (0 = patients; 1 = HCs); sex (0 = female, 1 = male).
Age and age2 were centered in all analyses.
*Significant results.
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onset. Our findings also indicate a potential interaction between
the timing of neurodevelopmental maturation and a possible pre-
mature age effect in late-onset schizophrenia. Based on the results
of this study, future research should aim to examine how the tim-
ing of normal developmental trajectories of cognitive functions
impacts the profile and severity of cognitive deficits in schizophre-
nia. Our results further point toward examining this issue across
wide age ranges, and to examine the possible links between early
neurodevelopment and later age-related decline.
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