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The issue of neurodegeneration in schizophrenia is contro-
versial. Although most studies indicate that neurocognitive
deficits are relatively stable over the course of the illness,
conclusions are limited by relatively short follow-up periods
and absence of age-matched control groups. Furthermore,
nearly all studies deal with adult-onset schizophrenia, and
few studies have considered the possible effect of age of on-
set. The current study represents the first attempt to com-
pare groups of adolescents with schizophrenia, attention
deficit/hyperactivity disorder (ADHD), and normal con-
trols on a comprehensive neurocognitive test battery in
a longitudinal design over 13 years. In the baseline study,
adolescents with schizophrenia were examined with a broad
battery of neurocognitive tests. The comparison groups
consisted of adolescents with ADHD and adolescents with-
out a psychiatric diagnosis, between 12 and 18 years of age.
In the follow-up study, the schizophrenia group consisted of
15 of the initial 19 individuals, the ADHD group of 19 of
the 20 individuals, and the normal comparison group of all
30 individuals. They were reevaluated with the neurocogni-
tive test battery and clinical measures. Subjects with
schizophrenia showed a significant decline or arrest in neu-
rocognitive functioning compared with the other 2 groups,
particularly in verbal memory, attention, and processing
speed. The impairments may be specific to early-onset
schizophrenia due to interaction between ongoing brain
maturation during adolescence and disease-related mecha-
nisms and/or secondary to neuroleptic treatment in young
age and/or social isolation.
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Introduction

Schizophrenia has primarily been viewed as a neuro-
developmental disorder. Recent neurobiological studies
suggest that there are both neurodevelopmental and neu-
rodegenerative components to the illness. Longitudinal
neurobiological studies have found progressive ventricu-
lar enlargement and cortical gray matter loss in frontal
and temporal areas during adolescence in patients with
childhood-onset schizophrenia compared with normal
controls.1 These studies indicate a neurobiolo-
gical degenerative process in the pathophysiology of
schizophrenia.
Neurocognitive studies have reported deficits to be

present before onset and early in the course of schizo-
phrenia.2–6 However, longitudinal neurocognitive studies
have reported first-episode schizophrenia do not indicate
a progression of neurocognitive dysfunction over the first
year of illness (see Rund et al7). One study concluded that
first-episode patients have relatively stable neurocogni-
tive deficits through at least 10 years of illness.8 Thus,
findings from longitudinal neurocognitive studies
support a view of schizophrenia as a static encephalop-
athy. One study of first-episode patients, however, found
decline in visuospatial functioning over a 10- to 12-year
period.9 Neurocognitive decline has also been described
in geriatric, chronically institutionalized patients.10

Further, a recent 4-year follow-up study of adolescents
with early-onset schizophrenia reported that most
aspects of neurocognitive function remained relatively
stable, but there was evidence for deterioration in imme-
diate verbal memory and attention.11 Thus, there has
been some conflicting evidence concerning whether the
progression of neurostructural abnormalities observed
after the onset of symptoms is associated with worsening
of neurocognitive functioning.
Most longitudinal neurocognitive studies of schizo-

phrenia patients are limited by relatively short follow-
up periods ranging from 8 months to 5 years. Only
two studies have a longer follow-up time, ie, 10 years.8,9

Further, most studies are restricted to adult patient sam-
ples and confounded by varying durations of illness
within the groups. A third critique of most studies is
the lack of normal comparison groups and the limited
range of tests used. The strongest evidence for progression
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of neurobiological events comes from studies of adoles-
cents.1 The brains of patients with early-onset schizophre-
nia may follow different pathological growth patterns as
evidenced by slowed, arrested, or reversed maturational
development.12 In behavioral terms, the consequence
will be smaller improvements in performance on neuro-
cognitive tests compared with controls, stable raw scores
leading to decline in age-scaled scores, or a genuine de-
crease in actual performance. Thus, longitudinal studies
of neurocognitive functioning in adolescents with schizo-
phrenia have the potential of detecting which of these cog-
nitive patterns of changes are associated with developing
neurobiological degenerative processes.

In order to investigate to which degree changes in neu-
rocognition specifically affect subjects with schizophre-
nia, the current study includes 2 comparison groups,
ie, healthy controls and subjects with attention /hyperac-
tivity disorder (ADHD). Studies of neurocognition in
children with ADHD have shown that they improve their
performance as they reach late adolescence, although
they remain impaired in executive dysfunctions, atten-
tion, and memory compared with healthy controls.13

Only 2 neurocognitive studies have followed children
with ADHD into adulthood (see Seidman13). These stud-
ies found that neurocognitive deficits remain present in
young adult. Another study found that growth curves
of total cerebral volume and cerebellar volume were
lower, but parallel for ADHD patients, compared with
healthy controls, ie, no progressive deficit.14

The current study seeks tomeet all the abovementioned
demands. It is the first study to investigate the course of
neurocognitive status after a follow-up time of 13 years in
subjects with early-onset schizophrenia and subjects with
ADHD using a broad neurocognitive test battery. On the
basis of studies indicating progression of frontotemporal
cortical gray loss in schizophrenia, we hypothesize that if
neurocognitive arrest or decline is present, the change
should be detectable on measures of attention, memory,
and executive functioning. We also predict that the
ADHD subjects and the healthy controls will improve
their neurocognitive performance as they get older but
that the ADHD group will perform significantly below
the healthy control group also at follow-up.

Methods

Participants

Fifteen subjects from a baseline (T1) sample of 19 sub-
jects with a Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV), diagnosis of
schizophrenia (see Øie and Rund2 and Øie et al3) and
19 subjects from a baseline sample of 20 subjects with
ADHDwere available for reassessment (T2) with psychi-
atric and neurocognitive measures after 13 years (T2).
The same sample of 30 healthy comparison subjects
was included at T1 and T2. None of the healthy compar-

ison subjects had a history of neurological, somatic, or
psychiatric illness known to influence neurocognitive
function. At T1, 15 of the subjects with schizophrenia
were inpatients, while the 4 outpatients had never been
hospitalized. The schizophrenia diagnosis and subtype
determination was assigned based on clinical interviews
by senior clinicians and patient case records. Consensus
regarding diagnosis was investigated on a subsample of
13 patients. Two senior psychologists agreed on the
schizophrenia diagnosis in 12 (92%) of the cases. All
19 patients were reassessed 1 year later, and the diagnosis
was confirmed in each case. At T1, all ADHD subjects
were outpatients. Diagnostic evaluations at T1 for the
ADHD sample were conducted using semistructured
clinical interviews and standardized rating scales. The
adolescents fulfilled at least 8 of the Diagnostic and Sta-
tistical Manual of Mental Disorders, Third Edition
Revised, criteria for the condition. In addition, all had
shown significant hyperactivity, impulsivity, and inatten-
tion between ages 6 and 10 years as assessed by the
Parent’s Rating Scale.15 None of the patients had a his-
tory of psychosis. The subjects in the normal group
attended regular school classes at normal grade levels.
Of the 19 subjects with schizophrenia included at T1, 2

were deceasedand 2declined to be tested atT2.Among the
15 who volunteered to participate at T2, 3 were recovered.
Of the 20 subjects with ADHD at T1, one was deceased.
Among the 19 who were tested at T2, 4 were recovered.
All subjects in the study were screened for mental retarda-
tion (WechslerAbbreviated Scale of Intelligence [WASI]18

IQ > 70). Of the 30 healthy comparison subjects, all still
fulfilled the criteria to serve as healthy controls.
At T2, diagnoses in the schizophrenia group were

based on the Structured Clinical Interview for the
DSM-IV and information from patients’ parents and/
or their psychiatrists, nurses, and/or social workers.
One psychologist and one psychiatrist reviewed all avail-
able information for agreement on the DSM-IV diagno-
sis. They agreed on the diagnosis in 94% of the cases.
Demographics are presented in table 1 and specific
schizophrenia diagnoses in table 2. Ten of the patients
in the schizophrenia group had been hospitalized during
the follow-up period (mean weeks 193.3, SD 261.4). The
mean duration of illness for patients with a schizophrenia
diagnoses at T2 was 12.7 years (SD 1.5). At T2, 8 were
outpatients, 4 were inpatients, and 3 were recovered.
One patient was using anticholinergic medication; 2
were using clozapine. One patient sporadically used can-
nabis. The patients were tested when they were judged
by the examiner and/or by their clinician to be clinically
stabilized on their antipsychotic medication and not
experiencing an acute episode of illness.
At T2, the ADHD group consisted of 15 subjects with

a DSM-IV diagnosis of current ADHD (inattentive or
combined subtypes). The remaining 4 subjects were
symptom free and received no diagnoses. Four of the
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ADHD subjects had been hospitalized in the follow-up
period due to substance abuse (mean 62.0 weeks, SD
107.5). None were inpatients at T2. Medication was dis-
continued at least 15 hours before testing. One of the
ADHD patients, treated with methylphenidate, was
also prescribed Risperidon. None were excluded due to
a reported a history of neurological or somatic illness
known to influence neurocognitive function. The study
was approved by the Regional Committee for Medical
Research Ethics in Eastern Norway and was conducted
in accordance with the Helsinki Declaration of theWorld
Medical Association Assembly. After a complete descrip-
tion of the study, written informed consent was obtained.
In line with diagnostic group characteristics, male sub-

jects were more frequently represented in both clinical
groups compared with healthy controls. The ADHD
group was slightly younger than the other 2 groups.
This age difference is not considered large enough to rep-
resent a serious confounder to the research question and
will not be corrected for in the analyses. The healthy com-

parison group had significantly longer education, signif-
icantly higher IQ scores, and mothers with significantly
longer education than the 2 clinical groups. Because
lower education and IQ may be considered side effects
of having schizophrenia or ADHD, only mother’s educa-
tion was used as covariate in follow-up analyses of group
differences in neurocognitive function.

Neurocognitive Test Battery

All subjects were assessed at T2 using the same compre-
hensive neurocognitive test battery as used at T1 except
for replacing age-appropriate versions of the digit span
anddigit symbol subtests fromWechsler IntelligenceScale
for Children - Revised16 with those ofWechsler Adult In-
telligence Scale - Third Edition17 and for usingWASI18 to
screen for IQ level. All subjects were tested individually
and received the tests in the same fixed order. Total
time for assessment was about 3 hours, including breaks.
The test battery included (in order of administration):
WisconsinCardSortingTest (WCST),19matrix reasoning

Table 1. Demographics

ANOVA
(df = 2, 61)

Variable
Schizophrenia
(n = 15)

ADHD
(n = 19)

Healthy Controls
(n = 30) F P Scheffé

Sex (male/female) 10/5 19/0 16/14 .001 (Fisher)

Hand dominance (R/L) 15/0 16/3 29/1 .183 (Fisher)

Age (y) 27.7 (1.4) 25.8 (1.5) 27.6 (1.5) 10.8 <.001 A < S, C

Time since T1 (y) 11.6 (0.9) 11.7 (0.6) 12.1 (0.6) 2.7 .075 —

Education (y) 10.3 (1.5) 11.5 (2.1) 15.4 (1.7) 50.4 <.001 S, A < C

Mother’s education (y) 12.2 (2.8) 12.6 (2.5) 14.7 (2.3) 6.9 .002 S, A < C

Mean age at onset (y) 14.8 (1.4) — —

Time from diagnoses to T1 (mo) 14.0 (10.0) — —

FSIQ (WASI)a 92.6 (14.4) 104.2 (8.8) 112.6 (8.6) 19.2 <.001 S < A < C

GASb

Symptom 4.9 (1.6) 6.5 (1.5) 9.0 (0.2) 71.1 <.001 S < A < C
Function 47.7 (17.0) 66.4 (15.8) 88.7 (2.6) 62.2 <.001 S < A < C

BPRSc

Positive 13.3 (8.3) — —
Negative 6.3 (3.1) — —
Total 45.0 (17.5) — —

Medication
DDDd 2.7 (1.8) 1.2 (0.7) — 2.3 .152
Typical antipsychotic n = 2 —
Atypical –‘’ – n = 4 n = 1
Both –‘’ – n = 4 —
Stimulants — n = 2
Atomoksetin — n = 1
Lamotrigin — n = 1

Note: ADHD, attention deficit/hyperactivity disorder; ANOVA, analysis of variance.
aFull-Scale IQ from the Wechsler Abbreviated Scale of Intelligence.
bGlobal Assessment Scale.
cBrief Psychiatric Rating Scale (Positive Scale = 7 items, Negative Scale = 3 items).
dDefined daily doses (Norwegian Medial Depot), schizophrenia: n = 10, ADHD: n = 4.
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from WASI,18 digit span from WAIS-III,17 digit symbol
from WAIS-III,17 California Verbal Learning Test
(CVLT),20 Kimura Recurring Figures Test,21 Seashore
RhythmTest,22DigitRepetitionTest,23CVLTdelayedre-
call and recognition,20 Trail Making Test, A and B (TMT
A, B),22 Similarities from WASI,18 Block Design from
WASI,18 Backward Masking Test (BMT),24 Grooved
Pegboard Test,22 Vocabulary from WASI.18 The 4
WASI subtests were used to calculate full-scale IQ (see ta-
ble 1). The test battery also included a dichotic listening
test; the data are reported in a separate study.25

Psychiatric Ratings

AtT1 andT2, the subjects in the schizophrenia groupwere
assessed with the expanded Brief Psychiatric Rating Scale
(BPRS)26within1weekof testing.The interrater reliability
for the BPRS total score was 0.99 (Intraclass Correlation
Coefficient = 1.2) at baseline. A ‘‘positive symptom’’ score
and a ‘‘negative symptom’’ score based ona factor analysis
conducted by Ph.d. Joseph Ventura, Ph.d. Keith H.
Nuechterlein, and Ph.D. Kenneth Subotnik at UCLA
(1995; unpublished manuscript) were extracted from the
BPRS. The 2 patient groups were also assessed using the
Global Assessment Scale (GAS).27 The schizophrenia
patients scored significantly lower (P < .001) on the
GAS than the ADHD patients, both at T1 and at T2.

Data Analyses

Analyses were conducted using the statistical package
SPSS for Windows, version 12.0 (SPSS, Inc., Chicago,

IL). Differences in demographic characteristics were in-
vestigated by the Fisher exact probability test (nominal
variables) and analysis of variance (ANOVA) (continu-
ous variables) followed up by Scheffés post hoc tests
for group comparisons. Changes in test results from
T1 to T2 were first analyzed using repeated-measure mul-
tiple ANOVAwith time of testing (T1, T2) and neuropsy-
chological test measures (20 variables) as within-subject
factors and diagnostic group (schizophrenia, ADHD,
healthy controls) as the between-group factor. In case
of significant effects, particularly significant interactions
between time and group, as well as between time, test, and
group, follow-up repeated-measure ANOVAs with time
(T1, T2) and group (schizophrenia, ADHD, healthy con-
trols) as factors were conducted. Effect sizes (g2) for the
interaction effect between time and group were com-
puted. On tests with large interaction effects, paired-sam-
ple t tests were performed for each group comparing T1
and T2 results. A second set of a multiple analysis of co-
variance (MANCOVA) and follow-up analyses of co-
variance (ANCOVAs) were performed with mother’s
education as a covariate, to control for possible artifacts
due to differences in neurocognitive inheritance.

Results

Results are shown in table 3. Significant interaction
effects between time and group (F2,56 = 4.0, P = .024)
and between time, group, and neurocognitive measure
(F38,78 = 3.2, P < .001) were found thus inviting to fol-
low-up analyses for eachmeasure separately across group
and time. Significant effects of group across the 2 assess-
ment times were found for all measures except digit span
forward and the 2 masking conditions of the BMT. Sig-
nificant changes in performance over time, irrespective of
group, were found on the Digit Repetition tasks (without
and with distraction), on the TMT B, the digit symbol
subtest, and the no-mask and the 33-millisecond masking
condition of the BMT. Most important for the research
question was the finding of multiple time 3 group inter-
action effects. On the CVLT, the WCST (perseverative
responses), the Digit Repetition (without and with dis-
traction), the Seashore Rhythm Test, the digit symbol
subtest, and all the conditions of the BMT, the schizo-
phrenia group did not show the same improvement in
performance from T1 to T2 as did the ADHD group
and the healthy controls. On the CVLT, total learning
trials (see figure 1), the schizophrenia group showed a sig-
nificant decline (t14 = 3.3, P = .005) in performance while
the other 2 groups showed similar results at follow-up
compared with baseline. This interaction effect is both
significant and large (g2 = 0.21). On other tests, the
schizophrenia group obtained similar scores, whereas
the other 2 groups showed improved performance.
This effect was most evident on the processing speed de-
manding digit symbol subtest (g2 = 0.27) where both

Table 2. Diagnoses at T1 and T2 in the Schizophrenia Group

Case T1 T2

1 Schizophrenia disorganized Schizophrenia disorganized

2 Schizophrenia disorganized Schizophrenia disorganized

3 Schizophrenia disorganized Schizophrenia disorganized

4 Schizophrenia disorganized Schizophrenia disorganized

5 Schizophrenia disorganized Schizophrenia disorganized

6 Schizophrenia disorganized Schizophrenia disorganized

7 Schizophrenia paranoid Schizophrenia paranoid

8 Schizophrenia paranoid Schizophrenia paranoid

9 Schizophrenia disorganized Schizoaffective disorder

10 Schizophrenia disorganized Schizophrenia paranoid

11 Schizophrenia undifferentiated Schizoaffective disorder

12 Schizophrenia disorganized Schizophrenia paranoid

13 Schizophrenia disorganized Recovered

14 Schizophreniform disorder Recovered

15 Schizophrenia paranoid Recovered

16 Schizophrenia disorganized Deceased

17 Schizophrenia paranoid Deceased

18 Delusional disorder Declined to be tested

19 Schizoaffective disorder Declined to be tested
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Table 3. Neurocognitive Test Results at T1 and T2

Schizophrenia
(n = 15)

ADHD
(n = 19)

Healthy
(n = 30)

Group
(df = 2, 61)

Time
(df = 1, 61)

Time 3 Group
(df = 2, 61)

T1 T2 T1 T2 T1 T2 F P F P F P g2

California Verbal Learning Test
Total A1–A5 51.9 (10.4) 43.1 (11.9) 50.4 (9.0) 51.6 ( 6.9) 60.2 (8.2) 62.3 (8.7) 19.1 .001 2.9 .096 8.0 .001 .21
Delayed free recall 11.4 (2.6) 9.4 (3.4) 10.6 (2.9) 12.1 (2.2) 13.1 (2.2) 13.7 (1.8) 12.3 .001 0.1 .872 8.7 .001 .22
Recognition (hits-FA) 14.3 (1.7) 12.4 (4.0) 14.0 (2.4) 13.9 (2.8) 14.8 (1.7) 15.0 (1.1) 3.6 .034 3.5 .067 3.7 .031 .11

Kimura Recurring Figure Test (Kimura)
Recognition (hits-FA) 26.3 (9.7) 25.1 (8.6) 34.7 (10.3) 31.7 (9.1) 39.0 (6.4) 36.7 (7.1) 15.2 .001 3.4 .069 0.2 .850 .01

Wisconsin Card Sorting Test
Categories 4.7 (1.6) 4.3 (2.1) 5.1 (1.4) 5.6 (0.9) 5.6 (0.7) 5.9 (0.4) 7.5 .001 0.6 .458 3.1 .054 .10
Perseverative responses 21.9 (12.4) 25.6 (20.9) 19.0 (8.4) 12.4 (5.0) 15.6 (6.9) 10.2 (5.1) 8.0 .001 3.7 .061 4.3 .018 .13
Failure to maintain set 0.8 (0.6) 1.3 (0.9) 1.4 (1.4) 1.6 (2.0) 1.0 (1.4) 0.5 (0.8) 3.5 .038 0.1 .827 1.7 .195 .06

Digit span (WISC-R/WAIS-III)
Forward 5.9 (1.2) 5.9 (1.1) 5.8 (1.2) 6.1 (1.4) 6.3 (1.2) 6.6 (1.2) 2.2 .120 0.8 .381 0.4 .701 .01
Backward 4.1 (1.7) 3.9 (1.2) 3.9 (1.0) 4.3 (1.1) 4.9 (1.4) 4.7 (1.3) 3.8 .027 0.1 .944 1.1 .354 .03

Digit Repetition task
Without distraction 77.1 (20.9) 79.2 (18.2) 66.6 (20.0) 83.0 (8.9) 87.3 (10.6) 88.7 (7.9) 8.0 .001 11.5 .001 6.4 .003 .17
With distraction 73.1 (22.9) 76.3 (23.9) 63.3 (22.0) 83.9 (13.6) 83.6 (14.2) 94.0 (7.2) 8.3 .001 25.2 .001 4.3 .018 .12

Seashore Rhythm Test
Correct 24.9 (3.0) 23.1 (5.3) 25.3 (3.0) 26.0 (2.1) 27.1 (3.0) 27.2 (2.7) 6.2 .003 1.0 .325 4.1 .022 .12

Grooved Pegboard Test
Dominant hand 76.1 (28.4) 77.5 (25.4) 66.6 (11.6) 65.6 (11.3) 61.2 (9.6) 55.3 (7.5) 9.5 .001 0.8 .365 1.3 .269 .04
Nondominant hand 89.1 (23.0) 94.0 (47.1) 78.2 (14.4) 74.4 (18.9) 69.8 (8.9) 64.6 (8.7) 9.6 .001 0.2 .647 1.1 .344 .03

Trail Making Test
Part A 31.8 (15.6) 32.3 (11.0) 27.0 (5.2) 26.8 (7.7) 24.1 (6.4) 20.2 (5.2) 10.9 .001 0.9 .357 1.3 .273 .04
Part B 81.7 (18.2) 74.8 (35.6) 80.0 (31.9) 62.1 (21.7) 59.8 (19.2) 46.2 (13.6) 9.1 .001 20.9 .001 1.1 .338 .04

Digit Symbol (WISC-R/WAIS-III)
Correct 53.7 (14.8) 52.7 (19.2) 48.6 (12.9) 65.5 (16.0) 65.9 (12.2) 85.6 (11.4) 23.1 .001 40.9 .001 11.2 .001 .27

Backward Masking task
No mask 19.5 (1.3) 14.7 (5.7) 19.7 (0.7) 17.9 (2.0) 19.6 (0.7) 18.1 (1.5) 6.6 .003 42.0 .001 6.0 .004 .17
33 ms 4.0 (3.0) 5.7 (4.8) 3.9 (3.1) 9.1 (5.3) 5.6 (4.1) 7.6 (3.2) 1.4 .250 31.6 .000 4.5 .014 .13
49 ms 7.1 (4.4) 7.7 (4.2) 7.2 (5.3) 10.9 (5.0) 10.3 (5.1) 9.3 (4.9) 1.6 .208 3.1 .085 5.6 .006 .16

Note: ADHD, attention deficit/hyperactivity disorder; WISC-R, Wecshler Intelligence Scale for Children - Revised; WAIS-III, Wechsler Adult Intelligence Scale - Third
Edition; FA, false alarms. Boldface represents the significance of value.
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ADHD (t18 = 5.3, P < .001) and healthy controls (t29 =
8.7, P < .001) improve their performance compared with
the nonsignificant change in scores for the schizophrenia
group (see figure 2). The significant interaction effect of
group and time seen on the attention demanding Digit
Repetition task (see figure 3) was explained by the
ADHD group’s significantly improved scores from T1
to T2 compared with controls (without distraction:
F1,47 = 12.4, P = .001, with distraction: F1,47 = 4.4, P =
.04). The schizophrenia group showed the same parallel
development as the healthy comparison group (without
distraction: F1,43 = 0.1, P = .864, with distraction: F1,43

= 1.7, P = .193).
When controlling for mothers educational level by

MANCOVA, significant time 3 group (F2,53 = 3.5, P =
.036) and time3 group3 test (F38,70 = 2.7,P< .001) inter-
actions remained significant. The follow-up ANCOVAs
for each measure maintain all significant interaction
effects except for 2, ie, WCST (perseverative responses)

(P = .59) and Seashore RhythmTest (P = .88). The overall
trend showing a decline or nonimprovement in perfor-
mance on the CVLT and digit symbol subtest among
the schizophrenia subjects cannot be attributed to a lower
inherited premorbid neurocognitive reserve as estimated
by their mother’s level of education.

Discussion

The current study is the longest follow-up study to date of
early-onset schizophrenia compared with both a healthy
and a neuropsychiatric (ADHD) control group using an
extended neurocognitive test battery. The main finding is
a significant decline in verbal memory and learning
and a neurocognitive arrest (ie, lack of improvement
with age) in attention and processing speed, after 13 years
in subjects with early-onset schizophrenia. The results im-
ply that impaired neurocognition is present early in the
illness process (nevrodevelopmental), but certain later
maturational processes may also be dysfunctional. Else-
where we have reported findings on the dichotic listening
(DL) procedure showing the same trend.25 Normal
DL performance characterized the schizophrenia group
at baseline, while the group showed significantly im-
paired executive attentional control at follow-up. The
findings support the hypothesis of neurocognitive decline
during postillness neurodevelopment in early-onset
schizophrenia.
These results stand in contrast to stability of neurocog-

nitive functioning reported in the majority of longitudi-
nal neurocognitive studies in adults with schizophrenia.
However, the results support the findings from the recent
follow-up study of adolescents with early-onset schizo-
phrenia, which found deterioration in immediate verbal
memory and attention over a 4-year period.11

What could explain the results of the current study?
Most of the other previous studies have included only
adult patients. One hypothesis is that decline in verbal

Fig. 1.PerformanceontheCaliforniaVerbalLearningTest (CVLT),
Total Learning Trials (A1–A5), for the 3 Groups at T1 and T2.

Fig. 2. Performance on the digit symbol subtest (Wechsler
Intelligence Scale for Children - Revised [WISC-R] at T1/Wechsler
Adult Intelligence Scale - Third Edition [WAIS-III] at T2) for the 3
Groups at T1 and T2.

Fig. 3. Performance on the Digit Repetition Without Distraction
Test for the 3 Groups at T1 and T2.
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learning and memory and arrest in attention and process-
ing speed may be secondary to a progressive pathological
process in frontal and temporal areas taking place during
adolescence.1 The pathological process may intersect
with normal neuromaturational process of the brain dur-
ing adolescence and affect the brain before it is fully mat-
urated. Thus, if this pathological process occurs during
adolescence, it may not be detected in longitudinal stud-
ies of adults with schizophrenia.
There is a broad consensus that there is underlying het-

erogeneity in etiology and pathophysiology in patients
with schizophrenia. There is increasing evidence that
early onset is associated with a more striking abnormal
pattern of selective, severe frontal gray matter loss after
the onset of psychosis compared with later onset schizo-
phrenia.1 Further, some studies indicate that early-onset
schizophrenia is associated with more neurocognitive
impairments and more negative symptoms than adult-
onset schizophrenia.28 Thus, another possible explana-
tion of the current results is that the neurocognitive
decline or arrest may be specific to early-onset schizo-
phrenia and other subgroups of very ill patients.
Most longitudinal studies of neurocognition in schizo-

phrenia have a relatively short follow-up time ranging
from 8 months to 5 years of illness. Another possible ex-
planation of our results is that the brain may have the
capacity to partially maintain its function in the face
of neurostructural progression in the first few years of
illness. However, after a longer duration of illness, the
brain does not continue its compensation for the neuro-
structural deficits. There is some evidence that younger
age of onset and longer duration of illness are associated
with greater impairment in executive functioning,29,30

while other studies dispute this.31,32

The present study was initiated prior to the introduc-
tion of novel antipsychotic medication, and most of the
patients in the study had used both typical and atypical
neuroleptics. Typical neuroleptics have been shown to re-
duce performance on some neurocognitive tasks.33 Most
of the subjects in the schizophrenia group used atypical
medication at T2. Studies have reported that atypical
neuroleptics may improve some aspects of neurocogni-
tive functioning.34 However, the effect of neuroleptic
medication might not be the same for patients with
early-onset as opposed to later onset schizophrenia due
to ongoing development of neurotransmitter receptor
system during childhood and adolescence.35 Thus, we
cannot rule out that medication could have affected
the present results.
The subjects in the schizophrenia group became ill at

a young age and had limited social contact with other
adolescents and little experience with school or work.
Longitudinal studies of brain development suggest that
substantial brain maturation takes place between adoles-
cence and adulthood. Moreover, a study showed that
there was a region-specific increase in graymatter volume

during preadolescence, followed by a postadolescent de-
crease.36 The decline in verbal memory and learning with
increasing illness duration could also be a reflection of
‘‘losing it’’ because of ‘‘not using it.’’37 It is also possible
that the impairments in the schizophrenia group could be
what caused the social isolation in the first place because
intact neurocognitive functions are important for social
and occupational functioning.38

As predicted, subjects in the schizophrenia group
showed a significant decline in verbal memory and learn-
ing when controlling for premorbid neurocognitive
capacity. Verbal memory deficits have been found to be
thegreatest impairment in relativesofpatientswithschizo-
phrenia, suggesting a genetic component to this deficit.39

Impaired speed of information processing has also been
identified as a central neurocognitivedeficit in schizophre-
nia.40Ourresults confirmthis finding in thatchange inper-
formance on the digit symbol subtest shows the largest
effect size of time by group for all measures, followed
by verbal memory (CVLT) and speeded visual attention
(BMT). Other neurocognitive functions were already
compromised at T1 and showed little change over time.
There were no significant changes over time in either

positive or negative symptom scores for 12 of the subjects
with schizophrenia. Three subjects had recovered at T2.
Thus, the differences in clinical state between T1and T2
cannot explain the significant neurocognitive decline or
arrest at T2.
At T1,2,3 patients with ADHD showed deficits in the

ability to control attention/distractibility and assumed
to reflect a frontal dysfunction. Although they still per-
formed significantly below the healthy comparison group
on the attention demanding Digit Repetition task at T2,
they evidenced a significant improvement in attention in
contrast to the other 2 groups. These findings support
results from a recent study, reporting neuroanatomic ev-
idence supportive of delayed cortical maturation in
ADHD.41 In this study, the delay was most prominent
in prefrontal regions important for control of cognitive
processes including attention and motor planning.
Together, the neurocognitive results from the current fol-
low-up study and results from the recent neuroanatomic
study41 support a maturational lag hypothesis of the
pathogenesis of ADHD. The results imply that the de-
cline in neurocognitive function at T2 was specific for
the schizophrenia group compared with another group
with attention deficits in adolescence (ADHD). However,
because the patients with schizophrenia represent an es-
pecially severe and disabled group with long-term hospi-
talization, changes in neurocognitive functioning are not
fully comparable between the 2 patient groups.
Strengths of the present study include assessment of

subjects early in the illness process, inclusion of subjects
with early-onset schizophrenia, long follow-up time, in-
clusion of both a healthy control group and a neuropsy-
chiatric control group, the same control groups at both
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time points, a high retention rate (93%), and use of a com-
prehensive neurocognitive test battery. However, the
results should be interpreted with several limitations in
mind. The relatively small sample size presents a method-
ological shortcoming. Further, some patients were
assessed without medication at T1 and with medication
at T2, thereby confounding the course of cognition with
potential medication effects. Patients had also received
different psychosocial treatments, which may have
affected neurocognition in different manners. Further,
some studies have also shown that neurocognitive im-
pairment may be more severe in males than in females
with schizophrenia.42 Thus, theoretically the observed
decline or arrest in neurocognitive functioning at T2
could be confounded by gender.

Subjects with ADHD frequently have comorbid sub-
stance abuse. Many of the subjects in the ADHD group
(ca 70%) had a history of substance abuse, which may
independently be associated with neurocognitive deficits.
Further, the ADHD group consisted of only males,
which may also be considered a limitation.

Conclusions

The results from the present study show significant dete-
rioration or arrest in neurocognitive performance in
early-onset schizophrenia over 13 years. These findings
were not present in a neuropsychiatric comparison group
with ADHD. One hypothesis is that the neurocognitive
decline or arrestmay be specific to early-onset schizophre-
nia due to interaction between ongoing brain maturation
during adolescence and disease-related mechanisms. The
decline or arrest may also be secondary to neuroleptic
treatment in young adolescent’s years and/or to limited
social stimulation or some interaction of these factors.

The results emphasize the importance of studying neu-
rocognition in schizophrenia within the context of brain
development to identify possible interactions between
developmental and disease-related mechanisms on cogni-
tion. Larger samples using several repeated neurocogni-
tive measures at different time intervals would be
important to investigate the exact timing of neurocogni-
tive changes and todisentangle thepotential effects of psy-
chosis from the possible effects of treatment. Verbal
memory deficits and attention deficits are known to be
highly associated with functional outcome in schizophre-
nia.38Thepresent resultsunderline the importanceof early
intervention targeting specific neurocognitive functions in
an attempt to preserve functioning prior to decline.
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