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Abstract:Despite several decades of research, our knowledge of the long-term course of schizophrenia (SZ) is ham-
pered by a lack of homogeneity of both research methods and phenotypic definitions of SZ’s course. We provide a
comprehensive review of the course of SZ by applying stringent methodological and diagnostic study-selection
criteria. We report on positive and negative symptoms, cognition, and findings obtained by neuroimaging. In addi-
tion, we perform a meta-analysis of longitudinal studies of cognition in humans. We selected 35 human studies
focusing on a narrow SZ phenotype, employing a follow-up duration of six months or more and consistent method-
ology at the different measurement points. For the meta-analysis on global cognitive change, eight and four studies
were used to compare SZ to healthy and psychiatric controls, respectively. We find that the course of SZ is character-
ized by a constancy or even improvement of positive and negative symptoms and by fairly stable cognitive impair-
ment, reflecting structural frontal and temporal cortical pathology. Progressive changes of the frontal cortex appear
to develop in parallel with changes in symptomatology and executive impairment. Despite stable differences in
cognition between patients and controls over the time intervals studied, high heterogeneity in the magnitude of
effect sizes is present, and age is identified as one of its potential sources. Meta-regression shows these magnitudes
to depend on the age at study inclusion. For future research, a combination of longitudinal and cross-sectional
research designs is warranted to better account for potential cohort effects.
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INTRODUCTION
Schizophrenia (SZ)—characterized by delusions, halluci-
nations, psychomotor disturbances, and cognitive impair-
ment, or a combination thereof—is a psychiatric disorder
with a sometimes unfavorable course potentially leading
to life-long disability. SZ has a point prevalence of approxi-
mately 4.5 per 1000 population. Its heritability is high, with
estimates hovering around 0.8.1 The long-term course of
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SZ has been of particular interest to scholars,2–4 result-
ing in an ample body of work addressing various aspects
of SZ’s progression (Supplemental Table 1, available at
http://links.lww.com/HRP/A30). Many studies are popula-
tion based, relying on samples from specific catchment areas.
These studies were instrumental in describing outcomes
and variations in variables of interest for psychotic disor-
ders over time. This line of research has underscored that,
despite the generally poor prognosis for affected individuals,
disease trajectories display a high level of heterogeneity.5 In
a recent review, Häfner and an der Heiden4 summarized
the diverse range of course types that have been proposed
for SZ. From a methodological point of view,6 numerous
factors help to account for the finding of such heterogeneous
courses: (1) the use of retrospective research designs, (2) broad
diagnostic categories, including schizoaffective disorder and
affective psychosis, (3) the change of diagnostic criteria over
time, (4) the lack of control groups, (5) the scarcity of
repeated measurements of neurobiological and neuropsy-
chological variables, and (6) varying time intervals studied.
In the present review and meta-analysis, we adopt an ap-
proach to minimize these potential shortcomings, though
this approach itself has both merits and potential disadvantages.
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Longitudinal Course of Schizophrenia
Whenever possible, we attempt to integrate results from dif-
ferent areas of research.

STUDY-SELECTION CRITERIA
The selection of controlled observational studies was de-
termined on the basis of nosological specificity for SZ,
follow-up duration (>6 months), and consistent method-
ology at the different measurement points (see below).
When such stringent criteria are applied, the number of
studies on the course of SZ (see Supplemental Figure 1,
http://links.lww.com/HRP/A31) is considerably reduced. To
identify studies for the present review, we systematically
searched the PubMed database (see Supplemental Table 1,
http://links.lww.com/HRP/A30). Additional articles were
identified through Google Scholar queries and the biblio-
graphies of articles meeting the inclusion criteria. Sample
characteristics of the studies included are listed in Supplemen-
tal Table 2, http://links.lww.com/HRP/A32.7–17 We focused
on the following aspects of the longitudinal course of SZ
in humans: symptomatology, cognition, and neuroimaging,
as these are key topics in SZ research. We found that by dis-
tinguishing short-term (~5 years or less) from long-term follow-
up studies and by discussing SZ in late adulthood separately,
we were best able to present the results in a structured manner.

Diagnosis
We included only studies in which a diagnosis of SZ was
based on the third or later edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM), the ninth or
tenth editions of the International Classification of Diseases
(ICD), or the Research Diagnostic Criteria.18 Due to differ-
ent diagnostic criteria of DSM and ICD concerning schizo-
affective disorder, only studies investigating SZ are included
in the present review. One study on symptomatology (in-
cluded in the present review) also investigated patients with
schizophreniform disorder.7

Research Design
We considered only prospective studies that also investigated
one or more control groups. Studies on the symptomatology
of SZ over time constitute an exception; we know of no lon-
gitudinal study that investigated SZ symptoms in patients
and, in parallel, in an unrelated, healthy control group. Thus,
we also considered uncontrolled studies in that area. For
other areas considered in this article, the control group
could be of any kind to avoid “supernormal” control groups.19

To be included in our review, studies had to include a follow-up
interval between measurement points of at least six months.
Also, only research that used identical instruments for repeated
measurements was considered. Although we required studies
to be purely observational in order to minimize the influence
of treatment effects, in most studies patients received some
kind of treatment. Therefore, possible influences of medica-
tion on the results are reported and discussed alongside the
primary findings. Finally, we did not take into account stud-
ies in which the majority of participants were younger than
Harvard Review of Psychiatry
18 years. Research had to be published in English-language,
peer-reviewed journals. Single-case studies and conference
abstracts were not considered.

In summary, we employed stringent inclusion criteria
and focused on longitudinal studies that investigated nar-
rowly defined SZ using, within each study, the same in-
strument at all measurement points. We focused on the
following areas: positive and negative symptoms, cogni-
tion, and neuroimaging.

META-ANALYSIS ON LONGITUDINAL TRAJECTORIES
OF COGNITION: DATA EXTRACTION AND
META-ANALYTIC CALCULATIONS
Two of the authors (UH and MS) independently extracted
all data. For each study, the overall means at baseline and
endpoint (or, if unavailable, change scores) in cognitive
tests were extracted. If the overall mean was not available,
all measures of cognitive functions were extracted and aver-
aged to obtain a single effect size per time point and study.
The effect-size measure was the standardized mean differ-
ence expressed as Hedges’ adjusted g. Standard inverse of
the variance weighting was used for pooling the studies. As
we expected considerable heterogeneity between studies,
we applied the DerSimonian and Laird random-effects
model throughout.20 The degree of heterogeneity was esti-
mated by the I2 statistics21 (I2 values >50% reflecting con-
siderable heterogeneity) and a chi-square test of homogeneity
(α set at p < .1). Age was identified as a potential reason
for heterogeneity and was explored with meta-regression
(Supplemental Figure 2, http://links.lww.com/HRP/A34).
Intention-to-treat data sets were used whenever available.
Meta-analytic calculations were performed using Compre-
hensive Meta-analysis version 2 (http://www.meta-analysis.com)
and STATA version 12 (http://www.stata.com). Two-sided
α was set at p < .05.

POSITIVE AND NEGATIVE SYMPTOMS

Short-Term Course
Arndt and colleagues7 followed a group of young patients
diagnosed with SZ or schizophreniform disorder for two years.
Psychotic symptoms (delusions and hallucinations) were
strongly reduced at discharge compared to index hospitali-
zation and remained stable at that level—a pattern also
observed with disorganized symptoms. Negative symptoms
remained stable. The course of positive and negative symptoms
was also assessed in several neuroimaging studies (see below
and Supplemental Table 2, http://links.lww.com/HRP/A32).
Some studies found constant positive symptomatology,10–12

whereas others8,9 found improvement over the study interval.
Regarding negative symptoms, a similar pattern can be ob-
served, with some studies detecting constancy9,11,12 and others
finding improvement.8,10 These mixed results may reflect dif-
ferences in statistical power, as the two studies11,12 that did
not detect any improvement (in either positive or negative
symptoms) investigated relatively few SZ patients (n = 10
www.harvardreviewofpsychiatry.org 119
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and n = 20, respectively). Conversely, three7,8,10 of the four
studies that did find improvement in at least one area7–10 were
based on larger samples that included at least 40 SZ subjects
(see Supplemental Table 2, http://links.lww.com/HRP/A32).
Concerning the effects of medication, the subjects of Arndt
and colleagues' study7 probably received typical antipsy-
chotic medication, whereas most subjects in neuroimaging
studies were treated with atypical antipsychotic medication
(see Supplemental Table 3, http://links.lww.com/HRP/A35).
7–17,22–45 However, no differential effects of these two classes
of medication are evident.

Long-Term Course
The MUFUSSAD study reassessed a sample of SZ patients
after a period of 15 years and observed rather stable negative
symptomatology together with a considerable reduction in
paranoid-hallucinatory symptomatology.13 The majority of
patients (57%) had a chronic illness course, and 39% an
episodic-remitting course. High positive-symptom scores at
admission and high negative-symptom scores at discharge
significantly predicted a chronic course. Two studies14,15 ana-
lyzed data from the Chicago Follow-up Study on the long-
term course of positive symptoms, with measurement points
at 2, 4.5, 7.5, 10, 15, and 20 years after index hospitaliza-
tion. Rosen and colleagues14 longitudinally compared SZ and
bipolar patients for the presence of Schneiderian first-rank
symptoms (including delusional perceptions and commenting
voices). Two and 4.5 years after index admission, almost half
of the patients with SZ (44%) experienced first-rank symptoms,
but these values declined to 30% at the 10-year follow-up
and rose again to 44% at the 20-year follow-up. At three
measurement points (2, 4.5, and 7.5 years), the SZ patients
experienced significantly more positive symptoms than the
bipolar patients. When hallucinations were investigated sep-
arately over time, roughly 80% of SZ patients experienced
symptoms of this kind at index hospitalization.15 This
value continually declined to approximately 30% at the
15-year follow-up, and showed only a slight increase at
the last measurement point (20 years). Regarding specific
hallucinations, a different pattern was found for comment-
ing voices, which are often present in SZ. The percentage of
patients experiencing them rose from 25% to 33% and
35% at first and second follow-ups (2 and 4.5 years), respec-
tively, before declining to previous levels for the rest of the
study period.14 Whereas clear conclusions about the effects
of medication status are difficult to draw from these studies,
a higher proportion of unmedicated subjects appears to
experience longitudinally fluctuating positive symptoms
(see Supplemental Table 3, http://links.lww.com/HRP/A35).

In Late Adulthood
Research on positive and negative symptom severity in senes-
cence has produced conflicting results. In an uncontrolled
study on elderly SZ patients, Harvey and colleagues16 found
that, whereas positive symptomatology remained constant
120 www.harvardreviewofpsychiatry.org
over the one-year follow-up, negative symptoms worsened.
By contrast, McGurk and colleagues17 observed a pattern of
improving positive, and stable negative, symptomatology,
based on a 15-month follow-up study. These results may, in
part, be explained by different subject-selection criteria. The
McGurk study focused on poor-outcome SZ and excluded
concurrent neurological conditions. The specific medication
status of patients in the two above studies is not reported
(see Supplemental Table 3, http://links.lww.com/HRP/A35).
Given that patients in both studies were institutionalized long
term, it is likely that most of them were treated with antipsy-
chotic medication over the study interval. Also, considering
publication dates, it can be hypothesized that most partici-
pants had been treated with typical antipsychotic medica-
tion at some time during their lifetimes.

COGNITION: LONGITUDINAL STUDIES
It is well known that SZ patients show impairments in cog-
nitive functioning, which are thought to be rather general
and not restricted to a single domain.45 Various neurocog-
nitive phenotypes have been proposed as endophenotypes46

and been shown to predict disease outcome.47 Mojtabai
and colleagues48 have shown that the neuropsychologi-
cal profile of SZ patients is distinct from that of psychotic
affective disorders—which further emphasizes the need
for diagnostic specificity. In this section, we first consider
longitudinal cognitive changes separately for short- and
long-term follow-up periods, followed by an overview of
schizophrenia in late adulthood. We then summarize results
grouped according to broad neuropsychological domains.
In the section following this one (presenting the results
of longitudinal studies), we present a meta-analysis of re-
sults regardless of follow-up duration and neuropsycho-
logical domain.

Short-Term Longitudinal Follow-up Studies
(~5 years or shorter)
Albus and colleagues25 investigated cognitive function over
a two-year follow-up in a sample of first-episode patients.
They studied learning, memory, and executive function.
While the authors showed improved performance in verbal
learning, other aspects of cognitive performance remained
stable. Stable performance in visual memory was attributed
to the inability of SZ patients to benefit from repeated prac-
tice, as the healthy control group improved in this area. Rund
and colleagues22 studied digit-span performance and found
weaker results in the paranoid SZ group and decreased per-
formance stability over time (four-year follow-up). Studying
a subsample of the Chicago Follow-up Study, Burdick and
colleagues27 administered a battery of cognitive tests to both
SZ and bipolar patients at time points five years apart. They
found a significant diagnosis-by-time interaction, with SZ
patients performing worse over time in a test of executive
function (verbal fluency) but with stable performance in most
other domains. The digit-span test used by Rund and colleagues22
Volume 24 • Number 2 • March/April 2016
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Longitudinal Course of Schizophrenia
comprises distractor items that, similar to verbal fluency,
also tap the executive domain. However, neuroimaging
studies that also assessed executive performance10,12 have
not found group-by-time interactions. This difference may
be related to medication status (see Discussion): whereas high
proportions of participants in neuroimaging studies were
treated with atypical antipsychotics (Supplemental Table 3,
http://links.lww.com/HRP/A35), patients in cognitive in-
vestigations, often with a long follow-up durations (see be-
low), were mostly treated with typical antipsychotics.

Besides the difference concerning group-by-time interac-
tions, neuroimaging studies8,10,12,38 have also found stable
cognitive deficits of SZ patients in areas such as crystallized
IQ and both episodic and working memory, thereby adding
to the notion of generally stable cognitive performance (with
notable exceptions). There does not appear to be a difference
between first-episode and chronic patients.8 On a wider and
less controlled timescale, Heaton and colleagues24 assessed
a relatively large sample, at a minimum of two time points,
using the comprehensive Halstead-Reitan test battery. This
battery includes tests in the areas of verbal, psychomotor,
abstraction/cognitive flexibility, attention, learning, delayed
recall, andmotor abilities. Group differences remained stable,
regardless of the duration of follow-up (less or more than
36 months). Also, no differences in practice effects were
identified between baseline and first assessment in either
patients or controls. Nor did the authors find differences
among subgroups of patients defined by various characteris-
tics such as age, baseline level of cognitive functioning, and
clinical symptomatology.

LONG-TERM LONGITUDINAL FOLLOW-UP STUDIES Assessing multi-
ple time points, the Chicago Follow-up Study followed young
patients with SZ and other psychotic disorders, as well as
another comparison group that had nonpsychotic depression,
for more than 20 years.28 The authors measured both pro-
cessing speed and the ability to access general knowledge.
The three groups differed significantly in processing speed
at index admission, with SZ patients showing the lowest
scores. All three groups had improved significantly at the
first follow-up after two years, underscoring the need for
the inclusion of control groups. In the remaining follow-
ups, there were no changes in any group, suggesting sta-
bility of the processing-speed deficits in the SZ group. The
ability to access general knowledge was lower in the SZ
group at index admission, compared to the other experi-
mental groups, but it improved significantly at follow-up—
an effect not observed in both control groups. At the follow-up,
SZ patients continued to perform worse than the other
groups at most measuring points, adding to the notion of
stable neuropsychological performance in the long term.

Schizophrenia in Late Adulthood
When subjected to a number of tests related to dementia, late-
onset SZ patients show significant differences over time.26
Harvard Review of Psychiatry
Approximately half of the patients assessed at the five-year
follow-up met DSM-IV criteria for dementia, highlighting a
possible neurodegenerative aspect in late-onset SZ or hinting
at comorbid dementia.Worsened cognition, however, may be
a general feature of SZ in the elderly. To this end, Friedman
and colleagues23 compared institutionalized older (>50 years)
and institutionalized young SZ patients with older control
subjects whowere either healthy or suffered fromAlzheimer’s
disease. Progressive cognitive deterioration in the older pa-
tients measured with the Mini–Mental State Examination
was observed. That pattern, which was observed in neither
the younger patients nor the healthy comparison subjects,
was qualitatively different from the one observed in dementia
patients. Whereas the older SZ patients’ cognitive decline
depended on age at follow-up, Alzheimer patients showed de-
cline independent of age at follow-up, and healthy controls
showed little decline. Neither of the above studies gives suffi-
cient information on the medication status of participants to
draw any conclusion about the influence of psychopharma-
cology on results.

Domain-Specific Review of Results
The above separation of results into both short- and long-
term studies and SZ in late adulthood is an intuitive approach
if one wants a broad overview of the effects of SZ over the
lifespan. A more detailed picture emerges, however, if speci-
fic neuropsychological domains are considered apart from
follow-up duration. In order to provide a more detailed view of
changes in what are generally considered different abilities, Sup-
plemental Table 4, http://links.lww.com/HRP/A36,8,10,12,22–28,38

summarizes findings in the following domains: executive
functions, verbal learning, visual memory, verbal memory,
episodic memory, language, processing speed, knowledge/
crystallized IQ, global tests, perception, and both sensory
and motor abilities.

Executive functions (for review, see Royall et al. [2002])49

are a broad set of metacognitive functions that are associated
with frontal brain areas and whose borders, especially with
respect to working memory,50 attention,51 and intelligence,52

are somewhat fuzzy.53 In order to account for this interdepen-
dence, we have grouped several tests and neuropsychological
domains (as mentioned above; see Supplemental Table 4,
http://links.lww.com/HRP/A36) under the label of executive
functions. Despite the remaining variability, this approach
appears to provide further evidence for a decline in executive
functions after follow-up periods of approximately five years
(see also preceding subsections under Cognition). It remains
unclear whether verbal learning changes.25,27 The relative
decline in verbal memory8 appears to be partly due to an
improvement in the control group;27 it may be that unlike
the controls, SZ patients have a specific inability to benefit
from repeated practice.54 Visual memory appears to be sta-
ble,8,25 as does episodic memory,10,12 processing speed27,28

(see above), and knowledge/crystallized IQ10,12,28 (see above).
Also, results of global tests remain unchanged24,38 except in
www.harvardreviewofpsychiatry.org 121
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old age23,26 (see above). There are also no changes in lan-
guage, perception, and sensory or motor skills.8 Medication
status appears to moderate the decline in executive functions
(see above).

As discussed in next section, some evidence suggests that
global cognitive function deteriorates in later life stages.
And as discussed in the section after that, the measurable de-
clines in both executive functions and verbal memory (see
above) occur along with changes observed in the frontal
and temporal cortices.

COGNITION: META-ANALYTIC COMPARISON
OF LONGITUDINAL COGNITIVE CHANGES:
MEAN OVERALL STANDARDIZED
PERFORMANCE DIFFERENCES
We used meta-analytic techniques to compare global cog-
nitive performance over time between SZ patients and con-
trols. The analysis comparing patients to healthy controls
Figure 1. Forest plot of mean global cognitive impairment at the different time
study,24 change scores are reported. See Supplemental Table 4, http://links.lww.co
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included data from 388 SZ patients and 544 controls. When
comparing SZ patients to psychiatric controls, we analyzed
data from 103 SZ patients and 148 psychiatric controls.

Changes in Overall Cognition Between SZ Patients and
Healthy Controls
Eight studies10,12,22–26,38 (15 comparisons) presented usable
mean baseline, change, or endpoint values on cognitive tests.
While patients with SZ consistently performed worse than
healthy controls at both baseline (n = 7 studies; Hedges’
g = −1.43; 95% CI, −2.04 to −0.81) and endpoint (n = 7
studies; Hedges’ g = −1.5; 95% CI, −2.12 to −0.87) (see
Figure 1), the magnitude of the difference between SZ pa-
tients and healthy controls showed considerable heteroge-
neity (I2 was 89.9% at baseline and 88.2% at endpoint).
Considering the change between baseline and endpoint,
the performance difference for the individual studies did not
show significant increase between baseline and endpoint.
points (baseline and endpoint) of SZ patients versus healthy controls. For one
m/HRP/A36, for sample sizes.
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That observation was also corroborated by the study of
Heaton and colleagues,24 which, in contrast to the other
studies, showed only the mean change and not the cognitive
measures at baseline and endpoint (Hedges’ g = 0.11; 95%
CI, −0.1 to 0.32).

Changes in Overall Cognition Between SZ Patients and
Other Psychiatric Patients
Four studies22,27,28,38 (eight comparisons) had usable mean
baseline and endpoint values of cognitive tests. The perfor-
mance differences between patients with SZ and patients with
other psychiatric disorders were smaller than when SZ pa-
tients were compared to healthy controls. These differences
between SZ and other psychiatric patients were not always
significant for each individual study but reached statistical
significance when means of all studies per time point were
pooled (Baseline: n = 4 studies; Hedges’ g = −0.48; 95% CI,
−0.74 to −0.22. Endpoint: n = 4 studies; Hedges’ g = −0.65;
95%CI, −0.94 to −0.36. Heterogeneity, I2 = 0%). The differ-
ences between baseline and follow-up were not statistically
significant (p = .39). The psychiatric diagnoses of the compar-
ison groups were as follows: nonpsychotic depression and
other psychotic disorders;28 bipolar disorder;27 first-episode
affective psychosis;38 and a mix of borderline personality, af-
fective, and somatization disorders.22

Exploring the Effect of Age by Meta-regression
Given the large heterogeneity of effect sizes between studies
that longitudinally investigated cognitive performance, we
were interested in factors accounting for this variability. We
found the age of study participants at baseline to be associ-
ated with lower performance on cognitive tests (see Supple-
mental Figure 2, http://links.lww.com/HRP/A34). Older SZ
patients had more pronounced performance differences than
healthy controls (slope, −0.03; 95% CI, −0.06 to −0.01; p =
.026). Regarding changes in overall cognition between patients
and psychiatric controls, we did not detect any significant
effect of age (slope, 0.047; 95% CI, −0.07 to 0.17; p = .239).

In essence, results of the meta-analysis show stable cogni-
tive differences over time, both between SZ and healthy con-
trols and between SZ and other psychiatric controls. Moreover,
the age of study participants at baseline may partially explain
the large heterogeneity of effect sizes between SZ and healthy
controls. This age effect was not detected between SZ and
psychiatric controls.
NEUROIMAGING
Amultitude of cross-sectional studies support structural brain
alterations in SZ patients and controls: gray matter reduc-
tions in frontal, temporal, and post-central cortical regions,
and increased ventricular size and white matter reductions
in the corpus callosum.55 A meta-analysis of 27 longitudinal
studies56 found progressive decreases in brain volume and
in gray and white matter, as well as large increases in lateral
ventricular volume. Given that none of the studies reviewed
Harvard Review of Psychiatry
here includes a follow-up interval longer than 7.5 years
(see Supplemental Table 5, http://links.lww.com/HRP/A37),
8–12,29–44,57 we base the following comparison on brain struc-
tures rather than on follow-up time. In terms of imaging tech-
nique, structural magnetic resonance imaging (MRI) has
been used in almost all studies investigating longitudinal
volume changes. One older study,30 conducted before the
widespread use of MRI in research, employed computerized
tomography, an X-ray technology. Today, the relatively safe,
noninvasive nature of MRI, together with its superior tissue
contrast, makes it the method of choice for volumetric in vivo
measurements. In functional studies, dynamic physiological
differences were visualized using functional MRI (fMRI),
which measures hemodynamic effects associated with neu-
ral activity, and magnetic resonance spectroscopy (MRS),
which enables in vivo quantification of tissue metabolites.58

Ventricular Size
Of the eight studies29,31–33,35,38–40 on lateral ventricular
size, six29,31–33,35,39 found no change in size over time. How-
ever, several studies noted heightened variability in SZ patients,
both at baseline and over time. And some studies refute the
notion of generally stable ventricular size. For example, males
suffering from chronic SZ were found to have ventricular
enlargement of the left, but not the right, lateral ventricle.31

Another study38 reported an increase of the lateral ventri-
cles, falling short of a hemispheric effect, in first-episode pa-
tients compared to healthy controls and individuals suffering
from bipolar disorder. A study of first-episode patients40 found
progressive lateral ventricle enlargement in cannabis-consuming
schizophrenics, but not in non-cannabis-consuming schizo-
phrenics, compared to healthy controls. Also, poorer out-
comes predicted greater enlargement of lateral ventricles.33

Likewise, a study by Davis and colleagues30 found progres-
sive bilateral ventricle enlargement only in poor-outcome
patients with no evidence of symptom remission. In sum-
mary, lateral ventricle volume generally appears to be stable,
with increased variability in people suffering from SZ, possi-
bly related to positive symptom remission.

Brain Volume
Investigations of whole brain volume have produced clear
results. With a few exceptions,39 studies have not detected
differences over time.8,33,35,36,40 Price and colleagues36 used
magnetization transfer imaging, an MRI technique sensitive
to subtle anomalies, to longitudinally investigate progres-
sion of potential whole-brain neuropathological changes.
They found no evidence of exaggerated progression in pa-
tients. Regarding volume changes of specific brain areas, pro-
gressive frontal volume changes were noted8 in one study,
and another study33 observed a similar effect. Differences
in temporal lobe volume were found in neither study. Further
evidence for a lack of progressive loss in temporal lobe volume
comes from two other studies investigating the superior tem-
poral gyrus42 and the amygdala-hippocampal complex.35,42
www.harvardreviewofpsychiatry.org 123
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The shape (but not volume) of the hippocampus changes
over time in SZ patients.10 The parietal lobe was also investi-
gated, but no progressive changes, compared to controls,
were detected.33

Gray Matter, Sulcal Cerebrospinal Fluid, and White Matter
Several fine-grained investigations of gray matter changes
have found progressive decreases in both first-episode34,37,38,40,43,57

and chronic31,39 patients. Whereas two of these studies ob-
served a decline in total cerebral gray matter,39,40 other in-
vestigations found specific regional gray matter reductions in
frontal8,31,37,38,43 and temporal34,37,38 cortices. Notably, an
inverse relationship between gray matter volume and symp-
tom severity has been reported.38 Complementing studies on
gray matter changes, some studies have found increases in
sulcal cerebrospinal fluid over time,31,33,38 and faster rates
of increase have been correlated with positive symptoms
scores.31 Some evidence suggests exaggerated longitudinal
progression of cortical thinning of frontal and temporal areas
in SZ patients, which is correlated with deficits in several
cognitive domains.12 Cortical surface contraction, observed
in both SZ patients and control subjects, is exaggerated in
SZ, resembling accelerated normal neurodevelopmental pro-
cesses.41 Regarding white matter changes, some evidence sug-
gests differential changes over time in patients and controls.
In one study, white matter volume increases were less in pa-
tients than in controls,39 and in another study a small white
matter volume reduction was detected in patients, whereas
white matter increased in controls over the same study pe-
riod.33 More severe negative symptoms were correlated with
a greater decline of frontal white matter.33

Subcortical Brain Structures
Although most research focuses on cortical regions, a few
studies investigate deeper brain structures. Apart from the
hippocampal surface changes mentioned above, evidence in-
dicates a deformation (exaggerated surface changes over
time) of the caudate nucleus and thalamus in SZ, with a vol-
ume decline occurring only in the caudate nucleus.10 Putative
progressive changes in two neurodevelopmental alterations,
the cavum septum pellucidum and a reduced adhesio inter-
thalamica, have also been investigated, though with no signif-
icant differences over time in the SZ group.44

fMRI and MRS
Only a few studies have investigated longitudinal functional
changes. Théberge and colleagues57 described elevated gluta-
mine levels in the left thalamus in never-treated, first-episode
SZ patients that progressively normalized over the 10- and
30-month follow-ups. This finding suggests abnormalities of
the brain glutamate system in untreated first-episode patients,
progressively normalizing over time; it may therefore be a
treatment effect. In an fMRI study of first-episode patients,
positive and negative mood induction was studied over a
period of six months.9 Results show frontal, temporal, and
124 www.harvardreviewofpsychiatry.org
occipital, as well as both pre- and postcentral, group-by-
time effects during negative mood induction. As positive
symptomatology was reduced at follow-up, these findings
were also interpreted as treatment effects.9 Finally, one study
investigated the reliability of functional activations induced
by listening to a factual story.11 It found, both globally and lo-
cally, that controls and chronic SZ individuals had a similar
reproducibility over the 21-month period. In that study the au-
thors found no change in symptomatology over the follow-up
period. Taken together, the few available functional-imaging
studies suggest changes following initial treatment but stability
in chronic SZ.

DISCUSSION
The goal of our review and meta-analysis was to identify
hallmarks of the course of SZ. We aimed at reducing het-
erogeneity across studies by applying a stringent methodol-
ogy. First, we applied a narrow diagnostic definition of SZ,
thereby excluding all studies with schizo-affective subjects.
Second, we concentrated on repeated measurements rather
than on outcomes, with the aim of capturing the effects of
time more directly. Third, we focused on studies that in-
cluded control groups. Although our approach has led to
a concise description of the course of SZ and to novel con-
cepts of the etiology of cognitive dysfunction (see below),
these three restrictive factors may result in a few limitations
that need to be discussed. It could be argued that, taken
together, these factors considerably reduced the body of
available studies and that our approach therefore ignores
a large body of important work accumulated over the last
decades. Even so, our approach enabled us to substantially
reduce heterogeneity of individual trajectories by narrowing
our diagnostic focus. Such an approach is in line with cur-
rent research work on classification, as the poor reliability
and therefore questionable validity of schizo-affective disor-
der in DSM-IV led to new diagnostic criteria in DSM-5,59

which emphasizes the need for diagnostic specificity. It
is well known, however, that in clinical reality, symptom
clusters such as psychosis often cross (artificial) diagnostic
boundaries. An alternative approach to reduce heterogene-
ity would thus be to investigate specific symptom clusters
only, regardless of DSM diagnosis. The National Institute
of Mental Health Research Domain Criteria project spear-
heads such investigations, exchanging diagnostic categories
for dimensional biobehavioral approaches.60 While we
strongly believe that this approach will prove fruitful in the
future, we think that if the aim is to summarize findings of
past longitudinal studies, relying on specific DSM categories
provides a good framework.

It may further be cautioned that in determining the
course of illness, our review does not primarily focus on
two important variables: treatment, and treatment adher-
ence. Most of the studies reviewed here have, of necessity,
been conducted in patients receiving treatment (see Sup-
plemental Table 3, http://links.lww.com/HRP/A35). Apart
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Text Box 1
Main Findings over Time in the Different Areas

Under Study*

Symptomatology
–Decreasing or stable positive and negative symptoms
(short term)

– In the long term, positive symptoms vary, whereas
negative symptoms remain relatively constant

– Conflicting findings concerning later life
Cognition

– Generally stable impairments, both short and long
term, in all domains

–Agemodulates themagnitude of differences between
patients and controls

– Putative short-term variation in the executive do-
main, possibly related to medication status

– Worsening of cognition in later life, associated with
neurodegeneration

Neuroimaging (short follow-up periods)
– Overall stable whole-brain and lateral ventricle vol-
ume, despite varying results

– Ongoing frontal, but not temporal, lobe volume
reduction

– Progressive gray and white matter changes
– Surface changes of deep brain nuclei
– Functional changes covary with symptomatology

*In all but the first area, results are in comparison to
control groups.
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from progressive pathological processes, the observed
alterations may thus also be ascribed to effects of antipsy-
chotic medication or other treatment. To acknowledge this
feature of the studies, we have reported treatment infor-
mation along with the results of interest. Nevertheless, the
studies differ considerably not only in the proportion of
participants treated with antipsychotic drugs but also in the
type of antipsychotic medication—which makes it difficult
to distinguish drug from illness effects. Keeping these restric-
tions in mind, results suggest that medication is an important
modulator of the short-term decline of executive functions—
which appears to be absent in patients treated with atypical
antipsychotic medication. However, as important as this find-
ingmay be, we need to emphasize that the focus of our review
was on change over time compared to controls, and not a
comparison of treatments or adherence within the SZ group.
Also, Olabi and colleagues56 highlight the methodological
challenge of adequately distinguishing between illness and
long-term treatment effects in longitudinal neuroimaging
studies. In the present review, neuroimaging studies were
mostly conducted in patients that received atypical antipsy-
chotics. The neurobiological alterations observed in most of
these studies12,32–34,43 did not show a correlation with medi-
cation dose. Exceptions include both protective38 and detri-
mental8 effects of antipsychotics on neocortical gray matter
and frontal lobe volume, respectively, in first-episode patients.
In contrast to other findings in patients mainly treated with
typical antipsychotic medication,61 the neurobiological alter-
ations reviewed here thus appear to reflect the disorder rather
than the treatment, at least in chronic patients.

Our focus on controlled studies and repeated measures
was intended to identify methodologically sound properties
of SZ over the lifespan—rather than correlative results. To
that end, it is noteworthy that only four studies followed pa-
tients over one or more decades.14,15,24,28 Particularly in the
field of neuroimaging, follow-up durations are limited to only
a few years, and rarely beyond six years. Importantly, longer
follow-up durations may allow for the investigation of long-
term effects of antipsychotics on brain structure, given that
their long-term antipsychotic efficacy has recently been chal-
lenged.62 In line with this observation, we found varying de-
grees of symptomatic impairment over longer time intervals.

In conclusion, given these limitations, we think that the
following observations may be considered robust (see also
Text Box 1):

– While positive and negative symptoms decrease or stay
stable in the short term, studies that have longer observa-
tion times andmoremeasuring points suggest fluctuating
positive and somewhat stable negative symptoms, possi-
bly related to medication intake.

– The deficits across cognitive domains are relatively sta-
ble, both short and long term, with executive functions
showing short-term variability in some studies,22,27

putatively related to typical antipsychotic medication.
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Meta-analysis identifies age at baseline as a predictor
of the magnitude of cognitive change. In a recent com-
munication, Zipursky and colleagues63 noted that the
accelerated cognitive decline in elderly SZ patients
demanded further attention by scientists (see also below).

– Brain-imaging studies in young adults show overall
stable whole-brain and lateral ventricle volume. In line
with the meta-analysis of Olabi and colleagues,56 there
is progressive frontal, but not temporal, lobe volume re-
duction. A progressive reduction in gray matter is well
established in first-episode patients, and white matter
changes are also apparent over time. In general, the few
functional studies suggest changes after initial treatment
but stability in chronic SZ.

More than a century after Kraepelin’s seminal work, our
study underscores the need for stringent studies of the longitu-
dinal course of SZ (see also Text Box 2).

The conclusions of our review are in line with the work of
Kurtz,64 as they also show stability of deficits in young SZ
adults and a decline in elderly SZ individuals. A major find-
ing of the present work, however, is that age at baseline acts
www.harvardreviewofpsychiatry.org 125



Text box 2
Suggestions for Future Longitudinal Research Studies

– Longer follow-up intervals andmoremeasurement points
– Diagnostic consistency
– A focus on SZ progression in later life stages
– A combination of cross-sectional and longitudinal re-
search to distinguish between age and birth-cohort
effects.

U. Heilbronner
as an important modulator of the magnitude of the mostly
stable cognitive differences between patients and controls.
This finding indicates that interactions of time and disease
progression need to be further investigated.More specifically,
it is unclear if patients show an insidious decline in cognitive
performance, not reliably captured by studies using relatively
short follow-up intervals, or whether observed cognitive
changes are due, instead, to birth-cohort effects or the effects
of differential disease onset. Birth-cohort effects include, for
example, effects of different medication or other environmen-
tal variables that are differentially effective in particular age
groups. In other words, it is unclear whether the observed
differences between age groups are due to the endogenous
disease process or not. Research on normal human cognitive
aging benefited enormously from the combination of longi-
tudinal and cross-sectional research,65–67 demonstrating that
cross-sectional differences between birth cohorts may be
larger than longitudinal changes within birth cohorts.68 Such
an approach has the potential to explain how SZ can be both
a neurodevelopmental disorder inducing static encephalopa-
thy69 and a disorder with a neurodegenerative course.2,70

Apart from time effects discussed above, an important
goal of the present work has been to integrate different fields
of study. The synthesis of findings from studies on symptoms,
neuroimaging, and neuropsychology reveals a combination of
pathological events apparent in studies with a short (<5 years)
follow-up period. The progressive decline in executive func-
tions proceeds in tandem with progressive frontal volume re-
ductions, increased frontal cortical thinning, and declines
in both frontal gray matter and white matter. Taken together,
these results suggest both frontal atrophy and decline in be-
havioral processes thought to be mediated by the frontal
lobes. Despite a general symptom reduction over this time
period, the subgroup of patients with decreased gray matter
and white matter experience greater positive and negative
symptoms, respectively.

The following results are also worth noting. First, a subtle
reduction in verbal memory over time, only indirectly detected
via an improvement in the control group, may indicate pro-
gressive gray matter alterations in temporal lobe structures,
such as the hippocampus, responsible for memory formation.
Second, despite the general finding of overall constant ventricle
volume over time, some studies associate increasing ventricle
volume in a subset of patients with poor outcome, pointing
126 www.harvardreviewofpsychiatry.org
to hemispheric lateralization as an important mediating factor.
Third, although antipsychotic medication appears to normal-
ize disturbed metabolism in first-episode patients, this process
is halted in chronic patients. Later in disease, cognitive function
remains stable, but neuroanatomical changes continue. The
processes mediating the magnitude of this stable cognitive
impairment require careful investigation. In later life stages,
however, the continuous changes in the brain may culminate
in a global deterioration of cognitive function.

By integrating results from various sources, this review has
provided a concise summary of the course of SZ over the
lifespan. While the approach taken here may have helped
to reduce the effect of heterogeneity across studies, only
well-designed longitudinal studies with adequate power will
eventually pave the way for a more detailed and robust under-
standing of the disease processes underlying SZ. Such advances
can be expected, in turn, to lead to the more individualized
treatment that Kapur and colleagues71 refer to as “stratified
psychiatry.”
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