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Schizophrenia is a biological and behavioural disorder which manifests itself in neurocognitive
dysfunctions. The question of whether these key characteristics of the disorder are due to
schizophrenia being a degenerative disorder has been discussed for more than 100 years.
Neuropsychological data indicate that neurocognitive functions are relatively stable over time
after iliness onset. Several studies show that there is a decline in neurocognitive functioning
prior to and in connection with onset of illness. There is no convincing evidence, however, that
there is a progressive neurodegenerative process after onset of iliness. Morphological data,
on the other hand, indicate a degenerative process. Several novel longitudinal studies indicate
a rapid reduction of vital brain tissues after onset of illness. In this paper some ideas about
compensatory reactions and Cognitive Reserve Theory is outlined as possible explanations of
the recent magnetic resonance imaging studies that show structural changes in the brain after
the onset of schizophrenia, at the same time as cognitive functioning does not become more
impaired. Determining whether schizophrenia is a neurodegenerative illness with progressive
structural changes in the brain after debut of the illness, or a neurodevelopmental disorder
starting in early life, is of significant importance for understanding the pathophysiology of the
illness and its treatments.

neurodegenerative disorder?”
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INTRODUCTION
Schizophrenia is a complex biological and behavioural disorder
which manifests itself in neurocognitive dysfunctions. The question
of whether these key characteristics of the disorder are due to
schizophrenia being a degenerative disorder has been discussed
for more than 100 years.

Before we go into the main theme of this paper, a clarification of
a central concept might be necessary, namely degeneration. What
characterizes a neurodegenerative process? The main issue is that
brain tissue is destroyed. This usually includes cytopathology as
well as neuronal and synaptic loss followed by gliosis, i.e. scar tis-
sue development of the brain. It can also include programmed cell
death, such as apoptosis, which does not lead to any scar tissue.
Further, probably loss of isolated nerve cells may occur without
gliosis. A degenerative process is the basis for most states of demen-
tia. However, we must also be aware of the fact that a decrease in
the brain volume (grey matter) occurs in healthy people, starting
at the age of 15-20 years (Rapoport et al., 1999; Hulshoff Pol and
Kahn, 2008). An important emerging research area is the role of
glia cells in the regulation of neurodegeneration. A comprehensive
treatment of this topic is beyond the scope of this paper. A review
of this topic is to be found in Miiller and Schwarz (2007).

Kraepelin (1919) was clearly of the opinion that schizophrenia is
a degenerative disorder (dementia praecox). This view held stance
until the middle of the last century. At that time some reports
began to emerge that patients with schizophrenia could be cured

through long term psychotherapeutic treatment or in some other
way recover completely from the disorder. How could an illness be
degenerative if it was possible to recover from it?

During the 1980 and 1990s several longitudinal studies of neu-
rocognitive functioning in patients with schizophrenia began to
emerge. These studies showed no evidence of decline in function
over time. This was taken to indicate that there is no ongoing degen-
erative process in the brain, at least not after the onset of illness
(Rund, 1998). Instead, a neurodevelopmental model emerged as
the dominant explanatory framework for schizophrenia. According
to this model normal brain development is disturbed by genetic or
environmental factors in patients with schizophrenia. The model
is supported by findings like higher prevalence of obstetric com-
plications, minor physical anomalies, and neurological soft signs
among people who later develop schizophrenia; as well as brain
morphology findings that show smaller brain volumes even before
the emergence of psychotic symptoms. The neurodevelopmental
hypothesis was put forward as an alternative to the neurodegenera-
tive hypothesis, although the two models do not stand in opposition
to each other.

However, a few years ago the hypothesis of schizophrenia as a
degenerative disorder re-emerged. This was primarily based on
several new longitudinal magnetic resonance imaging (MRI) stud-
ies that showed substantial increases in the brains cavities (see
next section), and corresponding excessive shrinkage of vital brain
tissue, during the first years after the onset of illness. These studies
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have led some to opine that the neurodegenerative hypothesis may
have been overshadowed by the ascendancy of the neurodevelop-
mental hypothesis (Weinberger and McClure, 2005).

WHAT DO WE KNOW ABOUT STRUCTURAL CHANGES IN THE
BRAIN OF PATIENTS WITH SCHIZOPHRENIA?

First of all, we have clear empirical support to state that there are
changes occurring in the brains of patients with schizophrenia
(Shenton et al., 2001; Harrison and Lewis, 2003; Weinberger and
Marenco, 2003; Weinberger and McClure, 2005). The most robust
findings seem to be that patients with schizophrenia have:

a. Larger ventricles than healthy controls. An increase in the late-
ral ventricle was found in 80% of the studies, while an enlarged
third ventricle was found in 73% of the studies (Weinberger
and Marenco, 2003). Seen together, 30 studies have found that
patients with schizophrenia had 26% larger ventricles than
healthy controls.

b. The volume of the frontal lobes is reduced compared to healthy
controls. This was found in 59% of the studies. Parietal- and
occipital lobe-abnormalities have also been found in several
studies (Niznikiewicz et al., 2003).

c. There is a reduction in the volume of the temporal lobes,
amongst other areas in the medial temporal lobe, which inclu-
des the amygdala—hippocampal complex and the neocortical
temporal lobe. Temporal lobe reduction was found in 74% of
the studies (Shenton et al., 2001).

However, it is primarily the fact that these changes in the brain
seem to progress at rapid speed after the patient has become ill, at
least the first years after the onset of illness, which has strengthened
the hypothesis of an ongoing degenerative process. This has been
shown in recent longitudinal studies including several first episode
studies. In most of these studies structural brain changes have been
found already at the time of onset of the psychosis. Pantelis and
colleagues (Pantelis et al., 2003) found structural brain changes
already prior to illness onset in high risk individuals. They found
reduced grey matter in individuals who later developed a psychotic
illness compared to those who did not. Gur et al. (1998) have also
found clear indications that changes in the brain take place before
the clinical symptoms emerge. While the early longitudinal studies
did not indicate any progressive deterioration of the brain early in
theillness (Weinberger and Marenco, 2003), the pattern is different
in many of the more recent studies. Several of these studies showed
dramatic structural changes over a relatively short time period:

— Chakos et al. (2005) showed that patients with schizophrenia
had less hippocampal volume than age matched healthy con-
trols and that the volume reduction was larger in older, than in
younger patients.

— Jacobsen et al. (1998) documented a 7% reduction of the hip-
pocampus per year.

— Rapoport et al. (1997) reported a 7% reduction of the thala-
mus per year in adolescents with schizophrenia. Further they
found a 10% increase in ventricular volume per year. In a
later publication the same research group (Rapoport et al,,
1999) reported a significant reduction in grey matter in fron-

tal and parietal areas in these adolescent patients over a 3- to
5-year period.

— Mathalon etal. (2001) showed that the left lateral ventricle
increased by 13% a year, or a doubling of the size within an
8-year period.

— Delisi et al. (1998) identified a clear reduction in hemisphe-
ric volume in 50 patients with first episode schizophrenia fol-
lowed over a 4-year period.

— Sporn etal. (2003) found a substantial loss of grey mat-
ter through the teenage years in patients with early onset
schizophrenia.

— Kasai et al. (2003) found a 9.6% progressive reduction in grey
matter in the upper left temporal gyrus over a period of 1.5-year
after the first hospitalization in patients with schizophrenia.

— Lawrie etal. (2002) showed a reduction in temporal lobe
volume over a 2-year period in individuals at high risk who
developed psychotic symptoms during this period.

— James et al. (2002) investigated early onset patients with schi-
zophrenia and found enlarged lateral and third ventricle,
in addition to a reduction in the left part of the amygdala.
However, these researchers did not find further deterioration
over a 3-year period.

— Cahn etal. (2002) found that the whole brain grey matter
decreased during a 1-year follow-up of first-episode patients
with schizophrenia.

— Ho etal. (2003) carried out a 5-year follow-up study of first-
episode schizophrenia patients and found that the frontal
white matter decreased.

— Jacob et al. (2005) followed the same prodromal cases as Lawrie
etal. (2002) over another 3 years and confirmed their findings.

— Whitford etal. (2006) found grey matter reductions in first-
episode patients with schizophrenia that were followed-up 2-3
years.

Taken together these studies indicate fairly comprehensive, multi
focal structural changes in the brain over time in patients with
first episode psychosis. Progressive volume loss seems most pro-
nounced in the frontal and temporal areas. Progressive brain tissue
loss in schizophrenia is, during a 20-year time period, found to be
approximately twice that found in healthy people due to normal
ageing (Hulshoff Pol and Kahn, 2008).

Another issue supporting a neurodegenerative hypothesis can be
found in a study by Harvey et al. (1996). They found that in elderly
patients with schizophrenia (above 65 years) there is a further reduc-
tion of neurocognitive functions beyond what would be expected
from ageing. These results are based on a large patient sample. The
findings of Harvey et al. (1996) may lead to speculation as to whether
schizophrenia in some way makes the person particularly sensitive to
the development of dementia in old age, or whether the brain in this
group of patients is more sensitive to neurocognitive impairments
as a response to normal age-related neurodegeneration (2003).

WHAT DO THE NEUROPSYCHOLOGICAL LONGITUDINAL
STUDIES OF PATIENTS WITH SCHIZOPHRENIA SHOW?

The strongest argument against schizophrenia being a neurodegen-
erative disorder is the many longitudinal studies of neurocognitive
functions that show that there is no worsening after the onset of
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illness. Rather in general there seems to be some improvement in
neurocognitive functioning, at least during the first period after
the patients have gone into remission (Rund et al., 2006). It seems
unlikely that a person can perform as well or better on various
neuropsychological tests over time, if there is a simultaneously
ongoing structural degeneration of the brain.

In 1998 Rund summarized the results of the 14 existing lon-
gitudinal studies of neurocognitive functioning in patients with
schizophrenia (Rund, 1998). Only studies that had a follow-up
time of at least 1 year were included in the analysis. It was con-
cluded that after the onset of illness neurocognitive functioning
is relatively stable over time. Kurtz (2004) have updated Rund’s
analysis with eight new longitudinal studies that have been pub-
lished since 1997. Kurtz et al’s results confirm the conclusion of
Rund (Rund, 1998).

After this review article was published, Andreasen et al. (2005)
have published results from a 9-year follow-up study. They show
the same improvement in neurocognitive functioning that has been
found in a number of studies the first years after the onset of ill-
ness. However, after 5 years the upward curve flattens out, and after
9 years the patients perform at the same level as they did at the
first assessment.

Two studies with a 10-year follow-up time (Stirling et al., 2003;
Hoff et al., 2005) show the same trend. Hoff et al. (2005) found
no further reduction in neurocognitive functions over the first
10 years in patients that were assessed the first time at the onset
of illness. However, they showed less improvement after 10 years
than healthy controls on specific functions when controlling for
differences between the groups at the first assessment. Hoff and
colleagues concluded that patients remain relatively stable with
regard to their level of neurocognitive functioning, at least through
the first 10 years after the onset of illness.

Finally, these finding are confirmed and strengthened by a recent
report from Qie et al. (2008). She has followed a group of early-
onset schizophrenia over a 13-year period; a longer follow-up than
in any other study. The main finding in this study is a significant
decline in verbal memory and learning, and an arrest; i.e. lack of
improvement, in attention and processing speed.

Beyond this general pattern of stability over the first years after
illness onset, there is probably a certain fluctuation in level of
functioning, particularly in functions that are state related (i.e.
influenced by clinical state). In one study Rund et al. (1997) inves-
tigated 15 patients with schizophrenia with a battery consisting
of 10 neuropsychological tests in two distinct different phases; an
acute phase and a remission phase. We found a clear tendency
that patients performed better when they were in remission. This
may indicate that the psychotic experiences/symptoms themselves
make it more difficult to concentrate on the test, something which
is necessary to perform well. It is difficult to know whether it is the
fact that the psychotic symptoms disappear that makes the patient
also perform better on neuropsychological tests, or whether the
improvement is caused by other factors, such as for instance the
direct chemical effect of medication.

What else, in addition to the longitudinal studies of neurocogni-
tive functioning, goes against schizophrenia being a degenerative
disorder? Several biological “markers” appear to do so. First of all,
there is no evidence of gliosis in schizophrenia (Woods, 1998),

which is a sign of degeneration (see Section “Introduction”). Also,
in post mortem studies there is no consistent evidence of degener-
ated neurons, cellular changes, loss of cell embryos, or molecular
changes (Weinberger and Marenco, 2003).

A third argument against schizophrenia being a degenerative dis-
order is the fact that many patients show clinical improvement over
time. In several of the longitudinal MR-studies (Rapoport et al.,
1997; DelLisi et al., 1998; Gur et al., 1998; Jacobsen et al., 1998) the
patients showed clinical improvement during the same time period
thatlarge structural changes took place in the brain. As Weinberger
and Marenco (2003) pointed out, clinical improvement is hardly
what one would expect as a result of progressive loss of brain tis-
sue. This is, however, a more likely combination than performing
as well on neuropsychological tests over time, while at the same
time loosing brain tissue. Actually, Sporn et al. (2003) found that
a greater degree of clinical improvement was significantly related
to a reduction in grey matter.

WHEN DO THE COGNITIVE IMPAIRMENTS EMERGE?

There is no doubt that neurocognitive impairments are evident at
the onset of illness in most patients who develop schizophrenia.
However, we must also be aware that 35-40% of the patients do not
have a significant impairment in neurocognitive functioning (Rund
et al., 2006); i.e. they function within what must be characterized as
the normal range (some healthy controls also function below aver-
age). Nevertheless, patients functioning within the normal range
may have had a reduction in neurocognitive functioning after they
became ill. Also several studies of high risk groups have found that
these individuals show signs of neurocognitive deficits many years
prior to the onset of illness (Jones et al., 1994; Cornblatt et al., 1999;
Cannon et al., 2000; Fuller et al., 2002; Niendam et al., 2003; Ang
and Tan, 2004). Moreover, several prodromal studies indicate that
the neurocognitive impairments evident after the psychotic break-
through are also evident prior to the onset of illness (Caspi et al.,
2003; Gschwandtner et al., 2003; Wood et al., 2003; Hawkins et al.,
2004; Brewer et al., 2005). Probably there is a further reduction in
neurocognitive functioning just prior to the first psychotic episode
(Caspi et al., 2003). A preliminary conclusion is that precursors to
the cognitive deficits are evident relatively early, that these develop
gradually and that they are found in corresponding form and approx-
imately the same degree in the prodromal phase, as in remission.
The psychotic experiences or symptoms exacerbate the neurocogni-
tive deficits somewhat during the acute phase. Such a development
with an early insult in the neural development that remains for the
duration of life, but that does not get worse over time, may best be
characterized as a static encephalopathy (Rund, 1998).

HOW CAN THE CONTRADICTORY FINDINGS FROM
MORPHOLOGICAL AND NEUROPSYCHOLOGICAL STUDIES BE
EXPLAINED?

There is no doubt that there is a “deterioration” of most neuro-
cognitive functions in patients who develop schizophrenia. But
much of this seems to occur prior to the onset of illness. We also
have reason to believe that this neurocognitive deterioration to
some degree runs parallel with structural changes in the brain. If
one chooses to use the term neurodegeneration about what hap-
pens prior to the onset of illness, there is evidence suggesting that
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schizophrenia is a degenerative disorder. But this is not the regular
use of the term degeneration, nor was this how Kraepelin used the
term. With his “dementia praecox” term he was referring to the
assumption that there is a progressive worsening of the condition
after the onset of illness.

We cannot provide a definite answer as to whether schizophrenia
is a degenerative disorder (in the sense of a progressive degenerative
state after the onset of illness). Longitudinal studies of neurocogni-
tive functioning provide a relatively consistent indication that the
impairment does not progressively worsen the first years after the
onset of illness. However, some longitudinal studies with a very long
follow-up period indicate that there is a certain decline after many
years of illness. This may be due to medication or other biologi-
cal effects. The decline may also be caused by under-stimulation
from the environment. (Such under-stimulation may also to a cer-
tain degree explain the structural changes evident in the brains of
patients with schizophrenia.) In essence, we need to realize that the
morphological data to a great extent are inconsistent. There are no
two studies that have found the exact same structural changes in
this patient group (Weinberger and McClure, 2005).

How can we then explain more recent MRI studies that show
clear cut structural changes in the brain after the onset of illness,
at the same time as neurocognitive functioning does not become
more impaired? Two issues can be pointed out:

The first issue may be what Lieberman (1999) amongst others
has suggested, i.e. that there may be two ongoing pathogenic
processes in schizophrenia; one neurodevelopmental process
and a limited neurodegenerative or neuroprogressive process.
McGlashan and Hoffman (2000) suggest that such neuropro-
gressive processes are a developmentally determined reduction
in the connections between cortical synapses. (If we empha-
size the fact that post mortem studies first and foremost show
loss in neuropil and not in nerve cells in the cortex in patients
with schizophrenia, the term neuroprogressive is more ade-
quate than neurodegenerative). In Gur etal’s (1998) study
for instance, they only identified a sub-group of patients that
showed progressive structural change after the onset of illness.
Thus, it is possible that there are at least two types of schi-
zophrenia; one with a good prognosis and one with a poorer
prognosis and a clearer biological basis. This would mean a
return to a hypothesis which has been of great interest throu-
ghout the history of schizophrenia research (see, for instance,
Murray et al., 1992).

A second issue concerns the plasticity in the human
brain. DeLisi et al. (1998) have for instance showed that the
size of the ventricles may alternatively increase, decrease, then
increase again over such short time periods as months. In the
previously referred study by Lawrie et al. (2002), they found
the same reduction in ventricular volume in healthy controls
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