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many of its victims. All social classes are equally vulnerable; though ¢ bizarre behavior it produces in
«cioeconomic levels, when they are classified by their parent;’ SOigeciatlegtslthemselves Bl DN
fionately represented (Huber, Gross, Schittler, & Linz, 1980). Schizop}?roe?il: iz\zie‘l) s dass'es o progor-
thepopulation worldwide; in the United States the rate is 1.2%, or roughly 3.8 mill";ig:r? ;Zo;rllea(tl)\;:lr:\goeo&fx
Dombeck, 2009). The economic burden of schizophrenia amounts to $156 billion annually in the United
States, which included direct health care costs (24%), unemployment (38%), and caregiving (34%) (Cloutier
¢tal, 2016). Fortunately, schizophrenia is one of the few psychological disorders that appear to be on the
declne Critics have attributed the apparent reduction to methodological flaws in studies, but a study of all
people born in Finland between 19 54 and 1965 found a significant decline in each successive age-group,
bitaling 29% for women and 33% for men (Suvisaari, Haukka, Tanskanen, & Lt')nnc'lvis?, 1999). This decrease
hasbeen noted in other countries such as Canada (Woogh, 2001) and Japan (Toshitani etal., 2006), butas of

117 there hasn't been a systematic study in the United States.
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e / admission, 22% were fully recoYeFed, another 43% V\{ere improveq,
| ol e symptoms of the remaining 35% had remained the same
% | orworsened; 56% were fully employed (Huber et al., 1980). A more
i st meta-analysis of over 114 studies performed by Warner (2005)
20 is consistent with this earlier study (20%-25% fully recovered).
In the late 17005 and early 1800s, doctors began to view mental
o) illness as a medical problem; at that time, the mentally ill were ;.

erally released from their chains and given treatment (Figure 14.4;
Andreasen, 1984). By the early 20th century, it was widely assumed
that schizophrenia had a physiological basis. But when the search for
biological causes produced ittle success, the emphasis shifted i the
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rom Huber et a1, (1980),
where Freud’s theory of psychoanalysis was in its ascendancy and
biologically oriented psychiatrists were in the minority (Andreasen;
Wender, Rosenthal, Kety, Schulsinger, & Welner, 1974). Until the 1960s, research techniques were not up to
the task of demonstrating the validity of the Physiological position, [t was then that increasing knowledge
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I'm a paranoid
schizophrenic and

for us life is a living
hell.. .. Society is out to
Kill me. . .. | tried to kill
my father. | went insane
and thought he ruled
the world before me and
caused World War Two.

~—Ross David Burke
in When the Music's
Over: My Journey Into
Schizophrenia

Fo T e e )

source: © ‘ence/Photo Reseamhpm

Heredit}r

Schjzophrenia is a fz?mih'al disorder, Wwhich meang Do Tl

catives of people with schizophrenia thay, itis in the generlaliq

987 Touang et al., 1991). Of course, this association could pe (Ii)
nfact, in the 1940s supporters for both the genetic and envirg
fiesame data (Wender et al., 1974). However, studies of twins
agenetic influence.

dence of schizophrenia is hj

opulation (Gottesman, McG
Ue to environmenta] influen
nmental bases argued for the
and adoptees provided compe

gher among the
uffin, & Farmer,
ce or to heredity;
ir positions from
lling evidence for

Twinand Adoption Studies

InFigure 14.5, you can see that the shared incidence of schizophrenia increases with the genetic closeness of
tierelationship and that the concordance rate for schizophrenia is three times as high in identical twins as
nfraternal twins (Lenzenweger & Gottesman, 1994)

-In other words, identical twins of people with schizo-
phrenia are three times as likely to develop the disorder as the fraternal twins of patients. The heritability for

chizophrenia has been estimated at between .60 and .90 (Tsuangetal., 1991). This means that 10%-40% of
thevariability is due to environmental factors. il s
Information from adoption studies gives a more impressivg indication of gen.etlc influence; th.ese stu@ms
sowthat adopting out of a home with schizophrenia provides httle. or no protection from d:velopmg.scl?lz‘o-
phrenia symptoms. The incidence of schizophrenia and schizophrenia-like symptoms was 28% among 1nd1v1C.1-
I : i in which there was one parent with schizophrenia, compared with 10% in
: i opisdontofiDanishihome i ; i (Lowing, Mirsky, & Pereira, 1983). Other
metched adoptees from homes without an individual with symptoms & 2
fudies imi dings. : S s o
: have produced sum!ar ﬁn. b has been used as an argument that schxzophremg is environ
Discordance amongddentieglityinshe nd Bertelsen (1989) compared the incidence of
Mentally produced. To address this issue, Gottesmal}dal tical twins; they found that the offspring of the
“hizophrenia in the offspring of affected and normal iden
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Chapter 6 for the discussion of thege epi-
570, genetic effects on genes.
17%
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| Fraternal twin

hrenia Genes

ave known for a long time

‘enia is partially genetic,
¢ genes involved has beep
reason has been research.
ency inincluding the spe.
s in their diagnosis of
. (Heston, 1970; Low'mg
Vhen identical twing are
it for schizophrenia, 48% 540,

. ittt G, Skre, lorgersen 1, >

of the nonschizophrenic twins have spectrum dis&':‘;‘-:it_'l“f? (Lest T p: jiv'ldivid?lle;ﬁlssea; i(olflicfilzegp}ll?egéi).
If the spectrum disorders are due to the same genes, then clsx\:.‘ ying Ll]\,.}:&. 1 o e o C
means that the genes will not appear to distinguish berweenﬂschlzophrer?lzi an o O.fwhich has enlll

is that schizophrenia apparently involves the camulative effects of m.ultlp.) e genes,. RICLIES A Goje]
effect by itself. Evidence indicates that the number of variants contributing to schizophrenia is in the thou-

sands (Wray & Visscher, 2010). A personss risk of schizophrenia presumably increases with the number of

these genes inherited. This view is supported by the fact that risk has been found to increase with the number
of relatives who are schizo

phrenic and with the degree of the relatives’ disability (Heston, 1970; Kendler &
Robinette, 1983).

Recent genome-wide studies have identified at least 108 genes suspected of a role in producing schizo-
phrenia (Schizophrenia Working Group, 2014). These genes are typically related to neurodevelopment and
plasticity, neurotransmission (such as dopamine, glutamate,

and calcium channels), immune responses,

and hormonal activity, such as the DISC (disrupted in schizophrenia 1) gene. This gene appears to change

how neurons develop and migrate by disrupting a messenger system in neurons in areas involved in learn-
ing, memory, and mood (J. Y. Kim et al., 2009; Millar et al.

genes such as DISCI have been linked to schizophrenia, the

Though they have produced interest
tissues taken from widely varying b
rent results may be harder to interpret than early small-sample
Pidsley, & Mill, 2013),

Schizophrenia is a ver

‘ udies of schizophrenia are in their infancy.
mg results, our knowledge is based on small numbers of subjects and
rain locations, According

y old disease (see W, J. Ray, 2014, fo i i i ic-i
symptoms have been reported for 4,000 years, and simj] . erleW)- e e
suggest that the genes were present before humans Jeft

genes as detrimental as those that produce schizophrenia he elimj e e Onbpsouldut
tion is that the genes that in combination cap produce schi
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Two Kinds of Schizophrenia

Researchers disagree on whether schizophrenia represents one disease or many,
tat the symptoms fall into two major categories: positive and negative. Positive symptoms involve the pres-
ence or exaggeration of behaviors, such as delusions, hallucinations, disorganized thinking, and abnormal
motor behaviors. Negative symptoms are characterized by the absence or insufficiency of normal behaviors
adinclude lack of affect (emotion), inability to experience pleasure, lack of motivation, poverty of speech,

L

but most authorities do agree

andimpaired attention and social interactions.
Crow (1985) theorized that positive and negative symptoms are due to two different syndromes of

schizophrenia, with different causes and different outcomes. His Type I and Type Il Schizophrenias. are
described in Table 14.2. Subsequent research has supported this distinction in many Fespects. Positive
Sfmptoms are more often acute, and they are more likely to respond to antipsychotic drugs than are

' { ic; these patients show poorer
Tegative symptoms (Fowles, 1992). Negative symptoms tend to be chronic; these p P

Tyrrell, & Arndt, 1990);
ij g ' Andreasen, Flaum, Swayze, Tyrrell, & Art ‘
p:ﬁ:ﬁmem S tf(; thg i -0 M . more intellectual and other cognitive deficits,

prognosis after diagnosis J

etal., 1996) i
e (An(d])rzilsf:; 4 . and greater reduction in brain tissue (Fowles).
a brain disor

1, 1990) ran tsue (Foves).

: isti tients, a View we w1

These ﬁIldings led researchers to think in terms of two distinct groups of pati
Modify shortly.

What consoles me is

that | am beginning to
consider madness as
an illness like any other,
and that | accept it as
such.
—Vincent van Gogh,

1889, in a letter to his
brother, Theo
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vecause tranquilizers have little or no useft Chapter 5 that amphetamine overdose

e iosad o L ‘t'“-l remc.mbr.t\r fml 11»1 >te with hallucinations and paranoid
causes psychotic behavior indistinguishable from schizophrenia, comple e ey 0
delusions. In time, researchers determined that amphetamine prodllCt‘S. these \sym.ptom\s y-'ln.crealsmo ’(ip‘“’f“‘
nergic activity. This discovery eventually led to the dopamine ]I)'pO{/lCSIS, that sch}zophreTna involves excessive
dopamine activity in the brain. According to the theory, blockade of the D 2 We of dopamine receptOI)'s 8 essc.‘en«
tial for a drug to have an antipsychotic effect, and a drug’s effectiveness is cpr ectly relate.:d to the drugs blodﬂ{lg

potency. The theory has considerable support; schizophrenic patients typically have higher dopz‘mn‘ne actn?ty

in the striatum (Abi-Dargham et al., 2000), and drugs that block dopamine receptors are effective in treating

the positive symptoms of schizophrenia (S. H. Snyder, Bannerjee, Yamamura, & Greenberg, 1974). In fact, the

effective dosage for most antipsychotic drugs is directly proportional to their ability to block dopamine receptors

(Figure 14.7; Seeman, Lee, Chau-Wong, & Wong, 1976). What exactly does dopamine do to trigger the symp-

toms of schizophrenia? One theory, called the aberrant salience hypothesis, suggests that heightened levels of
dopamine increase attentional and motivational circuits to make ordinary environmental features seem signifi-
cant. Therefore, an individual projects his or her own thoughts and imaginings as real-world events and experi-
ences (Howes & Nour, 2016).

Beyond the Dopamine Hypothesis

However, the drugs did not help 30%-40% of schizophrenic patients, and—troublesome for the dopa-

mine theory—nonresponsive patients experienced just as much D, receptor blockade as responders. In

fact, in some of them the blockade exceeded 90%, while some responders showed remarkably low levels of

receptor blocking (Kane, 1987; Pilowsky et al., 1993). Furthermore, so
ZIZE f?f;ﬁng’gi?_)eaauy those with chronic, treatment-resistant Symptoms (Grace, 1991; Heritch, 1990;
Another problem for the drugs was that the side effects

use of antidopamine drugs often produces fardive dyskinesia,

. tremors and in
long-term blocking of dopamine receptors and resultant neuro VOluntary gaismenisduc to

ndeath in the basal ganglia. Once dyskinesia
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Anticholinergic side effects are due to blocking either blood factors 8301' 39'1'31“1‘10@10313) or
acetylcholine receptors and the parasympathetuic serotonin agonists (for serotonin syndrome).

(H. M. Jones & Pilowsky, 2002; Kapur, Zipursky, & Remington, 1999). But serotonip has not received nearly as
much attention as glutamate activity, which also is affected by atypical antipsychotics. The drug phencyclidine
(PCP), which inhibits the NMDA (N-methyl-d-aspartic acid) subtype of glutamate receptor, mimics schizophre-
nia far better than amphetamine does, particularly in producing negative as well as positive symptoms (Sawa &
Snyder, 2002). Glycine activates the NMDA receptor, and adding it or similar compounds to antipsychotic medi-
cations reduces both kinds of symptoms (Lisman et al., 2008). According to the glutamate theory, hypofunction
of NMDA receptors results in increases in glutamate and downstream increases in dopamine, which together
produce positive and negative symptoms of schizophrenia (Lisman et al.; Sendt, Giaroli, & Tracy, 2012). Indeed,
genes that underlie glutamate signaling are correlated with the severity of schizophrenia and related disorders
(N.L. O'Brien etal,, 2014). However, it has been difficult to develop drugs that target NMDA receptors or reduce
glutamate levels, and that are both therapeutically effective and well tolerated (Sendt et al.). Those that do work
produce modest results, and a couple of them are in final phase 3 clinical trials.

Obviously, it would be a mistake to focus entirely on a single neurotransmitter, considering the complex
interactions among them. The glutamate theory provides some recognition of this fact, and it is showing consid-
erable usefulness in explaining schizophrenia and some promise in guiding drug development. While we wait
for the glutamate story to unfold, we have additional clues about the origins of schizophrenia from structural and
functional anomalies in the brain.

Brain Anomalies in Schizophrenia

Malfunctions have been identified in virtually every part of the brain in people with schizophrenia. The most
consistent finding has been enlargement of the ventricles; another js hypofrontality, or reduced t" itv in the
frontal lobes. We will examine each of these defects in turp, ¢ il
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There is some loss in the brains of normal adolescents due to circuit pruning, but
the rate of loss is much greater in schizophrenic adolescents. Red and pink areas
represent 3%—5% losses annually.
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Gray matter deficit and ventricular enlarge-
ment are ordinarily present at the time of
patients’ diagnosis (Degreef etal., 1992). Most
of the evidence indicates that the loss of brain
volume occurs rapidly and dramatically in ado-
lescence or young adulthood and then levels off
(B. T. Woods, 1998). Adolescence is a particu-
larly significant period in the development of
schizophrenia. This is a time when symptoms
of schizophrenia often begin to develop and
a time of brain maturation, including frontal
myelination and connection of temporal lim-
bic areas (D. R. Weinberger & Lipska, 1995).
Thompson, Vidal, et al. (2001) identified a
group of adolescents who had been diagnosed
with schizophrenia and used MRISs to track their

brain development. At the age of 13, there was
little departure from the normal amount of gray
matter loss that occurs with circuit pruning, but
over the next five years, loss occurred in some
areas as rapidly as 5% per year (Figure 14.15).
The nature of the symptoms varied as the loss
progressed from parietal to temporal to frontal
areas. Studies have found no evidence of dying
neurons or of the inflammation that would be
expected with an ongoing degenerative dis-
ease; instead, gray matter deficits have been
attributed to loss ofsynapses (Jarskog, Glantz,
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