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Abstract The aims of the study were to investigate the
relationship between Apolipoprotein E (APOE) poly-
morphism, risk of schizophrenia, treatment response to
conventional anti-psychotics, and age of onset in
schizophrenia. The sample comprised 94 Finnish
patients with a DSM-IV diagnosis of schizophrenia.
Forty-three of the patients were good responders to
conventional anti-psychotics and 51 were classified as
non-responders. The control group consisted of 98
healthy blood donors. The APOE allele frequencies (e2,
e3, and e4) were 4.8, 72.3, and 22.9% in patients and 7.1,
75.0, and 17.9 in controls. None of the differences
between groups were statistically significant. No asso-
ciation between treatment response and APOE genotype
was found. Patients with APOE e4/e4 genotype had a
markedly lower age of onset compared with rest of the

sample (p=0.0015), which remained significant when
controlling for gender (p=0.02). There was an increas-
ing linear trend between the number of e3 alleles (0, 1, or
2) and age of onset in schizophrenia (p=0.08). An in-
verse trend was found between the number of e4 alleles
and age of onset (p=0.07). No relationship between
APOE polymorphism and risk for schizophrenia was
found. APOE e4/e4 genotype may be associated with
early onset schizophrenia. APOE e3 allele may function
protectively in later onset in this disease.
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Introduction

Apolipoprotein E (apoE) is a major lipid-binding protein
in the brain. It is expressed in humans as three common
isoforms coded by three different alleles, APOE e2, e3,
and e4, resulting in six genotypes (e2/2, e2/3, e2/4, e3/3,
e3/4, and e4/4) (Siest et al. 2000). The APOE isoforms
are characterized by the presence of amino acid Cys
(APOE 2 and APOE 3) or Arg (APOE 4) at position 112
of the mature APOE polypeptide chain and Arg (APOE
3 and APOE 4) or Cys (APOE 2) at position 158 (We-
isgraber et al. 1981). These amino acid changes result
from two single nucleotide polymorphisms of the APOE
gene at nucleotide positions 334 and 472. The combi-
nations 334T/472T (112 Cys/158 Cys), 334T/472C (112
Cys/158 Arg), and 334C/472C (112 Arg/158 Arg) con-
stitute the known isoform-specific APOE alleles, e2, e3,
and e4, respectively (Siest et al. 1995). To our knowl-
edge, the combination 334C/472T (112 Arg/158 Cys) has
never been observed.

ApoE is synthesized and secreted in the liver, brain,
and skin tissues, and its primary metabolic role is to
transport and deliver lipids from one tissue or cell to
another (Mahley and Rall 2000). The APOE e4 allele is
associated with the risk of hypercholesterolemia, coro-
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nary artery disease, and several neurological disorders.
APOE is a major susceptibility gene associated with late-
onset Alzheimer’s disease and with clinical outcome in
patients with stroke (Mahley and Rall 2000).

More than 20 papers dealing with APOE polymor-
phism and schizophrenia have been published since 1995
(Dean et al. 2003; Schurhoff et al. 2003; Sutcliffe and
Thomas 2002). The majority of these studies have shown
no association between APOE polymorphism and
schizophrenia. The frequency of e4 allele was associated
with schizophrenia in a study by Harrington et al.
(1995), and the finding was replicated in a large Chinese
sample by Liu et al. (2003). According to a recent meta-
analysis (Schurhoff et al. 2003), the frequency of e3 has
been shown to be increased in patients with schizo-
phrenia in an Asian population but not in Caucasians.

Early age of onset in schizophrenia has been associ-
ated with an excess of e4 allele in two different samples
(Arnold et al. 1997; Martorell et al. 2001), but in the
study by Igata-Yi et al., the frequency of e4 was lower in
the early onset group (Igata-Yi et al. 1997). Saiz et al.
reported no association between the frequency of e4 and
age of onset (Saiz et al. 2002). The frequency of e2 was
found to be decreased in early-onset schizophrenia in a
study by Kimura et al. (1997). Durany et al. (2000)
found no significant difference in the frequency of e4
allele in Spanish patients with early-age onset compared
with late-onset patients. Pickar et al. reported drug-free
patients with e4 allele to have lower levels of psychotic
symptoms than patients without e4 allele (Pickar et al.
1997).

Poor response to typical neuroleptics in schizophrenia
was also studied with Spanish patients, but no associa-
tion with APOE genotype or allele distribution was
found (Durany et al. 2000). The treatment response to
clozapine with nonresponders to typical neuroleptics has
shown no association with the presence of e4 (Hong et al.
2000). In affective disorders, a higher frequency of e4
allele has been associated with a rapid onset of mirtaza-
pine action, slow response to paroxetine (Murphy et al.
2003), and with a better response to electroconvulsive
therapy (Fisman et al. 2001). In a recent study, post-
mortem analysis of patients with schizophrenia revealed
higher levels of apoE in the Brodmann’s area. In rats,
administering haloperidol resulted in decreased apoE
levels in analogous areas (Dean et al. 2003).

The aims of the present study were to examine the
frequencies of APOE alleles in a Finnish population
with schizophrenia. On the basis of previous results, we
hypothesized that e4 allele may be associated with better

response to typical neuroleptics and with earlier-onset
schizophrenia.

Methods

Subjects

We studied 94 unrelated Finnish patients with schizo-
phrenia (Table 1). An experienced psychiatrist inter-
viewed all the patients and checked the diagnoses
according to the DSM-IV criteria by evaluating hospital
records.

Patients in the responder group (group 1, n=43) had
experienced a sufficient and long-lasting response to
treatment with conventional neuroleptics. Assessment of
response was based on information in hospital and
mental health care records and a personal interview with
each patient. Before initiation of neuroleptic treatment,
the severity of schizophrenic symptoms had to be ‡4
according to the clinical global impression (CGI) scale.
The patients in the nonresponder group (group 2, n=51)
were those with clozapine medication who had failed to
respond on at least two different occasions to treatment
with two different conventional antipsychotics during
hospitalization. In each treatment period, the lowest
accepted daily dose was 400 mg chlorpromazine equiv-
alent for a minimum of 4 weeks. Prior to the initiation of
clozapine treatment, the severity of schizophrenic
symptoms had to be ‡4 on the CGI scale, and at least
one of the following symptoms had to be present:
conceptual disorganization, suspiciousness, hallucina-
tory behavior, or unusual thought content. A greater
proportion of men (62.2%) than women (45.8%) was
selected for group 2, but the difference was not statisti-
cally significant (p=0.17, v2). Age of onset was
determined as the patient’s age during the first hospi-
talization at which the diagnosis of schizophrenia was
used. This data was obtained from the hospital dis-
charge register. In the Nordic countries, the proportion
of identified cases with schizophrenia in an inpatient
register is high, despite different ages of onset (Dalman
et al. 2002).

The controls were 98 age- and gender-matched blood
donors. In Finland, the subjects complete a written health
statement, including neurological and mental health, at
every blood donation session. The study was carried out
in compliance with the code of ethics of the World
Medical Association (Declaration of Helsinki) and the
standards established by the local medical ethics com-
mittee. The participants gave written informed consent.

Table 1 Patient characteristics

*p=0.02 compared to
responders

Age (years) ± SD Age at onset (years) ± SD

Responders Nonresponders Responders Nonresponders

Men 46.9±10.7 (n=17) 45.6±11.0 (n=29) 30.0±7.8 28.1±11.0
Women 48.8±12.0 (n=26) 42.1±9.6 (n=22) 33.7±10.3 26.8±9.1
All 48.1±11.4 (n=43) 44.1±10.5 (n=51) 32.2±9.5 27.5±10.2*
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APOE genotyping

Genomic DNA was extracted from peripheral blood
leukocytes using a commercially available kit (Qiagen,
Inc., Hilden, Germany). For the APOE 112 genotyping,
we used fluorogenic allele-specific TaqMan probes and
primers as previously described (Koch et al. 2002).
APOE 158 genotypes were determined using allele-spe-
cific fluorogenic probes with conjugated minor groove
binder group (Livak 1999). The nucleotide sequences of
the APOE 158 primers and probes used in the PCR were
deduced from published sequences deposited in the
GenBank database and were chosen and synthesized in
conjunction with Applied Biosystems (Foster City, CA,
USA) using the Assay-by-Design tool. DNA samples
were genotyped by employing the 5¢ nuclease assay for
allelic discrimination using the ABI Prism 7000 Se-
quence Detection System (Applied Biosystems). PCR
reaction containing genomic DNA, 1· Universal PCR
Master Mix, 900 nM of each primer, and 200 nM of
each probe was performed in 96-well plates using the
standard protocol in a total volume of 25 ll. Water
controls and known control samples previously typed by
RFLP-PCR analysis were run in parallel with unknown
DNA samples. After cycling, end-point fluorescence was
measured, and genotype calling was carried out by the
allelic discrimination analysis module.

Statistical methods

Pearson v2-test was used to compare allele frequencies
between different study groups. The association of e4
allele and age of onset was analyzed with the Kaplan–
Meier test and with analysis of covariance controlling
for gender. In analyses regarding e3 and e4 alleles and
age of onset non-parametric tests (Mann–Whitney U-
test and median test) were used. The limit of statistical
significance was set at 0.05. Data analysis was carried

out using SPSS/Win software (Version 11.5, SPSS, Inc.,
Chicago, IL).

Results

The distributions of APOE alleles as well as genotypes in
both control and patient groups and ages of onset in
schizophrenia with each genotype are presented in Ta-
bles 2, 3. APOE polymorphism was not associated with
schizophrenia. None of the APOE alleles was associated
with treatment response to typical neuroleptics (e2+
versus e2�, p=0.94; e3+ versus e3�, p=0.32; e4+
versus e4�, p=0.13)

APOE e4/e4 genotype was associated with age of
onset in schizophrenia (p=0.0015, log rank test). When
controlling for gender, this association remained signif-
icant (p=0.02, ANCOVA). There was a negative trend
between the number of e4 alleles and age of onset
(p=0,07, median test), which is shown in Fig. 1.

APOE e3 allele also showed a tendency towards an
association with age of onset in schizophrenia. With this
allele, the e3� group (n=8) had lower age of onset than
the e3+ group (n=86) (p=0.04, Mann–Whitney U
test). In a comparison between age of onset and the
number of e3 alleles, a similar trend was found, and this
is shown in Fig. 2 (p=0.08, median test).

Discussion

This is the first study dealing with APOE polymorphism
in a Finnish population with schizophrenia. Our results
are in accordance with the majority of previous studies
in finding no relationship between APOE polymorphism
and incidence of schizophrenia. According to the meta-
analysis by Schurhoff et al. (2003), the APOE poly-
morphism is not associated with schizophrenia in Cau-
casians, but in Asian populations an excess of e3 was
found in patients with schizophrenia. The frequency of
e4 allele was somewhat lower in our sample compared to
earlier findings in northern European populations
(Gerdes 2003; Mahley and Rall 2000), although this
difference remains within the normal variation between
study samples. For example, Jonsson et al. (1996) re-
ported the e4 frequency as 18.4% in Swedish patients
with schizophrenia.

The study by Hong et al. has so far reported an
association between clinical response to clozapine in
schizophrenia and APOE e4 allele (Hong et al. 2000).

Table 2 Apolipoprotein E (APOE) allele frequencies and differences
between groups

e2 e3 e4 Total

Patients 9 (4.8%) 136 (72.3%) 43 (22.9%) 188 (100%)
Controls 14 (7.1%) 147 (75.0%) 35 (17.9%) 196 (100%)
v2

test and
significance

1.01
(p=0.32)

0.46
(p=0.80)

1.94
(p=0.38)

Table 3 Apolipoprotein E
(APOE) genotypes in controls
and patients and age of onset
with schizophrenia

e2/2 e2/3 e2/4 e3/3 e3/4 e4/4 Total

Controls 0 10 4 55 27 2 98
Patients 0 6 3 50 30 5 94
Age of onset (years)
Mean 28.3 30.0 30.2 30.2 20.6 29.6
SD 8.8 16.5 10.4 9.9 3.1 10.1
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Durany et al. found no relationship between APOE
genotype and response to conventional antipsychotics
(Durany et al. 2000). This finding was replicated in our
sample. Unfortunately, the criteria for response have not
been reported by Durany et al. making the comparison
of the results difficult. In the present study, the restricted

sample size may have produced results with limited
reliability, especially in the comparison between the
schizophrenia subgroups.

The control population underwent no specific exam-
ination for psychiatric status. However, eligibility for
blood donors in Finland requires a written statement
regarding health status at every donation session, and in
our opinion, the blood donors represent a part of the
general population without chronic diseases or regular
medications.

The age of onset with schizophrenia was determined
according to information in the hospital discharge reg-
ister, which has shown high validity with schizophrenia
between different ages of onset (Dalman et al. 2002).
Although most of the patients in Finland with first
schizophrenic psychosis are hospitalized, it is possible
that mild or atypical symptoms in some patients may
have caused a delay before accurate diagnosis in clinical
setting.

The patients with e4/e4 genotype had a markedly
earlier age of onset compared with the rest of our sample.
The frequency of e3 allele also showed an increasing
linear trend in association with the age of onset. An in-
verse trend was seen with e4 allele and age of onset. Due
to skewed distribution in the group without e3 allele,
statistical analyses were performed with nonparametric
tests resulting in borderline levels of significance between
groups, and therefore, these results should be interpreted
cautiously. However, in the study by Arnold et al. (1997),
a linear association between age of onset and APOE
genotype was found, and e3 allele was regarded as a
neutral factor regarding age of onset. Martorell et al.
also reported an association between the presence of e4
allele and early age of onset in women (Martorell et al.
2001). Our findings suggest that e3 allele serves as a
protective factor, and its absence could be associated
with a higher risk for early-onset schizophrenia, whereas
e4 allele is a risk factor for earlier onset. Arnold et al.
(1997) also reported the e2 allele function as a protective
factor with the onset of schizophrenia. However, the
gene-dosage effect could not be studied in our sample due
to lack of e2/e2 among patients.

The possible mechanism between earlier onset in
schizophrenia and APOE genotype involves an increase
of apoE levels in the prefrontal cortex in patients with
two e4 alleles, which has been found in subjects with
Alzheimer’s disease (Thomas et al. 2003). There is evi-
dence that apoE levels are elevated in frontal cortical
area in patients with schizophrenia (Dean et al. 2003).
Nathan et al. have studied the capability of apoE3 and
E4 isoforms to modulate neurite outgrowth in adult
mouse cortical neurons. They discovered that treatment
with apoE3 increased both neurite extension and com-
bined length in a dose-dependent fashion, whereas the
functions of apoE4 were the opposite, i.e., a decrease in
both effects (Nathan et al. 2002). Hata et al. observed a
trend toward decreased hippocampal volume and
asymmetry in subjects with schizophrenia and e4 allele
(Hata et al. 2002).

Fig. 2 A trend between age of onset and the number of e3 alleles
(0, 1, or 2 alleles) is shown in three groups of patients with
schizophrenia by a regression line (p=0.08, median test)

Fig. 1 A trend between age of onset and the number of e4 alleles
(0, 1, or 2 alleles) is shown in three groups of patients with
schizophrenia by a regression line (p=0.07, median test)
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In conclusion, APOE polymorphism is not associated
with an elevated risk of schizophrenia or with treatment
response with conventional antipsychotics. APOE e4/e4
genotype and the absence of e3 allele may predispose to
early onset in schizophrenia.
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