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Background: Among elderly people without dementia, the apolipoprotein E e4 allele (APOE4) has been
associated with cognitive deficit, particularly in episodic memory, but few reports are available on whether
this association differs by sex.
Methods: In a community-dwelling Norwegian cohort of 2181 elderly people (55% women), aged 70–
74 years, episodic memory was examined in relation to sex and APOE4 zygosity, with the Kendrick
Object Learning Test (KOLT).
Results: Possession of at least one APOE4 allele had a modest, detrimental effect on episodic memory in
women, whereas in men, heterozygotes were unaffected and homozygotes had markedly lower scores
across the distribution of KOLT scores. This sex difference was found consistently in all analyses: on
comparing means and medians, examining trends across quintiles, and studying the distribution of scores
and the risk of cognitive impairment. Results were broadly similar when adjusted for known determinants
of cognition and also when severely impaired participants were excluded. The adjusted odds ratio (OR) of
cognitive impairment in women was shown to be 1.8 (95% confidence interval (CI): 1.1 to 2.8) for
heterozygotes and 1.1 (0.3 to 3.7) for homozygotes; the adjusted OR in men was observed to be 1.1 (0.6
to 2.1) for heterozygotes and 10.7 (4.7 to 24) for homozygotes.
Conclusions: Although the harmful effect of APOE4 on episodic memory was modest in women, the risk
was found to occur in about 30%. APOE4 was observed to have a dramatic effect on episodic memory in
men, but only in homozygotes, who comprised about 3% of men: the whole male homozygous group
showed a marked shift to lower memory scores.

A
ge and the apolipoprotein E e4 allele (APOE4) are the
most important known risk factors for sporadic
Alzheimer’s disease. The disease is thought to have a

long presymptomatic phase,1 which suggests that APOE4
starts exerting its detrimental effects in the preclinical phase.
Most studies on elderly people without dementia have found
that the APOE4 allele is associated with various cognitive
deficits,2–14 particularly in memory.2–7 A recent meta-analysis
of more than 20 000 people concluded that this allele was
associated with poorer performance on tests of global
cognitive functioning, episodic memory and executive func-
tioning.15

The association of APOE4 with Alzheimer’s disease varies
with sex.16–20 The meta-analysis by Farrer et al20 found that
APOE4 homozygosity affords a high risk of Alzheimer’s
disease for both men and women, but that a single copy of
the allele confers a greater risk on women than on men. A
similar sex difference related to APOE4 has been found in the
degree of hippocampal atrophy in a cohort with mild
cognitive impairment.21 We may therefore expect to find an
effect related to sex of the APOE4 allele in cognitive tests in
elderly people without dementia. Two studies3 22 that have
reported an influence of sex on this relationship found a
stronger effect of APOE4 in women.3 22

In this study, we investigated whether sex influences the
relationship between APOE alleles and episodic memory in
community-dwelling elderly people. We selected episodic
memory because memory deficit is a hallmark of Alzheimer’s
disease. Tests of episodic memory have been found to be
particularly effective in identifying people at risk.23 24 We

compared the influence of sex in our cohort with that found
on the risk of Alzheimer’s disease. We studied a relatively
large group of 2181 people from western Norway.

METHODS
Study population and data collection
This study was part of the Hordaland Health Study (HUSK),
a cross-sectional population-based study on chronic diseases
in western Norway. The cohort (n = 18 044) was established
and first examined in 1992–3. The source population for the
cognitive function substudy of HUSK included all people
born between 1925 and 1927 and those born between 1950
and 1951, and residing in Bergen and three neighbour-
ing suburban municipalities. The second round of HUSK
was conducted from 1997 to 2000; it is described in detail
online at http://www.uib.no/isf/husk/Vedlegg_dokumenter/
Cognitive_Sub_study.pdf.

At baseline, there were 4110 people born between 1925 and
1927 and living in Bergen, of whom 4093 were genotyped for
APOE. Of the 4110 people, 3730 were believed to be still
available. They were invited to a second survey conducted
from 1997 to 2000 and 2841 took part (follow-up period 5.2–
7.2 years, mean 6.0 years). Of the 77% (2197/2841) who
participated in the cognitive function substudy, 2181 had a
known APOE genotype. All participants gave their written,
informed consent. Table 1 in Nurk et al25 provides detailed

Abbreviations: APOE4, apolipoprotein E e4 allele; CI, confidence
interval; HDL, high-density lipoprotein; HUSK, Hordaland Health Study;
KOLT, Kendrick Object Learning Test; OR, odds ratio
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characteristics of the study population, (available at http://
www3.interscience.wiley.com/cgi-bin/jissue/112160520).

The baseline and follow-up examinations included data
on lifestyle, medical history and cardiovascular risks. Blood
samples were collected for assessment of cardiovascular
risk factors and homocysteine-related variables on both
occasions. The details of data collection were described
previously.25 26 Genotyping for APOE was carried out by a
standard polymerase chain reaction method on the
blood samples that were collected at baseline and stored
frozen.27

Cognitive testing
The follow-up examination included the Kendrick Object
Learning Test (KOLT). The KOLT was designed to assess
dementia status and memory performance among elderly
people who were not institutionalised.28 Four cards with 10,
15, 20 and 25 pictures were shown individually for 30, 45, 60
and 75 s. Then the participants were asked to name as many
pictures on the card as they could remember. The maximum
score was 70. A score of (20 indicated severe cognitive
impairment or dementia, whereas a score of 21–25 indicated
moderate impairment. The KOLT has been validated for the
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Figure 1 Frequency distribution of the Kendrick Objective Learning Test (KOLT) scores in men and women in relation to APOE4 status. Filled columns
indicate those who were cognitively impaired, using the sex-specific cut-off values of (26 for women and (23 for men. Median values for each
distribution are indicated by an arrow.
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detection of both mental impairment in old age29 and mild
Alzheimer’s disease.30 It has been widely used in Norway for
20 years.

Statistical analyses
We examined the interaction between sex and APOE4 status
in the prediction of the KOLT score by using linear regression
analysis. Then, for each sex, we compared KOLT scores by
APOE4 status with analysis of covariance, followed by
groupwise comparisons, if significant. Linear regression was
used to assess the dose relationship between APOE4 zygosity
and KOLT score. We compared proportions of APOE4
heterozygotes and homozygotes by quintile of KOLT score
with the linear test for trend. We defined cognitive
impairment as the lowest decile of the KOLT score in each
sex and severe cognitive impairment as the lowest 3% of the
KOLT score by sex. We then repeated the above analyses,
omitting those with severe impairment (lowest 3%). We also
estimated the odds ratios (ORs) and 95% confidence intervals
(CIs) of cognitive impairment (lowest decile) for hetero-
zygotes and homozygotes, taking participants without APOE4
as reference, by Fisher’s exact test and logistic regression.
Potential sex differences in KOLT scores by APOE2 status
were also studied in analyses by means, by quintiles and by
risk of cognitive impairment.

In analysis of covariance and linear and logistic regression
analyses, we controlled for baseline variables where available;
otherwise, follow-up data were used—for example, for KOLT
scores and serum creatinine. In the initial models, we
controlled for age, education (five categories: ‘‘primary
school’’ to ‘‘university’’), physical activity (four categories:
‘‘sedentary’’ to ‘‘competitive sports several times a week’’),
systolic and diastolic blood pressure, smoking (number of
cigarettes a day), history of diabetes, history of cardiovascular
disease or hypertension, and plasma or serum concentrations
of homocysteine, high-density lipoprotein (HDL) cholesterol,
non-HDL cholesterol, triglycerides and creatinine. We then
progressively removed covariables with higher p values until
all remaining values were p,0.2. Results of those final
models are quoted later in the article. Normal distribution of
the KOLT score was assessed using the Kolmogorov–Smirnov
D Goodness-of-Fit Test, whereas the location of the distribu-
tion was determined by comparing medians (Mann–Whitney
U test) and logistic regression analyses, estimating the OR for
a low or high KOLT score by using a series of cut-off points
(on the 10, 20, 40, 60, 80 and 90th centile), as described
previously.31 32 Values of p,0.05 were considered to be
significant.

RESULTS
In both men and women, APOE genotypes were in Hardy–
Weinberg equilibrium. The APOE4 allelic frequency was
17.3% in the 1197 women (mean age 72.5 years) and 18.0%
in the 984 men (mean age 72.5 years). To investigate possible
selection bias, we compared the 4093 participants from the
baseline cohort in 1992–3, with those who were invited again
during 1997–9, those who attended follow-up and those who
underwent cognitive testing. We also examined those who
dropped out at any stage. APOE4-positive women attending
follow-up were fewer than those not attending (p,0.001).
Among those attending follow-up, there was a tendency for
more APOE4-positive women in those who participated in the
cognitive function substudy (p = 0.08). No significant differ-
ence by sex was observed in APOE4 status between those
cognitively tested and those from the original Bergen cohort
not tested.

KOLT
In all, 236 of 2181 (10.8%) participants were cognitively
impaired, as defined by a cut-off of (25 on the KOLT, of
whom 74 (3.4%) fulfilled the criteria for dementia by this test
(KOLT (20). As previously reported from this cohort,25

women outperformed men on the KOLT (mean score 36.7 v
33.3; p,0.001; t test). Because of this difference, we defined
sex-specific cut-offs for cognitive impairment and for severe
impairment as the lowest decile and the lowest 3%,
respectively, of the KOLT score for each sex.

Linear regression analysis indicated significant interactions
between sex and APOE4 status in the prediction of KOLT
score, whether comparing APOE4 heterozygotes with APOE4
negatives (p = 0.03 for the interaction with sex) or homo-
zygotes with negatives (p,0.001 for the interaction with
sex). We controlled for the covariates listed in the Methods
section, of which education, physical activity, homocysteine,
HDL cholesterol and history of cardiovascular disease or
hypertension remained in the regression in the comparison of
heterozygotes with negatives, and age, education, physical
activity, homocysteine, HDL cholesterol, triglycerides and
diabetes in the comparison of homozygotes with negatives.
All further analysis was conducted separately by sex.

In both sexes, significant differences were observed in the
KOLT score among the three groups according to APOE4
zygosity (table 1). Among women, both APOE4 heterozygotes
and homozygotes had lower KOLT scores than those without
the allele, but only the heterozygotes were significantly
different. For the heterozygotes, the difference in mean KOLT
score remained significant after controlling for the covariates
listed in the methods section (p = 0.003). A significant linear
trend was observed in KOLT scores by number of APOE4
alleles (p = 0.002) after adjustment for the covariates. Among
men, APOE4 heterozygotes had KOLT scores almost identical
to those without the allele. APOE4 homozygotes, however,
had a much lower mean score than each of the other groups
(p,0.001) after controlling for the listed covariates.

Quintiles of KOLT scores
Among women, the proportion of APOE4 alleles increased
with decreasing quintiles of KOLT score (p = 0.009, linear test
for trend, after controlling for the listed covariates), as did
that of APOE4 heterozygotes (table 2). The proportion of
APOE4 homozygotes showed a modest, non-significant
increase. Among men, the proportion of APOE4 alleles
increased with decreasing quintiles of KOLT score
(p = 0.007), which was entirely due to a striking increase in
the proportion of homozygotes in the lower quintiles
(table 2). By contrast, there was no consistent change in
the proportion of male heterozygotes.

Excluding those with severe cognitive impairment
We repeated the above analyses, omitting participants with
severe cognitive impairment (lowest 3% of KOLT score—that
is, (22 for women, (17 for men). This only weakened the
results slightly (table 1). Among women, the difference in
mean KOLT score between APOE4 heterozygotes and those
without APOE4 became less, but was still significant, in both
unadjusted (p = 0.025) and adjusted analyses (p = 0.035). All
significant trends by quintiles of score (table 2) remained
significant. Among men, all significant results remained
significant—for example, the lower score in APOE4 homo-
zygotes (p,0.001), in both unadjusted and adjusted analyses
(table 1) and the increasing proportion of homozygotes with
lower quintile of score (p,0.001; table 2).

Risk of cognitive impairment
About 13% of women among both APOE4 heterozygotes and
homozygotes were cognitively impaired (cut-off at the lowest

904 Lehmann, Refsum, Nurk, et al

www.jnnp.com



decile of KOLT scores for women was (26; fig 1). Close to
10% of APOE4 heterozygous men were cognitively impaired
(cut-off at the lowest decile of KOLT score was (23),
whereas the proportion of cognitively impaired men was
more than 45% among homozygotes (nearly five times
higher; fig 1).

In women, taking those without APOE4 as reference,
heterozygotes were at increased risk of cognitive impairment,
whereas this association was not significant in homozygotes
(table 3). By contrast, among men, heterozygotes were not at
increased risk of cognitive impairment compared with men
without APOE4, whereas homozygotes were at greatly
increased risk (table 3).

Distribution of KOLT scores in relation to APOE4
zygosity
Figure 1 shows the distributions of KOLT scores according
to APOE4 zygosity and sex. The scores were consistent with
normal distribution in all groups in both sexes (p.0.05,
Kolmogorov–Smirnov test). Figure 2 shows that the

distribution of KOLT scores in male APOE4 homozygotes
was uniformly shifted to lower values, suggesting that their
low mean score (table 1) was not explained by a subgroup
with particularly low scores. In men, the median score of
APOE4 homozygotes (fig 1) was lower than those of APOE4-
negative participants (p,0.001) and heterozygotes
(p,0.001). Examining a range of cut-offs (see Methods
section), the ORs for having low KOLT scores were 6–10
times higher, whereas the ORs for having high KOLT scores
were at least eight times lower in homozygous men than in
the APOE4-negative group. Thus in men, APOE4 homozygos-
ity influenced high KOLT scores just as much as, or more
than, low KOLT scores. For heterozygous men, there was no
significant change in the location of the distribution
compared with the APOE4-negative group (fig 2). In women,
significant differences were found between the median KOLT
scores of APOE4 negatives and heterozygotes (p = 0.008) or
homozygotes (p = 0.044). In female heterozygotes and
homozygotes, the effect on either tail of the distribution
was small and similar in both groups and was only borderline

Table 1 Mean KOLT scores by APOE4 status

All Not severely impaired*

n Mean score (SD) n Mean score (SD)

Women
All 1197 36.7 (8.2) 1162 37.3 (7.4)
APOE4 negative 821 37.2 (8.0) 805 37.6 (7.5)
APOE4 heterozygotes 338 35.6 (8.4) 321 36.6 (7.2)
APOE4 homozygotes 38 34.6 (9.0) 36 35.6 (8.0)
p (ANCOVA)� 0.005` 0.06

Men
All 984 33.3 (7.9) 955 33.9 (7.3)
APOE4 negative 660 33.6 (7.6) 646 34.0 (7.1)
APOE4 heterozygotes 293 33.6 (8.0) 284 34.2 (7.4)
APOE4 homozygotes 31 24.3 (8.0) 25 26.9 (6.2)
p (ANCOVA)� ,0.0011 ,0.001

ANCOVA, analysis of covariance; APOE4, apolipoprotein E e4 allele; KOLT, Kendrick Object Learning Test; SD,
standard deviation.
*Lowest 3% of KOLT scores by sex ((22 for women and (17 for men).
� p Values are after controlling for the covariates listed in the Methods section; mean scores are unadjusted. In
analyses with significant results, the following covariates remained in each regression: all women: education,
physical activity, HDL (high-density lipoprotein) cholesterol, triglycerides and homocysteine; all men: education,
physical activity, diastolic blood pressure, HDL cholesterol, non-HDL cholesterol, homocysteine and history of
cardiovascular disease or hypertension; men not severely impaired: education, physical activity, diastolic blood
pressure and homocysteine.
`Groupwise heterozygotes versus negatives, p = 0.003; homozygotes versus negatives, p = 0.08; homozygotes
versus heterozygotes, p = 0.65.
1Groupwise heterozygotes versus negatives, p = 0.8; homozygotes versus negatives, p,0.001; homozygotes
versus heterozygotes, p,0.001.

Table 2 APOE4 status by quintiles of KOLT scores

p (trend)*

Women
Quintile (score) 1 (0–29) 2 (30–34) 3 (35–38) 4 (39–43) 5 (44–65)
n 218 262 214 262 241
Proportions (%)

APOE4 negatives 63.3 65.3 68.7 71.8 73.4 0.009
Heterozygotes 31.7 31.3 28.0 26.3 24.1 0.04
Homozygotes 5.0 3.4 3.3 1.9 2.5 0.2

Men
Quintile (score) 1 (0–26) 2 (27–31) 3 (32–35) 4 (36–40) 5 (41–61)
n 192 211 197 201 183
Proportions (%)

APOE4 negatives 61.5 69.7 71.1 63.2 69.9 0.3
Heterozygotes 29.2 27.0 26.9 36.3 29.5 0.4
Homozygotes 9.4 3.3 2.0 0.5 0.5 ,0.001

APOE4, apolipoprotein E e4 allele; KOLT, Kendrick Object Learning Test.
*Controlling for the covariates listed in the Methods section, of which the following remained in each regression which had a significant result: women, APOE4
negative: age, education, physical activity, high-density lipoprotein (HDL) cholesterol and triglycerides; women, APOE4 heterozygotes: education, physical
activity, HDL cholesterol, triglycerides and history of cardiovascular disease or hypertension; men, APOE4 homozygotes: education, physical activity, diastolic
blood pressure, HDL cholesterol, non-HDL cholesterol and homocysteine.
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significant, but here again, the analyses showed that APOE4
induced a shift in distribution from higher to lower values.
The ORs for having low KOLT scores were 1.3–2 times higher,
whereas the ORs for having high KOLT scores were 1.3–2
times lower, in homozygous and heterozygous women, than
in APOE4-negative women (fig 2).

Effect of APOE2
Analysis by means, or by quintiles, or by risk of cognitive
impairment did not show any significant effect of APOE2, by
either genotype or allele, on KOLT scores in women (data not
shown). But there was a tendency for women who were
heterozygous for APOE2 to be at lower risk of severe
impairment: OR 0.2 (95% CI 0.03 to 1.4; p = 0.075). No
significant influence of APOE2 on KOLT scores was detected
in men (data not shown).

DISCUSSION
In this study of a relatively large cohort of community-based
elderly participants, APOE4 was associated with poorer
performance on a test of episodic memory in both sexes,
but we found marked sex differences. In women, the effect
was relatively modest, with an increase of 80% in the risk for
cognitive impairment among APOE4 heterozygotes, who
comprised almost 30% of the female population tested. By
contrast, in men the increased risk was much greater at 10-

fold, but this applied to only 3% of the male population—
that is, the APOE4 homozygotes. Nearly half the male
homozygotes were cognitively impaired and the entire
distribution of scores was shifted to lower values. These
differences by sex were consistently seen in all analyses. The
analyses by quintiles (table 2) and the location of distribution
(fig 2) showed that these effects in both sexes were present at
all levels of the KOLT score, not just in the cognitively
impaired.

Comparisons with the risk for Alzheimer’s disease
Impairment in episodic memory is a cardinal feature of
Alzheimer’s disease and is detectable well before the onset of
clinically diagnosed dementia.33 34 Our results with the KOLT,
a test of episodic memory, are consistent with the sex-specific
associations of APOE4 with Alzheimer’s disease, in which a
greater risk among heterozygotes has been found in women
than in men.16–20 In particular, the fact that we could not
detect any difference in KOLT scores between male APOE4
heterozygotes and men without the APOE4 allele is consistent
with findings that male APOE4 heterozygotes, compared with
men with the e3/e3 genotype, show little or no increased risk
for Alzheimer’s disease.16 18–20 Likewise, our finding of a
strong effect of homozygosity in men is very similar to the
strong influence of homozygosity on the risk for Alzheimer’s
disease in men.20 Our results also reflect those seen in the
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Figure 2 Normal frequency distributions of the Kendrick Objective Learning Test (KOLT) scores in men and women in relation to APOE4 status. The
normal distributions were generated from the observed frequency distributions shown in fig 1.

Table 3 Risk of cognitive impairment according to KOLT by APOE4 status

OR* of cognitive impairment� (95% CI)

Impaired (n) Unimpaired (n) Unadjusted Adjusted`

Women
APOE4 negatives 72 749 Reference Reference
APOE4 heterozygotes 44 294 1.6 (1.05 to 2.3) 1.8 (1.1 to 2.8)
APOE4 homozygotes 5 33 1.6 (0.6 to 4.2) 1.1 (0.3 to 3.7)

Men
APOE4 negatives 51 609 Reference Reference
APOE4 heterozygotes 28 265 1.3 (0.8 to 2.0) 1.1 (0.6 to 2.1)
APOE4 homozygotes 14 17 9.8 (4.6 to 21) 10.7 (4.7 to 24)

APOE4, apolipoprotein E e4 allele; CI, confidence interval; KOLT, Kendrick Objective Learning Test; OR, odds ratio.
*Compared with participants without APOE4.
�Lowest decile by sex.
`For the covariates listed in the Methods section, of which the following remained in each regression: women, APOE4 heterozygotes: education, high-density
lipoprotein cholesterol, triglycerides, history of cardiovascular disease or hypertension; women, APOE4 homozygotes: history of cardiovascular disease or
hypertension; men, APOE4 heterozygotes: education, systolic blood pressure, creatinine, history of cardiovascular disease or hypertension; men, APOE4
homozygotes: education.
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influence of sex on the associations of APOE4 with
hippocampal atrophy in participants with mild cognitive
impairment.21

Comparisons with other studies in elderly people
without dementia
More than 100 studies have examined the association of
APOE4 with cognitive or functional impairment in elderly
people without dementia. Most have found a detrimental
effect of APOE42–15 on cognition and many included a test of
episodic memory.2–7 15 Three studies35–37 reported no effect of
APOE4 on episodic memory, although only one of these37

specifically looked for an interaction between APOE4 and sex
but was too underpowered to detect such an effect. One
report,3 however, suggested that the effect of APOE4 on
episodic memory may be stronger in women. In the meta-
analysis by Small et al,15 the effect of heterozygosity was ,0.1
SD unit in each cognitive domain, including episodic
memory. In female heterozygotes, we found a difference of
0.2 SD in the KOLT score, whereas in male heterozygotes
there was no difference. Therefore, in most studies, including
Small et al’s meta-analysis, where sex was not taken into
account, the small but significant effect of APOE4 in female
heterozygotes would have been diluted by the negligible
effect in men.

A second finding in our cohort was the effect of zygosity.
The influence of APOE4 zygosity on cognition has been rather
rarely studied,7 8 10 14 15 and the sex contrast in such an effect
has not been reported. We were in a position to study this
effect, partly because of our relatively large number of APOE4
homozygotes (69/2181 = 3.2%), due to the high allelic
frequency in Norwegians.38 Among other large studies, we
are aware of only one39 that had more homozygotes than our
cohort. After controlling for covariates, we found an allelic
dose effect in the association of APOE4 with KOLT scores in
women (p = 0.002), consistent with the results of two large
studies7 10 that were confined to women. Our most striking
finding in relation to zygosity was in men, where hetero-
zygotes performed as well as APOE4-negative participants,
whereas homozygotes had markedly lower scores. The effect
size for cognitive impairment in male homozygotes was 1.2
SD units, more than 20 times that found for episodic memory
in the meta-analysis by Small et al,15 where the two sexes
were combined. Almost half the male homozygotes (14/31)
were cognitively impaired. Notably, as is apparent from fig 2,
the effect on the KOLT score in homozygous men is explained
by a complete shift of the distribution towards lower KOLT
scores, not by a few severely affected people. Thus it appears
that APOE4 homozygosity harms episodic memory in all men,
leading to a KOLT score of about 8–9 points below that for
other men. A previous study8 that was confined to men also
reported a strong effect of APOE4 homozygosity, but
relatively little effect of heterozygosity, on the decline in
Mini-Mental State Examination score over time. In men who
are homozygous for APOE4, the effect on KOLT scores is
dramatic, but it seems to be an expression of their normal
phenotype. A critical question is how early the effect of
APOE4 homozygosity in men is expressed or indeed whether
it represents an inborn characteristic. In support of its being
an inborn characteristic, an influence of APOE4 on memory
has been reported in a much younger cohort, with a mean
age of 46 (range 24–60) years.40 A unique cohort study41

showed that APOE4 was associated with poor performance on
an intelligence test at age 80, whereas it was not so associated
in the same participants tested when they were 11 years old.
The study, however, did not have the power to detect an
effect limited to male homozygotes.

Strengths and limitations
One strength of our study is the size of the cohort, which gave
us a relatively large number of homozygotes, and the narrow
age range, which overcame possible effects of age on the
relationship between APOE4 and memory.15 Furthermore, we
had data on many candidate risk factors for cognitive decline
and were able to control for these. Another strength is that
we used the KOLT. This test was chosen because APOE4 has
been particularly associated with loss of episodic memory and
delayed recall,2–7 15 and such a loss is one of the earliest
clinical signs of impending Alzheimer’s disease.33 34 It is
possible that our results may be specific to episodic memory,
which may be why they reflect the sex-related and zygosity-
related associations found for APOE4 with the risk for
Alzheimer’s disease.16–20 Although there are numerous tests
for episodic memory, the KOLT is one that displays a normal
distribution, shows no ceiling effect and has high sensitivity
and specificity in the detection of mild Alzheimer’s disease.30

A limitation of this study is the lack of longitudinal data on
cognition. Studies on APOE4 in elderly people may be affected
by selective mortality, but the allelic frequency in our study
was still around 18%, compared with nearly 20% in a
Norwegian population study.38 Therefore, selective mortality
probably did not influence our results much, if at all. We have
previously reported that there were differences in a variety of
parameters between attenders and non-attenders at follow-
up, and between those who did or did not undergo cognitive
testing;25 the differences in relation to APOE4 status have
been described in the Results section. We have adjusted for
these factors in our analyses and, overall, we consider it
unlikely that these biases could explain the different patterns
obtained in men and in women, nor the dramatic effect on
episodic memory in male APOE4 homozygtes. No significant
difference by sex was seen in APOE4 status between those
taking part in this study and those from the original Bergen
cohort not taking part.

Conclusions
The striking sex contrast in the association of APOE4 with
impairment of episodic memory in a large community cohort
is consistent with the sex differences found in relation to the
risk for Alzheimer’s disease.16–20 In women, we find that the
effect of APOE4 is modest and that heterozygotes—that is,
about 30% of women—are at risk, whereas in men those
(about 3%) who are homozygous for APOE4 are affected, with
a marked shift to lower cognitive test scores across the whole
group. These observations suggest that APOE4 may exhibit a
different pathology in men and in women. Our results have
generated a hypothesis that needs confirmation. One way
forward is a new meta-analysis in which the results of
primary data, particularly on episodic memory, are analysed
separately for the two sexes. If future work confirms our
findings, it should stimulate the search for sex-related factors
that could modify the effect of APOE4, and perhaps provide a
strategy for improving memory in general and for prevention
or slowing of cognitive decline induced by APOE4. Finally,
our results emphasise the need for sex-specific analysis of
complex traits.
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