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Abstract
Genetic variants in the choline acetyltransferase (ChAT) gene have been suggested as risk factors
for neurodegenerative Alzheimers Disease (AD). Here we tested the importance of genetic
variants in the ChAT gene in normal cognitive function of elderly in a study sample of Danish
twins and singletons (N=2070). The ChAT rs3810950 A allele, which has been associated with
increased risk for AD, was found to be associated with a decrease cognitive status evaluated by a
5-component cognitive composite score (p=0.03 reg. coef. −0.30 CI 95% −0.57; −0.02), and the
rs3810950 and rs8178990 ancestral GC haplotype was also associated with better cross sectional
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cognitive composite score (p=0.04 reg. coef. 0.59 CI 95% 0.03; 1.16). Growth curve model
analyses applied to up to 10 years of follow-up data demonstrated that the rs3810950 A allele was
associated with a lower cognitive composite score and MMSE at the lowest age (73 years of age),
and was lower in the whole interval 73–82 although the absolute difference became smaller with
age. Stratification by presence of the APOE ε4 allele revealed that rs3810950 AG/non-APOE ε4
carriers and rs3810950 AA/APOE ε4 carriers were associated with a lower cognitive composite
score in younger elderly 73–83 years of age, similar to previous reports of association with AD.
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Introduction
Sustaining cognitive abilities is a fundamental element for successful aging and is a major
component of quality of life. Dementia is the most common neurodegenerative disorder
affecting elderly. Most cases (60–70%) are diagnosed as Alzheimer disease (AD) whereas
the rest are due mostly to vascular dementia (Bathum et al., 2006; Yip et al., 2002). Many
candidate gene variants have been under investigation as risk factors for dementia, but well
established contributors have been difficult to verify, e.g. because of low impact on the
phenotype, the use of small sample sizes insufficient to detect association or sporadic chance
findings. However, through meta-analyses statistically significant associations between
genetic variants in a dozen genes and AD have been found (Bertram et al., 2007). As a
prime example, the APOE allele ε4 has firmly been established as an important risk factor in
AD susceptibility (Bertram et al., 2007) and recently large genome wide association studies
(GWAS) of late onset AD further established associations with variants in the CLU, CR1
and PICALM genes (Lambert et al., 2009; Harold et al., 2009), which have been replicated
in several independent studies.

Among the promising candidate genes involved in AD and cognitive functioning in the
elderly is choline acetyltransferase gene (ChAT). Firstly, because ChAT encodes a key
enzyme in the cholinergic system, secondly, because previous association studies indicate
that genetic variants in ChAT are associated with the neurodegenerative disease AD. The
central cholinergic system plays a pivotal role in cognitive functioning, such as learning,
memory, and attention and is a target for acetylcholine inhibiters used for treatments of AD
patients (Tang et al., 2008; Holmquist et al., 2007). The ChAT protein synthesises the
neurotransmitter acetylcholine (ACh), and reduced levels of both ChAT and Ach are found
in patients with AD (Holmquist et al., 2007). Genetic variants in the ChAT gene have been
associated with AD in several studies and the A/G missense mutation, rs3810950, is
particular interesting due to its functionality and because this variant was found to be
associated with AD in Koreans, Americans and Europeans (Ahn et al., 2006; Ozturk et al.,
2006; Mubumbila et al., 2002; Kim et al., 2004), although it failed to be replicated in
Chinese (Tang et al., 2008). An on-line meta-analysis including nine studies show a
marginal influence of the rs3810950 A allele on the risk of AD (OR= 1.17, 95% CI = 0.96;
1.44) (Bertram L et al., 2009), although it was not significant. ChAT gene polymorphisms
have also been modestly associated with variation in cognitive function within the normal
range (Ozturk et al., 2006), but this association has, this far, failed to be replicated by others
(Piccardi et al., 2007; Scacchi et al., 2009; Tang et al., 2008).

The most consistent observation from the above mentioned studies was the impact of age on
association. Thus, AD carriers of the rs3810950 A allele (AA and AG genotype) had
statistically lower age at onset in Chinese (Tang et al., 2008), while AD patients carrying the
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rs3810950 AA genotype had statistically lower age at onset in Koreans (Kim et al., 2004).
Also association between MMSE and ChAT gene variants became more significant when
early onset cases were included (Ozturk et al., 2006).

In the present study we aim to scrutinize the relevance of variants in the ChAT gene further,
by investigating the possible association between two functionally relevant variants in the
ChAT gene and normal cognitive functioning measured both by the well established MMSE
test and a 5-component cognitive composite score in two cohorts of elderly Danish
individuals.

Materials and methods
Subjects

The subjects included in this study were drawn from participants from two population-based
nationwide surveys conducted at the University of Southern Denmark: The Longitudinal
Study of Ageing Danish Twins (LSADT) (Christensen et al., 2002; Skytthe et al., 2002) and
The Danish 1905-birth-cohort Study (Nybo et al., 2003). LSADT is a longitudinal study of
Danish twins aged 70 years and older. The study was initiated in 1995 and repeated every
second year through 2005. A total of 689 participants provided a blood sample at the
assessment in 1997. The Danish 1905-birth-cohort study is a prospective investigation of an
entire birth cohort. The survey was initiated in 1998, when the participants were 92–93 years
and followed by three follow-up studies of the participating survivors in 2000, 2003 and
2005. Of the 3,600 individuals still alive at intake, 2,262 participated, and 1,651 provided
either a blood spot sample or a cheek swap at their first assessment in 1998. Each survey of
the LSADT and 1905-birth-cohort studies comprises multidimensional face-to-face
interviews focusing on health and lifestyle issues, as well as objective assessment of
cognitive and physical abilities. Written informed consent was obtained from all participants
and both studies were approved bythe Danish Scientific-Ethical Committees.

Cognitive functions
Cognitive functioning was assessed using the Mini Mental State Examination (MMSE) and
a 5-component cognitive composite score (McGue & Christensen, 2001). The widely used
MMSE ranges from 0 to 30 and can be graded as severely impaired for scores between 0 and
17, mildly impaired for scores between 18 and 23 and normal for scores between 24 and 30.

The 5-component cognitive composite measures were original selected to represent tasks
that are sensitive to normative age changes but that can be reliably and briefly assessed by
lay interviewers. The specific tasks included a fluency task, which involved the number of
animals an individual could name in a 1-min interval, forward and backward digit span, and
immediate and delayed recall of a 12-item list. The cognitive composite score was computed
by taking the sum of the five standardized (using means and SDs from the initial LSADT
assessment in 1998) measures and has been used in numerous publications for a decade (e.g.
McGue & Christensen, 2002).

Genetic analysis
DNA was isolated from cheek swabs or blood spots, with the use of QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany). DNA from whole blood was isolated using a salting out
method. Genotyping of the two missense polymorphisms rs3810950 (exon 2 Thr/Ala) and
rs8178990 (exon 5 Phe/Leu) were performed by allelic discrimination using pre-designed
Taqman® SNP genotyping assays (Applied Biosystems). Reactions were conducted in a 10
μl volume using the conditions recommended by the manufacturer. PCR was performed in
the Step One Plus™ Real-Time PCR system and genotypes called using the Step One™
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Software version 2.1 (Applied biosystems). Genotyping of APOE ε4 alleles was performed
as previously described (Bathum et al., 2006).

Statistical analysis
Statistical analysis was performed using STATA 10.1 (StataCorp, Texas, USA). Hardy-
Weinberg equilibrium was calculated (df=1). Linear regression analysis was performed
using initial intake measures and adjusted for age and sex in the combined LSADT and
1905-birth-cohort with 1 df on genotypes recoded 0, 1 and 2, where 0 are homozygotes for
the major allele, 1 are heterozygotes, and 2 are homozygotes of the minor allele. Both the
cognitive composite score and the MMSE were analysed as continuous variables. To
account for the non-independence of twins from the LSADT study, twin pairs where both
members participated were analysed in clusters of two, using the cluster option of the
statistical software. Post-hoc analysis, were performed on two age defined cohort, i.e. the
1905-birth-cohort and a group consisting of 573 of 689 individuals from the LSADT cohort
who were selected because they were 73–83 years of age and thus approximately a decade
or more younger than participants from the older 1905-birth-cohort. Both cohorts were
analysed by linear regression adjusted for age and sex. Corrections for multiple testing were
not applied to these analyses of allele effects since an a priori hypothesis of association was
assumed for each of the selected SNP alleles and for each stratification step. Tests of
interaction between ChAT genotypes and sex or APOE ε4 alleles were performed using
standard linear regression analysis. Haplotypes (1df) were deduced empirically using data
from the unrelated individuals from the LSADT and 1905-birth-cohort in Haploview 4.1
(Barrett et al., 2005) and p-values, for Fishers exact test, of linkage analysis (LD) were
calculated using Arlequin 3.1 (Excoffier et al., 2005). In order to analyse the longitudinal
effects on cognitive composite score and MMSE and possibly maximize power, growth
curve models were applied using all the data from intake and follow-up assessments in the
combined LSADT and 1905-birth-cohort. A quadratic growth curve model fit the data
significantly better than a linear growth curve model. Post-hoc analysis was applied using an
additive (df=1) linear spline growth model with a knot at 82 years, to estimate the genetic
effect on rate of change.

Results
Two ChAT gene variants were assayed in the present study and genotypes for the rs3810950
variant were successfully obtained for 661 participants from the LSADT cohort and for 1308
participants from the 1905-birth-cohort. Genotypes for the rs8178990 variant were
successfully obtained for 672 participants from the LSADT cohort and for 1374 participants
from the 1905-birth-cohort. Both rs3810950 and rs8178990 polymorphisms were in Hardy-
Weinberg equilibrium in unrelated LSADT (p=0.12 and p=0.13, respectively) individuals
and the 1905-birth-cohort (p=0.47 and p=0.79, respectively). Descriptives, genotype and
allele frequencies in the LSADT cohorts and the 1905-birth-cohort are presented in Table 1.

Cross-sectional analysis of ChAT alleles and cognitive function
Using an additive model adjusted for age and sex, and the sample comprised of the
combined group of LSADT and 1905-birth-cohort participants we found that the minor
rs3810950 A allele was statistically significantly associated with a lower cognitive
composite score (p=0.034 reg. coef. −0.30 CI 95% −0.57; −0.02), but not with MMSE
(p=0.67) (Table 2). The association was stronger in men (p=0.039 reg. coef. −0.53) than in
women (p=0.21 reg. coef. −0.20 CI 95% −0.53; 0.12), but there was no statistical evidence
that sex has an effect on the association between the rs3810950 A allele and cognitive
composite score. The second ChAT variant, rs8178990, was not associated with either the
cognitive composite score (p=0.92) or the MMSE (p=0.88) (Table 2).
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Stratification by APOE ε4 has been a common approach for previous studies on ChAT gene
variants (Kim et al., 2004; Ahn et al., 2006; Ozturk et al., 2006), thus this approach was
applied to the analyses. For the rs3810950 A allele both APOE ε4 carriers (p=0.03 reg. coef.
−0.50 CI 95% −0.97; −0.04) and APOE ε4 non-carriers (p=0.17 reg. coef. −0.23 CI 95%
−0.56; −0.10) had similar tendencies of lower cognitive function. However, although the
effect was stronger among APOE ε4 carriers there was no significant evidence of
interaction. Analysis of rs8178990 revealed that among APOE ε4 carriers the rs8178990 T
allele was borderline associated with a better MMSE (p=0.05 reg. coef. 0.97 CI 95% 0.00;
−1.95) and cognitive composite score (p=0.14 reg. coef. 0.65 CI 95% −0.22; −1.53) (Table
2). The effect of the APOE ε4 presence on the association between rs8178990 and MMSE
was statistically significant (p=0.03) and there was a tendency of effect for the APOE ε4
presence/absence on the association between rs8178990 and cognitive composite score
(p=0.08).

ChAT haplotypes and cognitive function
The two variants in the ChAT gene, rs3810950 and rs8178990, were in linkage
disequilibrium in both cohorts (p<0.01, D′=1.00, r2= 0.02), and were situated in trans
position with the most likely haplotypes of rs3810950 and rs8178990 being GC (estimated
frequency 0.715), AC (estimated frequency 0.215) and GT (estimated frequency 0.07).
Linear regression analysis of haplotypes showed that the ancestral GC haplotype was
significantly associated with better cognitive composite score compared to the other
haplotypes AC and GT (p=0.04 reg. coef. 0.59 CI 95% 0.03; −1.16) (Table 2), whereas the
AC haplotype, defined by the rs3810950 A allele, showed tendencies of association with
lower cognitive composite scores (p=0.08 reg. coef. −0.30 CI 95% −0.62; 0.03) (Table 2).

Age matched replicated association between ChAT genotypes, and cognitive function
The association between the rs3810950 A allele and lower cognitive composite score was
significant when the study population was confined to individuals in approximately the same
age range as used in previous studies. That is, the effect was significant using the LSADT
cohort members of 73–83 years of age, (p=0.04 reg. coef. −0.55 CI 95% −1.09; −0.02), but
it did not reach significance in the 1905-birth-cohort of 92–93 years of age when
investigated separately (p=0.47). Since the association was evident for the younger elderly
we continued with analyses of this cohort using a genotype based model and APOE ε4
stratification. Here rs3810950 AG/non-APOE ε4 carriers performed significantly worse on
the cognitive composite score (p=0.05 reg. coef. −0.83 CI 95% −1.67; −0.01) and the
MMSE (p=0.001 reg. coef. −3.57 CI 95% −5.62; −1.51) than those in the rs3810950 GG/
non-APOE ε4 carriers reference group (Table 3). Also rs3810950 AA/APOE ε4 carriers had
significantly lower cognitive composite score (p=0.03 reg. coef. −2.19 CI 95% −4.14;
−0.24) and tendencies of lower MMSE (p=0.18 reg. coef. −0.56 CI 95% −1.37; −0.26) than
those in the rs3810950 GG/APOE ε4 carriers reference group (Table 3).

Longitudinal analysis of cognitive function
The participants in the comprised LSADT and 1905-birth-cohort were followed up to 10
years and were assessed up to 5 times with approximately two years intervals. When all
assessments (Nobs=4812) were included in a quadratic growth curve model there was trend
towards association between the rs3810950 A allele and lower cognitive composite score
(p=0.056) and MMSE (p=0.046). As illustrated in figure 1 the model shows that the
association was strongest up to approximately 82 years of age and after this age the
association was less obvious. To simplify the estimates of the rate of change in cognitive
function of the rs3810950 A allele an additive spline growth model was applied. These
results showed that at 73 years of age the rs3810950 A allele was associated with lower
cognitive composite score (p=0.006 coef −0.90 95%CI −1.55; −0.25) and up to the age of
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82 the rs3810950 A allele was associated with lower decline of cognitive composite score
(p=0.022 slope 0.09 CI 95% 0.013; 0.17). After 82 year of age there was no indication of
association. Also at the age of 73 the rs3810950 A allele was associated with MMSE
(p=0.021 coef −0.92 CI 95% −1.70; −0.14) and lower rate of decline up to the age of 82
(p=0.028; slope 0.12 CI 95% 0.013; 0.22). The quadratic growth curve model showed no
association between the rs8178990 T allele and the decline of cognitive composite score
(p=0.20) and MMSE (p=0.44).

Discussion
Sustaining cognitive abilities is a fundamental element in successful aging. Both
environmental and genetic factors contribute to cognitive performance. In the present study,
the two selected gene variants, rs3810950 and rs8178990, are located in the ChAT gene
which is a candidate gene suspected to be associated with the neurodegenerative disorder
Alzheimer’s. These genetic variants were thus investigated for association with normal
cognitive function in two cohorts from population-based nationwide surveys. Here, we show
that the rs3810950 A allele was associated with poorer performance on the cognitive
composite score. This association was furthermore confirmed by the parallel association
between a better cognitive composite score and the ancestral GC haplotype defined by the
rs3810950 G allele and the rs8178990 C allele (Table 2). However, the haplotype analyses
only estimated a minor additional effect to the rs3810950 A allele by the rs8178990 variant.
In the cross sectional data both these minor alleles indicated association with higher MMSE.
However, this finding was not significant and was most likely a result of the association
with MMSE being less sensitive than that of the 5-component cognitive composite score. In
the possibly more powerful longitudinal analyses, the rs3810950 A allele was associated
with lower performance on both the cognitive composite score and MMSE. Genotype
associations showed that rs3810950 A allele carriers performed worse on the cognitive
composite score, equivalent to previously reported case control studies where the rs3810950
AG or AA genotypes were found to be more frequent in cases with AD (Mubumbila et al.,
2002; Kim et al., 2004; Ahn et al., 2006; Ozturk et al., 2006; Mancama et al., 2007).

Statistical epistasis is often difficult to demonstrate in epidemiological studies, but to pursue
this issue participants in the present study were grouped by the presence or absence of the
APOE ε4 allele. Here, we observed in an age matched study that rs3810950 AG carriers
performed statistically more poorly than the reference group (GG) when APOE ε4 was
absent. In contrast the rs3810950 AA carriers perform statistically more poorly when APOE
ε4 was present. The poorer cognitive performance of the rs3810950 AG/non APOE ε4
carriers was also found in case control studies with cases of AD (Ahn et al., 2006; Ozturk et
al., 2006), and our finding that rs3810950 AA/APOE ε4 carriers tend to have poorer
cognitive performance was likewise observed in a case control studies with cases of AD
(Kim et al., 2004).

Our results suggest that the ChAT variant rs3810950 is not as strongly associated with
cognitive function at age 92–93 as it is at age 73–83. An association between ChAT and the
cognitive composite score was found in cross-sectional analysis of younger elderly
(LSADT), but failed to be evident in a larger cohort of the oldest old (1905-birth-cohort).
Longitudinal analysis further supported this pattern, as an association was observed only up
to 82 years of age. Although it can not be ruled out that this finding of a statistically
significant association in the younger elderly was due to a type I error, we suggest that the
association between ChAT and cognitive function is age dependent. Replication in the age
selected cohort of oldest old may thus not be the most appropriate cohort for a gene variant
associated with lower cognitive performance or AD. However, recently we found that
variants in the CLU and PICALM, that are suggested to be protective of AD, were also
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associated with better performance on the cognitive composite score scale in the oldest old
(Mengel-From et al., 2011). It has been shown that the amount of ChAT positive neurons
decrease with age (Bernard et al., 2009), and that the ChAT protein concentration is lower
among patients diagnosed with AD compared to healthy elderly people (Holmquist et al.,
2007). Therefore, it seems reasonable to assume that when the total level of ChAT protein
declines with age, the contribution of ChAT variant Thr/Ala (rs3810950) to cognitive
function in the oldest old weakens while the contribution is more apparent in the younger
elderly. Our suggestion of an age dependent association should be taken into consideration
in future association studies of the rs3810950 A allele and adds support to the suggestion
that this allele may be considered as a risk factor of early onset of AD (Kim et al., 2004;
Ozturk et al., 2006; Schwarz et al., 2003; Tang et al., 2008) rather than being a lifelong risk
factor of AD. The age dependent association could explain why a study of Chinese
participants who were on average 80.3 years old (+/− 8.9 years) (Tang et al., 2008), which is
higher than the oldest participant in most of the other studies (Kim et al., 2004; Ozturk et al.,
2006; Schwarz et al., 2003) failed to find an association between rs3810950 and AD.
Interestingly, our longitudinal analyses showed that the rs3810950 A allele in addition to
being associated with lower cognitive functioning was also associated with lower rate of
decline up to 82 year of age. This observation is not easily interpreted but is likely a result of
one or more phenomena e.g. selection by mortality, sample selection bias and a result of
rs3810950 A allele carriers entering the study having a high level of compensatory factors.
Or it could be that the rs3810950 A allele affects age of onset but not ultimately level of
cognitive decline, so early onset decline more slowly. Further research is needed to fully
understand the observation of lower rate of decline.

Both the rs3810950 and the rs8178990 genetic variants in ChAT are missense mutations in a
multi-transcript gene (Harold et al., 2003). To the best of our knowledge, it is not known
whether these variants alter the catalytic activity for synthesis of ACh, but other rare ChAT
variants have been found in families with congenital myasthenic syndrom and have been
shown to exhibit impaired or lack of catalytic activity (Ohno et al., 2001). Similar functional
studies of the ChAT variants caused by the rs3810950 or rs8178990 variants may clarify the
functionality of the rs3810950 and rs8178990 variant in Alzheimer’s and successful aging.
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Figure 1.
Quadratic growth curve model of average change of cognitive composite score and MMSE
with age in rs3810950 genotype definded groups. Data are generated using the in the
comprised LSADT and 1905-birth-cohort sample with multiple assessments (Nobs=4812).
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Table 1

Descriptives in the Longitudinal Study of Aging Twins (LSADT) and the 1905-birth-cohort

LSADT cohort 1905 cohort

Age 78.8 years (73–95) 92–93 years

Number of individuals 689 1381

% Females 66 69

Obtained sec./tert. educational level (in %) 289 (42) 457 (33)

Married (in %) 282 (41) 148 (11)

Middle or higher social class (in %) 209 (30) 416 (30)

Mean composite cognitive score 0.95 0.34

SD composite cognitive score 3.33 3.45

Mean MMSE 25.90 21.95

SD Mean MMSE 3.68 5.64

Median MMSE 27 23

% Nonimpaired 80.7 48.7

% Mildly impaired 15.3 32.0

% Severely impaired 4.0 19.4

rs3810950 No. ind. AA/AG/GG 420/203/38 798/455/55

rs3810950 minor allele (A) frequency (%) 21.10 21.60

rs8178990 No. ind. CC/CT/TT 569/103/0 1189/179/6

rs8178990 minor allele (T) frequency (%) 7.66 6.95

APOE No. ind. --/ − ε4/ ε4 ε4 445/202/18 1267/334/20

APOE ε4 non-carriers:

 rs3810950 No. ind. AA/AG/GG 265/150/25 623/350/43

 rs8178990 No. ind. CC/CT/TT 372/66/0 923/133/5

APOE ε4 carriers:

 rs3810950 No. ind. AA/AG/GG 152/52/13 175/105/12

 rs8178990 No. ind. CC/CT/TT 179/35/0 266/46/1
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Table 2

Regression analysis of the effect of ChAT variants on cognitive composite scores and MMSE in the comprised
LSADT and 1905-birth-cohort (N=2070). In single variation analysis an additive genetic model was applied.
Haplotypes are defined by rs3810950 A/G and rs8178990 T/G

Cognitive composite score reg. coef. (95% CI), p-value MMSE reg. coef. (95% CI), p-value

 rs3810950 −0.30 (−0.57; −0.02), 0.034 0.09 (−0.31;0.49), 0.43

 rs8178990 −0.02 (−0.48;0.43), 0.92 0.05 (−0.67;0.57), 0.88

 APOE ε4 −0.38 (−0.71; −0.06), 0.02 −0.65 (−1.12; −0,17), 0.007

APOE ε 4 carriers:

 rs3810950 −0.50 (−0.97; −0.04), 0.033 0.28 (−0.46;1.02), 0.46

 rs8178990 0.65 (−0.22;1.53), 0.14 0.97 (0.00;1,95), 0.05

APOE ε 4 non-carriers:

 rs3810950 −0.23 (−0.56;0.10), 0.17 −0.01 (−0.47;0.46), 0.98

 rs8178990 −0.26 (−0.79;0.26), 0.32 −0.41(−1.18;0.35), 0.29

Haplotypes:

 GC 0.59 (0.03;1.16), 0.039 0.31 (−0.47;1.09), 0.43

 AC −0.30 (−0.62;0.3), 0.076 0.41 (−0.28;0.68), 0.41

 GT −0.09 (−0.55;0.37), 0.70 −0.10 (−0.75; 0.54), 0.76
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Table 3

Regression analysis of the effect of the rs3810950 variants on cognitive composite scores and MMSE in the
age selected LSADT (73–83) cohort and the 1905-birth-cohort.

LSADT cohort 73–83 years of age (n=573) 1905-birth-cohort 92–93 years of age (n=1381)

Cognitive composite score
reg. coef. (95% CI), p-value

MMSE reg. coef. (95%
CI), p-value

Cognitive composite score
reg. coef. (95% CI), p-

value
MMSE reg. coef. (95%

CI), p-value

Additive model:

 rs3810950 −0.56 (−1.09; −0.02),
0.044

−0.29 (−0.87;0.28), 0.31 −0.12 (− −0.44;0.20),
0.46

0.26 (−0.27;0.80), 0.33

Genotype based model*:

 rs3810950 AG −0.59 (−1.25; −0.07),
0.080

−0.17 (−0.84;0.49), 0.60 0.00 (−0.40;0.41), 1.00 0.54 (− −0.11;1.20), 0.11

 rs3810950 AA −1.03 (−2.50;0.45), 0.17 −0.83 (−2.49;0.83), 0.33 −0.60 (−1.50;0.29), 0.19 −0.25 (−1.75;1.25), 0.74

APOE ε 4 carriers*:

 rs3810950 AG −0.18 (−1.20;0.84), 0.73 0.34 (−0.74;1.43), 0.53 −0.36 (−1.15;0.43), 0.37 1.16 (−0.18;2.50), 0.09

 rs3810950 AA −2.19 (−4.14;0.24), 0.028 −3.57 (−5.62; −1.51),
0.001

−0.21 (−1.58;1.16), 0.76 2.06 (−0.16;4.29), 0.07

APOE ε 4 non-carriers*:

 rs3810950 AG −0.83 (−1.67; −0.00),
0.05

−0.56 (−1.37;0.26), 0.18 0.11 (−0.37;0.58), 0.66 0.37 (−0.38;1.13), 0.33

 rs3810950 AA −0.42 (−2.21;1.37), 0.64 0.50 (−0.91;1.90), 0.49 −0.71 (−1.79;0.37), 0.20 −0.91 (−2.71;0.88), 0.32

*
References are rs3810950 GG and rs8178990 CC, respectively
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