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Abstract

The hypothesis that polymorphisms at two candidate genes that code for angiotensin-converting-enzyme (ACE) and methylenetetrahy-
drofolate reductase (MTHFR) are associated with normal cognitive ageing was tested using a sample (n = 536) of healthy 80-year-old
people who were born in 1921 and whose cognitive ability at age 11 was measured in the Scottish Mental Survey 1932. Cognitive ability at
age 11 and age 80 was assessed using the Moray House Test. Cognitive ageing was defined as the change in IQ from age 11 to 80. There was
no significant association between the tested ACE and MTHFR polymorphisms and IQ score at age 11, IQ at age 80, and IQ change (all
P > 0.05). The ACE genotypes deviated significantly from Hardy—Weinberg equilibrium proportions (P = 0.02), which could indicate that
this gene is under selection. Polymorphisms at the two studied genes are unlikely to be risk factors for normal cognitive ageing.
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In humans, some but not all important cognitive functions
decline with age, even in the absence of clinical symptoms
of dementia [22]. Normal cognitive ageing is associated
with a lower quality of life and has a personal and economic
impact on individuals, families and modern societies [19].
The identification of environmental and genetic risk factors
will lead to a better understanding of the ageing process and
may lead to changes in clinical practice [16]. Polymorph-
isms at a number of candidate genes have been reported to
be associated with cognitive function, cognitive decline and
dementia, including allelic variants at the apolipoprotein-E
(APOE) [1,5,24], angiotensin-converting-enzyme (ACE) [2,
14,18,20] and methylenetetrahydrofolate reductase
(MTHFR) [13,17] genes. However, others report no
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association between cognitive impairment and polymorph-
isms at the ACE [10] and MTHEFR [12] locus. There appears
to be little effect of polymorphisms at the ACE and MTHFR
genes on normal cognitive ageing within old age [12,25],
but their effect on life-long cognitive change has not been
reported. The aim of this study was to associate genetic
variability in the ACE and MTHFR genes with (1)
individual differences in cognition in healthy individuals
at age 11 and age 80 and (2) the change in cognition
between age 11 and age 80. A sample of healthy 80-year-old
individuals was used, whose cognitive ability at age 11 was
available.

The Scottish Mental Survey of 1932 was a nationwide
assessment of cognitive function of people born in 1921
[23]. Almost all those children aged between 10.5 and 11.5
years and attending Scottish schools on June 1st 1932 were
included (N = 79,498). The cognitive test used was a
version of the Moray House Test No. 12 (MHT). It has a
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maximum score of 76, and contains a preponderance of
verbal reasoning items, and also some numerical, spatial and
other problems [4,23]. Individuals residing in the Lothian
area of Scotland (mostly within the City of Edinburgh) who
took part in the Scottish Mental Survey of 1932 were
recruited between 1999 and 2001 and re-tested for cognitive
function on the MHT. All individuals were born in 1921,
lived independently in the community, and were able to
travel to the laboratory for testing. Fuller descriptions of the
sample and the well-validated MHT of cognitive function
applied at age 11 and age 80 are given elsewhere [5—7].

For the present study, phenotypes on n = 536 (227
males) were available. Participants from the cohort used in
the present analyses met the following criteria: their MHT
scores were available from (1) 1932 at age 11 years and (2)
1999-2001 at about age 80 years; their score on the Mini-
Mental State Examination was >23; and they had no
history of dementia.

MHT IQ-type scores were calculated from unadjusted
MHT scores by scaling to create a distribution with a mean
of 100 and a standard deviation of 15. MHT IQ scores were
adjusted for the age in days when the MHT was taken at age
11 and age 80. Scores for IQ change from age 11 to age 80
were calculated as the residuals from a linear regression of
IQ at age 80 (IQ80) on IQ at age 11 (IQ11), and
standardized to mean zero and unit variance. A total of
n = 473 individuals had an observation for IQ change.

DNA samples were genotyped for single polymorphisms
in each of the two candidate genes. For the ACE gene, the
polymorphism was an insertion (I)/deletion (D) of 250 bp in
intron 16 of the gene. For MTHFR the polymorphism was a
C667T substitution that converts an alanine (A) to a valine
(V) residue and is responsible for a thermolabile form of the
enzyme. Out of the 536 DNA samples six were not suitable
for genotyping and a further two samples failed to produce
conclusive results for the MTHFR gene. Therefore, the total
number of genotypes for ACE and MTHFR were n = 530
and n = 528, respectively.

Genotype frequencies were tested for Hardy—Weinberg
equilibrium (HWE) proportions using a y? test with 1
degree of freedom. Association analysis between MHT 1Q at
age 11, MHT IQ at age 80, and change in MHT IQ from age
11 to 80, and candidate gene polymorphisms was performed
by comparing the means of the three genotypes using
analysis of variance (ANOVA). In addition to the one-way
ANOVA, a linear model was fitted to test for interactions
between the ACE and MTHFR genotypes. Lastly, a general
linear model was fitted with IQ change as the dependent
variable and both genetic and non-genetic factors as
independent variables. The explanatory variables in the
model were the genotypes at the candidate loci, and sex
(factor, two levels), socio-economic code (factor, six
levels), and years of education (covariate, mean 10.9,
range 7-20). This analysis was performed to attempt to
reduce the residual variation in IQ change and thereby

increase the power to detect an association with the gene
variants.

Table 1 shows the genotype and allele frequencies of the
two genes. The MTHFR genotype did not differ from the
Hardy—Weinberg proportions (P = 0.87), but the ACE
genotypes did (P = 0.02). A deficit of heterozygotes (an
observed and expected count of 234 and 260, respectively)
caused this deviation from HWE.

There was no significant association between MHT 1Q at
age 11, MHT IQ at age 80 or MHT IQ change from age 11 to
age 80 and polymorphisms at the ACE or MTHFR gene. A
summary of the P values from the linear model that fitted the
main effect of the genotypes and their interaction is given in
Table 2. Accounting for other explanatory variables in the
model for IQ change reduced the residual variance from 1.0
to 0.93, but did not change significance (P values of 0.48,
0.19 and 0.25 for ACE genotypes, MTHFR genotypes, and
their interaction, respectively), confirming that there is no
evidence from this sample that there is an association
between IQ change and polymorphisms at the two candidate
loci.

The angiotensin converting factor enzyme gene has been
proposed as a factor that affects cognition [2,14,18,20]. The
distribution of the alleles of the insertion/deletion poly-
morphism tested in this study (0.57 for the D allele) was
similar to those found in other studies. A frequency of 0.57
was estimated in Caucasians [21], a frequency of 0.50 from
a sample of 124 Caucasians [2], and another study reported
an estimate of 0.57 from a large sample of 1168 Caucasians
[20]. The genotypes in our sample, however, display a
deficit of heterozygotes that results in a deviation from
HWE, whereas genotype proportions in other samples were
in HWE [20,21]. It is interesting to note that in a non-
demented cohort there is an increase in the D/D genotype
that has been suggested as being a risk factor for
Alzheimer’s disease (AD) and other diseases, including
Parkinson’s disease [15] and type 2 diabetes [9]. One
explanation for this finding is that the locus is under
selection, with the D/D genotype having a negative effect on
some aspects of fitness (AD, coronary artery disease) whilst
having a positive effect on other, unknown, aspects of
fitness. For example, one study found that the D allele
decreased mortality at older ages [10]. Despite this

Table 1

Genotype and allele counts and frequencies of MTHFR and ACE

Gene Genotypes P? Alleles

ACE (n = 530) D/D D/1 7 D 1
Counts 185 234 111 0.022 604 456
Frequency 0.35 0.44 0.21 0.57 0.43

MTHFR (n = 528) A/A AV VIV A v
Counts 225 238 66 0.866 688 368
Frequency 0.43 0.45 0.12 0.65 0.35

* x? test for Hardy—Weinberg equilibrium proportions.
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Table 2
P values from a linear model fitting the main effect of ACE and MTHFR
genotypes and their interaction

Trait n Effect
ACE  MTHFR Interaction
MHT IQ age 11 472 090 0.91 0.47
MHT IQ age 80 520  0.26 0.23 0.73
MHT IQ change from age 11 466  0.36 0.18 0.27
to age 80

The degrees of freedom in the numerator of the test statistic (F ratio)
were 2 for the main effect and 4 for the interaction.

deviation from Hardy—Weinberg proportions, the geno-
types show no association with cognitive change between
11 and 80. The lack of significant results from the ANOVA
and model fitting suggest that the I/D polymorphism of the
ACE gene does not contribute to the variation in normal
cognition change.

Raised plasma concentrations of homocysteine in older
persons with cognitive impairment have been reported,
leading to the hypothesis that the MTHFR gene may be a
risk factor for cognitive decline [8,13,17]. However, no
association between the A/V polymorphism and cognitive
impairment was found [12]. The estimated allele frequency
in our sample (0.35 for the V variant) was consistent with
the estimate of 0.33 from a sample of 466 Caucasians [3],
and an estimate of 0.32 in a sample from Europe [11]. The
results of the ANOVA and model fitting suggest that the A/
V polymorphism of the MTHFR gene is not a contributing
factor to the variance in cognitive ageing. Our study has
sufficient power to detect an association between a
quantitative trait and a bi-allelic locus that explains only a
small proportion of the variance. For example, for a type-I
error rate of 0.05 and n = 473, the power to detect an
association for a locus that explains 2% of the variance is
0.80 (calculated assuming that the distribution of the test
statistic is a non-central y * with 2 degrees of freedom). We
conclude that the functional polymorphisms that were tested
at the candidate loci do not contribute to variation in MHT
IQ at ages 11 and 80, nor to variation in cognitive change
between those ages.
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