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Background: Cognitive training may have an effect on promoting the maintenance of cognitive functions
in healthy elderly adults. The catechol-O-methyltransferase (COMT) variant Vall58Met (rs4680) is a well-
studied functional variant that has been associated with differences in cognitive functions. Whether this
COMT polymorphism is associated with cognitive performance after training remains unknown. We tested
whether the COMT Vall58Met polymorphism could influence the cognitive function over time in healthy
community-dwelling elderly adults who participated in a multi-domain cognitive training intervention.
Methods: A total of 147 healthy Chinese individuals at 70 years of age and older who met the inclusion
criteria were recruited from one urban community in Shanghai. One group (n=88) accepted multi-domain
cognitive training over the span of 12 weeks. The control group (n=59) did not receive any intervention.
Individuals underwent a multi-domain neuropsychological test four times over the course of a year (baseline,
post-intervention, and 6—12 months follow-up). Composite measures of cognitive function were identified
from neuropsychological test scores via factor analysis. Effects of the intervention and carrying the COMT
Val158Met allele on cognitive measures were evaluated via regression models.

Results: In cross-sectional analysis there were no baseline effects of rs4680 on cognitive function (P>0.05)
with or without adjustment for demographic covariates. There was a very subtle effect of rs4680 on measures
of processing speed at the post-intervention time point (beta = -0.28+0.13, P=0.03) and at the 6-month
post-intervention time point (beta = -0.31+0.14, P=0.02), but not at 12-month post-intervention (P=0.15).
The rs4680 genotype did not exhibit any significant effect on any other cognitive measures. Furthermore,
there were no significant effects of rs4680 genotype over time on cognitive measures regardless of cognitive
training intervention.

Conclusions: COMT single nucleotide polymorphism rs4680 (Vall58Met) does not appear to affect
cognitive function over time in this cohort of individuals, nor does it interact to affect the intervention’s
effect on cognition over time. There are weak associations between rs4680 and processing speed but these
must be interpreted with caution, as they do not appear to be consistent over time. The COMT Val158Met

polymorphism does not appear to modify cognitive function following cognitive training in healthy elderly.
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Introduction

Age-related cognitive decline can result in cognitive
impairment, which diminishes the individual’s quality and
duration of life (1-3). Understandably, efforts to mitigate
age-related cognitive decline have been explored through
cognitive intervention (4-10). The Advanced Cognitive
Training for Independent and Vital Elderly trial investigated
the effects of single-domain cognitive training (memory,
reasoning, or processing speed training) over a 10-year
span. Findings from the Advanced Cognitive Training for
Independent and Vital Elderly trial suggest single-domain
cognitive training affects cognitive results, leading to the
possibility for this intervention to provide an opportunity to
delay difficulties in daily function (11-13).

The realization of single-domain training prompted
the implementation of a 10-year multi-domain cognitive
intervention study to investigate the possibility of fortifying
multiple cognitive functions in a single session format. This
format will benefit elderly Chinese adults as they often display
deficits in several cognitive domains and are also unlikely to
complete multiple sessions of training (14-16). The multi-
domain interventions were formatted to be user friendly.

Catechol-o-methyltransferase (COMT) moderates
dopamine through its contribution to catecholamine
degradation. The Met and Val variants of the COMT
gene lead to a functional polymorphism. The rs4680
variant (Val158Met) exhibits decreased enzymatic activity,
leading to an increase in dopamine levels in the post-
synaptic neuron which are considered to increase the
capacity to process information (17). On the other hand,
the Met variant produces an enzyme with increased activity
which leads to lower dopamine levels. Previous studies
suggest that the Val COMT allele may be associated with
a reduction in executive functioning in healthy subjects
(18-21), schizophrenic and bipolar affective disorders.

Our previously studies reported multi-domain cognitive
training reduces declines in processing speed over time.
APOEg4 is associated with reductions in executive function
over time, and training may attenuate e4-associated declines
in processing speed. APOEg2 carriers may also benefit from
training, particularly on measures of executive function and
verbal memory (22). So our underlying hypothesis, was that the
effect of the intervention would also differ based on COMT
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variant—with Val carriers showing worse cognitive outcomes
and Met carriers showing better cognitive outcomes—and
training effects would last for 12-month in Met carriers (22).

Methods
Sample

A total of 151 participants were recruited and screened
from two neighborhoods of the Putuo District in Shanghai
in 2006. Inclusion criteria were as follows: (I) at least
70 years old; (II) an ability of self-care without any physical
disability or any severe physical disease; (I1I) no psychiatric
disorders or dementia; (IV) an ability to read, write, see, and
hear; (V) activities of daily living score is 19 or below; (VI)
the Chinese version of the Mini-Mental State Examination
score is 19 or more.

The 151 elderly individuals were divided into two groups:
90 in the intervention group and 61 in the control group.
Their age ranged from 70 to 89 years old with a mean age of
74.8 [standard deviation (SD) 3.7] years old. All participants
were assessed by physical and neuropsychological tests at
baseline, 3 months (immediately after intervention), 9 and
15 months after enrollment. There were 147 individuals (88
in the intervention and 59 controls) agreed to have blood
drawn for DNA extraction and genotyping at baseline.
This study was approved by the Ethics Committee of
Tongji Hospital of Tongji University [LL(H)-09-04] and
all participants provided informed consent. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). Details of the recruitment and the protocols
have been published elsewhere (23).

Multi-domain cognitive training

Participants in the intervention group received multi-
domain cognitive training, which consisted of two one-
hour training sessions each week for 12 weeks (24). The 24
sessions of intervention were: story recall training (3 times),
face and name training (2 times), words recall training (2
times), vocabulary learning (2 times), reasoning training
(4 times), problem solving (2 times), processing speed
training (map searching training, 2 times), handcrafts (2
times), physical exercise (2 times), handwriting (1 time),
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painting (2 times). Every class has 15 individuals led by one
instructor. All the participants in the intervention group
were encouraged to exercise in any way as much as possible
when at home. No face-to-face training was provided to the
control group participants.

Cognitive assessment

The Chinese version of the World Health Organization
Neuropsychological Battery of Cognitive Assessment
Instruments for the elderly was used for the cognitive
assessment. It included nine tests of cognitive functioning:
auditory verbal learning test (memory); sorting test
(executive function); cancellation test (attention; processing
speed); articulation and naming tests (language); mini-
token test (language); motor test (memory and executive
function); visual matching and reasoning test (reasoning);
spatial construction test (constructional ability); trail
making test (executive function) (25). The Stroop Color-
Word test was also used to assess executive function (26).
Neuropsychological scores were standardized (z-scores,
representing number of positive or negative SDs from the
mean) across all individuals for each test. Positive scores
represent better performance.

COMT genotyping

The nonsynonymous variant rs4680 (Vall58Met) was
chosen for genotyping. Genotyping of single nucleotide
polymorphisms (SNPs) was performed by the TaqgMan
allelic discrimination assay. The Primer Express program
(Applied Biosystems) was used to design the PCR primers
and the TagMan probes. All probes were designed by
the Applied Biosystems service. The standard 5 pL. PCR
reaction was carried out using TagMan® Universal PCR
Master Mix reagent kits under the guidelines provided,
containing: 10ng DNA template, 2x TaqgMan PCR
MasterMix 2.5 pL, and 20x SNP assay (including primer
and FAM /VIC probes) 0.25 pL. The program is: initial
denaturation at 95 °C for 1 min, followed by 40 cycles of
denaturation at 92 °C for 15 s, annealing at 60 °C for 60 s.
Real-time PCR was performed on an ABI Prism 7900-HT
instrument with the Sequence Detection System (SDS 2.0)
and the SDS Enterprise Database (Applied Biosystems).

Statistical analysis

Epidata 3.0 software was used for data entry and SPSS 17.0
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software was used for preliminary data analyses. Descriptive
statistics were performed using chi-squared test (categorical
data), one sample t-test, paired t-test and analysis of
covariance (continuous variables) depending on the type of
data. Intention-to-treat analysis was used to estimate the
intervention effect. Participants who participated in at least
one training session and had follow-up data were included
in the analysis, regardless of whether or not they completed
the entire 24 sessions. Cognitive data was summarized into
equation 1 (Factor 1), equation 2 (Factor 2), and equation 3
(Factor 3). The different time points of the cognitive tests
are indicated by the suffix: “base” for baseline, “a” for 3
months, “b” for 9 months, and “c” for 15 months. Equation
1 data was a measurement of verbal memory, with primary
loading from auditory verbal learning test. Equation 2 data
was a measurement for processing speed, primary loadings
from cancellation test completion time. Tasks related to
set shifting were used to gather data for equation 3, which
represented executive function.

COMT SNPs were assessed for correct Hardy-Weinberg
equilibrium as a quality control measure. For analysis,
genotypes were recoded from “Allele 1, Both, Allele 2”7 to
a numeric value representing the dose of minor (Allele 1,
A) allele (coded as 0, 1 or 2) using Statal0/MP. All COMT
analyses were conducted in RStudio Version 1.0.136.
Preliminary linear model analysis used the function: Im
(formula = t ~ age + gender + education + COMT _dose)
to investigate COMT genotype effect on cognitive score.
Early results revealed data from each cognitive test to be
strongly associated with certain demographic variables:
equation 1 has a really strong association with education,
age is a strong predictor for equation 2, and gender is a
strong predictor for equation 3. The observed pattern
makes sense as education can influence verbal memory, age
is associated with decline in processing speed, and there
are studies illustrating the gender related patterns in set
shifting. However, these confound variables can prevent
the accurate detection of COMT genotype or intervention
effect on cognitive score. Thus, age, gender, and education
were included as covariates in ‘adjusted’ analysis.

Results

Demographic and genotype distributions in intervention
and control groups

A total of 147 individuals underwent genotyping for SNP
754680 (Vall 58Mer). All genotypes were in Hardy-Weinberg
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Table 1 Demographic characteristics

1399

Group ltems rs4680 [0] rs4680 [1] rs4680 [2] Total

Intervention Total number 39 21 8 68
Age, years (mean) 75.0+4.1 74.6+3.2 73.3£3.1 74.4+3.7
Number (female) 12 (30.7%) 11 (52.4%) 5 (62.5%) 28 (41.2%)
Education, years (mean) 10.2+3.7 8.43+3.2 8.9+3.6 9.2+3.6

Control Total number 24 13 2 39
Age, years (mean) 73.9+2.7 74.51+£3.7 76.0£4.7 74.8+3.1
Number (female) 13 (54.2%) 6 (46.2%) 2 (100%) 21 (53.8%)
Education, years (mean) 9.7+4.3 9.7+3.6 3.0£1.4 7.5+4.2

Eqg2b score by dose

Eqg2b test score
|
1

o

T T T
0 1 2
SNP dose

Figure 1 Box plot of factor 2 scores by dose of minor (A) allele of
rs4680 at the 15-month time point suggests that individuals exhibit
a reduction in processing speed for this time point in an A allele
dose dependent manner. The ‘eq2b’ test score is an abbreviation
for ‘equation 2 test score at time point b’ (Equation 2 being test
scores from Factor 2/processing speed assessment, and b equating

to 9-month time point).

equilibrium (P=0.60). There were 12 individuals with 2
minor alleles, 48 individuals with 1 minor allele, and 87
individuals with 0 minor alleles.

There were no significant differences in demographic
characteristics by intervention or 754680 (Vall58Met) carrier
status for either allele group (P>0.05, Table I).

Genotype effects over 12-month post-intervention

Of the 147 individuals analyzed over the course of
15 months, only 107 people had complete cognitive data for
all ime points.
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Cross-sectional analysis

There were no baseline effects of rs4680 on the cognitive
function (P>0.05) with or without adjustment for
demographic covariates. There was a very subtle effect of
rs4680 on the processing speed (equation 2/Factor 2) at the
3-month time point (beta = -0.28+0.13, P=0.03) and at the
9-month time point (beta = -0.31+0.14, P=0.02), but not at
the 15-month time point (P=0.15). There was no effect of
rs4680 on any other measure of cognitive functions at any
other time point (Figure I).

Longitudinal analysis

There were no significant effects of rs4680 over time on
any of the cognitive measures. There were no significant
interactions between rs4680 x intervention over time on any
of the cognitive measures.

Discussion

To our knowledge, this is the first study to explore the
interaction between COMT SNP rs4680 (Vall58Met)
and cognitive function as well as the intervention’s
effect on cognition over time in Chinese community-
dwelling elderly individuals. Through this study, we
hope to evaluate if the catechol-O-methyltransferase-
Vall58Met-polymorphism, which is well known to affect
prefrontal dopaminergic metabolism, affects both cognitive
function and intervention’s effect on cognition over time.
Although previous studies have shown training-associated
improvements on reasoning, memory and processing
speed over one year post-intervention in healthy older
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adults (11,27), the interaction of these results with COMT
Vall58Met polymorphism has not yet been thoroughly
explored.

In this study, COMT SNP rs4680 (Vall58Met) does not
appear to affect cognitive function over time in this cohort
of individuals, nor does it interact to affect the intervention’s
effect on cognition over time. We also evaluated different
domains of cognition: memory, processing speed, and
executive function so that we could identify which of these
cognitive domains are the most sensitive markers of training
effects.

There are weak associations between rs4680
and processing speed at the 3-month time point
(beta = -0.28+0.13, P=0.03) and at the 9-month time point
(beta = -0.31+0.14, P=0.02), but not at the 15-month time
point (P=0.15). We think there are two possible reasons to
explain this phenomenon. For the first one, our previous
study showed that that processing speed is more dependent
on white matter integrity—which shows non-linear declines
that plateau in middle-age exhibit additional decline later in
life (22). We can’t come to the conclusion only through this
study that if the intervention’s effect on processing speed
is also non-linear changed, but further studies to reveal
the specific intervening process of the intervention seems
beneficial. Second, these may be false-positives as they do
not appear to be consistent effects seen over time. However,
it remains to be explored why false positive results appear at
both the 3-month time point and the 9-month time point.

COMT vell58met is a point mutation of the fourth
exon on its gene, which leads to the activity of its product
COMT reduced 3-4 times through turn the amino acid
from valine (Val) into methionine (Met). For Met allele
carriers, their prefrontal enzyme activity has changed, thus
affects prefrontal executive function (28). An earlier study
on children has shown that the effects of COMT gene
polymorphism on cortical language processing may become
different in a narrow age window of 6-10 years (29). In our
study, subjects are 70 years of age and older, COMT SNP
rs4680 (Vall158Met) does not appear to affect cognitive
function over time in this cohort of individuals, nor does it
interact to affect the intervention’s effect on cognition over
time. Evidence above shows that there may be a narrow
age window in which cognitive function changes in older
individual, and our cohort could have missed this age.

There was no effect on rs4680 on any other measure
of cognitive function at any other time point except
processing speed. Our previous findings suggest that
processing speed may be the most sensitive target for
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multi-domain cognitive training. Memory and executive
function are less sensitive to training interventions because
they depend more on cortical gray matter regions - which
show linear rates of atrophy over time—while processing
speed is more tractable to training as it is more dependent
on white matter integrity—which shows non-linear
declines that plateau in middle-age then show additional
decline later in life (22,30).

Some previous researches have shown that there is a
gender difference in the activity of COMT (31,32). During
transcription, the estrogen could regulate the COMT
expression through the estrogen receptor in its promoter
region (33). And the estrogen-mediated reduction in
COMT mRNA was declared to be accompanied by a
decrease in COMT activity (34). In general, women have
20-30% lower COMT activity than men (35). Additionally,
evidence showed that there may be higher estrogen level
in the prefrontal cortex than any other cortical area.
Therefore, whether sexual difference is the impact factor of
our result still need a larger sample size to authenticate.

As the first report of the interactions between COMT
Vall58Met polymorphism and the cognitive training
in a Chinese cohort, we expect this research provides
useful information to other groups designing cognitive
intervention studies or with access to larger cohorts thus
they can further examine these conclusions and estimate
them in an independent elderly population.

Limitations

Although our findings suggest age related COMT gene
polymorphisms affect cognitive function, the narrow age
range of the cohort limits the strength. Future studies
should focus on individuals encompassing a winder
age range in order to reveal a more comprehensive
understanding of age-related cognitive patterns in relation
to COMT gene. Second, this time we evaluated a single
COMT SNP (rs4680: Vall58Met). All of COMT genes,
the Vall58Met is a genetic variant which was thought
to be closely related to language ability, perception, and
processing. Meanwhile, there is other important gene-
locus, as rs4818, which is was found to moderate immediate
memory transfer effects following single-domain training
only, with G/- carriers displaying greater benefits than
C/C carriers (36). Our previous research also involved a
gene—ApoE, non-carriers had good response to cognitive
intervention (22). In following studies, assessing the effects
of multiple gene polymorphism would be beneficial.
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Conclusions

COMT SNP rs4680 (Vall58Met) does not appear to affect
cognitive function over time in this cohort of individuals,
nor does it interact to affect the intervention’s effect on
cognition over time. There are weak associations between
rs4680 and processing speed but these must be interpreted
with caution, as they do not appear to be consistent over
time. The COMT Vall58Met polymorphism does not
appear to modify cognitive function following cognitive
training in healthy elderly.
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