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Past research has concentrated on the stress system and personality in order to explain the variance found in cognitive performance
in old age. A growing body of research is starting to focus on genetic polymorphism as an individual difference factor to explain the
observed heterogeneity in cognitive function. While the functional mechanism is still under investigation, polymorphism of the 5-HT2A
receptor gene (−1438A/G) has been linked to certain behavioral and physiological outcomes, including cortisol secretion, the expression
of certain personality traits, and memory performance. It was the goal of the present study to investigate the association between the
−1438A/G polymorphism and stress hormone secretion, stress-related psychological measures, and cognitive performance in a group
of adults between the ages of 50 and 65. To examine these associations, 101 middle-aged adults were recruited, completed a battery
of psychological questionnaires and were administered a battery of cognitive tasks that assess frontal lobe and hippocampal function.
Basal and stress-reactive salivary cortisol levels were collected, at home and in the laboratory. Analyses on psychological measures
showed that participants with the GG genotype reported significantly higher levels of neuroticism compared to the AG group and higher
levels of depression and more emotion-based coping strategies compared to both the AG and AA group. In terms of cortisol secretion,
the AA genotype was related to a significantly higher awakening cortisol response (ACR) compared to the AG and GG group and the GG
genotype group displayed a greater increase in cortisol secretion following a psychosocial stressor compared to the two other groups. On
measures of cognitive performance, the AA genotype group performed significantly better on a test of declarative memory and selective
attention compared to the other two groups. Together, these results suggest that carriers of the GG genotype are more susceptible to
low mood and display a greater potential for an overactive stress system, which may influence cognitive function in later years.
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INTRODUCTION
With an aging population on the rise, researchers have attempted to under-
stand what makes an individual vulnerable or resilient to cognitive decline
with age. Indeed, numerous studies have attempted to explain the hetero-
geneity observed in cognitive function within the aging population. Thus
far, two factors have received considerable attention in explaining the
variance in cognitive performance, namely the stress system and per-
sonality traits. Specifically, studies have shown that overactivity of the
hypothalamic–pituitary–adrenal (HPA) axis, evidenced by elevated levels
of daily glucocorticoid (GC) secretion, is linked to poorer cognitive perfor-
mance in both animals and in humans (Issa et al., 1990; Landfield et al.,
1978; Lupien et al., 1994). In addition, personality factors, including low
self-esteem and high neuroticism have been linked to poorer cognitive
performance in older adults (Crowe et al., 2006; Pruessner et al., 2004;
Wilson et al., 2005). While these two individual difference factors may pro-
vide insight into cognitive variability in old age, recent studies have started
to examine candidate genes of specific biological systems that may not
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only explain variability in cognitive function, but further underlie variance
in HPA activity and personality. One biological system under investigation
is the serotonergic system (5-HT).

The 5-HT system is a widely investigated neurotransmitter system
that has been found to play an important role in various sensory, motor,
and cognitive processes. The 5-HT system has not only been linked to
the expression of stress-related disorders and personality traits (Moresco,
2002; Walderhaug et al., 2002), but has also been found to play a role in
the regulation of the HPA axis (Dinan, 1996; Zhang et al., 2002). Overall,
studies have shown that depletion of 5-HT is related to increased HPA
activity (Hood et al., 2006; Pruessner et al., 2004) and the expression
of certain personality traits, including lower impulse control, increased
aggression-hostility, and increased neuroticism (Cleare and Bond, 1997;
Depue, 1995; Flory et al., 2004; Hennig et al., 2005; Manuck et al.,
1998). Within the 5-HT system, the 5-HT2A receptor has been widely
investigated.

Studies have reported that 5-HT2A receptors are located on neu-
roendocrine cells in the hypothalamus and modulate the neuroendocrine
response and reactivity to novelty (Greyer, 1996; Rittenhouse et al., 1994;
Zhang et al., 2002). It has been shown that stimulation of 5-HT2A receptors
induces HPA activity, evidenced by increased GC secretion (Bagdy, 1996;
Zhang et al., 2002). Also, lower 5-HT2A binding has been implicated in cer-
tain personality traits, namely harm avoidance and hopelessness (Moresco
et al., 2002; van Heeringen et al., 2003). Thus, studies have shown that
5-HT2A receptors are implicated in the individual difference factors that
have been investigated in explaining cognitive variability in old age.

Apart from their role in personality and HPA activity, 5-HT2A receptors
have been implicated in cognitive processing and pathological cogni-
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tive function (Hirano and Fibiger, 1995; Lai et al., 2005; Versijpt et al.,
2003). Specifically, 5-HT2A receptors are important for cognitive function
as these receptors are found to facilitate cholinergic release (Buhot, 1997).
Furthermore, 5-HT2A receptors are located in the prefrontal cortex and in
the hippocampus, two important brain regions for learning and memory.
In addition, studies have shown that 5-HT2A receptor binding decreases
in a variety of brain regions with age, reflecting the loss of specific 5-HT
receptors (Rosier et al., 1996; Sheline et al., 2002). In fact, a marked
decrease in 5-HT2A receptors has been found in patients suffering from
dementia (Versijpt et al., 2003). Thus, it appears that the 5-HT2A receptor
not only plays an important role in personality and HPA activity, but also
underlies cognitive function. From this, it may be postulated that indi-
vidual differences in the 5-HT2A system may explain the expression of
certain personality traits as well as individual differences in HPA activity
and cognitive performance in later years.

A common polymorphism of the 5-HT2A receptor gene (5-HTR2A)
that has been identified is the −1438A/G gene in the promoter region
on chromosome 13q14-q21. Studies have shown that variations in
the −1438 SNP modulates 5-HTR2A promoter activity, with the AA
genotype associated with higher 5-HT2A gene expression in cell lines
that endogenously express 5-HT2A (Parsons et al., 2004). This genotype
effect on 5-HTR2A expression may differentially facilitate or modulate
other interacting biological systems such as the neuroendocrine system.
Indeed, a study investigating the impact of the −1438A/G polymorphism
on the stress system reported that carriers of the G allele were more likely
to exhibit cortisol non-suppression following the dexamethasone test
(Rosmond et al., 2002). Non-suppression of cortisol following dexam-
ethasone treatment has been observed in depressed patient populations
and may be an indication of chronic stress or an overactive HPA axis
(Rush et al., 1996; Westrin and Nimeus, 2003). While this study showed
potential for the −1438A/G gene to influence HPA activity, no studies
have directly assessed the association between this polymorphism and
basal diurnal cortisol secretion, or reactive cortisol levels following a
psychosocial stressor, two measures that are found to correlate with
cognitive performance in old age (Lupien et al., 1994, 1997).

A number of association studies have also reported a relationship
between the 5-HTR2A promoter polymorphism and stress-related
psychological measures. Coinciding with the aforementioned HPA
findings, presence of the G allele of the −1438A/G gene has been linked
to depressive symptomatology (Chee et al., 2001; Choi et al., 2004).
Also, the GG genotype has been related to reports of greater reward
dependence, more social introversion, fewer friends, and a tendency
for higher neuroticism (Golimbet et al., 2004; Rybakowski et al., 2006;
Tochigi et al., 2005). In a sample of anorexic females, it was reported that
the AA genotype group displayed lower reward dependence than the GG
group and lower harm avoidance than the AG group (Rybakowski et al.,
2006). Interestingly, reward dependence and harm avoidance have both
been found to be greater in patients with mood disorders than healthy
controls (Ampollini et al., 1999). Thus, genetic variance in this gene
appears to be associated with personality traits and behaviors that are
related to stress-induced negative affect.

To date, only one study has assessed this polymorphism in relation
to cognitive function. Reynolds et al. (2006) examined the relationship
between the −1438A/G polymorphism and cognitive performance in a
13-year longitudinal study. While no group differences were found for tests
that assessed immediate and delay recall of names and faces, working
memory, and attention, it was reported that the GG genotype group out-
performed the two other groups on a picture memory task. This group
difference was observed at baseline and at the 13-year testing period.
While a genotype effect was observed, the outcome is somewhat surpris-
ing given the aforementioned studies suggesting that the G allele is asso-
ciated with HPA overactivity and personality traits that would commonly be
associated with poorer cognitive performance. Indeed, additional studies
are required to assess the influence of this genetic variant on cognitive
function.

Given the established role of the 5-HT2A receptor in HPA activity, per-
sonality, and cognition, and the potential underlying role of the −1438A/G
polymorphism on these parameters, it was the goal of the present study
to evaluate the relationship between the −1438A/G polymorphism and
cognitive function, and the relationship between this genetic variant and
stress-related indices that are associated with cognitive function, includ-
ing cortisol secretion and personality in healthy middle-aged adults. We
hypothesized that genetic variation in the 5-HT2A receptor affects HPA
activity, estimated by basal salivary cortisol secretion and reactive sali-
vary cortisol levels following a psychosocial stressor. It was also postulated
that this polymorphism is associated with stress-related personality traits
and cognitive performance, both of which are related to HPA activity.

MATERIALS AND METHOD
Participants
One hundred and one male and female middle-aged adults were recruited
for the present study. The mean age of the sample was 57.91 (SE =
0.37) years, 77% of the sample was female, 88% were Caucasian, and
43% attained an education level above college (or Cegep in Quebec). The
sample was cognitively intact as measured by the mini-mental state exam
(M = 29.49, SE = 0.10).

Procedure
Prior to commencing the study, all participants were screened on the
telephone for diagnosed Axis I disorders and medications that may alter
the HPA axis (e.g., GCs and antidepressants). Also, individuals who smoked
more than ten cigarettes a day, which may alter stress hormone secretion,
were excluded from the present study.

Participants who passed the telephone screening visited the Douglas
Mental Health University Institute on two separate days and were asked
to sample their saliva at home for three consecutive days between the
two visits. Before beginning the study, all participants read and signed an
informed consent for their participation in the study. During the first visit,
participants gave blood for genotype analyses and medical analyses to
ensure that the participant was in good health and to ensure the absence
of a thyroid dysfunction, which may influence HPA activity. Following the
blood draw, participants were seen by a medical doctor to ensure overall
good health. Participants were then administered a battery of neurocog-
nitive tasks and were asked to complete a booklet of questionnaires.

At home, participants were asked to sample their saliva five times a
day for three consecutive days. Samples were taken at the following five
time points: upon awakening, 30 minutes after awakening, 14:00, 16:00,
and before bedtime. Participants were asked to store samples in their
freezer until their second visit to the Research Institute.

During the second visit, participants were exposed to the Trier
Social Stress Test (TSST), which is a validated psychosocial stressor
that entails giving a five-minute speech to an audience, followed by
a five-minute mental arithmetic task (Kirschbaum et al., 1993). Saliva
samples were collected pre- and post-TSST, at 10-minute intervals
(baseline, pre-anticipation, pre-TSST, post-TSST, 5, 15, 25, 35, and
45 minute post-TSST).

Protocol for this study was approved by the Ethics Board of the Douglas
Mental Health University Institute (#03/40).

Cognition and psychological questionnaires
The neurocognitive battery consisted of tests that assess hippocampal
and frontal lobe function, including

Word-pair task: A declarative memory task that required participants to
recall related and non-related word pairs immediately after word-pair
presentation (immediate recall) and then 20 minutes later (delay recall).
Total immediate and total delay recall scores for related and non-related
word pairs were calculated for analyses.
Digit span task: Participants were asked to repeat a series of digits in
forward and reversed sequence. Total scores were calculated for forward
span and reverse span for analyses.
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Table 1. Primer sequences for genotyping of the −1438 A/G polymor-
phism by pyrosequencing.

Primer sequencing 5′-3 Annealing temperature (◦C)

F: GTCAGGTGCTGGAACACCTAGCC 60
R: Biotin-TAGGTCTTGTGGTTCAGAACG 60
Sequencing primer: TCATGACTTCCCCCATGC

Verbal fluency: Participants were required to name as many words begin-
ning with a certain letter (phonetic fluency) and as many objects from a
given category (category fluency). Total score on phonetic and category
fluency were calculated for analyses.
Selective attention: Participants were required to respond to the presence
or absence of a target stimulus, which was or was not presented among
2–10 distracters. Reaction time was calculated and slope of reaction time
was calculated for stimulus present and stimulus absent conditions.
Psychological questionnaires: The administered psychological ques-
tionnaires included the neuroticism subscale of the NEO-Five Factor
Inventory (McCrae and Costa, 1986), the Rosenberg Self-Esteem Scale
(Rosenberg, 1965), the Geriatric Depression Scale (Yesavage et al.,
1982), and the Ways of Coping Scale (Vitaliano et al., 1985). For analy-
ses, a total score was calculated for each subtest of the Ways of Coping
Scale, and for each of the remaining questionnaires.

Genotyping
Genomic DNA was extracted from 200 �L of white blood cells using the
QIAamp blood Mini Kit according to manufacturer’s instructions (QIAGEN
Inc., Valencia, CA, USA). The Taq DNA Polymerase Kit was used to perform
PCR (QIAGEN Inc.). A 50 �L of reaction mixture was used, containing
0.5 �M of each primer, 2.5 units of Taq polymerase, 20 mM dNTP mix,
25 mM MgCl2, and 250 �g of template DNA. PCR conditions included a
denaturation step of 95◦C for 10 minute, followed by 95◦C for 1.5 minute,
58◦C for 2.5 minute, 72◦C for 3 minute and a final extension at 72◦C for
10 minute. The primers for the PCR yielded an amplification of 53 bp.

For the development of pyrosequencing assay, the sequencing primer
was designed using the PSQ assay design 1.06 software (Biotage, Uppsala,
Sweden). The primers are listed in Table 1. Following the aforementioned
PCR procedure, the PCR product was immobilized onto streptavidin-coated
beads by mixing 25–30 �L of amplification product, 3 �L of streptavidin-
coated Sepharose HP beads (GE, Healthcare), 40 �L of binding buffer, and
20 �L of Milli-Q water. The mixture was then agitated for 10 minute at
14 000 rpm on a Labnet Orbit P2 digital shaker (ICS BioExpress). The beads
were then captured by the Vacuum Prep Tool (Biotage) and single-stranded
DNA was generated by passing the captured beads through three steps:
70% ethanol, 0.2 M NaOH, and then a washing buffer. The beds were
then released in a PSQ plate pre-filled with 0.3 �M sequencing primer
in 40 �L of annealing buffer. The plate was then incubated at 80◦C for
2 minute using a Dry Analog Heat Block (VWR), and then left to cool at room
temperature to allow for annealing of the sequencing primer. Sequencing
was done using a PSQ96 Reagent Kit and a PSQ 96MA system (Biotage).
Results were analyzed using the PSQ96MA software v.1. (Biotage)

Cortisol measures
For assessment of salivary cortisol levels, Salivettes (Sarstedt, Ville St.
Laurent) were utilized, which consists of placing a cotton swab in the
mouth for 2 minute until fully saturated and then placing the cotton into
a tube. All salivary cortisol samples were maintained at −20◦C until cor-
tisol determinations. Salivary cortisol concentrations were assayed in Dr.
Dominique Walker’s laboratory at the Douglas Mental Health University
Institute by radioimmunoassay using a kit from DSL (Diagnostic Sys-
tem Laboratories, Inc, Texas, USA) with small modifications. Total binding

and non-specific binding typically range between 47–63 and 0.5–1.5%,
respectively. The intra- and inter-assay coefficient of variation for these
analyses are 4.6 and 5%, respectively. The limit of detection of the assay
is 0.01 dl, and all samples were assayed in duplicates.

For cortisol collected at home, each time point of sampling was aver-
aged over the 3 days. Awakening cortisol response (ACR) was calculated
to assess the morning rise in cortisol within the first 30 minute of awak-
ening. The ACR is commonly noted by a 50% increase in cortisol levels
after awakening and is considered a reliable biomarker of HPA activity
(Pruessner et al., 1997; Wust et al., 2000). For cortisol collected during
the TSST, area under the curve (AUC) was calculated for total cortisol
secreted during the TSST protocol, and percentage change in cortisol was
calculated to estimate the change in cortisol from pre-TSST to 15 minute
post-TSST to estimate the rise in cortisol specific to stress exposure.

RESULTS
For cognitive and psychological (i.e., personality and mood) scores, inde-
pendent analyses of co-variance (ANCOVA) were performed on all outcome
measures, controlling for age, gender, education, and language.

For each sample of basal and reactive cortisol levels, repeated mea-
sures analyses were conducted controlling for age, gender, education, and
language. ANCOVAs were performed for ACR and for percentage change
in cortisol pre-to-post TSST. All results were considered significant at an
alpha level of 0.05.

Demographics
Within the sample, 35 were GG carriers, 51 were AG carriers, and 15 were
AA carriers. The observed frequencies for the three 5-HTR2A genotypes
obeyed the Hardy–Weinberg equilibrium, �2 (1) = 0.67, p = 0.72. A signif-
icant group difference was found between the GG group and the AG group
for age. Specifically, the AG (M = 56.89, SE = 0.58) group was found to
be significantly younger than the GG group (M = 59.19, SE = 0.64) but not
significantly younger than the AA group (M = 58.00, SE = 0.95) (Table 2).

Psychological measures
ANCOVA found a significant group difference for neuroticism, F (2,
97) = 3.75, p = 0.03, self-esteem, F (2, 98) = 3.72, p = 0.03, and
depression, F (2, 98) = 3.72, p = 0.04. Specifically, the GG group
reported higher levels of neuroticism and lower levels of self-esteem
compared to the AG group, and reported higher levels of depression than
the AA group (Figure 1a).

In terms of coping strategies, no significant differences were found for
problem solving, blame, or social support. However, a significant group
difference was found for avoidance coping, F (2, 98) = 3.51, p = 0.03,
and wishful thinking, F (2, 98) = 3.75, p = 0.03. The GG group reported
more avoidance coping than the AG group and more wishful thinking than
both the AG and AA group, p s < 0.03 (Figure 1b).

Cognitive performance
ANCOVA found no effect of genotype on digit span or verbal fluency per-
formance. However, a significant difference was found for performance
on the declarative word-pair task, for immediate recall of non-related

Table 2. Demographic factors across genotype group.

Demographics AA AG GG

N 15 51 35
Age (mean, SE) 58.00 (0.95) 56.89 (0.58)* 59.19 (0.64)
Gender (female:male) 12:4 41:12 28:8
Language (english:french) 10:6 41:12 25:11
Retired (%) 40% 37% 45%
MMSE (mean, SE) 29.31 (0.23) 29.50 (0.16) 29.57 (0.16)

∗ p = 0.03 significant group difference between AG and GG.
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Figure 1. Mean score (SE) on psychological measures across genotype
group.

word pairs, F (2, 96) = 3.18, p = 0.048, and delay recall of non-related
word pairs, F (2, 94) = 4.21, p = 0.02. For both immediate and delayed
recall, the AA genotype group performed significantly better than the
other two groups, ps < 0.03 (Figure 2).

In addition, a significant group difference was found for performance
on the selective attention task when the target stimulus was present.
Specifically, the AA group displayed a steeper slope in reaction time than
the other two groups, F (2, 97) = 5.90, p = 0.01. A steeper positive slope in
the AA group signifies a quicker time to respond to the target stimulus when
fewer distracter stimuli were present on the computer screen, compared

Figure 2. Mean score (SE) on word-pair task across genotype.

Figure 3. Mean reaction time (SE) on the selective attention task for
stimulus absent and stimulus present conditions across genotype group.

to the GG or AG group. As the number of distracter stimuli reached a
maximum (i.e., 10 distracter stimuli), the AA group displayed the same
reaction time as the other groups. No differences were found, however,
when target stimulus was absent (Figure 3).

Cortisol measures
Basal cortisol. Repeated measures analyses found a significant
time × group difference over the five sampling times (Figure 4a). There
was also a trend for a group difference (p = 0.09). Univariate analyses
found group differences at the 30 minutes after awakening point, F (2,
103) = 4.68, p = 0.01, and at the 14:00 point, F (2, 103) = 4.05, p = 0.02.
Specifically, the AA group secreted higher levels of cortisol at the 30-
minute mark compared to the AG and GG group and secreted higher
levels than the GG group at the 14:00 point (ps < 0.05).

ANCOVA found a significant group difference in ACR, F (2, 93) = 3.17,
p = 0.04. The AA group exhibited a significantly higher ACR (M = 0.67,
SE = 0.08) than the AG group (M = 0.34, SE = 0.15), p < 0.05. Although
the AA group exhibited a larger ACR than the GG group (M = 0.33,
SE = 0.11), comparison tests failed to reach significance (p > 0.05).

Reactive cortisol. Repeated measures analyses found a significant
time × group difference, F (2, 93) = 5.01, p = 0.01. Univariate analyses
found a significant between group difference for overall AUC cortisol during
the TSST, F (2, 93) = 4.06, p = 0.02 (Figure 4b), with the GG group dis-
played higher overall AUC (MAUC = 0.14, SEAUC = 0.08), compared to the
AG group (MAUC = 0.02, SEAUC = 0.09), p < 0.05. A trend was found for the
GG group to display higher AUC compared to the AA group (M =−0.10,
SE = 0.09), p = 0.06. A significant effect was also found for percent-
age change from baseline to 15 minutes post-TSST, F (2, 91) = 7.53,
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Figure 4. (a) Mean (SE) diurnal cortisol secretion across genotype group.
(b) Mean (SE) stress-reactive cortisol secretion across genotype group.

p = 0.001. Specifically, the GG group displayed greater percentage change
(M = 0.72, SE = 0.17) compared to the AG group (M =−0.10, SE = 0.04)
and the AA group (M = 0.15, SE = 0.19), ps < 0.05.

DISCUSSION
The present study investigated the association between the −1438A/G
5-HT2A receptor polymorphism and cognition in a sample of middle-aged
adults. This polymorphism was also assessed in relation to basal and
reactive cortisol levels and personality, two individual difference factors
commonly associated with cognitive function. This is the first study to
assess the −1438A/G polymorphism in healthy middle-aged adults and, to
the best of our knowledge it is the first study to directly assess the associa-
tion of this polymorphism with basal and stress-reactive cortisol secretion.

In terms of psychological measurements, our findings suggest that
homozygote carriers of the G allele have a tendency to report greater
depressive symptomatology, poorer self-esteem, and higher reports of
neurotic traits compared to individuals who are not homozygote carriers
of the G allele. These findings are in line with past association studies
that have found a link between the GG genotype and risk for depression
(Chee et al., 2001; Choi et al., 2004), and are in line with findings that
GG carriers tend to report greater social introversion and fewer number of
friends (Golimbet et al., 2004). Also, high reward dependence and harm
avoidance have been found in individual carriers of the GG genotype, which
are traits correlated with depression (Pelissolo and Corruble, 2002). We
further found greater use of emotion-based coping strategies in the GG
carriers compared to other genotype groups, including avoidance and
wishful thinking, both of which have been associated with low mood
(Sigmon et al., 2007; Vollman et al., 2007). Overall, it appears that the GG
genotype is associated with psychological factors that denote a tendency

for low affect, which has further been found to correlate with dysregulation
of the HPA system.

Assessment of basal cortisol levels in the morning showed that the AA
group displayed a significantly steeper ACR compared to the AG genotype
group. Also, although not significant, the AA carriers tended to display a
higher ACR than the GG group. Indeed, a close look at the graph shows
that the GG and AG genotype groups failed to show the common 50%
increase in cortisol secretion after awakening. Interestingly, a flat ACR has
been linked to depression and other stress-related disorders (Kuehner
et al., 2007). Thus, the flat ACR finding not only mirrors past research
but also corresponds to the present psychological findings. Based on our
results, it may be speculated that carrying the G allele may lead to a flatter
awakening response and may increase the risk of presenting low affect.

To date, one other study has assessed the HPA system in relation
to the −1438A/G polymorphism using the dexamethasone test. Follow-
ing administration of 0.25 mg of dexamethasone, it was reported that
homozygotic carriers of the G allele exhibited less suppression of cortisol
(Rosmond et al., 2002), which has also been reported in stress-related
pathology (Rush et al., 1996; Westrin and Nimeus, 2003). In the present
study, it was found that compared to AA and AG carriers, the GG genotype
displayed a greater percentage increase in cortisol levels in response to
the TSST, a widely used laboratory psychosocial stressor. This finding is
in agreement with the dexamethasone study by Rosmond et al (Rosmond
et al., 2002), suggesting an overactive HPA response to perturbations in
homeostasis of the individual. While this is the first study to assess stress
reactivity in this polymorphism, this finding, in combination with the per-
sonality outcomes, is in agreement with what has been reported in the
literature thus far. Studies have shown that low self-esteem, which was
characteristic of our GG sample, is related to higher reactivity to the TSST
(Pruessner et al., 1999). In terms of high neuroticism, also characteristic of
our GG sample, the findings are less clear, with some reports of enhanced
reactivity (Houtman and Bakker, 1991), some reports of blunted reactivity
(Burke et al., 2005; Phillips et al., 2005), and some reports of negative
findings (Schommer et al., 1999). Nonetheless, the present findings sug-
gest an influence of the −1438A/G polymorphism on the HPA system, for
both basal and stress-reactive activity.

Apart from greater stress reactivity to the TSST in the GG group, the AG
group also displayed an interesting pattern worth noting. The AG genotype
group displayed a blunted cortisol response throughout the TSST ses-
sion. While a heightened response as exhibited by the GG group denotes
hyperactivity of the HPA system, a blunted response also denotes dys-
regulation of the system. Indeed, a blunted cortisol response following a
psychosocial stressor has been reported in stress-related psychopathol-
ogy, including dissociative disorder (Simeon et al., 2007), tinnitus (Hebert
and Lupien, 2007), and also in healthy adults who report childhood mal-
treatment (Carpenter et al., 2007). In a meta-analysis that assessed the
relationship between the cortisol response to stress and depression, it was
found that individuals with major depressive disorder exhibited a blunted
cortisol response to psychosocial stress, especially in aged individuals
(Burke et al., 2005a, 2005b). Thus, it may be that presence of the G allele
is associated with a risk for abnormal HPA function, which was noted in the
present study as a blunted or overactive stress response, and a flat ACR.
However, the exact nature of HPA dysregulation among G allele carriers
may be dependent on additional interacting factors.

Considering the robust findings linking cortisol to cognitive perfor-
mance in older adults (Lupien et al., 1994, 2007; Sapolsky, 1994), and the
present findings linking the −1438A/G polymorphism with HPA activity,
the present findings on cognitive performance are intriguing. Specifically,
the AA group performed better on a declarative memory task than other
groups and also responded quicker to a selective attention task when fewer
distracters were present on the computer screen. This finding contradicts
a previous study that reported better performance by the GG genotype on
a figural memory task (Reynolds et al., 2006). One explanation for this dis-
crepancy in results is that these two tasks may use different areas of the
brain (Ariza et al., 2006). However, both tasks are considered to be tests of
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episodic memory, which is hippocampal dependent. Unfortunately, there
are no additional studies that have assessed the relationship between
this polymorphism and cognitive performance and thus more research is
required in this area in order to attain a more reliable interpretation of
the data. However, it should be noted that the cognitive findings reported
herein correspond to the cortisol and personality data in this study.

It should be noted, that although a 5% alpha level was employed
throughout the statistical analyses of data, results in the present study
are somewhat marginal (e.g., p = 0.03), possibly due to the small sample
size. For this reason, additional studies are required to assess these asso-
ciations and replicate the present findings. A larger sample size would
allow for a more reliable interpretation of the data. As well, it would be
interesting to assess this polymorphism in relation to cognition, HPA activ-
ity and personality in a wider age range, to assess if these associations
begin early in life.

However, despite the study limitations, the −1438A/G polymorphism
of the 5-HT2A receptor gene appears to be related to cognitive perfor-
mance as well as cortisol secretion and stress-related personality factors.
The reason for these associations remains to be elucidated, as there are
few studies that have assessed the functional significance of this polymor-
phism on the serotonergic system. Studies to date have shown that this
polymorphism determines receptor mRNA, with the A allele resulting in
greater expression of 5-HT2A receptors in the cortex and greater receptor
binding compared to the G allele (Parsons et al., 2004; Polesskaya and
Sokolov, 2002). Furthermore, lower 5-HT2A binding has been implicated in
poorer cognitive function (Morris et al., 1993). Thus these findings suggest
that there is lower binding in individual carriers of the G allele compared to
carriers of the A allele of the −1438A/G polymorphism. From this, it may
be postulated that greater receptor mRNA may result in greater receptor
expression, which may then result in a more efficient signaling system,
be it through greater facilitation of cholinergic function or modulation of
neuroendocrine activity.

While the polymorphism has not been found to affect 5-HT levels per
se, it may be surmised that greater number of receptors may render more
efficient synaptic signaling between neurons. This hypothesis corresponds
with studies that have shown that blockade of the 5-HT2A receptor results
in verbal and spatial impairment, in addition to impairment in sustained
attention and motor control (Wingen et al., 2006, 2007). However, this is
purely speculative and further analyses are needed in order to understand
how the −1438 A/G polymorphism influences the 5-HT system, and in
turn influences the stress-related indices reported herein.
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