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Abstract
Extensive research has shown that psychosocial stress can induce cognitive impairment. However, few studies have explored
impairment following acute stress exposure in individuals with central obesity. Central obesity co-occurs with glucocorticoid
excess and can lead to elevated cortisol responses to stress. It is not clear whether centrally obese individuals exhibit greater
cognitive impairment following acute stress. Cortisol responses to stress versus no-stress control were compared in 66 high-
and low waist to hip ratio (WHR) middle-aged adults (mean age of 46 ^ 7.17 years). Cognitive performance post exposure
was assessed using Cambridge Automated Neuropsychological Test Battery. It was hypothesised that high WHR would
exhibit greater cortisol in response to stress exposure and would show poorer cognitive performance. Males, particularly of
high WHR, tended to secrete greater cortisol during stress exposure. Exposure to stress and increasing WHR were specifically
associated with poorer performance on declarative memory tasks (spatial recognition memory and paired associates learning).
These data tentatively suggest a reduction in cognitive performance in those with central obesity following exposure to acute
stress. Further research is needed to elucidate the effects of stress on cognition in this population.

Keywords: Cortisol, memory, stress, Trier Social Stress Test (TSST), WHR

Introduction

Central obesity is defined as a waist to hip ratio

(WHR) of greater than 0.85 in females and 0.90 in

males (WHO 2000) and reflects the presence of

central fat about the abdomen. Central obesity can

occur independently or as a symptom of metabolic

syndrome, a cluster of metabolic and cardiovascular

risk factors (Isomaa 2003). The presence of central fat

together with impaired glucose tolerance, insulin

resistance and elevated blood lipids is associated with

increased risk of type II diabetes and has been

associated with cognitive impairment (e.g. Bent et al.

2000). Impairments in glucoregulation can result in

cognitive impairment (e.g. Convit 2005), in particu-

lar, on tasks of working memory, declarative memory

(Messier et al. 2003) and verbal memory (Lamport

et al. 2009). Further, type II diabetes has been

associated with atrophy of the hippocampus, a key

brain structure in cognitive processing (Bruehl et al.

2009), and such atrophy may be an early indicator of

onset of the diabetes (Gold et al. 2007).

Central obesity has also been associated with

glucocorticoid excess (Bjorntorp and Rosmond

2000a and 2000b) based on studies of patients with

Cushing’s syndrome, a condition of elevated cortisol of

which central obesity is a central feature. Previous

research has documented elevated basal cortisol in

those with central obesity (high WHR) (e.g. Rosmond

et al. 2000) and further, elevated cortisol secretion in

response to stress (Epel et al. 2000b). Glucocorticoid

excess can lead to abdominal fat deposition by

blocking the action of insulin, leading to further fat

deposition and increased risk of impaired glucose

tolerance and type II diabetes. Repeated exposure to

psychosocial stress is thought to further exacerbate this

process (Rebuffe-Scrive et al. 1992).

The effect of psychosocial stress on cognition has

been shown to be both beneficial and detrimental.
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Acute stress may facilitate memory consolidation,

particularly for emotional material, yet impair

retrieval, specifically, declarative recall (Wolf 2009).

Chronic stress has been shown to impair declarative

memory, particularly in the elderly (Lupien et al.

2005). Concurrent with the effects of early onset type

II diabetes, the effects of stress on cognition centre on

the hippocampus, mediated by the effect of elevated

cortisol on glucocorticoid receptors (Sapolsky et al.

1986). This can result, therefore, in enhanced risk of

hippocampal atrophy and vulnerability to cognitive

impairment.

Central obesity has been associated with impaired

cognitive function due to a poor metabolic profile and

elevated cortisol responses to stress. Further, both

stress exposure and the onset of diabetes (of which

central obesity is a common feature) have been

associated with hippocampal atrophy. Few studies,

however, have explored cognitive performance follow-

ing acute stress exposure in high- and low-WHR

individuals. Epel et al. (2000a) conducted a limited

assessment of cognitive performance using a

stroop task following acute repeat stress exposure in

high- and low-WHR females. Elevated cortisol

responses to stress and poorer selective attention on

an emotional stroop task were observed in high-WHR

females. These findings are limited but highlight scope

for a more detailed investigation.

The current study aimed to explore differences in

the response to stress versus no stress in male and

females with central obesity (high WHR) and those

without (low WHR). Further, cognitive performance

post-stress/no-stress exposure was assessed. It was

hypothesised that high WHR would exhibit greater

cortisol as a result of stress exposure and would further

demonstrate poorer cognitive performance.

Method

Participants

Seventy healthy adults (35 males and 35 females) aged

between 35 and 65 (mean ¼ 46 ^ 7.36 years) were

recruited. Thirty-nine participants were of low WHR

(17 males and 22 females) and 31 of high WHR

(14 males and 17 females). Participants were recruited

on the basis of whether they self-classified as an ‘apple’

body shape (high WHR) or a ‘pear’ body shape (low

WHR). Classification was then confirmed by

measurement at screening. Four participants failed

to provide sufficient saliva for cortisol analysis. The

non-completers did not differ with respect to gender

and age to the completers. Sixty-six participants

completed the study (mean ¼ 46 ^ 7.17 years).

The characteristics of the final sample are detailed

in Table I.

Exclusion criteria included use of any over-the-

counter or prescribed medication and smokers. Of the

female participants, 58% of the sample was pre-

menopausal, 31% post-menopausal and 11%

reported experience of peri-menopausal symptoms.

However, none of the females were currently using or

had ever used any form of hormonal replacement

therapy (HRT). Nine per cent of the females in the

sample reported use of oral contraceptives. None of

the participants were hypertensive. The study was

granted ethical approval by the Institute of Psycho-

logical Sciences Ethics Committee and all participants

provided full informed consent prior to participation.

Materials

Physiological measures. Participants were classified as

high or low WHR based on The World Health

Organisation guidelines (WHO 2000) defining central

obesity as a WHR of greater than 0.85 in females and

0.90 in males. WHR was determined by taking

separate measurements (cm) of waist (level midway

between the lower rib margin and iliac crest) and

hip circumference (maximum circumference over the

buttocks) (Molarius et al. 1999; Visscher et al. 2001).

Psychological measures. The National Adult Reading

Test (NART, Nelson 1982) was administered to

provide estimate of IQ to be used as a predictor in the

analysis of cognitive performance. The NART has

been found to be reliable in estimating IQ (O’Carroll

et al. 1992).

Stress induction. The Trier Social Stress Test (TSST)

(Kirschbaum et al. 1993) combines public speaking

with a mental arithmetic task performed before a

panel of two judges. The procedure for the TSST in

the current study conformed to previous applications

(e.g. Kirschbaum et al. 1993). A panel of two judges

Table I. Characteristics of the final sample (mean ^ SD).

Stress No stress

HWHR male

(N ¼ 5)

LWHR male

(N ¼ 8)

HWHR female

(N ¼ 8)

LWHR female

(N ¼ 11)

HWHR male

(N ¼ 6)

LWHR male

(N ¼ 9)

HWHR female

(N ¼ 9)

LWHR female

(N ¼ 10)

Age (yrs) 48.20 ^ 7.16 41.50 ^ 4.38 48.88 ^ 6.31 46.55 ^ 7.17 48.33 ^ 8.57 42.89 ^ 8.62 44 ^ 6.89 48.80 ^ 6.44

WHR 0.95 ^ 0.05 0.84 ^ 0.03 0.91 ^ 0.05 0.76 ^ 0.05 0.95 ^ 0.06 0.85 ^ 0.03 0.91 ^ 0.03 0.76 ^ 0.04
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(one male and one female) was used. Participants were

allocated 10 min preparation time before completing

the public speaking (5 min) and mental arithmetic

(5 min) tasks. Saliva samples for cortisol assessment

were collected at baseline and throughout the TSST

procedure (six samples in total). Participants assigned

to the no-stress control condition were asked to follow

the same procedure as the stress condition, but were

asked to read and informally discuss a job

advertisement with the researcher and to complete a

one page set of basic mathematical questions (adapted

from Domes et al. 2002). Participants were randomly

assigned to either the stress or no-stress condition.

Cognitive assessment. Cognitive performance was

assessed using the Cambridge Automated

Neuropsychological Test Battery (CANTAB;

Robbins et al. 1994). The following tests were

included: (i) delayed matching to sample (DMS; %

correct all delays), (ii) paired associates learning (PAL;

total correct), (iii) spatial recognition memory (SRM;

% correct), (iv) pattern recognition memory (PRM %

correct), (v) spatial working memory (SWM; number

of errors) and (vi) stockings of Cambridge (Tower of

London) (SOC; minimum number of moves to solve

the problem and mean initial thinking time). These

tests have been described in detail in the literature

(e.g. Robbins et al. 1994). Participants were also

required to complete the auditory verbal learning task

(AVLT; Rey 1964). This included assessment of

immediate (total number of words recalled over five

trials) versus delayed (number of words recalled after

20 min) verbal recall. Cognitive tests were selected in

order to measure declarative memory, spatial memory

and aspects of working memory which are impaired by

stress (Wolf 2009) and because they are associated

with hippocampal function (e.g. PAL, SRM and

AVLT) influenced by elevations in cortisol and

impaired glucoregulation. Previous research has

documented the sensitivity of such tests to cognitive

ageing (Rabbitt and Lowe 2000), hydrocortisone

administration (Young et al. 1999) and

glucoregulation (Ryan et al. 2006). All tests were

administered in the same order.

Procedure

Participants were informed that the session involved

completion of a number of cognitively challenging

psychological tests. All test sessions were conducted at

the same time of the day with participants arriving at

the unit at 13:30 h. Upon arrival, participants were

provided with a standard lunch (white bread plain

cheese sandwich with salted crisps and a glass of

water, approximately 500 calories) and allowed to

relax. Twenty minutes post arrival, (i) a baseline

measure of salivary cortisol was obtained (time ¼ 0

min) and participants were randomly exposed to

either the stress (S) (TSST) or no-stressor (NS) task.

Further, cortisol samples were obtained (ii) following

the preparation phase (time ¼ þ20 min) (iii) follow-

ing the (S)/(NS) public speaking phase (time ¼ þ30

min) and (iv) following completion of the (S)/(NS)

mental arithmetic phase (time ¼ þ40 min). Following

completion of the TSST/control, participants began

the cognitive test battery (CANTAB). The cognitive

assessment procedure lasted approximately 55 min.

Further, saliva samples were obtained (v) upon

completion of the cognitive test battery

(time ¼ þ110 min) and (vi) following 5 min of

relaxation (time ¼ þ120 min).

Cortisol assay

Salivette samples were thawed and spun at 3500 rpm.

Cortisol was determined by a non-commercial time-

resolved fluorescence (DELFIA) immunoassay devel-

oped for research purposes at Unilever Science Park,

Colworth. The amount of cortisol present in the saliva

samples was determined using a competitive inhi-

bition immunoassay utilising a Biogenesis polyclonal

anti-cortisol antibody and fluorescently labelled

cortisol. The in-house assay was adapted to

AutoDELFIA (Perkin Elmer, Buckinghamshire, UK)

for high throughput testing and was validated against

the widely used Salimetrics Kit (Salimetrics LLC,

Salimetrics Europe Ltd., Newmarket, Suffolk, UK).

The precise assay range (standards n ¼ 26, run on

three separate occasions) where both within and

between assay (coefficient of variation) CV% ,10 was

determined to be between 2 and 30 nM/l with CV%

only rising above 10% below 2 nM/l cortisol concen-

tration. The sensitivity of the assay was defined as the

value 3 standard deviations below the mean of the zero

standard measurement value (mean value–3SD)

(n ¼ 26). The determined assay sensitivity was

0.273 nM/l comprising the mean value determined

from three separate precision runs. Samples were

routinely tested in duplicate and then the average

result was used. The mean %CV was 1.99.

Statistical analysis

Data for cortisol were positively skewed and normal-

ised using a logarithmic transformation. Cortisol

obtained over the test session was analysed using a

2 £ 2 £ 2 £ 6 repeated measures analysis of variance

model with condition (stress/no stress), WHR (high/

low) and gender (male/female) as between-subject

factors and time as a within-subject factor. Age and

menopausal status (pre vs. post) (females only) were

included as covariates. All significant interactions were

explored post hoc using Bonferroni corrected indepen-

dent samples t-tests. Further, a linear multiple

regression using a backwards enter model was used

N. Lasikiewicz et al.46



to explore the predictive value of these variables in

terms of cortisol rise (delta measure of time

4—baseline (time 1)).

Scores generated from the CANTAB data handling

facility were imported and analysed in PASW 17

(SPSS Inc. Chicago, IL, USA). Cognitive perform-

ance was analysed using a series of linear multiple

regressions using a backwards enter model to explore

predictors of performance. Age, predicted IQ and

menopausal status (pre vs. post) (females only) were

entered in the first block followed by condition (stress

or no stress), WHR (raw score), gender (male or

female) and net cortisol rise. The final block consisted

of the interaction terms condition £ WHR and

condition £ WHR £ gender. As WHR is a continuous

variable, it was centred prior to inclusion in the

interaction term (Aiken and West 1991). Score on each

of the cognitive tests was included as the outcome

variable.

Results

Cortisol profile during the stress/no-stress task in

high/low WHR

The pattern of cortisol response to the stress/no-stress

task in high/low-WHR males and females is shown in

Figures 1 and 2, respectively.

A significant condition £ WHR group £ gender

interaction (F (1, 57) ¼ 10.957; p , 0.01) was

observed. High-WHR males in the stress condition

exhibited greater mean cortisol than high-WHR males

in the no-stress condition (1.26 ^ 0.06 and

0.97 ^ 0.05 LOGnM/l, respectively; p ¼ 0.004).

Further, a trend for high-WHR males to secrete

more cortisol across the session than low-WHR males

in the same condition was observed (1.26 ^ 0.06 and

1.12 ^ 0.04 LOGnM/l, respectively; p ¼ 0.073).

High-WHR males in the stress condition secreted

more cortisol than high-WHR females in the same

condition (1.26 ^ 0.06 and 1.02 ^ 0.06 LOGnM/l,

respectively; p ¼ 0.025) and further, low-WHR

males in the no-stress condition secreted more cortisol

than low-WHR females in the same condition

(1.08 ^ 0.03 and 0.93 ^ 0.03 LOGnM/l, respect-

ively; p ¼ 0.008). Finally, low-WHR females in the

stress condition secreted greater mean cortisol than

low-WHR females in the no-stress condition

(1.15 ^ 0.03 and 0.93 ^ 0.03 LOGnM/l, respect-

ively; p ¼ 0.000).

A significant time £ condition interaction

(F (5,260) ¼ 13.973; p , 0.01) revealed significantly

greater cortisol responses at times 2, 3, 4, 5 and

6 (biggest p ¼ 0.001) in the stress condition than in

the no-stress exposure. Baseline cortisol did not differ

significantly between conditions ( p ¼ 0.329). Males

exhibited greater mean cortisol across the session than

females (F (1, 57) ¼ 12.012; p , 0.01; 1.11 ^ 0.22

and 1.00 ^ 0.19 LOGnM/l, respectively). Finally,

significantly greater mean cortisol was observed

in the stress condition than in no-stress condition

(F (1, 57) ¼ 28.829; p , 0.01; 1.13 ^ 0.02 and

0.976 ^ 0.02 LOGnM/l, respectively).

The rise in cortisol in response to the stress/

no-stress task was analysed using a linear multiple

regression using a backwards enter model to explore

Figure 1. Cortisol response to stress/no stress in high- and low-WHR males (mean ^ SEM).
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predictors of the response. Age was entered in the first

block followed by condition (stress or no stress),

WHR (centred raw score) and gender (male or

female). The final block consisted of the interaction

terms, condition £ WHR and condition £ WHR

£ gender. The final model for net cortisol rise consisted

of condition, age and gender accounting for 53% of

the variance in the model. The model significantly

predicted cortisol rise (F (3, 62) ¼ 25.644; p , 0.000).

Condition, as expected, was identified as the

biggest significant predictor (b ¼ 20.698; p , 0.000).

However, age (p ¼ 0.023) and gender (p ¼ 0.014)

were also significant predictors.

Cognitive performance

Cognitive performance was analysed using a series of

linear multiple regressions using a backwards enter

model to explore predictors of performance. Age and

predicted IQ were entered first followed by condition

(stress or no stress), WHR (raw score) and gender

(male or female). The final block consisted of

Figure 2. Cortisol response to stress/no stress in high- and low-WHR females (mean ^ SEM).

Table II. Final models in cognitive assessment.

Outcome variable Predictors in the final model B Standard error B b t P-value

AVLT: total A Age 20.415 0.139 20.347 22.993 0.004

Condition 3.087 1.975 0.181 1.563 0.123

AVLT: delayed A Age 20.125 0.037 20.391 23.400 0.001

DMS Predicted IQ 0.625 0.264 0.275 2.365 0.021

Condition £ WHR £ gender 9.500 5.043 0.217 1.884 0.064

Net cortisol rise 10.832 5.880 0.215 1.842 0.070

PAL Age 0.348 0.194 0.215 1.792 0.078

WHR 2129.1 52.82 20.923 22.445 0.017

Condition £ WHR 86.59 33.56 0.975 2.580 0.012

PRM Gender 26.829 2.057 20.399 23.320 0.002

Condition £ WHR £ gender 28.817 4.958 20.230 21.917 0.060

SRM Gender 27.210 2.220 20.389 23.248 0.002

Condition £ WHR £ gender 211.65 4.961 20.281 22.438 0.022

SWM Age 0.701 0.301 0.261 2.327 0.023

Predicted IQ 21.749 0.503 2 .390 23.479 0.001

SOC (minimum moves) Gender 22.133 0.449 20.511 24.756 0.000

SOC (initial thinking time) Predicted IQ 452.99 211.25 0.255 2.144 0.036

Net cortisol rise 8882.2 4689.42 0.225 1.894 0.063
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the interaction terms condition £ WHR and con-

dition £ WHR £ gender. Score on each of the

cognitive tests was the outcome variable. The final

models for each cognitive test are displayed in Table II.

Beta values are included to reflect the degree of

correlation with each index of cognitive performance.

As Table II shows, performance on the PAL task

was associated with age, WHR and condition £ WHR.

All were significant predictors with condition £ WHR,

the biggest predictor of performance. Increasing

WHR was associated with improved performance on

the task in the no-stress condition, yet poorer

performance in those exposed to stress (Figure 3).

Condition, WHR and gender were also prominent

predictors of performance on the SRM task. An

increase in WHR was concurrent with a reduction in

performance on the SRM task for males in the stress

condition (Figure 4). For females in the stress

condition and males in the no-stress condition,

performance did not vary with increasing WHR

(Figure 5). Further, females in the no-stress condition

demonstrated poorer performance with increasing

WHR. In general, males outperformed females on this

task (85.36 ^ 1.58 and 79.61 ^ 1.49, respectively).

Age was the biggest predictor of performance on the

AVLT task (both total words recalled and delayed

recall of list A) in which performance decreased with

increasing age. Gender was identified as the biggest

predictor of performance on the PRM task with

males outperforming females (95.09 ^ 1.09 and

89.36 ^ 1.53, respectively). Gender was also the

biggest predictor of performance on the SOC task

Figure 3. Mean PAL score in high and low WHR by condition (mean ^ SEM).

Figure 4. Mean SRM score in high- and low-WHR males by condition (mean ^ SEM).
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(minimum number of moves to solve the problem).

However, on this task, females solved the problem

in fewer moves than males (7.97 ^ 0.31 and

10.11 ^ 0.31, respectively). However, in terms of

the mean initial thinking time (for a five-move

problem) on the SOC task, predicted IQ was the

biggest predictor of performance, whereby increases in

predicted IQ were associated with more initial

thinking time. IQ was also a prominent predictor of

performance on the SWM task (percentage correct,

between errors). An increase in predicted IQ was

associated with improved performance on this task.

Finally, IQ was also the biggest predictor of

performance on the DMS task (% correct all delays).

Performance, again, improved with increasing

predicted IQ.

Supplementary analyses of cognitive performance

were performed with menopausal status (pre vs. post)

included as a predictor (in females only). Menopausal

status was predictive of performance on the PRM,

delayed AVLT and DMS tasks, whereby performance

was better in post-menopausal females. Menopausal

status was not found to be predictive of performance

on the PAL and SRM tasks or any of the other

cognitive tasks administered.

Discussion

The TSST was effective in inducing a stress response.

Greater cortisol was observed during exposure to the

TSST than with the no-stress condition, consistent

with previous research (e.g. Schommer et al. 2003).

Condition (stress/no stress) was also the biggest

predictor of the increase in cortisol from baseline to

peak response. Further, a trend was observed for

WHR as a predictor of cortisol response. Within the

stress condition, males secreted more cortisol during

stress exposure than females. Further, gender and

WHR interacted to produce a cortisol response.

High-WHR males tended to secrete greater cortisol

across the session than high-WHR males in the no-

stress condition and low-WHR males and females in

the stress condition.

Individuals with central obesity can exhibit a more

pronounced cortisol response to a psychosocial

stressor (Marin et al. 1992; Moyer et al. 1994; Epel

et al. 2000b). However, these studies considered only

females. In the current study, high-WHR males were

found to be more responsive to stress and high-WHR

females less responsive than their high-WHR counter-

parts. Males being more responsive to stress is

consistent with previous research (Kirschbaum et al.

1995; Wolf et al. 2001). Kudielka et al. (2004)

observed elevated free salivary cortisol responses to

the TSST in elderly males compared to females. In the

current study, it is therefore plausible that these

findings reflect a gender difference and not a sole

effect of WHR as both high- and low-WHR males

demonstrated more elevated cortisol than high- and

low-WHR females.

The assessment of cognitive performance post-

stress exposure in those with central obesity to date is

under researched. Epel et al. (2000a) conducted a

limited assessment of cognitive performance following

repeated exposure to acute stress in high- and low-

WHR females. Elevated cortisol responses to stress

were observed in high-WHR individuals (females

only) and poor selective attention on an emotional

stroop task. Yet, no effects of stress and WHR on

memory were observed. In the current study, subtle

effects of stress exposure and central obesity on

cognitive performance were observed (accounting for

Figure 5. Mean SRM score in high- and low-WHR females by condition (mean ^ SEM).
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a small percentage of the variance). The interaction of

WHR, condition and gender was associated with

performance on declarative and spatial memory tasks

(PAL, SRM, DMS and PRM), which arguably centre

on hippocampal function, known to be sensitive to

elevations in stress (Wolf 2009). Both WHR and the

interaction between condition and WHR were

predictive of performance on the PAL task, in which

increasing WHR was associated with poorer perform-

ance on the PAL task under stress. This supports the

hypothesis that stress and a high WHR may lead to

reduced cognitive performance on hippocampal-

related tasks. However, in the no-stress condition,

increasing WHR was associated with better perform-

ance on the PAL task. These findings may be

explained using the inverted ‘U’ hypothesis (Luine

et al. 1993). An increase in WHR was concurrent with

an increase in basal cortisol (due to an apparent

glucocorticoid excess in central obesity (Bjorntorp and

Rosmond 2000a and 2000b)) and facilitated perform-

ance in the absence of stress. The introduction of

stress elevated cortisol levels to a point of impairment.

Performance on the SRM task was also associated

with WHR and the interaction between condition and

WHR. Spatial memory is also associated with

hippocampal function and also sensitive to elevations

in stress. Increasing WHR and stress were associated

with poorer performance in males. In general,

increasing WHR was associated with poor perform-

ance on this task, suggesting that the combination of

elevated cortisol and WHR may act specifically on the

hippocampus and reduce performance on certain

hippocampal-related tasks. It remains to be eluci-

dated, however, whether these deficits in performance

are due to the interaction between stress and WHR or

a poor metabolic profile, which can also lead to

cognitive impairment (Messier et al. 2003; Convit

2005).

Oestrogen may be protective against the negative

effects of stress (Galea et al. 1997; Wolf et al. 2001)

and can dampen cortisol responses when exogenously

administered (Kudielka et al. 1999). This could

account for the current findings; however, oestrogen

was not assessed in the current study. A small

proportion of the females within the study may have

been perimenopausal and this may account for lower

cortisol responses in those females. However, Saab

et al. (1989) observed heightened neuroendocrine

responses in menopausal females versus pre-

menopausal females (and also post-menopausal

females (Kudielka and Kirschbaum 2005)) which

conflicts with the current findings. Further, meno-

pausal status was not identified as a significant

covariate of cortisol response in the current data.

Menopausal status can also influence cognition due to

reduced oestrogen, leading to a reduction in perform-

ance (e.g. Halbriech et al. 1995). Menopausal status

was predictive of performance on some cognitive tests,

namely the pattern recognition (PRM), delayed AVLT

and DMS task. Improved performance was observed

in post-menopausal women. It is possible that this

accounts to differential cognitive effects in males and

females in the current study as the current sample

comprised both pre and post-menopausal females.

However, menopause was associated with improved

performance which conflicts with previous findings.

Improved performance post-menopause has been

observed in females taking HRT (e.g. oestrogen)

(LeBlanc et al. 2001); however, none of the

participants in the current study reported HRT use.

Further, menopausal status was not found to be

predictive of performance on the tests of interest i.e.

PAL and SRM. It is therefore unlikely that menopau-

sal status alone accounts for the current findings.

Menstrual cycle phase may also influence cortisol

responses to stress (e.g. Hlavacova et al. 2008).

Previous research conflicts as to the influence of

menstrual cycle phase on cortisol responses to stress

and few studies have explored this using the TSST.

Many observe a lack of influence of phase on cortisol

response (Pico-Alfonso et al. 2007), whereas others

have observed an elevated cortisol response in the

luteal phase (Kirschbaum et al. 1999) and a blunted

follicular phase cortisol response (Childs et al. 2010).

A blunting effect of menstrual cycle phase may

account for the current findings; however, only half

(and not all) the female sample was pre-menopausal

and the menstrual cycle phase of these women at the

time of testing is not known. Future research should

carefully screen female participants to prevent this

possible confound. Further, a dampened response in

high-WHR females may be due to the increased

circulating leptin. Prior animal research has shown

leptin to attenuate the neuroendocrine response to

stress (Huang et al. 1998), reducing cortisol release

(Wilson et al. 2005). Leptin is, conversely, often

reduced in males (Menendez et al. 2000). Leptin,

however, was not assessed in the current study.

Some limitations must be addressed. A between-

subject design was adopted in which the order of the

tests was unchanged for each participant. This may be

viewed as problematic due to a cortisol decrease post

exposure to the stress/no-stress condition. Figures 1

and 2 demonstrate cortisol elevation at the time of test

administration before starting to decline. Further,

tasks on which impairment was observed were not

those initially completed in the battery. Future

research should consider a counterbalanced method

of test administration. Although a standard meal

administration is acceptable in most experimental

paradigms, previous research suggests that the time

lag between meal consumption and assessment of

saliva for cortisol analysis should be longer than that

implemented in the current study. Consumption of

food may prompt a cortisol response lasting for up to

90 min. As such samples should not be taken within
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this window of time. As all participants received the

same meal at the same time, it is unlikely to have

affected the results in the current study. However,

future research should take such factors into

consideration to ensure accuracy of the cortisol

response to the stressor. Inclusion of a measure of

sympathetic arousal should be considered. This would

permit a more comprehensive assessment of the stress

response and would permit further assessment of the

relationship between stress and cognition as epineph-

rine, for example, can enhance memory (Cahill and

Alkire 2003). Finally, care should be taken to carefully

screen female participants for menopausal status and

to control for menstrual cycle phase. The findings of

this study have shown subtle influences of menopausal

status on cognitive performance in females and future

research should take this into consideration.

In conclusion, the findings of the current study

suggest that subtle interactions between stress and

central obesity may exist. The findings demonstrate a

tendency for greater cortisol responses to stress in

males with central obesity and for poorer performance

on declarative memory tasks. However, it is unclear as

to whether these effects are a consequence of stress

exposure or are due to a poor metabolic profile.

Further research is needed to fully elucidate the

mechanisms involved and to clarify the basis of the

effects observed.
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