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Now You See It, Now You Don’t: Testing Environments Modulate the
Association Between Hippocampal Volume and Cortisol Levels
in Young and Older Adults
Shireen Sindi,1,2 Alexandra J. Fiocco,3 Robert-Paul Juster,1,2 Catherine Lord,1
Jens Pruessner,4,5 and Sonia J. Lupien1,6*

ABSTRACT: The hypothalamic pituitary adrenal axis production of
the stress hormone cortisol interacts with the hippocampal formation
and impacts memory function. A growing interest is to determine
whether hippocampal volume (HV) predicts basal and/or reactive cortisol levels in young and older adults. Recent evidence shows that contextual features in testing environments might be stressful and
inadvertently induce a stress response in young and/or older populations. This latter result suggests that variations in testing environments
might inﬂuence associations between HV and cortisol levels in young
and older adults. To this end, we investigated 28 healthy young adults
(ages 18–35) and 32 healthy older adults (ages 60–75) in two different
environments constructed to be more or less stressful for each age
group (Favoring-Young versus Favoring-Old conditions). Cortisol levels
were repeatedly assessed in each environment, and young and older
participants underwent an anatomical magnetic resonance imaging scan
for subsequent assessment of HV. Results in both age groups showed
that HV was signiﬁcantly associated with cortisol levels only in the
unfavorable stressful testing conditions speciﬁc for each age group. This
association was absent when testing environments were designed to
decrease stress for each age group. These ﬁndings are fundamental in
showing that unless the nature of the testing environment is taken into
consideration, detected associations between HV and cortisol levels in
both young and older populations might be confounded by environmenC 2014 Wiley Periodicals, Inc.
tal stress. V
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INTRODUCTION
The hypothalamic–pituitary–adrenal (HPA) axis and
its end-products [glucocorticoids (GCs); cortisol in
humans] play a major role in stress responsivity. GCs
are liposoluble and cross the blood-brain barrier to
modulate receptive brain regions, including the hippocampus (Lupien and McEwen, 1997; de Kloet et al.,
2005; McEwen, 2007). Whereas cortisol levels are associated with hippocampal volume (HV) among various
populations (reviewed by Frodl and O’Keane, 2013), it
is important to distinguish basal from reactive levels.
Basal cortisol levels represent daily secretion, which follows a circadian rhythm. Upon awakening, the cortisol
awakening response (CAR) occurs, and levels steadily
decline throughout the day (Fries et al., 2009). In contrast, reactive cortisol levels are induced by acute stressors (Kirschbaum et al., 1993; Dickerson and Kemeny,
2004).
Studies in psychiatric patients report associations
between HPA axis dysregulation and reduced HV
(O’Brien et al., 2004; Swaab et al., 2005; Bremner,
2006; Karl et al., 2006). Among healthy populations,
studies have revealed that smaller HV is associated with
higher basal cortisol levels in young (Wolf et al., 2002;
Vythilingam et al., 2004) and older adults (Lupien
et al., 1998; Wolf et al., 2002; O’Hara et al., 2007;
Bruehl et al., 2009; Knoops et al., 2010). However,
results elsewhere show no such association in various age
groups (age range: 20–70 years) (MacLullich et al.,
2005; Gunduz-Bruce et al., 2007; Gold et al., 2010;
Kaymak et al., 2010; Kremen et al., 2010; Mondelli
et al., 2010; Collip et al., 2013). Caution must therefore
be taken when drawing conclusions based on the current
literature. A recent review by Frodl and O’Keane (2013)
concluded there are no evident methodological differences between studies, so discrepancies might be due to
chance. For these authors, the mixed ﬁndings may be
explained by the number of basal cortisol samples measured; studies using more samples are more likely to
report signiﬁcant associations between HV and basal cortisol levels (Frodl and O’Keane, 2013).
Despite Frodl and O’Keane’s point of view, another
possibility that might explain these discrepancies is
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participants’ stress reactivity during basal measurements. Here,
contextual features within testing environments may induce a
spurious reactive cortisol response. This implies that “basal cortisol levels” could in fact represent a “reactive cortisol response”
(Sindi et al., 2013).
Testing environments may be distressing when they inadvertently include psychological factors known to elicit stress
responsivity, to which older adults are sensitive (novelty, unpredictability, threat to the ego, and a diminished sense of control)
(Mason, 1968; Nicolson et al., 1997; Dickerson and Kemeny,
2004; Lupien et al., 2007a). Our team recently investigated
whether manipulating stressful factors within testing environments (e.g., non-optimal testing time, unfamiliarity with testing location, young age of research assistant and type of
unfamiliar cognitive task; see Lupien et al., 1997, 2007b)
might modulate cortisol levels and memory performance. To
do so, young and older participants were tested in two environments modiﬁed to be more or less stressful for each age group:
“Favoring-Young condition” and “Favoring-Old condition.”
Results showed that only when older adults were tested in the
Favoring-Young condition, they secreted high cortisol levels
and showed impaired memory performance. This suggests that
older adults’ sensitivity to their surroundings artiﬁcially
increases cortisol levels and impairs cognition (Sindi et al.,
2013).
Consistently, whether a signiﬁcant association between HV
and basal cortisol levels presents in any given study may
depend on participants’ reactivity to the testing environment. A
testing environment that is inherently stressful could increase
“basal” cortisol levels and induce a signiﬁcant correlation with
HV. Since as an age group, older adults have smaller HV when
compared to young adults, it is unclear whether this renders
them more sensitive to testing environments (Van Petten,
2004). It is therefore important to assess associations between
HV and cortisol levels in both young and older adults in favorable and unfavorable environments. The goal of this study was
to determine whether within the same age group, associations
between HV and cortisol levels differ as a function of reactivity
to the testing environment.

FIGURE 1.
A: Graphic representation of the saliva sampling
time points in the Favoring-Young condition. B: Graphic representation of the saliva sampling time points in the Favoring-Old
condition.

participants of this study were part of a larger study and we
have previously published ﬁndings on cortisol reactivity to variations in testing environments using the same sample of participants (Sindi et al., 2013).
Prior to recruitment, participants were called for a structured
phone screening, where they were asked to self-report whether
they have any medical or psychiatric conditions. Participants
were asked about cardiovascular and endocrine conditions, diabetes, use of medications that impact the HPA axis, body mass
index, neurological conditions, head trauma, and recent general
anaesthesia. Participants were also screened for depressive
symptoms and cognitive impairment. Individuals who had
mentioned having experienced a major life event in the past
year were not included. Only older women who were not using
hormone replacement therapy were recruited for the study. Participants provided written informed consent prior to their participation in the study. The Research Ethics board of the
Douglas Mental Health University Institute approved the study,
which adheres to the declaration of Helsinki.

MATERIAL AND METHODS
METHODS
Participants
The sample consisted of 28 young adults (nine men, 19
women) between the ages of 18 and 35 (M 5 24, S.E.M 5
0.87) and 32 healthy older adults (14 men, 18 women)
between the ages of 60 and 75 (M 5 67, S.E.M 5 0.82).
Young adults were recruited from the campus of McGill University in Montreal, Canada, while older adults were recruited
from advertisements in various newspapers published in Montreal, Canada. Young adults were university students, with a
mean of 15 years of education (S.E.M 5 0.27). Likewise, older
adults had a mean of 14 years education (S.E.M 5 0.56). All

Both older and young adults were each tested in two testing
environments manipulated to be more or less stressful for their
age group. The environments differed in terms of the following
factors: (1) location of testing, (2) age of research assistant, (3)
time of testing and (4) instructions/type of task. A detailed
description of the content of the memory tasks and for the
rationale of these factors as modulators of the stress response to
testing environments has been recently described in detail elsewhere (Sindi et al., 2013). The ﬁrst condition was a testing
environment that was favorable for young individuals (thereafter called the “Favoring-Young condition”). The second condition was a testing environment that was favorable for older
individuals (thereafter called the “Favoring-Old condition”). All
participants (young and older adults) were exposed to both
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conditions (Favoring-Young and Favoring-Old). The conditions
were counterbalanced within and across the two age groups.

Favoring-Young condition
This session took place in the afternoon, between noon and
16:00 at McGill University’s Montreal Neurological Institute.
While this location is well known to McGill University students,
it is not very familiar to older adults. Participants were met by a
young graduate student (24-years-old) who administered a wordlist recall task. The task consisted of an immediate recall phase,
and a delayed recall 20 min later. Participants then underwent a
magnetic resonance imaging (MRI) scan. To measure cortisol levels, saliva samples were collected at 10-min intervals throughout
the session (for a graphic representation of the saliva sampling
time points, see Fig. 1A). This testing environment was considered
favorable for young adults (and consequently, unfavorable for
older adults) because it was performed in a familiar location with
a young research assistant, who administered a task that is routine
to young university students (word-list recall), in the afternoon, a
time of testing that has been shown to be less favorable for older
adults when compared to young adults (Sindi et al., 2013).

Favoring-Old condition
This session took place in the morning, between 8:00 and
11:00 am at the Douglas Mental Health University Institute.
Prior to the ﬁrst testing session, older adults were invited to this
location to attend a non-testing visit to acclimatise participants
to the environment, have them meet the research assistants and
learn about what the study entails. In contrast, young individuals
were not invited to this acclimatisation session, nor were they
given instructions on how to get to the Douglas Mental Health
University Institute, which is located 13 km away from McGill
University and difﬁcult to access by public transport. Participants
were met by an older research assistant (72-years-old), who chatted with them during the ﬁrst 10-min rest period. She then
administered a face-association memory task. The task consisted
of an immediate recall phase, and a delayed recall 20 min later.
Throughout the testing session, saliva samples were collected at
10-min intervals for measures of cortisol concentration (for a
graphic representation of the saliva sampling time points, see
Fig. 1B). This testing environment was considered favorable for
older adults (and consequently, unfavorable for young adults)
because it was performed in the morning, in a location familiar
to older adults but not to young adults, and was carried out by
an older research assistant.

Subjective ratings for preference of testing
environment
The following question was used to assess participants’ subjective preferences for the Favoring-Young and the FavoringOld testing conditions: “Which environment did you feel more
comfortable about visiting? [a] The Montreal Neurological Institute, or [b] The Douglas Hospital.”

Note that [a] is where the Favoring-Young condition took
place and [b] is where the Favoring-Old condition took place.

Measures of cortisol levels sampled at home
Participants were instructed to sample their saliva on two weekdays in their home or natural environment. Samples were collected at the following time points: (1) awakening, (2) awakening
130 min, (3) 14:00, (4) 16:00, and (5) before bedtime. Participants were also instructed to use logbooks and document exact
sampling time. Participants stored the samples in their home
freezer and brought the samples to their following laboratory visit.
Upon assaying, analyses used raw cortisol values, and for each
time point, the average of both sampling days was calculated.

Measures of cortisol levels sampled at the testing
environments
In each testing environment, saliva samples were collected
throughout the session at ten-minute intervals to measure cortisol levels in response to the testing environment. In the
Favoring-Young condition, a total of ﬁve samples were collected at 10 min intervals, including pre- and post-scan cortisol
samples to determine whether the MRI procedure induced a
stress response. For the Favoring-Old condition, six samples
were collected at 10 min intervals (For descriptive statistics of
the cortisol measures see Table 1).

Cortisol analyses
All saliva samples were collected using small plastic vials
(passive drool). To avoid contamination, participants were
asked not brush their teeth or eat immediately before saliva
collection. Samples were stored at 220 C until they were
assayed. Analyses were performed at the Centre for Studies on
Human Stress (Montreal, Canada; www.humanstress.ca) using
Enzyme Immunoassay kits from Salimetrics LLC (PA).

MRI image acquisition and processing for
measures of HV
Participants were scanned in a 1.5-T Siemens Magnetom
Sonata Vision scanner at the Montreal Neurological Institute
(Montreal, Canada). A standard three-dimensional gradientecho pulse sequence was used, with a ﬁeld of view of 256 mm,
isotropic voxel size of 1 mm, repetition time of 22 ms, echo
time of 9.2 ms, and ﬂip angle of 30 .
Prior to manual segmentations of HV, anatomic images were
processed for corrections of intensity non-uniformity (Sled et al.,
1998). To correct for differences in head size (Collins et al.,
1994), the International Consortium for Brain Mapping 152
model brain was used to register images into the Montreal Neurological Institute normalised brain template (Evans et al., 1994).
Manual volume segmentations of HV were ascertained using the
software DISPLAY (McConnell Brain Imaging Centre, Montreal,
Canada), which allows for simultaneous viewing of the brain and
the region of interest in all three orientations (Pruessner et al.,
2000). The manual HV segmentation protocol and the
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anatomical boundaries of the structure have been previously
described in detail (Pruessner et al., 2000). All HV segmentations
were performed by an experienced rater, who was blind to participants’ characteristics. The intra-rater reliability coefﬁcient was
above 0.92. With regard to the brain imaging analyses performed, the results were automatically corrected for total brain
and head volumes, as all images were registered into standard stereotaxic space prior to statistical analysis. This step automatically
corrects for any inter-individual differences in head and brain size
so that later comparisons are unaffected by variations in head/
brain size existing between the individuals. Bivariate correlations
revealed that right and left HV were highly correlated among
young (r 5 0.915, P 5 0.0001) and older adults (r 5 0.866, P
5 0.0001). Consequently, volumes of right and left hippocampi
were combined into a composite score.

ANALYSES
Subjective Preference for the Different Testing
Conditions
To determine the subjective preference of young and older adults
for the Favoring-Young and the Favoring-Old conditions, we performed a chi2 (v2) test, in which columns are age groups (young
and older adults) and rows were selections of testing environment
preference (Favoring-Young and the Favoring-Old conditions).

Cortisol Levels Sampled at Home
Considering that previous studies have differed on whether
associations between HV and cortisol levels were found for the
CAR, PM cortisol, or total levels, analyses were performed using
different measures of the circadian proﬁle. Measures of area
under the curve (AUC) are optimal for usage with data collected
in controlled laboratory environments during a relatively short
period (Pruessner et al., 2003), yet alternative measures are available to capture circadian variation patterns across the day, while
removing the inﬂuence of factors that impact a single value.
Moreover, the CAR is a response to awakening, and as suggested
by Clow et al. (2010), it is therefore more appropriate to use a
measure of change rather than total AUCg. We therefore used
the following three scores to capture inter-individual differences
in circadian variation: (1) CAR, (2) PM cortisol levels, and (3)
maximum–minimum cortisol levels.

CAR
The value of the awakening cortisol levels were subtracted
from the value of awakening cortisol levels 1 30 min to provide a measure of change.

PM cortisol levels
The average of the 14:00, 16:00 and bedtime cortisol values
were calculated.

Maximum–minimum cortisol levels
Considering that maximum cortisol levels are reached 30 min
after awakening, while minimum levels are reached approximately
at midnight, the bedtime cortisol value was subtracted from the
awakening 1 30 min value to reﬂect the cortisol amplitude.

Cortisol Levels Sampled at the Testing
Environments
To assess cortisol concentration, we used the trapezoidal
method to calculate AUC with respect to ground (AUCg) and
AUC with respect to increase (AUCi) for the Favoring-Young
condition (samples 1–6), and the Favoring-Old condition
(samples 1–5), respectively (Pruessner et al., 2003). AUCg
incorporates the change between samples across time and their
distance from the ground (zero), which is the ﬁrst baseline
sampling point (Pruessner et al., 2003). The AUCi also measures change across time, but it differs in not taking into consideration the change from baseline for all measurement
samples (Pruessner et al., 2003). Due to this difference, associations between single sample measurements and AUCg are
stronger than those observed for AUCi (Pruessner et al., 2003).

Cortisol Levels in Response to the MRI Scan
Given that the MRI scan has been shown to induce a cortisol stress response in young participants (Tessner et al., 2006),
we ﬁrst determined whether the scan increased cortisol levels in
young and older adults. A mixed-design ANOVA was performed with age group (young vs. older adults) as the between
subjects factor and time (cortisol levels pre- and post-MRI
scan) as the repeated measures factor.

HV in Young and Older Adults
HV and variance in HV were compared between young and
older adults using an ANCOVA, covarying for age and education and following with a Levene’s test for homogeneity of
variances.

Associations Between HV and Cortisol Levels
Measured at Home
To determine whether HV was associated with the different
measures of basal diurnal cortisol levels (CAR, PM cortisol levels, maximum–minimum cortisol levels), for each age group,
partial correlational analyses were performed between HV and
each of the three diurnal measures, using age and education as
covariates.

Associations Between HV and Cortisol Levels
Measured at the Testing Environments
To assess whether the associations between HV and cortisol
levels differ as a function of the testing environment, for each
age group partial correlations were performed between HV and
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effect of age group [F(1, 56) 5 3.13, P 5 0.08], and no interaction effect between age group and time (P > 0.33), indicating that the MRI scan did not induce a signiﬁcant stress
response in either age group. Therefore, all cortisol samples
were used to calculate the AUC for cortisol secretion.

HV in Young and Older Adults

FIGURE 2.
Subjective preference for the different testing conditions among young and older adults.

AUCg and AUCi cortisol levels for each testing environment,
controlling for age and education.

RESULTS
Cortisol Levels in the Different Testing
Environments
Among older adults, cortisol levels at the Favoring-Young
conditions were signiﬁcantly higher than time-matched afternoon home cortisol levels (P < 0.009). In contrast, in the
Favoring-Young condition, results revealed that the cortisol levels secreted by young adults did not signiﬁcantly differ from
time-matched afternoon home cortisol levels. In the FavoringOld condition for both young and older adults, there were no
signiﬁcant differences between cortisol levels measured at the
Favoring-Old condition compared to time-matched morning
home cortisol levels (Sindi et al., 2013).

Results of the ANCOVA showed that young adults presented
signiﬁcantly larger HV compared to older adults [F(1, 53) 5
4.59, P 5 0.04]. This difference was approximately 1 cm3, as
can be seen in Figure 3. A Levene’s test for homogeneity of variances revealed that young and older adults did not signiﬁcantly
differ in the degree of HV variability [F(1, 57) 5 0.64, P 5
0.43]. There was a signiﬁcant interaction effect between age and
age group [F(1, 53) 5 5.80, P 5 0.02], where among older
adults, advanced age was associated with smaller HV, yet among
young adults, increased age was associated with larger HV. There
was no main effect of age, education or an interaction between
age group and education (all P > 0.08).

Associations Between HV and Cortisol Levels
Measured at Home
Results of the correlational analyses showed that HV was not
associated with any of the three diurnal cortisol measures in
young (CAR: r 5 20.02, P 5 0.91; average PM cortisol levels: r
5 0.09, P 5 0.69; maximum–minimum cortisol levels: r 5
20.25, P 5 0.23), and older adults (CAR: r 5 20.28, P 5
0.17; average PM cortisol levels: r 5 20.25, P 5 0.20; maximum–minimum cortisol levels: r 5 0.03, P 5 0.89).

Associations Between HV and Cortisol Levels
Measured at the Testing Environments
Among older adults, correlational analyses performed between
HV and AUCg cortisol levels in each testing environment

Subjective Preference for the Different Testing
Conditions Among Young and Older Adults
Results of the v2 test revealed there were signiﬁcant differences between young and older adults’ subjective preference for the
testing environments that were speciﬁcally designed to be more
or less favorable for each group. Young adults were more likely
to prefer the Favoring-Young condition, whereas older adults
were more likely to prefer the Favoring-Old condition [v2 5 (2,
N 5 60) 5 6.8, P 5 0.03], as can be seen in Figure 2.

Cortisol Levels in Response to the MRI Scan
Results of the mixed-design ANOVA showed that there was
no effect of time [F(1, 56) 5 1.10, P 5 0.30], no signiﬁcant

FIGURE 3.
older adults.

Total HV (sum of left and right) in young and
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FIGURE 4.
Scatterplots demonstrating the signiﬁcant correlations between HV and cortisol
levels when older and young adults are tested in their non-favoring environments.

revealed a signiﬁcant negative correlation between HV and cortisol AUCg levels in the Favoring-Young environment (see Table 2
and Fig. 4A), so that smaller HV was associated with larger cortisol secretion. In contrast, no signiﬁcant correlation was observed
between HV and cortisol levels in the Favoring-Old environment
(Fig. 5A). Correlational analyses in young adults showed the same
pattern as a function of favoring/unfavoring testing conditions;
smaller HV was associated with larger cortisol secretion in the
Favoring-Old environment (see Table 2 and Fig. 4B), while there
was no signiﬁcant correlation observed between HV and cortisol
levels in the Favoring-Young environment (Fig. 5B). This demonstrates that in each population, smaller HV was associated with a
higher stress response in the non-favoring environment.
To determine whether in each testing environment, the
reported correlations differ between the age groups, we compared the correlation coefﬁcients using the Fisher r–z transfor-

mation test for comparisons of correlation coefﬁcients. Results
revealed that coefﬁcients signiﬁcantly differed for the FavoringYoung condition (z 5 2.94, P 5 0.003), but not for the
Favoring-Old condition (z 5 0.99, P 5 0.32).
In contrast to analyses performed using cortisol AUCg, analyses using AUCi did not reveal any signiﬁcant associations
between HV and AUCi for young and older adults in both
conditions (as can be seen in Table 3).

DISCUSSION
The results of this study show that when young and older
adults are tested in an unfavorable (stressful) environment for
their age group, small HV is associated with higher levels of

FIGURE 5.
Scatterplots demonstrating the non-signiﬁcant correlations between HV and
cortisol levels when older and young adults are tested in their favoring environments.
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TABLE 1.
Descriptive Statistical Values for All Cortisol Measures at the (A) Favoring-Old Condition and (B) Favoring-Young Condition
Sample 1 M (SE)
Favoring-Old condition
Young adults
0.30 (0.03)
Older adults
0.25 (0.03)
Favoring-Young condition
Young adults
0.16 (0.02)
Older adults
0.17 (0.02)

Sample 2 M (SE)

Sample 3 M (SE)

Sample 4 M (SE)

Sample 5 M (SE)

Sample 6 M (SE)

0.27 (0.03)
0.21 (0.02)

0.25 (0.03)
0.21 (0.02)

0.21 (0.02)
0.21 (0.02)

0.19 (0.02)
0.20 (0.02)

0.18 (0.02)
0.19 (0.02)

0.15 (0.02)
0.17 (0.02)

0.15 (0.03)
0.16 (0.02)

0.13 (0.02)
0.16 (0.02)

0.11 (0.01)
0.14 (0.02)

AUCg cortisol levels (“now you see it”). By contrast, when the
same sample of young and older adults is tested in a favorable
(less stressful) environment for their age group, HV is not associated with AUCg cortisol levels (“now you do not”).
Moreover, HV was not associated with the three measures of
basal cortisol levels sampled at home (CAR, average PM cortisol, maximum–minimum cortisol levels) among young and
older adults. Consequently, this study provides additional evidence that signiﬁcant associations between HV and cortisol levels might depend on participants’ stress reactivity to the testing
environment. The lack of associations between HV and homebased basal measures contradict some studies while they support others (Frodl and O’Keane, 2013). Studies that have
found signiﬁcant associations between HV and basal cortisol
levels vary substantially in methods of cortisol sampling (urinary, blood and/or salivary) and the portion of basal cortisol
that was associated with HV (24-h sampling, CAR, awakening,
or evening cortisol levels). Among these studies, very few have
shown consistent ﬁndings while using the same sampling methods and age groups (Beresford et al., 2006; O’Hara et al.,
2007; Pruessner et al., 2007; Bruehl et al., 2009; Kremen
et al., 2010). It is thus possible that these discrepant data be
explained by important variations in testing conditions associated with sampling of “basal” cortisol levels. For example,
Beresford et al. (2006) reported a signiﬁcant association
between smaller HV and higher awakening cortisol levels
among middle-aged and older adults. However, in this study,
samples for morning cortisol levels were collected on the day
of the MRI scan, thus leading to the possibility that anticipation of the MRI session could have led to increased morning

cortisol levels in participants, and to the signiﬁcant association
between morning cortisol levels and HV.
Consistent with previous ﬁndings, we found that HV of
older adults was smaller than that of young adults; however, a
wide range of inter-individual HV variability was found in
both age groups (Lupien et al., 2007a). In both age groups,
individuals with smaller HV were more reactive to the testing
environment, implying that correlations between HV and cortisol levels are not a function of HV threshold effects, where a
given HV leads to increased stress reactivity [see Lupien et al.,
(2007a) for a review of this model]. Instead, the results suggest
a potential stress resistance threshold as a function of HV range
reﬂective of a given age group.
Although the literature is discrepant, several studies on
young and older adults report that individuals with small HV
present higher basal and reactive cortisol levels (Lupien et al.,
1998; Wolf et al., 2002; Vythilingam et al., 2004; Pruessner
et al., 2007). Accordingly, since older adults have smaller HV
compared to young individuals, we could have expected older
adults to present negative correlations between HV and cortisol
levels in both testing environments; instead, the correlation
between HV and cortisol levels was only present in their age
group-speciﬁc unfavorable testing environment. It is however
noteworthy that the lack of signiﬁcant correlations in the favoring conditions (for both age groups) does not imply that associations are absent, but it rather reﬂects a reduction in the
magnitude of observed correlations, depending on the stressfulness of the testing environments. Results on subjective preferences further support our previous ﬁndings showing that the
unfavorable testing environments were indeed non-optimal for

TABLE 2.
Results of Correlational Analyses Between HV and AUCg Cortisol Levels in the Favoring-Young and the Favoring-Old Conditions in Young
and Older Adults
Young adults
Favoring-Young condition
Favoring-Old condition

Unadjusted model
r 5 20.18, P 5 0.40
r 5 20.45, P 5 0.015*

Note: Adjusted models used age and education as covariates.

Adjusted model
r 5 20.19, P 5 0.383
r 5 20.45, P 5 0.022*

Older adults
Unadjusted model
r 5 20.330, P 5 0.070
r 5 20.29, P 5 0.120

Adjusted model
r 5 20.38, P 5 0.043*
r 5 20.21, P 5 0.265
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TABLE 3.
Results of Correlational Analyses Between HV and AUCi Cortisol Levels in the Favoring-Young and the Favoring-Old Conditions in Young
and Older Adults
Young adults

Favoring-Young condition
Favoring-Old condition

Older adults

Unadjusted model

Adjusted model

Unadjusted model

Adjusted model

r 5 0.32, P 5 0.108
r 5 0.17, P 5 0.404

r 5 0.34, P 5 0.103
r 5 0.13, P 5 0.538

r 5 0.29, P 5 0.120
r 5 20.11, P 5 0.543

r 5 20.01, P 5 0.953
r 5 20.15, P 5 0.425

Note: Adjusted models used age and education as covariates.

each age group, and that young and older adults preferred the
favorable environments for their age group (Sindi et al., 2013).
Considering that the same sample of young and older adults
were tested in both environments, the current results demonstrate the speciﬁc role of the testing environment in modulating associations between HV and cortisol levels, regardless of
age group. It is therefore important to take the testing context
into account when studying these associations. Our ﬁndings
are consistent with Tessner et al.’s (2007) study, where they
assessed associations between HV and cortisol levels following
pharmacological challenge (hydrocortisone to increase cortisol
levels). They found that under baseline conditions, no associations between HV and cortisol levels were observed, while a
signiﬁcant association was observed post-challenge. Collectively,
these ﬁndings suggest that to detect associations between HV
and cortisol levels, a sufﬁciently robust cortisol response is
needed, such as in response to the unfavorable testing
environments.
Comparisons of the correlation coefﬁcients revealed that for
the Favoring-Young condition, coefﬁcients signiﬁcantly differed
between young and older adults, but this was not the case for
the Favoring-Old condition. This contrast for the two testing
environments may be explained by the time of testing; the
Favoring-Old condition was performed in the morning, a
period of elevated basal cortisol levels that may have prevented
further increases in cortisol levels, especially among young
adults who tend to wake up later than older adults, as previously shown (Sindi et al., 2013). In contrast to our results with
AUCg, no signiﬁcant associations were detected between HV
and AUCi. Since AUCg incorporates the change from the
ground (baseline sample), it may be a more sensitive measure
to detecting the anticipatory response prior to the ﬁrst sample,
which is grounded in zero. Contrary to our expectations, we
did not observe a signiﬁcant cortisol response to the MRI.
This however does not contradict previous ﬁndings on the
stressfulness of the MRI scan. For example, signiﬁcant differences were found when comparing scanner-na€ıve and experienced
participants, while none were found for within-group comparison, as we did (Tessner et al., 2006). In our current study,
there was a trend for an age group effect, where older adults
showed higher cortisol levels than young adults before and after
the MRI, possibly indicating heightened sensitivity to its stress-

ful characteristics. As previously stated, some patient groups are
vulnerable to MRI-induced stress and elicit a larger reactive
stress response, which is an important confounder (Muehlhan
et al., 2011). Older adults may also be a vulnerable group that
experiences stress due to anticipating incidental results reﬂecting pathology (Katz et al., 1994). Suggestions have been proposed to decrease MRI-related stress (e.g., using Mock-MRIs,
prior exposure to MRI noises, discussing participants’ concerns,
and providing detailed information about scanning procedure)
(Katz et al., 1994; Lueken et al., 2012; Duncan and Northoff,
2013).
The current ﬁndings on signiﬁcant associations between HV
and cortisol levels in speciﬁc testing environments may be
explained by hippocampal contextualisation of information. To
evaluate stressful events, they are contextualised through spatial
and temporal recall of past memories and experiences (Eichenbaum, 1997; Moscovitch and Nadel, 1998). Individuals with
smaller HV may be less capable of contextualising memories
and information, and consequently novel events and environments might be perceived as highly stressful due to erroneous
perceptions and interpretations of stressors involved (Pruessner
and Baldwin, 2009). It may also be speculated that smaller HV
contains less GC receptors leading to sub-optimal negative
feedback mechanisms, which results in higher stress responsivity (Herman et al., 2005; Jacobson, 2005).
While the current ﬁndings are important and relevant, a few
limitations should be noted. First, the small sample size did
not allow for subgroup analyses of sex differences. Second, speciﬁc sub-regions of the hippocampus were not analysed. Third,
our study only measured HV and not volumes of other regions
involved in regulating the HPA axis (such as the amygdala or
prefrontal cortex), so it is unclear whether the ﬁndings are speciﬁc to the hippocampus. Fourth, the screening process did not
include a medical exam, and instead relied on self-reports of
conditions. Additionally, our CAR measure included the awakening and awakening 130 minutes samples, yet it has been
suggested that additional measures, including the awakening
160 minutes sample, are important to measure the complete
CAR response (Clow et al., 2004). Finally, considering that the
Favoring-Young session took place in the afternoon, while the
Favoring-Old session was carried out in the morning, the
results do not allow us to examine the extent to which time of
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day is a determining factor for our ﬁndings. The hippocampus
has two types of GC receptors [GC receptors (GR) and mineralocorticoid receptors (MR)], which are differentially occupied
at different time periods of the day (in the morning, 67–74%
of MRs are occupied, and 74% of GRs, whereas in the afternoon, 90% of MRs are occupied, and only 10% of GRs). It is
possible that this difference impacts cortisol reactivity and its
association with HV. However, one may speculate that if one
pattern of receptor occupation were more likely to reveal signiﬁcant correlations with HV, it would apply to both age
groups, which is not the case in the current study.
In conclusion, this is a compelling study showing that what
is considered “basal” cortisol levels in any given study might in
fact be a measure of reactive cortisol levels given the nature of
the testing environment to which participants are exposed.
Consequently, caution should be exercised when assessing associations between HV and cortisol levels as such ﬁndings may
be modulated by the nature of the testing environment.
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