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Abstract
Hippocampal volume has been found to be smaller in individuals with stress-related disorders, but it remains unclear whether
smaller volume is a consequence of stress or rather a vulnerability factor. Here, we examined this issue by relating stress levels
to hippocampal volumes in healthy participants examined every 5 years in a longitudinal population-based study. Based on
scores of 25- to 60-year–old participants on the perceived stress questionnaire, we deﬁned moderately to high (n = 35) and low
(n = 76) stress groups. The groups were re-examined after 5 years (at the 6th study wave). Historical data on subjective stress were
available up to 10 years prior to Wave 5. At the ﬁrst MRI session, the moderately to high stress group had a signiﬁcantly smaller
hippocampal volume, as measured by FreeSurfer (version 5.3), compared with the low-stress group. At follow-up, group
differences in stress levels and hippocampal volume remained unchanged. In retrospective analyses of subjective stress, the
observed group difference in stress was found to be stable. The long-term stability of group differences in perceived stress and
hippocampal volume suggests that a small hippocampal volume may be a vulnerability factor for stress-related disorders.
Key words: healthy individuals, hippocampal volume, magnetic resonance imaging, stress, susceptibility

Introduction
The hippocampus is considered sensitive to chronic or traumatic
stressful experiences (O’Doherty et al. 2015). Numerous experimental ﬁndings from animal studies have shown that chronic
stress can lead to a reduction in hippocampal volumes (Sapolsky
1990; Uno et al. 1994; Magarinos and Mcewen 1995; Magarinos
et al. 1996). Structural changes have been related to inhibition
of neurogenesis as well as to shrinkage of dendrites in CA3 and
the dentate gyrus, and loss of spiny synapses in CA1 neurons
via circulating adrenal steroids and glutamatergic activity
(McEwen 1999; McEwen et al. 2016).
In humans, stress-related structural changes in hippocampal
subﬁelds were reported in a study of individuals with post-

traumatic stress disorder (PTSD) that used high-resolution magnetic resonance imaging (MRI) and found volumetric diminution
in CA3 and the dentate gyrus (Wang et al. 2010). The results from
several other studies (Lupien et al. 1998; Starkman et al. 1999;
Felmingham et al. 2009; Chao et al. 2014) support the acquisition
hypothesis; that stress induces changes in human hippocampus.
However, it has been debated whether a smaller hippocampal
region must reﬂect a consequence of trauma/chronic stress, or
rather could represent vulnerability for developing stress-related
disorders (Bremner 2001). To resolve this issue, longitudinal studies have been called for (Gianaros et al. 2007). In a prospective
study, reports of chronic life stress over a 20-year period and
their relationship with hippocampal gray matter volume in healthy
postmenstrual women were studied (Gianaros et al. 2007). It was
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found that chronic life stress predicted lower hippocampal volume. However, longitudinal assessment of regional brain volumes was not conducted, so the authors could not exclude the
possibility that changes in hippocampal volume preceded individual differences in stress perception over time (Gianaros et al.
2007). There are indeed some study results indicating that a
small hippocampal volume might precede pathological stress reactions (Gilbertson et al. 2002; Kremen et al. 2012; van Rooij et al.
2015). In a study of identical twin pairs discordant for trauma exposure, it was found that the twin who developed PTSD symptoms
as well as his identical twin (not exposed to trauma) had lower hippocampal volume compared with the trauma-exposed twin without PTSD symptoms (Gilbertson et al. 2002). Thus, rather than
being a consequence of a traumatic or stressful experience, reduced hippocampal volume may be a vulnerability factor for developing stress-related disorders.
In the present study, we evaluated whether individuals with
moderately to high perceived stress levels had smaller hippocampal volumes than individuals experiencing lower levels of
stress. Furthermore, we related perceived stress levels to retrospective reports on stress as well as to changes in hippocampal
volume over time. Although prospective assessment of chronic
life stress has been reported (Gianaros et al. 2007), to the best of
our knowledge, no prior study evaluated changes in perceived
stress and hippocampal volume over a period of several years.
Based on ﬁndings of cumulative depression and PTSD-related
hippocampal volume loss (Sheline et al. 1999; Videbech and
Ravnkilde 2004; Felmingham et al. 2009; Chao et al. 2014), we predicted that group differences in hippocampal volume would be
magniﬁed over time if driven by high perceived stress over time,
whereas no magniﬁcation of volume differences over time
would be more consistent with stable individual differences.

Materials and Methods
Study Population
A nonclinical population-based sample was used for the longitudinal study of various parameters of health, memory, and aging
(Nilsson et al. 1997). The present study is based on four time
points of the Betula study: 1998–2000 (T3), 2003–2005 (T4), 2008–
2010 (T5), and 2012–2014 (T6). At each time point, participants
underwent a health examination, blood sampling, and answered
several questionnaires. In addition, at T5 and T6 the participants
underwent an MRI examination (for further descriptions of the
Betula study, see Nilsson et al. 1997). The Regional Ethical Vetting
Board at Umea University approved this study (approval no.
97–173 and 08–132M). Written informed consent was obtained
from all participants.
Participants were included and excluded as indicated in
Table 1. First, we identiﬁed participants with available data

of the perceived stress questionnaire (PSQ) at T5 (n = 1141,
Subgroup A). Then, we only included participants from Subgroup
A with available MRI data at T5 and T6 (n = 218; Subgroup B).
According to normative data reported by Bergdahl and Bergdahl
(2002), <5% of individuals over 60 years old perceive moderately
to high stress levels (deﬁned as PSQ >0.34). This was in line
with the present study, in which only 11% of the participants
over 60 years of age perceived moderately to high stress levels.
There was a signiﬁcant difference in PSQ scores between individuals >60 (n = 107) and ≤60 (n = 111) years [mean PSQ index for
those over 60 = 0.17; mean PSQ index for those under 60 = 0.28;
t (216) = 6.21 P < 0.001]. Individuals >60 years of age were therefore
excluded from further analyses, leaving 111 participants (age
25–60) for inclusion (Subgroup C). Finally, in order to evaluate
early markers of perceived stress, we included participants
from Subgroup C with available data at T3 and T4 (n = 67; Subgroup D) (Table 1). Thus, only data for Subgroups C and D are presented in the result section.

Assessment of Background Variables
A health questionnaire was used for background variables such
as sex, age, and years of education and were completed at
home before the testing period by the participants. Episodic
memory was measured by a composite of 5 tasks; the score can
range from 0 to 76 with higher scores indicating better episodic
memory. The procedure is fully described in Nilsson et al.
(1997). A Self-Report Depression Scale (CES) was used to evaluate
depression (Cronbach’s α 0.85–0.90). The total score ranges from
0 to 60, and a CES-D score ≥16 is considered to be of clinical
relevance (Radloff 1977). To evaluate sleeping problems, the
Karolinska Sleep Questionnaire (KSQ) was used. In a population
study of adults, three KSQ dimensions were identiﬁed: poor
sleep quality M = 1.58 (SD = 1.03), nonrestorative sleep M = 1.47
(SD = 1.04), and sleep apnea M = 0.74 (SD = 0.88) (Cronbach’s
α = 0.73–0.87) (Nordin et al. 2013). Background variables are
presented in Table 2.

Assessment of Perceived Stress Levels
To measure general perceived stress, the PSQ was administered
at T4, T5, and T6. The PSQ is a self-assessment-based instrument
for recording subjective perceived stress and has been found to
have high validity and reliability (Cronbach’s α > 0.90) (Levenstein
et al. 1993; Bergdahl and Bergdahl 2002). The PSQ is a 30-item
questionnaire and the items are scored from 1 to 4. A PSQ
index, varying from 0 (lowest level of perceived stress) to 1 (highest level of perceived stress), was derived from the total score
(Bergdahl and Bergdahl 2002). In addition, at T3, T4, T5, and T6
the participants rated how stressed they felt in general on a
scale from 0 (not stressed) to 10 (very stressed). The scores on

Table 1 Overview of the inclusion/exclusion process. Data from Subgroups C and D were used for the analyses in the present study
Subgroup

n

F/M%

Age T5 M (SD)

T5 PSQ index M (SD)

Description of subgroups

A.T5 and PSQ
B.T5, T6, PSQ and MRI

1141
218

54/46
47/53

63.2 (14,5)
60.2 (12.5)

0.22 (0.14)
0.23 (0.15)

111

43/57

50.8 (10.6)

0.28 (0.16)

67

40/60

57.5 (2.5)

0.26 (0.15)

Entire cohort
Participants with available PSQ MRI data at T5
and T6, before age exclusion
Participants included after excluding those older
than 60 years at T5
Participants with early markers of perceived
stress at T3 and T4

C.T5, T6, PSQ and MRI ≤60
D.T5, T6, PSQ and MRI ≤60 with
stress data at T3 and T4

PSQ, perceived stress questionnaire; T, time point; MRI, magnetic resonance imaging; F, female; M, male.
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Table 2 Characteristics of participants in the low versus moderately to high PSQ groups
Low PSQ index <0.34 at T5

Age
Sex (female/male)
Education (year)
EMC
BMI
CES
Poor sleep quality
Poor restorative sleep
Sleep apnea
PSQ index T4
PSQ index T5
PSQ index T6

Moderately to high PSQ index >0.34 at T5

n

Mean

SD

n

Mean

SD

76
(31/45)
76
76
76
76
76
76
76
48
76
76

51.5

10.4

35
(17/18)
35
35
35
35
35
35
35
19
35
35

49.3

11.0

14.1
43.8
26.0
6.50
1.28
1.06
0.82
0.24
0.20
0.21

3.3
8.2
3.3
5.43
0.75
0.68
1.10
0.12
0.09
0.11

14.8
45.4
26.6
13.0
2.03
1.94
0.90
0.41
0.47
0.40

2.9
7.6
4.5
7.06
0.96
1.06
1.27
0.16
0.10
0.13

P

0.31a
0.54b
0.16a
0.33c
0.93a
<0.001c
0.00c
<0.001c
0.91c
<0.001a
<0.001a
<0.001a

EMC, episodic memory composite; BMI, body mass index; CES, Self-Report Depression scale; poor sleep quality, poor restorative sleep and sleep apnea index from KSQ,
Karolinska Sleep questionnaire; PSQ, perceived stress questionnaire. Variables are displayed as mean (SD).
a

Students t-test.

b 2
c

χ test.
Mann–Whitney U test.

this stress scale have been shown to correlate with those from the
PSQ scale (Ohman et al. 2007).

Image Acquisition and Processing
Structural brain imaging was done within 285 days from the selfrated scales at T5 and within 46 days at T6. Structural brain imaging was performed on a 3-T General Electric scanner with a
32-channel head coil. High-resolution T1-weighted images were
collected with a 3D fast spoiled gradient echo sequence using the
following parameters: 180 slices with 1 mm thickness, TR 8.2 ms,
TE 3.2 ms, ﬂip angle 12°, ﬁeld of view 25 cm × 25 cm. For segmentation and parcellation of cortical and subcortical structures the
FreeSurfer version 5.3 tool was used http://surfer.nmr.mgh.
harvard.edu/. In brief, this processing includes motion correction
and normalization of the structural T1 weighted images. A hybrid
surface deformation procedure removes nonbrain tissue and
transforms the images to Talairach space. Tesselation of gray
and white matter and intensity gradients places the gray/white
and gray/cerebrospinal ﬂuid borders at the location where the
greatest shift in intensity deﬁnes the transition to other tissues.
For further description, see Dale et al. (1999). Images were automatically processed with the longitudinal stream in FreeSurfer
(Reuter et al. 2012) and brain volumes were adjusted for total
intracranial volume (Raz et al. 2005).

Results
Identifying Moderately to High and Low-Stress Groups
Participants’ PSQ scores at T5 were dichotomized based on the
Bergdahl and Bergdahl’s (2002) cutoff, with low stress deﬁned
as a PSQ index <0.34 and moderately to high stress as a PSQ
index >0.34. Based on their PSQ ratings at the 5th test wave, at
the time for the ﬁrst MRI session, the participants (Subsample
C in Table 1) were divided into a low and a moderately to high perceived stress group.
There were no group differences in self-reported stressrelated diseases, such as heart [χ 2(1, n = 111) = 0.47, P = 0.492],
stroke [χ 2(1, n = 111) = 2.16, P = 0.141], diabetes [χ 2(1, n = 111) = 0.31,
P = 0.577], tumor [χ 2(1, n = 111) = 0.31, P = 0.57], or psychiatric disease [χ 2(1, n = 111) = 2.15, P = 0.142]. The participants mainly reported two different kinds of psychiatric diseases: exhaustion
syndrome and depression. There were no signiﬁcant differences
in reported exhaustion syndrome [χ 2(1, n = 111) = 0.02, P = 0.584]
or depression [χ 2(1, n = 111) = 0.3.83, P = 0.064] between the low
and moderately to high stress groups. There was no signiﬁcant
difference in use of antidepressants [χ 2(1, n = 111) = 2.27, P =
0.132], and antihypertensive medicine [χ 2(1, n = 111) = 0.001, P =
0.974] between the two groups. Additional participants’ characteristics are given in Table 2.

Perceived Stress Over Time
Statistical Analysis
The Kolmogorov–Smirnov test was used to test for normality and
outliers were assessed by histograms and boxplots. Three outliers were identiﬁed for hippocampal volume and excluded.
Group differences in demographic and clinical data were examined with Student’s t-test, the Mann–Whitney U, and the χ 2
test. To explore main and interaction effects, mixed ANOVAs
were conducted. A two-tailed α level <0.05 was considered as signiﬁcant. Multiple comparisons were corrected using the Bonferroni–Holm method (Holm 1979). The statistical analyses were
performed with SPSS software (Version 22.0, SPSS, Inc., Chicago,
IL, USA).

Figure 1 shows PSQ scores for the two groups measured 5 years
before and 5 years after the point in time when the groups were
deﬁned (T5). As can be seen, the group separation was constant
across this time period, with signiﬁcant differences at both
T4 [t (65) = −5.03, P ≤ 0.001], T5 [t (65) = −10.91, P ≤ 0.001] and T6
[t (65) = −7.63, P ≤ 0.001]. A mixed 2 × 3 within–between ANOVA
showed a signiﬁcant main effect of PSQ group [F1,65 = 90.12,
P < 0.001, partial η 2 = 0.58], no main effect of time [F2,130 = 0.82
P = 0.444, partial η 2 = 0.02], and an interaction between PSQ
group and time [F2,130 = 4.05, P = 0.022, partial η 2 = 0.11]. The latter
interaction reﬂected some dynamic changes over time, but as
shown in Figure 1, the group difference in PSQ ratings remained
present over a decade.
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Figure 3. The moderately to high PSQ group had signiﬁcant smaller total
hippocampal volume at both T5 and T6 compared with the low PSQ group.
However, no signiﬁcant changes in total hippocampal volume over a 5-year
period in either group could be found.
Figure 1. Stability in group differences in PSQ levels over a decade. The moderately
to high PSQ group rated PSQ levels signiﬁcant higher than the low PSQ group at all
three test waves. The groups showed stable PSQ levels (moderately to high PSQ
group >0.34 and low PSQ group <0.34) across time points. The dashed lines
reﬂect the mean over time points for each group.

Figure 2. Rated stress levels over a 15-year period for the low and moderately to
high PSQ groups as deﬁned at T5. The moderately to high group constantly
rated general stress signiﬁcantly higher at all time points compared with the
low PSQ group.

Stability in perceived stress was further underscored by the
stress ratings over 15 years (Fig. 2). Stress levels were rated on a
scale ranging from 0 to 10 at T3–T6, allowing markers of perceived
stress to be examined over a decade prior to MRI at T5. The perceived general stress ratings correlated signiﬁcantly with PSQ ratings (n = 67; T4 r = 0.71, P < 0.001; T5 r = 0.53, P < 0.001; T6 r = 0.61,
P < 0.001). The same trend observed for the PSQ levels could be
seen in the general stress ratings, such that the moderately to
high PSQ group constantly rated higher stress levels compared
with the low PSQ group. Note that the ﬁnal stress rating for the
moderately to high group was higher than that for the low-stress
group 15 years earlier. A Mann–Whitney U test revealed differences
in perceived general stress ratings between the two PSQ groups at
T3–T6; after Bonferroni–Holm multiple corrections the differences
were signiﬁcant at all time points (T3, U = 244, P = 0.003; T4, U = 281,
P = 0.014; T5, U = 194, P < 0.001; T6, U = 228, P = 0.001).

Differences in Hippocampal Volume Between Moderately
to High- and Low-Stress Groups
Individuals with moderately to high perceived stress levels at
T5 showed signiﬁcantly smaller total [t (109) = 2.09, P = 0.039]

hippocampal volumes compared with individuals with low perceived stress levels. Corresponding cross-sectional differences
in hippocampal volumes were observed between moderately to
high and low PSQ groups at T6, [tot HCV, t (109) = 2.32, P = 0.022].
A 2 × 2 (group by time) mixed between–within ANOVA was
used to investigate changes in total hippocampal volume over
time in the moderately to high and low PSQ groups (Fig. 3). The
results showed a signiﬁcant main effect of group [F1,109 = 4.94,
P = 0.028 partial η 2 = 0.04], but no main effect of time [F1,109 = 3.35,
P = 0.07, partial η 2 = 0.03] and critically no interaction between
group and time [F1,109 = 1.26, P = 0.264, partial η 2 = 0.01]. Thus,
there was a group difference in total hippocampal volume but
no group difference in volume change over time.
We examined if there were any differences between change in
right and left hippocampal volume over time, as some studies
indicate more marked effects for the right than the left hippocampus (Videbech and Ravnkilde 2004). For right hippocampal
volume, a signiﬁcant main effect of group [F1,109 = 6.72, P = 0.011,
partial η 2 = 0.06] was seen along with no main effect of time
[F1,109 = 2.23, P = 0.138, partial η 2 = 0.02] or interaction effect [F1,109
= 1.08, P = 0.302, partial η 2 = 0.01]. In the left hippocampus a similar but nonsigniﬁcant trend was seen as for the right hippocampus; main effect of group [F1,109 = 2.60, P = 0.11, partial η 2 = 0.02],
time [F1,109= 2.34, P = 0.129, partial η 2 = 0.02], and interaction
[F1,109 = 0.65), P = 0.442, partial η 2 = 0.006]. A three-way ANOVA
was run to examine the effect of low and moderately to high
PSQ and time across the left and right hippocampal volume
(Fig. 4). The three-way interaction was nonsigniﬁcant [F1,327 =
0.013, P = 0.911].

Discussion
In this article, we identiﬁed individuals who experienced low or
moderately to high subjective stress. Our longitudinal data revealed that individuals in the moderately to high PSQ group
over a 15-year period constantly rated higher stress levels compared with individuals in the low PSQ group. Individuals in the
moderately to high PSQ group had signiﬁcantly smaller hippocampal volumes compared with those reporting low levels of
stress. This ﬁnding is in line with results from numerous empirical studies and meta-analyses of hippocampal volumes in individuals with depression and PTSD (Gilbertson et al. 2002;
Videbech and Ravnkilde 2004; Kitayama et al. 2005; Smith 2005;
Dedovic et al. 2010; Kremen et al. 2012; O’Doherty et al. 2015;
van Rooij et al. 2015).
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Figure 4. The moderately to high PSQ group had signiﬁcant smaller right
hippocampal volume at both T5 and T6 compared with the low PSQ group. No
signiﬁcant changes in left hippocampal volume were found, although the trend
was similar to that for the right hippocampus. *Signiﬁcant group differences
(P < 0.05). The graphs represent mean values ± SEM.

Critically, although the hippocampal volumes were smaller in
the moderately to high PSQ group compared with the low PSQ
group, there were no signiﬁcant group differences in change
over 5 years. To our knowledge, this is the ﬁrst study to relate perceived stress data over 15 years to data on hippocampal volume
change over a 4- to 5-year period. In an earlier prospective
study by Gianaros et al. (2007) perceived stress scores from 50
women were collected over a 20-year period. The result was similar to our ﬁnding, in that individuals with higher perceived stress
scores showed a smaller (right) hippocampal volume than people
perceiving low levels of stress. However, as only one structural
MRI session was performed, strong conclusions on the causal relationship between stress and hippocampal reduction could not
be made (Gianaros et al. 2007).
The ﬁndings of several past human studies indicate that
a smaller hippocampal volume could be a vulnerability to PTSD
and depression rather than an effect (Gilbertson et al. 2002;
Dedovic et al. 2010; Kremen et al. 2012; van Rooij et al. 2015). In
this study, we predicted that group differences in hippocampal
volume would be magniﬁed over time if driven by high perceived
stress over time, whereas no magniﬁcation of volume differences
over time would be more consistent with stable individual differences. The lack of cumulative stress-related hippocampal volume loss thus argues against the “acquisition” hypothesis; that
stress induces reduced hippocampal volume. However, it cannot
be completely ruled out that a stress-induced reduction of the
hippocampus had occurred very early, prior to the ﬁrst MRI session. Studies investigating childhood PTSD have not found volumetric differences in hippocampus (De Bellis et al. 2001, 2002;
Veer et al. 2015), but there is some evidence for impaired development of the hippocampus during childhood mistreatment
(Dannlowski et al. 2012; Teicher et al. 2012; Keding and Herringa
2015). Traumatic or stressful events in childhood may impair the
development of the hippocampus, which later in life can be a
vulnerability factor. Genetic factors could also have contributed
to individual differences in hippocampal volume (Baune et al.
2012; Dannlowski et al. 2015; Hibar et al. 2015). The study population in this study was 60 years old or younger at the ﬁrst MRI
session, in a range of 25–60 years, and at the ﬁrst included
retrospective test wave (T3 in Fig. 2) the age range was 35–45.
There is evidence for marked between-person differences in
hippocampal volume in this age segment (Lupien et al. 2007),
likely reﬂecting both the inﬂuence of genetic factors or/and
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early life events (Rabl et al. 2014; Hibar et al. 2015; Keding and
Herringa 2015).
We can only speculate why a small hippocampal volume
might contribute to increased vulnerability to stress. A smaller
hippocampal volume has been associated with negative memory
bias in healthy populations and may inﬂuence how individuals
deal with new challenges and stressors (McEwen and Gianaros
2011; Gerritsen et al. 2012). Moreover, a smaller hippocampus
may less efﬁciently inﬂuence the hypothalamic–pituitary–
adrenal (HPA) axis (Buchanan et al. 2004; Clow et al. 2010), thereby
making individuals more vulnerable to different stressors as
the regulation of stress functions less effectively. A similar
hippocampal volume account has been offered to explain
individual differences in learning of cognitive maps (Schinazi
et al. 2013).
The participants in this study represented a normal sample
from a longitudinal population-based study, and were thus not
included based on a history of diseases or other conditions. We
found no differences between the two groups in stress-related
physical and mental diseases or in the use of antidepressant
and antihypertensive medicine. However, individuals in the
moderately to high PSQ group rated signiﬁcantly higher depression levels measured by the CES-D. Although reduced hippocampal volume is one of the most replicated ﬁndings in patients with
major depressive disorder (MDD) (Videbech and Ravnkilde 2004;
McKinnon et al. 2009), the mean CES-D score for individuals
in the moderately to high group was 13. CES-D scores under 16
have proved to be of minor clinical relevance (Radloff 1997).
Nevertheless, stress-related diseases have high comorbidity
with depression and there is some indication that preexisting
MDD can make individuals more vulnerable to stress-related disorders such as PTSD and, conversely, the presence of PTSD may
increase the risk for developing MDD (O’Donnell et al. 2004). The
moderately to high PSQ group also reported poorer sleep quality
and restorative sleep. Stress has been associated with both depression and sleeping problems in the normal population (Bergdahl and Bergdahl 2002).
The main results on hippocampal volume reﬂected the total
(left + right) hippocampus. In additional analyses of the left and
the right hippocampus separately, we found some support for
a stronger difference between stress groups in the right hippocampus. This is in line with some previous ﬁndings in chronic
life stress (Gianaros et al. 2007) and in studies of depressed
patients (Mathias et al. 2016). However, qualitatively (Fig. 3)
the pattern was similar for the left and the right hippocampus,
and the formal analysis of laterality effects did not reach
signiﬁcance.
Limitations of the study include the fact that we did not control for the number of critical life events, which could have inﬂuenced the results (Rabl et al. 2014). However, the number of life
events might not be as important as how individuals experience
different events (Sundstrom et al. 2014). There were no signiﬁcant
differences in reported psychiatric diseases between low and
moderately to high PSQ groups. However, the information on diseases was based on the participants’ subjective reports and we
cannot be sure that they reported correct diseases and we cannot
exclude that participants had psychiatric diseases that they did
not report. We chose not to analyze subregions of the hippocampus. Segmentation of hippocampal subﬁelds is a challenge for both
the Freesurfer automatic segmentation tool and for manual hippocampus segmentation protocols (Wisse et al. 2014; Yushkevich
et al. 2015). However, further analyses of hippocampal subﬁelds
such as the dentate gyrus, CA1, and CA3 may contribute additional
information.
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In conclusion, to our knowledge, this is the ﬁrst study to
examine perceived stress levels over a ﬁfteen-year period in relation to hippocampal volumes over a 5-year period. Our ﬁndings
demonstrate that long-term stability in perceived stress was associated with smaller hippocampal volume, but no cumulative
stress-related hippocampal volume loss. These ﬁndings suggest
that a smaller hippocampal volume in younger and middle age
might be a vulnerability factor that contributes to why some perceive events as more stressful than others, and ultimately why
some individuals develop stress-related disorders.
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