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Abstract

Aim—NMajor depression is associated with hippocampal volume changes, especially in late-life
depression. These changes usually consist of volume reductions, but depression-related increases
in hippocampal volume have also been reported. Subfield analysis has identified structural changes
primarily in the CA1, CA2-3, and subiculum of the hippocampus in individuals with major
depression; however, it is unclear whether lower levels of depressive symptoms are also associated
volume reduction, or if depressive symptoms interact with age to impact hippocampal subfields.
The current study addressed these questions.

Methods—TForty-three community-dwelling older adults completed the Center for Epidemiologic
Studies Depression Scale (CES-D) and underwent magnetic resonance imaging. Hippocampal
subfield segmentation was performed using an automated procedure, and left and right volumes
from CA1, CA2-3, and the subiculum served as outcome measures. Multiple hierarchical
regressions were conducted with age, CES-D scores, and their interaction as the independent
variables, and sex and total intracranial volume as covariates.

Results—Higher CES-D scores were associated with less age-related volumetric decreases in the
right subiculum and right CA1.

Conclusions—Age-related atrophy in the hippocampus may be counteracted by depressive
symptom-related enlargement of CA1 and the subiculum. More research is needed to better
understand the functional significance of this relationship.
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Introduction

Major depression (MDD) is the most common psychiatric disorder seen in community-
dwelling older adults!. Depression can be thought of as a continuum of symptoms that range
from milder conditions, such as elevated depressive symptoms, to more severe forms of
major depression. Elevated depressive symptoms are even more common than major
depression in older adults, with an estimated prevalence of 7-15%2. These subthreshold
depressive symptoms are of critical concern, as they are associated with similar cognitive
and fronto-subcortical neural dysfunction and adverse health outcomes as major
depression3: 4, but are often undiagnosed and therefore untreated.

For outcomes such as brain changes, the impact of subthreshold depressive symptoms may
be greater in older adults compared to young adults due to the cumulative effect of
depressive symptoms and normal age-related changes. In particular, depression-related
hippocampal alterations may be more pronounced in older adults compared to their younger
counterparts due to the cumulative effect of depression® and age-related hippocampal
atrophy®. Older age is associated with hippocampal volume reduction, but findings in major
and subthreshold depression vary, with many studies reporting smaller hippocampal
volume’: 8, but other studies reporting no differences® 10 or larger hippocampal volume for
at least some subgroups of depressed individuals?l.

Inconsistencies in the depression literature may be due to heterogeneity within subregions of
the hippocampus that is obscured when the hippocampus is examined globally. The
hippocampus comprises histologically distinct functional and structural subfields, including
cornu ammonis (CA) 1-4, subiculum, and dentate gyrus (DG)2, that have different
associations with memory and other functions and may also be differentially related to both
depressive disorders and non-pathological aging. Findings for the relationships between
hippocampal subfields, depression, and aging are heterogeneous, with differing results for
the subfield most affected. With respect to depression, some studies indicate smaller CAL,
CA2-3, and subiculum volume in individuals with late-life depression!3 14 and less DG
volume as a function of multiple depressive episodes in young to middle-aged adults'®. In
contrast, there is also evidence of larger volume of CA1 and portions of the subiculum
bilaterally in unmedicated young to middle-aged depressed adults8. Similarly, findings on
the effect of age on hippocampal subfields varies, with some studies showing age effects on
volume in the subiculum and relative sparing of CA1 and other subfields’, while others
show age effects on volumes in CA2-3 and CA4-DG!8, Less is known about the potentially
interactive effect of age and elevated depressive symptoms on hippocampal subfield volume.

The purpose of the current study was to determine whether or not age effects on volume of
hippocampal subfields are modified by elevated depressive symptoms in older adults. Based
on CA1, CA2-3, and the subiculum being most consistently related to late-life depressionl3,
we focused on these regions. We predicted that older age would be associated with smaller
volume in these hippocampal subfields and that this association would be more pronounced
at higher levels of depressive symptoms.
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Forty-eight community-dwelling older adults (mean age = 68.88 + 7.21 years) were
recruited for this study. All participants were right-handed, native English speakers with at
least 8 years of education. Participants were required to have a score of greater than 30 on
the Telephone Interview for Cognitive Status (TICS)® and a score of greater than 24 on the
Mini-Mental State Examination (MMSE)Z°, which are the suggested cut-offs for cognitive
impairment, respectively. Exclusionary criteria included self-reported history of major
neurological or other medical illness, head trauma, learning disorders, current epileptic or
antipsychotic medication usage, language comprehension difficulties, and magnetic
resonance imaging (MRI) contraindications. Participants with MDD were not excluded in
order to increase the range of depressive symptom severity in the sample. Two participants
met criteria for MDD per clinical interview. Both were taking antidepressant medication, as
were five additional subjects who did not meet criteria for depression. Five subjects were
excluded from analyses due to either missing data, MRI evidence of past stroke, current
substance abuse, or a learning disorder diagnosis. Thus, our final sample comprised 43
individuals (9 young-old (aged 55-64), 24 middle-old (aged 65-74), and 10 old-old (aged
75+)). Demographic data for this sample is presented in Table 1. All procedures were
reviewed and approved by the University of Florida’s Institutional Review Board and all
participants provided verbal and written informed consent.

Participants completed the Center for Epidemiologic Studies Depression Scale (CES-D)?L,
which consists of 20 self-report questions assessing the frequency and severity of depressive
symptoms over the previous week.

MRI Data Acquisition

MRI data was collected within one week of completing the CES-D at the University of
Florida’s McKnight Brain Institute on the Advanced Magnetic Resonance Imaging and
Spectroscopy (AMRIS) facility’s Philips (Amsterdam, Netherlands) 3-Tesla scanner using a
Philips 8-channel radio-frequency coil. A high resolution, T1-weighted turbo field echo
anatomical scan was collected using the following parameters: TR = 81 ms, TE = 3.7 ms,
170 slices acquired in a sagittal orientation, flip angle = 8 degrees, 1 mm cubic resolution.
To minimize noise while in the scanner, participants were given headphones and earplugs.
Head movement was minimized via cushions positioned inside the head coil.

Hippocampal Subfield Measurement

The Freesurfer image analysis suite (version 5.3, http://surfer.nmr.mgh.harvard.edu) was
used to quantify brain volumes?2. Briefly, processing included motion correction, removal of
non-brain tissue, automated Talairach transformation, segmentation of the gray and white
matter tissue, and cortical surface inflation. Each image was also manually inspected for
errors in the automatic processing by one of two raters. A two-way mixed effects model
calculated the interclass correlation coefficient (ICC) for manual volume adjustments. ICC
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between raters was extremely high (0.99), likely reflecting the minimal manual adjustments
needed following the automatic processing. Volumes of the bilateral hippocampi were
obtained using an automated procedure for volumetric measurement of brain structure,
which uses Bayesian inference and a probabilistic atlas of hippocampal formation based on
manual delineations of subfields in ultra-high-T;-weighted MRI scans from a number of
subjects?3. The left and right hippocampi were segmented into 7 subfields: CA1, CA2-3,
CAA4-dentate gyrus, subiculum, presubiculum, fimbria, and hippocampal fissure. Average
dice coefficients of approximately 0.7 for CA2-3 and subiculum were reported for overlap
between manual and automated segmentation methods23. Regions of interest for the current
study included left and right volumes from CA1, CA2-3, and the subiculum.

Statistical Analysis

Results

All analyses were conducted using SPSS 22.0 software (Armonk, NY). Separate hierarchical
regression analyses were conducted for the left and right CA1, CA2-3, and subiculum, with
age, CES-D scores, and their interaction as the independent variables, and sex and total
intracranial volume as covariates. Education and antidepressant usage were initially entered
as covariates, but were removed from final analyses due to lack of statistical significance.
CES-D scores were highly skewed; therefore we applied a square root transformation to this
data to ensure a more normal distribution. All variables besides sex were continuous
measures in the models. Age and CES-D scores were mean-centered and multiplied to create
the interaction terms. We used a statistical significance threshold of a < 0.05. Due to the
relatively small sample size, correcting for multiple comparisons would result in a highly
stringent threshold for significance and may increase the chance of type Il error. We
therefore present uncorrected results, but indicate when results met significance after
Bonferroni multiple comparison correction.

Results are summarized in Table 2 and Figure 1. With respect to the subiculum, there was a
significant main effect of age, such that older age was associated with smaller volume of the
subiculum bilaterally (right: p=0.003, left; p= 0.008; both significant after Bonferroni
correction). This was further qualified by a significant age x CES-D interaction for the right
subiculum (p = 0.001; significant after Bonferroni correction), suggesting that age effects on
volume were greater in individuals with lower CES-D scores, but minimized in individuals
with higher CES-D scores. A similar age x CES-D interaction was found for right CA1
subfield volume (p = 0.023). There were no other significant main effects or age x CES-D
interactions for the other regions of interest. This pattern of results was unchanged when the
two participants with MDD were excluded.

Discussion

This study examined the interrelationships between depressive symptoms, age, and
hippocampal subfield volumes. Previous work has generally shown smaller volumes in the
subiculum and CA1-3 subfields in both midlife and late-life depression, as well as smaller
dentate gyrus volume in young depressed adults!3: 15, We add to this limited literature by
investigating the interaction of age and depressive symptom severity in older adults with
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mostly subthreshold symptoms. This focus is important considering the high prevalence of
subthreshold depressive symptoms in older adults? and the impact of non-pathological aging
on hippocampal subfield volumes!®, which raises the possibility of a cumulative effect of
aging and depressive symptoms on hippocampal structure.

Our finding of greater age effects on volume in individuals with lower depressive symptoms
and less of an age effect at higher depressive symptom severity is contrary to our hypothesis.
Nonetheless, results are not completely unexpected in the context of previous reports of
larger volumes in the hippocampus. At least one study found larger hippocampal regions
analogous to CA1 and the subiculum bilaterally in patients with MDD6, and depression-
related enlargement of total hippocampal volume has also been reported?®. In the present
study, age effects on volume within the hippocampus may have been counteracted by
depressive symptom-related enlargement of CA1 and the subiculum.

While the functional significance of larger hippocampal volumes, particularly in CA1 and
the subiculum, in individuals with elevated depressive symptoms remains unclear, it may be
that CA1 and the subiculum are particularly vulnerable to the effects of depression, as our
study and others3: 16 have found alterations in these subfields. Post-mortem studies of
individuals with mood disorders have also provided evidence of disproportionate structural
changes in CA1 and the subiculum?4. CA1 projects to the subiculum, which in turn provides
the main output of the hippocampal formation to structures involved in mood regulation,
including the entorhinal cortex, amygdala, ventromedial prefrontal cortex, and striatum?®,
The subiculum is suggested to be integral to hippocampal interactions with the
hypothalamic-pituitary-adrenal (HPA) axis2®. HPA axis dysfunction is thought to play a role
in the pathophysiology of MDD, with persistent elevation of glucocorticoids leading to
hippocampal atrophy?%.

The mechanisms underlying larger, rather than smaller, hippocampal volume in relation to
elevated depressive symptoms are unclear. Some researchers have argued that the early
stages of depression are marked by a compensatory inflammatory response?’, which may
modulate neurogenesis in the hippocampus via activation of proinflammatory cytokines. In
addition to increased hippocampal volumes, increased blood flow to the hippocampus has
been seen in acutely depressed patients28, suggesting that these changes may reflect early or
acute stages of depression. It may only be through prolonged duration of depressive
symptoms that hippocampal atrophy becomes evident?®. Most of our participants had
subthreshold depressive symptoms, and results were unchanged when excluding two
participants with MDD. Combined with evidence that subthreshold depressive symptoms are
often a precursor to MDD?, this suggests our findings may reflect neurobiological changes
that increase the risk for future clinical depression, which may subsequently lead to smaller
hippocampal volumes if untreated.

The impact of depression treatment on hippocampal volumes has been highlighted by other
investigations. There is evidence that longer duration of untreated depression is related to
hippocampal volume reduction30, while antidepressant treatment is associated with
increased volume over time3L, Additional clinical variables may impact the relationship
between depression and volume in the hippocampus. For example, morphological
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abnormalities were found in the left anterior subiculum and lateral CA1 in late-onset
compared to early-onset depression in one study3. Other studies have found differences in
first-episode compared to recurrent depression® 32, including evidence of a positive
relationship between total and subfield hippocampal volumes and severity of depression in
first-episode MDD. Moreover, comorbid symptoms of anxiety may also play a role in
increased hippocampal volume, as research has suggested a positive relationship between
increased anxiety and larger hippocampal volumes33. There is some suggestion from the
pediatric depression literature that anxiety influences the ratio of hippocampal volumes to
volumes in the amygdala34. The amygdala is a closely connected structure that is important
for emotional expression and, together with the hippocampus, has a role in the formation of
emotion-related memories3>-37. Larger studies are needed to investigate individual
variability in anxiety and other clinical moderators and their relationship to depression-
related brain changes as possible methods for better understanding the underlying
mechanisms of depression and improving intervention strategies.

The current findings should be interpreted in the context of limitations of the study,
including the inherent limitations of the automated hippocampal segmentation program38, as
well as our relatively small sample size. In addition, our sample included individuals taking
antidepressants. While we did not find any differences in subfield volumes between the two
groups, it has been shown that antidepressant use can affect hippocampal volume3! and that
may have played a role in our findings. Furthermore, while all participants in this study had
TICS scores greater than 30 and MMSE scores greater than 24, we cannot rule out the
possibility that individuals with mild cognitive impairment were included, which may have
affected the hippocampal subfield results. Moreover, information regarding anxiety
symptoms was not available for all participants in our study; therefore, we were unable to
determine the influence of anxiety on the present results. Nevertheless, the study adds to the
literature by investigating depressive symptoms as a continuous measure and not as a
dichotomous variable (MDD vs. healthy controls), as many other studies have previously
done. Gaining a better understanding of the longitudinal relationship between depressive
symptoms and age-related hippocampal volume change may increase our understanding of
the pathophysiology of depression in older adults and provide potential targets for
behavioral and pharmacological treatments.
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Figure 1.

Significant results for the age x CES-D interactions on volumes in the A) right subiculum,
and B) right CAL. Raw scores are presented for ease of display, but age and CES-D scores
were entered as continuous variables in the statistical models and were centered around the
mean in all analyses. CES-D = Center for Epidemiologic Studies Depression Scale; CA =
cornu ammonis; mm = millimeters.

Geriatr Gerontol Int. Author manuscript; available in PMC 2017 November 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Szymkowicz et al.

Table 1
Sample Demographic Characteristics

Mean SD Range
Total Sample (n = 43)
Age (years) 68.79 7.00 55-81
Sex (% female) 69.76 - -
Education (years) 15.07 253 10-20
MMSE total 2891 125 25-30
CES-D total 7.84  8.90 0-45
Those Using Antidepressants (n = 7)
Age (years) 62.57 6.78 56-72
Sex (% female) 71.46 - -
Education (years) 15.57 264 12-19
MMSE total 2942 079 28-30
CES-D total 17.29  16.09 1-45

Notes. SD = standard deviation; MMSE = Mini-Mental State Examination; CES-D = Center for Epidemiologic Studies Depression Scale.
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