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Background
Late-life depression has been associated with volume changes
of the hippocampus. However, little is known about its associ-
ation with specific hippocampal subfields over time.

Aims
We investigated whether hippocampal subfield volumes were
associated with prevalence, course and incidence of depressive
symptoms.

Method
We extracted 12 hippocampal subfield volumes per hemisphere
with FreeSurfer v6.0 using T1-weighted and fluid-attenuated
inversion recovery 3T magnetic resonance images. Depressive
symptoms were assessed at baseline and annually over 7 years
of follow-up (9-item Patient Health Questionnaire). We used
negative binominal, logistic, and Cox regression analyses, cor-
rected for multiple comparisons, and adjusted for demographic,
cardiovascular and lifestyle factors.

Results
A total of n = 4174 participants were included (mean age 60.0
years, s.d. = 8.6, 51.8% female). Larger right hippocampal fissure
volume was associated with prevalent depressive symptoms
(odds ratio (OR) = 1.26, 95% CI 1.08–1.48). Larger bilateral hippo-
campal fissure (OR = 1.37–1.40, 95% CI 1.14–1.71), larger right
molecular layer (OR = 1.51, 95% CI 1.14–2.00) and smaller
right cornu ammonis (CA)3 volumes (OR = 0.61, 95% CI 0.48–0.79)

were associated with prevalent depressive symptoms with a
chronic course. No associations of hippocampal subfield
volumes with incident depressive symptoms were found. Yet,
lower left hippocampal amygdala transition area (HATA) volume
was associated with incident depressive symptoms with chronic
course (hazard ratio = 0.70, 95% CI 0.55–0.89).

Conclusions
Differences in hippocampal fissure, molecular layer and CA
volumes might co-occur or follow the onset of depressive
symptoms, in particular with a chronic course. Smaller HATAwas
associated with an increased risk of incident (chronic) depres-
sion. Our results could capture a biological foundation for the
development of chronic depressive symptoms, and stresses the
need to discriminate subtypes of depression to unravel its bio-
logical underpinnings.
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Background

The contribution of structural brain changes to the prevalence,
course and incidence of late-life depression is a key topic of psychi-
atric neuroscience. Neuroanatomical substrates of depression could
play a major role in diagnosis, prognosis, stratification of depression
subtypes and treatment monitoring. Although some robust associa-
tions have been identified previously, the field has not yet yielded
information that is clinically applicable, and contributions to patho-
physiological understanding have been limited. The most replicated
finding among older adults has been an association between smaller
hippocampus volume with depression.1–4 This association may be
especially noticeable with a longer depression duration or a larger
number of depressive episodes.5–9 Little is known about the tempor-
ality of this association. Yet one study suggested that longer dur-
ation and severity of depression lead to faster development of
hippocampal atrophy.10 Conversely, there is insufficient longitu-
dinal data available to assess whether hippocampal atrophy may
precede incident depression.11

Further, given that the hippocampus is a heterogeneous struc-
ture, composed of several subfields, each of which is characterised
by specific cellular composition and characteristic neurophysi-
ology,12 one may expect that different hippocampal subfields
might be differentially associated with depression pathophysiology.
Whereas this has been explored previously,5,6,13,14 conflicting

results have been presented, likely because of limited sample sizes
and a lack of longitudinal data.

Aim

The aim of the present study was to investigate the associations of
hippocampal subfield volumes with prevalence, course and inci-
dence of depressive symptoms using a large neuroimaging sample.
Specifically, we investigated the associations of hippocampal sub-
field volumes and depressive symptoms at baseline, and the associa-
tions of hippocampal subfields volumes at baseline with depressive
symptoms during follow-up. In both cases we further subdivided
the analysis according to the course of depression, i.e. chronic or
transient, and corrected the analysis for demographic, cardiovascu-
lar and lifestyle risk factors.

Method

Study population and design

We used data from The Maastricht Study, an observational pro-
spective population-based cohort study. The rationale and method-
ology have been described previously.15 In brief, the study focuses
on the aetiology, pathophysiology, complications and comorbidities
of type 2 diabetes mellitus (T2DM), heart disease and other chronic
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conditions, and is characterised by an extensive phenotyping
approach. All individuals aged between 40 and 75 years and living
in the southern part of the Netherlands were eligible for participa-
tion. Participants were recruited through mass media campaigns,
the municipal registries and the regional Diabetes Patient Registry
via mailings. Recruitment was stratified according to known
T2DM status, with an oversampling of individuals with T2DM,
for reasons of efficiency. Baseline data were collected between
November 2010 and January 2018. Lag time between magnetic res-
onance imaging (MRI) and depression assessment at baseline was
102 days (s.d. = 120).

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human participants were approved by the institutional
Medical Ethical Committee (NL31329.068.10) and the Minister of
Health, Welfare and Sports of the Netherlands (Permit 131088-
105234-PG). All participants gave written informed consent.

For the current analysis complete data was available from 4653
participants for cross-sectional analysis and 4154 participants for
longitudinal analysis. Supplementary Figure 1 available at https://
doi.org/10.1192/bjp.2023.143 shows the flow chart of the study
population.

Brain MRI

Brain images were acquired on a 3T clinical magnetic resonance
scanner (MAGNETOM Prismafit, Siemens Healthineers GmbH)
located at a dedicated scanning facility (Scannexus, Maastricht,
the Netherlands) using a head/neck coil with 64 elements for paral-
lel imaging. The MRI protocol included a three-dimensional T1-
weighted (T1w) magnetisation-prepared rapid acquisition gradient
echo (MPRAGE) sequence (repetition time/inversion time/echo
time (TR/TI/TE) 2300/900/2.98 ms, 176 slices, 256 × 240 matrix
size, 1.0 mm cubic reconstructed voxel size); and a fluid-attenuated
inversion recovery (FLAIR) sequence (TR/TI/TE 5000/1800/
394 ms, 176 slices, 512 × 512 matrix size, 0.49 × 0.49 × 1.0 mm
reconstructed voxel size).

Brain segmentation was performed with FreeSurfer v6.016 using
both T1w and FLAIR images as input. The arguments ‘-FLAIRpial’
and ‘-3T’ were used to optimise segmentation quality. Brain seg-
mentations with insufficient quality, i.e. Euler numbers below 1.5
quartile (−80 for left hemisphere and −68 for right hemisphere)
were excluded.17 Hippocampal subfields18 were segmented using
multispectral segmentation, yielding hippocampus total volume
and 12 hippocampal subfields per hemisphere (Supplementary
Table 1). All extracted volumes were z-transformed prior to statis-
tical analysis with respect to the distribution in the complete sample
(n = 4643). Results are depicted using hippocampal subfields maps,
a legend for these maps can be found in Supplementary Figure 2.

Depression

Depressive symptoms were assessed by a validated Dutch version of
the 9-item Patient Health Questionnaire (PHQ-9)19 both at baseline
and follow-up. Follow-up data was collected annually over a period
of 7 years, i.e. each participant was asked to complete the PHQ-9
questionnaire once every year, up to 7 years. The PHQ-919 is a
self-administered questionnaire that assesses the presence of the
nine symptoms for the DSM-IV criteria for a major depressive dis-
order on a four-point Likert scale ranging from 0 ‘not at all’ to 4
‘nearly every day’.20 When one or two items were missing, the
total score was calculated as 9 × (total points/9− number of
missing items) and rounded to the nearest integer. When more
items were missing, the total score was scored as missing. A

cut-off score of ≥10 is most often used as a dichotomous scoring
system for defining clinically relevant depressive symptoms, with
a good sensitivity (88%) and specificity (78%).21 The internal con-
sistency of the PHQ-9 in The Maastricht Study was good
(Cronbach’s alpha = 0.82 without T2DM, and 0.87 with T2DM).22

There was a time lag between the baseline data collection and
the date of the MRI scan. Therefore, the PHQ-9 score obtained
closest to the date of the MRI scan, regardless of whether the assess-
ment was before or after the scan, was chosen as the baseline score
for each individual. Subsequent assessments were labelled as follow-
up 1, follow-up 2, and so forth, based on the order in which they
occurred after the baseline assessment.

Here, we use the term ‘prevalent depressive symptoms’ to indi-
cate the use of PHQ-9 scores as a continuum at baseline. We use the
term prevalent depression to indicate clinically relevant depressive
symptoms (PHQ-9≥ 10) at baseline. We subdivided prevalent
depression according to its course as:

(a) ‘prevalent depression with a chronic course’ i.e. clinically rele-
vant depressive symptoms (PHQ-9≥ 10) at baseline and clinic-
ally relevant depressive symptoms (PHQ-9≥ 10) at at least one
follow-up time; and

(b) ‘prevalent depression with a transient course’ i.e. clinically rele-
vant depressive symptoms (PHQ-9≥ 10) at baseline and no
clinically relevant depressive symptoms (PHQ-9 < 10) during
follow-up.

We use the term ‘incident depression’ to indicate no clinically rele-
vant depressive symptoms (PHQ-9 < 10) at baseline and presence of
clinically relevant depressive symptoms (PHQ-9≥ 10) at at least
one follow-up time. We subdivided incident depression according
to its course as:

(a) ‘Incident depression with a chronic course’ i.e. no clinically
relevant depressive symptoms (PHQ-9 < 10) at baseline and
clinically relevant depressive symptoms (PHQ-9≥ 10) at two
or more follow-up moments; or

(b) ‘incident depression with a transient course’, i.e. no clinically
relevant depressive symptoms (PHQ-9 < 10) at baseline and
clinically relevant depressive symptoms (PHQ-9≥ 10) at one
follow-up.

We used the term, ‘no depression’ as the comparison group, and
include those participants with no clinically relevant depressive
symptoms (PHQ-9 < 10) at baseline and no clinically relevant
depressive symptoms (PHQ-9 < 10) at follow-up.

General characteristics and covariates

General characteristics and covariates were measured at baseline.
Educational level (low, intermediate, high), history of cardiovascu-
lar disease (CVD), smoking status (never, current, former), alcohol
consumption (none, low, high) were assessed by questionnaires.15

We measured, height, weight, waist circumference, office blood
pressure, plasma lipid profile, and 24 h urinary albumin excretion
(twice) as described elsewhere.15

To determine T2DM status, all participants (except those who
used insulin) underwent a standardised seven-point oral glucose
tolerance test after an overnight fast. Glucose metabolism status
was defined according to the World Health Organization 2006 cri-
teria.23 Participants were considered to have T2DM if they had a
fasting blood glucose ≥7.0 mmol/L or a 2 h post load blood
glucose ≥11.1 mmol/L or used oral glucose-lowering medication
or insulin. Cholesterol lowering medication, glucose-lowering
medication and use of antidepressants was assessed in a medication
interview at baseline where generic name, dose and frequency were
registered.
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Statistical analyses

General characteristics of the study population were evaluated using
independent t-tests, or χ2-tests when appropriate.

A total of five research questions (RQs) were asked. Are hippo-
campal subfield volumes associated with:

(a) prevalent depressive symptoms (RQ1);
(b) clinically relevant depressive symptoms (RQ2);
(c) clinically relevant depressive symptoms according to its course

(chronic and transient) (RQ3);
(d) incident clinically relevant depressive symptoms (RQ4); and
(e) incident clinically relevant depressive symptoms according to

its course (chronic and transient) (RQ5)?

We used negative binomial regression on data from n = 4643 partici-
pants to answer RQ1; logistic regression on data from n = 4643 par-
ticipants for RQ2; multimodal logistic regression on data from n =
4174 participants for RQ3; and Cox proportional hazards regression
with time to event on the time axis on data from n = 4174 participants
for RQ4 andRQ5. An overview of the research questions, participants
and groups can be seen in Supplementary Figure 1.

Associations were adjusted for potential confounders in two dif-
ferent models: model 1, adjusted for total brain volume (when ana-
lysing total hippocampal volumes), or for total hippocampal volume
(when analysing hippocampal subfields), MRI lag time, age and
gender; and model 2, additionally adjusted for T2DM status, educa-
tion level, waist circumference, history of CVD, total-to-high-
density lipoprotein cholesterol ratio, use of alcohol and smoking
status.

We studied the left and right hemispheres separately, and ana-
lysed 1 total hippocampal volume and 12 hippocampal subfields for
each hemisphere. The hippocampal subfields are correlated with
each other (Supplementary Table 2). For this reason, correction
for multiple comparisons was done in accordance with the matrix
spectral decomposition method.24 Based on the resulting eigenva-
lues, the obtained effective number was n = 13, therefore alpha
was set at 0.05/13 = 0.0039.

Several sensitivity analyses were performed based on the fully
adjusted model (model 2):

(a) we excluded individuals with type 2 diabetes to assess whether
they drive the observed associations;

(b) we adjusted for antidepressant medication use;
(c) we excluded participants who used antidepressant medication;
(d) to restrict analyses to ‘de novo’ depression, we excluded partici-

pants who had a history of major depressive disorder diagnosis
(assessed through the Mini-International Neuropsychiatric
Interview25) before baseline;

(e) we additionally adjusted for cognitive status using Mini-Mental
State Examination score.26

Finally, we tested whether these associations differed according to
gender, and T2DM status, by use of interaction analyses.

All statistical analyses were performed in R 4.0.2 (2020-06-22);
analytic code is available on request from the corresponding author.

Results

General characteristics of the study population

The cross-sectional study population (n = 4643) had a mean age of
60.0 years (s.d. = 8.6), and 51.8% were women, 229 participants had
prevalent depression (PHQ-9≥ 10).

Table 1 shows the general characteristics of the study population
for longitudinal analysis (n = 4174) stratified for depressive status. A
total of 190 participants had prevalent depression, 141 of them had a

chronic course during follow-up, and 49 had a transient course. Out
of 3984 participants free of depression at baseline, 376 developed
incident depression. Participants with no depression were more
often men and had a better cardiovascular profile than those with
prevalent or incident depression. Demographics of participants
not included in this study because of missing data or bad segmen-
tation quality can be seen in Supplementary Table 3.

Hippocampal subfields and prevalent depression

We found no associations between total hippocampus volume and
prevalent depressive symptoms (PHQ-9 score as a continuum;
Supplementary Table 4). Larger volumes in bilateral molecular
layer (left relative risk (RR) = 1.11, 95% CI 1.05–1.17 and right
RR = 1.14, 95% CI 1.08–1.20) and right hippocampal fissure (RR
= 1.06, 95% CI 1.02–1.11), and smaller volumes in right dentate
gyrus (RR = 0.89, 95% CI 0.83–0.96) and right cornu ammonis
(CA)2/3 (RR = 0.91, 95% CI 0.87–0.96) and CA4 (RR = 0.89, 95%
CI 0.83–0.96) were significantly associated with depressive symp-
toms in model 1. The association between smaller volumes in
CA4 and depressive symptoms remained significant (RR = 0.89,
95% CI 0.83–0.96) after full adjustment (model 2). Hippocampal
subfields associations in model 2 are depicted in Supplementary
Figure 3.

No association of total hippocampus volume with prevalent
depression (PHQ-9≥ 10) was found (Supplementary Table 5).
A larger right molecular layer (odds ratio (OR) = 1.46, 95% CI
1.18–1.81) and hippocampal fissure (OR = 1.32, 95% CI 1.13–1.53)
and smaller CA2/3 (OR = 0.72, 95% CI 0.59–0.87) were associated
with prevalent depression in model 1. The association with right hip-
pocampal fissure remained significant (OR = 1.26, 95% CI 1.08–1.48)
after full adjustment (model 2). Results are depicted in Figure 1.

Hippocampal subfields volumes and course of prevalent
depression

A significant association between lower volumes in the right hippo-
campus total volume and chronic course of prevalent depression
(OR = 0.68, 95% CI 0.52–0.87) was found after full adjustment
(model 2). Larger bilateral hippocampal fissure (left OR = 1.42,
95% CI 1.18–1.70 and right OR = 1.46, 95% CI 1.21–1.77) and
molecular layer (left OR = 1.45, 95% CI 1.13–1.85 and right OR =
1.66, 95% CI 1.27–2.19), as well as smaller left parasubiculum
(OR = 0.73, 95% CI 0.59–0.90) and right CA3 (OR = 0.60, 95% CI
0.47–0.77) were associated with a higher risk ratio of chronic
course of prevalent depression in model 1. After full adjustment
(model 2), higher volumes in bilateral hippocampal fissure (left
OR = 1.37, 95% CI 1.14–1.64 and right OR = 1.40, 95% CI 1.15–
1.71) and right molecular layer (OR = 1.51, 95% CI 1.14–2.00), as
well as smaller volumes in right CA3 (OR = 0.61, 95% CI 0.48–
0.79) remained significantly associated with the chronic course of
prevalent depression. Results are depicted in Fig. 2, and details
can be found in Supplementary Table 6. No significant associations
were found for the transient course of prevalent depression.

Hippocampal subfields and incident depression

No significant associations were found between hippocampal
volumes and incident depression (Supplementary Table 7).

Hippocampal subfields and course of incident
depression

A statistically significant association between lower volume in left
HATA and the chronic course of incident depression was found
(hazard ratio (HR) = 0.70, 95% CI 0.55–0.89), whereas we found
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no associations with the transient course of incident depression
(Supplementary Table 8).

Sensitivity analysis

Sensitivity analysis show results with preserved direction of effect
and higher P-values when (a) excluding participants with T2DM,
(b) adjusting for antidepressant medication, (c) excluding partici-
pants using antidepressant medication, (d) excluding participants
with a lifetime of major depressive disorder diagnosis and (e) adjust-
ing for cognition.

Results are detailed for prevalent depressive symptoms
(Supplementary Table 9), prevalent depression (Supplementary

Table 10) and prevalent depression with a chronic course
(Supplementary Table 11). No interactions with gender or T2DM
were found in the associations of depression and hippocampal
volumes (data not shown).

Discussion

Main findings

In this middle-to-older-aged population, we studied the associations
between hippocampal subfield volumes and prevalence, course and
incidence of depressive symptoms. We show that specific hippocam-
pal subfields are associated with prevalent depression, especially with

Table 1 General characteristics of the study population (n = 4174) stratified for depressive statusa

Characteristic No prevalent depression n = 3608 Prevalent depression n = 190 Pb
Incident depression

n = 376 Pb

Age, years: mean (s.d.) range 60.4 (8.4) 40.0–79.7 57.3 (8.2) 40.4–75.2 <0.001 59.1 (8.7) 41.3–78.1 0.005
Gender, % women 51.0 61.1 0.007 57.2 0.022
BMI, kg/m2: mean (s.d.) range 26.1 (3.9) 14.4–56.3 27.8 (5.0) 16.0–44.3 <0.001 27.3 (4.7) 18.1–47.9 <0.001
Waist, cm: mean (s.d.) range 92.4 (12.1) 59.5–148.0 95.7 (14.0) 62.0–133.8 0.002 95.3 (14.3) 64.9–142.0 <0.001
Educational level <0.001 0.017

Low% 28.8 38.1 34.7
Medium, % 28.4 33.3 29.5
High, % 42.9 28.6 35.8

Alcohol consumption <0.001 <0.001
None, % 14.9 28.0 23.4
Low, % 59.4 54.5 54.0
High, % 25.7 17.5 22.6

Smoking status <0.001 <0.001
Never, % 40.7 40.2 37.5
Former, % 49.3 40.7 46.1
Current, % 10.1 19.0 16.4

Partner, % yes 86.6 77.4 <0.001 78.7 <0.001
T2DM, % yesc 16.0 26.8 <0.001 25.3 <0.001
CVD, % yes 11.2 16.5 0.026 10.8 0.846
Hypertension (% yes) 46.9 52.1 0.157 51.3 0.098
Cholesterol ratio, mean (s.d.) range 3.5 (1.1) 1.0–11.7 3.7 (1.4) 1.9–9.6 0.066 3.7 (1.2) 1.3–9.2 0.049
Cholesterol medication, % yes 24.9 27.4 0.447 27.4 0.292
Antidepressants, % yes 4.6 27.9 <0.001 15.2 <0.001
History of depression, % yes 24.7 79.1 <0.001 51.8 <0.001
MMSE score, mean (s.d.) range 29.2 (1.1) 21.0–30.0 29.0 (1.1) 25.0–30.0 0.036 29.1 (1.1) 24.0–30.0 0.158

Bold indicates P < 0.05. BMI, body mass index; CVD, cardiovascular disease; MMSE, Mini-Mental State Examination; PHQ-9, Patient Health Questionnaire; T2DM, type 2 diabetes mellitus.
a. No depressive symptoms is no clinically relevant depressive symptoms at baseline nor at follow-up. Prevalent depression is clinically relevant depressive symptoms at baseline. Incident
depression is no clinically relevant depressive symptoms at baseline and clinically relevant depressive symptoms at follow-up .

b. Compared with no clinically relevant depressive symptoms at baseline and follow-up.
c. The study is oversampled with individuals with type 2 diabetes by design.
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Fig. 1 The hippocampal map shows the associations between hippocampal subfield volumes and prevalent depression (Patient Health
Questionnaire (PHQ-9) ≥ 10). The diagramdisplays the subfields’ associationswith prevalent depression, after full adjustment (model 2). The blue
colour represents a positive association: a higher volume is associated with higher odds ratio (OR) for prevalent depression (PHQ-9≥ 10),
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depression is clinically relevant depressive symptoms (PHQ-9≥ 10) at baseline. CA, cornu ammonis; DG, dentate gyrus; ML, molecular layer.
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a chronic course. One subfield was also associated with incident
depression, yet only when the course was chronic. To our knowl-
edge, this is the first study that has investigated the association of
specific hippocampal subfield volumes with depressive symptoms
in a population-based sample.

Comparison with findings from other studies

Larger right hippocampal fissure and bilateral molecular layer, as
well as smaller right dentate gyrus, and CA3 and CA4, were asso-
ciated with prevalent depressive symptoms (PHQ-9 score as a con-
tinuum). Larger right fissure and molecular layer, as well as smaller
right CA3 were associated with prevalent depression (PHQ-9≥ 10),
independently of age, gender and total hippocampal volume. The
associations between hippocampal subfields and depression severity
have been previously explored among patients with major depres-
sive disorder (MDD) in small clinical samples (n = 41 to 163). In
line with our results, Hu et al (2019)27 found that lower CA3 and
CA4/dentate gyrus volumes were associated with more severe
depressive symptoms. However, we could not replicate their find-
ings of a significant association with lower volumes in the subicu-
lum. In addition, our results are in line with previous studies in
clinical samples that compared patients with MDD with con-
trols,6,14,28 who found smaller volumes in CA structures, the subicu-
lum and tail associated with MDD. A main difference is, however,
that we found these associations more often in the right hemisphere,
whereas the previous studies reported differences in both
hemispheres.

These differences may be explained by the differences in
study samples (clinical versus population based) and difference

in instruments to assess depression (MDD diagnosis versus
depressive symptoms). Although our definition of depression
status is a reliable approach for MDD screening,22,29 our study
sample likely includes less severely affected individuals. This
might mean that CA1, the subiculum and tail have more subtle
or later roles in depression pathophysiology, being only detect-
able in more severe depression, in line with results from Roddy
et al.6

Further, we found an association with the hippocampal fissure
volume, which has not been reported before. The hippocampal
fissure is not a tissue structure per se, but a cerebrospinal fluid
filled cavity, defined as a space between the dentate gyrus and the
molecular layer.18 The possibility of a larger fissure volume being
driven by the general atrophy of the hippocampus was considered.
However, our findings, in agreement with Roddy et al,6 revealed
an increase in volume specifically within the molecular layer,
which does not align with this hypothesis. As an alternative
explanation, we propose that the observed larger volume of the
hippocampal fissure might be attributed to the reshaping of
the hippocampus.

We further studied the association of hippocampal subfields
with the course of prevalent depression. We found some hippo-
campal subfields were associated with a chronic course but none
was associated with a transient course. Specifically, the larger bilat-
eral fissure and molecular layer, and smaller volumes of left para-
subiculum, right CA3 and right total hippocampal volume were
associated with a chronic course. Previous studies found an asso-
ciation between depression recurrence and total hippocampal
atrophy,6,7,9 yet only one study explored this association with hip-
pocampal subfields, finding smaller volumes in dentate gyrus.5
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Fig. 2 The hippocampal map shows the associations between hippocampal subfield volumes and (a) transient or (b) chronic course of
prevalent depression. The diagrams display the subfields’ associations with (a) transient course of prevalent depression, and (b) chronic course
of prevalent depression in model 2. The blue colour represents a positive association: a higher volume is associated with higher odds ratio (OR)
for depression, whereas yellow represents a negative association. Dots show the subfields with associations of P < 0.05, stars show the
subfields that are significant after multiple comparison correction (P < 0.0039). See Supplementary Figure 2 for the hippocampal map legend.
Prevalent depression is clinically relevant depressive symptoms at baseline. CA, cornu ammonis; DG, dentate gyrus; HATA, hippocampal
amygdala transition area; ML, molecular layer.
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The different patterns of hippocampal morphology in patients
with transient or chronic depression may suggest that hippocampus
atrophy is of importance in the pathophysiology of chronic depres-
sion but is not in transient depression. Some studies have also
explored the utility of hippocampal subfields in the measurement
of treatment response, with promising results finding an increase
in hippocampal volumes after some treatments, and remission of
depression.27,30,31 Overall, our results suggest that the different sub-
fields of the hippocampus might have a different sensitivity to
depression. Cytology studies suggest that a deficiency in neuro-
trophic support might be the cause,32 and that the compensation
of neurotrophic factors through pharmacological therapy could
reverse the pathological process of depression.33

We found no significant associations between hippocampal
subfield volumes and risk of incident depression, in line with a pre-
vious smaller population-based study.11 Yet, when we subdivided
this analysis according to the course, we found lower volumes in
left HATA to be associated with incident depression with a
chronic course. This might indicate that there is a different aetiology
in incident depression with a chronic course versus a transient
course. Replication of our findings is needed, and future studies
should clarify whether changes in hippocampal volumes are specific
for subtypes of depression.

Strengths and limitations

Strengths of this study include the large sample size and population-
based design, the extensive assessment of potential confounders that
reduces the chance of residual confounding and the annual assess-
ment of depressive symptoms over a 7-year period. To assess
robustness of observed associations we performed a range of sensi-
tivity analyses. Results remained similar after additionally adjusting
for antidepressant medication, cognition and limiting the sample to
de novo depression. Potential selection and/or attrition bias, which
is inherent to prospective population-based studies, may have
resulted in underestimation of the observed associations. In add-
ition, depression was measured with the PHQ-9 questionnaire,
which is a reliable and valid tool for the measurement of depressive
symptoms, but is not equal to a clinical diagnosis of MDD.19,34,35

Additionally, the progression of depression was evaluated annually
during follow-up sessions. This approach allows for the possibility
that a person may have experienced depression at some point
during the year but it might not have been present at the time of
assessment. As a result, there is a chance of encountering false nega-
tives in some participants.

Our study utilises a population-based cohort with an intentional
oversampling of individuals with T2DM. In the general population,
the lifetime prevalence of depression stands between 10% and 25%
for women and from 5% to 12% for men,36 whereas within our
sample it was 30% (1349 participants out of 4643 participants
with cross-sectional data). This observed difference can be attributed
to the deliberate oversampling of people with T2DM, as individuals
with T2DM are almost twice as likely to experience depression.36

Consequently, the prevalence of depression is elevated within our
sample. We corrected our analysis for T2DM, and excluded partici-
pants with T2DM in a sensitivity analysis. Yet, it is imperative to con-
sider these aspects carefullywhen generalising the results of our study.

Finally, hippocampal volumes were extracted using the
FreeSurfer v6.0 automated tool. FreeSurfer v6.0 has proven to be a
reliable method for hippocampal subfields volume’s measurement,
showing a good agreement with manual segmentation.37 It also
shows a good test–retest reliability, especially in the tail, subiculum,
presubiculum, CA1–4, dentate gyrus and molecular layer.38,39

Moreover, its use has previously proved useful to provide insight
into the neurobiological underpinnings of several brain-related

traits and disorders.40 In this study, the hippocampal segmentation
was implemented with the additional use of a FLAIR image (multi-
spectral segmentation) which has shown to additionally improve
subfields segmentation reliability.18,41 Further, all FreeSurfer
output used in The Maastricht Study undergoes quality control
through the exclusion of outliers based on Euler numbers, a tech-
nique that shows similar quality control benefits to visual inspection
for hippocampal subfields segmentation,17 reinforcing the solidity
of the data. However, it is crucial to interpret the results with
caution, especially concerning the smaller subfields such as the hip-
pocampal fissure. Despite utilising diverse techniques to improve
the accuracy of hippocampal subfield segmentation, the inherent
complexity and intricacies of these smaller subfields present chal-
lenges that demand careful consideration.

Implications

In conclusion, differences in hippocampal volumes of specific sub-
fields, indicating hippocampal atrophy, were associated with preva-
lent depression, in particular with a chronic course. In longitudinal
analyses we found some evidence that smaller volume in the left
HATA was associated with a risk of incident depression with a
chronic course. Our results indicate that changes in hippocampus
subfield volumes may co-occur or follow the onset of depressive
symptoms, rather than precede it. We found limited evidence to
support that specific volume changes could precede the onset of
(chronic) depressive symptoms. Therefore, our results could be cap-
turing a biological foundation for the development of chronic
depression, and further stresses the need to discriminate between
subtypes of depression to unravel its biological underpinnings.
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Extra
reflections

Echoes of time: pearls beyond the veil

Brent R. Carr

In a space suspended between then and now, memories hang like gleaming pearls on tau-threads of time. But with the
creeping shadows of dementia, these tangled threads fray; and pearls dim, creating perceptual voids in the realities of
the world. Characters once vividly present in the mind drift, their identities becoming hazy. Fragmented pieces of the
past merge with the present as the lines of recollection blur. Eachmoment’smemory becomes a tale, a falling raindrop –
fragmented and dimensionless. Some are lost to memory’s abyss; some seep deep into earth’s embrace, metamorph-
osing into ancient relics and hidden treasures. Some ascend to become constellations that never existed before.

A poet ponders his sunset reflection on the misty, antique amber window, where raindrops and glass bubbles merge,
glistening like pearls in the fading sun. The rain of memories trickles down the windowpane, some pulsating and glinting
with light, others dim and silently roll away. Warm, rainymemories of distant days radiate warmth butmerge into a fog of
confusion as they puddle on the sill. Some raindrops intermingle, creating realities both familiar and foreign. Others fade
unseen into a void of uncertainty. As night nears, the reflection fades, but the ephemeral patter of memories continues
to tap lightly on the pane, their essence lingers and resonates amidst the ebb and flow of clarity and confusion.
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