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a b s t r a c t
Although some older adults experiencing memory problems have been shown to beneﬁt from cognitive training,
evidence regarding who will improve from this type of intervention is lacking. Automated hippocampal volumetry might be used to foresee treatment outcomes. We hypothesized that larger hippocampal volumes are associated with greater memory performance changes following training, and that effects are selectively related to
speciﬁc hippocampal subﬁelds. 19 memory clinic outpatients with subjective memory impairment (mean
age = 60.9 years) underwent MRI-scanning and then followed an eight week training scheme aimed at improving verbal memory. We assessed verbal memory before and after training, and tested whether pretraining hippocampal volumes were related to memory improvements. To delineate regional speciﬁcity, we employed a new
technique enabling automated volumetry of seven hippocampal subﬁelds — including the cornu ammonis
(CA) sectors and the dentate gyrus (DG). The results showed that larger hippocampal volumes before training were related to greater verbal recall improvements. Subﬁeld volumetry revealed speciﬁc correlations
between memory improvement and pretraining volumes of the left CA2/3 and CA4/DG. Depressive symptoms further gave a unique contribution in predicting gain of the intervention, independent of hippocampal volume. The results indicated that subjects with a stronger depressive symptom load beneﬁted more
from the training. A prediction model including baseline CA2/3-volume and depressive symptoms
explained 42% of the variation in recall improvement. Our results are the ﬁrst to suggest that hippocampal
subﬁeld volumetry is related to intervention outcomes in older adults experiencing memory problems.
Also, previous studies have tended to exclude patients with concomitant depressive symptoms and memory complaints. The present results, however, strengthen the rationale and potential for cognitive intervention in these patients.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Memory complaints are common in the elderly, and are associated
with depressive symptoms (Reid and MacLullich, 2006), hippocampal
atrophy (Saykin et al., 2006), and increased risk of developing Alzheimer's disease (Jonker et al., 2000). For a proportion of elderly seeking
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help for memory complaints, the subjectively experienced deﬁcits
cannot be objectively validated — their neuropsychological proﬁles lie
within normal range. This group of individuals straddles the boundary
between normal aging and mild impairment, and is often referred to
as having subjective memory impairment (Jessen et al., 2010).
A growing body of research has demonstrated positive effects of
cognitive training in older adults with memory problems (Buschert
et al., 2010). These studies point to cognitive intervention as a promising remediation approach for the increasing number of senior individuals seeking help for their memory. The efﬁciency and impact of
cognitive interventions proﬁt from evidence-based evaluations and
selection of patients who might beneﬁt most from the relevant training regimen. However, such evidence is scarce. Except for advanced
age, demographical and behavioral variables have provided little or
no value in predicting beneﬁts of training (Belleville et al., 2006).
Today, reliable volumetric estimations of brain regions implicated
in cognitive aging — including the hippocampus — are possible using
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standard MR images (Fischl et al., 2002; Hanseeuw et al., 2011). In a
multi-sample study including 883 individuals, Walhovd et al. (2011)
found consistent hippocampal volume decline in cognitively normal
elderly in ﬁve of six samples (but see Sullivan et al., 2005). More progressive deterioration of the hippocampus has been shown in not
only dementia (Schuff et al., 2009), but also subjective memory impairment (Striepens et al., 2010). In a cross-sectional study of 83
older adults, poorer subjective memory and better verbal recall performance on the CVLT-II were independently associated with greater
MRI-estimated thickness in the left medial temporal lobe (Bjørnebekk
et al., 2010). More recently, new segmentation methods have enabled
more speciﬁc delineation of the medial temporal lobe region. Hanseeuw and colleagues showed that in amnestic MCI, episodic memory
was positively related to both total hippocampal volume, as well as
speciﬁc subﬁeld volumes, with the strongest effects related to CA4/
DG (Hanseeuw et al., 2011). Despite the potential of MRI volumetry
suggested by these studies, it is not known whether volumetry can
be used to predict memory change following intervention for older
adults experiencing memory problems.
The goal of the present study was to investigate associations between hippocampal volumes and memory training beneﬁts in 19
memory clinic outpatients with subjective memory impairment. All
subjects underwent MR-scanning and then followed eight weeks of
memory training. The training aimed at improving verbal episodic
memory, and has previously been shown to improve verbal memory
and be associated with cortical thickness in cognitively healthy participants (Engvig et al., 2010). In the present study, verbal recall
memory was assessed with the CVLT-II before and after the
intervention.
First, we hypothesized that larger hippocampal pretraining volumes would be associated with greater verbal recall improvements.
Second, since memory complaints are associated with depression
(Iliffe and Pealing, 2010), we tested the impact of depressive symptom load on recall improvement. Third, hippocampus was chosen
due to its well-established role in the type of memory trained. However, the hippocampal structure is anatomically and functionally heterogeneous (Yassa and Stark, 2011). In order to untangle regional
speciﬁcity in the association between memory improvement and hippocampal volumes, we performed hippocampal subﬁeld volumetry.
Speciﬁcally, we calculated the volumes of CA1, CA2/3, CA4/DG, presubiculum, subiculum, ﬁmbria and the hippocampal ﬁssure, respectively, using a new automated procedure (Van Leemput et al., 2008,
2009). We hypothesized that effects on memory change were likely
selective to some of these regions. Cross-sectional studies have
found associations between the CA2/3, CA4/DG and subicular regions
and episodic memory (Hanseeuw et al., 2011; Shing et al., 2011), and
we assessed whether similar relationships exist with memory change
using linear regressions.
Material and methods
Participants
The study was approved by the Eastern Norway ethical committee
for medical research, and informed consent was obtained from all
subjects included in the study. All subjects were communitydwelling Oslo area memory clinic outpatients. Participants were referred to the clinic by their general practitioner or a specialist in neurology on the basis of self-reported memory deﬁcits, and without
knowledge of the training program. Exclusion criteria were prior history of stroke or other severe neurological or psychiatric disorders,
and factors contraindicating MRI. Originally, 20 subjects were included, but one discontinued the intervention in the second week of the
program. The ﬁnal sample included 19 (nine females) subjects with
memory complaints (lasting less than 10 years) aged 42–77 years
(mean = 60.9 ± 10.4 years). The age range is quite typical for this
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patient group, including more middle-aged adults than found in patient groups with objective cognitive deﬁcits.
The subjects were evaluated as non-demented by the examining
memory clinic physician based on ICD-10 criteria for dementia. All
participants performed within the normal range on tests of general
intellectual abilities as indicated by IQ > 85 as estimated from the matrices and vocabulary subtests from WASI (Wechsler, 1999). Further,
all scored >26 (mean = 29.1 ± 0.9; range, 27–30) on the MMSE
(Folstein et al., 1975), and ≥1.5 SD below the mean of age- and sexstandardized population norms on CVLT-II short and long-delay free
recall (Delis et al., 2000), indicating a non-demented and relatively
well-functioning study sample. The presence of memory complaints
was based on subjective reports, but conﬁrmed in most cases by the
observations of spouses or near relatives. We administered the EMQ
(Sunderland et al., 1984) to provide a quantitative measure of the
subjective complaint load, and compared the results with previous
literature of older adults without memory concerns. According to
our memory clinic register, 27% of referrals were diagnosed with subjective memory impairment in 2010 (Braekhus et al., 2011). This suggests that the present sample represents a signiﬁcant proportion of
the total memory clinic population.
Assessment of depressive symptoms
Depressive symptoms were assessed using the GDS (Yesavage et
al., 1982) and MHI-5 (Ware and Sherbourne, 1992). Both questionnaires are validated screening tools for middle-aged and elderly
populations: Using a cut-off of ≥14, GDS has a sensitivity and speciﬁcity for depression of 80% and 100%, respectively (Yesavage et al.,
1982). For subjectively impaired older patients, cut-off for MHI-5 for
depression was estimated to ≤47 in one study (Friedman et al.,
2005). Two participants in the current sample had an MHI-5
score b 47 and GDS score > 14. Since depressive symptoms are common among patients with memory complaints (Reid and
MacLullich, 2006), and these were neither taking anti-depressive
medication nor reported chronic depression, they were not excluded on the basis of their depressive symptoms. Instead, we tested
for the effect of depressive symptom load in the statistical analyses,
also assessing whether the two participants who fell below cut-off
for depression were outliers overtly inﬂuencing the results. Studentized deleted residuals from all regression analyses reported below
were >−2, and b2 for both participants, and they were not
excluded.
Intervention
An eight-week memory-training program was designed for the
present study, inspired by the work of Belleville et al. (2006). Each
week consisted of a one-hour class session and four individual homework assignments. The program focused on improving verbal recall
memory by implementing the mnemonic technique method of loci
(Bower, 1970), but also taught participants everyday memory strategies and enabled group discussions. See Supplemental document 1 for
a complete description.
Measurement of memory performance at baseline and follow-up
We used CVLT-II long-delay (20-minute) free recall as a measure
of verbal recall performance at both assessments. CVLT-II is a standardized neuropsychological test for various aspects of verbal learning and memory performance (Delis et al., 2000). A 16-item word
list is ﬁrst presented to the subject. The subject is then told to recall
as many words as possible. This procedure is repeated four additional
times. Following the ﬁve presentations of the initial word list, a new
word list is presented once, followed by immediate free recall of
that list. Next, free recall of the original word list takes place, followed
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by cued recall of the original word list. Following a 20-minute delay,
during which time other activities are carried out, there is a ﬁnal
delayed free recall trial of the original word list (long-delay recall).
Alternative versions of the CVLT-II were administered at follow-up
in order to minimize test-learning effects. Each participant was tested
at screening for study eligibility, on average 20.4 days (SD = 15.6;
range, 5–60) before training, and again the week following the completion of the training program. At the time of post-testing, participants were instructed that they could make use of the strategies
learned during the intervention.
MRI acquisition and processing
MRI data were collected (8.5 ± 10.7 days prior to training; range,
2–43) using a 12-channel head coil on a 1.5 T Siemens Avanto scanner (Siemens Medical Solutions, Erlangen, Germany). The pulse sequence used for morphometric analyses were two 3D T1-weighted
MP-RAGE with the following parameters: TR/TE/TI/FA = 2400 ms/
3.61 ms/1000 ms/8°, matrix 192 × 192, ﬁeld of view = 240, 160 sagittal slices with voxel size 1.25 × 1.25 × 1.20 mm. Each scan took 7 min
42 s. Raw datasets were de-identiﬁed and transferred to Linux workstations for processing and analyses. All scans were reviewed for
quality, and automatically corrected for spatial distortion due to gradient nonlinearity (Jovicich et al., 2006) and B1 ﬁeld inhomogeneity
(Sled et al., 1998). The two MP-RAGE volumes were averaged to increase signal-to-noise ratio and brain volume estimation reliability.
Volumetric analysis
All brain volumes were estimated using FreeSurfer (http://surfer.
nmr.mgh.harvard.edu/). First, the whole hippocampal formation
was segmented using the standard segmentation procedure (Fischl
et al., 2002; Fischl et al., 2004). The procedure automatically labels
each voxel in the brain as one of 40 structures (Fischl et al., 2002)
using a probabilistic brain atlas speciﬁc for the current image acquisition protocol (Han et al., 2006). In older subjects scanned on the same
Siemens MR scanner, FreeSurfer is shown to calculate consistent hippocampal formation volumes from 1.5 T MP-RAGE images with reproducibility errors of 3.6% and 3.4% for the left and right
hippocampi, respectively (Jovicich et al., 2009). Next, we performed
automated subﬁeld segmentation of the hippocampus using a new
technique within the FreeSurfer suite. The procedure uses Bayesian
inference and a probabilistic atlas of the hippocampal formation
based on manual delineations of subﬁelds in ultra-high T1-weighted
MRI scans from a number of different subjects (Van Leemput et al.,
2009). Seven subﬁeld volumes are calculated: CA1, CA2/3, CA4/DG,
presubiculum, subiculum, hippocampal ﬁssure, and ﬁmbria. The larger subﬁelds are shown to correlate well with manual volume

estimates, with an average dice coefﬁcient of around 0.74 for CA2/3
and subiculum (Van Leemput et al., 2009). Segmentation results
were visually inspected for errors in all datasets, and no manual
edits were done. Please see Fig. 1b for whole hippocampus and subﬁelds segmentation results in one of the participants.
Volumes of the whole hippocampus, as well as hippocampal
subﬁeld volumes, were adjusted for TBV and the residuals used in
the statistical analyses. TBV was deﬁned as the sum of the volumes
of cerebral and cerebellar gray and white matter, excluding the
ventricles, cerebrospinal ﬂuid and dura which are included in ICV.
TBV and ICV are highly correlated, and often used to account for
sex differences in global brain or head size. However, TBV is
deemed more sensitive to global brain atrophy, due to e.g., age or
disease, and was used here in order to delineate speciﬁc anatomical
associations beyond global effects. For scatterplots of individual
data (Fig. 1a), we calculated normative measures of the regional
volumes. The following formula was used (Jack et al., 1989):
Volumeadjusted = Volumeobserved − β [slope from TBV vs. regional
volume regression] ∗ (TBVobserved − TBVsample mean).

Statistical analyses
PASW Statistics 18.0 (SPSS Inc., Chicago, Ill) was used for the statistical analyses. First, CVLT-II long-delay recall performance changes
were tested by means of paired samples t-tests. Next, we investigated relationships between the neuroanatomical pretraining volumes
and CVLT-II long-delay recall change. Recall change was calculated
as the difference in recall performance between baseline and
follow-up. All pretraining volumes, long-delay recall change, and
age and GDS (covariates, see below) were deemed normally distributed (Shapiro–Wilk's tests; p-values > 0.050). Long-delay recall
change scores were adjusted for baseline performance by means of
linear regressions, and the standardized residuals were used in the
analyses. We tested whether hippocampal volume was related to recall performance change, using multiple linear regressions. Change
residuals for CVLT-II long-delay free recall were included as a dependent variable. In the ﬁrst model, hippocampal volume was included as a predictor variable. We performed separate analyses for
each hemisphere to assess laterality effects. In a second model, we
included GDS as an additional predictor to test whether depressive
symptoms co-varied with recall change. Finally, we proceeded
with follow-up analyses of the seven subﬁeld-volumes to delineate
subﬁeld speciﬁcity. In order to reduce the number of statistical
tests and minimize the possibility of Type I errors, we investigated
subﬁeld speciﬁcity in the given hemisphere only if the ﬁrst model
was deemed signiﬁcant. Age and sex were included as covariates
in all models.

Fig. 1. Volume/recall change relationships and hippocampal segmentation results. a) The ﬁgure shows scatterplots and linear ﬁt-lines of three signiﬁcant volume–long delay recall
change relationships. All volumes are from the left hemisphere. Variability due to age, sex, depressive symptoms and baseline score has been partialled out using linear regressions.
The normative volumes are shown in mm3. b) The ﬁgure shows the results of the hippocampus segmentation for one subject superimposed on the subject's T1-weighted scan in
axial, coronal and sagittal views, respectively. Top row: hippocampal subﬁeld segmentation. The hippocampal ﬁssure is not visible, and thus not marked. Presub = presubiculum.
Sub = subiculum. Lower row: whole hippocampal formation segmentation.
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Results
Participation rate was high. On average, participants completed
96.7% of the 40 in-class and homework exercises (SD = 5.1). Mean
EMQ-score was 105.4 (SD = 38.2). In comparison, mean EMQ-score
in a sample of 83 healthy older adults without memory concerns
was 63.1 (SD = 24.3) (Bjørnebekk et al., 2010), indicating increased
subjective memory concerns in the current sample. Mean (SD) baseline and re-test performance on CVLT-II long-delay free recall were
11.3 (3.1) and 14.1 (2.6), respectively. Paired samples t-tests conﬁrmed a signiﬁcant mean increase in long-delay free recall (df = 18,
t = 5.0, p b 0.001). Four individuals had a long-delay recall change
score ≤ 0, indicating that these participants had no beneﬁt of training
and re-test. Mean (SD) GDS and MHI-5 score were 9.2 (6.2) and 70.3
(19.4), respectively.
Larger left hippocampal volume and more depressive symptoms are
independently associated with greater recall change
Results from the multiple linear regressions predicting free verbal
recall change from hippocampal and subﬁeld volumes, respectively,
are presented in Table 1. Fig. 1a shows scatterplots of signiﬁcant associations. Note that the results represent uncorrected statistical values
and have not been adjusted for multiple comparisons.
Separate regression analyses with left and right hippocampal volume included as a predictor revealed a selective effect of the left hippocampus on recall change (β = 0.73, t = 2.64, p = .019). The result
indicates that larger baseline left hippocampal volume was related
to more positive free recall change. A second model with left hippocampal volume and GDS on recall change further revealed a signiﬁcant effect of depressive symptoms (β = 0.41, t = 2.18, p = .047),
indicating that stronger depressive symptomatology at baseline was
related to more positive free recall changes. Importantly, both left
hippocampal volume and GDS provided unique statistical contribution to this regression model. The full model explained almost 38%
of the variation in recall change (F = 3.75, p = .028, adjusted
R 2 = .379). We found no association between GDS and left hippocampal volume (Pearson's r = −.08, p = .74).
Effects on recall change are selectively related to left CA2/3 and
CA4/DG subﬁelds
As effects were selective to the left hemisphere, we proceeded
with follow-up analyses of left subﬁeld volumes. Two regions showed
Table 1
The table shows results from multiple linear regressions testing different prediction
models of baseline-adjusted changes in CVLT-II long-delay free recall score as dependent variable.
Models

Whole hippocampus
Left hemisphere
Right hemisphere

Hippocampal subﬁelds
Left CA2/3
Left CA4/DG

Adj-R2

Volume
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signiﬁcant effects on recall change, namely the left CA2/3 and CA4/DG
(see Table 1). GDS gave trend contributions to the regression models
(p-values b 0.06). The models including GDS explained 42% (left CA2/
3 model; F = 4.28, p b 0.02, adjusted R 2 = .421) and 39% (left CA4/DG
model; F = 3.88, p b 0.03, adjusted R 2 = .391) of the variation in free
recall change, respectively.
None of the other subﬁelds were related to recall change
(p-values > 0.10). Further, there were no associations between GDS
and CA2/3 (Pearson's r = −.09, p = .72) and CA4/DG (Pearson's
r = −.02, p = .94) volume, respectively. We found no unique contributions of age or sex in any of the tested models of free recall change
(p-values > 0.10).
Discussion
We report novel results demonstrating that hippocampal volume
and depressive symptoms are both related to memory changes following cognitive intervention in outpatients with subjective memory
impairment. Hippocampus is known to be heavily involved in episodic memory (Tulving and Markowitsch, 1998), but here we show for
the ﬁrst time that baseline volumes of the hippocampus, including
select subﬁelds, can be used to predict how much elderly patients
with subjective memory impairment beneﬁt from memory training.
The signiﬁcance of depressive symptomatology points to the importance of emotional status in evaluating potential for intervention.
Implications of the ﬁndings are discussed.
General implications
The use of MRI-derived medial temporal lobe volumes has previously been shown valuable in diagnostic predictions of conversion
from MCI to Alzheimer's disease (Jack et al., 1999), as well as in prediction of memory decline in healthy elderly (Murphy et al., 2010).
The present ﬁndings suggest that hippocampal volumetry might
also serve to foresee intervention outcomes in a large clinical group
for which few treatment options presently exist. This patient group
is also interesting because for some of the patients it represents an
early transitional phase between normal functioning and cognitive
impairment. Those who eventually develop MCI or dementia are,
when experiencing subjective memory impairment, possibly at a
stage of the disease so early that if effective treatment was available,
adverse effects could potentially be halted, minimizing subsequent
neurodegeneration and cognitive decrements. Even at the stage of
amnestic MCI, brain degeneration is so advanced that it is less conceivable that treatment will fully reverse atrophy and restore cognitive function to a preclinical level. For otherwise healthy elderly
with memory complaints, the window of intervention is likely not
closed, and more knowledge about factors inﬂuencing the potential
for memory improvement is thus vital.

GDS

Beta

p

Beta

p

.22
.38
−.05
.05

0.73
0.76
0.34
0.31

.019
.009
.263
.294

–
0.41
–
0.36

–
.047
–
.144

.29
.42
.26
.39

.66
.66
.67
.67

.009
.005
.013
.007

–
.38
–
.38

–
.054
–
.058

Two separate regression models are shown for each brain region; with and without
GDS (depressive symptoms) as an additional predictor variable. Long-delay free recall
is the change in this CVLT-metric, adjusted for pre-training score. Adj-R2 denotes the
adjusted full model ﬁt, and the betas are the unique standardized regression slopes
for each predictor variable. Only signiﬁcant subﬁeld models are shown. Bold indicates
signiﬁcance at p b 0.05-level. Age and sex are included as covariates in all models.

Hippocampal volumetry and verbal recall changes
The results demonstrate that larger hippocampal volumes are related to greater increases in recall performance after cognitive intervention for subjective memory impairment. Previous cross-sectional
(Walhovd et al., 2004) and longitudinal (Murphy et al., 2010) studies
of healthy elderly have also documented positive relationships between CVLT recall scores and hippocampal volume (but see Van
Petten et al., 2004).
The current results were selective to the left hemisphere. According to one study, the left hippocampal region degenerates before and
faster in Alzheimer's disease compared to the right (Thompson et al.,
2003). If neurodegenerative atrophy indeed develops earlier in the
left hemisphere, this could possibly affect some of the subjects in
the present study whose subjective memory complaints represent
pre-clinical dementia, in turn mediating variation in recall change.
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Longitudinal diagnostic follow-up of participants is necessary in order
to shed light on this hypothesis. Nonetheless, the selectiveness of the
left hippocampus is also supported by the left-hemisphere dominance for language (Gazzaniga, 1995) and previous cross-sectional
reports of verbal recall and volume (Ystad et al., 2009).
In the present study, we were able to delineate training-related
hippocampal effects to distinct subﬁelds. Subﬁeld volumetry suggested that the effects on verbal recall change were selective for the
left CA2/3 and CA4/DG. This adds to recent cross-sectional subﬁeld
volumetry studies of these regions in episodic memory (Hanseeuw
et al., 2011; Shing et al., 2011). The ﬁnding further strengthens the
present conclusions, as both CA3 and DG are functionally highly relevant to the trained task. Both regions play key roles in pattern separation (Bakker et al., 2008), a hallmark feature of episodic memory
function (Yassa and Stark, 2011).
Next, there are at least two plausible explanations for the ﬁnding
of a positive relationship between change in memory function and
hippocampal volumes: First, hippocampal volume has been shown
to be the brain measure that distinguishes best between patients
with MCI and healthy elderly (Fjell et al., 2010), but is also reduced
in healthy aging (Fjell et al., 2009; Walhovd et al., 2011). Including
the present subﬁelds volumetry technique further increases the discriminative power in detecting subjects with MCI (Hanseeuw et al.,
2011). Atrophic processes related to normal aging or degenerative
disease in its earliest stages will to some extent be reﬂected in these
volumes. Patients with the greater hippocampal volume are likely to
have larger degree of neuronal and cognitive plasticity, and thereby
more potential for restoration and improvement of cognitive functions in response to targeted cognitive intervention. This hypothesis
is corroborated by the fact that we found associations with recall
change and the DG, one of the very few brain areas where adult neurogenesis has been documented (Ming and Song, 2011).
A second explanation for the positive volume/recall change relationships is that hippocampal size may represent a reserve factor for cognitive function. Thus, greater hippocampal volume is not necessarily
beneﬁcial for memory improvements because large volume is related
to lower rates of ongoing atrophy or increased plasticity, but rather because a large initial hippocampus makes the person better able to sustain negative impact from aging or early degenerative processes. The
two hypotheses are not mutually exclusive, and longitudinal studies
spanning longer time intervals are necessary to disentangle the relative
contributions of these alternative explanations.
Relationship with depressive symptom load
Although the present intervention was a cognitive training program,
several aspects of the program can be envisioned to have positive affective side effects, e.g. repeated social gatherings and interactions with
the experimenter. Previous studies have shown that depressive symptoms have adverse effects on recall performance (Kizilbash et al.,
2002), and an increase of depressive symptom load is often seen in elderly accompanying memory problems of uncertain origin (Reid and
MacLullich, 2006). We found no correlation between depressive symptoms and baseline recall performance in the present study (r = .13,
p = .60). We did, however, ﬁnd that stronger baseline depressive symptoms were associated with a stronger recall improvement. Larger hippocampal volumes and more depressive symptoms predicted recall
improvement independently of each other, and we found no correlation
between depression symptom load and hippocampal volume. Also,
none of the participants reported chronic depression shown to reduce
hippocampal volume (MacQueen et al., 2003). A possible interpretation
of our ﬁnding is that group-based intervention relieves memory constraints due to depressive symptomatology. Subjects with no or few depressive symptoms, but whose subjective memory impairment rather
reﬂects incipient neurodegenerative disease, might beneﬁt less from
training due to pathological neuronal constraints. As the study was

designed to assess correlates between hippocampal volume and memory change, we did not assess depressive symptoms longitudinally. We
regret this, and further investigation is needed in order to delineate the
relationship between affective health and training beneﬁt.
Methodological considerations and perspectives for future trials
The present study did not include an active control condition to
test the efﬁcacy of the program. Since the present effects are identiﬁed within a group undergoing training, the main ﬁnding that hippocampus is related to change in memory performance within this
group is nonetheless valid. But we cannot assess to what extent
other factors, such as practice effects drive the observed recall change.
However, several reasons suggest that the recall change is more than
a mere effect of taking the test twice. First, signiﬁcant verbal memory
gains following the present intervention are documented in a randomized controlled study of healthy elderly (Engvig et al., 2010). Second, we opted to reduce practice effects by using alternate versions of
the memory outcome measure. Counterbalancing alternate and original forms between baseline and follow-up could further reduce variability due to difference in forms, and should be implemented in
future trials. Third, a similar eight-week memory training protocol
with memory clinic attendees free of dementia showed a 5–14% decrease in recall at retest in a wait-list condition (Belleville et al.,
2006). In the present study we observed a mean increase in recall, despite four subjects having no improvement. Also, a number of previous controlled studies that have documented effects of cognitive
intervention such as the present (for a review, see Buschert et al.,
2010).
The present study included short-term assessments only. Other
investigators have found that training effects in older adults can last
up to ﬁve years (Willis et al., 2006), but how individual differences
in affective health and brain volumetry impact the stability of these
effects is not known. An exciting future enquiry is whether the present cognitive intervention has an effect on the depressive symptoms
shown to be associated with older adults' memory concerns (Iliffe
and Pealing, 2010). MRI studies of individuals with subjective memory complaints have tended to exclude those with concomitant depression and memory concerns (Saykin et al., 2006). In our view,
when studying remediation approaches for older adults with memory
complaints, subjects with mild-moderate depressive symptoms
should not always be excluded. In fact, several studies have shown
that effects of cognitive intervention are partly mediated by alleviating affective symptom load (Rozzini et al., 2007; Talassi et al.,
2007). As depression has been associated with more than twofold increase in dementia risk (Byers and Yaffe, 2011), our ﬁndings should
not reduce, but instead further strengthen the rationale for cognitive
intervention in patients with memory complaints and depressive
symptoms.
A strength of the present study is the high participation rates, indicating that the present intervention was feasible. However, the
high general cognitive level with mean IQ > 1 SD above the estimated
population mean, implies that the study cannot address whether
samples with lower IQ would beneﬁt from interventions such as the
present, or whether the current prediction models could be used for
patients with lower general functioning. Future intervention studies
should aim to recruit samples with broader ranges of cognitive
functioning.
The ﬁnal considerations relate to the current MRI-segmentation
procedures. In the present study, the mean estimated beta-values
were larger for the whole hippocampal volume prediction model, as
compared to the CA2/3 and CA4/DG models (Table 1). Still, although
not formally tested statistically, better apparent overall model ﬁts
were obtained for the two subﬁeld prediction models as compared
to the model including the whole left hippocampus. In the validation
study of this technique, the CA2/3 and CA4/DG subﬁelds showed the
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highest reliability (Van Leemput et al., 2009). It is possible that the increased reliability of these subﬁelds has contributed to the stronger
memory change correlations seen for CA2/3 and CA4/DG. In the present study, we used 1.5 T scans (1.25 × 1.25 × 1.20 mm resolution) as
compared with the 3 T images (380 μm in-plane resolution; slice
thickness 0.8 mm) used for the development of the subﬁeld technique employed. It is unknown which effect differences in ﬁeld
strength and image resolution have on the current segmentation results. Visual inspection of our results (for an example, see Fig. 1b)
suggests subﬁeld identiﬁcation and separation in agreement with results reported at 3 T (see Fig. 2, p. 3 in Hanseeuw et al., 2011). Thus,
the current FreeSurfer algorithm seems to provide adequate segmentation results even at 1.5 T. Nevertheless, across ﬁeld-strength and
image-resolution validation studies are surely awaited.
Conclusion
We present novel ﬁndings showing that training-related changes
in memory performance are related to left CA2/3 and CA4/DG size
in outpatients with subjective memory impairment. Hippocampal
volumes and depressive symptom load were independently related
to individual differences in verbal recall changes. The results support
a selective relationship between memory training beneﬁt and hippocampal size in older adults experiencing memory problems. The ﬁndings also point to the usefulness of MRI-volumetry in predicting
relevant intervention outcomes, previously supported by studies of
healthy populations (e.g., Erickson et al., 2010).
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