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Background. Neuropsychological impairment is a key feature of late-life depression, with deficits observed across

multiple domains. However, it is unclear whether deficits in multiple domains represent relatively independent

processes with specific neural correlates or whether they can be explained by cognitive deficits in executive function

or processing speed.

Method. We examined group differences across five domains (episodic memory ; executive function ; language skills ;

processing speed ; visuospatial skills) in a sample of 36 depressed participants and 25 control participants, all aged

o60 years. The influence of executive function and processing speed deficits on other neuropsychological domains

was also investigated. Magnetic resonance imaging correlates of executive function, processing speed and episodic

memory were explored in the late-life depression group.

Results. Relative to controls, the late-life depression group performed significantly worse in the domains of executive

function, processing speed, episodic memory and language skills. Impairments in executive function or processing

speed were sufficient to explain differences in episodic memory and language skills. Executive function was

correlated with anisotropy of the anterior thalamic radiation and uncinate fasciculus ; processing speed was

correlated with anisotropy of genu of the corpus callosum. Episodic memory was correlated with anisotropy of the

anterior thalamic radiation, the genu and body of the corpus callosum and the fornix.

Conclusions. Executive function and processing speed appear to represent important cognitive deficits in late-life

depression, which contribute to deficits in other domains, and are related to reductions in anisotropy in frontal tracts.
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Introduction

Neuropsychological impairment is a key feature of

late-life depression (LLD) and remains after clinical

recovery (Butters et al. 2000 ; Nebes et al. 2003 ; Murphy

& Alexopoulos, 2004 ; Bhalla et al. 2006; Kohler et al.

2010). Case–control studies using a variety of manual

and computerized tasks have revealed reduced per-

formance in LLD across multiple domains, including

executive function, processing speed, episodic mem-

ory, language skills and visuospatial skills (Butters

et al. 2004; Sheline et al. 2006 ; Elderkin-Thompson et al.

2007 ; Herrmann et al. 2007; Dillon et al. 2009 ; Kohler

et al. 2010). However, it is unclear whether deficits in

multiple domains represent relatively independent

processes with specific neural correlates or whether

they can be explained by cognitive deficits in executive

function or processing speed (Butters et al. 2004 ;

Sheline et al. 2006 ; Elderkin-Thompson et al. 2007 ;

Kohler et al. 2010).

Executive function has been proposed as a key

cognitive deficit in LLD, as deficits cannot be

fully explained by impairments in processing speed,

but can contribute to deficits in other domains

(Alexopoulos, 2003 ; Sheline et al. 2006 ; Elderkin-

Thompson et al. 2007). For example, deficits in execu-

tive function can impact upon strategic controlled
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encoding and retrieval in tasks assessing episodic

memory (Buckner, 2004 ; Elderkin-Thompson et al.

2007). It is hypothesized that impaired executive

function in LLD results from the disruption of frontal-

striatal-limbic networks (Alexander et al. 1986 ;

Mayberg, 1997 ; Alexopoulos, 2003). In support of this

hypothesis, several diffusion tensor imaging (DTI)

studies investigating white matter integrity have

detected significant associations between executive

function and fractional anisotropy (FA) in frontal-

striatal-limbic regions in LLD (Alexopoulos, 2002 ;

Murphy et al. 2007 ; Yuan et al. 2007 ; Schermuly et al.

2010). However, other studies have proposed that

impaired executive function is mediated by slowed

processing speed (Butters et al. 2004) and that it is

processing speed that is a central cognitive deficit in

LLD. In support of this theory, several studies exam-

ining the relationship between neuropsychological

deficits in LLD have suggested that neuropsychologi-

cal impairment in multiple domains may be partially

or fully mediated by slowed processing speed (Butters

et al. 2004 ; Sheline et al. 2006 ; Kohler et al. 2010). In the

only DTI study of depression to date to examine

correlates of processing speed, correlations were

observed between processing speed and anisotropy

of prefrontal white matter and mean diffusivity (MD)

of prefrontal white matter, deep white matter and the

corpus callosum (Shimony et al. 2009).

Episodic memory is typically supported by the

circuitry of the medial temporal lobe, including the

hippocampus (reviewed in Dickerson & Eichenbaum,

2010). In support of this model, impairments in epi-

sodic memory in LLD have been associated with

reduced volumes of the hippocampus (Ballmaier et al.

2008 ; Avila et al. 2011) and cingulate gyrus (Yuan et al.

2008). However, both reductions in executive function

and processing speed have been found to contribute to

deficits in episodic memory (Butters et al. 2004 ; Sheline

et al. 2006 ; Elderkin-Thompson et al. 2007 ; Kohler et al.

2010).

We investigated the pattern of neuropsychological

impairment in LLD in 36 participants with LLD and

25 control participants, as well as the relationships

between neuropsychological impairment and mag-

netic resonance imaging (MRI) measures in LLD par-

ticipants. First, group differences were examined

across five domains : executive function ; processing

speed; episodic memory; language skills ; visuospatial

skills. In accordance with previous studies, we hypo-

thesized that deficits will be observed across all

domains, with executive function, processing speed

and episodic memory most severely impaired (Butters

et al. 2004 ; Herrmann et al. 2007). Second, the influence

of deficits in executive function and processing

speed on other neuropsychological domains was

investigated. We hypothesized that deficits in both

executive function and processing speed will contrib-

ute to deficits in other domains. In addition, we per-

formed an exploratory analysis of the relationship

between MRI measures and executive function, pro-

cessing speed and episodic memory in LLD. As re-

ported elsewhere, analysis of group differences in

grey matter (GM), white matter and functional

connectivity only revealed significant differences in

white matter measures (C.E. Sexton et al. unpublished

observations), the relationship between reduced FA

and neuropsychological impairment will be the focus

of this analysis. The relationship between hippo-

campal volume and neuropsychological impairment

will also be explored. Although hippocampal volume

was not found to be reduced in LLD (C. E. Sexton et al.

unpublished observations), several previous studies of

LLD have reported a significant relationship between

reduced hippocampal volume and impaired episodic

memory. We hypothesized that FA of tracts with

frontal projections will be associated with deficits in

executive function and processing speed. As episodic

memory is hypothesized to be dependent upon execu-

tive function and processing speed, we hypothesized

that episodic memory will also be associated with FA

of frontal tracts, in addition to FA of hippocampal

tracts and hippocampal volume. As a recent meta-

analysis detected significant relationships between

increased depression severity and reduced scores in

episodic memory, executive function and processing

speed (McDermott & Ebmeier 2009), the relationships

between neuropsychological and MRI measures and

current symptom severity were also explored.

Method

Participants

Participants with LLD were identified from the gen-

eral adult and old age psychiatric services of Oxford

Health National Health Service Foundation Trust and

also directly from the community by word of mouth

and advertisements. Control participants were ident-

ified from the community through speaking at and

displaying posters at local groups (for example, at

University of the Third Age meetings). Eligible par-

ticipants were aged o60 years, with no potentially

confounding co-morbid medical, psychiatric or neuro-

logical conditions (including diagnoses of Alzheimer’s

disease, bipolar disorder, mild cognitive impairment,

Parkinson’s disease, stroke, schizophrenia) and no

implanted metallic devices, as required by standard

MRI protocols. Participants with LLD met the DSM-IV

criteria for major depression in the past, as assessed

in a detailed structured clinical assessment by an
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experienced psychiatrist, but were not necessarily

currently depressed. Control volunteers with a

history of memory impairment or psychiatric illness

were excluded, using the Structured Clinical Interview

for DSM-IV Axis I Disorders Non-Patient Edition

(January 2007) (First et al. 2007). The study was con-

ducted with approval from the Local Research Ethics

Committee (Licence 06/Q160/90). Informed written

consent was obtained from all participants.

Clinical assessment

All participants underwent a clinical assessment to

determine years of education, full-scale intelligence

quotient (FSIQ) (National Adult Reading Test – Full

Scale Intelligence Quotient) (McGurn et al. 2004), cog-

nitive impairment [Addenbrooke’s cognitive examin-

ation revised (ACE-R), mini-mental state examination]

(Folstein et al. 1975 ; Mioshi et al. 2006) and handedness

(Briggs &Nebes, 1975). Age at onset, current symptom

severity and medication status were also determined

in LLD participants. Age at onset was defined as the

age at which an individual experienced their first epi-

sode of major depression and was determined from

personal testimony and hospital notes. Current

symptom severity was assessed using the 17-item

Hamilton Rating Scale for Depression (HAMD)

(Hamilton, 1967) and the 15-item Geriatric Depression

Scale (Yesavage et al. 1982). Medication was classified

into the following categories : anticonvulsant ; anti-

depressant ; antipsychotic ; anxiolytic ; lithium salts.

Statistical analysis was performed using PASW

Statistics version 18 (IBM Corporation, USA).

Continuous demographic variables were compared

between groups using independent samples t tests

and categorical demographic data were compared

using x2 tests.

Neuropsychological assessment

All participants completed a comprehensive battery

of neuropsychological tests valid for use within

an elderly population with depression, including:

CANTAB reaction time (Sahakian et al. 1993) ; category

fluency (Mioshi et al. 2006) ; copied drawings (Mioshi

et al. 2006) ; clock drawing (Mioshi et al. 2006) ; digit

span (Wechsler, 1997) ; digit symbol (Wechsler, 1997) ;

graded naming test (McKenna & Warrington, 1980) ;

Hopkins Verbal Learning Task Revised (HVLT-R)

(Brandt, 1991) ; letter fluency (Mioshi et al. 2006) ; Rey–

Osterrieth complex figure (RCF) (Osterrieth, 1944) ;

trail making test (TMT) A and B (Reitan, 1958).

MRI acquisition

All participants underwent a MRI scan at the

University of Oxford Centre for Clinical Magnetic

Resonance Imaging using a 3.0 Tesla Trio Siemens

scanner with a 12-channel head-coil (Siemens, USA).

High-resolution 3D T1-weighted MRI scans were

acquired using a magnetization-prepared rapid

gradient echo sequence (TR=2040 ms, TE=4.7 ms,

flip angle=8x, field of view=192 mm, voxel

dimension=1 mm isotropic). Whole-brain DTI was

acquired using an echoplanar imaging sequence

(TR=7900/7800 ms, TE=98/82 ms, field of view=
240 mm, voxel size=2.5 mm isotropic, b value=1000,

number of directions=60, number of acquisitions=2).

Neuropsychological analysis

First, raw neuropsychological data were converted to

standardized z scores based on the mean and standard

deviation of the control group. Where necessary, signs

were reversed to ensure that higher z scores rep-

resented a better performance for all variables

(e.g. TMT: A and B; CANTAB: reaction time). Second,

composite scores were calculated by summing the

z scores within the neuropsychological domains listed

below. Cronbach’s a was computed and scores o0.70

classified as indicative of a high level of internal con-

sistency.

The executive function domain included digit span:

forward, digit span: backward, letter fluency and

TMT: B. The processing speed domain included digit

symbol, TMT A, CANTAB: simple reaction time,

CANTAB: simple movement time, CANTAB: five-

choice reaction time and CANTAB: five-choice move-

ment time. The episodic memory domain included

measures of visual episodic memory (RCF: immedi-

ate, RCF: delay) and verbal episodic memory (HVLT-

R: total, HVLT-R: recall, HVLT-R: recognition). The

language skills domain included the graded naming

test and category fluency. The visuospatial skills do-

main included clock drawings, copied drawings and

RCF: copy.

Group differences were investigated using a multi-

variate general linear model, with age and gender as

covariates. The percentage of LLD and control parti-

cipants whose performance fell below the 10th per-

centile of the control group for each domain was also

calculated, as in previous studies (Butters et al. 2004).

In order to examine whether multiple deficits are

mediated by deficits in executive function or pro-

cessing speed, analyseswere repeatedwith the z scores

of the executive function or processing speed included

as an additional covariate.

MRI correlates of neuropsychological impairment

Image analysis was performed using tools from the

FMRIB software library (FSL version 4.1, (Smith et al.

2004) www.fmrib.ox.ac.uk/fsl).
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Processing of the DTI data was carried out using

Tract-Based Spatial Statistics (TBSS), which projects all

participants’ FA data on to a mean FA tract skeleton

(Smith et al. 2006). As reported previously (C. E.

Sexton et al. unpublished observations), group differ-

ences in FA were investigated across the whole skel-

eton using ‘randomize ’ (Nichols & Holmes, 2002),

with age and gender included as confound regressors.

Mean FA in voxels showing significant differences

between groups were then extracted for a set of tracts

of interest (TOI) including the anterior thalamic radi-

ation, genu, body and splenium of the corpus callo-

sum, cingulum, corticospinal tract, fornix, inferior

longitudinal fasciculus, superior longitudinal fascicu-

lus and uncinate fasciculus.

Partial correlation analysis, with age and gender

as covariates, was performed between mean values

of DTI measures in voxels showing significant differ-

ences between groups in each TOI and composite

z scores for executive function, episodic memory and

processing speed in LLD participants.

T1-weighted images were brain-extracted using

the brain extraction tool (Smith, 2002). Segmentation

of the hippocampus was performed using FIRST

(Patenaude et al. 2011). Partial correlation analysis was

performed between executive function, processing

speed and episodic memory and whole brain volume,

with age and gender as covariates, and between

executive function, processing speed and episodic

memory and hippocampal volume, with age, gender

and whole brain volume as covariates.

Severity

Partial correlation analysis, with age and gender as

covariates, was performed between current severity

and composite z scores for all five neuropsychological

domains, WB volume and FA of each TOI. Partial

correlation analyses, with age, gender andWB volume

as covariates, were performed between severity and

hippocampal volume.

Results

Demographic and clinical data are presented

in Table 1. LLD and control participants were well

matched for age, gender, years of education FSIQ

and handedness. The LLD group had significantly

Table 1. Demographic data

LLD Control p value

Number of participants 36 25

Number of females (%) 24 (67) 16 (64) 0.829

Age 71.8 (7.7) 71.8 (7.3) 0.970

Years of education 13.9 (3.7) 14.6 (3.1) 0.558

FSIQ 119.9 (7.9) 122.3 (5.1) 0.170

Cognitive impairment

ACE-R 91.5 (6.26) 95.2 (5.0) 0.017*

MMSE 29.0 (1.4) 29.5 (0.7) 0.093

Handedness 20.3 (9.9) 21.3 (9.6) 0.699

Age at onset 45.4 (19.0) N.A. N.A.

Severity

HAMD 4.2 (4.8) N.A. N.A.

GDS 3.8 (3.5)

Current medication

Number of medications 1.4 (0.8) N.A. N.A.

Medication free (%) 2 (6)

Anticonvulsants (%) 1 (3)

Antidepressants (%) 33 (92)

Antipsychotics (%) 7 (19)

Anxiolytic (%) 5 (14)

Lithium salts (%) 4 (11)

LLD, Late-life depression ; FSIQ, full-scale intelligence quotient ; ACE-R,

Addenbrooke’s Cognitive Examination Revised ; MMSE, mini-mental state

examination ; HAMD, Hamilton Rating Scale for Depression ; GDS, Geriatric

Depression Scale.

Values presented are mean (S.D.) unless specified otherwise.

* Indicates statistical significance (data shown in bold ; p<0.05).
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lower ACE-R scores compared with the control group.

Age at onset ranged from 10 to 78 years ; thus, our

sample included both early-onset and late-onset de-

pression. The majority of LLD participants were cur-

rently receiving antidepressant treatment. Altogether

10 LLD participants had previously received electro-

convulsive therapy, with treatment ending at least

6 months prior to participation in the study.

Raw scores and z scores of neuropsychological

tests are presented in the Supplementary material

(Appendices S1, S2, available online). Composite z

scores of neuropsychological domains are illustrated

in the supplementary material (Appendix S3). All

neuropsychological domains had a Cronbach’s a

o0.70 (executive function : 0.70 ; processing speed:

0.80 ; episodic memory: 0.84 ; language skills : 0.73 ;

visuospatial skills : 0.73).

After covarying for age and gender, the LLD

group performed significantly worse than the control

group in executive function (p<0.001), processing

speed (p=0.001), episodic memory (p=0.030) and

language skills (p=0.026), but not visuospatial skills

(p=0.077). Significant differences in episodic memory

did not survive the addition of executive function

(p=0.417) or processing speed (p=0.307) as a covari-

ate. Significant differences in language skills did not

survive the addition of executive function (p=0.458)

or processing speed (p=0.305) as a covariate. Differ-

ences in executive function remained significant

after covarying for processing speed (p=0.011), but

differences in processing speed were reduced to a

trend only (p=0.082), after covarying for executive

function.

In total, 72% of LLD participants performed below

the 10th percentile in at least one domain, compared

with 32% of control participants. Executive function

was the most frequently impaired domain in LLD,

with 44% of participants performing below the 10th

percentile, compared with processing speed (33%),

episodic memory (22%), language skills (31%) and

visuospatial skills (31%).

MRI correlates of neuropsychological impairment

Correlations between FA and executive function, pro-

cessing speed and episodic memory, after covarying

for age and gender, are presented in Table 2 and

Appendix S4. Impaired executive function was as-

sociated with reduced FA of the anterior thalamic

radiation (r=0.428, p=0.012) and uncinate fasciculus

(r=0.425, p=0.012). Impaired processing speed was

associated with reduced FA of the genu of the corpus

callosum (r=0.422, p=0.013). Impaired episodic

memory was associated with reduced FA of the an-

terior thalamic radiation (r=0.435, p=0.010), body

and genu of the corpus callosum (body: r=0.382,

p=0.026 ; genu: r=0.430, p=0.011) and fornix

(r=0.424, p=0.013).

After covarying for age and gender, whole brain

volume was not associated with executive function

(r=x0.010, p=0.957), processing speed (r=0.191,

p=0.279) or episodic memory (r=0.304, p=0.081).

After covarying for age, gender and whole brain

volume, reduced right hippocampal volume was as-

sociated with impairment in episodic memory (right :

r=0.381, p=0.029 ; Appendix S5), but not impairment

Table 2. Correlations between FA and neuropsychological impairment in late-life depression, after covarying for age and gender

Executive function Processing speed Episodic memory

r p r p r p

Anterior thalamic radiation 0.428 0.012* 0.270 0.122 0.435 0.010*

Corpus callosum

Body 0.157 0.375 0.104 0.558 0.382 0.026*

Genu 0.270 0.123 0.422 0.013* 0.430 0.011*

Splenium 0.084 0.637 x0.055 0.757 0.288 0.099

Cingulum 0.213 0.226 x0.122 0.492 0.330 0.057

Corticospinal tract x0.019 0.916 0.276 0.114 0.281 0.107

Fornix 0.345 0.045 0.297 0.088 0.424 0.013*

Inferior longitudinal fasciculus 0.200 0.256 0.143 0.420 0.187 0.291

Superior longitudinal fasciculus 0.197 0.265 x0.011 0.951 0.187 0.291

Uncinate fasciculus 0.425 0.012* 0.194 0.271 0.187 0.289

Correlation values (r) and p values are presented for correlations between fractional anisotropy (FA) and executive function,

processing speed and episodic memory.

Significant values are shown in bold.
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in executive function (r=0.050, p=0.781) or pro-

cessing speed (r=x0.166, p=0.355). Left hippo-

campal volume was not associated with episodic

memory (r=0.281, p=0.113), executive function

(r=x0.013, p=0.942 ; Appendix S5) or processing

speed (r=x0.035, p=0.846).

Severity

Altogether, 27 LLD participants had HAMD scores

indicative of remission (HAMD f7), eight partici-

pants had scores indicative of mild depression

(HAMD 8–13) and one participant had a score indica-

tive of moderate depression (HAMD 18).

Current symptom severity was not significantly as-

sociated composite z score of any neuropsychological

domain (p>0.5). Severity was not significantly corre-

lated with WB volume (r=x0.320, p=0.065), hippo-

campal volume (left : r=x0.233, p=0.193; right :

r=x0.060, p=0.741) or hippocampal shape. No sig-

nificant correlations between severity and GM were

detected using FSL-VBM. No significant correlations

were detected between symptom severity and FA

using TBSS.

Discussion

We examined the pattern of neuropsychological

impairment in LLD and the relationships between

neuropsychological impairment and MRI measures.

In line with the hypotheses and previous studies, the

LLD group performed worse across multiple neuro-

psychological domains (Butters et al. 2000 ; Sheline

et al. 2006 ; Elderkin-Thompson et al. 2007 ; Herrmann

et al. 2007 ; Dillon et al. 2009 ; Kohler et al. 2010). The

percentage of LLD participants performing below the

10th percentile was also comparable with previous

studies, with over 60% of LLD participants substan-

tially impaired in at least one domain (Butters et al.

2000).

In agreement with the hypotheses and previous

studies, executive function appeared to be a key deficit

in LLD (Alexopoulos, 2003 ; Sheline et al. 2006 ; Kohler

et al. 2010). Executive function was the most frequently

impaired neuropsychological domain, with 44% of

participants performing below the 10th percentile of

the control group. Furthermore, inclusion of executive

function as an additional covariate was sufficient

to reduce deficits in all other neuropsychological

domains to non-significant levels, while deficits in

executive function could not be fully accounted for by

slowed processing speed. In the LLD group, executive

function was correlated with FA of the anterior

thalamic radiation, which connects the prefrontal

cortex (PFC) and thalamus, and uncinate fasciculus,

which connects frontal and temporal lobes. Thus,

findings support the importance of frontal-striatal-

limbic connections in executive function in LLD

(Alexopoulos, 2002 ; Murphy et al. 2007 ; Yuan et al.

2007 ; Schermuly et al. 2010).

Processing speed was found to contribute to deficits

in episodic memory, language skills and visuospatial

skills, in line with previous studies (Butters et al. 2000;

Sheline et al. 2006 ; Kohler et al. 2010). Processing speed

was associated with FA of the genu of the corpus

callosum. This localization is in line with the findings

of Shimony et al. (2009), who reported that processing

speed was associated with relative anisotropy in

the PFC and MD in the corpus callosum, PFC and

deep white matter in LLD. Reduced FA within the

genu of the corpus callosum has also been related to

slow processing speed in studies of healthy adults

(Kennedy & Raz, 2009 ; Kochunov et al. 2010).

Deficits in episodic memory did not survive ad-

ditional covarying for executive function or processing

speed. In line with these findings, impaired episodic

memory was associated with reduced FA in the an-

terior thalamic radiation and genu of the corpus

callosum – tracts also associated with executive func-

tion or processing speed. Impaired episodic memory

was associated with reduced FA of the fornix, a key

tract in hippocampal circuitry, and reduced right hip-

pocampal volume.

Severity was not associated with any neuropsycho-

logical or MRI measure. However, as the LLD group

did not include any participants with HAMD scores

>18, representing severe or very severe depression,

the analyses may have been insufficiently powered.

Methodological considerations

The mean FSIQ score of the LLD group was above

average and reflected the local community ; with con-

trols well matched for FSIQ. While high FSIQ scores

meant there were fewer confounding reasons for poor

performance in neuropsychological tests, it is import-

ant to note that the high FSIQ of our participants may

not be particularly representative of older depressed

participants in general.

A key strength of this study was that it included

assessment of multiple neuropsychological tests,

which were then categorized into five key neuro-

psychological domains. Cronbach’s a was o0.70 for

all domains, indicating a high level of internal con-

sistency, and supporting the categorization of neuro-

psychological tests. However, few tests can be easily

attributed to a single domain and categorization

always remains somewhat arbitrary (Veiel, 1997).

For example, a speed component is important in

letter fluency and TMT B. Further, each domain can be
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broken down into multiple subdomains, for example,

the executive function domain contained measures of

planning, working memory, attention and cognitive

flexibility, the episodic memory domain contained

measures of verbal and visual episodic memory.

However, given the number of participants included

in our study, we wished to limit the number of do-

mains studied. An alternative approach to classifying

neuropsychological tests is factor analysis. Again,

such an approach was unsuitable in our study, given

the limited number of participants.

Analysis of MRI correlates of neuropsychological

impairment did not include correction for multiple

comparisons, and results should therefore be con-

sidered exploratory. Multiple tracts were included as

widespread regions were significantly different in FA

between groups. Although analysis could have been

limited to the a priori hypotheses of executive function

and processing speed being associated with FA of

tracts with frontal projections, and episodic memory

being associated with FA of tracts with frontal and

hippocampal projections, we thought that displaying

the full pattern of correlations would be most in-

formative and transparent.

Conclusion

In conclusion, both executive function and processing

speed appear to represent key cognitive deficits in

LLD, which contribute to deficits in other domains,

and are related to reductions in FA in frontal tracts.

In contrast, deficits in episodic memory may be influ-

enced by executive dysfunction and slowed pro-

cessing speed. In support of this model, impairments

in episodic memory were associated with reductions

in FA within frontal tracts, in addition to reductions in

FA in hippocampal tracts.
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