
 
 
 

 
 
 

Version 
This is the Accepted Manuscript version.  This version is defined in the NISO 
recommended practice RP-8-2008 http://www.niso.org/publications/rp/ 
 
 
Suggested Reference 
 
Hach, S., Tippett, L. J., & Addis, D. R. (2014). Neural changes associated with the 
generation of specific past and future events in depression. Neuropsychologia, 65, 
41-55. doi:10.1016/j.neuropsychologia.2014.10.003 
 
Copyright 

 
Items in ResearchSpace are protected by copyright, with all rights reserved, unless 
otherwise indicated. Previously published items are made available in accordance 
with the copyright policy of the publisher.  
 
NOTICE: this is the author’s version of a work that was accepted for publication in 
Neuropsychologia. Changes resulting from the publishing process, such as peer 
review, editing, corrections, structural formatting, and other quality control 
mechanisms may not be reflected in this document. Changes may have been 
made to this work since it was submitted for publication. A definitive version was 
subsequently published in Neuropsychologia, Vol. 65, 2014 DOI: 
10.1016/j.neuropsychologia.2014.10.003 
 
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-
policy#accepted-author-manuscript 
 
http://www.sherpa.ac.uk/romeo/issn/0028-3932/ 
 
https://researchspace.auckland.ac.nz/docs/uoa-docs/rights.htm  

 

 

http://www.niso.org/publications/rp/
http://dx.doi.org/10.1016/j.neuropsychologia.2014.10.003
http://dx.doi.org/10.1016/j.neuropsychologia.2014.10.003
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy%23accepted-author-manuscript
http://www.elsevier.com/about/open-access/open-access-policies/article-posting-policy%23accepted-author-manuscript
https://researchspace.auckland.ac.nz/docs/uoa-docs/rights.htm
https://researchspace.auckland.ac.nz/


1 
   

 
 
 
 

Neural changes associated with the generation of specific past and future 
events in depression  

 
 
 

Sylvia Hach, Lynette J. Tippett & Donna Rose Addis 
 
 
 

School of Psychology and the Centre for Brain Research, The University of Auckland, New 
Zealand 

 
 

 
 
Running Head: fMRI of autobiographical memory and future simulation in depression 
 
 
 
 
 
 
Corresponding author: 

 

Sylvia Hach 

School of Psychology 

The University of Auckland, 

Auckland, 

New Zealand 

Ph: +64-9-3737599 Ext. 85711 

Email: s.hach@auckland.ac.nz 

 
 
  

mailto:s.hach@auckland.ac.nz


2 
   

Abstract  
 
 

It is well established that individuals affected by depression experience difficulty in 

remembering the past and imagining the future. This impairment is evident in increased 

rumination on non-specific, generic events and in the generation of fewer specific events 

during tasks tapping past and future thinking. The present fMRI study investigated whether 

neural changes during the construction of autobiographical events was evident in depression, 

even when key aspects of performance (event specificity, vividness) were matched. We 

employed a multivariate technique (spatiotemporal Partial Least Squares) to examine whether 

task-related whole brain patterns of activation and functional connectivity of the 

hippocampus differed between depressed participants and non-depressed controls. Results 

indicate that although the depression group retained the ability to recruit the default network 

during the autobiographical tasks, there was reduced activity in regions associated with 

episodic richness and imagery (e.g., hippocampus, precuneus, cuneus). Moreover, patterns of 

hippocampal connectivity in the depression group were comparable to those of the control 

group, but the strength of this connectivity was reduced in depression. These depression-

related reductions were accompanied by increased recruitment of lateral and medial frontal 

regions in the depression group, as well as distinct patterns of right hippocampal connectivity 

with regions in the default and dorsal attention networks. The recruitment of these additional 

neural resources may reflect compensatory increases in post-retrieval processing, greater 

effort and/or greater self-related referential processing in depression that support the 

generation of specific autobiographical events.  (233 words) 

 
Keywords: autobiographical memory; future simulation; depression; Partial Least Squares; 

hippocampus; fMRI; connectivity 
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1. Introduction 

Autobiographical memory (AM) can allow us to relive a specific moment in time in exquisite 

detail. However, several psychiatric disorders, including post-traumatic stress disorder (for a 

review see Brewin, 2011), bipolar disorder (e.g., Mansell & Lam, 2004) and depression 

(Williams & Broadbent, 1986), are associated with an increased likelihood of overgeneral 

memory. That is, when asked to describe a specific past event, individuals with depression 

are more likely to generate repeated or categorical events (e.g., family dinners with Aunt 

Elaine) rather a specific experience (e.g., Aunt Elaine’s 70th birthday last September at her 

house). Overgeneral memory is not limited to those individuals currently in a depressive 

episode; individuals at high risk for depression (Young, Bellgowan, Bodurka, & Drevets, 

2013), in remission (Brittlebank, Scott, Williams, & Ferrier, 1993; Mackinger, Pachinger, 

Leibetseder, & Fartacek, 2000; Watkins & Teasdale, 2001) or exhibiting dysphoria 

(MacLeod & Cropley, 1995) also exhibit decreased AM specificity. 

 

There is increasing evidence to suggest that overgeneral AM may be related to neural 

changes associated with depression. Specifically, some key regions comprising the AM 

retrieval network (also known as default network; Andrews-Hanna, 2012; Spreng, Sepulcre, 

Turner, Stevens, & Schacter, 2013; Svoboda, McKinnon, & Levine, 2006), that support the 

retrieval of memories of specific AMs, have also been implicated in studies of depressed 

populations. For instance, lateral prefrontal cortex (PFC) is thought to mediate the strategic 

search for a specific memory (Moscovitch, 1992) while medial PFC processes self-referential 

aspects of the memory (Cabeza & St Jacques, 2007). Neuroimaging studies have revealed 

that depression is associated with structural abnormalities and reduced metabolism and 

perfusion in both lateral and medial PFC regions (Lemogne, Delaveau, Freton, Guionnet, & 

Fossati, 2012; Steele, Currie, Lawrie, & Reid, 2007). In line with these observations, 
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depressed individuals consistently exhibit poorer performance on measures of executive 

function (for a meta-analysis see Snyder, 2013), and executive dysfunction has been linked to 

overgeneral AM in depression (Dagleish et al., 2007). The integrity of medial temporal lobe 

(MTL) function is also particularly relevant, given evidence suggesting an association of the 

hippocampus and the episodic richness of AMs. For instance, the vividness of AMs has been 

associated with the degree of hippocampal activity in healthy young (Addis, Moscovitch, 

Crawley, & McAndrews, 2004; Addis & Schacter, 2008) and older adults (e.g., Addis, 

Roberts, & Schacter, 2011; St Jacques, Rubin, & Cabeza, 2012). Moreover, the episodic 

richness of AMs is typically reduced in populations with hippocampal damage, including 

temporal lobe epilepsy (St-Laurent, Moscovitch, Jadd, & McAndrews, 2014) and 

hippocampal amnesia (Hassabis, Kumaran, Vann, & Maguire, 2007). With respect to 

depression, reduced hippocampal volume in depressed individuals is well established 

(Campbell & MacQueen, 2004) and emerging evidence suggests that memory-related 

hippocampal activity may also be compromised (Fairhall, Sharma, Magnusson, & Murphy, 

2010).  

 

To date, only a few studies have examined whether neural dysfunction may underpin 

overgeneral AM in depression. Zhu et al. (2012) investigated changes in resting state 

functional connectivity in depression, and found that the degree of overgeneral AM 

correlated with reduced connectivity of medial parietal regions. This observation is relevant 

given that medial parietal regions such as the precuneus appear to be involved in both 

episodic memory and visuospatial imagery (Cavanna & Trimble, 2006), and more direct 

evidence indicating the precuneus supports episodic memory for imageable words (Fletcher 

et al., 1995), visual scenes (e.g., Johnson & Johnson, 2014), imagined scenes (Hassabis, 

Kumaran, & Maguire, 2007) and vivid, contextually detailed, specific AMs (Addis et al., 
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2004; Gardini, Cornoldi, De Beni, & Venneri, 2006; Gilboa, Winocour, Grady, Hevenor, & 

Moscovitch, 2004). Moreover, robust differences in resting state connectivity between non-

depressed and depressed populations have led researchers to propose that hyperactivation of 

the default mode network is directly linked to greater levels of self-generated, ruminative 

thought (cf. context regulation hypothesis, Andrews-Hanna, Smallwood, & Spreng, 2014; 

Smallwood & Andrews-Hanna, 2013; Whitfield-Gabrieli & Ford, 2012). Crucially, this may 

be accompanied by a deficit in regulating the content of self-generated thought (Andrews-

Hanna et al., 2014; Smallwood & Andrews-Hanna, 2013).  

 

Examining task-related neural differences, Whalley, Rugg and Brewin (2012) found that 

while depressed individuals engaged many regions in the AM network, they also exhibited 

reduced activity in lateral PFC relative to control participants. However, no MTL activity was 

evident in this study, likely due to the use of a paradigm involving recognition of words taken 

from participants’ transcripts of traumatic AMs rather than the elaborative retrieval of 

specific AMs. Young et al. (2013; 2012) have reported reduced prefrontal activity in 

depression during the retrieval of specific AMs. Moreover, the authors also reported that the 

engagement of the MTL during AM retrieval was reduced in depressed relative to control 

individuals (Young et al., 2012). Notably, however, the group difference in MTL activity was 

not evident when the analysis was restricted to only specific AMs, suggesting that the group 

difference may reflect an increased number of generic AMs for the depressed group, and/or 

differences in the vividness of the AMs retrieved. Therefore, one aim of this study was to 

examine whether depression is associated in differences in neural activity and connectivity 

even when specificity and vividness of AMs is matched.  
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In addition to lowered specificity in AM, the ability to imagine simulations of future events is 

similarly affected. Depressed individuals tend to generate future events that are generic in 

nature (MacLeod & Byrne, 1996; MacLeod et al., 2005; Williams et al., 1996) and are 

reduced in episodic detail (King, Macdougall, Ferris, Herdman, & McKinnon, 2011) and 

vivid mental imagery (Holmes, Lang, Moulds, & Steele, 2008) compared to non-depressed 

controls.  These observations are consistent with the notion that access to episodic AM is 

important for constructing future simulations and that past and future events rely on similar 

cognitive processes and neural networks (cf. constructive episodic simulation hypothesis; 

Schacter & Addis, 2007; Schacter et al., 2012; Schacter, Gaesser, & Addis, 2013). Indeed, the 

default network is robustly engaged by future simulation as it is during AM retrieval (Addis, 

Wong, & Schacter, 2007; Schacter et al., 2012). As with AM for past events, the PFC and 

MTL are thought to mediate the strategic generation of a future event and its episodic 

richness, respectively. However, whether the reduced specificity of past and future 

autobiographical events in depression is associated with similar patterns of neural 

dysfunction remains unclear. Interestingly, however, some key neural differences between 

AM retrieval and future simulation also exist. For example, MTL and PFC regions are often 

more engaged during future thinking than past remembering (Addis, Cheng, Roberts, & 

Schacter, 2011; Addis & Schacter, 2008; Okuda et al., 2003; Schacter et al., 2012), possibly 

reflecting the fact that future simulation recruits additional processes such as intentional 

thought (Okuda et al., 2003) and the recombination of details into a coherent simulation 

(Gaesser, Spreng, McLelland, Addis, & Schacter, 2013). Therefore, it is possible that group 

differences in neural activity may be more apparent during future simulation than AM 

retrieval.  
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To address whether the specificity of past and future events in depression reflects neural 

dysfunction, particularly in default network regions linked to the specificity of 

autobiographical events, depressed individuals and matched control participants completed an 

fMRI study during which they generated specific past and future events. Using Partial Least 

Squares (PLS; McIntosh & Lobaugh, 2004), we assessed whether group differences in neural 

activity during AM retrieval were evident even when the specificity and the vividness of past 

events were matched across groups. Moreover, we investigated whether neural differences 

were also evident during the generation of future events and if so, whether group differences 

were more apparent during the future condition than the past condition. Using PLS also 

allowed us to explore whether task-related connectivity of key regions, such as the MTL, 

differed across groups.  

 

2. Materials and Methods 

2.1. Participants 

A total of 33 right-handed participants were included in the study. Seventeen participants 

comprised the depression group, all of whom had a history of depression and nine of whom 

scored in the mild to severe range of depression on the Beck Depression Inventory II (BDI-II; 

Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) at the time of testing (see Table 1).  

Fifteen had received a diagnosis from a health professional. The remaining two participants 

self-reported a history of depression, but importantly they both scored in the moderate to high 

severity ranges of depression on the BDI-II at the time of testing. Eight of the seventeen 

participants in the depression group were currently taking medication for depression.  

 

The control group comprised 16 participants without a history of depression who all scored 

below the cut-off for mild depression on the BDI-II. Table 2 provides a summary of the 
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demographic and psychological characteristics of the depression and control groups. The 

groups did not differ significantly in terms of age, F(1, 31) = 2.81; p = .104, sex, χ2 (1, N = 

33) = .004;  p = .948, education, F(1, 31) = .35; p = .556, or IQ as estimated by performance 

on the NAART, Welch’s F(1, 20.24) = .61; p = .453. Importantly, however, participants in 

the depression group reported having experienced on average 3 episodes of depression, while 

non-depressed controls had never been depressed. Moreover, scores on the BDI-II and BAI 

confirmed that the depression group presented with significantly lower mood than controls in 

the two weeks prior to taking part in the study, Welch’s F(1, 19.07) = 24.80; p < .001, as well 

as greater anxiety one week prior to testing, Welch’s F(1, 18.21) = 18.74; p < .001.  

 

History of traumatic brain injury, alcohol or substance dependency, psychiatric illness other 

than depression (or comorbid anxiety), claustrophobia, current pregnancy and presence of 

pacemaker or any other metal implants constituted exclusion criteria for both groups. The 

study was approved by the local ethics committee (University of Auckland Human 

Participants Ethics Committee, ref 6841) and informed consent was provided by participants 

prior to commencement of testing. 

 

Table 1: Depression, anxiety and medication status of the depression group. 
 

Depression 
status N Mean BDI-II 

(range) 
Mean BAI 

(range) 

Mean number 
depressive 

episodes (range) 

Number 
currently/previously 

medicated 
Severe 4 

 
35.00  

(32-40) 
18.50  

(12-33) 
4 (2-5) 2/1 

Moderate 3 23.67  
(22-26) 

18.00  
(12-25) 

3  
(1-5) 

0/0 
 

Mild 2 16.00  
(15-17) 

13.50  
(5-22) 

2.5  
(2-3) 

2/0 

Minimal  8 
 

8.25  
(1-13) 

9.13  
(3-24) 

3.5  
(1-9) 

4/3 

Note: BAI=Beck Anxiety Inventory; BDI-II=Beck Depression Inventory II 
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Table 2: Characteristics of the depression and control group. 
 

Characteristic 
Mean (SE) 

Control  
Group 

Depression 
Group 

Demographic Characteristics    
    N 16 17 
    Age 20.63 (0.68) 23.53 (1.55) 
    Education (years) 15.25 (0.59) 14.76 (0.57) 
    Handedness (Edinburgh Handedness Inventory) 89.54 (4.25) 85.39 (3.61) 
    Sex (female:male) 14:2 15:2 
   
Psychological Charactertistics   
    CBAS (total avoidance score)*** 54.00 (4.86) 90.18 (8.38) 
    BDI-II*** 3.31 (0.89) 18.18 (2.85) 
    BAI*** 3.88 (0.56) 13.41 (2.13) 
    Number of depressive episodes*** 0.00 (0.00) 3.12 (0.54) 
    Perceived Stress Scale*** 13.50 (1.79) 22.00 (1.94) 
    PERI Life Events Scale (number of stressful life    
       events) 

10.56 (1.19) 10.24 (1.69) 

    PERI Life Events Scale (mean stressfulness)*** 4.67 (0.39) 5.91 (0.39) 
    RRS (rumination subscale score)*** 3.10 (0.16) 3.66 (0.19) 
   
Neuropsychological Charactertistics   
    COWAT (total verbal fluency)  45.44 (2.91) 45.59 (1.93) 
    CVLT-II (total immediate recall) 65.81 (1.90) 65.12 (1.81) 
    CVLT-II (delayed recall) 14.44 (0.43) 14.18 (0.41) 
    WMS-III Letter Number Sequencing 12.31 (0.72) 12.41 (0.49) 
    NAART 103.37 (1.96) 105.00 (0.83) 
    WMS-III VPA (total immediate recall) 26.31 (1.06) 28.53 (1.25) 
    WMS-III VPA (delayed recall) 7.81 (0.19) 7.71 (0.21) 
    Stockings of Cambridge (% of perfect solutions) 87.50 (4.42) 87.13 (2.71) 
    Trail Making Test Part A (seconds to completion) 22.56 (1.22) 23.65 (1.57) 
    Trail Making Test Part B (seconds to completion) 47.81 (3.78) 52.71 (3.13) 
Note: BAI=Beck Anxiety Inventory; BDI-II=Beck Depression Inventory II; CBAS = 
Cognitive Behavioral Avoidance Scale; COWAT = Controlled Oral Word Association Test; 
CVLT-II = California Verbal Learning Test II; NAART = North American Adult Reading 
Test; PERI = Psychiatric Epidemiology Research Interview; RRS = Rumination and 
Reflection Scale; SE = Standard error of the mean; WMS-III = Weschler Memory Scale III. 
*** Group difference, p <.001; see Results section for more details.  
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2.2. Session 1: Self-report and neuropsychological measures 

During Session 1, participants completed a semi-structured interview about medical and 

psychiatric history. As part of the interview, participants reported whether they had 

previously sought help by a health profession for psychological difficulties, and if applicable, 

the date of first diagnosis, the type and details of intervention approaches as well as the 

number of past episodes. An episode was defined as a period of at least two weeks of feeling 

significantly lower than usual, and independent from the occurrence of specific life events 

(e.g., death of a family member). All participants completed this interview and were 

categorised as belonging to the depression or the control group accordingly. The interview 

was followed by a series of self-report measures, including the Edinburgh Handedness 

Inventory (EHI; Oldfield, 1971), BDI-II (Beck et al., 1961), Beck Anxiety Inventory (BAI; 

Beck, Epstein, Brown, & Steer, 1988), the Rumination subscale of the Rumination and 

Reflection Scale (RRS; Trapnell & Campbell, 1999), the Cognitive and Behavioral 

Avoidance Scale (CBAS; Ottenbreit & Dobson, 2004), and the Psychiatric Epidemiology 

Research Interview (PERI) Life Events Questionnaire (Dohrenwend, Krasnoff, Askenasy, & 

Dohrenwend, 1978). A battery of neuropsychological tests covering processing speed, verbal 

memory, executive processing and estimated IQ was also administered. Specifically, the 

Controlled Oral Word Association Test (COWAT; Benton, de Hamsher, & Sivan, 1994), the 

Californian Verbal Learning Test (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000), the 

Letter Number Sequencing (LNS) subtest of the third edition of the Wechsler Memory Scale 

(WMS-III; Wechsler, 1997), the North American Adult Reading Test (NAART; Blair & 

Spreen, 1989), the Stocking of Cambridge Test (SoC; Owen, Downes, Sahakian, Polkey, & 

Robbins, 1990), Part A and B of the Trail Making Test (TMT; Reitan, 1958), and the Verbal 

Paired Associates (VPA) subtest of the WMS-III (Wechsler, 1997) were completed by all 
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participants. Following Session 1, a scanning session was arranged based on participant, 

researcher and scanner availability (mean interval 16 days, range 2-37 days).  

 

2.3. Session 2: fMRI Scanning 

Immediately prior to scanning, the experimental tasks (see Sections 2.3.1. and 2.3.2.) were 

explained to participants and they completed 2 practice trials for each condition (6 in total). 

The contents of all events retrieved or imagined during the practice session were then probed 

to confirm that participants understood the instructions (e.g., that events generated were 

specific in time and place). Participants were aware that following the scan they would be 

required to describe the events generated in response to each cue word presented during 

scanning. 

 

In the MRI environment, participants completed six runs of functional neuroimaging, each 7 

min in duration. In this slow event-related design, 12 trials were randomly presented during 

each run; this number comprised 4 trials from each condition (past event task, future event 

taks, control task; for similar versions of these fMRI tasks, see Addis, Cheng, et al., 2011; 

Addis et al., 2007). Each trial consisted of a construction and elaboration phase (20 s) and 

two rating scales (5 s each). Trials were separated by a rest period during which a fixation 

cross was presented for a mean duration of 5 s (jittered between 3.5 and 6.5 s). All stimuli 

were presented in black text on a light grey background and projected on a screen viewed by 

participants on a mirror incorporated into the head-coil. E-Prime software (v. 2.0; Psychology 

Software Tools Inc., USA) was used for the presentation of stimuli and collection of reaction 

times and response data. Responses were made on an MR-compatible four-button response 

box.  
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2.3.1. Autobiographical event tasks 

Twenty-four past and 24 future event trials were presented across the entire scanning session. 

Each trial was 30 s in duration and began with a 20 s construction and elaboration phase, 

during which a modified version of the Crovitz cueing procedure (Crovitz & Schiffman, 

1974) was used. A cueing screen was presented for the duration of this phase, displaying task 

instructions (“imagine future event” or “recall past event”), timeframe (“next few years” or 

“last few years”); and an event-type cue (e.g., “family celebration”; “New Year’s Eve”). Note 

that rather than using single nouns as cues, as is typically done in this paradigm (e.g., Addis 

et al., 2007), we opted to provide cues that referred to commonly experienced events to 

maximise the number of specific events generated by the depressed group. Participants were 

required to recall a past event or imagine a future event related to the cue that had/could 

occur within the timeframe. Events were required to be temporally and contextually specific, 

occurring over minutes or hours, but not more than one day (i.e., specific episodic events). 

Examples were provided to illustrate this requirement (e.g., remembering a 3-week holiday 

versus remembering one activity on one day within the 3-week holiday). Future events had to 

be novel (i.e., not been previously experienced by the participant) and plausible given the 

participant’s current plans for the future, to ensure the projection of the self over time. 

Participants were instructed to experience events from a first person perspective rather than 

from a third person perspective. Once participants had retrieved or imagined an event, they 

pressed a button on the response box. Participants then elaborated on the event representation 

by retrieving or generating as much detail as possible until the end of the phase (i.e., until the 

rating screen appears). The cueing screen remained on screen for the entire 20 s duration, 

irrespective of when the response was made. During the rating phase of each trial, 

participants rated the contents of the event. The four-point rating scales were presented, each 

for 5 s: Amount of detail they retrieved or imagined (1 = vague with no/few details; 4 = vivid 



13 
   

and highly detailed); and intensity of emotion experienced upon retrieving or imagining the 

event (1 = detachment; 4 = highly emotional).  

 

2.3.2. Control task 

Twenty-four control trials, each 30 s in duration, were randomly interspersed through the 

scanning session. This task followed the same temporal structure of the event task and thus 

began with a 20 s construction and elaboration phase, during which a cueing screen was 

presented. This screen displayed task instructions (“objects, size, define”), the number of 

semantically-related objects to be generated (“two objects”), and a cue word. Participants 

were required to retrieve two objects semantically related to the cue word, and then arrange 

all three words (i.e., cue word and two retrieved words) by physical size from largest to 

smallest. Once the objects were ordered by size, participants made a button press. For the 

remainder of the 20 s cue presentation, participants defined the objects, generating as much 

detail as possible. By this design, the control task contained processes similar to those 

recruited during the event task: one must first retrieve information (words/objects) and 

integrate these pieces of information together (i.e., into a sequence depending on physical 

size), decide that construction is complete and make a response, and finally generate semantic 

and visuospatial details. During the rating phase, two four-point scales were presented, each 

for 5 s, to control for the rating scales used in the past and future task: Average amount of 

detail generated during the elaboration (i.e., definition) of word meanings (1 = no/few details; 

4 = highly detailed); and overall task difficulty (1 = low difficulty/easy; 4 = high 

difficulty/hard).  

 

2.3.3. Post-scan interview 
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Immediately following scanning, participants completed an interview in which they were 

prompted with each cue shown in the past and future event conditions. They were required to 

think back to the event they retrieved or imagined in the scanner, and to describe the event to 

the experimenter. The episodic specificity of the event (i.e., whether it was specific in time 

and place) was determined by the experimenter (Williams, Healy, & Ellis, 1999). Specific 

events were temporally and contextually specific and lasted for one day or less. Non-specific 

(overgeneral) events included categorical events (i.e., repeatedly occurring events or 

routines), extended events (i.e., events where occurred over a period longer than 1 day) or 

other non-specific information (e.g., semantic information). Only specific events were 

included in the fMRI analyses. Participants provided the approximate date of each event (i.e., 

temporal distance), rated its valence (positive; negative; neutral), its personal significance on 

a four-point scale (1 = not significant; made no difference to my life and/or how I think about 

myself; 4 = great personal significance; changing my life and/or how I view myself) and 

indicated the perspective of the event (own eyes; see self). Collection of these data, in 

conjunction with ratings of detail and emotional intensity collected during scanning, allowed 

us to ensure that past and future events were episodic and did not differ across groups or 

conditions in terms of phenomenological qualities and temporal distance.  

 

2.4. fMRI data acquisition 

Images were acquired on a 3 Tesla Siemens Skyra MRI scanner with a 20-channel receiver 

coil. Detailed anatomical data were collected using a multiplanar rapidly acquired gradient 

echo (MP-RAGE) sequence. Functional images were acquired using a T2*-weighted echo 

planar imaging (EPI) sequence (TR = 3000 ms, TE = 27 ms, FOV = 225 mm, flip angle = 

90°). Fifty-nine coronal oblique slices (3.5 mm thick, 0.7 mm gap) were acquired at an angle 

perpendicular to the long axis of the hippocampus in an interleaved fashion. For distortion 
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correction (Hutton et al., 2002), field maps were acquired with a standard manufacturer’s 

double echo field map sequence (TE = 4.92 and 7.38 ms, TR = 577 ms) using 59 slices 

covering the whole head. 

 

2.5. Data processing and statistical analyses 

2.5.1. Self-report and neuropsychological data 

Self-report and neuropsychological test scores were analysed using SPSS (version 20.0, SPSS 

Inc., USA). Summary scores of the raw and standard scores were calculated, where 

appropriate. Standard and summary scores were submitted to one-way between-subjects 

ANOVAs to compare the effect of group membership on scores. Welch’s correction was 

employed for unequal variances.     

 

2.5.2. fMRI: Behavioural data 

Only trials on which there was an RT recorded (indicating task completion) or RT was more 

than 1.5 s after cue presentation were included in the behavioural and fMRI analyses. 

Moreover, autobiographical event trials for which participants could not recount the event at 

post-scan interview were also excluded from further analysis. The number of trials included 

in each condition and RT data were each submitted to a repeated measures analyses of 

variance (ANOVA) with the between-subjects factor group (depressed, controls) and the 

within-subjects factor task (past, future, control). Data collected only for autobiographical 

event tasks (e.g., phenomenological ratings, temporal distance, number of specific events) 

were analysed using ANOVA with factors group (depressed, controls) and task (past, future) 

or chi square tests, as appropriate. Bonferroni corrected pairwise comparisons were 

conducted with a threshold criterion for significance set at p < .05 to test the hypothesis of a 

greater group effect for the future task.  
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2.5.3. fMRI: Imaging data 

All pre-processing and analyses of imaging data was performed using SPM8 (Statistical 

Parametric Mapping, Wellcome Trust Centre for Neuroimaging, Institute of Neurology, 

London, UK) run in Matlab (version 8.0.0.783, Mathworks Inc., MA). To allow the 

longitudinal magnetisation to reach equilibrium, the initial four images from each run were 

discarded. Pre-processing of functional images included slice timing correction, adjustment 

for movement across scans through realignment and unwarping, co-registration with the 

anatomical scan, spatial normalisation (using normalisation parameters derived during 

segmentation) to the Montreal Neurological Institute (MNI) template (resampled at 2 mm x 2 

mm x 2 mm), and spatial smoothing (using an 8 mm full-width half maximum isotropic 

Gaussian kernel).  

 

Pre-processed data were analysed using Spatiotemporal Partial Least Squares (ST-PLS) using 

PLS software (version 5.1301160) run in Matlab. This multivariate technique identifies 

whole brain patterns of activity correlating with experimental design (i.e., tasks, groups) 

across the length of an event. PLS is a robustly validated (McIntosh, Bookstein, Haxby, & 

Grady, 1996; McIntosh, Chau, & Protzner, 2004) and widely used analysis technique in 

cognitive neuroscience, including the study of autobiographical memory (e.g., Addis, Cheng, 

et al., 2011; Burianova & Grady, 2007; Rabin & Rosenbaum, 2012; Spreng & Grady, 2010) 

as well as mood-related changes in neural activity (Keightley et al., 2003). The use of this 

technique is particularly appropriate in clinical populations (McIntosh & Lobaugh, 2004) 

because unlike univariate event-related analyses, ST-PLS is not dependent upon assumptions 

about the shape and time course of the haemodynamic response function, and can thus be 

used to examine neural differences between patient groups wherever they emerge across the 
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duration of the trial. Moreover, ST-PLS has increased power relative to univariate approaches 

as the entire spatiotemporal pattern (i.e., whole-brain patterns of activity across all TRs 

entered into the analysis) is assessed in one analytic step rather than computing a series of 

voxelwise statistical tests and therefore correction for multiple comparisons is not required.  

 

For all mean-centred ST-PLS analyses, a 21 s temporal window was specified for each event 

(i.e., 7 TRs). Analyses were restricted to trials on which the autobiographical event retrieved 

during scanning was recounted during the post-scan interview and was specific (i.e., received 

a score of 3). We used task ST-PLS to investigate whole-brain patterns of activity associated 

with the three tasks (past, future, control) across the two groups (depression, control). Firstly, 

the cross-variance between a matrix of vectors coding for the tasks and groups (i.e., design 

matrix) and a matrix containing all of the voxels across each event, in each image, across all 

subjects and tasks (i.e., data matrix) was computed. The resulting matrix was then 

decomposed using singular value decomposition. In doing so, a new set of orthogonal 

variables (latent variables; LVs) that provide the optimal relation between these data sets is 

identified.  Each LV comprised: (i) a singular value indicating the amount of covariance for 

which the LV accounts; (ii) a linear contrast across conditions and groups that codes the 

effect depicted by voxels; and (iii) a singular image of voxel weights or “saliences” that 

displays the brain regions exhibiting the greatest covariance with the linear contrast during 

each TR. Each extracted LV successively accounts for a smaller portion of the covariance 

pattern (as indicated by the singular value) until all is accounted for. Brain scores for each 

condition for each subject were also derived and mean-centred across groups. 

 

We also computed mean-centred seed ST-PLS analyses to examine the connectivity between 

regions of interest (“seeds”) and activity across the whole brain over TRs and to determine 
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whether such functional connectivity differed across the autobiographical event conditions 

(past, future) and groups (depression, controls). Two separate seed analyses were computed, 

one for each of two seed regions shown to be active for both groups in the task ST-PLS 

analysis (i.e., from LV 1.1 coding for a main effect of condition): left hippocampus (xyz = -

24 -20 -18) and right hippocampus (24 -24 -18). Mean percent signal change data extracted 

from the seed region during the TR showing a maximal difference in LV1.1 (TR5) were 

entered as seeds in each ST-PLS analysis. Correlations were computed between the signal in 

each seed region and all other voxels for each condition across subjects. The resulting 

correlation maps were stacked and analysed with singular value decomposition, producing a 

set of orthogonal LVs, each successively accounting for a smaller portion of the covariance. 

As with task ST-PLS, each LV comprised a singular value, a linear contrast between the 

seeds and the conditions/groups and a singular image of saliences. Moreover, r values for 

each condition in each group that reflected the correlation of seed activity with brain scores 

were also derived.  

 

For all ST-PLS analyses, the statistical significance of each LV was determined using 

permutation testing (500 permutations were computed). This procedure involved randomly 

reassigning each subject’s data to experimental conditions, rerunning the ST-PLS analysis, 

and determining the new singular value for each reordering. With 500 permutations, 

significance reflects the probability of the number of times the singular value from the 

permuted data exceeds the original singular value (McIntosh et al., 1996). A threshold of p < 

.05 was used. The reliability of voxel saliences was computed using bootstrap estimation of 

the standard error (SE). This procedure involved randomly resampling subjects with 

replacement, rerunning the ST-PLS analysis and determining new saliences for each 

sampling. After carrying out this procedure 300 times, the SE of the saliences was computed. 
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Confidence intervals (95%) for the mean brain scores (task PLS) or r values (seed PLS) in 

each condition and each group also were calculated from the bootstrap procedure. 

Examination of confidence intervals indicated how reliably each condition in each group 

contributed to the spatiotemporal pattern associated with the contrast (confidence intervals 

crossing zero indicate that a condition does not contribute reliably to the pattern) and whether 

the groups expressed the pattern to differing degrees (if the confidence intervals of the groups 

did not overlap). Corrections for multiple comparisons were not necessary because the voxel 

saliences for the whole brain are calculated in a single mathematical step. Clusters of 10 or 

more voxels in which bootstrap ratios were greater than +/- 2.5 (roughly equal to a z-score 

and a p-value of < .01) were considered to represent reliable voxels. Note that for some LVs, 

the multivariate pattern was so robust, most saliences survived a more conservative threshold 

of 5.0 (roughly equivalent to a p-value of <.0001), and for brevity only these saliences are 

reported here. Resulting images were loaded into FSL (version 5.0.2.1, FMRIB Software 

Library, online at http://fsl.fmrib.ox.ac.uk/fsldownloads/, September 2013) and MNI 

coordinates of local maxima were classified according to anatomic boundaries of the 

Harvard-Oxford cortical and subcortical structural atlases which accompany FSL. The peak 

voxel from each cluster (i.e., the voxel showing the highest bootstrap ratio) during the 

maximal TR are reported. HRFs from peak voxels of regions of interest were extracted and 

plotted to illustrate the effects indicated by the LVs.  

 

3. Results 
3.1. Group characteristics 

Participants in the depression group rated themselves as significantly more avoidant (CBAS 

total avoidance score), Welch’s F(1, 25.47) = 13.95; p = .001, and ruminative (RRS 

rumination subscale score), F(1, 31) = 5.24; p = .030, compared to control group participants. 

Participants in the depression group also scored significantly higher than controls on the 



20 
   

Perceived Stress Scale, F(1, 31) = 10.29; p = .003. Although the number of stressful life 

events reported on the PERI Life Events Scale did not differ between groups, F < 1 and p > 

.10, depressed individuals experienced these events as more stressful, F(1, 31) = 5.14; p = 

.030. Comparison of the groups in terms of neuropsychological test performance failed to 

produce any significant differences. Specifically, processing speed, verbal memory, 

associative processing, and executive function, as indexed by the TMT Part A, LNS, CVLT-

II, VPA, COWAT, SoC and TMT Part B respectively, did not differ between non-depressed 

controls and depressed participants (all Fs < 1.00 and ps > .10, see Table 2).   

 

In order to confirm that individuals in the depression group exhibited overgeneral 

autobiographical events, a ANOVA of the proportion of specific events (see Section 2.3.3.) 

was computed with a within subjects factor condition (past, future) and a between subjects 

factor group (control, depressed). Importantly, despite the use of more supportive event-type 

cues in this study, we replicated the finding that depressed participants generate a lower 

proportion of specific events than controls, F(1, 31) = 8.93, p = .005, ŋp
2 = .224 (depressed: 

M = .90, SE = .02; control: M = .97, SE = .02). The main effect of condition was also 

significant, F(1, 31) = 18.37, p < .001, ŋp
2 = .372 with fewer specific events yielded in the 

future task compared to the past task (future: M = .89, SE = .02; past: M = .98, SE = .01). A 

significant group by condition interaction, F(1, 31) = 5.51, p = .026, ŋp
2 = .151, showed that 

the proportion of specific events generated by participants in the depression group was 

lowered particularly in the future condition (depressed: M = .83, SE = .03; control: M = .95, 

SE = .03). Bonferroni corrected pairwise comparisons showed a significant difference 

between the number of specific events generated by control group participants and depression 

group participants in the future condition (p = .008), as well as a marginally significant 
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difference in the past condition (p = .046, depressed: M = .96, SE = .01; control: M = .99, SE 

= .01).    

 

3.2. fMRI: Behavioural results  

As described in the methods, only trials on which there were RTs > 1.5 s were included in the 

analyses. Moreover, in order to match group performance in the past and future conditions, 

only trials for which participants generated a specific event (see Section 2.3.3) were analysed. 

Consequently, there were a significantly higher number of valid trials for the control task (M 

= 23, SE = .25), than there were for the past (M = 22, SE = .32) and future task (M = 20, SE = 

.61), F(2, 62) = 17.57, p < .001, ŋp
2 = .334. The depression group generated slightly fewer 

events overall (M = 21, SE = .35) compared to the control group (M = 22, SE = .36), F(1, 31) 

= 9.68, p = .004, ŋp
2 = .226. This group difference was restricted to autobiographical events 

(past events: depressed, M = 21, SE = .45, controls, M = 23, SE = .34; future events: 

depressed, M = 18, SE = .87, controls, M = 22, SE = .68) and absent for control trials 

(depressed, M = 23, SE = .38; controls, M = 23, SE = .32), as indicated by a significant group 

by task interaction, F(2, 62) = 5.21, p = .004, ŋp
2 = .261. 

 

Reaction time (RT) and phenomenological ratings are presented in Table 3. RTs were 

significantly slower for control trials than for future and past trials, F(2, 62) = 20.60, p < 

.001, ŋp
2 = .399. Comparisons of the phenomenological ratings showed that past events were 

rated as significantly more detailed, F(1, 31) = 40.85, p < .001, ŋp
2 = .569, and more 

emotional F(1, 31) = 10.22, p < .01, ŋp
2 = .248, than future events. Past events were also 

significantly more often reported from the egocentric perspective compared to future events, 

χ2 (1, N = 1110) = 22; p < .001, Ɵ = 2.172. In contrast, past events were rated as having less 

personal significance than future events, F(1, 31) = 10.23, p <.01, ŋp
2 = .248. Temporal 
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distance did not differ between future and past events, F = .87, p= .375, ŋp
2 = .026. Crucially, 

the effect of group was not significant for any of these measures (all F values < 1.00 and p 

values > .100, see Table 3). 

 

Table 3: Behavioural and phenomenological ratings data for the control and depression 
group for the control, past and future tasks.  
 

Note: SE = Standard error of the mean. 
 
 

3.3. fMRI: Task ST-PLS 

Task ST-PLS identified two significant patterns of brain activity across tasks and groups. The 

first LV (LV 1.1, p < .001) explained 79.1% of the variance and differentiated between the 

autobiographical tasks (future and past) and the control task in both groups. Average brain 

Measure Event Task Mean (SE) 
Control Group Depression Group 

    

Reaction time (s) Control 6.68 (0.65) 7.24 (0.63) 
 Future 5.75 (0.62) 5.91 (0.60) 
 Past 5.51 (0.54) 5.50 (0.53) 
    

Detail (1-4) Future 2.74 (0.13) 2.64 (0.13) 
 Past 3.09 (0.11) 2.97 (0.10) 
    

Emotion (1-4) Future 2.46 (0.15) 2.53 (0.14) 
 Past 2.57 (0.14) 2.67 (0.14) 
    

Personal significance (1-4) Future 2.18 (0.09) 2.14 (0.09) 
 Past 2.08 (0.08) 1.92 (0.08) 
    

Perspective (Ego:Allocentric) Future 225:90 142:75 
 Past 288:48 181:61 
    

Number of neutral valence trials Future 4.19 (0.92) 4.94 (0.90) 
 Past 5.69 (0.83) 5.35 (0.81) 
    

Number of positive valence trials Future 13.94 (0.93) 9.47 (0.91) 
 Past 11.94 (0.92) 10.59 (0.90) 
    

Number of negative valence trials Future 3.00 (0.48) 4.00 (0.47) 
 Past 4.75 (0.56) 4.76 (0.55) 
    

Temporal distance (days) Future 670.68 (153.46) 752.54 (91.21) 
 Past 653.50 (67.62) 954.57 (178.43) 
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scores with confidence intervals (Figure 1A) indicted that the whole brain activation patterns 

associated with the autobiographical and control tasks were expressed by both groups to a 

similar degree. This main effect of condition was maximal during TR 5, 12-15 s after task 

onset and approximately 6-9 s after RT; for brevity we focus on the results during this TR. 

The positive and negative saliences from TR 5 are listed in Table 4 and are illustrated in 

Figure 1B. Note that the patterns of activity associated with this LV were so robust at our 

threshold of BSR 2.5 (p < .01), we present results at the more conservative threshold of BSR 

±5 (p < .0001).  The positive saliences in this LV corresponded to greater activity in the 

autobiographical tasks relative to the control task. Regions exhibiting this effect included 

default network areas typically associated with the generation of specific past and future 

events, such as the left medial PFC and precuneus, as well as bilateral posterior cingulate, 

MTL (hippocampus and parahippocampal gyrus), and temporopolar cortex. HRFs extracted 

from selected regions of this network confirmed the pattern of differential activity during 

both the past and future task relative to the control task (see Figure 1C). The negative 

saliences corresponded to greater activity during the control task relative to the 

autobiographical tasks.  Regions in which negatively salient voxels were evident included 

posterior visuospatial regions such as left lateral occipital cortex, right anterior supramarginal 

gyrus and precuneus, as well as semantic processing regions such as bilateral inferior/middle 

temporal gyri.  
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Figure 1: Results of the task PLS. (A) The average brain scores (mean-centred across 
groups) with 95% confidence intervals for control and autobiographical (past and future) 
tasks in the control and the depression group identified by LV 1.1. Brain scores are weighted 
averages of activity across all voxels associated with particular tasks (control, future, past). 
(B) Images of activation thresholded using a bootstrap ration of +/- 5 (equivalent to p < 
.0001) and superimposed on a standard anatomical template. Warm regions correspond to 
areas contributing to the autobiographical tasks and cool regions to the control task. (C) HRF 
plots (percent signal change) extracted from regions identified by LV1 as contributing to the 
autobiographical tasks (left medial prefrontal cortex, -4, 58, -6; right hippocampus, 24, -24, -
18; left temporal pole, -58 -4 -18; left medial parietal cortex, -2, -56, 22) for both the control 
and depression groups. 
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Table 4: Positive and negative saliences associated with LV 1.1 (task PLS main effect of 
condition) during TR5*  

 

Structure 
MNI 

Coordinates Cluster 
Size BSR 

X y z 
 

Positive saliences: Autobiographical >Control Task 
   L frontal pole/medial prefrontal cortex -4 58 -6 7200 17.74 
   L precuneus/posterior cingulate cortex -2 -56 22 3538 13.57 
   R hippocampus/parahippocampal gyrus 24 -24 -18 748 13.07 
   L middle temporal gyrus (temporal pole) -58 -4 -18 1700 12.98 
   R angular gyrus 56 -62 26 770 11.53 
   R middle temporal gyrus (temporal pole) 64 -4 -14 1160 10.69 
   L angular gyrus -48 -64 24 1037 10.59 
   L cerebellum 6 -50 -38 729 10.51 
   R subcollosal cortex 2 6 -12 343 10.16 
   L posterior parahippocampal gyrus -24 -36 -14 652 9.80 
   L cerebellum -28 -80 -36 543 9.23 
   R cerebellum 28 -84 -38 493 8.56 
   R posterior cingulate cortex 2 -20 38 45 6.27 
   R orbitofrontal cortex/frontal pole 44 32 -14 49 6.30 
 

Negative saliences: Control > Autobiographical Task 
   L inferior frontal/precentral gyri -46 4 30 3402 -13.52 
   R anterior supramarginal gyrus 54 -32 48 2801 -12.49 
   L inferior lateral occipital cortex/middle  
      temporal gyrus -56 -64 -8 1168 -12.36 
   L middle frontal gyrus -40 34 24 1611 -11.73 
   L anterior supramarginal gyrus -44 -40 44 3033 -10.96 
   R middle frontal gyrus 48 38 16 972 -10.53 
   R inferior temporal gyrus 52 -50 -14 370 -9.60 
   R inferior frontal gyrus (pars opercularis) 46 8 22 240 -7.34 
   L insular cortex -30 18 4 109 -6.75 
   R cerebellum 20 -74 -50 30 -6.68 
   R insular cortex 32 18 6 68 -6.24 
   R precuneus 12 -66 50 69 -6.14 
Note: Bootstrap ratios were greater than ± 5 (roughly equivalent to a p-value of < .0001) and 
clusters had a spatial extent of at least 10 voxels (8 mm x 8 mm x 8 mm). BSR = Bootstrap 
ratio; L = left; R = right; *Peak TR. 
 
 

The second LV (LV 1.2, p = .05), explained 10.06% of the variance and differentiated 

between networks correlated with the autobiographical and control tasks in depressed and 

control participants. Examination of the average brain scores (see Figure 2A) indicates that 

this LV reflected a group x condition interaction effect (peaking at TR 5) whereby the main 
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effect of condition differed across the groups. Specifically, positive saliences (see Figure 2B 

and Table 5) corresponded to regions in which the activation differences between the 

autobiographical and the control tasks was greater for controls compared to depressed 

participants. The areas exhibiting this effect included the right MTL (hippocampus and 

parahippocampal gyrus) and precuneus, left temporal pole and middle frontal gyrus, as well 

as bilateral frontopolar and lateral parietal cortices. Additionally, control participants also 

exhibited a greater autobiographical > control task effect than depressed participants in a 

number of posterior visuospatial regions, such as fusiform and occipital cortices. 

Examination of HRFs extracted from these regions revealed two patterns. In many regions, 

such as the right hippocampus, right inferior temporal gyrus and left temporal pole, control 

participants showed a greater autobiographical > control task effect compared to the 

depressed participants for whom this effect was greatly reduced or absent. However, in the 

left middle frontal gyrus, depressed individuals showed a control > autobiographical task 

effect that was not evident in control participants.  Negative saliences reflected an 

autobiographical > control task effect that was greater in depressed compared to control 

participants. These negative saliences were centred on the frontal poles bilaterally, as well as 

right inferior frontal gyrus, left thalamus and cerebellum. HRFs extracted from these regions 

confirmed this pattern.  

 

Pearson’s correlations between brain scores from LV1.2 and the proportion of specific events 

in depressed participants were computed. A significant correlation was found for the past 

condition, r (15) = .519, p = .03, but not the future condition r (15) = .249, p = .169. That is, 

the more depressed participants exhibited a pattern of additional frontal recruitment coupled 

with decreased activity in medial temporal and parietal regions, the more successful they 

were at generating specific events in the past, but not the future condition 
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Figure 2: Results of the task PLS. (A) The average brain scores (mean-centred across 
groups) with 95% confidence intervals for control and autobiographical (past and future) 
tasks in the control and the depression group identified by LV 1.2. Brain scores are weighted 
averages of activity across all voxels associated with particular tasks (control, future, past). 
(B) Images of activation thresholded using a bootstrap ration of +/- 2.5 (equivalent to p < .01) 
and superimposed on a standard anatomical template. (C) HRF plots (percent signal change) 
extracted from regions identified by LV2 as contributing to the autobiographical tasks 
differentially for the control group (right hippocampus, 16, -18, -16; left temporal pole, -58, 
10, -12; right inferior temporal gyrus, 38, -36, -28) and the depression group (right frontal 
pole, 10, 58, -4).  
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Table 5: Positive and negative saliences associated with LV 1.2 (task PLS interaction effect) 

during TR5*  
 

Structure 
MNI 

Coordinates Cluster 
Size BSR 

x y z 
 

Positive saliences: Autobiographical >Control Task greater in controls than depressed 
   R posterior fusiform gyrus§ 38 -36 -28 1487 5.74 
   R anterior parahippocampal gyrus 14 -6 -26 972 4.96 
   R posterior fusiform/inferior temporal gyri -44 -38 -22 1085 4.94 
   L middle frontal gyrus† -42 32 42 769 4.69 
   R precuneusʃ 14 -52 68 1081 4.39 
   R cerebellum 14 -86 -48 59 4.11 
   L caudate -18 12 10 90 4.00 
   L precentral/middle frontal gyrus -40 -4 54 317 3.90 
   R cerebellum 18 -68 -30 52 3.81 
   R insular cortex 30 26 -2 21 3.74 
   R posterior supramarginal gyrus 54 -38 44 77 3.73 
   L thalamus -8 -12 18 90 3.72 
   L occipital pole/cuneus -18 -90 14 54 3.72 
   R occipital pole 18 -96 -16 83 3.44 
   R posterior cingulate cortex/precuneus 14 -36 42 44 3.43 
   L brainstem -8 -40 -48 37 3.33 
   L frontal orbital cortex -40 28 -22 42 3.31 
   L superior temporal gyrus (temporal pole) -58 10 -12 44 3.30 
   R inferior lateral occipital cortex 44 -78 -18 287 3.26 
   L superior parietal lobule -32 -42 60 20 3.25 
   L superior/inferior parietal lobule -48 -52 38 99 3.16 
   L anterior cingulate cortex -6 6 56 45 3.15 
   L frontal pole -18 48 -16 33 3.07 
   R superior frontal gyrus 20 14 52 18 3.06 
   R frontal pole 34 34 -18 23 3.02 
   R superior frontal gyrus 20 -2 70 18 2.75 
   L occipital pole -10 -102 -2 16 2.71 

 

Negative saliences: Autobiographical >Control Task greater in depressed than controls 
   R frontal pole 10 58 -4 77 -3.74 
   L frontal pole -8 60 16 22 -3.23 
   L cerebellum -16 -60 -40 14 -3.04 
   R inferior frontal gyrus 46 36 -12 12 -2.91 
   L thalamus 2 -8 -2 15 -2.89 
   L cerebellum -8 -48 -30 16 -2.88 

Note: Bootstrap ratios were greater than ± 2.5 (roughly equivalent to a p-value of < .01) and 
clusters had a spatial extent of at least 10 voxels (8 mm x 8 mm x 8 mm). BSR = Bootstrap 
ratio; L = left; R = right; *Peak TR; §Cluster extends into right hippocampus (16 -18 -16; BSR 
4.29); †Cluster extends into left inferior frontal gyrus (-38 30 24; BSR 3.48); ʃCluster extends 
into left superior parietal lobule (-8 -52 52; BSR 3.48).  
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3.4. fMRI: Seed ST-PLS 

Although LV 1.1 revealed that participants in the depression group could engage subregions 

of the hippocampus to a level similar to participants in the control group during the 

autobiographical tasks, it is still possible that the functional connectivity of these commonly 

activated subregions, both with the contralateral hippocampus and with the rest of the default 

network, is nevertheless reduced in depressed participants. To this end, we conducted two 

seed ST-PLS analyses to determine whether the functional connectivity of commonly 

activated regions of (1) the left hippocampus (xyz = -24 -20 -18) and (2) the right 

hippocampus (24 -24 -18) differed between the groups.  

 

For the left hippocampal seed analysis, one significant LV (LV 2.1, p < .001), explaining 

66.57% of the covariance and peaking at TR 5, was identified. Examination of the average 

seed-brain correlation values (see Figure 3A) indicated that when remembering past events or 

imagining future events, the left hippocampus exhibited was functionally connected with the 

same network in depressed and control participants. The regions comprising this network, 

indicated by negatively weighted saliences, are presented in Figure 3B and Table 6; note that 

the patterns of activity associated with this LV were so robust at our threshold of BSR 2.5 (p 

< .01), we present results at the more conservative threshold of BSR ±5 (p < .0001). This left 

hippocampal network included many aspects of the default network. This included the left 

parahippocampal gyrus as well as contralateral (right) hippocampus and parahippocampal 

gyrus, left medial prefrontal cortex, bilateral frontal and temporal poles and medial parietal 

cortex (retrosplenial and posterior cingulate cortex). Nevertheless, even though both 

participants from the control (future: r = -.90; past: r = -.83) and the depression group (future: 

r = -.45; past: r = -.55) showed this pattern of connectivity, examination of 95% confidence 
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intervals indicated that the strength of this left hippocampal connectivity was reduced in the 

depression group relative to controls for future but not past events.  

 

 
 
Figure 3: Results of the left hippocampal seed PLS analysis. (A) Left hippocampal seed 
correlations with brain scores for the significant LV 2.1 for the control and the depressed 
group. The error bars show the 95% confidence interval derived from bootstrap estimation. 
(B) Regions which correlated with the left hippocampal seed are shown in cool colours. At 
TR 5, regions correlating with the left hippocampal seed included (as visible here) the 
contralateral right hippocampus, right frontal and temporal poles and right anterior and 
posterior cingulate. Images of activation are superimposed on a standard anatomical template 
and thresholded using a bootstrap ratio of +/- 5 (equivalent to p < .0001). 
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Table 6: Negative saliences associated with the left hippocampal seed from LV 2.1 (main 
effect of task) during TR5*  

 

Structure 
MNI 

Coordinates Cluster 
Size BSR 

x y z 
L hippocampus/parahippocampal gyrus§ -24 -20 -18 3837 -84.28 
R frontal orbital/insular cortex† 22 24 -4 2711 -10.04 
L cerebellum -36 -82 -44 269 -9.42 
L cerebellum -4 -86 -38 113 -8.70 
L middle frontal/inferior frontal gyri -38 20 28 160 -8.45 
L cingulate cortex -6 6 30 77 -8.25 
R cerebellum 34 -84 -44 410 -8.21 
L occipital pole -24 -102 2 27 -7.98 
B posterior cingulate cortex 0 -36 34 201 -7.91 
R angular/supramarginal gyri 40 -48 26 25 -7.73 
L medial prefrontal/anterior cingulate cortex -2 48 4 404 -7.67 
L thalamus -8 -10 14 130 -7.56 
R superior temporal gyrus 50 -8 -16 87 -7.42 
R postcentral/supramarginal gyri 50 -14 30 95 -7.26 
L middle temporal gyrus (temporal pole) -48 2 -24 160 -7.00 
R caudate 6 14 2 29 -6.82 
R superior frontal gyrus 2 14 70 77 -6.80 
L postcentral/supramarginal gyri -50 -28 44 145 -6.73 
L middle frontal/precentral gyri -42 -8 60 93 -6.64 
L posterior inferior temporal gyrus -52 -40 -14 26 -6.50 
R middle frontal gyrus 34 20 32 30 -6.47 
L cerebellum -2 -58 -50 91 -6.44 
L superior frontal gyrus -24 4 46 41 -6.42 
B retrosplenial cortex 0 -50 10 43 -6.39 
R frontal pole 10 60 32 29 -6.36 
L putamen -30 -2 6 60 -6.35 
R occipital pole 28 -98 6 50 -6.18 
R angular gyrus 48 -62 28 33 -6.13 
L supplementary motor area -2 -6 74 28 -6.06 
R superior frontal gyrus 8 36 60 86 -5.97 
L cerebellum -30 -64 -30 23 -5.89 
R insular /central opercular cortex 40 -4 18 21 -5.80 
R inferior frontal gyrus 48 26 -14 23 -5.75 
B supplementary motor area 0 -4 60 27 -5.74 
R frontal pole 20 56 16 31 -5.66 

Note: Bootstrap ratios were greater than ± 5 (roughly equivalent to a p-value of < .0001) and 
clusters had a spatial extent of at least 10 voxels (8 mm x 8 mm x 8 mm). B = Bilateral; BSR 
= Bootstrap ratio; L = left; R = right; *Peak TR; §Seed voxel was located in the left 
hippocampus (xyz = -24 -20 -18); †Cluster extends into right hippocampus/parahippocampus 
gyrus (28 -16 16, BSR -14.39) and right temporal pole (40 20 -34, BSR -9.56).  
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The right hippocampal seed analysis resulted in two significant LVs. LV 3.1, p < .001, 

explained 60.48% of the variance and peaked at TR 5. Similar to the pattern of functional 

connectivity evident for the left hippocampal seed (LV 2.1), the right hippocampus also 

showed a pattern of connectivity that was common across both groups and conditions (see 

Figure 4A). The regions comprising this network, indicated by negatively weighted saliences 

and thresholded at BSR ±5 (p < .0001), are presented in Figure 4B and Table 7. Specifically, 

regions in which activity correlated with the right hippocampal seed included the right 

parahippocampal gyrus and contralateral (left) MTL (hippocampus and parahippocampal 

gyrus). Left hippocampal activity also correlated with regions outside of the MTL, including 

left inferior frontal gyrus, right frontal pole, and bilateral middle/superior frontal gyri, 

temporal poles and supramarginal/angular gyri. Importantly, examination of the confidence 

intervals indicates that the strength of the right hippocampal connectivity pattern during the 

generation of specific future events was reduced in participants from the depression group (r 

= -.32) compared to participants from the control group (r = -.82). However, for past events, a 

group difference in the strength of right hippocampal connectivity was not evident (depressed 

r = -.56, control r = -.75).   

 
 

Figure 4: Results of the right hippocampal seed PLS analysis. (A) Right hippocampal seed 
correlations with brain scores for the significant LV 3.1 for the control and the depression 
group. The error bars show the 95% confidence interval derived from bootstrap estimation.  
(B) Regions which correlated with the right hippocampal seed are shown in cool colours. At 
TR 5, regions correlating with the right hippocampal seed included the contralateral left 
hippocampus, right middle and superior frontal gyri, right cingulate and right temporal pole. 
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Images of activation are superimposed on a standard anatomical template and thresholded 
using a bootstrap ratio of +/- 5 (equivalent to p < .0001). 
 

Table 7: Negative saliences associated with the right hippocampal seed from LV 3.1 during 
TR5*  

 

Structure 
MNI 

Coordinates Cluster 
Size BSR 

x y z 
 

R hippocampus/parahippocampal gyrus§† 22 -24 -18 5721 -131.93 
R cingulate cortex 16 22 32 1259 -9.38 
L insular/opercular cortex -42 12 2 507 -8.99 
L cingulate cortex -10 -18 44 217 -8.85 
L postcentral/supramarginal gyri -50 -26 40 374 -8.83 
L cerebellum -22 -86 -48 379 -8.76 
L middle frontal gyrus -40 20 30 138 -8.40 
R cerebellum 30 -86 -46 73 -7.54 
R frontal pole 10 58 26 242 -7.47 
L cerebellum -6 -86 -40 41 -7.38 
L cerebellum -36 -60 -44 47 -7.28 
L inferior frontal gyrus -52 6 28 27 -7.20 
R supramarginal/angular gyri 38 -50 28 130 -7.05 
L superior frontal/middle frontal gyri -26 4 52 41 -6.76 
B brainstem 0 -34 -20 63 -6.73 
R middle frontal gyrus 30 16 46 49 -6.65 
R middle frontal gyrus 36 18 32 89 -6.63 
L suparmarginal gyrus -68 -22 6 33 -6.53 
L brainstem -8 -34 -42 44 -6.35 
L superior parietal lobule -16 -60 52 13 -6.45 
R middle frontal gyrus 50 10 46 13 -6.38 
R superior frontal gyrus 8 28 60 220 -6.37 
L insular/opercular cortex -44 -6 10 25 -6.19 
L supplementary motor area -2 -10 74 22 -6.19 
L temporal pole -40 0 -24 20 -6.12 
L precentral gyrus -16 -30 64 11 -5.97 
R postcentral gyrus 54 -14 24 16 -5.70 
L posterior supramarginal gyrus -56 -42 22 15 -5.41 

Note: Bootstrap ratios were greater than ± 5 (roughly equivalent to a p-value of < .0001) and 
clusters had a spatial extent of at least 10 voxels (8 mm x 8 mm x 8 mm). B = Bilateral; BSR 
= Bootstrap ratio; L = left; R = right; *Peak TR; §Seed voxel was located in the right 
hippocampus (xyz = 24 -24 -18); †Cluster extends into left hippocampus (-16 -20 -18, BSR -
14.30) and right temporal pole (38 -20 -26, BSR -7.84). 
 

The right hippocampal seed analysis also yielded a second significant LV explaining 20.03% 

of the variance (LV 3.2, p = .014). The average seed-brain correlations (Figure 5A) showed 

that this LV identified distinct patterns of right hippocampal connectivity associated with the 
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past and future conditions. However, only the depression group exhibited this task difference 

in connectivity; the control group did not reliably contribute to this LV. Positive saliences 

corresponded to the regions associated with the future condition, while negative saliences 

corresponded to the regions associated with the past condition (thresholded at BSR ±2.5, p < 

.01; see Figure 5B and Table 8). During the generation of specific future events by depressed 

participants, right hippocampal activity was strongly correlated with the right 

parahippocampal gyrus and bilateral frontal pole, as well as a number of regions comprising 

the dorsal attention network, such as bilateral superior parietal lobule (extending into superior 

precuneus), bilateral precentral gyrus, and right posterior middle temporal gyrus. In contrast, 

during the past task, the right hippocampus in depressed participants was functionally 

connected with a network comprising many aspects of the default network: left hippocampus, 

parahippocampal gyrus, posterior cingulate, precuneus, temporal pole, medial PFC, as well as 

bilateral frontal pole, and middle temporal gyri.   
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Figure 5: Results of the right hippocampal seed PLS analysis. (A) Right hippocampal seed 
correlation scores for the significant LV 3.2 for the control and the depression group. The 
error bars show the 95% confidence interval derived from bootstrap estimation. The brain-
behaviour LV indicated that the regions correlated with past and future task differed 
significantly between the control and depression group. (B) Regions which correlated with 
the right hippocampal seed during the future task for the depression group are shown in warm 
colours. At TR 5 these regions included (as visible here) left superior parietal lobule, right 
frontal pole, right inferior temporal/fusiform gyri and right posterior middle temporal gyrus. 
Regions which correlated with the right hippocampal seed during the past task for the 
depression group are shown in cool colours. At TR 5 these regions included left medial 
prefrontal cortex, left temporal pole, left precuneus and cuneus, right inferior parietal lobule 
and bilateral frontal pole. Images of activation are superimposed on a standard anatomical 
template and thresholded using a bootstrap ratio of +/- 2.5 (equivalent to p < .01).  
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Table 8: Positive and negative saliences associated with the right hippocampal seed from LV 
3.2 during TR5*  

 

Structure 
MNI 

Coordinates Cluster 
Size BSR 

x Y z 
 

Positive saliences: Future>Past in depressed group only 
R hippocampus/parahippocampal gyrus§ 24 -24 -18 140 15.30 
L precentral gyrus -4 -20 70 720 6.02 
L superior parietal lobule -20 -48 48 519 6.15 
R posterior middle temporal gyrus 44 -54 0 427 5.11 
R occipital pole 16 -96 -16 57 5.11 
L cerebellum -18 -32 -34 216 5.02 
R inferior temporal/fusiform gyri 40 -32 -22 30 4.71 
R lateral occipital cortex 36 -80 16 65 4.43 
L frontal pole -38 60 -2 39 4.27 
R precuneus 6 -70 56 93 4.16 
R supramarginal gyrus 66 -32 44 44 4.08 
L lateral occipital cortex -54 -78 4 28 3.63 
L superior parietal lobule -22 -52 70 34 3.60 
R frontal pole 46 52 10 52 3.56 
R precentral gyrus 38 -34 64 89 3.56 
R lateral occipital cortex 40 -86 -18 31 3.55 
R central opercular cortex 52 -12 20 19 3.52 
R precuneus 20 -64 48 63 3.51 
R inferior temporal/fusiform gyri 44 -14 -24 11 3.13 
R superior parietal lobule 30 -42 46 30 3.07 
L frontal pole -28 50 -10 11 3.00 
R postcentral gyrus 22 -30 74 36 2.96 

 

Negative saliences: Past>Future in depressed group only 
R pallidum/putamen 22 -10 6 211 -6.02 
L putamen -16 4 -8 196 -5.89 
L temporal pole -26 12 -26 616 -5.50 
R inferior parietal lobule 48 -70 44 386 -5.08 
R middle frontal gyrus 42 18 52 310 -5.05 
R inferior parietal lobule 60 -66 22 84 -4.99 
R middle frontal gyrus 36 30 30 217 -4.81 
L hippocampus/parahippocampal gyrus -20 -36 -6 30 -4.66 
L cerebellum -18 -54 -38 204 -4.66 
L precuneus -4 -60 22 191 -4.63 
R frontal pole 2 62 6 260 -4.49 
R cuneus/lingual/fusiform gyri 18 -86 2 725 -4.44 
R middle temporal gyrus (temporal pole) 58 0 -24 17 -4.13 
L thalamus -10 -10 8 63 -3.91 
L superior frontal gyrus -22 26 62 156 -3.90 
L angular gyrus -38 -66 32 183 -3.79 
L inferior frontal gyrus -62 10 14 37 -3.75 
L middle frontal gyrus -32 22 30 52 -3.74 
R superior frontal gyrus 14 26 64 47 -3.69 
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R caudate 12 14 -2 83 -3.67 
L posterior cingulate cortex -12 -48 26 43 -3.64 
L anterior cingulate cortex -6 38 0 156 -3.63 
L posterior middle temporal gyrus -60 -44 -10 124 -3.58 
L posterior cingulate cortex -2 -34 48 41 -3.59 
L calcerine sulcus -22 -70 10 71 -3.53 
L cerebellum -40 -74 -36 24 -3.42 
L middle/superior temporal gyri -64 -22 -4 51 -3.24 
R superior frontal gyrus 18 36 54 54 -3.24 
R anterior cingulate cortex 4 30 28 52 -3.17 
L cerebellum -22 -78 -28 60 -3.13 
R cerebellum 14 -72 -22 24 -3.12 
L superior parietal lobule/angular gyrus -36 -56 44 11 -3.10 
R cerebellum 18 -64 -38 12 -3.04 
L anterior cingulate cortex -4 18 30 46 -2.98 
L frontal pole/medial prefrontal cortex -6 52 -14 14 -2.97 
L postcentral/supramarginal gyri -50 -28 54 11 -2.82 

Note: Bootstrap ratios were greater than ± 2.5 (roughly equivalent to a p-value of < .01) and 
clusters had a spatial extent of at least 10 voxels (8 mm x 8 mm x 8 mm). B = Bilateral; BSR 
= Bootstrap ratio; L = left; R = right; *Peak TR; §Seed voxel was located in the right 
hippocampus (xyz = 24 -24 -18). 
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4. Discussion 

 

We investigated whether neural dysfunction during the retrieval of past events and simulation 

of future events was evident in a depression group relative to a matched control group. Not 

only does this study extend previous neuroimaging research on AM in depression by ensuring 

the specificity and vividness of events were matched across groups, the present study 

constitutes the first neuroimaging examination of future simulation in depression. Our results 

demonstrate that depressed individuals engage many of the same default network regions as 

control participants during the generation of past and future events. However, both the 

activation and connectivity analyses revealed important neural changes in depression: under-

recruitment of regions supporting the specificity of autobiographical events accompanied by 

recruitment of additional neural regions and the recruitment of networks not evident in the 

control group.  

 

Although the depression group in this study exhibited decreased specificity of past and future 

events, perhaps because of the use of supportive event-type cues they were nevertheless able 

to generate sufficient specific events for analysis of group differences in neural activity and 

connectivity (Price & Friston, 1999). The present study shows that depressed individuals 

retain the ability to recruit the default network to support AM and future thought. 

Specifically, both groups recruited MTL, medial PFC and medial parietal regions during the 

autobiographical tasks. Importantly, we restricted our fMRI analyses to events which were 

matched with regard to their specificity, subjective vividness and temporal distance - factors 

known to influence involvement of the default network regions, including the hippocampus 

(Addis et al., 2004; Staresina, Cooper, & Henson, 2013) and the PFC (Maguire, Henson, 

Mummery, & Frith, 2001). Thus, our results extend findings from previous fMRI studies of 
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AM in depression that did not assess the level of event detail (e.g., Whalley et al., 2012; 

Young et al., 2012). We demonstrate that when the phenomenology of events is matched 

across groups, depressed individuals do largely engage the same network as control 

participants. Furthermore, results from the analysis of hippocampal connectivity mirrored this 

relative preservation of function. Specifically, in both groups, the hippocampus was 

functionally connected with medial and lateral frontal, temporal and parietal cortex areas 

during the past and future tasks.  

 

However, despite the retained ability to engage a hippocampally-mediated network during the 

generation of autobiographical events, some important group differences emerged. Firstly, 

although the depression group exhibited hippocampal connectivity with the same regions as 

controls, the strength of connectivity with the wider default network was nevertheless 

reduced in these individuals relative to controls during the future event task. Moreover, as 

predicted participants in the depression group also showed reduced activity in right MTL 

(hippocampus and parahippocampal gyrus), medial parietal cortex (precuneus, posterior 

cingulate), PFC (including inferior frontal gyrus) and left temporal pole relative to non-

depressed controls.  This finding is consistent with previous depression studies of AM which 

report decreased contributions of lateral prefrontal regions (such as inferior frontal gyrus, 

Whalley et al., 2012) and medial temporal regions (Young et al., 2012).  

 

Hippocampal regions are thought to support episodic richness (e.g., Addis et al., 2004; Addis, 

Roberts, et al., 2011; Hassabis, Kumaran, Vann, et al., 2007; Miller et al., 2013; St Jacques et 

al., 2012), and lateral PFC is involved in the cue-specification processes necessary for the 

generation of a specific event (Cabeza & St Jacques, 2007; Moscovitch, 1992). However, in 
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addition to these regions, we also found differences in medial parietal and cuneal cortex 

which have previously been associated with the retrieval of episodic imagery (Fletcher et al., 

1995; Gardini et al., 2006; Gilboa et al., 2004; Hassabis, Kumaran, & Maguire, 2007; 

Johnson & Johnson, 2014). Moreover, here we demonstrate that these depression-related 

reductions in activity are evident even when specificity, vividness and temporal distance are 

matched across groups, suggesting the presence of functional changes irrespective of 

behavioural performance. This does raise the possibility that decreased activity in these 

regions may reflect a qualitative difference in the events generated by depressed and control 

participants that was not captured by our measures. That is, even though events were matched 

with regard to specificity and participants in the depression group rated their past and future 

events as equally vivid as controls, it may be that reductions in the richness of contextual or 

perceptual detail (King et al., 2011; Söderlund et al., 2014) perspective (third-person versus 

first-person perspective; King et al., 2010; Kuyken & Moulds, 2009) and the quality of visual 

imagery (Holmes et al., 2008) contribute to the neural differences evident. Future studies 

which investigate the exact phenomenological characteristics of recalled past and imagined 

future events with patterns of neural activity will be important to our understanding of the 

mechanisms underpinning overgeneral autobiographical events in depression.    

 

The present study is the first to show that in depression, engagement of lateral prefrontal and 

medial temporal and parietal regions mediating retrieval of specific episodic AMs is also 

deficient during the construction of future events. This observation provides further support 

for the notion that future thought is reliant on episodic memory networks (cf. constructive 

episodic simulation hypothesis, Schacter & Addis, 2007; Schacter et al., 2012; Schacter et al., 

2013). However, although previous findings of increased neural activity during future 

simulation relative to AM (e.g., Addis et al., 2007) led us to speculate that reductions in 
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neural activity in depression may be more apparent during the generation of future relative to 

past events, this hypothesis was only partially supported. It is notable that the depression 

group exhibited reduced hippocampal connectivity relative to the control group only during 

the future task. However, with respect to neural activation, the magnitude of the depression-

related reductions in neural activity was comparable across both the AM and future 

simulation tasks. Similar findings have been reported for other populations with overgeneral 

autobiographical events. For instance, relative to younger adults, older adults show similar 

decreases in MTL activity during both future simulation and AM retrieval (Addis, Roberts, et 

al., 2011).  

 

Interestingly, the present study shows that the decreased contributions of medial temporal and 

parietal cortices and left inferior frontal gyrus in depressed participants was accompanied by 

corresponding increases in other PFC regions. Particularly, there was greater activation of the 

bilateral frontal pole and right inferior frontal gyrus during the performance of the AM and 

simulation task by the depression group. The fact that behavioural performance was matched 

across the groups does raise the possibility that this additional activity is compensatory in 

nature. For instance, differential recruitment of lateral PFC in the depression group may 

reflect greater post-retrieval monitoring (see also Cabeza, Locantore, & Anderson, 2003 for 

the 'production-monitoring hypothesis'; Hayama & Rugg, 2009; Henson, Rugg, Shallice, 

Josephs, & Dolan, 1999; Moscovitch, 2008). In addition, the activation of lateral PFC may 

parametrically map onto task demands; it may be that these tasks are simply more effortful 

for depressed participants. In line with this idea, increased activation of the inferior frontal 

gyrus has been documented for the effortful retrieval of remote compared to recent AMs in 

healthy controls (Söderlund, Moscovitch, Kumar, Mandic, & Levine, 2012). Consistent with 

such a compensatory hypothesis, correlational analyses showed that the more depressed 
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participants exhibited this pattern of additional frontal recruitment coupled with decreased 

activity in medial temporal and parietal regions, the more successful they were at generating 

specific events – at least in the past condition.  

 

In addition to lateral PFC, medial prefrontal regions, specifically the frontal poles, were also 

activated to a greater degree compared to non-depressed controls. These components may be 

indicative of greater self-referential processing in the depressed sample, given the established 

role of medial PFC in a range of self-referential tasks, including retrieval of self-relevant 

AMs (Cabeza & St Jacques, 2007). Moreover, this finding is consistent with the hypothesis 

that both prefrontal regions are differentially active in depressed individuals as a result of a 

lack of inhibition of the default mode network  (Lemogne et al., 2012) or hyperactivation of 

the default network (Andrews-Hanna et al., 2014; Smallwood & Andrews-Hanna, 2013; 

Whitfield-Gabrieli & Ford, 2012). Enhanced resting state connectivity of medial PFC has 

also been shown to be  associated with increased rumination (Zhu et al., 2012).  Thus, it may 

be that in the current study, this increased medial prefrontal engagement reflects, in part, a 

lack of inhibition of self-referential processing. Consistent with this interpretation, the 

depression group in this study scored significantly higher than the control group on the self-

rated rumination measure.   

 

The seed connectivity analyses also revealed that in the depression group, the right 

hippocampus was associated with additional networks of regions not evident in the control 

group. This observation dovetails with previous findings that, in depression, the right 

hippocampus exhibits aberrant connectivity at rest (Tahmasian et al., 2013).  Interestingly, 

however, we found that these additional networks recruited by depressed individuals differed 
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depending on whether the task involved the generation of past or future events. Specifically, 

when the depressed group retrieved past events, right hippocampal activity was correlated 

more strongly with default network regions, including medial PFC, temporal poles, MTL and 

medial and lateral parietal cortices. This finding is consistent with a recent study showing that 

the specificity of AM in depression was significantly correlated with resting-state 

connectivity of default network regions such as posterior cingulate and lateral parietal cortex 

(Zhu et al., 2012). 

 

In contrast, during the future task, a network of frontal and parietal regions typically 

considered part of the dorsal attention network (Spreng & Grady, 2010; Spreng et al., 2013) 

was significantly co-activated with the right hippocampus in depressed individuals. The 

dorsal attention network is thought to play a role in goal-direction cognition and while 

typically it shares very little connectivity with the default network (Spreng et al., 2013), 

synchrony between and the dorsal attention network and the right hippocampus has been 

reported (Spreng et al., 2013; 2010). It may be that in depression, goal-directed cognition 

supports successful performance on the arguably more demanding future event task, for 

instance, guiding the search to a future event that fulfils a host of criteria (i.e., specific event 

related to the cue presented, likely to occur in the next few years).  

 

Together, these additional hippocampal networks for past and future thinking are broadly 

consistent with the changes in resting-state connectivity commonly observed in depression 

(e.g., Bohr et al., 2013; Zhou et al., 2010; Zhu et al., 2012).  Our findings suggest that, in 

depressed individuals, enhanced connectivity of both task-relevant networks (i.e., the default 

network) and recruitment of supplementary networks (i.e., dorsal attention network) can 
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support successful autobiographical event generation. This finding maps onto that of  Zhou et 

al. (2010), who found that during rest, connectivity with seeds in the dorsolateral PFC and the 

posterior cingulate cortex was evident across more extensive regions in both the dorsal 

attention and default networks, respectively. Finally, recent proposals that hyperactivation of, 

and hyperconnectivity within, the default mode network are directly linked to depressive 

symptomatology (e.g., Smallwood & Andrews-Hanna, 2013; Whitfield-Gabrieli & Ford, 

2012) fit well with the findings reported here. While the present findings suggest that 

depressed participants were able to respond to increased task demand for the future condition 

(cf. context regulation, Smallwood & Andrews-Hanna, 2013), there was evidence that the 

content of the self-generated, autobiographical thought differed qualitatively.     

 

In summary, we investigated whether depression influences the patterns of neural activity and 

connectivity during AM retrieval and future simulation, even when autobiographical events 

are matched for specificity, level of detail and temporal distance. While the overall ability to 

recruit default regions during the construction of past and future events was retained in the 

depression group, there were depression-related reductions of activity in key regions that 

supporting episodic specificity and richness, such as the MTL and medial parietal cortex. 

These reductions were accompanied by increases in PFC recruitment and evidence of unique 

connectivity right hippocampus connectivity with aspects of the default and dorsal attention 

networks not evident in non-depressed controls. The recruitment of additional neural 

resources may reflect compensatory increases in post-retrieval monitoring, increased effort 

and/or increased self-referential content that support the generation of specific events. 

Importantly, the identification of possible compensatory mechanisms during the retrieval and 

simulation of specific events may have implications for clinical interventions aimed at 

increasing event specificity in depression. While current interventions have targeted AM 
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specificity (e.g., Raes, Williams, & Hermans, 2009), it may be that, given the similar 

underlying neural correlates, similar inventions will prove effective in enhancing the ability 

of those with depression to imagine a specific – and perhaps a brighter – future.  
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