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SUMMARY

Aims: A longitudinal study investigated the remitted geriatric depression (RGD) patients’

persistent cognitive impairment and potential correlation with their PCC functional connec-

tivity network. Methods: A total of 14 RGD patients and 18 matched controls were

recruited. All subjects finished the neuropsychological tests and functional magnetic reso-

nance imaging scan at baseline and follow-up. A spherical region of interest was placed in

PCC to calculate the functional connectivity, and further analysis was employed to detect

correlations between longitudinal changes in the brain regions and neuropsychological

data. Results: There were significant cognitive declines in RGD patients at baseline and

follow-up. Altered patterns of functional connectivity were detected within the RGD group

showing correlations with neuropsychological tests. The longitudinal change in functional

connectivity between PCC and cerebellum posterior lobe was correlated with longitudinal

changes in auditory verbal memory test-recall (r = 0.550, P = 0.042). The longitudinal

change in functional connectivity between PCC and right parahippocampal gyrus was

correlated with Trail Making Test-A (r = 0.631, P = 0.015). The longitudinal change in

functional connectivity between PCC and supramarginal_R was correlated with Mini-Men-

tal State Examination (r = �0.630, P = 0.016). Conclusions: RGD patients performed

worse cognitive function, and altered PCC functional connectivity network might have a

role in these cognitive declines.

Introduction

Known as one of most common mental disorders in the elderly,

depression brings significant decline in both well-being and daily

functioning. It also shows a high risk of functional impairment,

mortality, and a high rate of service utilization [1]. Geriatric

depression, defined as a major depressive episode occurring in

older adults (usually after the age of 65 years), shows a potential

association with cognitive impairment [2]. It has been shown by

previous studies that there was generally significant cognitive

impairment along with affective symptoms in geriatric depression

[3–5]. Furthermore, even after remission of mood symptoms, cog-

nitive deficits will persist [6–8]. Particularly, episodic memory and

executive function were found to be much worse in geriatric

depression patients than in controls [9]. The mechanism behind

these persistent cognitive deficits is not clear, and many hypothe-

ses have been raised to address this problem.

Although remitted geriatric depression (RGD) patients often

suffer from cognitive impairments, they are usually not so serious

as in Alzheimer’s disease (AD) or other cognitive disorders in the

geriatric population. Interestingly, despite the accumulating

reports claiming that RGD patients might have a high rate of

conversion into AD, our previous study also found that episodic

memory, executive function, and attentional processes were

particularly disturbed in RGD patients [9]. This pattern of cogni-

tive deficits is similar to that found in mild cognitive impairment

(MCI) and AD patients [10], which strongly suggests that RGD

patients might have a similar structural or functional brain net-

work disturbance.

Increasing evidence from pathological, structural, and func-

tional imaging research suggests that posterior cingulate cortex

(PCC) is a key structure in the pathophysiology of cognitive

impairment [11–13]. At the same time, it is also considered as

the structural and functional core of default mode network

(DMN), indicating its broad connection with other brain regions.

The DMN, including PCC, medial prefrontal cortex, medial tem-

poral lobes, dorsolateral prefrontal cortex and inferior parietal

lobe, plays a significant role in cognitive function. Previous

studies revealed DMN to mediate internally generated thought

process, episodic memory, and attention [14,15]. Additionally,
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the disruption of functional connectivity within the DMN has

been reported in various mental disorders, such as schizophrenia

[16], anxiety disorder [17], social phobia [18], and major depres-

sive disorder [19,20]. These results indicate that the DMN and its

in-network connections may be particularly important in both

affective and cognitive function. Considering most of these previ-

ous analyses involved the relationship between PCC and specific

regions of interest (ROI) at a single time point, a DMN-wide lon-

gitudinal study might shed further light on the detailed mecha-

nisms underlying the cognitive impairments of RGD patients.

Due to the advance of technology, it is possible to investigate

brain function and draw the functional connectivity network with

the help of fMRI, especially the resting-state functional imaging

[21–24]. The valuable approach is safe and only requires the par-

ticipants to remain relaxed and still with their eyes closed during

scanning. The aim of this study was to investigate the changes in

cognitive functions and PCC functional connectivity patterns in a

longitudinal study of RGD patients and controls. We hypothesize

that the altered longitudinal changes in the functional connectiv-

ity network might provide a neuroimaging marker of cognitive

impairments in RGD patients.

Materials and methods

Subjects

This study was approved by Affiliated Brain Hospital of Nanjing

Medical University. Firstly, diagnostic evaluation was carefully

taken on all the participants, which included clinical interview,

focused neurological and mental status examination, review of

medical history, and demographic inventory. The participants met

the following inclusion criteria: (1) the participants were acquired

from the in-patients of the department of geriatric psychiatry in

Affiliated Brain Hospital of Nanjing Medical University. All of

patients met the major depressive disorder in Diagnostic and Sta-

tistical Manual of Mental Disorders IV criteria and remitted for

more than 6 months before the enrollment, (2) the age of first

onset was over 60 years, (3) Hamilton Depression Rating Scale

(HDRS) scores were lower than 7 and Mini-Mental State Exami-

nation (MMSE) scores were higher than 24, (4) durations of

illness were less than 5 years, (5) absence of other major psychiat-

ric disorder, including abuse or dependence on psychoactive sub-

stances; (6) absence of primary neurological illness including

dementia or stroke, (7) absence of medical illness impairing cogni-

tive function, (8) no history of receiving electroconvulsive ther-

apy, and (9) T2-weighted MRI of the participants did not show

any major white matter changes such as infarction or other vascu-

lar lesions. Secondly, participants with head motion more than

3 mm maximum displacement in any direction of x, y, and z or 3°

of any angular motion throughout the course of scan, or with poor

image quality, were removed at baseline and follow-up fMRI scan.

Finally, 14 RGD patients and 18 well-matched controls completed

two neuropsychological tests and two resting-state fMRI scans at

around 21 months (12–32 months).

Neuropsychological Tests

All the participants received a neuropsychological examination

consist of MMSE [25], Auditory Verbal Memory Test-recall

(AVLT) [26], Digit Span Test (DST) [27], Symbol Digit Modalities

Test (SDMT) [28], Trail Making Test-A and B (TMT-A & B) [29].

Table 1 contains demographic and neuropsychological data for

the two groups at baseline and follow-up.

Magnetic Resonance Imaging Procedures

The participants were scanned using a General Electric 1.5 Tesla

scanner (General Electric Medical Systems, Buckinghamshire,

UK) with a homogeneous birdcage head coil. The participants

were told to lie supine with their head snugly fixed by a belt and

foam pads to minimize the head motion. An echo-planar imaging

sequence was set up to acquire the resting-state images, which

was set at following parameters: 30 axial slices, thickness/

skip = 4/0 mm, in-plane resolution = 64 9 64, repetition

time = 3000 ms, echo time = 40 ms, flip angle = 90°, field of

view = 240 9 240 mm, 240 volumes (7 min 6 s).

Functional Image Preprocessing

SPM5 (http://www.fil.ion.ucl.ac.uk/spm) and REST (http://rest-

ing-fmri.sourceforge.net) were used for the data analyses. The first

ten volumes of the scanning session were discarded to allow for

Table 1 Demographic and neuropsychological data between RGD group and healthy controls group

Item

Baseline

P value

Follow-up

P valueRGD (n = 14) Controls (n = 18) RGD (n = 14) Controls (n = 18)

Age (years) 68.2 � 3.93 70.5 � 3.24 0.061a – – –

Education levels (years) 14.2 � 2.10 15.2 � 2.8 0.185a – – –

Gender (male: female) 7: 7 10: 8 0.755b 7: 7 10: 8 0.755b

Mini-Mental State Examination 28.6 � 1.9 28.3 � 1.3 0.168a 27.8 � 4.0 28.6 � 1.8 0.858a

Auditory verbal memory test - delayed recall 5.9 � 2.5 8.1 � 1.9 0.007a 5.0 � 2.8 8.6 � 2.7 0.002a

Trail making test-A 133.5 � 96.7 70.0 � 28.7 0.007a 70.4 � 25.5 75.7 � 25.5 0.595a

Trail making test-B 237.7 � 138.4 139.3 � 39.2 0.074a 157.7 � 36.9 138.8 � 55.5 0.106a

Symbol digit modalities test 25.0 � 15.0 34.3 � 8.7 0.074a 27.1 � 15.8 33.2 � 12.8 0.143a

Digit span test 11.7 � 2.1 13.2 � 1.8 0.032a 11.7 � 2.1 13.6 � 2.6 0.019a

aIndependent-samples t-test. bFisher’s exact test.
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T1 equilibration effects. The remaining were corrected for timing

differences between each slice. The images were then corrected for

motion effects (six-parameter rigid body), where the reference

volume was in the center of the run. The resulting images

were spatially normalized into a standard stereotaxic space using a

12-parameter affine approach and an EPI template image, and

resampling to 3 9 3 9 3 mm3 voxels, and smoothedwith a Gauss-

ian kernel of 4 9 4 9 4 mm (full-width half-maximum FWHM).

The resulting fMRI data were filtered (0.01 < f < 0.08 Hz) to

reduce the low-frequency drift and high frequency physiological

respiratory and cardiac noise. Any linear trendwas then removed.

Functional Connectivity Analyses

To characterize the functional connectivity of the PCC, a spherical

ROI (radius = 10 mm) was set at the coordinates (�5, �49, 40)

within the PCC structure [30–32].

For each subject, a mean time series for ROI was computed for

reference time course. Pearson linear correlation analysis sup-

ported by SPM5 and REST tool kit [33] was then carried out

between the mean signal change in the PCC and the time series of

every voxel of whole brain to assess the functional connectivity

[34,35].

The formula for this calculation [33] is:

q ¼
Pðxn � �xÞðyn � �yÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPðxn � �xÞp 2 Pðyn � �yÞ2

where q is the Pearson correlation coefficient, �x and �y are the

mean values of time course x and y, respectively.

A Fisher’s z-transform was applied to improve the normality of

the correlation coefficients [36] after the Pearson correlation coef-

ficient maps were created. To remove possible effects of head

motion, global, white matter and cerebrospinal fluid signals on

the results, six head motion parameters, and mean time series of

global, white matter and cerebrospinal fluid signals were intro-

duced as covariates into a random effect.

Comparisons within and between the groups were then made

based on the z-transformmaps. Firstly, a one-sample t-test in a vo-

xel-wise manner was used to determine the brain regions showing

significant connectivity to PCC, and voxels with P < 0.005 and a

minimum cluster size of 324 mm3. This yielded a corrected

threshold of P < 0.05, determined by Monte Carlo simulation (see

program AlphaSim by D.Ward. Parameters were single voxel

P = 0.005, FWHM = 4 mm, with mask. http://afni.nimh.nih.gov/

pub/dist/doc/manual/AlphaSim.pdf). The following calculations

were restricted in these results to avoid any possible bias. Sec-

ondly, to explore whether longitudinal changes in the functional

connectivity network in RGD patients and controls may differ and

locate the potential abnormal brain regions, longitudinal changes

(the z-maps at follow-up subtract those at baseline within each

group) were determined using the REST Image Calculator. Then,

the longitudinal changes in RGD group and controls were entered

a two-sample t-test to detect the functional connectivity abnor-

mally changed brain regions also in a voxel-wise manner with the

single voxel threshold of P < 0.005 and minimum cluster sizes of

324 mm3 (the lengths of follow-up were taken here as covariate).

Statistical Analysis

For the nonnormal distribution of the neuropsychological data,

nonparametric Mann–Whitney U-tests (MWU) were used for

group comparisons of demographic and neuropsychological per-

formance (statistical significance was set at P < 0.05). The further

correlation analysis between fMRI data and neuropsychological

performances was then undertaken. Masks of abnormal brain

were extracted. Second, mean z-values of these abnormal regions

within each RGD patient were calculated based on the masks

extracted above. The analyses were performed using the REST

Extract ROI Series also from REST tool kit. Pearson’s correlation

analyses were then performed to examine correlations between

abnormal brain region’s z-values and neuropsychological perfor-

mance of RGD patients using SPSS 17.0 software (SPSS, Inc., Chi-

cago, IL, USA).

Results

Clinical and Neuropsychological Results

Both groups showed no significant differences in age, education,

and gender distributions. Control subjects displayed cognition

within the normal range at both baseline and follow-up. Com-

pared with the controls, the RGD patients showed significant defi-

cits in the performances of AVLT-delayed recall, TMT-A and B,

symbol digit modalities test and DST at baseline. After the follow-

up, the performance of AVLT-delayed recall and DST in RGD were

still worse than controls, but no significant differences were found

in TMT-A and B and DST. We also found that the RGD patients

show significant improvement in TMT-A and DST, but slightly

decline in AVLT-delayed recall, compared with their performance

of baseline (see Table 1).

Functional Connectivity

Reliability

The functional connectivities of the PCC were performed sepa-

rately, and the patterns were shown in each of four groups (both

RGD group and control group at baseline and follow-up see

Figure 1). These patterns were in line with the PCC functional

connectivity network detected in previous studies, which

generally consisted of posterior and anterior cingulate cortex and

medial temporal lobes.

Longitudinal Change in the PCC Functional
Connectivity Network

After the follow-up at around 21 months, the longitudinal change

in PCC functional connectivity network in the RGD patient was

found significantly altered from those of controls in certain

regions (see Figure 2). Furthermore, the longitudinal change

between PCC and cerebellum posterior lobe was found positively

correlated with the longitudinal change in the AVLT-recall score

(see Figure 2A), longitudinal change in PCC functional connectiv-

ity between PCC and right parahippocampal gyrus was found pos-

itively correlated with the longitudinal change in TMT-A score
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(see Figure 2B), and longitudinal changes in functional connec-

tivity between PCC and supramarginal_R were negatively corre-

lated with longitudinal change in MMSE (see Figure 2C).

Discussion

Using the resting-state fMRI to explore the PCC functional con-

nectivity network and the correlations between altered connectiv-

ity and cognitive performance in RGD patients, three major

findings were generated.

Firstly, RGD patients still demonstrated a poorer cognitive func-

tion than controls after follow-up, especially in the functions of

auditory memory (AVLT-delayed recall) and attention span

(DST). These findings were partly in line with previous studies

[7,37]. However, it was notable that the RGD patients also showed

a greater improvement in executive function (TMT-A and B) at

follow-up. The antidepressant treatment might, at least in part, be

responsible for this improvement, although it showed no positive

effect on auditory memory and attention.

Secondly, the longitudinal changes between PCC and cerebel-

lum posterior lobe, limbic lobe, temporal lobe, and frontal lobe

were found to be significantly less in the RGD patients than the

controls, while the changes between PCC and parietal lobe

were found to be significantly more severe. These patterns of

RGD patients indicated a compensatory redistribution and

mobilization of the neural resource, particularly in which the

parietal lobe was more likely to be affected compared with the

controls.

There has been little information available about the strength of

functional connectivity in the RGD patients, but it was found that

in AD patients, there is increased functional connectivity between

frontal cortex and temporal cortex [38] or between frontal cortex

Figure 1 The one-sample t-test images show the functional connectivity of PCC in RGD patients and controls at baseline and follow-up, which indicate the

DMN patterns. Thresholds were set at a corrected P < 0.05.
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and hippocampus [39] in resting state. These results were inter-

preted as a recruitment of additional neural resources in prefrontal

regions to compensate for losses of neural networks in the other

regions [40,41]. In our study, the increase in functional connec-

tivity between PCC, right parahippocampal gyrus and right supra-

marginal gyrus was also considered as a compensation. However,

the results showed improvements in processing speed and execu-

tive function (TMT-A and B) in the RGD patients, but at the same

time, the increase in functional connectivity was positively corre-

lated with the score of TMT-A, which indicated that though the

recruitment of additional neural resources might help to maintain

cognitive function, but at the stage of follow-up, the increase in

functional connectivity would later indicate greater cognitive

impairment.

Thirdly, we found that RGD patients tended to have their cer-

ebellum greatly affected at follow-up. The increased functional

connectivity between PCC and posterior cerebellum in RGD

patients correlated positively with the AVLT score, which

implied this increased connectivity would help to maintain the

cognitive function, especially auditory memory. It was believed

that the cerebellum was well preserved during the progress of

cognitive impairment, while recent studies found that the cere-

bellum could be subtly altered even at early stages of cognitive

impairment [42,43]. Our findings also suggested that the cere-

bellum was involved in the progress of cognitive deficits in RGD

patients, and these involvements might be potential important.

At the detected stage when the compensation of cerebral struc-

ture is unable to maintain cognitive function, the cerebellum

structure would have an important role in maintaining aspects

of cognitive function.

Of course, there are technical and biological limitations

involved in this study that must be acknowledged. Firstly, this

longitudinal study only has a relatively small sample size, and the

term of longitudinal follow-up is also limited. So the findings may

not be very categorical and involve some bias due to the sample

size. The longitudinal term covered a mean period of 21 months,

but it might still not be able to measure the progression of geriatric

depression. The longitudinal changes in cognitive deficits along

with correlations between cognitive deficits and functional con-

nectivity may serve as markers of progression of geriatric depres-

sion to some extent, but further longer follow-up may be

necessary to detect the cognitive dysfunction which can be more

severe at later stages. Furthermore, variability in the follow-up

period of each patient might have an effect on the outcome. Sec-

ondly, although the participants were asked to rest with their eyes

closed, subtle motor or oculomotor movements will inevitably

cause cerebellar activities [44]. These activities will in turn affect

the acquired resting-state data. Thirdly, a different processing

method might be more appropriate. For the most important part,

using T1 templates separately for normalization may be more pre-

cise than using the EPI templates while conducting the prepro-

gressing, and with the longitudinal follow-up of 21 months,

differences in scanner function may result in subtle differences in

image acquisition.
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(A) (B) (C)

Figure 2 Maps of longitudinal changes in functional connectivity of PCC in RGD vs. controls. Thresholds were set at a corrected P < 0.05 determined by

Monte Carlo simulation. L, left; R, right. RGD patients show significant longitudinal changes vs. controls in the following regions: 1. cerebellum posterior

lobe, 2. cerebellar tonsil, 3. L inferior temporal gyrus, 4. R parahippocampal gyrus, 5. L middle temporal gyrus, 6. L middle temporal gyrus, 7.

supramarginal_R, 8. L middle frontal gyrus, 9. L superior frontal gyrus. (A) Longitudinal changes in functional connectivity between PCC and cerebellum

posterior lobe were positively correlated with longitudinal changes in AVLT-recall in RGD patients (Spearman’s q = 0.550, P = 0.042, two-tailed), (B)

Longitudinal changes in functional connectivity between PCC and right parahippocampal gyrus were positively correlated with longitudinal changes in trail

making test-A in RGD patients (Spearman’s q = 0.631, P = 0.015, two-tailed), (C) Longitudinal changes in functional connectivity between PCC and

supramarginal_R were negatively correlated with longitudinal changes in MMSE in RGD patients (Spearman’s q = �0.630, P = 0.016, two-tailed).
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