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Abstract

Objective: Previous studies of imaging predictors on acute treatment response in late life 

depression (LLD) demonstrated that poor response to selective serotonin reuptake inhibitors 

(SSRI) is associated with pre-treatment low functional connectivity (FC) within executive control 

network and high FC within default-mode network including the ventromedial prefrontal cortex 

(vmPFC). However, there is less research in regional resting-state functional activity that explains 

FC changes related to SSRI response.

Methods: Thirty-six older MDD patients not currently on antidepressant treatment had a 

baseline, pre-treatment resting state functional magnetic resonance imaging scan, followed by 

sertraline treatment for 12 weeks. Depression severity was assessed using the Montgomery-Åsberg 

Depression Rating Scale (MADRS). Subjects whose MADRS score decreased < 50% from 

baseline or who discontinued sertraline for any reason were classified as non-responders (n=21). 

Subjects whose 12-week MADRS score dropped ≥ 50% from baseline were defined as responders 

(n=15). We conducted the amplitude of low-frequency fluctuation (ALFF) and region of interest 

(ROI)-to-ROI FC analyses independently. Significance threshold was set at p<0.05 with FDR 

correction for multiple comparisons.

Results: Relative to the responder group, the non-responder group showed significantly less 

ALFF in the dorsomedial prefrontal cortex (dmPFC), and greater ALFF in the vmPFC/subgenual 

cingulate area. For ROI-to-ROI connectivity, there was significantly greater connectivity between 

the vmPFC and the cerebellar vermis in the non-responder group. 

Conclusion: Our study highlighted the association of vmPFC resting state activity and 

connectivity with SSRI response. Future studies are warranted for understanding the role of 

vmPFC-vermis connectivity in late-life depression.
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Introduction

Major depression occurring in later life, also called late-life depression (LLD), is common in 

older adults (60 years and older).1 Among community-dwelling elderly, about 15% 

experience clinically significant depressive symptoms, with 2– 4% suffering from major 

depression and approximately 10% having minor depression2, 3, 4, 5 LLD patients have a 

poorer response to antidepressants compared with younger depressed patients, due in part to 

aging-related brain changes.6

Selective serotonin reuptake inhibitors (SSRIs) are considered first-line antidepressant 

treatment for LLD.7 SSRIs have good efficacy and better tolerability compared with other 

antidepressants like tricyclic antidepressants (TCAs), and are associated with significantly 

lower orthostatic, cognitive, anticholinergic, and cardiovascular adverse effects.8, 9, 10, 11 

Despite being generally effective, about 30% of patients fail to respond to SSRIs at adequate 

doses.12,13 Identifying individuals who may or may not respond to an SSRI before treatment 

is important for therapeutic planning. Neuroimaging may represent one tool that can inform 

efforts aimed prediction of response to specific interventions.

Structural and functional magnetic resonance imaging have been used to identify 

neuroimaging predictors of SSRI response in older depressed patients. A study using 

diffusion tensor imaging reported that relative to those who achieved remission (N=25), 

LLD patients who failed to achieve remission (N=23) had lower fractional anisotropy, a 

measure of structural integrity, in multiple frontal limbic brain areas, including the rostral 

and dorsal anterior cingulate (ACC), dorsolateral prefrontal cortex (dlPFC), genu of the 

corpus callosum, white matter adjacent to the hippocampus, multiple posterior cingulate 

cortex (PCC) regions, and insular white matter.14 A fMRI study using an executive-control 

task revealed that LLD patients (n=13) showed lower activation in the left dlPFC and weaker 

dlPFC-ACC connectivity relative to controls (n=13) pre-treatment but had increased 

activation in the right dlPFC post 12 weeks of paroxetine.15 There were also a few studies 

using fMRI during resting state. A study on resting state functional connectivity (FC) in 16 

LLD and 10 control subjects revealed that at baseline, LLD patients had low FC within 

executive control network (ECN including dlPFC) and high FC within default-mode 

network (DMN, such as posterior cingulate-PCC) compared with the control group. Lower 

ECN at baseline predicted lower remission rate after 12-week treatment with escitalopram.16 

Although the study by Andreescu et al 17 did not find changes in ECN, they found increased 

FC in the left striatum in the treatment-resistant participants relative to treatment-responsive 

participants, and the PCC-striatum FC increase remained significant even after adjusting for 

white matter hyperintensity burden. A recent study from the same group longitudinally 

scanned 33 late-life depression patients five times within 12-week venlafaxine medication. 

They found that in addition to the changes in the executive control network (ECN, seeded 

from dorsolateral prefrontal cortex) and default mode network (DMN, seeded from posterior 
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cingulate) over time, non-remitters showed significantly increased eigenvector centrality 

(EVC, a measure reflecting how a region is densely connected with other regions) in the 

medial prefrontal cortex (mPFC), and decreased ECV in the inferior frontal cortex (IFG) in 

relative to remitters.18 Overall, these studies suggest that poor response to SSRI in LLD 

could be related to reduced dorsal ECN and increased DMN activity/connectivity as well as 

micro-structural damage in the prefrontal area.

While the above studies characterized structural and functional connectivity changes in SSRI 

non-responders relative to responders in LLD, very few have directly examined resting-state 

activity. The amplitude of low-frequency fluctuation (ALFF), which measures the 

fluctuation strength of low-frequency blood oxygen level-dependent (BOLD) signals, is 

considered to reflect spontaneous neural activity of the brain. We believe fMRI is more 

sensitive than structural MRI in monitoring neural changes related to medication and resting 

state activity (such as ALFF), which is less influenced by task performance than task-related 

fMRI, is more feasible to be used as potential neuroimaging predictors of medication effect. 

Examining ALFF during resting state not only can detect regional neural activity changes in 

SSRI non-responders relative to responders in LLD, but also can allow us to better explain 

changes of seed-based FC.

Therefore, the present study focused on identifying pre-treatment resting-state fMRI 

predictors of treatment response in older unmedicated depressed adults using ALFF and 

seed-based FC. All patients were subsequently treated with sertraline for 12 weeks to 

identify responders and non-responders. We hypothesized that lower resting activity within 

the dorsal prefrontal regions (within the ECN) and higher activity within the default-mode 

network regions (including the ventromedial prefrontal cortex, vmPFC) would be related to 

poor response to 12-week treatment.

Materials and methods:

Participants:

The study was approved by the institutional review boards of the University of Connecticut 

Health Center and Hartford Hospital. All subjects were provided information about the 

study, including a review of the consent form, and then provided written, informed consent 

to participate. Depressed subjects (N=38) were recruited from a volunteer registry, clinic 

referrals, newspaper advertisements, and community presentations. Inclusion criteria 

included age 60 or above, ability to read and write English, Mini-Mental State Exam 

(MMSE) score 27 or greater, and currently meeting criteria for major depression. Exclusion 

criteria were current antidepressant treatment, other mental or neurological illness, 

contraindication for performing fMRI, and contraindication for sertraline treatment. While 

we did not specifically exclude other classes of psychotropics, we did exclude other major 

psychiatric disorders. As a result, no subject was on another type of psychotropics at the 

time of the MRI scan.
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Baseline Assessments:

A study psychiatrist interviewed each subject to establish a clinical diagnosis of major 

depression and then administered the Montgomery-Åsberg Depression Rating Scale 

(MADRS)19 to assess depression severity.

MRI scanning

After baseline clinical assessment, subjects were scanned with a Skyra 3T scanner (Siemens, 

Erlangen, Germany) with 32 surface coils at the Olin Neuropsychiatry Research Center at 

the Institute of Living at Hartford Hospital. Both functional and structural MRIs were 

acquired axillary paralleled with the anterior commissure-posterior commissure (AC-PC) 

line. The acquisition parameters for the structural magnetization-prepared rapid gradient-

echo (MPRAGE) images were: TR/TE=2200/2.88 ms, flip angle=13°, 

matrix=220×320×208, voxelsize 0.8×0.8×0.8mm. The seven-minute resting functional 

images were acquired using a simultaneous multislice echo-planar imaging (EPI) sequence 

(factor=8) with TR=475ms, TE=30ms, flip angle=60°, matrix=80×80×49, and 

voxelsize=3×3×3mm. During the fMRI scanning, subjects were instructed to relax with their 

eyes opened without falling asleep; after scanning, each subject confirmed not falling asleep 

during scanning.

Intervention

After the imaging scan was performed, all depressed subjects were offered open-label 

treatment with sertraline for 12 weeks. Individuals taking antidepressants at baseline who 

otherwise met inclusion criteria, underwent a study-related two-week medication washout 

with weekly telephone contact to assess clinical status and provide in-person assessments as 

warranted. Because of its long half-life, individuals taking fluoxetine at baseline were 

excluded.

Among the 38 subjects, two subjects were excluded because of artifacts in images. 

Therefore, we report results based on remaining 36 subjects. For sertraline dosing, subjects 

younger than 80 years old (N= 28) were started on 50 mg daily for two weeks to rule out 

drug sensitivity and minimize risk of side effects, then were increased to 100 mg daily. The 

protocol was flexible, allowing for the dose to be increased by 50 mg every two weeks, up to 

a maximum dose of 200 mg daily. The study physician could start patients on a lower dose 

based on clinical factors including patient history. Subjects 80 years and older (N= 8) were 

started on 25 mg and increased to 50 mg daily after two weeks. The dose could be increased 

by 25–50 mg every two weeks, up to a maximum 200mg daily. For subjects who might 

experience problems with tolerability, the protocol allowed for the dosing to be reduced to a 

previous level.

Individuals with difficulty tolerating sertraline, leading to discontinuation, (N= 15) were 

offered a switch to standard doses of bupropion or desvenlafaxine through the study, and if 

neither medication was appropriate, the study psychiatrist worked with the subject to 

identify appropriate antidepressant treatment and those subjects were not included in the 

study.
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We defined responders as a 50% or greater decrease in the MADRS score from baseline.20 

Non-responders were defined as failing to achieve a 50% decrease in MADRS from 

baseline, or discontinuation of the medication before the twelve weeks due to side effects.

Data processing and analysis:

The resting-state fMRI data was preprocessed using the default settings of functional 

connectivity (CONN) toolbox v17a21 including functional realignment with motion 

estimation and correction, centering functional data to origin coordinates, functional outlier 

detection using ART-based identification of outlier scans for scrubbing, functional and 

structural segmentation, coregistration, normalization, and smoothness using a Gaussian 

kernel of 8 mm3. After preprocessing, images were then band-pass filtered to 0.008 ~0.09 

Hz. Other de-noising steps included regression of the six motion parameters and their first-

order derivatives, and regression of white matter and cerebrospinal fluid (CSF) signals. 

Preprocessing quality assurance was check for each preprocessing step and each subject. No 

additional subjects (except the two who had artifacts in their images) were excluded using 

Conn toolbox’s default criteria of excluding subjects with head motion over 2mm.

Amplitude of Low-Frequency Fluctuation (ALFF) and Functional Connectivity (FC) 
Analysis:

ALFF is a quantitative measure of neural oscillation strength during resting state22, and 

research has revealed ALFF alterations in several psychiatric disorders.23 We computed 

whole-brain voxelwise ALFF from each subject’s preprocessed images using the DPABI 

V2.3 package (http://rfmri.org/dpabi). The amplitudes in subject-level maps were 

transformed into Z-scores to create standardized subject-level maps. Anatomical images and 

Z-score maps are then transformed into MNI152 standard space. In parallel, using the 

regions of interests (ROI) atlas provided by CONN toolbox v17a21, we computed ROI-to-

ROI functional connectivity (FC) for each participant. The default atlas provided by CONN 

toolbox included an atlas of cortical and subcortical areas from the FSL Harvard-Oxford 

Atlas, as well as cerebellar areas from the AAL atlas; and a few commonly used networks 

and areas (e.g., DMN included medial prefrontal cortex-MPFC, posterior cingulate-PCC, 

right lateral parietal cortex-RLP and left parietal cortex -LLP areas). We used atlas-based 

ROIs instead of using significant clusters from ALFF as ROIs to avoid circular analysis.

Two-sample t tests on baseline ALFF and FCs between sertraline responders and non-

responders were computed and effect of age, sex, and baseline MADRS were controlled. 

Significance level for both analyses was set at p < 0.05 with a False Discovery Rate (FDR) 

correction for multiple comparisons using the programs of DPABI (statistical analysis for 

ALFF) and CONN toolbox for functional connectivity.

Results

Demographic characteristics of the sample are shown in table 1. The two groups were of 

similar age, sex, educational attainment, and baseline MADRS. As expected, the MADRS 

score decreased significantly (t32=3.58, p<0.001) at the twelve-week follow-up for the 
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responder group (mean MADRS of 3.86) compared with the non-responder group (mean 

MADRS of 12.1).

Neuroimaging Results

A two-sample t test on ALFF revealed that relative to the responder group, non-responders 

showed significantly stronger baseline ALFF in the vmPFC/subgenual cingulate area, 

inferior frontal gyrus area (i.e., IFG/vlPFC), and dorsal anterior cingulate (dACC), as well as 

significantly lower ALFF in the left and right precuneus, and left precentral and the 

dorsomedial prefrontal (dmPFC) cortices (Table 2 and Figure 1).

A two-sample t tests on ROI-to-ROI FCs revealed that compared with the responders, non-

responders had greater functional connectivity between left frontal pole and cerebellum 

lobule 6 (t32=4.49, p=0.014, FDR correction), and between the left lateral parietal cortex of 

the default mode network (DMN) and cerebellar vermis 7 (t32=4.37, p=0.0202, FDR 

correction, Figure 2). A permutation test with 5000 iterations confirmed these results. 

Interestingly, there were overlaps in some voxels between the atlas-based left frontal pole 

and the significant vmPFC cluster identified from the ALFF analysis (Figure 3). Therefore, 

there were both greater vmPFC ALFF and stronger vmPFC-cerebellum FC in the non-

responder group relative to responders. Of note, the frontal pole (vmPFC) and cerebellum 

lobule 6 were negatively correlated in both groups, with the non-responder group showing a 

less negative correlation. Similarly, the responder group had negative lateral parietal – 

vermis correlation, whereas non-responders had a positive (or no) correlation.

Discussion

In our twelve-week prospective study on LLD subjects initially treated with sertraline, we 

used baseline resting state fMRI to detect activity/connectivity features to predict subsequent 

treatment response. We found that relative to sertraline responders, non-responders had 

significantly lower ALFF in the dmPFC, and higher ALFF in the vmPFC/subgenual 

cingulate area. There was also significantly greater connectivity between the vmPFC and 

cerebellar vermis in the non-responders relative to responders. In addition to dorsal and 

ventral PFC, our results also highlighted the importance of the resting connectivity between 

both the vmPFC and cerebellum in prediction of SSRI responses in late-life depression.

While both dmPFC and vmPFC are parts of the mentalizing network (Gallagher and Frith, 

200324; Amodio and Frith, 200625), they seem to play different roles. The dmPFC is more 

related to executive inhibition32, 33, 34 and decision making, and the vmPFC is more related 

to self-referential thoughts and rumination26,27,28. Lower dmPFC and higher vmPFC resting 

activity in Sertraline non-responders relative to responders at baseline suggest that non-

responders might have deficits in attention inhibition on self-related rumination. In a sense, 

our finding of lower ALFF of dmPFC in non-responders is analogue to previous findings 

that lower ECN activity predicted low remission rate and persistence of depressive 

symptoms16. The association of vmPFC activation with SSRI response has been frequently 

found in studies in young or middle aged depressive patients.29,30, 31, 32 Only one study in 

LLD noted decreased activation of the vmPFC in response to negative words was 

normalized after 7-month naturalistic treatments.33 Our results that higher vmPFC in the 
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non-remitters relative to remitters is consistent with this finding. Our recent study34 revealed 

that greater ALFF in the vmPFC and lower ALFF in the dmPFC was associated with higher 

neuroticism, and neuroticism has also been found less responsive to SSRI.35 Greater ALFF 

in the vmPFC and lower ALFF in the dmPFC in the non-responder group in our current 

study also might be related to neuroticism. However, we didn’t find significant difference in 

neuroticism score between the two groups (t=0.5755, p=0.5687). It might be other 

psychological factors affecting the results. Therefore, characterizing clinical features 

associated with resting vmPFC activity at baseline is important for selecting treatment 

strategy.

Another feature of our findings is the association of baseline cerebellum connectivity and 

treatment response in LLD. What is particularly intriguing about our findings is that non-

responders not only had greater resting activity in the vmPFC, but also had greater 

functional connectivity between vmPFC and cerebellar lobule 6. Cerebellar function is 

heterogeneous and complex and the regional cerebellar functions are not as specific as 

cerebral cortex. The cerebellar lobule 6 is frequently reported engaging in cognitive tasks, 

however, it is also involved in emotion perception.36 The cerebellum is one of the key 

regions that consistently identified mediating responses to antidepressant treatment.37 It not 

only contributes to motor function, planning, and coordination of movement, but also plays 

an important role in emotion and cognition.38 Anatomically, cerebellar regions have 

reciprocal connections with brainstem reticular nuclei39 and limbic and autonomic system 

regions40,41, 42, as well as rostral and caudal anterior cingulate.43 These connections are 

anatomical basis for the cerebellum’s involvement in emotion information processing. We 

previously found the PCC-vermis FC is correlated with depression severity.44 Therefore, it is 

not surprising that we found the association of greater synchronization between the 

cerebellum and vmPFC, caudate, and thalamus with poor sertraline treatment response. 

Similar findings were reported by Yamamura and colleagues45, i.e. greater thalamus activity 

in treatment resistant patients. We speculate that enhanced cerebellar-striatum/thalamus and 

vmPFC-cerebellar lobule 6 connectivity might reflect a sub-biotype of depression (such as 

those with psychomotor retardation or anxiety46 and worth further study in the future. Of 

note, one study in middle-aged depression showed reduced resting local cerebellar 

connectivity in antidepressant resistant patients (Guo et al, 2013). Future studies in a large 

sample to explore biotypes of depression and related clinical features should provide more 

meaningful information.

The study does have limitations, the most important being small sample size. Another 

limitation is that we used a treatment protocol that was not fully standardized, given that 

NBOLD is not a clinical trial. Given the initial dosage difference between individuals <80 

years old and those ≥80 years, and aging may impact on response to SSRI treatment as well, 

ideally we should examine interaction effect of age and SSRI responses on resting activity 

and connectivity. However, there were only 5 non-responders and 3 responders who were 80 

years or older which prevented further data analysis. Future studies of larger sample sizes 

that incorporate standardized treatment protocols and examine impact of aging are therefore 

warranted.
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Conclusion

Both our finding and prior studies have identified a role (albeit inconsistent in direction) for 

the vmPFC in association with SSRI treatment response in LLD patients. This neuroimaging 

marker should be explored in future research as a component of multivariate treatment 

prediction models in larger sized studies.
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Key points:

• High percentage of antidepressant non-response in LLD patients.

• Use of resting fMRI in determining biomarkers for selecting subsequent 

treatment.

• The vmPFC activity and connectivity in association with response to SSRI.
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Figure 1. 
Significant differences in ALFF of the non-responder relative to responder groups. Relative 

to responders, non-responders showed A) greater ALFF (red) in the subgenual and 

ventromedial prefrontal cortex (vmPFC)as well as the dorsomedial prefrontal 

cortex(dmPFC)/dorsal anterior cingulate cortex(dACC); B) Lower ALFF in the precuneus 

area (blue).
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Figure 2. 
Greater functional connectivity between the left frontal pole seed and cerebellar lobule 6 and 

between the left lateral parietal seed and vermis 7 in Sertraline non-responder group relative 

to responder group.
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Figure 3. 
Illustration of the locations of the frontal pole seed (red) during the ROI-to-ROI analysis and 

the vmPFC cluster (green) that its ALFF was significantly greater in Sertraline non-

responders relative to responders as shown in Figure 1. The voxels in yellow are overlaps 

between the frontal pole seed and the vmPFC cluster.
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Figure 4. 
Significant correlations between two functional connectivity pairs (the left nucleus 

accumbens and cerebellar lobule 10; the left thalamus and vermis 3) and MADRS changing 

score after 12-week Sertraline treatment.
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Table 1.

Comparisons of the demographics between the Sertraline responder and non-responder groups (two sample t 

tests on continuous variables and chi-square tests on categorical variables)

Variable Responders (N=15) Non-responders (N=21) P-Value

Age in years mean (±SD) 73.2(±6.71) 73.571(±7.553) 0.87

Female gender, N (%) 10(66.6) 13(61.9) 0.76

Race

 White, N (%) 14(93.3%) 21(100%)

 African American, N (%) 1(6.7%) 0(0%)

Education, years, mean (±SD) 14.9(±3.2) 15.14(±2.3) 0.82

MMSE
†
 score (±SD)

29.5(±0.63) 29.3(±1.35) 0.46

MADRS
≠

 score

 Baseline, mean (SD) 18.67(±5.15) 20.14(±5.6) 0.42

 At 12 weeks, mean (SD) 3.86(±3.1) 12.1(±6.5) 0.005*

Episodes of depression 1, N (%) 2(13.3) 5(23.8)

 More than 1, N (%) 8(53.3) 6(28.5)

 Don’t know/NA, N (%) 3(20%) 9(42.8)

 More than or equal 95, N (%) 2(13.3) 1(4.7)

†
Mini mental state examination

≠
Montgomery-Asberg Depression Scale

*
Indicates a significant statistical difference with P<.05.
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Table 2.

The regions and peak co-ordinates that revealed significantly difference in ALFF between the responder and 

non-responder groups (in MNI space)

Contrasts Regions Hemi-sphere Cluster voxelsize Z score Peak co-ordinates

Non-responders > responders

Ventromedial prefrontal cortex 
(Subgenual cingulate)

Left 44 −4.18 −8, 30, −24

Ventrolateral prefrontal cortex Left 56 −3.36 −20, 24, −20

Dorsal anterior cingulate Left 17 −3.21 −8, 50, 0

Non-responders < responders

Dorsomedial prefrontal cortex Medial 68 3.83 0, 48, 28

Precuneus Right 25 3.46 14, −48, 64

Precuneus Left 6 3.12 −10, −50, 54

Frontal eye field Left 79 4.02 −36, −2, 53
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