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Abstract

Objective—Depression and anxiety and are associated with cognitive deficits and brain changes, 

especially in older adults. Despite the frequent co-occurrence of these conditions, cognitive 

neuroscience studies examining comorbid depression and anxiety are limited. The goal of the 

present study was to examine the unique and combined effect of depressive and anxiety symptoms 

on cognitive and brain functioning in young and older adults.

Methods—Seventy-one healthy, community-dwelling adults between the ages of 18 and 81 were 

administered a neuropsychological battery and completed the Center for Epidemiologic Studies 

Depression Scale (CES-D) and the trait form of the State-Trait Anxiety Inventory (STAI-T). A 

subset of 25 participants also underwent functional magnetic resonance imaging (fMRI) scanning 

while completing the n-back working memory task.

Results—Total depressive symptoms, depressed mood symptoms, and somatic symptoms were 

associated with deficits in speed, working memory and executive functions, especially in older 

adults. Symptoms of lack of well-being were not associated with any neuropsychological test. 

Anxiety was associated with better attention and working memory. Moreover, anxiety modified 

the relationship between depressive symptoms and executive functioning in older adults, as 

elevated depressive symptoms were associated with worse performance at low levels of anxiety, 

but not at higher anxiety levels. Similarly, analysis of fMRI data showed that total depressive 

symptoms and depressed mood symptoms were associated with decreased activity in the superior 

frontal gyrus at low anxiety levels, but not at high anxiety levels.

Conclusion—Results confirm previous reports that subthreshold depression and anxiety impact 

cognitive and brain functioning and suggest that the interaction of depression and anxiety results 

in distinct cognitive and brain changes. Findings highlight the importance of assessing and 

controlling for symptoms of depression and anxiety in research studies of either condition.
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INTRODUCTION

The frequent co-occurrence of depression and anxiety has long been recognized. As many as 

40–50% of patients with major depression have comorbid anxiety disorders [1–5]. Evidence 

suggests that the combination of depression and anxiety leads to worse outcomes and 

response to treatment compared to either disorder alone [6–11], highlighting the importance 

of research that examines the interactive effect of depression and anxiety on the broad 

spectrum of possible outcomes. This may be particularly pertinent for older adults, as 

research has shown that in many cases, the adverse impact of depression and anxiety is 

greater at older ages [12–14]. Moreover, the co-occurrence of depression and anxiety may 

be even higher in older adults. According to a recent report, anxiety symptoms are present in 

67% of older adults with subthreshold depression and 87% of those with clinical depression 

[15].

Both depression and anxiety are associated with cognitive deficits and changes in brain 

structure and function. Numerous studies have documented reduced cognitive functioning in 

major depression compared to controls, as well as a linear relationship between higher 

depressive symptoms, even at a subthreshold level, and lower cognitive functioning [16–21]. 

Deficits are most consistently seen on tasks of episodic memory, working memory, 

attention, and executive functioning, and are often seen exclusively or disproportionately in 

older adults compared to young adults [13, 14]. Corresponding with these cognitive changes 

are findings from the neuroimaging literature that document depression-related structural 

and functional brain changes in a network of frontolimbic regions, which underlie 

performance on memory, attention, and executive tasks. Findings include reduced regional 

brain volumes, altered functional activity, and increases in white matter lesions [22–26].

Findings on the relationship between anxiety and cognitive performance are mixed [27–33]. 

Investigations comparing patients diagnosed with anxiety disorders, such as obsessive-

compulsive disorder, generalized anxiety disorder, and post-traumatic stress disorder 

typically find anxiety-related attentional biases, executive dysfunction, and memory deficits 

[34, 35]. In contrast, although some studies have reported a linear relationship between 

subthreshold anxiety and cognition in older adults [32, 36, 37], many studies in young and 

older adults show an inverted U-shaped function, such that an intermediate level of anxiety 

symptoms is associated with optimal cognitive performance, while low and high severity are 

related to worse functioning [16, 38, 39]. Neuroimaging studies of clinical and subthreshold 

anxiety suggest that increased anxiety is associated with decreased volumes in the 

hippocampus and other temporal regions [40, 41], heightened amygdala and insular activity 

and reduced prefrontal and temporal activity [42–47].

Despite the frequent comorbidity of depression and anxiety, few studies have examined the 

unique and interactive effect of the two on cognitive and brain functioning. There is 

evidence that mixed depression and anxiety in late life is associated with worse visual 

memory compared to controls [48], and a longitudinal study [49] found greater decline in 

memory over 4 years in anxious depression compared to non-anxious depression. In another 

study, general cognitive status was better predicted by combined depression and anxiety 

than by either variable alone [37]. Similarly, studies in young adults show memory deficits 
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in mixed depression and anxiety compared to controls [50, 51], as well as poor verbal 

fluency, speed, and executive functioning in depression with comorbid anxiety compared to 

non-anxious depression [52]. Functional imaging studies in older adults have found that 

compared to depression without anxiety, mixed depression and anxiety is associated with 

great activation in the right hemisphere dorsal anterior cingulate cortex (ACC), posterior 

cingulate, and precentral gyrus during an executive task, and with lower default mode 

network activation in the rostral ACC, medial prefrontal cortex (PFC), and orbitofrontal 

cortex [53, 54]. This parallels functional studies in young adults during emotion processing 

tasks, which have documented increased activation in middle frontal regions and the insula 

as a function of heightened anxiety in mixed major depression/generalized anxiety disorder 

patients [55], as well as reduced activity in the hippocampus [40].

The goal of the present study was to add to the limited cognitive neuroscience research on 

the combined effect of depression and anxiety in late life. In a sample of young and older 

adults, we examined the unique and combined effect of subthreshold symptoms of 

depression and anxiety on neuropsychological test performance and brain activity measured 

with functional magnetic resonance imaging (fMRI) during a working memory task. We 

also examined the impact of age on the relationships of depressive and anxiety symptoms 

with cognitive and brain functioning. We predicted that depressive symptoms would have a 

linear relationship with deficits in memory, attention, and executive functions, and that this 

relationship would be modified by symptoms of anxiety. For the fMRI data, based on 

previous findings of heightened frontal activity during working memory tasks in depression 

[56, 57], we hypothesized that depressive symptoms would be associated with hyperactivity 

in frontal brain regions, and this effect would be accentuated in individuals with high 

symptoms of anxiety.

METHODS

Participants

The cognitive sample included 71 healthy, community dwelling adults between the ages of 

18 and 81; the neuroimaging sample included a subset of 25 adults between the ages of 18 

and 75 who were enrolled after the neuroimaging substudy began, had no MRI 

contraindications, and were interested in participating in the fMRI portion of the study 

(Figure 1). Participants were recruited from the University of Florida and the surrounding 

area via the Claude D. Pepper Registry for Research, local flyer and newspaper 

advertisements, and public service announcements. All participants were right-handed, 

native English speakers with normal or corrected-to-normal vision, and at least 9 years of 

education. Exclusionary criteria included history of major medical or neurological illness, 

head trauma, learning disorder, current antiepileptic or antipsychotic use, and language 

comprehension difficulties. Participants were given the mood disorders, psychotic screener, 

substance use disorders, and anxiety disorders modules of the Structured Clinical Interview 

for DSM-IV Axis I Disorders [SCID-IV; 58] to assess the presence of major 

psychopathology, other than unipolar depression or anxiety disorders, that would be an 

exclusionary criteria. All subjects scored higher than 30 on the Telephone Interview for 

Cognitive Status [TICS; 59], which has 94% sensitivity and 100% specificity for 
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differentiating demented and cognitively intact individuals at this cutoff score. Participants 

who underwent fMRI met standard magnetic resonance imaging (MRI) safety criteria. All 

participants gave written and verbal consent to participate in the study, and the protocol was 

approved by the University of Florida Health Science Center Institutional Review Board. 

Sample demographic data are presented in Table 1.

Measures

Symptoms of depression were assessed with the Center for Epidemiologic Studies 

Depression Scale [CES-D; 60], a 20-item self-report measure of the frequency and severity 

of depressive symptoms experienced in the past week. This widely-used measure has been 

validated in both young and older community-dwelling adults [61, 62] and has a well-

replicated factor structure that includes subscales for depressed mood, somatic symptoms, 

lack of well-being, and interpersonal symptoms [63]. Statistical analyses used continuous 

measures of CES-D total and subscale scores. The interpersonal symptoms scale was not 

analyzed due to the restricted range of the scale, which includes only 2 items.

The State-Trait Anxiety Inventory [STAI; 64] was administered to measure symptoms of 

anxiety. The STAI is a 40-item questionnaire that measures situational (i.e., at the time of 

testing) and dispositional symptoms of anxiety, and yields separate scores for state and trait 

anxiety, respectively. Only the trait score (STAI-T) was used in the current analyses due to 

missing state scores at the time of fMRI scanning for some participants.

Participants were administered a neuropsychological battery that focused on measures of 

episodic and working memory, attention, and executive functions, which are known to be 

impacted by depression. Measures of episodic memory included the immediate recall and 

delayed recall scores from the Hopkins Verbal Learning Test, Revised [HVLT-R; 65] and 

Brief Visual Memory Test, Revised [BVMT-R; 66]. Attention, working memory, and 

executive functions were measured by the total scores on the Digit Span and Letter-Number 

Sequencing (LNS) subtests of the Wechsler Adult Intelligence Scale, Third Edition [67], and 

time to completion on the Trailmaking Test [68] parts A (TMT-A) and B (TMT-B).

Neuroimaging Procedure

During fMRI scanning, participants completed a letter variant version of the n-back task 

[69]. Participants were shown individual letters and were asked to indicate whether the 

stimuli were targets (33% of trials) or non-targets by pressing one of two buttons. Four 

separate conditions were presented: 0-back (target stimulus is the letter “X”), 1-back (target 

was any letter that was the same as the previous letter), 2-back (target was any letter that 

matched the letter two back from itself), and 3-back (target was any letter that matched the 

letter three back from itself). This paradigm allows for working memory to be examined 

over increasingly difficult trial conditions while maintaining consistency in all other 

stimulus processing and response demands. Each letter was presented for 750 ms with a 

fixed inter-stimulus interval of 3250 ms. Prior to each task block, instructions were read 

aloud to the participant. A fixation cross (“+”) presented for 16000 ms preceded the onset of 

the first letter in each block. Four blocks of 32 trials were presented in each condition and 

the order of the conditions was pseudo-randomized across participants. Stimuli were 
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presented using an Integrated Functional Imaging System hardware system (IFIS; 

Psychology Software Tools, Pittsburgh, PA) and a LCD screen viewed by participants via 

reflective mirrors positioned at the back of the magnet bore. Subject responses were made 

via an MRI-compatible keypad. Both accuracy and response latency were recorded by the 

IFIS system. Prior to entering the fMRI scanner, all participants practiced one block of each 

task condition (0- through 3-back) to ensure that they fully understood the task 

requirements. If accuracy was below 80 percent on any practice block, the block was 

repeated.

Image Acquisition and Preprocessing

MRI data was collected using a Philips 3-Tesla scanner at the University of Florida’s 

McKnight Brain Institute. Participants lay supine on the scanner bed and a standard 8-

channel head radio-frequency coil was placed over their head. Foam pads were used to 

minimize head motion. Functional MR images were acquired in 35 axial slices with 

approximately 30° rotation above the anterior commissure–posterior commissure (AC–PC) 

line using a T2*-weighted echo planar imaging (EPI) pulse sequence [repetition time (TR) = 

2000 ms; echo time (TE) = 30 ms; flip angle (FA) = 90°; field of view (FOV) = 24 cm; 64 × 

64 voxels at 3.75 mm3 with .4 mm slice gap]. Seventy-four volumes were acquired per run. 

Prior to acquiring functional data, a T1-weighted Magnetization Prepared Rapid Gradient 

Echo (MP-RAGE) high-resolution 3D anatomical scan (170 1-mm thick slices; TR = 2000 

ms; TE = 4.13 ms; FA = 8°; FOV = 24 cm; 256 × 256 voxels at 3.75 mm3) was performed 

to enable standardization of brain space on which to overlay functional data (Talairach and 

Tournoux, 1988).

Preprocessing and statistical analysis of MRI data was performed using BrainVoyager 

software (BVQX 2.4.0.2; Brain Innovation, Maastricht, the Netherlands). Functional data 

were motion-corrected and spatially smoothed with a Gaussian kernel (8 mm full width half-

maximum [FWHM]), followed by low-frequency non-linear drifts removal with a temporal 

high-pass filter of frequencies below 3 cycles per time course. Functional images were 

aligned with their respective high resolution 3D anatomical volumes using automatic 

standard BVQX co-registration procedures; manual alignment was subsequently conducted 

to ensure accurate co-registration. The 3D scans were transformed into Talairach space [70] 

to allow for group averaging.

Data Analysis

Cognitive data analysis—Cognitive data were analyzed using the PROC GLM 

procedure in SAS version 9.2 (SAS Institute, Cary, NC). Models included continuous 

measures of CES-D score, STAI trait score, and age as independent variables and race 

(white/non-white), years of education and sex as covariates. Independent variables were 

centered around the variable mean. For graphing purposes, an age cutoff of 50 was used for 

creating young adult and older adult groups. Separate models were performed for each of the 

aforementioned cognitive measures and for error rates and reaction times (RTs) excluding 

non-responses on the n-back task.
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fMRI data analysis—Whole brain voxel-wise statistical tests and follow-up contrasts on 

signal intensity in identified regions of interest (ROI) were examined using a two-step 

general linear modeling (GLM) approach [71]. First, an individual fixed-effects GLM was 

determined for every participant for each task. The GLMs utilized four predictors: 0-back, 1-

back, 2-back, and 3-back. Subsequently, separate-subject predictors random-effects GLM 

analyses were performed to determine main effects for the task (z-transformed time-course, 

in-brain functional image intensity threshold = 300). Hemodynamic response for each event 

was estimated by convolving each regressor with a standard two-gamma function (onset = 0, 

response undershoot ratio = 6, time to response peak = 5 sec, time to undershoot peak = 15 

sec, response dispersion = 1, undershoot dispersion = 1) [72]. This shifted the predicted 

hemodynamic response approximately 5 sec to account for expected delay. Parameter 

estimates (β) were generated, which indicated relative strength of covariance between the 

data and the hemodynamic response function (HRF). We used a 3D spatial contiguity 

threshold of 20 voxels and a statistical significance threshold of p ≤ .005 to decrease the 

likelihood of spurious findings. Localization of suprathreshold clusters of brain activity was 

verified using the “nearest gray matter” search function provided by Talairach Daemon 

software [73; http://www.talairach.org].

To examine whether anxiety and depressive symptoms impacted the observed working-

memory related brain activity, we conducted ROI GLMs over contiguous voxels centering 

on the areas of activation identified in the whole-brain analysis, from which beta weights 

were obtained. GLMs that paralleled the cognitive data analyses were conducted on the beta 

weights for each region.

RESULTS

Cognitive Results

Mean performance data for the cognitive tests are presented in Table 2; results of the 

cognitive data analyses are summarized in Table 3. An age × CES-D effect was observed for 

TMT-A [F(1,59) = 4.61, p =0.04] and LNS [F(1,59) = 6.19, p = 0.02] (Figure 2a). For both 

measures, higher CES-D scores were associated with worse performance in older adults, but 

with stable or better performance in young adults. Performance on Digit Span improved as a 

function of higher STAI-T scores, but this effect was greater in older adults [age × STAI-T; 

F(1, 59) = 4.79, p = 0.03] (Figure 3). Similarly, older adults with higher STAI-T scores 

performed better on LNS, although young adults did not show this association [age × STAI-

T; F(1,59) = 6.90, p = 0.01] (Figure 3). We observed an age × CES-D × STAI-T effect for 

TMT-B [F(1,58)= 4.83, p=0.03] (Figure 2b). In older adults, higher CES-D scores were 

associated with worse performance only in those with lower STAI-T scores, while 

depressive and anxiety symptoms were not associated with TMT-B scores in young adults.

Analysis of CES-D subscales revealed parallel results for depressed mood effects on TMT-B 

[age × depressed mood [F(1,59) = 9.20, p = 0.00; age × depressed mood × STAI-T [F(1,59) 

= 7.97, p = 0.01] (Figure 4a). Age differences on LNS were greater in individuals with 

higher somatic symptoms [F (1,60)= 3.97, p=0.05], but were attenuated on BVMT delayed 

recall as a function of higher somatic symptoms [F(1,60)= 6.56, p=0.01] (Figure 4b).
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fMRI Results

Analysis of activation associated with increasing working memory load on the n-back task 

revealed increased activity in a cluster in the frontal lobes that included the superior frontal 

gyrus (SFG; Brodmann area [BA] 10), prefrontal cortex (BA 9), and inferior frontal gyrus 

(BA 44), with peak activity in the right SFG, and in the left insula (BA 13) extending into 

the putamen (Figure 5a and 5b). Peak t-values and localization for all observed separable 

clusters of working memory activation are provided in Table 4.

ROI analysis of fMRI activity within clusters identified in the whole-brain analysis revealed 

a depressed mood × STAI-T effect for the SFG [F(1,17) = 4.83, p = .04] (Figure 5a). 

Working-memory related activity in the SFG increased on more difficult trials as a function 

of higher depressed mood scores in individuals with lower STAI-T scores, but decreased as 

a function of higher depressed mood scores in those with high STAI-T scores. Higher total 

CES-D and depressed mood scores were associated with increased activity in the insula 

[CES-D F(1,16) = 5.00, p = . 04; depressed mood F(1,17) = 6.73, p = . 0.02].

N-back Task Results

Performance data for the n-back are presented in Table 2. Data were missing for two 

participants, thus analyses were performed on 23 participants. Higher total depressive 

symptoms and depressed mood symptoms were associated with more errors [total CES-D 

F(1,15) = 7.02, p = 0.02; depressed mood F(1,16) = 9.06, p = 0.01]. Error rates generally 

increased on more difficult trials (i.e., higher working memory load), but individuals with 

the highest total CES-D and mood subscale scores made more errors on 1-back compared to 

2-back trials [working memory load × CES-D F(3,49) = 2.89, p=0.05; working memory 

load × depressed mood F(3,48) = 3.09, p = 0.04]. For RTs, higher lack of well-being scores 

were associated with greater increases in RTs at higher working memory load [F(3,45) = 

4.50, p = 0.01], but this effect was reduced at higher STAI-T levels [F(3,45) = 6.93, p = 

0.00].

DISCUSSION

This study examined the effects of depressive symptoms, anxiety symptoms, and their 

interaction on cognitive and brain functioning. We examined healthy young and older adults 

who presented with a range of depressive and anxiety symptoms, which allowed use to 

examine subthreshold symptoms. This focus is important as there is increasing recognition 

that subthreshold mood symptoms are particularly common in older adults and are 

associated with similar negative sequelae as clinical mood disorders [74, 75]. Despite the 

frequent comorbidity of depressive and anxiety disorders, cognitive neuroscience studies 

focusing on the unique and combined effects of depression and anxiety are limited. The 

present study was designed to address this gap in the literature.

We found effects of both depressive and anxiety symptoms on cognitive and brain 

functioning. At older ages, total depressive symptoms were associated with slower 

processing speed, as measured by TMT-A, and with worse working memory performance 

on LNS. The finding of an interactive effect of age and depressive symptoms is consistent 
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with previous studies showing that older adults may be particularly vulnerable to the adverse 

impact of depression [12–14]. Indeed, many studies of cognitive functioning in depressed 

young adults have failed to show effects, while cognitive studies in late-life depression yield 

more consistent results and generally show deficits in attention, working memory, episodic 

memory, and executive functions [18, 21].

Examination of the CES-D subscales and neuropsychological test performance revealed 

effects for the depressed mood and somatic symptoms subscales, but not the lack of well-

being subscale, consistent with our previous work [76–78]. Higher depressed mood 

symptoms were associated with deficits in executive functioning on TMT-B in older adults 

but not young adults. Additionally, age differences in working memory were greater in 

individuals with elevated somatic symptoms, but age differences in delayed visual memory 

were reduced as a function of higher somatic symptoms. Perhaps somatic symptoms in older 

adults are a reflection of physical changes that are correlated with white matter lesions in the 

brain, which are known to increase as a function of age and depression [79, 80]. Based on 

previous evidence that prefrontal white matter is most susceptible to aging and that such 

lesions are associated with deficits in frontally-mediated cognitive functions [81, 82], 

somatic symptoms might be expected to have a greater impact on working memory in older 

adults compared to visual memory.

Regarding anxiety symptoms, we found that higher trait anxiety was associated with better 

performance on Digit Span and LNS, measures of attention and working memory, and this 

effect was greater at older ages. Given our non-clinical sample, higher STAI-T scores 

correspond with moderate levels of anxiety rather than severe levels characteristic of anxiety 

disorders. Thus, our findings are consistent with studies reporting an inverted U-shape 

function in the relationship between anxiety and cognitive performance, such that moderate 

levels of anxiety are associated with better performance, while low and high symptoms are 

associated with performance deficits [16, 38, 39]. Interestingly, we found that anxiety 

moderated the impact of depressive symptoms on executive functioning. Higher total CES-

D and depressed mood symptoms were associated with deficits on TMT-B at low levels of 

trait anxiety, but not at higher anxiety levels. Since moderate anxiety is associated with 

better performance on some cognitive measures, it appears that anxiety counteracted the 

negative impact of depressive symptoms on executive functioning. This is contrary to 

previous investigations of mixed depression and anxiety, which have shown that comorbid 

depression and anxiety are associated with worse outcomes, including cognitive deficits, 

compared to either condition alone [37, 49, 52]. This discrepancy may be due to our 

examination of subthreshold depression and anxiety, rather than clinical conditions. Perhaps 

the unique and interactive effects of depression and anxiety differ as a function of severity 

level. This is an important area for future research considering the frequent comorbidity of 

depression and anxiety and the high prevalence of subthreshold conditions.

A subset of our sample underwent fMRI scanning while they performed the n-back working 

memory task. Consistent with other working memory studies, we found monotonic increases 

in activity in the PFC, inferior and superior frontal gyri, putamen and insula at higher 

working memory loads. Higher total depressive symptoms was associated with reduced 

activity in the SFG at higher working memory loads in individuals with high anxiety, but 
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with increased activity in those with low anxiety. This suggests that anxiety reduced the 

heightened frontal activity that has previously been shown in depression during working 

memory tasks [56, 57]. Analysis of n-back task performance showed that higher total 

depressive symptoms and depressed mood symptoms were associated with more errors on 

the n-back, consistent with the neuropsychological test results. Given the smaller sample 

size in the fMRI subsample, we did not examine whether the effect differed in young and 

older adults. In contrast to the neuropsychological test results, we also found an effect of the 

lack of well-being subscale on performance. Higher lack of well-being scores were 

associated with greater increases in RTs at higher working memory load, but higher trait 

anxiety reduced this effect. This finding parallels the fMRI activation results but should be 

interpreted with caution due to the small sample size in the neuroimaging subsample.

Taken together, our results confirm previous reports that subthreshold depression and 

anxiety impact cognitive and brain functioning, add to the growing literature showing that 

age may moderate these effects, and suggest that the interaction of subthreshold depression 

and anxiety results in distinct cognitive and brain changes. Findings highlight the 

importance of assessing and controlling for symptoms of depression and anxiety in research 

studies of either condition. Results also have implications for clinicians, as they suggest that 

older adults with comorbid symptoms of depression and anxiety may be at risk for cognitive 

deficits even in the absence of a diagnosis of major depression or an anxiety disorder. Future 

work should compare the unique and interactive effect of depression and anxiety on 

cognitive and brain functioning at both subthreshold and clinical levels, and should examine 

changes in functioning over time using longitudinal designs.
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Figure 1. 
Flow chart of participant enrollment for the cognitive and neuroimaging samples.
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Figure 2. 
Significant results from the analysis of total CES-D and neuropsychological test 

performance. (A) Age × CES-D effects for TMT-A and Letter-Number Sequencing. (B) Age 

× CES-D × STAI Trait effect for TMT-B. Age (cutoff of 50 years), CES-D, and STAI 

scores are presented as groups for ease of display, but were used as continuous variables 

centered around the mean in all analyses. CES-D = Center for Epidemiologic Studies 

Depression Scale; STAI= State-Trait Anxiety Inventory; TMT = Trailmaking Test.
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Figure 3. 
Significant anxiety effects on neuropsychological test performance. Age (cutoff of 50 years) 

and STAI scores are presented as groups for ease of display, but were used as continuous 

variables centered around the mean in all analyses. STAI= State-Trait Anxiety Inventory.
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Figure 4. 
Significant results from the analysis of the CES-D subscale scores and neuropsychological 

test performance. (A) Age × Mood and Age × Mood × STAI Trait effects for TMT-B. (B) 

Age × Somatic Symptoms effect for the BVMT-R and Letter-Number Sequencing. Age 

(cutoff of 50 years), CES-D, and STAI scores are presented as groups for ease of display, 

but were used as continuous variables centered around the mean in all analyses. CES-D = 

Center for Epidemiologic Studies Depression Scale; STAI= State-Trait Anxiety Inventory; 

TMT = Trailmaking Test; BVMT-R = Brief Visual Memory Test, Revised.
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Figure 5. 
Increased activity across 0- through 3-back trials of the n-back in the SFG (A) and insula 

(B), and CES-D × STAI Trait effect for the SFG. Statistical maps are superimposed on the 

three-dimensional structural MRI averaged over all participants. p ≤ .005, cluster contiguity 

≥ 20 voxels. A= anterior; P = posterior; R = right; SFG = superior frontal gyrus; CES-D = 

Center for Epidemiologic Studies Depression Scale; STAI= State-Trait Anxiety Inventory.
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Table 1

Sample characteristics

Cognitive Sample fMRI Sample

Age (years) 38.3 (±22.4) 48.2 (±21.0)

Education (years) 14.8 (±2.0) 15.2 (±2.2)

Gender (male/female) 21/50 9/16

Race (white/non-white) 60/11 20/5

CES-D Total Score 10.6 (±11.0) 8.5 (±11.1)

Depressed Mood Subscale Score 3.2 (±4.3) 2.4 (±3.9)

Somatic Symptoms Subscale Score 4.0 (±3.3) 3.4 (±3.5)

Lack of Well-being Subscale Score 2.8 (±3.2) 2.3 (±3.4)

STAI-Trait Total Score 37.9 (±12.7) 36.7 (±12.6)

Note: The Lack of Well Being and Total CES-D scores were missing for one participant. CES-D = Center for Epidemiologic Studies Depression 
Scale; STAI = State-Trait Anxiety Inventory
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Table 2

Descriptive statistics for cognitive measures

Test Mean (SD)

HVLT-R Immediate Recall 27.66 (4.13)

HVLT-R Delayed Recall 9.68 (1.90)

BVMT-R Immediate Recall 28.39 (5.64)

BVMT-R Delayed Recall 10.68 (1.69)

TMT-A (seconds) 25.28 (10.09)

TMT-B (seconds) 57.63 (29.43)

Digit Span (total score) 19.10 (3.91)

LNS (total score) 11.54 (2.63)

N-back Error Rate .06 (.05)

N-back Reaction Time (sec) 714.01 (147.37)

Note: N-back performance data were missing for two participants. HVLT-R = Hopkins Verbal Learning Test, Revised; BVMT-R = Brief Visual 
Memory Test, Revised; TMT = Trail Making Test; LNS = Letter-Number Sequencing.
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