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Abstract

Objectives—The associations between subclinical depressive symptoms, as well specific 

symptom subscales, on brain structure in aging are not completely elucidated. This study 
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investigated the extent to which depressive symptoms were related to brain volumes in fronto-

limbic structures in a sample of middle-aged to older adults.

Method—Eighty participants underwent structural neuroimaging and completed the Beck 

Depression Inventory, 2nd Edition (BDI-II), which comprises separate affective, cognitive, and 

somatic subscales. Gray matter volumes were extracted from the caudal and rostral anterior 

cingulate, posterior cingulate, hippocampus, and amygdala. Hierarchical regression models 

examined the relationship between brain volumes and (i) total depressive symptoms and (ii) BDI-

II subscales were conducted.

Results—After adjusting for total intracranial volume, race, and age, higher total depressive 

symptoms were associated with smaller hippocampal volume (p = 0.005). For the symptom 

subscales, after controlling for the abovementioned covariates and the influence of the other 

symptom subscales, more somatic symptoms were related to smaller posterior cingulate (p = 

0.025) and hippocampal (p < 0.001) volumes. In contrast, the affective and cognitive subscales 

were not associated with brain volumes in any regions of interest.

Conclusion—Our data showed that greater symptomatology was associated with smaller volume 

in limbic brain regions. These findings provide evidence for preclinical biological markers of 

major depression and specifically advance knowledge of the relationship between subclinical 

depressive symptoms and brain volume. Importantly, we observed variations by specific 

depressive symptom subscales, suggesting a symptom-differential relationship between subclinical 

depression and brain volume alterations in middle-aged and older individuals.
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Introduction

Major depressive disorder (MDD) has been linked to alterations in brain structure and 

function. In frontal cortical regions, there are associations between MDD and decreased 

brain volume, metabolism, and perfusion have been reported (Bora, Fornito, Pantelis, & 

Yucel, 2012; Pandya, Altinay, Malone, & Anand, 2012). Abnormalities in limbic regions, 

such as the hippocampus and amygdala, have also been implicated, particularly with respect 

to alterations in brain volume (Lorenzetti, Allen, Fornito, & Yucel, 2009; Pandya et al., 

2012). For late-life depression, depressive symptoms have been associated with gray matter 

structural abnormalities within frontal and limbic networks (Alexopoulos, 2002; Phillips, 

Drevets, Rauch, & Lane, 2003). Most often, volumetric decreases in these regions were 

reported (Andreescu et al., 2008; Du et al., 2014), though some studies suggest no 

significant volumetric differences between older adults with depression and healthy age-

matched controls (Colloby et al., 2011; Koolschijn et al., 2010; Sexton et al., 2012).

There is evidence that aging is associated with decreased incidence of MDD (Beekman, 

Copeland, & Prince, 1999; Blazer & Hybels, 2005). Incidence of depressive symptoms that 

do not meet clinical criteria for major depression (i.e., subclinical, subthreshold, 

subsyndromal, or minor depression), however, increases with age (Polyakova et al., 2014). 

Subclinical depressive symptoms in older adults have been associated with similar structural 
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brain alterations, health outcomes, and economic costs as MDD (Dotson, Davatzikos, Kraut, 

& Resnick, 2009; Meeks, Vahia, Lavretsky, Kulkarni, & Jeste, 2011; Szymkowicz, 

McLaren, O'Shea, et al., 2016; Taki et al., 2005; Zhou et al., 2016), and those individuals 

with subclinical depression are at increased risk for major depression and other psychiatric 

conditions (Laborde-Lahoz et al., 2015). However, subclinical depressive symptoms are 

often underdiagnosed and therefore undertreated (Cuijpers et al., 2013; Kumar, Jin, Bilker, 

Udupa, & Gottlieb, 1998), thus posing a significant public health concern.

Depression is a heterogeneous disorder that comprises many different symptom 

combinations (American Psychiatric Association, 2013). There is indication that age 

differences may exist with respect to depressive symptom presentation. Compared to 

younger adults, older adults are less likely to endorse affective symptoms of depression (e.g., 

dysphoria, loss of interest; Gallo, Anthony, & Muthen, 1994) and are more likely to endorse 

cognitive and somatic symptoms, such as concentration difficulties, sleep disturbance, and 

fatigue (Christensen et al., 1999; Fiske, Wetherell, & Gatz, 2009). This may relate to age-

associated cognitive and physical changes and other medical comorbidities typical in older 

adults.

The Beck Depression Inventory, 2nd Edition (BDI-II; Beck, Steer, & Brown, 1996; Beck, 

Steer, Brown, & van der Does, 2002; Vanheule, Desmet, Groenvynck, Rosseel, & Fontaine, 

2008) is a widely used depression scale that covers affective (e.g., sadness, loss of interest), 

cognitive (e.g., worthlessness, guilty feelings), and somatic (e.g., changes in sleep, tiredness 

or fatigue) symptoms that are common amongst depressed individuals. It is important to 

highlight that the BDI-II cognitive subscale is referring to cognitive symptoms of depression 

(e.g., dysfunctional beliefs, cognitive biases; Beck, Rush, Shaw, & Emery, 1987) and not 

cognitive dysfunction related to depression. To date, specific associations between these 

affective, cognitive, and somatic symptoms in healthy aging and brain volume alterations are 

not well understood, though a limited, but growing, body of evidence suggests differential 

relationships between symptom dimensions of depression and brain structure (Kirton, 

Resnick, Davatzikos, Kraut, & Dotson, 2014; Lener et al., 2016; McLaren et al., 2016, 

2017).

Further advancing this research field, the present study integrated neuroimaging techniques 

with depressive symptomatology towards identification of preclinical biological markers of 

major depression. In particular, we systematically examined the extent to which self-

reported total depressive symptomatology predicted brain volume in fronto-limbic regions 

(i.e., anterior and posterior cingulate [ACC and PCC, respectively], hippocampus, and 

amygdala) in a sample of healthy middle-aged to older adults. Secondary symptom-specific 

analyses examined the association of the three BDI-II subscales (i.e., affective, cognitive, 

and somatic symptoms) on these fronto-limbic brain volumes, as these relationships are also 

not well established yet.

Early conceptualization of the ACC dissociated it into dorsal-caudal “cognitive” and ventral-

rostral “affective” subregions (Bush, Luu, & Posner, 2000). The dorsal portion interconnects 

with the dorsolateral prefrontal cortex, parietal cortex, and supplementary motor areas, and 

the more ventral subregion interconnects with limbic and paralimbic structures. Contrary to 
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this early conceptualization, Etkin, Egner, and Kalisch (2011) concluded that both 

subregions make important contributions to emotion processing, with dorsal-caudal regions 

involved in the evaluation and expression of negative emotion and ventral-rostral regions 

involved in top-down regulation of limbic areas involved in the generation of emotional 

responses. Since our secondary analyses looked at depressive symptom subscales, we 

included both the caudal and rostral ACC into our analyses to determine whether there were 

any subregion-specific differential effects.

We also chose to break down the cingulate gyrus into both ACC and PCC subregions. This 

was based on recent work from our group in an independent study with older adults that had 

found distinct relationships between subregions of the cingulate and specific symptom 

dimensions of depression (McLaren et al., 2016). Specifically, higher depressed mood 

symptoms were associated with larger PCC and smaller isthmus volumes and higher somatic 

symptoms were related to smaller PCC volumes. A trend for higher scores on the lack of 

positive affect subscale was associated with greater ACC volume.

Consistent with previous literature, we expected that greater levels of self-reported 

depressive symptomatology would be associated with smaller volume in brain regions of 

interest (ROIs; ACC, PCC, hippocampus, and amygdala) in middle-aged to older adults 

(Hypothesis 1). With respect to specific symptom subscales, we expected greater levels of 

affective (Hypothesis 2) and somatic (Hypothesis 3) symptoms to be associated with smaller 

brain region volumes, as these subscales have shown significant relationships with brain 

alterations in our (Dotson, Davatzikos, et al., 2009; McLaren et al., 2016, 2017) and others 

(e.g., Pujol et al., 2000) work. Given the lack of findings in previous studies on the 

relationship between cognitive symptoms and brain structural alterations, however, we did 

not have a specific hypothesis for this subscale.

Methods

Participants

Data were obtained from the ACTIVE Brain Study (Nissim et al., 2016; O'Shea, Cohen, 

Porges, Nissim, & Woods, 2016; Porges et al., 2017; 1) at the University of Florida, an 

ongoing research project exploring behavioral and multi-modal neuroimaging predictors of 

age-related cognitive dysfunction. We recruited community-dwelling individuals in the 

Gainesville and North Central Florida region (N = 80; see Table 1). Exclusionary criteria 

were self-reported history of major neurological (e.g., stroke, multiple sclerosis), psychiatric 

(e.g., schizophrenia), or other medical (e.g., hepatitis C) illness, failure of a brief cognitive 

screener (Montreal Cognitive Assessment [MoCA] < 20; Nasreddine et al., 2005), or 

magnetic resonance imaging (MRI) contraindications. Individuals with self-reported MDD 

(i.e., reported as diagnosed by a physician) were not excluded in order to increase the range 

of depressive symptom severity in the sample. However, no participants were included that 

self-reported BDI-II scores ≥ 14, consistent with our focus on subclinical depressive 

symptoms. Twenty-two participants had a self-reported MDD diagnosis and seven 

participants reported antidepressant medication usage. All participants in the study 

underwent a battery of neuropsychological and cognitive testing (which will not be reported 

here) followed by an MRI session. The University of Florida Institutional Review board 
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approved all procedures in this study. Prior to any study procedures, participants provided 

both verbal and written informed consent.

Measures

Depressive Symptoms—Depressive symptoms were measured using the BDI-II (Beck 

et al., 1996), a 21-item self-report questionnaire assessing the frequency and severity of 

depressive symptoms over the previous two weeks. The BDI-II has been used to screen for 

depression in various populations and has strong psychometric properties in community-

dwelling middle-aged to older adults (Segal, Coolidge, Cahill, & O'Riley, 2008). The BDI-II 

can be broken down into separate affective, cognitive, and somatic subscales (Beck et al., 

2002; Vanheule et al., 2008). Table 2 notes the items comprising each subscale that were 

used in our analyses.

Covariates—All analyses controlled for variables known to be associated with depressive 

symptoms and brain volume measurements. In particular, in line with previous studies on 

depression and structural neuroimaging, analyses were adjusted for demographic 

characteristics, including age, sex, education, and race (Akhtar-Danesh & Landeen, 2007; 

Kempton et al., 2011). There is literature to suggest differential relationships between both 

depression and structural brain measurements and general cognitive status (Chiao & Weng, 

2016; O'Shea et al., 2016; Paul et al., 2011; Yaffe et al., 1999) and chronic medical 

conditions (Assari & Lankarani, 2016; Meurs et al., 2015; Srinivasa et al., 2016). Therefore, 

we controlled for general cognitive status via MoCA scores and assessed for chronic 

medical comorbidities via the total number of endorsed items on the Charlson Comorbidity 

Index (CCI; Charlson, Pompei, Ales, & MacKenzie, 1987). Moreover, given that we were 

interested in the effects of depressive symptoms, and not depression diagnosis, we controlled 

for self-reported depression diagnosis. As there are discrepancies in the literature regarding 

the associations between antidepressant use and brain volumes, with studies showing both 

negative (Geerlings et al., 2012) and positive (Tanis, Newton, & Duman, 2007) relationships 

in both human and non-human samples, we controlled for antidepressant use in this sample. 

Finally, we adjusted for total intracranial volume (ICV) in order to normalize brain 

segmental volumes and reduce bias from variations in head size (O'Brien et al., 2011).

MRI Data Acquisition

Participants were imaged in a Philips Achieva 3.0 Tesla scanner (Philips Electronics, 

Amsterdam, The Netherlands) in the McKnight Brain Institute at the University of Florida 

with a standard 32-channel receive-only head coil. A pillow was placed under the head and 

foam padding was used to limit motion during the scan. Participants were given headphones 

and earplugs to minimize noise while inside the scanner. A high-resolution 3D T1-weighted 

MPRAGE scan was performed to obtain anatomical images. Scanning parameters consisted 

of: voxel size = 1 mm isotropic, 1 mm slice thickness, TR = 7 ms, TE = 3.2 ms, FOV = 240 

× 240, flip angle = 8 degrees, 170 slices acquired in a sagittal orientation.

MRI Data Extraction

Using FreeSurfer software (version 5.3.0, http://surfer.nmr.mgh.harvard.edu; Fischl et al., 

2002), T1 volumes were segmented into gray, white, cerebrospinal fluid, and non-brain 
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tissues. Gray and white matter volumes were calculated through the fully automated 

FreeSurfer recon-all processing stream that was completed on all participants. Following 

preprocessing, all results underwent quality control to confirm correct detection of gray and 

white matter. Any errors in cortical segmentation were corrected manually (via control 

points, fixing white matter defects and tissue incorrectly identified as white matter, and pial 

editing) and volumes were re-processed through FreeSurfer via recon-all-make, producing 

results that are validated against manual segmentation (Morey et al., 2009). Subcortical 

segmentations were not manually edited. Participants with visually bad raw structural data 

were excluded from the dataset. For more technical details, see the following: Dale and 

Sereno (1993); Fischl and Dale (2000); Fischl, Liu, and Dale (2001); Fischl et al. (2002); 

Fischl et al. (2004); Segonne et al. (2004); and Sled, Zijdenbos, and Evans (1998). For each 

hemisphere, gray matter volumes were extracted for the caudal and rostral ACC, PCC, 

hippocampus, and amygdala, and total ICV was estimated. Right and left volumes were 

averaged to obtain a total volumetric value for each ROI, as our hypotheses were not 

hemisphere-specific.

Statistical Analyses

Analyses were conducted using SPSS 24.0 software (IBM Corp., 2016). Prior to statistical 

analysis, we screened data for outliers by computing standardized z-scores for all dependent 

and independent variables. Outliers were identified as z > ±3 standard deviations and 

removed from analyses (n = 2; one individual was removed from the analysis pertaining to 

the BDI-II depression total score, one individual from the analysis pertaining to cognitive 

symptoms).

We computed correlational analyses to determine the relationship between mood symptoms 

and brain volume measures. Two sets of analyses were then conducted, each involving 

separate hierarchical regressions for each of the five ROIs. Estimated total ICV, race 

(Caucasian/non-Caucasian), and age (years) were entered into the first block as covariates. 

Total depressive symptoms were entered into the second block of the first set of regression 

models. For the other set of regression models, the BDI-II subscales (i.e., affective, 

cognitive, and somatic) were entered simultaneously into the second block to examine the 

association of each subscale with brain volumes while controlling for the other subscale 

scores. Sex (male/female), education (years), general cognitive status (MoCA scores), self-

reported depression (no/yes), self-reported antidepressant usage (absent/present), and 

medical comorbidities (CCI scores) were initially entered as covariates, but were removed 

from final analyses due to lack of statistical significance. All variables were entered into the 

models as continuous variables, with the exception of sex, race, self-reported depression, 

and self-reported antidepressant usage.

In order to reduce the number of analyses and risk for type I error, analyses were restricted 

to fronto-limbic brain regions based on previous studies showing their sensitivity of these 

regions to depression (Drevets, Price, & Furey, 2008). We conducted exploratory analyses 

investigating age by depressive symptom interactions (both for total symptoms and symptom 

subscales). The abovementioned hierarchical regressions were run for each of the five ROIs, 

with estimated total ICV and race entered as covariates into the first block, age and either (i) 
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total depressive symptoms or (ii) the BDI-II subscales entered into the second block, and 

their interaction(s) entered into the third block. Additional exploratory analyses investigating 

relationships between additional frontal ROIs and total depressive symptoms and subscale 

scores were also conducted, as previous studies had found specific relationships between 

depressive symptoms and frontal regions in older adults (Dotson, Davatzikos, et al., 2009; 

Taki et al., 2005). In particular, the abovementioned hierarchical regressions from the 

primary analyses were run separately for the following regions: precentral gyrus, superior 

frontal gyrus, middle frontal gyrus, inferior frontal gyrus, orbitofrontal cortex (OFC), and 

the frontal pole. The following regions were summed together intrahemispherically to create 

total right and left regional volumes and then averaged to obtain a total volumetric value: 

middle frontal gyrus = caudal + rostral middle frontal gyri; inferior frontal gyrus = pars 

opercularis + pars orbitalis + pars triangularis; OFC = lateral + medial OFC.

We applied a statistical significance threshold of α ≤ 0.05, uncorrected, and indicated when 

results met significance after Bonferroni correction for multiple comparisons (total and 

subscale primary (p < (0.05/5 = 0.01)) and exploratory [interactions (p < 0.01) and 

additional frontal ROIs (p < (0.05/6 = 0.008)] analyses). Effect sizes were reported as partial 

eta-squared (ηp
2), for which 0.01 indicates a small effect, 0.06 a medium effect, and 0.14 a 

large effect (Cohen, 1969).

Results

Sample Characteristics

As shown in Table 1, the sample had a mean age of 70.7 years, mean education of 16.4 

years, and was primarily female (60.0%) and Caucasian (91.3%). With respect to depression, 

27.5% of the sample self-reported a history of depression and 8.8% self-reported current 

antidepressant use. The average MoCA total score was 26.0, which suggested that the 

sample was non-demented. The average BDI-II total score was 4.10, suggesting minimal 

total depressive symptoms.

Correlations

Table 3 depicts the relationship between age, mood symptoms, and brain volumes. Age was 

not significantly correlated with depressive symptoms; however, there were significant 

negative correlations with posterior cingulate (r = −0.27, p = 0.015), hippocampal (r = −0.57, 

p < 0.001, and amygdala (r = −0.44, p < 0.001) volumes. BDI-II total score and somatic 

symptoms were negatively correlated with hippocampal volume (r = −0.26, p = 0.020 and r 
= −0.41, p < 0.001, respectively). Somatic symptoms were also negatively correlated with 

posterior cingulate volume (r = −0.25, p = 0.024). All brain volume measures were 

positively intercorrelated (r’s > 0.43, p’s < 0.001).

Total Depressive Symptoms

As summarized in Table 4, after controlling for total ICV, race, and age, more self-reported 

total depressive symptoms were associated with smaller hippocampal volume (p = 0.007, 

ηp
2 = 0.094; significant after Bonferroni correction; Figure 1A). This partially supported 

Hypothesis 1.
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Depressive Symptom Subscales

Affective symptoms—As summarized in Table 5, after controlling for total ICV, race, 

age, and the influence of the other subscales, there were no significant effects of the affective 

symptoms subscale on any of the ROI brain volumes. These results did not support 

Hypothesis 2.

Cognitive symptoms—There also were no significant effects of the cognitive symptoms 

subscale on any of the ROI brain volumes (Table 5).

Somatic symptoms—In partial support of Hypothesis 3, there were significant 

relationships between somatic symptoms and PCC (Figure 1B) and hippocampal volumes 

(Figure 1C), such that greater somatic symptoms were associated with smaller volume in 

these two regions (p = 0.044, ηp
2 = 0.056 and p < 0.001, ηp

2 = 0.162, respectively; latter 

significant after Bonferroni correction; Table 5).

Exploratory Analyses

Interactions with age—There were no significant (i) age by total depressive symptom or 

(ii) age by depressive symptom subscale effects on any of the ROI brain volumes (all p’s > 

0.18).

Additional frontal ROIs

Total depressive symptoms: Table 6 shows that greater self-reported total depressive 

symptoms were associated with larger frontal pole volume (p = 0.007, ηp
2 = 0.095; 

significant after Bonferroni correction). There were no significant effects of total depressive 

symptoms on any of the other frontal ROI brain volumes.

Depressive symptom subscales: There was a significant negative relationship between 

somatic symptoms and superior frontal volume (p = 0.047, ηp
2 = 0.054; Table 7). No other 

associations between subscale scores and frontal ROI volumes were found.

Discussion

Integrating structural neuroimaging with self-reported symptomatology, the present study 

investigated relationships between subclinical depressive symptoms, both total symptoms 

and symptom subscales, and fronto-limbic brain volumes in an age-heterogeneous sample of 

middle-aged to older adults. We expected greater depressive symptoms to predict smaller 

volume in fronto-limbic brain regions known to be affected by major depression. Further, we 

expected this relationship to be associated with affective and somatic symptoms, while we 

had no specific predictions for cognitive symptoms given lack of previous findings for this 

subscale.

We provide partial support for our hypothesis that greater total depressive symptoms were 

associated with volume of select brain regions. Our results did not support relationships 

between affective and cognitive symptoms and brain volumes in individuals with subclinical 

depression. We did find support, however, for a relationship between greater somatic 
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symptoms of depression and smaller regional brain volumes. These results will be discussed 

in more detail below.

We observed significant effects for total depressive symptoms and hippocampal volume, 

such that higher self-reported subclinical depressive symptoms were associated with smaller 

hippocampal volume. This is consistent with a recent cross-sectional study suggesting that 

older adults with subclinical depression, compared to healthy controls, had smaller right 

parahippocampal volumes (Zhou et al., 2016), which was associated with depressive 

symptoms. Not all previous studies investigating subclinical depression in older adults, 

however, have found this relationship. Dotson, Davatzikos, et al. (2009) observed cross-

sectional associations between higher depressive symptoms and temporal gray matter 

volumes, but did not find a specific relationship for the hippocampus, nor were depressive 

symptoms associated with longitudinal decline in temporal lobe volume. In addition, Taki et 

al. (2005) did not find a relationship between hippocampal volume and subthreshold 

depression in older adults. Methodological differences between studies may help explain 

these conflicting results, as different age ranges, depression rating scales (e.g., BDI-II; 

Center for Epidemiologic Studies Depression Scale [CES-D; Radloff, 1977]; Geriatric 

Depression Scale [Yesavage et al., 1982]), and analytical approaches (e.g., whole brain 

versus ROI; continuous depression ratings versus group differences) were used across 

studies. More research is needed, with larger sample sizes, a wider range of depressive 

symptoms, and more consistent analytical approaches, as well as longitudinal designs, to 

better understand the significance of the depressive symptom–hippocampal relationship in 

aging.

While we observed significant associations between total depressive symptoms and 

hippocampal volume, we did not find effects in the other predicted regions (i.e., ACC, PCC, 

and amygdala). This is particularly interesting, as other studies in subclinical depression in 

older adults have found smaller volumes in frontal regions (Dotson, Davatzikos, et al., 2009; 

Taki et al., 2005). Our exploratory analyses did not support relationships with the frontal 

regions identified in the aforementioned studies; however, we did find a positive association 

between total depressive symptoms and frontal pole volume. This is inconsistent with 

previously published findings that indicate smaller frontal pole volumes in depression 

(Bludau et al., 2016; Grieve, Korgaonkar, Koslow, Gordon, & Williams, 2013). This finding 

may be due to the fact that our sample was generally healthy with low levels of depressive 

symptoms compared to other studies that investigate structural alterations in MDD. Other 

studies investigating brain volume in subclinical depression have found both similar and 

differential effects in regions that are typically associated with MDD, with reports of 

reduced volumes (Hayakawa et al., 2013; Li et al., 2015; Webb, Weber, Mundy, & Killgore, 

2014), enlarged volumes (Romanczuk-Seiferth et al., 2014; Szymkowicz, McLaren, O'Shea, 

et al., 2016), and null effects (Allan et al., 2016). Again, methodological differences may 

account for differential findings across studies. For example, it is possible that the low levels 

of depressive symptoms obtained in this study, and in other studies investigating subclinical 

depression, may not have allowed for sufficient sensitivity to detect effects in specific brain 

regions.
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Examining the BDI-II subscales, the present study also found that greater self-reported 

somatic symptoms were associated with smaller volume in the PCC and the hippocampus. 

Findings of this relationship in the PCC are consistent with a recent study from our group 

using an independent, but comparable, aging population (McLaren et al., 2016), which 

found that higher somatic symptoms were associated with smaller PCC volumes. The PCC 

is part of the default mode network (Buckner, Andrews-Hanna, & Schacter, 2008) and is 

involved in self-referential processing (Gusnard, Akbudak, Shulman, & Raichle, 2001). A 

recent meta-analysis found that regions associated with personal introspection, such as the 

PCC, were important in somatoform disorders (Boeckle, Schrimpf, Liegl, & Pieh, 2016). 

Other studies have specifically indicated PCC dysfunction in somatization and somatoform 

disorders (Fayed et al., 2012; Lemche et al., 2013). Our finding with respect to the 

hippocampus was also intriguing, as a recent investigation found that dysfunction in a brain 

network that included the hippocampus was related to the manifestation of somatic 

symptoms (Gondo et al., 2012). While dysfunction does not necessarily speak to the 

structural integrity of a region, these results, in conjunction with findings from the current 

study, suggest that the hippocampus may play a role in the manifestation of somatic 

symptoms.

Further, our exploratory analyses suggested a negative relationship between somatic 

symptoms and superior frontal volume. The superior frontal gyrus has been implicated in 

emotion regulation (D'Argembeau et al., 2007) and pain catastrophizing in somatic disorders 

(Gracely et al., 2004). Further, structural changes to medial frontal regions, including the 

superior frontal gyrus, may lead to increased attention towards and emotional reactions to 

somatic symptoms (Lutz et al., 2008). More research is needed to understand the 

relationship between somatic depressive symptoms and these brain regions in aging, with the 

current study suggesting potential regions for future investigations.

The current study did not find significant relationships between affective or cognitive 

symptoms and fronto-limbic regions. We used the BDI-II to investigate depressive symptom 

dimensions. Other studies in middle-aged to older adults have used the CES-D and found 

differential relationships between the depressed mood subscale and volumes of the cingulate 

(Dotson, Davatzikos, et al., 2009), with higher symptoms associated with smaller volumes in 

younger, but not older, adults. The exploratory findings of the current study did not find 

differential age effects. When controlling for age and other demographic variables, positive 

relationships between the depressed mood subscale and PCC (McLaren et al., 2016) and 

temporal brain (McLaren et al., 2017) volumes, and a negative relationship between the 

somatic symptoms subscale and PCC volume (McLaren et al., 2016), have been reported. 

This pattern of findings across studies highlights the complexity of the relationship specific 

symptoms of depression and brain volumes. While age may be an important moderator of 

the link between depressive symptoms and brain structure for some studies, other factors 

(i.e., other demographic or health variables) and their interactions may also play a role and 

should be explored in future research.

To the best of our knowledge, there are no previous studies reporting relationships between 

cognitive symptoms of depression and structural brain alterations. However, there is 

evidence that motivational symptoms (which correspond most closely with the BDI-II 
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cognitive subscale), but not mood symptoms, are predictive of future diagnosis of 

Alzheimer’s disease (Berger, Fratiglioni, Forsell, Winblad, & Backman, 1999) and are 

related to memory dysfunction in non-depressed older adults (Backman, Hill, & Forsell, 

1996). Given these findings, one could have expected that cognitive symptoms of depression 

were related to brain volumes, which was not supported in the current study. It may be that 

cognitive symptoms of depression are related to functional brain alterations that are 

associated with mood-congruent biases in the processing of emotional and neutral stimuli 

that may eventually lead to structural brain alterations (Disner, Beevers, Haigh, & Beck, 

2011), rather than underlying structural brain alterations that cause dysfunctional beliefs and 

negative biases. This hypothesis warrants investigation in future studies. Of note, we were 

unable to conduct our own factor analyses of the BDI-II due to our sample size (>100 

participants; Mundfrom, Shaw, & Ke, 2005). It is possible that the BDI-II has a different 

factor structure when used in individuals with subclinical depressive symptoms compared to 

those with clinical depression, which could affect its relationship with brain volumes.

The underlying pathophysiology of depression-related hippocampal alterations is outside the 

scope of the current study. Smaller hippocampal volumes, however, are commonly reported 

in the literature (McKinnon, Yucel, Nazarov, & MacQueen, 2009; Videbech & Ravnkilde, 

2004). While the exact mechanisms for this effect are unclear, it is postulated that neuronal 

remodeling, neuronal death, and suppressed neurogenesis, resulting from increased 

glucocorticoid levels, are potential causative factors for reduced hippocampal volume (Czeh 

& Lucassen, 2007; Sapolsky, 2000). Depressed individuals often exhibit hyperactivity of the 

hypothalamic-pituitary-adrenal (HPA) axis, which results in increased levels of 

glucocorticoids (Pariante, 2009). The hippocampus is involved in modulation of the HPA-

axis and is highly concentrated with glucocorticoid receptors (McEwen & Olie, 2005), the 

latter of which makes it particularly vulnerable to the effects of stress (McEwen, Nasca, & 

Gray, 2016). In this study, we were able to show a relationship between subclinical 

depressive symptoms (i.e., nonclinical levels of psychological stress) and hippocampal 

volumes, with medium-to-large effect sizes. To date, it is unclear whether smaller 

hippocampal volumes in depression is the result of the disease process, or whether they are a 

pre-existing trait that predisposes individuals to pathological stress reactions. Nevertheless, 

preclinical models suggest that acute stress induces hippocampal alterations (Kirby et al., 

2013; Rocher, Spedding, Munoz, & Jay, 2004). Future longitudinal research investigating 

depressive symptoms across the lifespan will help further elucidate the nature and direction 

of this relationship.

Our findings should be interpreted in the context of limitations of the current study. Our 

sample of middle-aged to older adults was highly educated, fairly healthy, and 

predominantly Caucasian, which may limit the generalizability of these results to other 

community samples. It is possible that a small minority of our participants met criteria for 

mild cognitive impairment and/or dementia, as our sample had a wide range of MoCA 

scores (20–30). Thus, findings may be related to an underlying neurodegenerative process 

rather than depressive symptoms. However, MoCA scores were not significantly related to 

brain volumes in any of our analyses and a recent study suggests that the optimal cut-off 

score for cognitive impairment on the MoCA may be lower than previously reported (≤ 20 

rather than < 26), as the latter score may overpathologize those who perform poorly on the 
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measure and do not actually have true cognitive impairment (Waldron-Perrine & Axelrod, 

2012). Replication of these findings in a larger, independent sample where cognitive status 

will be assessed via comprehensive neuropsychological testing is needed.

We were unable to determine the influence of anxiety on the present results, as depressive 

and anxious symptoms are often comorbid (Gorman, 1996; Hek et al., 2011; Wu & Fang, 

2014) and previous research has shown that anxious symptoms can interact with depressive 

symptoms to differentially impact brain functioning (Dotson et al., 2014). Moreover, this 

research is cross-sectional in nature, which does not allow specification of the direction of 

the observed relationship. It is possible that having greater depressive symptoms leads to 

decreases in brain volume or that the inverse is true ─ decreases in brain volume may cause 

worsening of depressive symptoms. Thus, longitudinal research across the adult lifespan 

investigating the direction of these relationships is warranted.

Finally, our sample had low levels of depressive symptoms overall; thus, our conclusions are 

limited to community-dwelling middle-aged to older adults. Despite our subclinical sample, 

we did find large effect sizes in the hippocampus for both total depressive and somatic 

symptoms. Future research needs to set out to determine the extent to which our findings can 

be replicated in both subclinical and clinically depressed samples.

Our study adds to a growing body of literature that has investigated preclinical biological 

markers of major depression by demonstrating relationships between subclinical depressive 

symptoms and structural brain measures (Dotson, Davatzikos, et al., 2009; Dotson, 

Zonderman, Davatzikos, Kraut, & Resnick, 2009; Kumar et al., 1998; Li et al., 2015; 

McLaren et al., 2016, 2017; Szymkowicz, McLaren, Kirton, et al., 2016; Taki et al., 2005). 

Our sample size was similar, if not larger, than previous cross-sectional studies in the field, 

and we considered interindividual differences in our approach. We also examined a larger 

age range than previous studies and solely focused on subclinical depressive symptoms 

(BDI-II scores < 14). We found that greater self-reported total depressive symptomatology, 

and more specifically somatic symptoms, predicted smaller regional brain volumes in a 

sample of middle-aged to older adults. These findings are important in their own right given 

evidence that low levels of depressive symptoms are associated with negative consequences 

in older adults (Laborde-Lahoz et al., 2015; Naismith, Norrie, Mowszowski, & Hickie, 

2012). Increasing our understanding of the relationship between symptoms of depression 

and brain structure across the lifespan is important, as it could inform future development of 

personalized treatments for depression based on an individual’s specific symptom 

presentation.
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Figure 1. 
Significant results for relationships between a) total depressive symptoms and hippocampal 

volume (p = 0.007), b) total somatic symptoms and posterior cingulate volume (p = 0.044), 

and c) total somatic symptoms and hippocampal volume (p < 0.001). Greater symptoms 

were associated with less volume across all measures. mm = millimeters, * = results 

significant after Bonferroni correction.
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Table 1

Sample characteristics (N = 80)

Mean SD Observed Range Possible Range

Age (years) 70.70 10.57 43 – 89 --

Sex (% female) 60.00 -- -- --

Education (years) 16.42 2.56 12 – 20 --

Race/Ethnicity -- -- -- --

  % Caucasian 91.25 -- -- --

  % Non-Hispanic 97.50 -- -- --

Self-Report Depression (% yes) 27.50 -- -- --

Self-Report Antidepressant Usage (% yes) 8.75 -- -- --

CCI Total Score 0.43 0.69 0 – 3 0 – 37

MoCA Total Score 26.00 2.61 20 – 30 0 – 30

BDI-II Total Score 4.10 3.76 0 – 13 0 – 63

  BDI-II Affective Subscale Score 0.37 0.68 0 – 3 0 – 15

  BDI-II Cognitive Subscale Score 0.82 1.49 0 – 7 0 – 21

  BDI-II Somatic Subscale Score 2.77 2.32 0 – 8 0 – 27

Brain Volume Measurements -- -- -- --

  Caudal ACC (mm3) 1819.44 352.70 1157.00 – 2654.00 --

  Rostral ACC (mm3) 2203.79 408.48 1245.00 – 3453.50 --

  PCC (mm3) 2882.62 382.44 2023.50 – 3917.50 --

  Hippocampus (mm3) 3820.86 464.92 2463.90 – 4698.10 --

  Amygdala (mm3) 1523.01 239.33 1004.00 – 2065.50 --

Note: CCI = Charlson Comorbidity Index; MoCA = Montreal Cognitive Assessment; BDI-II = Beck Depression Inventory, 2nd Edition; ACC = 
Anterior Cingulate Cortex; PCC = Posterior Cingulate Cortex; mm, millimeters
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Table 2

Item content of the BDI-II subscales used in the current study

Affective symptoms Cognitive symptoms Somatic symptoms

Sadness Past Failure Crying

Pessimism Guilty Feelings Agitation

Loss of Pleasure Punishment Feelings Loss of Energy

Suicidal Thoughts or Wishes Self-Dislike Changes in Sleeping Pattern

Loss of Interest Self-Criticalness Irritability

Indecisiveness Changes in Appetite

Worthlessness Concentration Difficulty

Tiredness or Fatigue

Loss of Interest in Sex

Note: BDI-II = Beck Depression Inventory, 2nd Edition
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