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Dimensions of depressive symptoms and cingulate volumes in
older adults
ME McLaren1, SM Szymkowicz1, A O’Shea2,3, AJ Woods2,3,4, SD Anton2 and VM Dotson1,3,4

Clinical depression and subthreshold depressive symptoms in older adults have been linked to structural changes in the cingulate
gyrus. The cingulate comprises functionally distinct subregions that may have distinct associations with different types, or symptom
dimensions, of depression. This study examined the relationship between symptom dimensions of depression and gray matter
volumes in the anterior cingulate, posterior cingulate and isthmus of the cingulate in a nonclinical sample. The study included 41
community-dwelling older adults between the ages of 55 and 81. Participants received a structural magnetic resonance imaging
scan and completed the Center for Epidemiologic Studies Depression Scale. Subscale scores for depressed mood, somatic
symptoms and lack of positive affect were calculated, and Freesurfer was used to extract cingulate gray matter volumes. Regression
analyses were conducted to examine the relationship between depressive symptoms and volumes of cingulate subregions while
controlling for sex, age and estimated total intracranial volume. Higher scores on the depressed mood subscale were associated
with larger volumes in the left posterior cingulate and smaller volumes in the isthmus cingulate. Higher scores on the somatic
symptoms subscale were significantly related to smaller volumes in the posterior cingulate. A trend was observed for a positive
relationship between higher scores on the lack of positive affect subscale and larger volumes in the anterior cingulate cortex. These
results are consistent with previous findings of altered cingulate volumes with increased depressive symptomatology and suggest
specific symptom dimensions of depression may differ in their relationship with subregions of the cingulate.
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INTRODUCTION
Multiple brain changes have been noted in fronto-limbic path-
ways in late-life depression, including structural and functional
changes in gray matter and increased white matter
hyperintensities.1,2 Growing evidence suggests that subthreshold
symptoms of depression have similar neural correlates as major
depression in older adults, particularly in frontal regions.2–5 The
cingulate has been identified as a key area within fronto-limbic
networks, in part based on its strong interconnectedness in
pathways that are important for mood and emotional processing,
including the orbitofrontal cortex, amygdala, hippocampus and
striatum.6 Converging evidence from structural imaging, func-
tional imaging and neuropathological studies confirm the role of
the cingulate in the pathophysiology of depression and in
treatment response.7–11

The cingulate is composed of subregions that are dissociable
from both a cytoarchitectural and functional standpoint.12 Mood
disorder research primarily focuses on the anterior cingulate
cortex (ACC), which has a role in emotion regulation and reward-
based learning, among other functions.13 The posterior cingulate
cortex (PCC) also has functions relevant to mood, including
emotion evaluation, and is important for attention and other
cognitive functions.9,14,15 The isthmus of the cingulate, which
connects the PCC to the parahippocampal gyrus, has received less
attention in depression research. Nonetheless, the isthmus, along
with the ACC and PCC, has been implicated in neuroimaging
studies of both major and subthreshold depression, and in both
young and older adults.8,15–21 Structural studies have primarily

shown that depression is associated with reduced volumes,
thickness and surface area in these regions;15,17,20 however,
depression-related increases have also been reported.16,18,21

On the basis of the dissociable functions of subregions in the
cingulate, it is possible that these regions underlie different types
of depressive symptoms. Depression is a heterogeneous construct,
with significant variability in symptomatology in individuals with
both subthreshold and major depression.22,23 Recent evidence
suggests that specific symptom dimensions of depression may be
related to unique genetic, physiological and neurological causes,
as well as different prognoses and response to treatment.24–26

Relatively few studies have examined neural correlates of
symptom dimensions of depression. A small but growing body
of work has supported the idea of distinct neural underpinnings of
symptom dimensions of depression.27–32 Previous studies have
generally used functional imaging measures. Thus, little is known
about the relationship between symptom dimensions of depres-
sion and brain structure.
The present study aimed to add to this limited literature by

examining the relationship of different symptom dimensions of
depression, measured by the Center for Epidemiologic Studies
Depression Scale (CES-D), with gray matter volumes in subregions
of the cingulate in healthy older adults with subthreshold
depressive symptoms. The CES-D lends itself to the study of
symptom dimensions because of its well-replicated factor
structure, which includes depressed mood, somatic symptoms,
lack of positive affect and interpersonal difficulties.33–36 There is
evidence that these symptom dimensions are differentially
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associated with cognitive deficits, white matter lesion load and
cerebral blood flow.28,29,37 Depressed mood and somatic symp-
toms generally have the most salient associations with brain
alterations and cognitive deficits in the few existing studies. On
the basis of past research, we predicted that higher scores on the
depressed mood subscale would be associated with reduced ACC
volume, given its role in emotion regulation, and that higher
scores on the somatic symptoms subscale would be associated
with reduced PCC volume due to its role in attention and other
cognitive functions, which in part comprise the CES-D somatic
symptoms subscale.

MATERIALS AND METHODS
Participants
Forty-nine healthy, community-dwelling adults aged 55 years and older
were recruited. Participants were required to be right-handed, native
English speakers with normal or corrected-to-normal vision and 9 or more
years of education. Exclusion criteria included evidence of dementia per
the Telephone Interview for Cognitive Status,38 or self-report of major or
unstable medical conditions (for example, uncontrolled hypertension,
diabetes, severe cardiac or pulmonary disease, or end-stage kidney or liver
disease), neurological disorder (for example, Parkinson’s disease, epilepsy,
stroke or head injury), learning disorder, current use of antiepileptic or
antipsychotic medication, or magnetic resonance imaging contraindica-
tions. The protocol was approved by the University of Florida’s Health
Science Center Institutional Review Board, and all participants gave both
written and verbal informed consent to participate in the study. Of the 49
participants recruited for the study, 45 met our criteria, 2 were excluded
due to omitting an item on the CES-D and 2 were excluded from analyses
because of outlier CES-D score values (43 s.d.’s above the mean), leaving a
total sample size of 41 participants. Two participants scored above 16 on
the CES-D, which is the suggested cutoff for clinical depression.34,39

Sample demographic data are presented in Table 1.

Measurement of depressive symptoms
Depressive symptoms were assessed using the CES-D, a widely used, 20-
item self-report measure of depressive symptoms that has been validated
in older adults.34,40 The CES-D was selected because it has a well-validated
four-factor structure consisting of depressed mood, somatic symptoms,
lack of positive affect and interpersonal difficulties subscales.33 Questions
comprising each subscale are summarized in Table 2. In the current study,
92% of participants had a score of 0 on the interpersonal difficulties
subscale, thus scores were not used in our analyses. The depressed mood,
somatic symptoms and lack of positive affect subscale scores served as
continuous predictors in statistical analyses.

Imaging procedure
Magnetic resonance imaging data were obtained via a Philips (Amsterdam,
The Netherlands) 3-T scanner at the University of Florida’s McKnight Brain
Institute. An eight-channel head coil was placed over the participant’s
head as they lay in a supine position on the scanner bed. Foam padding
was used to minimize head movement during the scan. Structural images
were acquired using a T1-weighted turbo field echo high-resolution three
dimensional anatomical scan with 170 1-mm slices in sagittal orientation
(repetition time=28.1 ms; echo time=3.7 ms; flip angle = 8°).

Data analyses
Freesurfer image analysis suite (version 5.3) was used for structural data
processing. This program is documented and freely available for download
online (http://surfer.nmr.mgh.harvard.edu/). Briefly, this processing
included skull stripping, automated Talairach transformation, subcortical
structure segmentation, intensity inhomogeneity correction, gray/white
matter boundary tessellation, topology correction and surface deformation
following intensity gradients to ensure optimal gray/white and gray/
cerebrospinal fluid border.41–47 The cerebral cortex was parcellated into
specific regions with respect to sulcal and gyral structures. Each image was
also manually inspected for errors in the automatic program by one of two
raters. An interclass correlation coefficient was calculated for volume
adjustments using a two-way mixed effects model. Interclass correlation
coefficient between raters was extremely high (0.99), likely reflecting the
minimal manual adjustments needed following the automatic processing.
Gray matter volumes for the ACC, PCC and isthmus of the cingulate were
extracted for each hemisphere of the brain. Statistical analyses were
conducted using SAS version 9.4 (Cary, NC, USA). Separate regression
analyses were conducted for each region with CES-D subscale scores as the
predictors and the proportion of regional volume to estimated total
intracranial volume as the outcome, controlling for sex and age. The
depressed mood, somatic symptoms and lack of positive affect subscales
of the CES-D were entered simultaneously in the same regression models
to examine the association of each subscale while controlling for other
scores. We applied a statistical significance threshold of α⩽ 0.05. Effect
sizes are reported as omega squared (ω2), for which 0.0196 indicates a
small effect, 0.059 a medium effect and 0.138 a large effect.48 Follow-up
analyses were conducted to examine the impact of including a vascular
risk covariate in the models (coded 0–2 based on the presence of
hypertension, high cholesterol or both) and after applying a square root
transformation to address positive skewness of the CES-D subscale scores.

RESULTS
Results of the analyses are summarized in Table 3 and Figure 1.
These results are based on analysis of raw data for ease of
interpretation. We did not observe meaningful changes to the
results when a square root transformation was applied to the CES-
D subscale scores, or when a vascular risk covariate was included.

Anterior cingulate cortex
The CES-D subscale scores were not significantly associated with
volumes in the ACC; however, we observed a trend for higher
scores on the lack of positive affect subscale to be associated with
larger volumes in the right ACC (F(5,35) = 3.50, P= 0.070,
ω2 = 0.060; Figure 1a).

Posterior cingulate cortex
Higher scores on the depressed mood subscale were associated
with larger volumes in the left PCC (F(5,35) = 5.62, P= 0.023,
ω2 = 0.099; Figure 1b). After controlling for age and sex, higher
scores on the somatic symptoms subscale were associated with
smaller volumes in this region (F(5,35) = 7.62, P= 0.009, ω2 = 0.142).
No effects were found for the right PCC, and lack of positive affect
was not associated with PCC volumes.

Isthmus cingulate
In the analysis of the isthmus of the cingulate (Figure 1c), higher
scores on the depressed mood subscale were associated with

Table 1. Sample characteristics

Mean s.d. Observed
range

Possible
range

Age (years) 69.68 6.75 55–81 —

Education (years) 15.01 2.56 10–20 —

Gender (% female) 71% — — —

CES-D⩾ 16 (N) 2 — — —

CES-D total 5.88 4.79 0–20 0–60
Depressed mood 1.02 1.67 0–6 0–21
Somatic 2.39 2.18 0–9 0–21
Lack of positive affect 2.34 3.11 0–12 0–12
Interpersonal
difficulties

0.10 0.37 0–2 0–6

Medical comorbidities (N)
Hypertension 12 — — —

High cholesterol 17 — — —

Arthritis 7 — — —

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale.
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reduced volumes in the right hemisphere (F(5,35) = 4.21, P= 0.048,
ω2 = 0.075). No effects were found for the left isthmus cingulate,
and neither the somatic symptoms nor the lack of positive affect
subscales were associated with volumes in this region.

DISCUSSION
This study examined the relationship between dimensions of
depressive symptoms and gray matter volumes in subregions of
the cingulate cortex. It was predicted that depressed mood would
be associated with decreased ACC volumes, whereas somatic
symptoms would be related to reduced PCC volumes. Results
partially confirmed the expected pattern of relationships between
volumes in cingulate subregions and symptom dimensions of
depression; however, we found both positive and negative
relationships between depressive symptoms and gray matter
volumes in the cingulate.
Consistent with our prediction and with prior research,49 higher

somatic symptoms of depression were associated with smaller
volumes in the left PCC. The somatic symptoms subscale of the
CES-D33 is somewhat heterogeneous in that it includes items
related to traditional somatic complaints (for example, ‘I did not
feel like eating’), apathy (for example, ‘I could not get ‘going’’) and
cognitive difficulty (for example, ‘I had trouble keeping my mind
on what I was doing’). The relationship of the somatic subscale
with the PCC is not surprising given recent studies that have
elucidated roles of the PCC in both mood and cognitive functions,
including goal-directed behavior, emotion evaluation, attention,
episodic memory and cognitive-affective appraisals.14,15,50,51

Our findings suggest that the relationship between depression
and PCC volumes is complex. A combination of vegetative,
cognitive and apathy symptoms measured by the CES-D somatic
symptoms subscale was related to smaller volumes, whereas
depressed mood symptoms were related to larger volumes.
Consistent with these mixed findings, some structural imaging
studies of major and subthreshold depression in older adults
report decreased volumes,15,17 whereas others report larger
volumes and greater cortical thickness.16,18,21 In addition, a study
of individuals with a familial risk for depression found increased
right anterior and posterior cingulate cortical thickness in these
individuals.52 Current results suggest that conflicting findings
regarding the direction of the relationship between depressive
symptoms and PCC structure may attributable to different severity
of somatic and affective symptoms in previous neuroimaging
studies of depression.
Dissociations between symptom dimensions of depression and

subregions of the cingulate are also highlighted by the negative
relationship of the depressed mood subscale with the isthmus
cingulate, in contrast to its positive relationship with the PCC. Less
is known about the function of the isthmus cingulate, but there is
evidence of its involvement in memory and pain processing,53 as
well as mood symptoms such as anhedonia and affective
flattening.54 Alterations in the structure and connectivity of the

isthmus have been reported in neuroimaging studies of
depression,16,19,20 consistent with the present results. Our findings
highlight the need for focused research on structural and
functional alterations of the isthmus of the cingulate in depres-
sion, including studies that help to clarify mechanisms by which
different symptom dimensions might have opposing relationships
with this region.
In addition to the positive relationship between depressed

mood and PCC volumes, we found a trend for higher scores on the
lack of positive affect subscale to be associated with larger
volumes in the ACC. The mechanisms underlying depressive
symptom-related volume enlargement are not well understood.
There is evidence that the early stages of first-episode depression
are associated with increased brain volume due to increased
metabolic activity and blood flow, and that over time, mechanisms
such as medication use and stress eventually result in decreased
volumes.55 In addition, studies have shown that early stages of
depression may be associated with inflammation that leads to
increased cortical thickness,56–58 which is a component of gray
matter volume. The current study focused on low levels of
depressive symptoms in a nonclinical sample and thus does not
directly address this issue. Nonetheless, taken together with the
aforementioned findings and previous evidence that subthreshold
depression is often a precursor of a major depressive episode,59,60

the present results provide indirect evidence that larger volumes
in the ACC may be a prodromal indicator of increased risk for
major depression and that different cingulate subregions may be
vulnerable to low levels of affective symptoms such as depressed
mood and anhedonia in the early course of the disorder.
Overall, results add to a small but growing body of neuroima-

ging studies examining symptom clusters of depression27–29,61 by
providing evidence that there may be unique relationships
between specific symptom dimensions of depression and volumes
in subregions of the cingulate. Given the low level of depressive
symptoms in this nonclinical sample, further work is needed to
clarify whether or not these findings generalize to individuals with
clinical depression. Nonetheless, findings related to subthreshold
depressive symptoms are important in their own right given
evidence that low levels of depressive symptoms are associated
with negative sequelae in older adults.2–5 Results should also be
considered within the context of the fairly small sample size and
lack of information regarding demographic and clinical variables
that could impact results, including gender, possibly comorbid
anxiety symptoms, antidepressant use, number of previous
depressive episodes and age of onset of depressive symptoms.
In addition, it should be noted that this is a cross-sectional design,
limiting our ability to determine the direction of the relationship
between depressive symptoms and brain volumes. Nonetheless,
our preliminary findings contribute to the small body of literature
related to symptom dimensions of depression. Future studies will
incorporate larger samples and use multimodal imaging to
elucidate the neural underpinnings of the heterogeneous
symptoms of depression. Continued work in this area will increase

Table 2. Item content of the CES-D subscales used in the current studya

Depressed mood Somatic symptoms Lack of positive affect

I felt that I could not shake off the blues… I was bothered by things that usually don’t bother me I felt I was just as good as other people
I felt depressed I did not feel like eating… I felt hopeful about the future
I thought my life had been a failure I had trouble keeping my mind on what I was doing I was happy
I felt fearful …everything I did was an effort I enjoyed life
I felt lonely My sleep was restless
I had crying spells I talked less than usual
I felt sad I could not get ‘going’

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale. aThe CES-D interpersonal difficulties subscale was not included in the analyses due to
the restricted range of scores.
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our understanding of the neurobiology of depression and
contribute to the ultimate goal of creating more effective and
personalized treatments for those who suffer from the disorder.
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Figure 1. Least-square means showing the ratio of regional to total
volume by hemisphere and the Center for Epidemiologic Studies
Depression Scale (CES-D) subscale score for the (a) anterior
cingulate, (b) posterior cingulate and (c) isthmus cingulate. The
CES-D groups are for graphical purposes only; CES-D scores were
continuous measures in all analyses. Error bars represent s.e.
*represents nonsignificant trends, **Po0.05 and ***Po0.01.
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