
One-Year Change in Anterior Cingulate Cortex White Matter
Microstructure: Relationship with Late-Life Depression
Outcomes

Warren D. Taylor, MD, MHSa,c, James R. MacFall, PhDb,c, Brian Boyd, BSa,c, Martha E.
Payne, PhDa,c, Yvette I. Sheline, MDd, K. Ranga R. Krishnan, MDa,e, and P. Murali
Doraiswamy, MDa
aThe Department of Psychiatry, Duke University Medical Center, Durham, NC, USA
bThe Department of Radiology, Duke University Medical Center, Durham, NC, USA
cThe Neuropsychiatric Imaging Research Laboratory, Duke University Medical Center, Durham,
NC, USA
dThe Department of Psychiatry, Washington State University, St. Louis, MS, USA
eThe Duke-NUS Graduate Medical School Singapore

Abstract
Objectives—Differences in white matter structure measured with diffusion tensor imaging (DTI)
are associated with late-life depression, but results examining how these differences relate to
antidepressant remission are mixed. To better describe these relationships, we examined how one-
year change in DTI measures are related to one-year course of depression.

Design—One-year cross-sectional follow-up to a 12-week clinical trial of sertraline.

Setting—Outpatients at an academic medical center.

Participants—29 depressed and 20 never-depressed elderly subjects. Over the one-year period,
16 depressed subjects achieved and maintained remission, while 13 did not.

Measurements—One-year change in fractional anisotropy (FA) and diffusivity in frontal white
matter, as measured by DTI.

Results—Contrary to our hypotheses, depressed subjects who did not remit over the study
interval exhibited significantly less change in anterior cingulate cortex white matter FA than did
never-depressed or depressed-remitted subjects. There were no group differences in other frontal
or central white matter regions. Moreover, there was a significant positive relationship between
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change in MADRS and change in anterior cingulate cortex FA, wherein greater interval decline in
FA was associated with greater interval decline in MADRS.

Conclusions—Older depressed individuals who remit exhibit white matter changes comparable
to what is observed in never-depressed individuals, while nonremitters exhibit significantly less
change in anterior cingulate cortex FA. Such a finding may be related to either antidepressant
effects on brain structure or the effects of chronic stress on brain structure. Further work is needed
to better understand this relationship.
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INTRODUCTION
Depression in older adults can differ substantially from depression in younger adult
populations, being characterized by medical comorbidity, age-related brain changes, and
cognitive impairment. As depression is associated with suffering, disability, and poorer
outcomes of comorbid medical illness, effective antidepressant treatment is crucial.
However, despite initial remission rates for late-life depression (LLD) being comparable to
rates observed in midlife, relapse rates may be higher. 1 It is possible that age-related brain
changes may contribute to this higher relapse rate through deterioration of the neural
network elements involved in mood regulation.

Such changes in the neural circuit could occur through several age-related mechanisms. One
may be underlying neurodegenerative processes contributing to greater than expected
atrophy of frontal and temporal gray matter regions. Alternatively, subclinical
cerebrovascular disease may contribute to mood dysregulation by disruption of frontostriatal
or frontolimbic connections, a theory supported by studies associating greater progression of
cerebral hyperintense lesions with increased risk of poor antidepressant outcomes.2

Recent aging research has utilized diffusion tensor imaging (DTI),3 a magnetic resonance
imaging modality that measures the magnitude and direction of water diffusion in tissue.
Aging is associated with changes in DTI measures, including lower fractional anisotropy
(FA), a measure of the directional magnitude of water diffusion. Specifically, aging is
associated with lower white matter FA values in frontal regions than posterior white matter
regions 4-6 and there may be differential aging effects on FA within various frontal white
matter areas.7 Lower FA is typically associated with degradation of structural barriers to
water diffusion, including cell membranes or myelin sheaths, suggesting frontal white matter
vulnerability to aging effects.

DTI has also been used to examine white matter structure in LLD. Several cross-sectional
studies report that depressed elders exhibit lower frontal and temporal FA.8-12 DTI measures
are also correlated with other features observed in LLD, including hyperintense lesions 13

and deficits in executive function and processing speed.14, 15 Despite this fairly consistent
set of findings relating lower white matter FA to late-life depression, the relationship
between frontal FA and antidepressant response is less clear. In studies examining 12-week
course of antidepressants, Alexopoulos and colleagues found that failure to achieve
remission was associated with lower FA in frontal and temporal white matter.16, 17 In
contrast, our group found the opposite, that failure to obtain remission was associated with
higher frontal white matter FA measures.18 The reason for this discrepancy is not clear.

In order to determine how our observed short-term association between FA and acute
antidepressant outcome compared with longer-term course of depression and change in FA,
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we conducted a longitudinal study within our study population. We now report results from
a one-year follow-up evaluation of individuals who participated in the previously reported
12-week sertraline trial.18 We sought to determine if there were different rates of change in
FA or diffusivity (measured with the apparent diffusion coefficient, or ADC) between
depressed and nondepressed subjects. Moreover, we sought to determine if change in frontal
FA or ADC over that one-year interval differed based on course of depression or if it was
associated with depression severity at follow-up.

METHODS
Sample

Participants were initially recruited via advertisements and outpatient clinical referrals at
Duke University Medical Center to participate in a 12-week study examining the
relationship between hyperintense lesions, cognition, and 12-week response to sertraline.18,
19 Entry criteria for this parent study included meeting DSM-IV criteria for Major
Depressive Disorder without psychosis by the Structured Clinical Interview for DSM-IV
Disorders (SCID),20 exhibiting a baseline Montgomery-Asberg Depression Rating Scale
(MADRS) 21 score of 18 or greater, and being age 60 years or older. Exclusion criteria
included: 1) MRI contraindications; 2) comorbid Axis I diagnosis on SCID; 3) active
suicidality; 4) current episode having failed to respond to adequate trials of two
antidepressants or a failed trial of sertraline; 5) current psychotherapy; 6)severe or unstable
medical conditions; 7) primary neurological disorders, including dementia or clinically
evident stroke; 8) Mini Mental Status Examination (MMSE) 22 score < 21. Note that the
presence of cerebrovascular ischemia identified on MRI in the absence of neurological
symptoms (such as presence of white matter hyperintensities) did not result in subject
exclusion.

In addition to the depressed sample, a sample of never-depressed older individuals was also
recruited. Eligibility criteria were similar to those used for the depressed cohort, except
participants in this cohort could neither meet criteria for MDD nor have any history of
mental illness.

For the current study, participants in this previous study were recontacted after one year. All
subjects who participated in the previous study were eligible to participate in this follow-up
study, unless they met one of the exclusion criteria: 1) new MRI contraindication; 2) new
Axis I diagnosis (other than MDD) by clinical examination with a geriatric psychiatrist; 3)
active suicidality; 4) severe or unstable medical conditions; 5) new onset of primary
neurological disorders, including new diagnosis of dementia or stroke.

All study procedures were explained to each participant, and those who provided written
informed consent were enrolled. The study was approved by the Duke University Health
System Institutional Review Board.

Clinical Assessment and Treatment
Data acquisition at both baseline and one-year follow-up included assessment of
demographic data, measurement of depression severity with the MADRS, assessment of
global cognition with the MMSE, and measurement of medical illness burden using the
Cumulative Illness Rating Scale (CIRS).23 Concurrent medication use was reviewed at both
evaluations.

The initial 12-week open-label trial of sertraline has been previously described.19

Succinctly, subjects received sertraline 25 mg for one day to rule out drug sensitivity, then
50 mg daily. Dose increases were allowed at 2 weeks (to 100 mg daily), 4 weeks (to 150 mg
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daily), and 6 weeks (to 200 mg daily) based on treatment response and side effects. Dose
decreases were allowed for side effects. After completing the 12-week trial, subjects were
referred back to community providers. In general, if they had responded to sertraline, the
recommendation was to continue on that medication. If they had not, the recommendation
was to consider a change to another antidepressant.

MRI Acquisition and Processing
At both the initial and one-year assessments, subjects were imaged with a 1.5 T whole-body
MRI (Signa, GE Healthcare) using a standard head (volumetric) radiofrequency coil. The
scanner alignment light was used to adjust head tilt and rotation. A rapid sagittal localizer
scan was acquired to confirm alignment. The initial MRI was obtained within the first two
weeks of study participation, typically at the first follow-up visit after initiating study drug.

The diffusion tensor images were acquired using a single shot 2D diffusion tensor echo
planar pulse sequence in the axial plane with a 32cm field-of-view, 3mm slice thickness (no
gaps between slices), repetition time (Tr) = 6000, echo time (Te) =100, 128 (phase) x128
(frequency), full imaging bandwidth=180KHz, 1 signal average, 6 diffusion directions, each
with a b-value of 1000 sec/mm2 plus an acquisition with b=0 using the Basser scheme.24 To
reduce noise, four acquisitions were obtained and combined as described below.

Diffusion tensor images were processed prior to alignment and averaging using custom
programs run on MATLAB software (version 7, The MathWorks, Natick, MA) that
calculated the diffusion tensor eigenvalues in each voxel which then allowed calculation of
the FA and ADC images for each acquisition. The baseline scans were registered to the EPI
template from SPM (Wellcome Department of Cognitive Neurology, London) using MIRIT
(Multimodality Image Registration from Information Theory)25 from KUL (Katholieke
Universiteit, Leuven, Belgium).26 The b0 images for the first acquisition of the baseline
scans were registered to the EPI template, and then the b0 images of the other three
acquisitions were registered to the realigned b0 images of the first acquisition. The
transformations used for these b0 registrations were then applied to the FA and ADC images
from each of the four acquisitions. Final FA and ADC images were created by averaging the
four aligned FA images to form the final, averaged, aligned FA image with a similar
average, final, aligned ADC image from the four aligned ADC images. A similar method
was used for the follow-up scans, except the b0 images for the first acquisition were aligned
to that subject’s previously processed baseline scan instead of the EPI template.

As previously described,8, 13, 18 regions-of-interest (ROIs) were placed by a single analyst
blinded to subject identity and treatment outcome using Analyze software (version 7.0,
Mayo Clinic). Oval ROIs of identical size (45.7 mm2) were placed initially on the baseline
scan, their placement saved to a file, then applied to the aligned follow-up scan. The same
ROI was thus used for FA and ADC measures on both the baseline and follow-up scans for
each subject, which assured the region measured in the follow-up scan was the same region
measured in the baseline scan. All ROI placement in the follow-up scans was reviewed to
assure placement was consistent with placement procedures. If a given ROI in the follow-up
scan did not fit with placement procedures (such as extending into ventricular CSF) it was
adjusted to be concordant with placement methods. This adjustment was rarely required, and
only for the corpus callosum ROIs.

ROI placement procedures have been previously described.8, 13, 18 The superior (SFG) and
middle frontal gyri (MFG) ROIs were placed halfway between the precentral sulcus and
anterior boundary of the brain, on the most inferior slice where both gyri were visible as
separate structures. The anterior cingulate cortex (ACC) ROIs were placed in the white
matter lateral to the cingulate gyrus, on the most inferior slice where the anterior horns of
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the lateral ventricle were still visible. Internal capsule ROIs were placed in the anterior limb
on the same slice where the ACC was measured. For the corpus callosum, two ROIs were
placed to either side of midline, on the slice ventral to the slice where it was divided by the
longitudinal fissure. On review of ROI placement on the follow-up scans, only the ROIs
measuring the corpus callosum had to be adjusted due to expansion of the lateral ventricles
during the interval between scans.

Reliability was established by repeated measurements on ten baseline DTI scans. Intraclass
correlation coefficients (ICCs) of FA measures were: left ACC, 0.949; right ACC, 0.934;
left SFG, 0.955; right SFG, 0.951; left MFG, 0.975; right MFG, 0.946; left internal capsule,
0.956; right internal capsule, 0.993; left corpus callosum, 0.975; right corpus callosum,
0.978. ICCs for ADC measures (using the same ROIs as the FA measures) were: left ACC,
0.984; right ACC, 0.994; left SFG, 0.952; right SFG, 0.985; left MFG, 0.989; right MFG,
0.723; left internal capsule, 0.858; right internal capsule, 0.975; left corpus callosum, 0.953;
right corpus callosum, 0.762.

Analytic Plan
We have previously associated differences in DTI measures of frontal white matter –
specifically, the white matter of the anterior cingulate cortex, superior and frontal gyri –
with both depression and response to acute antidepressant administration.8, 18 For the
current study, we determined the mean value of those regions (superior frontal gyri, middle
frontal gyri, and anterior cingulate cortex) between the two hemispheres, creating an average
cross-hemispheric value for each DTI-based measure in each subject. To determine if any
findings in the frontal white matter were specific to course of depression, we also examined
two central white matter regions which we have not previously associated with depression or
the antidepressant response in previous studies: the anterior corpus callosum and the internal
capsule. Again, measures were made in each hemisphere, with the mean of the hemispheric
measures used in analyses. This was done to reduce the number of statistical comparisons.

All statistical analyses were conducted using SAS (version 9.2, Cary, NC, USA). To test for
differences in change in DTI measures over time, we created models comparing three
groups: never depressed control subjects, depressed subjects who were remitted (MADRS ≤
8) at one-year follow-up, and depressed subjects not remitted a one-year follow-up. These
models examined change in the DTI measure (FA or ADC, defined as follow-up value –
baseline value) as the dependent variable, with group assignment, age, sex, medical
comorbidity (by CIRS), time between scans, and baseline DTI measure as independent
variables. Within these models, we tested for differences between the three diagnostic
cohorts using least square means comparison testing.

Next, we tested for the relationship between change in DTI measures over one year and
change in MADRS over one year. These models used MADRS change as the dependent
variable, with change in regional DTI measure as an independent variable, along with age,
sex, MMSE, CIRS, and baseline DTI measure. In initial models we included all subjects,
with a variable designating depressed or nondepressed cohort. To assure that any findings
were not being driven by the nondepressed sample, we ran subsequent models including
only those individuals depressed at study entry.

RESULTS
As previously reported,18 74 depressed subjects enrolled in the original 12-week trial of
sertraline had evaluable DTI data. Thirty-six of those subjects either refused to participate in
this follow-up study or were lost to follow-up. Of the 38 individuals who did enroll, DTI
scan data was not processable for 9 individuals, primarily due to the MRI being ended early
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or difficulties with image registration. This resulted in a sample of 29 individuals who were
depressed at entry into the parent study who were included in this follow-up study. We
found no significant baseline differences between subjects who were and were not included
in this follow-up study in age, sex, education, MMSE, or medical comorbidity (by CIRS).
We additionally found no significant difference in depression severity (by MADRS) at entry
into the parent study or at the final MADRS score upon exiting the 12-week trial (data not
shown). At the 1-year assessment of those 29 previously depressed subjects, 16 were
remitted (defined as MADRS ≤ 8) and 13 were not remitted, with a MADRS > 8 and
continuing to meet DSM-IV criteria for Major Depressive Disorder.

The sample additionally included 20 elderly subjects with no psychiatric history. This
population was recruited from an original cohort of 27 never-depressed elders enrolled in the
original study. None of this never-depressed population became depressed over the 1-year
period, and no subjects were excluded because of new onset of depression. Demographic
differences between groups are displayed in Table 1. There was a significant difference
between cohorts in age, and a strong trend for a difference in MMSE score, likely driven by
the depressed-remitted cohort, which was lower than the other cohorts. However, the largest
mean difference between groups in MMSE score was 1.3, which has limited clinical
significance.

Group differences in baseline DTI measures are displayed in Table 2. After controlling for
age, sex, and medical comorbidity severity, only middle frontal gyri FA was significantly
associated with one-year group assignment. A comparison of least square means (with 43 df,
derived from the model error) showed that both depressed groups had significantly lower FA
values than did the nondepressed group (nondepressed vs. remitted, p = 0.0332;
nondepressed vs. nonremitted, p = 0.0143), but there was not a significant difference
between depressed groups (p = 0.7078).

At follow-up, most of the depressed population were on antidepressants, except for 4
remitted and 2 nonremitted depressed subjects. Of the 23 subjects on antidepressants, 14
were on sertraline (6 nonremitted, 8 remitted). Nine (5 nonremitted, 4 remitted) were on
other antidepressants, including venlafaxine (N = 4), bupropion (N = 1), citalopram (N = 1),
escitalopram (N = 2), and duloxetine (N = 1). There was no significant difference in
frequency of sertraline use at follow-up between remitted (8 of 12 (66.7%) on sertraline) and
nonremitted subjects (6 of 11 (54.6%) on sertraline; 1df, χ2 = 0.35, p = 0.552).

Change in DTI Measures: Group Differences
Table 3 shows mean group difference between regional ADC and FA measures, defined as
Time 2 – Time 1. In models controlling for age, sex, CIRS, baseline DTI measure, and time
between scans, only change in the ACC FA was significantly different between cohort
groups. The depressed, nonremitted cohort exhibited less reduction in this region’s FA than
did the nondepressed or depressed, remitted cohorts. Differences in the ACC ADC values
approached but did not reach a level of statistical significance.

To determine if differences in antidepressant use might be affecting this result, we excluded
the 6 depressed subjects who were not taking antidepressants at follow-up and re-examined
the models. The group differences in change in ACC FA remained significant after
excluding these subjects (F 2,42 = 5.74, p = 0.0071), while the differences in ACC ADC no
longer approached statistical significance (F 2,42 = 2.15, p = 0.1322).

Figure 1 displays change in ACC FA by each subject, for each diagnostic cohort. Although
the majority of subjects for the nondepressed and depressed, remitted cohorts (Figure 1 A,
B) exhibited a decline in this measure, in the depressed, nonremitted cohort (Figure 1, C), 6
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subjects (46%) exhibited an increase in ACC FA while 7 exhibited a decrease. When
compared against those subjects who experienced a decrease in ACC FA, the group with
increased ACC FA exhibited a significantly greater change in ACC FA (0.020, SD = 0.017;
− 0.031, SD = 0.018; t = 5.22, 11 df, p = 0.0003) but a lower baseline ACC FA (0.317, SD =
0.034; 0.393, SD = 0.056; t = −2.91, 11 df, p = 0.0142). At alpha = 0.05, there were no
significant differences between these groups in age, age of depression onset, MMSE or
CIRS score, MADRS score at baseline or follow-up, sex representation, or days between
scans (data not shown). All of the depressed, nonremitting subjects who exhibited a decline
in ACC FA were taking antidepressants at followup, while two of the six who exhibited an
increase in ACC FA were not taking antidepressants at followup (Fisher’s exact test, p =
0.1923).

Change in DTI Measures: Relationship with Longitudinal Change in MADRS Score
Finally we sought to determine if change in DTI measures over 1 year was associated with
change in MADRS over 1 year. In these models, change in MADRS was the dependent
variable, while change in DTI measure was the independent variable. Both change variables
were calculated as Time 2 – Time 1. We also controlled for age, sex, time between scans,
baseline MMSE, and baseline CIRS. We created two sets of models (Table 4): one included
all subjects, and had an additional diagnostic variable designating subjects as being
depressed or nondepressed at study entry; the second examined only subjects who were
depressed at study entry.

Only change in anterior cingulate cortex FA was significantly associated with change in
MADRS (Table 4), exhibiting a positive correlation where a greater decline in FA was
associated with greater decline in MADRS (Figure 2). Removal of depressed subjects not
taking antidepressants at follow-up increased the strength of the relationship between change
in ACC FA and change in MADRS (all subjects: F 1,42 = 15.76, p = 0.0004; depressed only:
F 1,22 = 12.93, p = 0.0029). We did not find a similar relationship between change in
MADRS and change in other DTI measures (data not shown), regardless of including or
excluding previously depressed subjects not taking antidepressants at follow-up.

DISCUSSION
Our primary finding was that the cohort of subjects who were depressed at study entry and
did not remit over the following one-year period exhibited less change in ACC white matter
FA than did either nondepressed subjects, or depressed subjects who remitted. There was no
significant difference in ACC FA change between the nondepressed and remitted subjects.
Moreover, we found a statistically significant positive correlation between change in ACC
FA and change in MADRS score over one year, wherein a greater decrease in ACC FA was
associated with greater decrease in MADRS. These findings were not observed in other
frontal or central white matter regions.

To our knowledge, this is the first study to examine longitudinal change in DTI measures
and how they may be related to course of depression. Although there are no comparable
longitudinal studies, our current findings are not concordant with our previous work
examining hyperintense lesions and depression outcomes. We previously associated greater
two-year increases in hyperintensity lesion volume with poorer course of depression over
that period,2 a finding of particular salience given how we also associated greater
hyperintensity volume with widespread decreases in frontal FA measures.13 Pursuing this
line of reasoning, we hypothesized that failure to remit at one-year would be associated with
a reduction in frontal FA measures, not increased FA measures as we observed. Since this is
not what we observed, another mechanism may be at work.
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Two potential influences may be contributing to our findings: effects of antidepressant
medications or effects of a chronic stress response. Although difficult to quantify in this
sample due to heterogeneity in treatment over the study interval, the nonremitted group may
have been treated more aggressively over the study interval. There has been recent interest
on how antidepressant medications may upregulate sterol regulatory element-binding protein
(SREBP) transcription factors in glial cells.27 These SREBPs may play a central role in
myelination and may influence neuronal function.28 Thus, we might hypothesize that more
aggressive antidepressant treatment would upregulate SREBPs and potentially reverse
stress-related myelination deficits while slowing aging effects. Such an antidepressant effect
is supported by previous work associating antidepressant exposure with increased
orbitofrontal cortex volume.29 Unfortunately we could not demonstrate that the nonremitted
cohort did in fact receive more aggressive therapy, and in fact, of those nonremitted subjects
who exhibited an increase in ACC FA, only 66% (4 of 6) were taking an antidepressant at
followup.

As chronic depression affects the stress response, we may be observing chronic effects of
that response. Chronic stress has been demonstrated to contribute to frontostriatal
reorganization 30 and reductions in length and branch numbers of apical dendrites in the
anterior cingulate cortex.31 In turn, dendrite formation and increased synaptic density is
associated with a decrease in FA, so these dendritic changes seen with chronic stress could
increase FA,32 or potentially create a confounding effect resulting in less reduction in FA
from normal aging processes. Of course, our approach examined ACC white matter, wherein
FA may be more related to myelination, and oligodendrocytes appear to decrease in
response to chronic stress,33 so this potential explanation may not be completely satisfying.

Given how our findings were contrary to our hypothesis, clearly our findings require further
study. Importantly, this study had several notable limitations, such as a relatively small
sample which may be particularly problematic given relatively high variability for our
measures and the large number of covariates required for our analyses. As our measures
have demonstrated reliability, this variability demonstrates the heterogeneity seen in DTI
measures over time. Moreover, unmeasured factors may have contributed to our findings, as
genetic differences have also been associated with frontal white matter microstructural
changes.34 Additionally, other image analysis techniques such as voxel-based morphometry
could have been used. Although this method has the advantage of examining the entire
brain, it may miss critical regions of interest and does not necessarily replace a region-of-
interest approach.35

Importantly, our results may be related to bias in the sample. We initially excluded
individuals with obvious cognitive impairment or neurological disease; those individuals
may have a different trajectory both in depression course and DTI changes. Additionally,
despite finding no differences in baseline characteristics between those who did and did not
participate in the follow-up scan, interval changes in mental or physical health may differ
between participants and nonparticipants. If all eligible subjects had participated, our results
may have differed.

In conclusion, we found failure to achieve remission of depression over a one-year period to
be associated with less reduction of FA of the anterior cingulate white matter than was
observed in subjects who did remit or were never depressed. Importantly, there was
significant heterogeneity of change in ACC FA in this nonremitting group, suggesting
different pathways contributing to treatment resistance or different effects of chronic
depression on neuronal and glial structure. This finding requires further study with a more
standardized antidepressant treatment strategy and assessment of stress response.
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Figure 1.
Change in Anterior Cingulate Cortex Fractional Anisotropy
Figures show slope of change in ACC FA for each subject by diagnostic cohort. A)
Nondepressed subjects; B) Depressed, remitted subjects; C) Depressed, nonremitted
subjects.
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Figure 2.
Change in MADRS by change in Frontal Anisotropy
Figures display change in MADRS score by change in anterior cingulate cortex FA. Both
change values displayed as 1 year – baseline measures.
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Table 4

Models examining change in MADRS over one year

All subjects Depressed only

Variable F value P value F value P value

Change in ACC FA 7.66 0.0087 4.65 0.0434

Baseline ACC FA 0.53 0.4716 0.04 0.8500

BL MADRS 27.69 < 0.0001 12.49 0.0021

MMSE 0.77 0.3869 0.45 0.5077

CIRS 1.84 0.1835 0.92 0.3480

Age 1.48 0.2314 1.41 0.2485

Sex 0.13 0.7216 0.00 0.9692

Time between
assessments

1.79 0.1890 1.66 0.2124

Depression diagnosis 5.60 0.0232

FA = fractional anisotropy; ACC = anterior cingulate cortex; MMSE = Mini-Mental State Exam; CIRS = Cumulative illness rating scale. For the
“All subjects” model, each variable had 1,48 DF. For the “Depressed only” model, each variable had 1,28 DF.
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