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ABSTRACT The purpose of our study was to examine the
neuroanatomical correlates of late-onset minor and major
depression and to compare them with similar measures ob-
tained from nondepressed controls. Our study groups were
comprised of 18 patients with late-onset minor depression, 35
patients diagnosed with late-onset major depression, and 30
nondepressed controls. All subjects were scanned by using a
1.5-tesla MRI scanner. Absolute whole brain volume and
normalized measures of prefrontal and temporal lobe volumes
were obtained and used for comparison among groups. Our
findings indicate that patients with minor depression present
with specific neuroanatomical abnormalities that are compa-
rable with the major depression group but significantly
different from the controls. Normalized prefrontal lobe vol-
umes show a significant linear trend with severity of depres-
sion, with volumes decreasing with illness severity. Whole
brain volumes did not differ significantly among groups.
These findings have broad implications for the biology of
late-life depression and suggest that there may be common
neurobiological substrates that underlie all clinically signif-
icant forms of late-onset mood disturbances.

Minor and other nonmajor forms of clinical depression are
more prevalent in adult and elderly populations than the more
readily recognized major depressive disorder (MDD) (1–9).
The higher prevalence of minor depression has been observed
in primary care populations, community samples, and in more
traditional psychiatric settings (1, 3, 4, 9). Minor depression
consistently results in an increased use of health services and
absenteeism together with loss of productivity and a decline in
psychosocial well being (10–14). In addition, minor depression
is a well recognized risk factor for MDD in adult and geriatric
populations (15, 16). Additionally, family studies indicate that
there may be a genetic predisposition to both major and minor
forms of depression (17–20). Despite these observations, there
is little understanding about the neurobiological substrates of
minor depression, especially in the elderly (21). Minor depres-
sion is often conceptualized as a transient emotional response
to life stressors with few biological underpinnings (22–27).

The neuroanatomical and physiological correlates of major
depression in late-life have been relatively well characterized
(28–41). Widespread reductions in glucose use and cerebral
blood flow have been demonstrated in late-life MDD by using
positron emission tomography (PET), Xenon 133 inhalation,
and single photon emission-computed tomography (SPECT)
(29, 30, 39–41). Glucose hypometabolism in MDD occurs in
neocortical and subcortical regions (29). Both computerized
tomography (CT) and MRI studies have shown that late-life
MDD also is associated with widespread neuroanatomical
changes in neocortical areas and subcortical nuclei (28, 31–38).

However, the neuroanatomic and physiologic correlates of
minor depression in late-life remain largely unknown.

In an earlier report (21), we demonstrated that patients with
late-life minor depression presented with smaller prefrontal
lobe volumes when compared with age-matched nondepressed
controls. That was the first report to establish neurobiologic
correlates to late-onset mood disorders hitherto categorized as
‘‘minor’’ by using standard psychiatric nosology. However,
there are no studies that have specifically examined the
neuroanatomical correlates of minor depression in relation to
those with patients diagnosed with MDD. Therefore, the
magnitude and extent of neuroanatomic changes in minor
depression relative to the more widely studied MDD remain
unclarified. In addition, the role of common neuroanatomical
substrates to late-onset mood disorders in general remains
unknown. Published reports on the genetic, pharmacologic,
and other clinical aspects of minor depression focus largely on
younger, adult populations (14, 16–19). We are not aware of
other published data on the neurobiological correlates of
minor depression occurring for the first time in late-life—late-
onset minor depression (21).

The purpose of our current study was to examine estimates
of global and focal brain volumes by using quantitative MRI in
subjects belonging to three distinct categories: late-onset mi-
nor depression, late-onset MDD, and nondepressed older
controls. Based on our earlier findings, we hypothesized that
patients with late-onset minor depression would present with
focal brain volume abnormalities that were comparable with,
although of lesser magnitude than, similar measures in patients
with late-onset MDD. More specifically, our a priori hypothesis
was that patients with minor depression would present with
prefrontal lobe volumes midway between the MDD and
control groups.

METHODS

Subjects. Our minor depression sample included 18 patients
who met modified Diagnostic and Statistical Manual for
Mental Disorders DSM IV research criteria for minor depres-
sion (42). All patients received a structured interview (SCID)
based on the DSM-IV. Minor depression was defined opera-
tionally as the presence of low mood andyor loss of interest in
activities and at least one additional depressive symptom from
the DSM-IV checklist. A duration of illness of 1 mo or more
also was required. The purpose of this criterion was to focus on
patients in whom the minor depression was sustained for a
period of time and did not merely represent transient dyspho-
ria. In addition, a Hamilton Rating Scale for Depression score
(HRSD) in the 8–16 range inclusive, by using the 17-item
Hamilton scale, also was required (43). Six patients concur-
rently met DSM criteria for dysthymic disorder (minor de-
pression of at least 2 years duration). All of the patients

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1998 by The National Academy of Sciences 0027-8424y98y957654-5$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: MDD, major depressive disorder.
*To whom reprint requests should be addressed at: Section of Geri-

atric Psychiatry, Ralston-Penn Center, 3615 Chestnut Street, Phila-
delphia, PA 19104.

7654

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 N
ov

em
be

r 
26

, 2
02

1 



www.manaraa.com

included in this minor depression group reported the index
episode as their first episode of an affective disturbance.
Information on prior episodes and the age of onset of current
episode was obtained from patients and caregivers. Patients
with minor depression and the controls were recruited from
the community in response to advertisements in local news-
papers and were part of a larger study designed to examine the
neuroanatomic and neuropsychological profiles of elderly pa-
tients with minor depression. Patients with MDD were re-
cruited from the ambulatory and inpatient geropsychiatry
programs of the University of Pennsylvania. To meet our
inclusion criteria, all MDD patients had to meet DSM IV
criteria for the disorder and have a 17-item Hamilton Rating
Scale for Depression score of 15 or greater. Quantitative MRI
measures reported here are only from patients with late-onset
minor and major depression—operationally defined as onset
of the first episode occurring after age 60. This classification
permits comparison of neuroanatomic measures between two
groups of patients with mood disorders of different severity but
with certain comparable phenomenologic characteristics. All
subjects received comprehensive medicalyneurologic exams
and a battery of laboratory tests. None of the subjects had
clinical evidence of dementia or any other brain disorder based
on history and mental status examinations, and their mini-
mental state exam scores (44) were in the normal range (Table
1). The Cumulative Illness Rating Scale (CIRS) was used to
quantify comorbid medical disorders in both groups (45). The
Cumulative Illness Rating Scale is a validated instrument that
rates the dysfunction of six primary organ systems (cardiore-
spiratory, gastrointestinal, genitourinary, musculoskeletal,
neurologic, and general systems) on a 0–4 severity scale and is
commonly used in studies involving elderly subjects. The minor
depression and control groups had a few stable comorbid
medical disorders of comparable severity such as hypertension,
diabetes, and arthritis, whereas patients with MDD had
greater medical comorbidity (Table 1). A psychiatric exam and
a structured interview (SCID) for normals were administered
to all control subjects to rule out current or past psychopa-
thology. Controls and patients were comparable in socioeco-
nomic characteristics.

MRI Methods. MRI scans were obtained on a 1.5-tesla
General Electric scanner with head coil in planes parallel to
the canthomeatal line. Both T2 and proton density weighted
images were obtained in all subjects [reception time (TR) 5
3,000, echo time (TE) 5 30 and 80 msec], and the images were
displayed on a 2563256 matrix, with pixel size of 0.86 mm, and
field of view of 22 cm (46, 47). Axial slices were 5-mm thick and
contiguous. A segmentation program developed within the
Department of Radiology at the University of Pennsylvania
and previously used to examine neuroanatomical changes in
subjects with major depression, schizophrenia, and dementia
of the Alzheimer type (DAT) was used in our image analysis
(46, 47). The temporal lobe outlined in our analysis included
both lateral and mesial temporal structures, and the prefrontal
cortex did not include the sensorimotor region (48). Details of
the technique used to segment brain from cerebrospinal f luid
and the anatomic boundaries and landmarks used to delineate

the prefrontal and temporal lobes have been described (48).
Adequate interrater reliability was established between raters
for all anatomical analyses (intraclass correlation coefficient of
0.80). Quantitative measures of whole brain volume were
obtained together with estimates of prefrontal and temporal
lobe volumes. Measures of focal brain volume were addition-
ally normalized to the intracranial volume (brain plus cere-
brospinal f luid) to correct for individual differences in head
size.

Statistics. A linear regression was used to compare the
absolute whole brain and normalized prefrontal and temporal
lobe volumes between the two depressed groups and between
each of these groups and the control group while adjusting for
current age. To control for potential gender and age influ-
ences, we adjusted for gender, age, and possible age by gender
interaction in our models. The predictor gender and the age by
gender interaction were not significant in any of the regression
models. We also used a linear regression to compare normal-
ized focal brain volume (prefrontal and temporal) in all three
groups while also adjusting for age, gender, and age by gender
interaction. In a secondary analysis, we introduced total
Cumulative Illness Rating Scale scores as another covariate in
the regression, in addition to existing controls for age and
gender, to control for the impact of overall medical burden on
atrophy.

RESULTS

Normalized prefrontal lobe volumes in both the major and
minor depression groups were significantly smaller (P , 0.05)
when compared with the control group (Table 2). Prefrontal
lobe volumes in the minor depression group were in between
the means for the control and the MDD groups (Fig. 1).
Normalized temporal lobe volumes in the minor depression
group were also smaller than the controls and lie between the
MDD and control means, although this trend only approached
statistical significance (Fig. 1). There were no statistically
significant differences between the major and minor depres-
sion groups on any measure of brain volume. Although we
present absolute prefrontal and temporal lobe volumes in
Table 2, statistical analyses of focal volumes were performed
only on normalized measures. Whole brain volumes did not
differ across groups.

Normalized prefrontal lobe volumes showed a significant
linear trend with severity of clinical depression, i.e., volumes of
prefrontal lobes decrease with increasing severity of illness
from the controls to the minor depression group to the group
with MDD, after controlling for age, gender, and age by gender
interactions (Fig. 2). When we controlled for differences in
overall medical comorbidity using total Cumulative Illness
Rating Scale scores, the linear gradation in prefrontal lobe
volumes among the three groups remained significant.

DISCUSSION

This report demonstrates that patients with late-onset minor
depression present with neuroanatomical changes that are
comparable to, although of smaller magnitude, than those
observed in patients diagnosed with MDD. Further, the neu-
roanatomical abnormalities detected by using quantitative
MRI show a linear relationship to severity of clinical depres-
sion, with the minor depression group presenting with pre-
frontal lobe volumes that lie between the late-onset MDD and
control groups. The prefrontal volume differences across
groups remained statistically significant after controlling for
the potential influence of age, gender, and overall medical
burden. Normalized temporal lobe volumes also show a de-
crease with depression severity, although this trend was not
statistically significant.

Table 1. Principal demographic and clinical characteristics of
study groups

Index Controls, n 5 30 Minors, n 5 18 Majors, n 5 35

Age 69.43 (6.09) 70.94 (8.69) 74.57 (6.91)
Age onset N/A 69.44 (8.93) 71.26 (6.58)
Gender 23 F, 7 M 9 F, 9 M 25 F, 10 M
MMSE 29.54 (0.69) 28.53 (2.03) 27.29 (2.67)
CIRS 2.29 (1.44) 2.75 (2.11) 4.42 (3.65)
HAMD N/A 12.33 (2.03) 19.74 (3.78)

MMSE, Mini Mental State Exam; CIR, Cumulative Illness Rating
Scale; HAMD, Hamilton Depression Scale Score; N/A, not applicable.
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The prefrontal cortex has undergone more phylogenetic
evolution than the rest of the cortex, reaching a maximum size
and anatomical complexity in humans (49–51). The prefrontal
cortex has reciprocal connections with several limbic, dience-
phalic, and other neocortical structures (49–51). Either di-
rectly or through the thalamus, the prefrontal cortex receives
afferents from the hypothalamus, subthalamus, mesencepha-
lon, and the limbic system. The prefrontal cortex also sends
efferent connections to several structures including the basal
ganglia from which it does not receive any input (49–51).
Although the precise nature of these inputs is unclear, inputs
from the hypothalamus and the amygdala are presumed to be
involved in the regulation and modulation of affect and
motivation. Evidence from primate and human studies dem-
onstrates an important role for the prefrontal region in
behavioral regulation consistent with its extensive intercon-
nections with other brain regions (49–51). Prefrontal atrophy,
by disrupting these neural circuits, could result in a broad array
of behavioral and cognitive abnormalities. In vivo imaging in
humans corroborates these neurobiologic observations and
demonstrates prefrontal involvement in diverse psychiatric
disorders such as schizophrenia, frontotemporal dementia,
attention deficit, and obsessive compulsive disorders (52–56).
Although the precise mechanisms by which neuroanatomical
compromise leads to mood disturbances remain unknown, it is
likely that gray and white matter compromise leads to impair-
ment in several stages of neurotransmitter metabolism and
other functional links between critical brain regions. These
may lead to a reduced neuronal reserve that increases vulner-
ability to mood disorders. A combination of mechanisms may
therefore be involved, with clinical depression representing the
end point of the various neurobiological aberrations.

Smaller brain volumes and larger high intensity lesion
volumes have been demonstrated in patients with major de-
pression when compared with controls (28, 31–34). The atro-
phy demonstrated in patients with MDD by using MRI is more
pronounced in, but not restricted to, the prefrontal lobe (28,
33). Earlier findings from our laboratory indicate that an
increase in cerebrospinal f luid volume (serving as an indirect
measure of atrophy) and overall medical burden, increases the
odds ratio for the prevalence of existing MDD (28, 57). The
primary finding of our current study, that prefrontal brain
volumes decrease with severity of illness in late-life, extends
our earlier observations to indicate that atrophy probably has
a pathophysiologic role in all clinically significant late-onset
mood disorders. Depression in late-life is frequently associated
with medical comorbidity (58–60). Other investigators have
found that selected samples of MDD patients, free of medical
comorbidity, show a focal decrease in hippocampal volume
without a concomitant increase in lesion volumes when com-
pared with controls (38). In our study, statistically controlling
for overall medical comorbidity does not reduce the signifi-
cance of brain volume gradation across our study groups.
Collectively, these findings suggest that the role of atrophy in
the pathophysiology of late-onset mood disorders may be
independent of medical comorbidity that is often associated
with it clinically.

Several longitudinal studies indicate that the relationship of
minorynonmajor forms of depression to MDD is dynamic and
complex (61–78). Patients diagnosed as having either disorder
cross-sectionally may at various points during the course of
their illness meet criteria for the other disorder (61, 71, 77, 78).
Minor depression is a risk factor for MDD in both adult and
elderly populations (15, 16, 61). In some study samples, up to
25% of patients diagnosed with minor depression developed

FIG. 1. A bar graph depicting normalized prefrontal and temporal lobe volumes in the three groups. CTL, controls; MIN, minor depression;
MDD, major depression; FyCV, prefrontal volumeycranial volume; TyCV, temporal lobe volumeycranial volume. p, significantly different from
controls, P , 0.05. SD bars are depicted in the figure.

Table 2. Absolute and normalized brain volumes for the three groups

Index Controls, n 5 30 Minors, n 5 18 Majors, n 5 35

Total brain volume, cc 1008.65 (128.7) 1031.34 (147.78) 950.26 (139.54)
Intracranial volume 1182.65 (137.98) 1206.89 (145.44) 1138.20 (160.63)
Frontal brain, cc 197.51 (31.09) 183.62 (33.21) 171.50 (31.83)
Temporal brain, cc 202.5 (35.1) 197.82 (31.74) 178.08 (31.63)
Frontal brain/CV 0.167 (0.016) 0.152* (0.014) 0.150* (0.017)
Temporal brain/CV 0.172 (0.026) 0.164 (0.011) 0.157 (0.019)

*Significant difference from controls, P , 0.05 after controlling for age, gender, and age 3 gender
interactions. CV, intracranial volume.
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major depression within 2 years (9). Other studies show either
a persistence or episodic emergence of symptoms, with striking
functional and psychological compromise, in patients with an
initial presentation consistent with minor depression (70, 75,
77, 79–81). In addition, minor depression also appears as a
sequelae of major depression in partial remission (61, 71, 72).
In elderly study samples, late-onset major depression is a risk
factor for clinical dementia, especially dementia of the Alz-
heimer type (DAT) (82). The natural history of late-onset
minor depression, especially its relationship to dementia,
remains unknown. It is tempting to speculate that minor
depression patients with preexisting neuronal compromise,
such as the subgroup with smaller prefrontal lobe volumes, are
more likely to develop dementia on follow up. Longitudinal
studies specifically designed to answer these related sets of
questions are necessary before a definitive statement can be
made.

Genetic studies assessing morbidity risks for mood disorders
in first degree relatives of index cases with depression (major
and minor), demonstrate comparably elevated risks in relatives
of patients with both major and minor depression (17, 18).
Other studies indicate that the risk of minor depression is
elevated in families of probands with major unipolar depres-
sion (20). These reports suggest that at least in certain non-
elderly adult populations, major and minor forms of depres-
sion may be genetically indistinguishable. Neuropsychological
studies demonstrate that patients diagnosed with minor de-
pression, like those with MDD, present with compromise in
similar cognitive domains such as executive functions and
memory (unpublished observations). Similarities in neuro-
physiological measures, family histories, and clinical features,
collectively indicate that a common set of neurobiological
substrates may underlie all degrees of clinically significant
mood disorders in adult and more elderly populations (62).
Our findings additionally suggest that major, minor, and
possibly other commonly encountered clinical variants of

depression may be better conceptualized as a continuum of
disorders rather than as distinct clinical entities. Nonmajor
forms of depression probably represent a heterogenous group
of disorders that have one primary feature in common: clin-
ically significant mood disorders that do not meet the currently
accepted severity threshold for MDD (21, 83, 84). Under this
rubric, there are likely to be several subcategories such as
subsyndromal depression and dysthymic disorder with rela-
tively subtle clinical distinctions demarcating the boundaries
between them (83, 84). The DSM IV definition of minor
depression and our adaptation of these criteria are attempts to
provide an operational definition and some clarity to this
otherwise nebulous entity.

In summary, our data indicate that patients with late-onset
minor depression present with neuroanatomical abnormalities
on MRI that are comparable to those observed in patients with
late-onset MDD. These data, in addition to providing evidence
in support of a neuroanatomic basis to different degrees of
late-onset mood disturbance, also corroborate genetic and
other epidemiologic reports, in younger adult populations, that
establish biological similarities between major and minor
forms of depression. Neuroanatomical abnormalities may rep-
resent one aspect of a broader neurobiological diathesis to
mood disorders in late-life. In patients with such a geneticy
biologic predisposition to an affective disorder, the clinical
variants of depression, frequently encountered, may represent
different phenotypic endpoints of neuronal compromise that
emerge in the presence of other central nervous system insults
like medical comorbidity and psychosocial stressors. Addi-
tional studies combining neuroimaging with focused postmor-
tem and other neurochemical studies are required to further
elucidate the biological basis of mood disorders occurring in
late-life.
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