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The influence of organic brain changes on the development of depression in the elderly is uncertain. Cross-sectional studies, most often

from clinical samples, report associations with brain atrophy and cerebrovascular disease, while longitudinal population studies have given

mixed results. Our aim was to investigate whether cortical atrophy and white matter lesions (WMLs) on computed tomography (CT)

predict occurrence of depression in the elderly. This is a prospective population-based study with 5-year follow-up. The baseline sample

included 525 elderly subjects, aged 70–86 years, without dementia or major depression, with a score on the Mini-Mental State

Examination above 25, and without dementia at follow-up. Cortical atrophy and WMLs were evaluated at baseline using CT. The main

outcome measure was development of major or minor depression at follow-up according to Diagnostic and Statistical Manual of Mental

Disorders, fourth edition, as evaluated using neuropsychiatric examinations and hospital discharge registers. Logistic regression was used

to estimate risk. Over the period of 5 years, 20 individuals developed major and 63 minor depression. Presence of temporal lobe atrophy

(odds ratio (OR)¼ 2.81, 95% confidence interval (CI) 1.04–7.62) and moderate-to-severe WMLs (OR¼ 3.21, 95% CI 1.00–10.26)

independently predicted major, but not minor, depression after controlling for various confounders. Other brain changes did not predict

occurrence of depression. Our findings suggest that temporal lobe atrophy and WMLs represent relatively independent and

complementary pathways to major depression in the elderly. This may have implications for prevention, as both neurodegeneration and

cerebrovascular disease have been related to preventable factors.
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INTRODUCTION

Depression is one of the most common mental disorders in
the elderly and has a significant impact on quality of life,
mortality, and cognitive function (Palsson and Skoog,
1997). It is therefore important to learn more about its risk
factors. Reported risk factors include female gender,
adverse life events, other psychosocial factors, and somatic
disorders, such as stroke and cardiovascular disorders
(Djernes, 2006; Palsson and Skoog, 1997). In addition, it
has been suggested that organic brain changes, such as
neurodegeneration and cerebrovascular disease, may be
important in the etiology of geriatric depression.

Most studies on the association between brain atrophy
and depression in the elderly have been cross-sectional and
performed in clinical samples. The most consistent findings
from cross-sectional studies are that depression in the
elderly is associated with atrophy in the frontal and
temporal lobes, especially hippocampal atrophy and ven-
tricular enlargement (Schweitzer et al, 2001). Only one
longitudinal population-based study examined the associa-
tion between brain atrophy and occurrence of depressive
symptoms or syndromes during follow-up (Ikram et al,
2010). This study reported a cross-sectional association
between temporal and parietal lobe atrophy at baseline and
concurrent depressive symptoms, and reported no associa-
tion with depression occurring during follow-up. Another
longitudinal study in elderly without dementia examined
the association between mean depressive symptom scores
over time and change in brain atrophy on magnetic
resonance imaging (MRI) over a period of 9 years (Dotson
et al, 2009). Cross-sectional associations between temporal
and frontal lobe atrophy and depressive symptoms, and a
longitudinal association between volume decline in frontal
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white matter and depressive symptom score over time were
reported (Dotson et al, 2009). This study did not examine
baseline brain atrophy in relation to incidence of depressive
symptoms during follow-up.
Regarding cerebrovascular disease, cross-sectional stu-

dies, often from patient samples, consistently show
associations between white matter lesions (WMLs) and
depression (Greenwald et al, 1998; Ikram et al, 2010; Kumar
et al, 2000; Kumar et al, 2002). The results from longitudinal
population-based studies are conflicting. Three studies
using MRI reported that WMLs increased the risk of
subsequent depression (Godin et al, 2008; Steffens et al,
2002; Teodorczuk et al, 2007) while two could not confirm
these findings (Ikram et al, 2010; Versluis et al, 2006).
It has been suggested that cortical atrophy and WMLs

represent two relatively independent pathways to major
depression in the elderly (Kumar et al, 2000; Kumar et al,
2002). This hypothesis was based on a cross-sectional
clinical study, and has not been tested in longitudinal
population-based studies. We examined brain atrophy and
WMLs on computed tomography (CT) in a population-
based sample of elderly without depression or dementia,
who were followed up for 5 years for the occurrence of
major and minor depression.

MATERIALS AND METHODS

Participants

The study sample has been described in detail (Simoni et al,
2008), and was derived from the Prospective Population
Study of Women (Bengtsson et al, 1973) and the
Gerontological and Geriatric Population Studies (Skoog,
2004) in Gothenburg, Sweden. The participants were
obtained from the Swedish Population Register on the basis
of their birth date and were born in 1908, 1914, 1918, 1922,
and 1930. Persons living in private households and
institutions were included. In total, there were 1495 eligible
individuals in 2000–2001, and 1051 accepted to participate
(response rate 70.3%). Of the 1051, 1018 participated in a
psychiatric examination and were invited for a CT scan.
Of these, 642 (63.1%) accepted to have a CT scan. The 642
individuals who participated in the CT examination were
younger (mean age 74 vs 77 years, po0.001), less often
women (71.3% vs 88.0%, po0.001), and had a lower
mortality rate from baseline to November 2003 (3.1% vs
11.5%, po0.001) compared with the 376 nonparticipants
(Simoni et al, 2008). According to the Swedish Hospital
Discharge Register, participants in CT examination
experienced a lower frequency of dementia (0.8 vs 7.7%,
po0.001), any psychiatric diagnosis (5.9 vs 13.9%,
po0.001), and stroke (5.6% vs 12.3%, po0.001) compared
with nonparticipants. There was no difference in the
prevalence of major (3.0 vs 3.5%, p¼ 0.66) or minor (9.7
vs 9.6%, p¼ 0.97) depression between participants and
nonparticipants.
A follow-up was performed in 2005–2006. Among those

surviving, 459 accepted a new psychiatric examination
(response rate 84.7%). Those lost to follow-up (83 refusals
and 21 who died) were traced for dementia, major and
minor depression in the Swedish Hospital Discharge
Register. Thus, the sample comprised 563 individuals.

Individuals with dementia (n¼ 16; 2.5%), major depres-
sion (n¼ 19; 3.0%), or a score on the Mini-Mental State
Examination (MMSE) score o26 (n¼ 44; 6.9%) at baseline
were excluded. Those who developed dementia during
follow-up (n¼ 38) were also excluded from further analyses,
leaving 525 individuals.
Informed consent was obtained from all participants and/

or their relatives. The study was approved by the Ethics
Committee for Medical Research at the University of
Gothenburg.

Neuropsychiatric Examinations and Interviews

Both in 2000–2001 and in 2005–2006, trained psychiatric
research nurses performed the semistructured neuropsy-
chiatric examinations that included ratings of the past
month’s psychiatric signs and symptoms according to
Comprehensive Psychopathological Rating Scale (Asberg
et al, 1978), which is valid and reliable in elderly
populations (van der Laan et al, 2005), and Mini-Interna-
tional Neuropsychiatric Interview (Sheehan et al, 1998),
history of depression, and assessment of current medica-
tions. Ratings of common signs and symptoms of dementia
were also carried out (eg, assessments of memory, orienta-
tion, general knowledge, apraxia, visuospatial function,
understanding proverbs, following commands, naming
ability, and language) and have been described in detail
(Guo et al, 2007; Skoog et al, 1993). Cognitive function
was also measured with the MMSE (Folstein et al, 1975).
The psychiatric nurses who performed the examinations
were supervised and trained by psychiatrists. In training
sessions, nurses and psychiatrists rated symptoms and signs
among both participants without dementia and those with
dementia. Inter-rater reliability between psychiatrists and
nurses was studied in 50 individuals. The k-values for the
presence vs absence of signs and symptoms necessary to
diagnose depression were between 0.62 and 1.00, indicating
‘good’ (reference range k¼ 0.61–0.80) or ‘excellent’
(k¼ 0.81–1.00) agreement.

Measurements of Covariates

At baseline, participants underwent a physical examination
and blood tests. Body mass index (BMI) was calculated as
kg/m2. Systolic and diastolic blood pressure (SBP and DBP)
was measured in the right arm in the seated position after
5-min rest using a mercury manometer. DBP was defined
as Korotkoff phase 5. Hypertension was defined as
SBPX140mmHg, and/or DBPX90mmHg, and/or taking
antihypertensive medication. Blood samples were taken
after overnight fasting. Plasma glucose and serum choles-
terol concentrations were measured. The diagnosis of stroke
was based on information from self-reports, close infor-
mants, and the Swedish Hospital Discharge Register.
Diagnoses of myocardial infarction, angina pectoris, and
claudicatio intermittens were based on self-report and key
informant interviews. Diabetes mellitus was defined based
on a physician’s diagnosis, being on antidiabetic therapy, or
having two fasting venous or capillary whole blood glucose
values X7.0mmol/l.
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Diagnosis of Dementia and Depression

Dementia was diagnosed by geriatric psychiatrists accord-
ing to the Diagnostic and Statistical Manual of Mental
Disorders (DSM), third edition, revised (American Psychia-
tric Association, 1987) on the basis of symptoms rated by
the examiners during detailed neuropsychiatric examina-
tions and close informant interviews, as described (Skoog
et al, 1993). Diagnoses of major and minor depression
according to DSM-IV (American Psychiatric Association,
1994) were determined from algorithms based on symptoms
rated by the examiners during the psychiatric examinations.
Depression was only diagnosed in the absence of dementia.
Major depression excluded a diagnosis of minor depression.
According to DSM-IV, major depression includes greater
than or equal to five symptoms of depression during the
same 2-week period, whereas minor depression includes
two to four symptoms during the same 2-week period. The
symptom ‘depressed mood’ or ‘loss of interest’ is required
for diagnoses.
The diagnosis of depression for individuals lost to follow-

up was based on information from the Swedish Hospital
Discharge Register. In Sweden, doctors register primary
and secondary diagnoses according to the International
Classification of Diseases, version 10 (ICD-10) (World
Health Organization, 1993) on all patients discharged from
hospitals. ICD-10 codes for major depression were F31.
4-5/32.2-3/33.2-3 and for minor depression F31.3/32.0-1/
32.8-9/33.0-1/33.8-9/34.1/34.8-9/38.0-1/41.2.

CT Scan Rating Methods

The same CT scanner and scanning procedure were used for
all scans. Continuous slices of 10mm thickness were
obtained. No contrast enhancement was used. The scans
were evaluated by a neurologist (MS) experienced in CT and
MRI ratings of WMLs and other cerebral lesions. The
neurologist was blind to all clinical data.
The Gothenburg scale was used to rate WMLs (Skoog

et al, 1994). According to this scale, WMLs are defined as
periventricular or subcortical areas of decreased attenuation
below that expected for normal white matter. The changes
were always diffusely distributed within the white matter.
The scale gives a global measure of WMLs in the brain, and
has been used in our epidemiological studies since 1986
(Skoog et al, 1994). It is a 0- to 3-point scale that takes into
account the severity of the hypodensity of WMLs, including
0 (absence of any attenuation), 1 (mild signal attenuation),
2 (moderate signal attenuation), and 3 (severe signal
attenuation).
A subjective scale with three grades (absent, mild or

moderate, and severe) was used to evaluate cortical atrophy.
Location of atrophy was categorized as frontal, temporal,
parietal, or occipital regions, according to the anatomical
subdivision (Gustafson et al, 2004), and severity was
scored according to the extent of sulcal widening (De Leon
et al, 1980).
The intra-rater k-values for the CT assessment were

between ‘fair’ (k¼ 0.21–0.40) and ‘good’ (k¼ 0.61–0.80) for
both WMLs and atrophy (Simoni et al, 2008). Interobserver
agreement between the rater and a neuroradiologist was
‘fair’ (k¼ 0.30) for WMLs, ‘moderate’ for temporal lobe

atrophy (k¼ 0.43), and ‘fair’ for the other cortical regions
(k¼ 0.29–0.36).

Statistical Analysis

The statistical analyses on the outcome major depression
were based on participants without major depression or
dementia at baseline, and who did not develop dementia
during follow-up. In the analyses on minor depression,
those with minor depression at baseline and those who
developed major depression at follow-up were also
excluded. WMLs were dichotomized as none, mild vs
moderate, or severe lesions. Cortical atrophy was dichot-
omized as absence vs presence of atrophy in each brain
region. The comparison group was free from both depres-
sion and dementia during follow-up. Sex and age categories
(70 vs 470 years) were preselected covariates. Additional
covariates that were evaluated included level of education
(0–7, 8–10, or X11 years), baseline stroke, myocardial
infarction, angina pectoris, claudicatio intermittens, hyper-
tension, and diabetes mellitus, and levels of plasma glucose,
serum cholesterol, BMI, SBP, and DBP.
The statistical analyses were performed with logistic

regression models in two steps: first, we selected the
covariates to be included in the final models by analyzing
the association of each covariate with major depression,
adjusting for gender. Factors were included in the final
models if they were associated at the level of pp0.10. This
resulted in hypertension and serum cholesterol being
included as covariates. Second, multivariate logistic regres-
sion analyses were performed estimating the odds of major
or minor depression during follow-up in relation to cortical
atrophy or WMLs at baseline and including age, sex, and the
covariates selected in step one. Odds ratios (ORs) and 95%
confidence intervals (CI) were calculated.
We present the results for three models: Model I, without

adjustments, Model II, adjusting for age, sex, and the
covariates selected in step one; and Model III, including
both cortical atrophy and WMLs in the same regression
model. As a secondary analysis, we also present the results
for Model III performed on a subsample of individuals with
MMSE score o25 at both baseline and follow-up.
Statistical analyses were performed using SPSS version

16.0. Results were considered statistically significant at a
level of po0.05.

RESULTS

Baseline characteristics are given in Table 1. Of the 525
participants who were free from major depression and
dementia at baseline, 20 developed major depression
(19 were diagnosed at the follow-up examination and one
from the hospital discharge register). In the analyses on
minor depression, we also excluded 46 participants with
minor depression at baseline as well as those who developed
major depression, leaving 471 individuals. Among these, 63
developed minor depression (58 were diagnosed at the
follow-up examination and 5 from the hospital discharge
register). Results are presented for unadjusted (Table 2,
Model I) and adjusted (Table 2, Model II and III) models.
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Individuals with any temporal lobe atrophy at baseline
more often developed major depression (6.4 vs 2.2%,
OR¼ 2.81, 95% CI 1.04–7.55) during follow-up than those

with no atrophy (Table 2, Model II) adjusted for
confounders (age, gender, baseline hypertension, and serum
cholesterol). Similarly, individuals with moderate-to-severe

Table 1 Baseline Characteristics of The Study Population and Those who Developed Major or Minor Depression Over 5-Year Follow-Up

Characteristic Baseline sample (n¼ 525)a
Major depression during

follow-up (n¼ 20)a
Minor depression during

follow-up (n¼63)a

n (%) or mean (SD) n (%) or mean (SD) n (%) or mean (SD)

Women 360 (68.6%) 17 (85%) 49 (77.8%)

Age (years) 72.7 (4.6) 73.2 (4.6) 72.7 (4.4)

Age distribution (years)

70 381 (72.6%) 13 (65%) 45 (71.4%)

78 86 (16.4%) 5 (25%) 13 (20.6%)

82 47 (9.0%) 2 (10%) 4 (6.3%)

86 11 (2.1%) 0 1 (1.6%)

Education (years)

0–7 156 (30.8%) 6 (33.3%) 21 (34.4%)

8–10 182 (35.9%) 9 (50%) 16 (26.2%)

X11 169 (33.3%) 3 (16.7%) 24 (39.3%)

MMSE 28.4 (1.1) 28.1 (1.2) 28.1 (1.1)

Blood pressure, SBP/DBP (mmHg) 156.7 (22.4)/82.7 (11.5) 156.2 (15.5)/81.2 (11.1) 151.2 (24.1)/80.1 (11.9)

Serum cholesterol (mmol/l) 5.90 (1.10) 5.52 (1.00) 6.06 (1.32)

Antidepressant treatment 37 (7.0%) 11 (55.0%) 3 (4.8%)

Cardiovascular drugsb 148 (28.2%) 8 (40.0%) 17 (27.0%)

Moderate-to-severe WMLs 52 (9.9%) 5 (25%) 5 (7.9%)

Cortical atrophy 296 (56.4%) 14 (70%) 40 (63.5%)

Abbreviations: DBP, diastolic blood pressure; MMSE, Mini-Mental State Examination; SBP, systolic blood pressure; WMLs, white matter lesions.
aOwing to missing values, the group sizes of the following measures were reduced: baseline sampleFeducation (n¼ 507), blood pressure (n¼ 520), and serum
cholesterol (n¼ 522); major depressionFeducation (n¼ 18); minor depressionFeducation (n¼ 61) and serum cholesterol (n¼ 62).
bAntihypertensives, anticoagulants, cholesterol- and triglyceride-lowering, and antidiabetics.

Table 2 Cortical Atrophy and WMLs at Baseline in Relation to 5-year Occurrence of Major Depressiona

n/N (%)b OR (95% CI)

No atrophy Atrophy Model I (unadjusted) Model IIc Model IIId

Atrophy in any cortical area 6/229 (2.6) 14/296 (4.7) 1.85 (0.70–4.88) F F

Atrophy in cortical areas

Temporal 7/322 (2.2) 13/203 (6.4) 3.08 (1.21–7.85)e 2.81 (1.04–7.55)e 2.81 (1.04–7.62)e

Frontal 10/290 (3.4) 10/235 (4.3) 1.24 (0.51–3.04) F F

Parietal 13/383 (3.4) 7/142 (4.9) 1.47 (0.58–3.78) F F

Occipital 16/440 (3.6) 4/85 (4.7) 1.31 (0.43–4.02) F F

No/mild WMLs Moderate/severe WMLs

WMLs 15/473 (3.2) 5/52 (9.6) 3.25 (1.13–9.34)e 3.21 (1.02–10.10)e 3.21 (1.00–10.26)e

Abbreviations: CI, confidence interval; ORs, odds ratios; WMLs, white matter lesions.
aThe analyses are based on participants with a baseline status of no dementia or depression and MMSE score 425.
bn/N (within each group of cortical atrophy or WMLs) ¼ (participants with major depression during follow-up)/(total number of participants).
cAdjusted for age, gender, baseline hypertension, and serum cholesterol. Results for Model II are presented only where Model I is significant.
dTemporal lobe atrophy and WMLs in the same regression analysis. Adjusted for the same factors as in Model II.
epo0.05, Cox regression model.
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WMLs more often developed major depression (9.6 vs 3.2%,
OR¼ 3.21, 95% CI 1.02–10.10) during follow-up (Table 2,
Model II) compared with those with no or mild WMLs at
baseline. There was no association between brain atrophy or
WMLs and development of minor depression.
A logistic regression analysis, adjusted for confounders

and including both temporal lobe atrophy and WMLs at
baseline, showed that presence of temporal lobe atrophy
(OR¼ 2.81, 95% CI 1.04–7.62) and moderate-to-severe
WMLs (OR¼ 3.21, 95% CI 1.00–10.26) independently
predicted major depression at follow-up (Table 2, Model
III). None of the confounders were significantly associated
with major depression in this model. Excluding participants
with MMSE score o26 at follow-up (n¼ 35; two with major
depression) did not change the main results. Including
baseline history of depression (n¼ 143) as confounder in
the multivariate models did not change the findings.

DISCUSSION

We found that temporal lobe atrophy and moderate-to-
severe WMLs predicted occurrence of major, but not minor,
depression during a 5-year follow-up of a population-based
sample of elderly. Our findings support the hypothesis that
brain atrophy and WMLs represent relatively independent
and complementary pathways to the development of major
depression in the elderly (Kumar et al, 2000; Kumar et al,
2002). The only previous study that has explored this
hypothesis is a clinical cross-sectional study, and depres-
sion was related to frontal but not temporal lobe atrophy
(Kumar et al, 2000). Our study adds to this previous study
by providing longitudinal data from a population-based
sample. Both neurodegenerative and cerebrovascular pro-
cesses may thus be important for the development of major
depression in the elderly.
Only one previous longitudinal population-based study

has examined the association between brain atrophy at
baseline and depressive symptoms or syndromes during
follow-up (Ikram et al, 2010). This study reported cross-
sectional associations between temporal and parietal lobe
atrophy and depressive symptoms, but no association with
depressive syndrome or depressive symptoms during
follow-up. A longitudinal MRI study on elderly without
dementia examined the association between mean depres-
sive symptom scores over time and change in brain atrophy
over 9 years (Dotson et al, 2009). In that study (Dotson et al,
2009), cross-sectional analyses indicated associations be-
tween temporal and frontal lobe atrophy and depressive
symptoms, and longitudinal analyses indicated an associa-
tion between volume decline in frontal white matter and
mean depressive symptom scores over time. However,
in contrast to our study, brain atrophy at baseline was
not reported in relation to occurrence of depression or
depressive symptoms during follow-up. The somewhat
inconsistent findings between these previous longitudinal
studies and our study may partly be explained by the
fact that we report separately on major and minor
depression rather than on depressive syndrome or depres-
sive symptoms.
Presence of temporal lobe atrophy, but not atrophy in

other brain areas, predicted major depression. Support for

the importance of the temporal lobe in major depression is
found in cross-sectional hospital-based MRI studies report-
ing that temporal lobe atrophy is associated with major
depression in elderly patients (Dolan et al, 1986; Rabins
et al, 1991; Rainer et al, 2006; Wurthmann et al, 1995).
However, major depression in cross-sectional MRI studies
has also been associated with other brain regions (Almeida
et al, 2003; Dolan et al, 1986; Rabins et al, 1991; Rainer et al,
2006; Schweitzer et al, 2001; Wurthmann et al, 1995),
including atrophy in the frontal and parietal lobes.
Differences between these cross-sectional studies and our
longitudinal study, which may explain the inconsistent
findings, include the estimate of atrophy (ie, measures of
sulcal widening, visual rating of cortical atrophy, estimates
of CSF volume, and so on), the severity of atrophy (eg, any
atrophy, severe atrophy), the choice of brain regions
studied, the diagnostic criteria for depression, and the age
of the samples.
It is well known that fronto-subcortical circuits are

important for depression (Drevets et al, 2008; Ressler and
Mayberg, 2007). These circuits include limbic structures
such as the amygdala, which has substantial projections
to the temporal cortex (Price and Drevets, 2010). Damage to
fronto-subcortical circuits may be caused by subcortical
lesions or atrophy in cortical structures. Thus, one
explanation for the associations between WMLs and
temporal lobe atrophy and major depression could be that
these alterations in the brain have caused damage to fronto-
subcortical circuits.
The cellular mechanisms that underlie the association

between brain atrophy and depression in the elderly remain
largely unknown. Owing to the few postmortem studies
performed, the results should be interpreted cautiously.
Nevertheless, in relation to temporal lobe involvement,
changes in myelination, axonal growth, and synaptic
function have been reported in the temporal cortex of
patients with major depression (Aston et al, 2005). Atrophy
in the temporal lobe may also reflect hippocampal
alterations. Postmortem studies have reported on cellular
alterations such as neuronal death, neuronal shrinkage,
decrease in dendritic and glial density, and cell death in the
frontal cortex and hippocampus of those with major
depression (Hercher et al, 2009; Khundakar and Thomas,
2009). Further support for a role of the temporal lobe in
major depression is findings from a functional MRI study
showing that the temporal lobes are involved in regulation
of emotions (Beauregard et al, 1998). Hippocampal atrophy
in depression (Pittenger and Duman, 2008) and during
normal aging (Lupien et al, 1998) has been associated with
increased cortisol levels, potentially reflective of physiolo-
gical and environmental stress. One animal study indicated
that psychosocial stress could be related to cell death in the
temporal cortex (Lucassen et al, 2004).
WMLs predicted major depression in addition to

the effect of temporal lobe atrophy. Cross-sectional asso-
ciations between WMLs and depression have been shown
repeatedly, especially for MRI and mainly from clinical
studies (Greenwald et al, 1998; Ikram et al, 2010; Kumar
et al, 2000; Kumar et al, 2002), although not all studies
support this association (Rainer et al, 2006; Skoog et al,
1994). Our finding that WMLs preceded major depression is
in agreement with three previous longitudinal studies using
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MRI (Godin et al, 2008; Steffens et al, 2002; Teodorczuk
et al, 2007). However, two longitudinal population-based
studies did not support this association (Ikram et al, 2010;
Versluis et al, 2006). WMLs most likely reflect ischemic
demyelination (Pantoni and Garcia, 1997). The association
between depression and changes in the white matter has
given rise to the ‘vascular depression’ hypothesis (Alex-
opoulos et al, 1997), which postulates that depression in the
elderly may have a vascular origin. Our results support this
view, especially regarding major depression.
Brain atrophy and WMLs did not predict occurrence of

minor depression during follow-up, suggesting that this less
severe form of depression may have a different etiology
than major depression (Beekman et al, 1995). Our findings
suggest that structural neuropathological changes in the
temporal lobes and WMLs are related to more severe
depression rather than to the milder forms. This is
supported by cross-sectional studies suggesting that tem-
poral lobe atrophy (Kumar et al, 1998; Shah et al, 1998) may
be related to severity of depression rather than to
depression per se. However, minor depression was related
to frontal lobe atrophy in the study by Kumar et al (1998).
Differences may be explained by differences between
population-based and clinical studies, cross-sectional and
longitudinal studies, and the use of somewhat different
diagnostic criteria. We diagnosed minor depression based
on DSM-IV criteria (n¼ 58) or ICD codes (n¼ 5), while
Kumar et al (1998) diagnosed only according to DSM-IV,
with the additional requirement that the symptoms should
be present for at least 1 month. Thus, they may have looked
at a more severe form of the disease compared with our
study. Further, they included only those who had their fist
onset of depression after the age of 60 years.
The strengths of the study include the population-based

sample, the longitudinal design, and the comprehensive
examinations performed by experienced psychiatric nurses.
Furthermore, to minimize the risk that brain changes
reflected preclinical dementia rather than depression, we
excluded participants with a MMSE score o26, both at
baseline and at follow-up. We will discuss some limitations
and methodological issues. First, participants in the CT
scans had a lower mortality rate, experienced stroke less
often, dementia, and other mental disorders according to
the Swedish Hospital Discharge Register, compared with
nonparticipants (Simoni et al, 2008), and may thus be
healthier than the general population. However, there were
no differences in hospitalization with major or minor
depression between participants and nonparticipants.
Second, we cannot exclude the possibility that those who
developed depression would have developed dementia if
we had included a longer follow-up. Third, some of the
subgroups were rather small and results should be
interpreted cautiously. Future studies on larger samples
are necessary to confirm our findings. Fourth, attrition is an
issue that must be considered in follow-up studies.
However, our attrition rate at follow-up was only 15.3%.
To further reduce the influence of attrition, we used the
Swedish Hospital Discharge Register to obtain diagnoses
of depression in those lost to follow-up. However, this
probably still underestimates the true incidence, as most
cases of depression are not hospitalized. Fifth, visual rating
of cortical atrophy and WMLs on CT is a rather crude

method. The inter-rater k-values for agreement between the
rater and a neuroradiologist was ‘fair’ (k¼ 0.30) for WMLs,
‘moderate’ for temporal lobe atrophy (k¼ 0.43), and ‘fair’
for the other cortical regions (k¼ 0.29–0.36). If anything,
the lack of perfect agreement most likely attenuates the
observed relationship. CT is less sensitive than MRI in
detecting WMLs and is more severely affected by bone-
hardening artifacts, which is particularly severe in the
region of the medial temporal lobe (Frisoni, 2001). None-
theless, visual rating of the temporal lobe has been found to
be highly predictive for the discrimination of Alzheimer’s
disease vs control patients (Wahlund et al, 2000). Further,
CT is better in delineating clinically relevant WMLs (Lopez
et al, 1995) and comparable with MRI in detecting brain
atrophy (Frisoni, 2001), and may be more suitable than MRI
for the elderly, as it is less sensitive to motion artefacts.
CT is also the most used brain-imaging tool worldwide.
Sixth, all scans were rated by a single person, which may
increase the risk for systematic error.
The results from this longitudinal population-based study

suggest that temporal lobe atrophy and WMLs represent
independent pathways to major depression in the elderly,
even if they may have shared risk factors. The finding that
neurodegeneration and cerebrovascular disease are related
to major depression may have implications for treatment
and prevention, as these changes have been related to
preventable factors, such as hypertension and obesity.
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