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ABSTRACT

Background. Neuropsychiatric research needs to examine the relationships between aetiological,
genotypic and clinical risk factors and behavioural phenotypes. These relationships can now be
examined in older patients with depressive disorders.

Methods. Key behavioural features, clinical and vascular risk factors and putative genotypes for
late-onset neurodegenerative disorders and}or vascular disease were recorded in 78 older patients
with depression (mean age¯ 54±9 years, ..¯ 14±1) and 22 healthy control subjects (mean age¯
55±5 years, ..¯ 9±6).

Results. Two or more vascular risks were more common in older patients (65% v. 26% of control
subjects, P! 0±01), and in patients with late-onset disorders (82% v. 57% in patients with early-
onset disorders, P! 0±05). Patients with late-onset depression had a higher prevalence of the
homozygous or heterozygous forms of the C677T mutation of the methylenetetrahydrofolate
reductase enzyme (MTHFR)(74% v. 48% in patients with early-onset disorders, P! 0±05). In a
multivariate model, only presence of the MTHFR gene mutation predicted late-onset depression
(odds ratio¯ 3±8, 95% CI¯ 1±1–12±9). Neither apolipoprotein E epsilon 4 or epsilon 2 was
associated with depression, late-onset depression, cognitive impairment, or psychomotor change.
Patients with apolipoprotein E epsilon 4 were less likely to have psychotic forms of depression.

Conclusions. Patients with late-onset depression had an increased rate of the C677T MTHFR gene
mutation and other vascular risk factors. This suggests that a proportion of these patients may have
genetically-determined and}or other vascular aetiologies. Patients at risk of these disorders may be
assisted by currently-available preventative strategies.

INTRODUCTION

There has been a longstanding debate regarding
the utility of sub-classifying depressive disorders
in aetiological and treatment research (Carroll,
1989; Parker et al. 1994; Krishnan & McDonald,
1995). While some have argued that identi-
fication of key behavioural features (e.g. psy-
chosis, psychomotor retardation, vegetative
features, concurrent anxiety) is a necessary pre-
requisite in aetiological and}or treatment re-
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search (Parker et al. 1989, 1996a), others have
suggested that no useful sub-classification will
be achieved until relevant aetiological processes
(and their behavioural consequences), have been
identified (Krishnan et al. 1995). A third
approach (Hickie, 1996) is to study the patterns
of interaction between clinical risk factors,
neurobiological correlates and key behavioural
features such as psychosis or psychomotor
change. This process relies on the simultaneous
recording of multiple behavioural constructs
(rather than simple diagnostic groups), clinical
risk factors, and linked neurobiological or
psychosocial markers. This process may maxi-
mize the chances of identifying common (or
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novel) pathways to disorder (Leboyer et al.
1998).

The diagnostic significance of psychomotor
retardation, at least for the more severe de-
pressive disorders, has received considerable
attention (Widlo$ cher, 1983; Parker et al. 1990,
1995; Parker & Brotchie, 1992). For those
patients treated by specialist psychiatry services
it appears to provide meaningful differentiation
with regard to a range of psychosocial (Parker et
al. 1991; Boyce & Hickie, 1994) and neuro-
biological (Bench et al. 1993; Hickie et al.
1996a ; Mitchell, 1996) correlates and prediction
of response to biomedical treatments (Hickie et
al. 1990; 1996b ; Parker et al. 1996b ; Flament et
al. 1999). Additionally, those patients with
melancholia who also have psychotic features
present with clinically different forms of psy-
chomotor change and respond preferentially
to electroconvulsive therapy (Hickie et al.
1996a, b). Thus, they may represent another
group with alternate pre-disposing neuro-
biological risk factors (Hickie et al. 1996a).

In addition to the accumulating body of
literature focusing on psychomotor change,
concurrent emphasis has been placed on the
potential significance of genetic (Krishnan et al.
1996; Ohara et al. 1999), neuroimaging (Lesser
et al. 1996; Steffens & Krishnan, 1998) and
cerebrovascular (Krishnan & McDonald, 1995;
Hickie & Scott, 1998) correlates of some types of
depression, particularly those with initial onset
after 50 years of age (late-onset depression). The
discovery of the relationship between apolipo-
protein E epsilon 4 (ApoE4) and neuro-
degenerative processes such as Alzheimer’s dis-
ease (Betard et al. 1994) has provided the impetus
for studying the relationship between ApoE4
and depressive disorders. However, to-date, such
studies have been limited and have provided
conflicting results (Krishnan et al. 1996;
Heidrich et al. 1997; Schmand et al. 1998;
Ohara et al. 1999). Consequently, it is still
unclear whether any of the ApoE alleles con-
stitute a specific risk factor to major depression,
depression of late-onset, and}or depression
characterized by cognitive impairment,
psychotic features and}or psychomotor retar-
dation.

By contrast, aetiological and neuroimaging
research has identified vascular and behavioural
features associated with late-onset depression

(Salloway et al. 1996; Alexopoulos et al. 1997;
Simpson et al. 1997; Lyness et al. 1998; Steffens
et al. 1999; de Groot et al. 2000; Rao, 2000).
Such patients are generally characterized by
greater cognitive impairment, psychomotor
change, absence of a family history of de-
pression, anhedonia, risk factors to cerebro-
vascular disease and}or neuroimaging evidence
of structural change within fronto-subcortical
paths. The term ‘vascular depression’ has
subsequently been promoted and proposes that
some older individuals with underlying (typically
small vessel) cerebrovascular disease are pre-
disposed to late-onset depression (Alexopoulos
et al. 1997; Steffens & Krishnan, 1998).

When considering particular genotypes
associated with vascular risk, the apolipoprotein
E epsilon 2 (ApoE2) isoform may be of
significance as it has been linked to vascular
disease generally and vascular dementia
specifically (Betard et al. 1994; Skoog et al.
1998). Additionally, vascular risk (Moustapha
& Robinson, 1998; Hankey & Eikelboom, 1999)
and cognitive impairment (Kalmijn et al. 1999)
have been independently linked to raised plasma
homocysteine levels. Raised plasma homocys-
teine may result from interactions between the
C677T mutation of the methylenetetrahydro-
folate reductase enzyme (MTHFR) and dietary
co-factors such as folate and vitamins B

'
and

B
"#

(Jacques et al. 1996; Lalouschek et al. 1999).
Such relationships have been reported in patients
with both cardiovascular (Gallagher et al. 1996)
and cerebrovascular (Markus et al. 1997) disease.
Since the intake of dietary cofactors may be
compromised in older persons and}or persons
with depression with poor diets (e.g. folate, B

'
,

B
"#

), it is possible that those individuals with
mutations of the MTHFR gene may be pre-
disposed to cerebrovascular disease, and hence,
late-onset depressive disorders (Hickie & Scott,
1998). Although patients with severe depression
have been reported to have elevated total plasma
homocysteine (Bottiglieri et al. 2000) as well as
folate deficiencies (Fava et al. 1997), no prior
research, to our knowledge, has investigated the
relationship between the MTHFR gene mu-
tation and late-onset depression.

The present study aimed to explore the
‘vascular depression’ concept further by
examining the relationships between various
depressive subtypes (which may be due to
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different aetiological factors) and potential cog-
nitive, familial, genetic and vascular risk factors
in a sample of older patients with severe
depression. Specifically, the aims were: (i) to
determine whether depression subtyped on the
basis of key behavioural (melancholic or psy-
chotic) features is associated with cognitive,
vascular, family history or genetic risk factors ;
(ii) to examine whether late-onset depression is
associated with such risk factors ; and, (iii) to
determine whether genetic and}or vascular risk
factors are predictive of any specific combination
of behavioural features. It was hypothesized
that late-onset depression would be associated
with cognitive impairment, vascular risk factors,
and an increased prevalence of genotypic
features believed to be associated with vascular
disease such as ApoE2 and presence of the
MTHFR mutation.

METHOD

Subjects

Patients were included on the basis of par-
ticipation in either an earlier longitudinal study
(N¯ 23: Hickie et al. 1995, 1997) of patients
with severe depressive disorders or a more recent
study (N¯ 55) of the clinical correlates of
functional and structural brain imaging. Patients
recruited to the first study (sample 1) came from
a specialist tertiary assessment service for mood
disorders (Brodaty et al. 1993). They were more
likely to be older, have more treatment-resistant
and}or psychotic depression, have more medical
risk factors to cerebrovascular disease and hence,
more likely to exhibit structural changes on
MRI (Hickie et al. 1995). Clinical assessment for
sample 1 has been detailed elsewhere (Hickie et
al. 1995). Patients in the second study (sample 2)
were recruited from both a district-based mental
health service and a specialist mood disorders
unit, and were selected to be older. However,
they were not selected for other factors likely to
increase the chances of detecting vascular risk
factors or neuroimaging abnormalities. Patients
in both samples were excluded if there was any
indication of neurodegenerative disorder, his-
tory of stroke, chronic alcohol abuse, or de-
pression secondary to a major medical condition.
The total study population consisted, therefore,
of 78 patients (age range 28–83 years ; mean¯
54±9 years, ..¯ 14±1). The resultant combined

sample was, therefore, enriched for older
patients, patients with more severe disorders and
patients with increased rates of risk factors to
cerebrovascular disease.

Twenty-two control subjects (age range 40–74
years ; mean¯ 55±5 years, ..¯ 9±6) were
recruited from the local community via news-
paper advertisement. They were screened by
phone interview and by self-report measures for
any lifetime history or current evidence of
depressive disorders. They were required to be
medically healthy with no overt or past history
to suggest cerebrovascular disease. All control
and patient subjects gave written informed
consent prior to participation.

Clinical assessment

Clinical assessment consisted of a structured
interview with a psychiatrist trained in the
administration of the CORE assessment tool for
rating psychomotor function (CORE) (Parker et
al. 1994) ; a structured interview for assessment
of patients with depressive disorders (generating
DSM-IV depression diagnoses) ; and, the 21-
item Hamilton Depression Rating Scale (HAM-
D; Hamilton, 1960). In sample 2 subjects, family
history of depression and other neuropsychiatric
disorders was obtained from the patient and a
close family member (when available). Specifi-
cally we sought evidence (presence}absence) of a
first-degree relative having a history of likely
depression and}or dementia.

All subjects with depression were sub-
classified by DSM-IV defined non-melancholic,
melancholic or psychotic subtypes of depression.
Those that had both melancholic and psychotic
features were classified as being psychotic.
Subjects were also classified by age of onset of
depression (early-onset ! 50 years or late-onset
& 50 years). Age 50 was used as a cut-off in
accordance with previous research (Krishnan et
al. 1995) and with Steffens & Krishnan’s (1998)
‘vascular depression’ specifier.

Vascular risk

Vascular risk factors were assessed from both
interviews conducted by a research psychologist
and a psychiatrist and from subject and in-
formant self-reports. They included: history of
diabetes ; history of treated or untreated hy-
pertension; past or present smoking history;
cardiovascular disease ; elevated cholesterol ;
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Table 1. Demographic, clinical, cognitive, vascular, genotypical and family history correlates of
healthy control subjects and patients with depression

Control subjects versus patients with depression

Control
subjects

Patients with
depression F χ# P

Demographics
Female†, % 59 (13}22) 68 (53}78) 0±6 NS
Age†, mean 55±5 (9±6) 54±9 (14±1) 0±0 NS
Age of onset†, Mean — 40±1 (16±4) — —

Clinical
Bipolar†, % — 21 (16}78) — —
CORE‡ — 13±0 (8±5) — —
HAM-D‡ — 27±7 (6±6) — —

Cognitive‡
MMSE, mean 28±6 (1±4) 27±8 (1±9) 3±0 NS
Simple RT, mean 0±279 (0±1) 0±409 (0±2) 13±7 ***
Choice RT, mean 0±773 (0±1) 0±946 (0±2) 10±6 **

Vascular risk†
0–1, % 74 (14}19) 35 (24}69) 9±2 **
& 2, % 26 (5}19) 65 (45}69)

ApoE genotype†
Any E2, % 0 (0}22) 16 (12}76) 4±0 *
Any E4, % 41 (9}22) 25 (19}76) 2±1 NS

MTHFR†
®, % 54 (12}22) 44 (33}75) 0±8 NS
, % 46 (10}22) 56 (42}75)

Family history‡
Depression, % 19 (4}21) 47 (25}53) 4±9 *
Dementia, % 33 (7}21) 19 (10}53) 1±8 NS

Denominators may change with missing data.
† Sample 1 and 2 (N¯ 78 patients with depression).
‡ Sample 2 only (N¯ 55 patients with depression).
RT, Reaction time.
*P! 0±05; **P! 0±01; ***P! 0±001; NS, not significant.

and, family history of at least two vascular risk
factors (including stroke and transient ischaemic
attack). Each risk was given an equal weighting
(0}1) and summed to give a total risk value
(range 0–6). Those with two or more risks (N¯
45) were subsequently distinguished from those
with zero or one risk (N¯ 24).

Cognitive functioning

As part of a wider assessment of cognitive
functioning (sample 2 only), the Mini-Mental
Status Examination (MMSE) (Folstein et al.
1975) and a reaction time task (Huppert, 1987)
were administered. The reaction time task
consisted of two elements. The first (simple RT)
measured the mean time taken (seconds) for
subjects to respond by pressing a central button
to 20 presentations of a single digit (‘0 ’) at
varying intervals. The second (choice RT)
measured the mean time taken (seconds) to
respond to 40 presentations of a series of four

digits (‘1–4’) by pressing the corresponding
button. Subjects used their preferred hand.
MMSE data was only included for those patients
with adequate English speaking skills.

ApoE and MTHFR genotyping

Genotypes of ApoE and MTHFR were de-
termined by PCR-based methods as described
previously (Wang et al. 1995; Wilcken et al.
1996). There are three possible MTHFR geno-
types : homozygous and heterozygous for the
C677T mutant allele or absence of the mutation.
Given the small number of homozygous patients
(N¯ 9), the heterozygous and homozygous
groups were pooled with subsequent analyses
comparing those ‘at risk’ (MTHFR : N¯ 42)
versus those without the mutation (MTHFR® :
N¯ 33). Since the presence of at least one
ApoE2 and ApoE4 allele was of primary interest,
subjects were classified as either positive or
negative for ApoE2 (ApoE2 : N¯ 12;
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ApoE2® : N¯ 64) and}or ApoE4 (ApoE4 :
N¯ 19; ApoE4® : N¯ 57).

Statistical analyses

Statistical analyses were performed using one-
way analysis of variance and Pearson χ# for
continuous and categorical data respectively.
Multiple comparisons between DSM-IV sub-
types were Bonferroni-adjusted.

RESULTS

Patients with depression versus control subjects

Table 1 illustrates the demographic, diagnostic,
cognitive, vascular, genotypic and family history
characteristics of patients with depression as
compared to control subjects. While there were
no differences between groups in terms of age,
sex distribution, or overall cognitive function
(MMSE), patients with depression had signifi-
cantly longer simple and choice RTs, increased

Table 2. Demographic, clinical, cognitive, vascular, genotypical and family history correlates of
clinical subtypes of patients with depression

Clinical subtype Multiple comparisons"

PSY MEL NMEL F χ# P
PSY–
MEL

PSY–
NMEL

MEL–
NMEL

Demographics
Female†, % 58 (11}19) 68 (23}34) 76 (19}25) 1±6 NS
Age†, mean 58±8 (13±4) 55±2 (12±9) 51±3 (15±7) 1±6 NS
Age of onset†, mean 48±5 (16±2) 40±8 (16±6) 32±7 (13±0) 5±6 ** **

Clinical
Bipolar†, % 16 (3}19) 24 (8}34) 20 (5}25) 0±5 NS
CORE‡ 25±2 (6±9) 13±3 (6±9) 7±7 (6±8) 13±7 *** ** *** *
HAM-D‡ 36±4 (2±9) 27±2 (5±3) 24±8 (6±9) 10±7 *** ** ***

Cognitive
MMSE‡, mean 27±8 (2±0) 27±6 (1±8) 28±2 (1±9) 0±5 NS
Simple RT‡, mean 0±500 (0±2) 0±416 (0±2) 0±361 (0±1) 2±1 NS
Choice RT‡, mean 0±987 (0±2) 0±982 (0±2) 0±867 (0±2) 1±6 NS

Vascular risk†
0–1, % 18 (3}17) 28 (9}32) 60 (12}20) 8±4 * **
& 2, % 82 (14}17) 72 (23}32) 40 (8}20)

ApoE genotype†
Any E2, % 12 (2}17) 15 (5}34) 20 (5}25) 0±6 NS
Any E4, % 6 (1}17) 35 (12}34) 24 (6}25) 5±3 NS

MTHFR†
®, % 35 (6}17) 45 (15}33) 48 (12}25) 0±7 NS
, % 65 (11}17) 55 (18}33) 52 (13}25)

Family history‡
Depression, % 43 (3}7) 40 (12}30) 63 (10}16) 2±2 NS
Dementia, % 29 (2}7) 20 (6}30) 13 (2}16) 0±9 NS

Denominators may change with missing data.
" Bonferroni-adjusted (PSY, psychotic ; MEL, melancholic ; NMEL, non-melancholic).
† Sample 1 and 2 (psychotic N¯ 19, melancholic N¯ 34, non-melancholic N¯ 25).
‡ Sample 2 only (psychotic N¯ 7, melancholic N¯ 32, non-melancholic N¯ 16).
*P! 0±05; **P! 0±01; ***P! 0±001; NS, not significant.

family history rates of depression, more than
two vascular risks and a greater prevalence of
the ApoE2 allele. The latter, however, may
reflect the absence of this allele in control
subjects. In fact, the prevalence of the ApoE2
allele in patients with depression (16%) is
generally consistent with the rate in the
Australian population (12±4%, Henderson et al.
1995).

DSM-IV behavioural subtypes

In reference to diagnostic subtypes, Table 2
shows that patients with psychotic features had
significantly more severe depression (HAM-D),
and greater clinically assessed psychomotor
change (CORE) than the melancholic and the
non-melancholic subjects. With increasing de-
pression severity (i.e. non-melancholic, melan-
cholic, psychotic) there was a gradient increase
in the age of onset of depression and the number
of vascular risk factors. This was only significant
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Table 3. Demographic, clinical, cognitive, vascular, genotypical and family history correlates of
patients with depression by age of onset

Age of onset"

Early-onset Late-onset F χ# P

Demographics†
Female, % 74 (40}54) 54 (13}24) 3±0 NS
Age, mean 49±9 (12±8) 65±8 (10±3) 36±9 ***
Age of onset, mean 31±2 (10±0) 60±0 (8±0) 117±5 ***

Clinical
Psychotic†, % 19 (10}54) 38 (9}24) 3±3 NS
Bipolar†, % 28 (15}54) 4 (1}24) 5±7 *
CORE‡, mean 12±0 (8±2) 15±5 (9±1) 1±8 NS
HAM-D‡, mean 28±1 (6±5) 26±5 (7±0) 0±6 NS

Cognitive
MMSE, mean 27±8 (1±7) 27±7 (2±3) 0±0 NS
Simple RT, mean 0±394 (0±14) 0±448 (0±18) 1±3 NS
Choice RT, mean 0±907 (0±21) 1±057 (0±24) 4±9 *

Vascular risk†
0–1, % 43 (20}47) 18 (4}22) 3±9 *
& 2, % 57 (27}47) 82 (18}22)

ApoE genotype†
Any E2, % 14 (7}52) 21 (5}24) 0±7 NS
Any E4, % 29 (15}52) 17 (4}24) 1±3 NS

MTHFR†
®, % 52 (27}52) 26 (6}23) 4±3 *
, % 48 (25}52) 74 (17}23)

Family history‡
Depression, % 51 (20}39) 36 (5}14) 1±0 NS
Dementia, % 18 (7}39) 21 (3}14) 0±1 NS

Denominators may change with missing data.
" Early-onset, onset ! 50 years of age; late-onset, onset & 50 years of age.
† Sample 1 and 2 (Early-onset N¯ 54, late-onset N¯ 24).
‡ Sample 2 only (Early-onset N¯ 40, late-onset N¯ 15).
*P! 0±05; ***P! 0±001; NS, not significant.

in comparisons between psychotic and non-
melancholic subtypes. There was no difference
in cognitive performance between diagnostic
subtypes.

Late-onset depression

In comparison to patients with early-onset
depression, a significantly larger proportion of
patients with late-onset depression had two or
more vascular risk factors, as well as a signifi-
cantly higher prevalence of the ‘at risk’ MTHFR
genotype (Table 3). They were also less likely to
have bipolar disorder. Although patients with
late-onset depression had significantly longer
choice RTs, this was not significant after
controlling for age.

Vascular risk

Patients with two or more vascular risk factors
were older (mean age¯ 57±4, ..¯ 13±5) than

patients with zero or one vascular risk (mean age
¯ 50±5, ..¯ 12±9; F

",'(
¯ 4±3, P! 0±05). Ad-

ditionally, those with two or greater risk factors
had later ages of onset (mean age of onset¯
43±8, ..¯ 16±6) than patients with zero or one
vascular risk factor (mean age of onset¯ 34±7,
..¯ 16±0; F

",'(
¯ 4±8, P! 0±05). No other

clinical, genetic, cognitive or family history
features were associated with vascular risk.

MTHFR and ApoE associations

Those patients with the ‘at risk’ MTHFR
genotype demonstrated significantly slower
simple RT (Table 4). The presence of an ApoE4
allele demonstrated no pattern of association
with any clinical or cognitive feature (Table 5).
However, those with the allele were less likely to
be psychotic than those without the allele.
Presence of the ApoE2 allele had no specific
pattern of associations.
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Table 4. Associations between demographic, clinical, cognitive, and vascular risk factors and
presence or absence of the ‘at risk ’ forms of the MTHFR gene mutation

MTHFR"

MTHFR® MTHFR F χ# P

Demographics†
Female, % 58 (19}33) 76 (32}42) 2±9 NS
Age, mean 54±0 (15±3) 55±9 (13±6) 0±3 NS
Age of onset, mean 37±2 (16±2) 42±2 (16±7) 1±7 NS

Clinical
Psychotic†, % 18 (6}33) 27 (11}42) 0±7 NS
Bipolar†, % 21 (7}33) 21 (9}42) 0±0 NS
CORE‡, mean 13±7 (8±3) 13±7 (8±3) 0±2 NS
HAM-D‡, mean 28±3 (6±9) 27±3 (6±5) 0±3 NS

Cognitive
MMSE, mean 28±0 (1±7) 27±6 (6±5) 0±4 NS
Simple RT, mean 0±358 (0±1) 0±452 (0±2) 5±7 *
Choice RT, mean 0±885 (0±2) 0±998 (0±2) 3±4 NS

Family history‡
Depression, % 57 (13}23) 38 (11}29) 1±8 NS
Dementia, % 9 (2}23) 28 (8}29) 2±9 NS

Denominators may change with missing data.
" MTHFR®, no MTHFR gene mutation; MTHFR, presence of the ‘at risk’ forms of the MTHFR gene mutation.
† Sample 1 and 2 (MTHFR® N¯ 33, MTHFR N¯ 42).
‡ Sample 2 only (MTHFR® N¯ 23, MTHFR N¯ 29).
*P! 0±05; NS, not significant.

Table 5. Associations between demographic, clinical, cognitive and vascular risk factors and
presence or absence of the ApoE2 and ApoE4 alleles

ApoE2" ApoE4#

E2® E2 F χ# P E4® E4 F χ# P

Demographics†
Female, % 69 (44}64) 58 (7}12) 0±5 NS 68 (39}57) 63 (12}19) 0±2 NS
Age, mean 55±0 (14±0) 55±4 (15±8) 0±0 NS 55±9 (14±2) 52±4 (14±3) 0±9 NS
Age of onset, mean 39±5 (16±5) 43±9 (16±9) 0±7 NS 41±8 (17±6) 35±2 (11±9) 2±3 NS

Clinical
Psychotic†, % 23 (15}64) 17 (2}12) 0±3 NS 28 (16}57) 5 (1}19) 4±3 *
Bipolar†, % 19 (12}64) 33 (4}12) 1±3 NS 21 (12}57) 21 (4}19) 0±0 NS
CORE‡, mean 13±3 (8±9) 11±7 (7±8) 0±3 NS 13±2 (8±6) 12±6 (8±6) 0±0 NS
HAM-D‡, mean 28±0 (6±6) 26 (6±4) 0±7 NS 27±8 (6±7) 27±4 (6±4) 0±0 NS

Cognitive‡
MMSE, mean 27±7 (1±9) 28±7 (1±4) 1±8 NS 27±8 (1±9) 28±0 (1±7) 0±0 NS
Simple RT, mean 0±400 (0±2) 0±449 (0±2) 0±8 NS 0±411 (0±2) 0±399 (0±1) 0±0 NS
Choice RT, mean 0±952 (0±2) 0±919 (0±2) 0±2 NS 0±961 (0±3) 0±905 (0±2) 0±6 NS

Family history‡
Depression, % 47 (21}45) 50 (4}8) 0±0 NS 44 (7}39) 57 (8}14) 0±8 NS
Dementia, % 22 (10}45) 0 (0}8) 2±2 NS 23 (9}39) 7 (1}14) 0±2 NS

Denominators may change with missing data.
" ApoE2®, no ApoE2 alleles ; ApoE2, at least one ApoE2 allele.
# ApoE4®, no ApoE4 alleles ; ApoE4, at least one ApoE4 allele.
† Sample 1 and 2 (ApoE2® N¯ 64, ApoE2 N¯ 12; ApoE4® N¯ 57, ApoE4 N¯ 19).
‡ Sample 2 only (ApoE2® N¯ 45, ApoE2 N¯ 9; ApoE4® N¯ 40, ApoE4 N¯ 14).
* P! 0±05; NS, not significant.

Predictors of late-onset depression

In order to further investigate the relative
importance of the MTHFR mutation, vascular

risk factors and presence of psychosis to patients
with late-onset depression, a logistic regression
model of predictors of early-onset versus late-
onset was constructed. Only presence of the ‘at
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risk’ MTHFR genotype remained a significant
independent predictor (odds ratio (OR)¯ 3±8,
95% CI¯ 1±1–12±9). The presence of two or
more vascular risk factors (OR¯ 2±9, 95%
CI¯ 0±7–10±8) and the presence of psychosis
(OR¯ 3±7, 95% CI¯ 0±9–12±7) were not signifi-
cant within this limited sample.

DISCUSSION

This study has focused on associations between
putative risk factors and behavioural features in
older patients with depression. While a variety
of subtyping systems have been proposed for
severe depressive disorders, in this clinical cohort
the most pertinent associations were between
depression with an age of onset after 50 years of
age and: (i) presence of the mutation of the
MTHFR gene; (ii) presence of more than two
vascular risk factors ; and, (iii) presence of
psychotic features. The vascular risk factors can
be subjected to primary prevention and}or
secondary intervention strategies.

The adverse biochemical consequences of
being heterozygous or homozygous for the
MTHFR gene mutation include raised plasma
levels of homocysteine which may, in turn,
predispose affected persons to atherosclerotic
and thromboembolic processes (Wilcken, 1998;
Hankey & Eikelboom, 1999). Although the
mechanism by which homocysteine might cause
vascular damage is unclear, it is has been
suggested to reflect the important role that the
transfer of methionine methyl groups play in
lipid metabolism and subsequent vascular dam-
age (Pilgeram, 1996). Since mild to moderately
elevated levels of homocysteine can be readily
corrected by folate and}or vitamin B

'
and B

"#
supplementation (Boushey et al. 1995), it is
possible that such supplementation could play a
vital role in preventing the vascular pathologies
giving rise to late-onset depressive disorders
(Bottiglieri et al. 2000). Clearly, these impli-
cations warrant more intensive evaluation in a
larger sample of older patients with depression
and, prospectively, in those at risk of late-life
depression.

The association between late-onset depression
and vascular risk factors found in this study is
consistent with an accumulation of clinical and
epidemiological evidence linking late-onset de-
pression with cerebrovascular disease (Hickie &

Scott, 1998; Steffens et al. 1999). These studies
suggest that the aetiological processes under-
pinning some late-onset depressive disorders
may be closely tied to vascular pathologies
which progressively disrupt fronto-subcortical
paths (Hickie et al. 1995; 1997; Krishnan &
McDonald, 1995; Steffens et al. 1999; de Groot
et al. 2000). Since biochemical risk factors to
vascular disease (e.g. hypertension, elevated
cholesterol, diabetes, smoking) are open to active
preventative strategies, identification and modi-
fication of these risks may play an important
role in depression prevention and management.

Contrary to earlier studies (e.g. Krishnan et
al. 1996), it appears unlikely that the ApoE4
isoform has any specific relationship with de-
pressive disorders, late-life depression, late-onset
depression and}or cognitive impairment in
patients with severe depression. It is, however,
important that the results of such gene as-
sociation studies in small samples be interpreted
cautiously. Clearly, they require replication in
larger and more ethnically diverse populations.
Of the other behavioural features examined (i.e.
melancholic and psychotic subtypes), later age
of onset, clinically-assessed psychomotor
change, and presence of two or more vascular
risk factors were associated with psychotic
features. This implies that for a proportion of
these patients (who are common in specialist
psychiatry and psychogeriatric service environ-
ments), vascular pathologies may also be aetio-
logically relevant.

The interpretation of results from this small
sample size and relatively large number of
comparisons requires caution and, ultimately,
replication in independent samples. This study
suggests an important series of interactions
between: (i) genotypes ‘at-risk’ for vascular,
rather than neurodegenerative disease (i.e.
MTHFR rather than ApoE4); (ii) late-onset
of depression; (iii) other behavioural or bio-
chemical vascular disease risk factors (which
become progressively more relevant to older
rather than younger patients) ; and, (iv) the de-
velopment of depressions characterized by
psychomotor slowing and}or psychotic features.
Future aetiological and}or treatment studies in
late-life depression should therefore examine
important behavioural features, cognitive, vas-
cular and genetic (namely MTHFR) risk
factors.
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