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Objective: The clinical profile of late-life depression (LLD) is frequently associated with
cognitive impairment, aging-related brain changes, and somatic comorbidity.This two-
site naturalistic longitudinal study aimed to explore differences in clinical and brain
characteristics and response to electroconvulsive therapy (ECT) in early- (EOD) versus
late-onset (LOD) late-life depression (respectively onset <55 and ≥55 years). Methods:
Between January 2011 and December 2013, 110 patients aged 55 years and older
with ECT-treated unipolar depression were included in The Mood Disorders in Elderly
treated with ECT study. Clinical profile and somatic health were assessed. Magnetic
resonance imaging (MRI) scans were performed before the first ECT and visually rated.
Results: Response rate was 78.2% and similar between the two sites but signifi-
cantly higher in LOD compared with EOD (86.9 versus 67.3%).Clinical, somatic, and
brain characteristics were not different between EOD and LOD.Response to ECT was
associated with late age at onset and presence of psychotic symptoms and not with
structural MRI characteristics. In EOD only, the odds for a higher response were as-
sociated with a shorter index episode. Conclusion: The clinical profile, somatic
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comorbidities, and brain characteristics in LLD were similar in EOD and LOD. Nev-
ertheless, patients with LOD showed a superior response to ECT compared with patients
with EOD.Our results indicate that ECT is very effective in LLD, even in vascular bur-
dened patients. (Am J Geriatr Psychiatry 2016; ■■:■■–■■)

Key Words: Depression, electroconvulsive therapy, response, late life, early onset, late
onset, structural brain

INTRODUCTION

The etiology and clinical presentations of late-life de-
pression (LLD) are rather heterogeneous comparedwith
depression at a younger age. LLD is frequently associ-
ated with cognitive impairment, aging-related brain
changes, andsomatic comorbidity.1–3WithinLLD, subsets
can be defined by age at onset, with a variable cut-off
between studies ranging from 50 to 65 years.3 Early-
onset depression (EOD) is more often associated with
a family history of affective disorders,4 anxiety fea-
tures, and a more severe course of depression.3,5 In
contrast, late-onset depression (LOD) is associatedwith
somatic and neurodegenerative diseases6 contributing
to its onset and leading to a course with worse
neurocognitive performance,7,8 possibly as a prodrome
of dementia.9 LOD is associatedwith a worse response
to pharmacologic treatment as compared with EOD,3

possibly related tounderlyingcerebrovasculardisease.10–12

In a comprehensive review on structural brain imaging
and pharmacotherapy in LLD, poor outcomewasmost
robustly linked with white matter integrity.13 In addi-
tion, vascular risk factorswere specifically linked toLOD,
so clinical profilingby age at onsetmaybe a tool todirect
treatment strategy. Nevertheless, differences between
EOD and LOD may depend on the samples studied,
because depressive symptomatology ofmelancholic in-
patients with respect to EOD and LOD were found to
be more alike than different.14,15 Studies on treatment
response in EOD and LOD combining vascular risk
factors with imaging data on white matter integrity in
well-defined samples are lacking to date.

In severe LLD, electroconvulsive therapy (ECT) is
often the treatment of preference because it is more ef-
ficacious than pharmacotherapy,16,17 with response rates
of 60%–70%18,19 and with fewer side effects than
pharmacotherapy.20 In line with the better response
rates for EOD treated with pharmacotherapy,11,12 re-
sponse to ECT may be better in EOD. Earlier studies
by our group reported lower response rates to ECT in

patients with medial temporal atrophy (MTA) but not
white matter lesions21 and a faster response in pa-
tients with a smaller inferior frontal gyrus.22 However,
these studies did not focus specifically on the possi-
ble role of age at disease onset.
The Mood Disorders in Elderly treated with

ElectroConvulsive Therapy (MODECT), a two-site
naturalistic, longitudinal study including older inpa-
tients with severe unipolar depression treated with
ECT, was designed to study clinical characteristics and
outcome. The first aim of the present study was to de-
scribe the patients included in this cohort and to explore
possible differences on demographic and clinical char-
acteristics between the two inclusion sites. The second
aim was to explore differences in clinical and struc-
tural brain characteristics between EOD versus LOD
in a well-defined sample of LLD patients treated with
ECT and to identify predictors of response to ECTwith
regard to age at onset. We hypothesized that LOD
would be associated with somatic burden, age-related
brain characteristics, and poorer response to ECT.

METHODS

Sample

Patients aged 55 years and older with severe unipo-
lar depression according to theDiagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revi-
sion (DSM-IV-TR) criteria23 referred for ECT were
recruited from two tertiary psychiatric hospitals (GGZ
inGeest, Amsterdam, the Netherlands and University
Psychiatric Center, KU Leuven, Belgium). Exclusion cri-
teria were a DSM-IV-TR diagnoses of bipolar disorder
and schizoaffective disorder and a history of a major
neurologic illness (including Parkinson disease, stroke,
and dementia). The diagnoses were made by a psychi-
atrist and confirmed by the Mini International
Neuropsychiatric Interview.24 Data collection began on
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January 1, 2011 and finished on December 31, 2013; 110
patients were recruited: 67 in Amsterdam and 43 in
Leuven (Figure 1).

Assessments

Demographic and clinical variables were obtained
by interview and double-checked by chart review. Age
at first depressive episode before 55 years was classi-
fied as EOD, whereas a first episode at 55 years and
older was defined as LOD, as in our previous cohort.21

Previous treatments for the current depressive episode
were assessed with the Antidepressant Treatment
History Form.25 Primary indication for ECT included
pharmacotherapy resistance, life-threatening symp-
toms, elective, or other. The diagnosis of depression
with or without psychotic symptoms was based on the
DSM-IV-TR criteria.

Physical comorbidity and medication use were
assessed in a semistructured interview inquiring
about the presence of chronic obstructive pulmonary
disease/asthma/emphysema, cardiovascular disease,
myocardial infarction, hypertension, diabetes, cere-
brovascular disease, arthrosis, (rheumatoid) arthritis,

malignant neoplasms, migraine, thyroid disease, con-
sequences of an accident, permanent disability due
to surgery, Parkinson disease, other disease of the
central nervous system, or other diseases. Smoking
was categorized as never, ever, or current. Alcohol
use was measured by two questions based on the
Alcohol Use Disorders Identification Test26 on frequen-
cy and amount of alcohol consumption.
TheMontgomery Åsberg Depression Scale (MADRS)

was used to evaluate the depressive symptom sever-
ity during the treatment course.27 In addition, we
examined the patient’s cognitive functioning by Mini-
Mental State Exam (MMSE)28 before (T0), during (after
3 weeks: T1), and 1 week after the ECT course (T2).
The MADRS and the MMSE were collected by well-
trained research nurses who were blinded to clinical
information, including information on age at onset.

Magnetic Resonance Imaging

Whole-brain scans were obtained at baseline using
a whole-brain 3T magnetic resonance imaging (MRI)
system (General Electric Signa HDxt, Milwaukee,

FIGURE 1. Flow diagram of the study design and patient selection.

Patients screened for eligibility n =  1 59
(Amsterdam n =   84 , Leuven n =   75   ) 

Not eligible for inclusion (n = 14):
(Amsterdam n = 7, Leuven n = 7) 
- language barrier n =1 (Leuven)
- dementia n = 6 (Amsterdam n = 2, 
Leuven n = 4 )
-neurological illness n =  7
(Amsterdam: CVA n = 2, Parkinson 
n = 2, PSP n = 1, Leuven: multiple 
sclerosis n = 1, malignant neuroleptic 
syndrome n = 1)

Drop out (n = 8) (Amsterdam n =  3, 
Leuven n = 5 )

Eligible for study inclusion n = 118
(Amsterdam n = 70, Leuven n = 48) 

Amsterdam n = 67

Leuven n = 43

Not willing or not able  to provide 
consent or to participate  (n = 27) 
(Amsterdam n = 7, Leuven n = 20) 
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WI, USA, in Amsterdam, Philips Intera, Best, The
Netherlands, in Leuven). We acquired structural three-
dimensional T1-weighted images and axial fluid-
attenuated inversion recovery (FLAIR).

At baseline, white matter hyperintensities (WMHs)
were rated on axial FLAIR images using the Fazekas
scale29 and the Age-Related White Matter Changes
scale.30 The Fazekas scale is a whole-brain scale ranging
from 0 (no WMH) to 3 (large confluent areas of
WMHs). The Age-Related White Matter Changes scale
assesses WMH in 10 different brain regions (includ-
ing the basal ganglia), the score per region ranging from
0 to 3. MTA was rated on the oblique coronal three-
dimensional T1 images using the Scheltens scale31

ranging from 0 to 4. We calculated the mean of left-
and right-hemispheric score. Scores of both sides were
summed up and divided by 2. Cortical atrophy was
assessed on axial FLAIR images using the Pasquier
four-point global cortical atrophy rating scale.32 Scores
of left and right hemisphere were summed up and
divided by 2. Periventricular WMHs were rated sep-
arately on a three-point scale ranging from 0 (no
periventricular WMH) to 2 (>5 mm). An experienced
neuroradiologist, who was blinded to all clinical in-
formation, reviewed all images.

Administration of ECT

Patients received twice-weekly ECT in accordance
with Dutch standards.33 A course started with right uni-
lateral ECT. All treatments were administered with the
Thymatron System IV (Somatics, LLC, Lake Bluff, IL,
USA) (maximum energy 200%, 1,008 C). The stimu-
lus intensity was determined by empirical dose titration
at the first treatment, for right unilateral ECT six times
the initial seizure threshold and for bilateral ECT 1.5
times seizure threshold. All patients were treated with
brief-pulse ECT (0.5–1.0 ms). A motor seizure of less
than 20 seconds was considered inadequate and the
dose was subsequently raised according to Dutch
guidelines.34

Clinical evaluation was carried out weekly. Switch-
ing to bilateral ECT was applied when the clinical
condition worsened (i.e., an increase in total MADRS
scores, presence of debilitating psychotic features, in-
creased suicidality, dehydration or weight loss, or when
after six unilateral treatments there was no clinical im-
provement according to the judgment of the treating
psychiatrist). ECT was continued until the patients

achieved a MADRS score of less than 10 at two con-
secutive ratings with a week interval or stopped when
patients showed no further improvement in clinical
condition during the last 2 weeks of ECT sessions after
a minimum of six unilateral and six bilateral ses-
sions. Psychotropic medication was discontinued at
least 1 week before ECT or, if deemed impossible, kept
stable from 6 weeks before ECT and during the ECT
course.

Response and Remission

Remissionwas defined as aMADRS score lower than
10 points after ECT at two consecutive weekly assess-
ments. Response was defined as a decrease in MADRS
scores of at least 50%.35

Ethical Issues

The study protocol of MODECT was approved cen-
trally by the Ethical Review Board of the VUUniversity
Medical Center and subsequently by the Ethical Review
Board of the Leuven University Hospitals and con-
ducted according to the Declaration of Helsinki
(clinicaltrials.gov; NCT02667353). Written informed
consent was obtained from all patients at the start of
the baseline assessment.

Statistics

Data were analyzed using SPSS, version 21 (SPSS Inc.,
Chicago, IL). For demographic data, group differ-
ences in continuous variables were determined by
independent t tests. If a variable was not normally dis-
tributed after log-transformation, a Mann-Whitney test
was used and a z approximation was reported. Group
differences in categorical variables were calculated
using χ2 tests.

To examine differences in change over time on
MMSE between subjects from Amsterdam versus
Leuven and with EOD versus LOD, we estimated a
linear mixed model with measurements occasions (T0,
T1, and T2) nested within subjects. A linear mixed
model was used with MMSE as dependent variable,
random intercept, and fixed effects for time (T0, T1,
T2), group (Amsterdam versus Leuven, EOD versus
LOD), and time × group interaction. Post-hoc tests were
performed using the Tukey-Kramer adjustment.
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Bivariate and multivariate logistic regression anal-
yses were performed in the complete group and in both
onset groups separately to investigate the relation-
ship between clinical variables and response to ECT.
We selected variables showing p < 0.05 as input for a
multiple logistic regression model to evaluate their
unique predictive value. To prevent multicollinear-
ity, we computed the correlation coefficients between
all independent variables. When the correlation coef-
ficient was higher than 0.80, we did not include these
variables in the same model. To study whether the as-
sociation between clinical variables and response was
the same for EOD and LOD, interaction (onset × clin-
ical variable) terms were tested. A p < 0.05 was
considered statistically significant.

RESULTS

Demographics and Clinical Characteristics

The baseline sample consisted of 110 severely de-
pressed patients with a mean age of 73.0 years
(standard deviation: 8.45) and 72 women (66.1%)
(Table 1). Patients received a median of two antide-
pressant treatments, thus establishing failure to respond
to pharmacotherapy. The Leuven site included more
patients with pharmacotherapy resistance as the
primary indication, with a higher number of antide-
pressant medication trials (Table 1). However, the
medication resistance score was not significantly dif-
ferent between the two sites (Table 1). In the
Amsterdam sample there was more somatic
comorbidity, specifically cardiovascular disease, and
more prominent periventricular WMHs in the brain
(Table 1).

Response rate was 78.2%. The response and remis-
sion rates were not statistically different between the
two sites (response: Leuven 86.0 versus Amsterdam
73.1%; remission: Leuven 76.7 versus Amsterdam
59.7%) (Table 1). At the Amsterdam site the rate of
switching to bilateral ECT was higher (χ2 = 4.61, df = 1,
p = 0.03).
MMSE scores increased significantly over time

(F(2,166) = 9.96, p < 0.0001), with MMSE scores at base-
line significantly lower than 1 week after the ECT
course (t(166) = −4.46, p < 0.0001). There were no sig-
nificant differences between MMSE scores at baseline
and during the course of ECT (mean: 24.2 and 25.2,

respectively) (t(166) = −2.19, p = 0.08) and between
MMSE scores during and 1 week after the ECT course
(mean: 25.2 and 26.3, respectively) (t(166) = −2.02,
p = 0.11).

EOD versus LOD

Patients with LOD had a higher response rate (86.9%
versus 67.3%, χ2 6.08, df = 1, p = 0.01, Table 2), with a
similar number of ECT sessions. The clinical profile of
LOD versus EOD was similar in terms of depressive
and psychotic symptoms and medication resistance.
Somatic comorbidity was not different between EOD
and LOD, and neither were the structural brain char-
acteristics. Patients with EOD were younger and
experienced more depressive episodes and more ad-
missions (Table 2). Cognition measured with MMSE
at any time point was higher in patients with EOD com-
pared with LOD (F(1,166) = 4.22, p = 0.04). However,
differences in change over time did not occur inMMSE
scores between EOD and LOD (F(2,166) = 1.53, p = 0.22).

Factors Associated with Response

Higher response rates in the total sample were
bivariately associatedwith later age at onset, lowermed-
ication resistance score, and more psychotic symptoms
(Table 3). In multiple logistic regression analyses, a high
response rate remained associated with later age at
onset (odds ratio [OR]: 3.06; 95% confidence interval
[CI]: 1.07–8.70; Wald χ2 4.39, df = 1, p = 0.04) and more
psychotic symptoms (OR: 3.30; 95% CI: 1.12–9.74; Wald
χ2 4.67, df = 1, p = 0.03) but not with medication re-
sistance score (OR: 0.69; 95% CI: 0.45–1.03; Wald χ2 3.24,
df = 1, p = 0.07) (data not shown). The multivariate
model explained 21.8% of the variance in response
versus nonresponse (χ2 15.39, df = 3, p = 0.002).
To study whether the associations between predic-

tors of response to ECT were different for LOD
compared with EOD, we examined the interaction
terms EOD/LOD × predictor variable in the logistic re-
gression models (Table 3) and performed stratified
analyses according to age at onset status. The interac-
tion terms “EOD/LOD × duration of index episode”
and “EOD/LOD × MTA” were statistically signifi-
cant. Stratified analyses showed that in EOD, a shorter
duration of index episode was associated with higher
response rates (OR: 0.92; 95%CI: 0.86–0.98;Wald χ2 6.73,
df = 1, p = 0.01, Table 3), whereas in LOD no significant

ARTICLE IN PRESS

5Am J Geriatr Psychiatry ■■:■■, 2016

Dols et al.



TABLE 1. Baseline Demographic and Clinical Characteristics, ECT Characteristics, and Clinical Status after ECT

Total
(N = 110)

Amsterdam
(N = 67)

Leuven
(N = 43)

Statistics
χ2/t (df) p value

Mean age, yr (SD) 73.0 (8.45) 72.8 (9.23) 73.2 (7.38) −0.26 (102) 0.79
55–59 10 (9.1) 8 (11.9) 2 (4.7)
60–69 32 (29.1) 19 (28.4) 13 (30.2)
70–79 38 (34.5) 21(31.3) 17 (39.5)
80 and over 30 (27.3) 19 (28.4) 11 (25.6)

Gender, female 73 (66.4) 43 (64.2) 30 (69.8) 0.37 (1) 0.55
Marital status 11.0 (3) 0.01

Never married 16 (14.5) 14 (20.9) 2 (4.6)
Married 57 (52.3) 28 (41.8) 29 (69.0)
Divorced 9 (8.3) 8 (11.9) 1 (2.3)
Widowed 28 (25.7) 17 (25.4) 11 (26.2)

Level of education 93 (84.5) 51 (76.1) 42 (2.3) 9.12 (7) 0.25
Low 14 (12.7) 6 (8.96) 8 (18.6)
Middle 51 (46.4) 25 (37.3) 26 (60.5)
High 28 (25.5) 20 (29.9) 8 (18.6)

Median duration of admission before ECT, mo (IQR) 1 (4) 1 (4) 1 (2) MW 0.38
Previous depressive episodes, present 88 (80.0) 56 (83.6) 32 (73.8) MW 0.54
Median (IQR) 3 (2) 3 (2) 3 (3)
Number of admissions, median (IQR) 3 (3) 3 (3) 3 (3) MW 0.13
Duration of all admissions, median (IQR) 9 (11) 10 (13) 6.5 (10) MW 0.05
Duration of current episode, mo 103 (84.5) 65 (97.0) 38 (88.4) MW 0.41
Median (IQR) 6 (9) 7 (15) 6 (4)
Age at onset of first depression 0.72 (1) 0.40

Early 49 (44.5) 32 (47.8) 17 (39.5)
Late (>55 yr) 61 (55.5) 35 (52.2) 26 (60.5)

ATHF score 99 (90.0) 60 (89.6) 39 (90.7)
Number of depressant trials, median (IQR) 2.0 (2) 1.0 (1.0) 2.0 (2.0) MW 0.035
Resistance score of depressant trials, mean (SD) 3.1 (1.35) 2.8 (1.42) 3.5 (1.14) 8.39 (5) 0.14

Indication for ECT 6.05 (3) 0.11
Pharmacotherapy resistance 64 (58.2) 34 (50.7) 30 (69.8)
Life threatening symptoms 33 (30.0) 24 (35.8) 9 (20.9)
Elective 10 (9.1) 8 (11.9) 2 (4.7)
Other 3 (2.7) 1 (1.5) 2 (4.7)

DSM-IV-TR diagnosis 0.12 (1) 0.73
MDD 54 (49.1) 32 (47.8) 22 (51.2)
MDD with psychosis 56 (50.9) 35 (52.2) 21 (48.8)

Physical comorbidity
None 27 (24.5) 10 (14.9) 17 (39.5) 8.56 (1) 0.003
Chronic obstructive pulmonary disease, asthma, emphysema,

chronic bronchitis (%)
12 (10.9) 7 (10.4) 5 (11.6) 0.04 (1) 0.85

Cardiovascular disease, myocardial infarction 29 (26.4) 24 (35.8) 5 (11.6) 7.90 (1) 0.005
Hypertension 33 (30.0) 23 (34.3) 10 (23.3) 1.53 (1) 0.22
Diabetes 10 (9.1) 4 (6.0) 6 (14.0) 2.02 (1) 0.16
Cerebrovascular disease 4 (3.6) 4 (6.0) 0 (0.0) 2.66 (1) 0.10
Arthrosis, (rheumatoid) arthritis 13 (11.8) 11 (16.4) 2 (4.7) 3.48 (1) 0.06
Malignant neoplasms 19 (17.3) 15 (22.4) 4 (9.3) 3.14 (1) 0.08
Thyroid disease 13 (11.8) 10 (14.9) 3 (7.0) 1.59 (1) 0.21

Smoking 94 (85.4) 65 (97.0) 29 (67.4) 0.64 (2) 0.73
Never 60 (54.5) 41 (61.2) 19 (44.2)
Ever, but not current 10 (9.1) 8 (11.9) 2 (4.7)
Current 24 (21.8) 16 (23.9) 8 (18.6)

Alcohol 102 (92.7) 60 (89.5) 42 (97.7) MW 0.23
Never 67 (60.9) 42 (62.7) 25 (58.1)
Units per week, median (IQR) 1.0 (0) 1.0 (0) 1 (1.5)

MADRS 109 (99.1) 66 (98.5) 43 (100) 4.42 (107) 0.14
Mean (SD) 33.6 (8.63) 32.6 (9.38) 35.1 (7.15)
MMSE score before ECT 93 (84.5) 51 (76.1) 42 (97.7) 0.59 (166) 0.99*
Mean (standard error) 24.2 (0.45) 24.5 (0.59) 24.0 (0.67)
MMSE score during ECT course 83 (75.5) 43 (64.2) 40 (93.0) −0.27 (166)
Mean (standard error) 25.2 (0.47) 25.1 (0.63) 25.4 (0.69) 0.99*

(continued on next page)
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association was found. Furthermore, in EOD the odds
for response were higher when having more hippo-
campal atrophy (OR: 3.20; 95% CI: 0.73–14.1; Wald χ2

2.37, df = 1, p = 0.12, Table 3), whereas the odds for re-
sponse in LOD were higher when having less
hippocampal atrophy (OR: 0.49; 95%CI: 0.17–1.44;Wald
χ2 1.70, df = 1, p = 0.19, Table 3). However, both asso-
ciations were not statistically significant.

DISCUSSION

The MODECT is a two-site prospective interven-
tion study examining clinical outcome in EOD and
LOD after ECT in 110 patients with severe LLD. Re-
sponse rate was 78.2% andwas similar between the two
sites. The clinical profile, somatic comorbidities, and
structural brain characteristics were not different
between EOD and LOD. Nevertheless, patients with
LOD showed a superior response to ECT compared
with patients with EOD. Response to ECT was asso-
ciated with late age at onset and presence of psychotic
symptoms but not with structural brain characteris-
tics. Our results indicate that ECT is very effective in
LLD, even with vascular burden.

Sample

Patients had received a median of two antidepres-
sant trials, confirming that ECT is very effective even
in patients who failed to respond to pharmaco-
therapy. Patients from the two sites were very
comparable; however, the Leuven site included more
patients with pharmacotherapy resistance and theAm-
sterdam sample had more somatic comorbidity and
more WMHs. This is in line with the facts that the
Leuven site is known for their referrals of
pharmacotherapy-resistant patients and the Amster-
dam site is a tertiary referral center for ECT in frail
severely depressed older patients. The preponder-
ance of somatic comorbidity in theAmsterdam sample
might have led to a higher rate of switching from right
unilateral to bilateral ECT. Indeed, physically frail pa-
tients very often show life-threatening symptoms
because of refusal of food and fluids, justifying the
application of bilateral electrode position, given its more
rapid symptom reduction.36

The response rate was 78.2%, similar between the
two sites, and at the higher end of the range previ-
ously reported in LLD.37 Response to ECT was
associated with late age at onset and presence of

Table 1 (continued)

Total
(N = 110)

Amsterdam
(N = 67)

Leuven
(N = 43)

Statistics
χ2/t (df) p value

MMSE score after last ECT 103 (93.6) 60 (89.6) 43 (100) −1.17 (166)
Mean (standard error) 26.3 (0.44) 25.8 (0.56) 26.8 (0.67) 0.85*
MRI at baseline 80 (72.7) 42 (62.7) 38 (88.4)

Medial temporal lobe atrophy score (median, IQR) 1 (1.5) 1 (1.5) 1 (1) MW 0.37
Global cortical atrophy score (median, IQR) 1 (1) 1 (1) 1 (1) MW 0.48
Fazekas (median, IQR) 1 (1) 1 (1) 1 (0.3) MW 0.08
Periventricular WMHs (median, IQR) 1 (1) 1 (1) 1 (0) MW 0.02
ARWMC total score (median, IQR) 6.5 (7) 8 (7.3) 6 (6.3) MW 0.08

ECT characteristics
Number of ECT treatments, mean (SD) 11.7 (5.4) 11.8 (6.3) 11.5 (3.7) 0.21 (107) 0.85
Patients treated unilateral 104 (94.5) 61 (91) 43 (100)
Patients treated bilateral 6 (5.5) 6 (9) 0 (0) 4.61 (1) 0.03
Patients switched to bilateral 34 (30.9) 25 (37.3) 9 (20.9)

Clinical status 1 week after ECT
Response to ECT† 86 (78.2) 49 (73.1) 37 (86.0) 2.56 (1) 0.11
Remission after ECT‡ 73 (66.4) 40 (59.7) 33 (76.7) 3.41 (1) 0.07

Notes: Values are total number of cases with percents in parentheses, unless otherwise noted. Statistical tests are based on χ2 statistics for
categorical variables, t tests for continuous variables, Mann-Whitney (MW) test for variables with non-normal distribution, at a significance
level of 5%. MW was reported as a z approximation. Education: low (no education, primary school), middle (high school, vocational train-
ing), high (college, university). SD: standard deviation; IQR: interquartile range; ATHF: Antidepressant Treatment History Form, MDD: major
depressive disorder; ARWMC: Age-Related White Matter Changes scale.

*Tukey-Kramer adjusted post hoc tests for Amsterdam/Leuven × time interaction in linear mixed model, test for interaction: F(2,166) = 1.46,
p = 0.24.

†Response to ECT is defined as 50% improvement or more in MADRS scores from baseline during a course of ECT.
‡Remission after ECT is defined as a MADRS score lower than 10 points.
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psychotic symptoms but not with structural MRI
characteristics.

EOD versus LOD

In our sample of patients with severe LLD, the clin-
ical profile of EOD and LOD was very similar, as was
shown in previous studies in clinical samples with
severe depression.15,38,39 Symptom profile or severity
and duration of current episode were not different in
EOD or LOD in our sample of severe LLD patients el-
igible for ECT. Contrary to our hypothesis, somatic

comorbidity and structural brain characteristics were
similar in EOD and LOD in our sample. Patients with
LOD had a higher response rate compared with pa-
tients with EOD.

Although theMMSEwas lower in LOD than in EOD
throughout the study, there was no difference in cog-
nitive improvement, indicating that age at onset does
not affect cognitive outcome. Examining factors related
to response in EOD and LOD, we found that in EOD
response was associated with shorter duration of index
episode (OR: 0.92; 95% CI: 0.86–0.98), but we failed to
identify significant associations with response in LOD.

TABLE 2. Age at Onset and Clinical and Structural Brain Characteristics

EOD
(N = 49)

LOD
(N = 61)

Statistics
χ2/t (df) p value

Mean age, yr (SD) 69.3 (7.6) 75.8 (8.1) −4.34 (108) <0.001
Gender, female 31 (63.3) 42 (68.9) 0.38 (1) 0.54
Previous depressive episodes, present 49 (100) 40 (65.6) MW 0.003
Median (IQR) 4 (3) 2 (2) MW 0.003
Number of admissions, median (IQR) 4 (4) 2 (2) MW <0.001
Duration of current episode, mo, median (IQR) 6 (12) 6 (10) MW 0.13
ATHF score

Number of depressant trials, median (IQR) 2.0 (2.0) 2.0 (2.0) MW 0.59
Resistance score of depressant trials, mean (±SD) 3.29 (1.26) 2.87 (1.40) 1.55 (96.3) 0.12

DSM-IV-TR diagnosis MDD with psychosis 21 (42.9) 35 (57.4) 2.29 (1) 0.13
Physical comorbidity

None 12 (24.5) 15 (24.6) 0.0 (1) 0.99
Chronic obstructive pulmonary disease, asthma, emphysema, chronic bronchitis 6 (12.2) 6 (9.8) 0.16 (1) 0.69
Cardiovascular disease, myocardial infarction 11 (22.4) 18 (29.5) 0.70 (10) 0.41
Hypertension 14 (28.6) 19 (31.1) 0.09 (1) 0.77
Diabetes 3 (6.1) 7 (11.5) 0.94 (1) 0.33
Cerebrovascular disease 0 (0) 4 (6.6) Fisher 0.13
Arthrosis, (rheumatoid) arthritis 7 (14.3) 6 (9.8) 0.52 (1) 0.47
Malignant neoplasms 9 (18.4) 10 (16.4) 0.07 (1) 0.79
Thyroid disease 5 (10.2) 8 (13.1) 0.22 (1) 0.64

MADRS 49 (100) 60 (98.4) −0.62 (107) 0.54
Mean (SD) 33.0 (8.77) 34.0 (8.59)
MMSE score before ECT 42 (85.7) 51 (83.4)
Mean (standard error) 24.5 (0.66) 24.04 (0.59) 0.56 (166) 0.99*
MMSE score during ECT course 35 (71.4) 48 (78.7)
Mean (standard error) 26.34 (0.70) 24.37 (0.61) 2.13 (166) 0.28*
MMSE score after last ECT 44 (89.8) 59 (96.7)
Mean (standard error) 27.25 (0.65) 25.39 (0.56) 2.77 (166) 0.26*
MRI at baseline 37 43
Medial temporal lobe atrophy score (median, IQR) 1 (1) 1 (1.5) MW 0.10
Global cortical atrophy score (median, IQR) 1 (1) 1(0) MW 0.08
Fazekas (median, IQR) 1 (1) 1 (1) MW 0.20
WMHs (median, IQR) 1 (1) 1 (1) MW 0.34
ARWMC total score (median, IQR) 6 (6.5) 8 (7) MW 0.43
Number of ECT sessions, mean (SD) 12.8 (6.2) 11.0 (4.9) 1.58 (90.2) 0.12
Response 33 (67.3) 53 (86.9) 6.08 (1) 0.01

Notes: Values are total number of cases with percents in parentheses, unless otherwise noted. Statistical tests are based on χ2 statistics for
categorical variables, t tests for continuous variables, Mann-Whitney (MW) test for variables without normal distribution, at a significance
level of 5%. MWwas reported as a z approximation. SD standard deviation, IQR interquartile range. SD: standard deviation; IQR: interquartile
range; ATHF: Antidepressant Treatment History Form, MDD: major depressive disorder; ARWMC: Age-Related White Matter Changes scale.

*Tukey-Kramer adjusted post hoc tests for early/late onset × time interaction in linear mixed model, test for interaction: F(2,166) = 1.53,
p = 0.22.
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TABLE 3. Factors Associated with ECT Response

Bivariate Logistic Regression Analyses

Bivariate Logistic Regression Analyses and Interaction Term “Age at Onset”

EOD LOD

p InteractionOR (95% CI) Wald χ2 p OR (95% CI) Wald χ2 p OR (95% CI) Wald χ2 p

{Age, yr 1.03 (0.97–1.08) 0.89 0.35 0.97 (0.90–1.05) 0.51 0.48 1.07 (0.98–1.17) 2.54 0.11 0.10
Duration of index episode, mo 0.98 (0.96–1.01) 2.50 0.11 0.92 (0.86–0.98) 6.73 0.01 1.02 (0.95–1.09) 0.25 0.62 0.03
Age at onset 2.80 (1.11–7.07) 5.75 0.03
Medication resistance:

number of antidepressant trials 0.75 (0.50–1.13) 1.87 0.17 0.98 (0.56–1.70) 0.01 0.93 0.52 (0.27–1.02) 3.57 0.06 0.16
Medication resistance score 0.63 (0.42–0.95) 4.84 0.03 0.60 (0.34–1.06) 3.11 0.08 0.85 (0.47–1.53) 0.31 0.58 0.42

Depression symptoms 1.02 (0.97–1.08) 0.70 0.40 1.01 (0.97–1.06) 0.19 0.66 1.00 (0.94–1.05) 0.02 0.88 0.69
Psychotic symptoms 3.22 (1.21–8.55) 5.48 0.02 3.19 (0.85–12.0) 2.96 0.09 1.85 (0.44–7.69) 0.71 0.40 0.58
No somatic illness 0.37 (0.10–1.36) 2.27 0.13 0.33 (0.06–1.72) 1.73 0.19 0.34 (0.04–2.96) 0.96 0.33 0.98
Cardiovascular diseases 0.65 (0.24–1.72) 0.76 0.38 0.30 (0.07–1.19) 2.92 0.09 0.81 (0.18–3.67) 0.07 0.79 0.34
MTA 1.08 (0.50–2.33) 0.04 0.85 3.20 (0.73–14.1) 2.37 0.12 0.49 (0.17–1.44) 1.70 0.19 0.04
GCA 0.71 (0.32–1.60) 0.67 0.41 0.42 (0.12–1.41) 1.97 0.16 1.00 (0.31–3.29) 0.00 1.00 0.31
ARWMC 1.02 (0.92–1.14) 0.16 0.69 0.95 (0.82–1.10) 0.52 0.47 1.10 (0.93–1.32) 1.22 0.27 0.19
Periventricular WMH 1.00 (0.45–2.21) 0.00 1.00 0.72 (0.24–2.20) 0.32 0.57 1.33 (0.41–4.25) 0.23 0.64 0.46
Fazekas 1.08 (0.53–2.20) 0.05 0.83 0.70 (0.27–1.80) 0.55 0.46 1.81 (0.54–6.09) 0.92 0.34 0.23

Notes: Medication resistance as measured with ATHF, Depression symptoms as a number on MADRS scale, Psychotic symptoms according to DSM-IV-TR criteria. Response to
ECT is defined as 50% improvement or more in MADRS scores from baseline during a course of ECT. In all bivariate analyses degree of freedom was 1. GCA: global cortical atrophy,
ARWMC: Age-Related White Matter Changes scale.
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In EODmore MTAwas associated with higher odds
for response, whereas in LOD less MTA was associ-
ated with higher odds for response. Although the
interaction term “EOD/LOD ×MTA” was statistical-
ly significant, the associations in the separate subsets
(EOD and LOD) were not statistically significant. In pa-
tients with severe LLD, age at onset probably does not
identify clinical subtypes.

Predicting Response to ECT

We set out to identify predictors of response more
specific in LOD to explain its superior response rate
compared with EOD. In our total sample, psychotic
symptoms and less medication resistance were asso-
ciated with better response, but these factors were
similar in EOD and LOD. This is in contrast with a
recent meta-analysis that failed to identify psychotic
features as a positive predictor for ECT response.40 This
finding may depend on several factors. Most studies
were carried out in younger patients, and the defini-
tion of psychotic features is not unequivocal. Moreover,
psychotic depressed patients may receive ECT earlier
in their course of illness and thereby have shorter
episode and less medication resistance.

The presence of psychotic features based on clini-
cal judgment was found to be a robust predictor of
response to ECT in several previous studies.41–43 Pre-
viously, a study from our own group on LLD treated
with ECT found that depression with psychotic symp-
toms was significantly associated with absence of
cognitive decline long-term follow-up.44

In our sample the median duration of the current
episode was 6 months, similar in EOD and LOD. In
EOD a shorter duration of the index episode was as-
sociated with higher response rates. In the
aforementioned meta-analysis,40 duration of current
episode, together with relative absence of medica-
tion failure, was found to be a robust clinical predictor
of response to ECT. In responders the current episode
had a weighted mean duration of 6.6 months versus
14 months in nonresponders.40 As in our sample, it
seems likely that older patients receive ECT earlier in
their course, because they may not tolerate pharma-
cotherapy. This may explain why age was not found
to be a predictor for response to ECT in this meta-
analysis contrary to previous findings.16,17,45

Higher response rates to ECT were not associated
with absence of somatic illnesses, presence of cardio-

vascular disease, or structural brain characteristics.
Recently, in LLD patients treated with pharmaco-
therapy, the association of cerebrovascular risk and poor
treatment outcome in LLD was reconfirmed.46 Cere-
brovascular burden may hamper the effect of
antidepressants in LLD. In our sample, before ECT, pa-
tients had received a median of 2 antidepressant trails,
establishing failure to respond to pharmacotherapy.
However, our results indicate that ECT is very effec-
tive even in pharmacotherapy-resistant LLD with
vascular burden.
Wewere not able to explain the higher response rates

in LOD by clinical or structural brain characteristics.
The number of nonresponders with LOD was proba-
bly too low (n = 8) to find statistically significant
associations.

Strengths and Limitations

The strength of our study is that we were able to
include a substantial number of older patients treated
with ECT and collect a comprehensive set of clinical
data on all patients, including brain imaging. In most
aspects, the patients included from the two sites were
similar.
The study was parallel but subordinate to patient

care, and therefore because some patients needed
ECT before inclusion could be completed, some data
(MRI scans, clinical scales) were missing. Neverthe-
less, 70%–99% of clinical rating scales were completed,
and 72% of patients had an MRI scan before their
first ECT. Data on age at first depressive episode
were collected dichotomously, limiting analyses with
age at onset as a continuous variable. Another limita-
tion is that many statistical tests were performed,
resulting in an increased risk for Type I errors. In
this study we chose to include structural brain char-
acteristics using visual rating scales for well-known
age-related changes.
We used theMMSE to assess global cognitive change

after ECT. However, the MODECT also included an
extensive neuropsychological battery that will enable
us to study specific changes in future reports. A com-
prehensive qualitative evaluation of imaging data was
beyond the scope of this study. For clinical interpre-
tation, our relatively large sample of LLD inpatients is
small compared with epidemiologic studies, and the
homogenous nature of our study, which was limited
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to severe LLD, may mean that our findings cannot be
generalized to other patient groups.

In conclusion, although response rates to ECT in our
sample of patients with LLD was high, patients with
LOD showed the highest response rates. This differ-
ence could not be explained by differences in clinical
profile or structural brain characteristics. Our results
provide also evidence for the notion that ECT is
most effective in LLD with psychotic symptoms.

Furthermore, we conclude that ECT is very effective
in vascular burdened patients.
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