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Abstract

Background: Depression is one of the leading causes of the global burden of disease, and it has particularly
negative consequences for elderly patients. Antidepressants are the most frequently used treatment. We present
the first single-group meta-analysis examining: 1) the response rates of elderly patients to antidepressants, and 2)
the determinants of antidepressants response in this population.

Methods: We searched multiple databases for randomized controlled trials on antidepressants in the elderly with
major depressive disorder above 65 years (last search: December 2017). Response was defined as 50% improvement
on validated rating scales. We extracted response rates from studies and imputed the missing ones with a validated
method. Data were pooled in a single-group meta-analysis. Additionally, several potential moderators of response
to antidepressants were examined by subgroup and meta-regression analyses.

Results: We included 44 studies with a total of 6373 participants receiving antidepressants. On average, 50.7% of
the patients reached a reduction of at least 50% on the Hamilton Depression Scale (HAMD). Subgroup and meta-
regression analyses revealed a better response to treatment for patients in antidepressant-controlled trials
compared to placebo-controlled trials. Mean age, study duration, percentage of woman, severity of illness at
baseline, dose of antidepressants in fluoxetine equivalents, year of publication, setting (in- or out-patients),
antidepressant groups (SSRI, TCA, SSNRI, a2-antagonist, SNRI, MAO-inhibitor), ITT (intention-to-treat) analysis vs
completer analysis, sponsorship and overall risk of bias were not significant moderators of response.

Conclusions: Our findings suggest an improvement in symptoms can be found in about 50% of the elderly with
major depressive disorder treated with antidepressants.
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Background

In high-income regions such as western Europe and
North America, major depression is one of the most
common causes for the burden of disease [1]. In the
period from 1990 to 2013, major depression worldwide
rose from 15th place to 11th place among the leading
causes of burden of disease [1]. Indeed, the estimated
lifetime prevalence of depression in the elderly over the
age of 65vyears is 9.6% for men and 20.4% for women
[2]. Major depression can be associated with significant
disability and reduced quality of life [3]. In addition,
there is an increased suicide rate in patients suffering
from major depression. Up to 15% commit suicide [4].
Especially in the elderly population rates of suicide are
high and as the proportion of the elderly will increase in
the future, the number of suicides will also rise [5].

Antidepressants are the most frequently used treat-
ment for major depression [6].. A recent comprehensive
meta-analysis showed efficacy in the 18 to 65-year-old
population compared to placebo [6]. However, antide-
pressant’s effect on the subpopulation of the elderly is
still unclear. Specific evidence for this subgroup is highly
required, because elderly patients differ substantially
from the adult age group, especially in terms of the effi-
cacy and safety of pharmacological interventions, what
necessarily should lead into an individualized treatment.
These differences include age-related physiological
changes which affect the pharmacodynamics, pharmaco-
kinetics [7], high multimorbidity, an elevated probability
of drug interactions due to polypharmacy [8] and differ-
ences in life circumstances.

Due to differences of pharmacokinetics, the effect on
antidepressants might be peculiar in this population.
Several metabolic changes in the body of old people
could influence the concentration of active substance in
the body by altering metabolism and elimination. For
example, liver mass and blood flow decline and the cre-
atinine clearance of the kidney decreases continuously
with increasing age [9]. In addition, frequent polyphar-
macy in elderly patients increases the risk of drug inter-
actions [8]. Therefore, concentrations of antidepressants
should be chosen carefully to avoid overdosing, which
could cause severe side effects. The pharmacodynamics
could also change with age, as an increased pharmacody-
namic sensitivity in the elderly, due to neuronal and
neurotransmission changes [10, 11] was reported.
Especially white matter lesions could play an important
role, as they increase with age [11]. White matter hyper-
intensities on magnetic resonance imaging are found to
be associated with a higher probability of chronicity of
depression and a poorer response to antidepressant ther-
apy [12]. Another aspect is the high level of comorbidity
in older people. The response to antidepressants deterio-
rates in the presence of chronic illnesses that lead to
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reduced function or disability [13]. Moreover, the social
situation of elderly patients can differ from younger
adults in many factors that may hinder or facilitate to
cope with depressive episodes and thus influence abso-
lute response rates.

For this reason, our group conducted a comprehensive
systematic review and network meta-analysis to compare
different pharmacological and non-pharmacological
treatments with each other in the elderly with major de-
pressive disorder (MDD) [14].

In addition to estimates of the relative efficacy between
different treatments, estimates of absolute efficacy (e.g.
response rates) are needed also to understand the clin-
ical relevance of relative differences between treatments,
and to inform patients and clinicians about the expected
average outcome with a given treatment. Results in the
form of response rates are relevant especially for clinical
practice, because they represent a pragmatic outcome
that can be interpreted easily by practitioners.

However, numbers of patients improving with the
treatment are not always reported in the studies. Also,
there is currently no comprehensive evidence synthesis
which focuses on this question in geriatric patients.

To fill this gap, we addressed this point applying a val-
idated methodology [15-17] to calculate response rates
from rating scales’ measures. The estimated response
rates of all antidepressant-study-arms from different
studies were combined meta-analytically to provide an
estimate of the average response rate on antidepressants.
This methodology distinguishes this work from most
meta-analyses, which focus typically on the relationships
between the interventions and comparison groups, such
as the network meta-analysis conducted previously by
our group [14].

Therefore, we present the first systematic review and
single-group meta-analysis of response rates in elderly
patients with a major depressive disorder who partici-
pated in randomized controlled trials. The purpose of
this work is twofold: 1) to calculate how well elderly
patients with a major depressive disorder respond to
antidepressants; 2) to investigate the determinants of
antidepressant response in this population.

Methods

The present meta-analysis is part of a comprehensive
project to treat elderly, depressed people. The project’s
protocol has been published in PROSPERO (CRD
42018107814). The project includes a network meta-
analysis [14] that examined all types of antidepressants
for geriatric patients. The methods for search strategies,
inclusion criteria, data extraction, and the evaluation of
the risk of bias described in the protocol also apply to
the current work.
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Search strategy and study inclusion criteria

We identified randomised controlled trials (RCTs) in eld-
erly with acute major depressive disorder through a com-
prehensive, systematic literature search in the specialised
register of the Cochrane common mental disorders group,
MEDLINE, EMBASE, PsycINFO, Cochrane Library, Clini-
calTrials.gov and the WHO clinical trials platform until
Dec 12, 2017. Moreover, we inspected the reference lists of
the included studies and previous reviews [18—21]. We only
included studies that applied an operationalised diagnosis
of Major Depressive Disorder (MDD) and excluded studies
where all patients had a specific comorbidity per inclusion
criteria. For example, studies were excluded, if they only
dealt with depression in patients with diabetes. However,
patients in the included studies still could have general
physical comorbidities, making the included population
representative for the elderly group. We defined the sub-
group of elderly patients according to the definition of the
“German Society of Geriatrics” (DGG) [22] with a mini-
mum age of 65 (leads to a mean age of over 70) to make
sure that the patient characteristics differ from general
adult patients. We excluded studies published before 1990
to take into account the change in placebo response from
this time identified in studies about depression [23]. In
studies with a crossover design only the first crossover
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phase was used in order to avoid the problem of carryover
effects [24]. Cluster-randomized studies and studies with a
high risk of bias for sequence generation were excluded
[25, 26]. Double-blind studies not explicitly mentioning
randomization were assumed to be randomized. Two re-
viewers (MK, KG) independently assessed the Study quality
using the Cochrane Collaboration’s risk-of-bias tool [26].
Studies from mainland China were excluded, as many of
these studies have been reported to be not reliable, do not
use appropriate randomization procedures and do not re-
port their methods [27-32]. Only one study was excluded
for this reason (see Fig. 1). For missing data, we sent
emails to the first or corresponding authors of the
included studies.

Screening and data extraction

Study selection and data extraction were performed inde-
pendently by at least 2 reviewers (KG, MK). Disagreement
was resolved by discussion or, in case of need, by involving
the team leader (SL) or contacting the authors for add-
itional information. Risk of bias was assessed independently
also by at least 2 reviewers (MK, KG) using the Cochrane
risk-of-bias tool which contains the items’ sequence gener-
ation, allocation concealment, blinding, completeness of
outcome data, selective reporting and other bias.
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Fig. 1 Study selection process PRISMA flow-chart
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Definition of response

In depression trials response is usually defined as a 50%
reduction on the Hamilton Depression Scale (HAMD)
[33] or Montgomery-Asberg-Depression Scale (MADRS)
[34] total score from baseline to endpoint. According to
equipercentile-linking studies that compared MADRS/
HAMD ratings with simultaneous Clinical Global Im-
pression (CGI) ratings, a score of at least 50% reduction
from baseline approximately means ‘much improved’
measured with the CGI [35, 36].

In studies were response rates were not reported,
an imputation method proposed by Furukawa and
colleagues [17] that has already been applied success-
fully [16, 15] was used to estimate at least 50% reduc-
tion from baseline based on means and standard
deviations at endpoint of the HAMD or their change
scores from baseline.

Data analysis

As already mentioned, this work differs from most
meta-analyses as we conducted a single-group summary
meta-analysis. The focus was not on the relationship be-
tween the interventions, but on the response rate in a
particular population. For this purpose, the response
rates of the individual study arms were pooled, without
differentiating the various drugs. As a result, the average
response rate in elderly with MDD treated with antide-
pressants could be provided. We used the Comprehen-
sive Meta-Analysis software (version 2.0) (Biostat, Inc.,
Englewood, NJ.USA) for the calculations. The meta-
analytical calculations for obtaining an average of all
studies are essentially the same, regardless of whether it
is a single-group summary or a between-group differ-
ence [37]. The intention-to-treat datasets was used for
the analyses. We also conducted a sensitivity analysis to
detect possible changes in the results when excluding
studies with imputed response rates [17].

For assessing heterogeneity the I-square statistic was
used as proposed by Higgins and Colleagues [38], with
values >50% indicating a considerable heterogeneity.
Subgroup analyses for dichotomous outcomes were con-
ducted using a mixed-effect model and meta-regression
analyses for continuous outcomes were conducted using
a random-effect model. The aim of these analyses was to
identify study characteristics that contributed to the het-
erogeneity. For the meta-regression analyses the follow-
ing moderators were chosen a priori: percentage female
participants, mean age, baseline severity, mean daily dose
in fluoxetine equivalents [39], study duration and year of
publication. To assess baseline severity, the different de-
pression scales had to be made comparable. To achieve
that we converted the MADRS scores into HAMD
scores using the conversion table from Leucht et al. [40].
As there are HAMD scales with a different number of
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items used in the RCTs we divided them by their stated
item number and multiplied them by 17 to estimate
scores based on an HAMD-17 item scale.

Subgroup analyses were performed by grouping stud-
ies according to the antidepressant subgroups (SSRI,
TCA, SSNRI, SNRI, a2-Antagonit, MAO-Inhibitor), the
setting (in- or out-patients), the sponsorship, the pres-
ence of a placebo arm, ITT analysis vs completer ana-
lysis, overall risk of bias and blinding (double-blind or
open studies). The division into the antidepressant
groups was carried out with the help of neuroscience-
based nomenclature [41] and the Duale Reihe Pharma-
kologie und Toxikologie [42]. The difference between
ITT and completer analysis is that ITT analysis includes
all randomized patients from the beginning of a study
[43] whereas completer analyses only include partici-
pants who remained until the end of the study. Studies
received an overall high risk-of-bias status if two or
more out of the six items, proposed by the Cochrane
risk-of-bias tool, were judged as high risk [44].

As there was only a small number of studies available
for each included drug, the effect of single drugs could
not be meaningfully assessed.

The issue of small study effects was considered by
visually examining the funnel plot and by conducting
the Egger’s test for funnel-plot asymmetry.

Results

Description of included studies

We identified 7938 citations through the literature
search and 5520 references were left after duplicates
were removed. After excluding irrelevant reports by
reviewing the titles and abstracts, 783 potentially eligible
articles were retrieved in full text. Forty-four studies
with a total of 6373 participants receiving antidepres-
sants were included in the analysis. A PRISMA flowchart
is presented in Fig. 1. Description of included studies is
presented in Additional file 1.

Of the 44 included studies, 33 studies reported a re-
sponse rate. In 5 studies response rates were imputed.
The median study duration was 9 weeks (range 4—12).
The mean age of participants was 73.9 years (s.d. = 2.96).
The mean baseline severity (HAMD equivalent) was
22.58. The antidepressant involved in most comparisons
was paroxetine (8 of 44 trials) followed by fluoxetine (7
of 44 trials) whereas few trials were available for most
other antidepressants: mianserin (5), amitriptylin (4),
citalopram (4), duloxetine (4), sertraline (4), venlafaxine
(4), dothiepin (3), fluvoxamine (3), imipramine (3), esci-
talopram (2), reboxetine (2), tianeptine (2), and only one
single study for the drugs: agomelatine, bupropion, clo-
mipramine, doxepin, lofepramine, maprotiline, milnaci-
pran, mirtazapine, moclobemide, nortriptylin, trazodone,
trimipramine, vortioxetine.
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The mean dosage of antidepressants in fluoxetine
equivalents [39] was 30.21 mg/day. Figures illustrating
the risk-of-bias assessment are presented in the Add-
itional file 2. The trial reports often did not provide de-
tails about randomisation procedures (80%) nor
allocation concealment (80%). The blinding of patients
and personnel was unclear in 45% of the studies and
showed a high risk in 5%. The risk of bias for blinding of
outcome assessment was similar with 45% unclear and
5% high risk. The rates of high risk of bias for missing
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outcomes and selective reporting were 5 and 9% respect-
ively and an unclear risk for these variables was found in
9 and 11% respectively. There were no serious other
biases which could affect our results.

Response rates

The pooled response rate for the cut-off, at least 50%
HAMD reduction from baseline, was 50.7% (38 RCTs,
5991 participants, 95% CI 47.0 to 54.4%, I* = 86.2%)
(Fig. 2). The analysis revealed considerable heterogeneity

Study name drugs Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit 2Z-Value p-Value
Allard 2004 Citalopram  0.667 0.553 0.764 2.830 0.005 ——
Allard 2004 Venlafaxine  0.645 0.532 0.744 2.487 0.013 —
Bocksberger 1993 Moclobemide 0.750 0.522 0.892 2.127 0.033 ——
Bocksberger 1993 Fluvoxamine 0.400 0.214 0.620 -0.888 0.374 ——
Brion 1996 Mianserin 0.557 0.461 0.648 1.163 0.245 -
Brion 1996 Tianeptine ~ 0.608 0.540 0.672 3.088 0.002 =
Cassano 2002 Paroxetine 0.285 0.212 0.370 -4.614 0.000 -
Cassano 2002 Fluoxetine 0.126 0.077 0.199 -7.011  0.000 L
Chen 2011 Escitalopram 0.586 0.404 0.748 0.924 0.356 —Qi—
Cohn 1990 Sertraline 0.522 0.445 0598 0.552 0.581
Cohn 1990 Amitriptyline  0.500 0.392 0.608 0.000 1.000
Dorman 1992 Paroxetine 0.483 0.311 0.659 -0.186 0.853
Dorman 1992 Mianserin 0.179 0.076 0.364 -3.093 0.002 —+—
EUCTR-001829-33-FR 2008  Duloxetine 0.265 0.214 0.323 -7.103 0.000 =
Finkel 1999a Fluoxetine  0.424 0.270 0.595 -0.867 0.386 ——
Finkel 1999a Sertraline 0.571 0420 0.711 0.923 0.356 —i—
Finkel 1999b Sertraline 0.487 0.336 0.640 -0.160 0.873
Finkel 1999b Nortriptyline  0.243 0.132 0.405 -2.962 0.003 ——
Geretsegger 1995 Paroxetine 0.409 0.275 0.558 -1.199 0.230
Geretsegger 1995 Amitriptyline  0.383 0.256 0.528 -1.589 0.112
GlaxoSmithKline 1991 Dothiepin 0.522 0.404 0639 0.366 0.714
GlaxoSmithKline 1991 Paroxetine ~ 0.433 0.320 0.553 -1.096 0.273
GlaxoSmithKline 1993 Lofepramine 0.531 0.392 0.665 0.428 0.668
GlaxoSmithKline 1993 Paroxetine ~ 0.526 0.398 0.651 0.397 0.691
Guelfi 1999 Fluoxetine ~ 0.705 0.618 0.779 4.387 0.000 -
Guelfi 1999 Tianeptine ~ 0.565 0.473 0.653 1.395 0.163 -
Heun 2013 Agomelatine 0.583 0.503 0.659 2.025 0.043 -
Hewett 2010 Bupropion 0.514 0.447 0.581 0.412 0.680 -
Hutchinson 1992 Amitriptyline  0.844 0.675 0.933 3.464 0.001 —-
Hutchinson 1992 Paroxetine 0.759 0.633 0.852 3.732 0.000 —i-
Karlsson 2000 Mianserin 0.630 0.556 0.699 3.381 0.001 -
Karlsson 2000 Citalopram ~ 0.571 0.493 0644 1.795 0.073 il
Kasper 2005 Fluoxetine ~ 0.372 0.301 0.448 -3.242 0.001 -
Kasper 2005 Escitalopram 0.448 0.376 0.523 -1.362 0.173 -
Katona 1999 Reboxetine  0.532 0.438 0.624 0.670 0.503
Katona 1999 Imipramine 0523 0.429 0.615 0.479 0.632
Katona 2012 Duloxetine ~ 0.616 0.536 0.690 2.822 0.005 -
Katona 2012 Vortioxetine  0.526 0.447 0.603 0.640 0.522
Kyle 1998 Amitriptyline  0.667 0.596 0.731 4.456 0.000 5
Kyle 1998 Citalopram  0.682 0.610 0.746 4.743  0.000 -
Mahapatra 1997 Dothiepin 0.583 0.441 0713 1.149 0.250 i
Mahapatra 1997 Venlafaxine  0.591 0.442 0.725 1.199 0.230 i
Nair 1993 Doxepin 0526 0.311 0732 0229 0.819 ——
Nair 1993 Trimipramine 0.667 0.429 0.842 1.386 0.166 -——
Newhouse 1995 Fluoxetine ~ 0.606 0.434 0.756 1.209 0.227 -
Newhouse 1995 Sertraline 0.810 0.663 0.902 3.682 0.000 —i-
Phanjo 1991 Mianserin 0.440 0.263 0.634 -0.599 0.549 ——
Phanjo 1991 Fluvoxamine 0.280 0.140 0.482 -2.120 0.034 ——
Rahman 1991 Fluvoxamine 0.654 0.457 0.809 1.543 0.123 i
Rahman 1991 Dothiepin 0.615 0.421 0779 1.166 0.244 -
Raskin 2007 Duloxetine ~ 0.362 0.300 0.430 -3.910 0.000 L
Robinson 2014 Duloxetine ~ 0.265 0.214 0.323 -7.103  0.000 =
Roose 2004 Citalopram  0.405 0.305 0.513 -1.735 0.083 —
Schatzberg 2002 Mirtazapine  0.563 0.476 0.646 1.410 0.158 Tl
Schatzberg 2002 Paroxetine 0.476 0.391 0.563 -0.534 0.593 -
Schatzberg 2006a Venlafaxine  0.394 0.305 0.491 -2.141 0.032 -
Schatzberg 2006a Fluoxetine 0.370 0.281 0.468 -2570 0.010 ——
Schifano 1990 Maprotiine ~ 0.304 0.153 0.515 -1.824 0.068 —i—
Schifano 1990 Mianserin 0480 0296 0.669 -0.200 0.842
Schoene1993 Paroxetine  0.352 0.237 0487 -2.144 0.032 ——
Schoene1993 Fluoxetine ~ 0.154 0.079 0.279 -4.435 0.000 -
Schweizer 1998 Imipramine 0.600 0472 0.715 1.539 0.124
Smeraldi 1997 Trazodone 0.579 0.448 0.699 1.187 0.235
Smeraldi 1997 Clomipramine 0.690 0.560 0.795 2.813 0.005 —-
Smeraldi 1997 Venlafaxine  0.745 0.615 0.843 3.471 0.001 —
Study 032a Reboxetine  0.167 0.064 0.369 -2.938 0.003 ——
Tignol 1997 Milnacipran ~ 0.598 0.505 0.685 2.065 0.039 —-
Tignol 1998 Imipramine  0.598 0.503 0.687 2.017 0.044 —-—
Overall 0.507 0.470 0.544 0.371 0.711
0.00 0.50 1.00
Fig. 2 Pooled results for response rate of 50% reduction from baseline, random-effects model. The squares represent the response rates and the
horizontal lines reflect the 95% confidence interval. The red diamond corresponds to the overall response rate. CI = Confidence interval
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in the response rates between the different studies, and
we conducted subgroup and meta-regression analyses in
order to find possible explanations.

Sensitivity analysis

In the sensitivity analysis 5 studies [45-49] with imputed
response data were excluded. The average response rate
for 50% reduction of HAMD in elderly patients with major
depressive disorder was 51.7% (see Additional file 3).

Meta-regression analyses (Table 1)

Percentage female participants

The meta-regression with percentage of female as a mod-
erator suggested that female patients might have a better
clinical response than males (slope = 0.01). However, the
result was just not statistically significant (p = 0.06).

Baseline severity
The meta-regression did not suggest a role of baseline
severity in moderating response rates (p = 0.37).

Mean age
Response rate was not found to be associated with mean
age of participants (slope = — 0.05, p = 0.15).

Mean daily dose in fluoxetine equivalents
Response rate was not found to be associated with dos-
age in fluoxetine equivalents (p = 0.71).

Study duration
Response rate was not found to be associated with study
duration (p = 0.75).

Year of publication
Response rate was not found to be associated with publi-
cation year (p = 0.33).

Subgroup analyses (Table 2)

Antidepressant subgroups (Fig. 3)

The tests for subgroup differences of response rates be-
tween SSRI, SSNRI, TCA, SNRI, MAO-Inhibitor and «2-
Antagonist were not statistically significant, except for the
two comparisons MAO-Inhibitors with SSRI (p = 0.027)

Table 1 Meta-regression (continuous moderators)
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as well as with SSNRI (p = 0.047) (Response Rates: SSRI
= 48.1%, SSNRI = 49.0%, TCA = 56.5%, SNRI = 34.0%,
a2-Antagonist = 50.6%, MAO-Inhibitor = 75.0%). The
comparison of SSRI and TCA was just not statistically
significant (p = 0.06). For the remaining p-values for
the tests on subgroups difference see Additional file 4.

In/outpatients

The test for subgroup differences of response rate be-
tween in- and outpatients was not statistically significant
(46% vs 50%, p = 0.53).

Sponsorship

The test for subgroup differences of response rate be-
tween studies with a pharmaceutical sponsor manufac-
turing a drug and studies with no such sponsor stated
was not statistically significant (51% vs 50%, p = 0.75).

Presence of a placebo arm

We found a statistically significant lower response rate
in studies with a placebo arm compared to studies with
exclusive active treatments (43% vs 53%, p = 0.01).

ITT analysis vs completer analysis

The test for subgroup differences of response rate be-
tween studies with ITT analysis and studies with com-
pleter analysis was not statistically significant (53% vs
40%, p = 0.27).

Overall risk of bias

The test for subgroup differences of response rate be-
tween studies with an overall high risk of bias and stud-
ies without an overall high risk of bias was not
statistically significant (44% vs 51%, p = 0.67).

RCTs blinding status
There was only one open RCT, as this study did not pro-
vide any usable data, no analysis could be performed.

Small-study effect
There was no obvious asymmetry in the funnel plot,
which would have indicated small-study effects. This

Moderator Coefficient Lower limit Upper limit Z-value P-value
Percentage female participants (N = 57) 0.01 -0.00 0.03 1.90 0.06
Baseline severity (N = 60) 0.02 -0.03 0.07 0.89 0.37
Mean age (N = 66) -0.05 -0.11 0.02 —143 0.15
Mean daily dose in fluoxetine equivalents (N = 31) -0.00 -0.02 0.02 -0.37 0.71
Study duration (N = 68) 0.01 —-0.06 0.08 032 0.75
Publication Year (N = 68) —0.01 -0.04 0.01 -0.98 033

N: Number of study arms.
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Table 2 Subgroup analyses (dichotomous moderators)
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Moderator Percentage Lower limit Upper limit Q-value for subgroup P-value for subgroup
responders differences differences
Antidepressant subgroups
SSRI(N = 28) 048 042 0.54
TCA (N =15) 0.57 0.50 0.63
SSNRI (N = 9) 049 037 061
a2-Antagonist (N = 6) 0.51 041 0.60
SNRI(N = 2) 0.34 0.09 0.74
MAO-Inhibitor (N = 1) 0.75 052 0.89
Setting In/ Outpatients
Inpatients (N = 9) 046 0.35 0.57 0.39 0.53
Outpatients (N = 37) 0.50 044 0.55
Sponsorship
Sponsor stated (N = 39) 0.51 0.46 0.57 0.10 0.75
No sponsor stated (N = 29) 050 045 0.55
Presence of a placebo arm
Placebo comparison (N = 15) 043 037 0.50 6.35 0.01
No Placebo comparison (N = 53) 0.53 049 0.57
Overall high risk of bias
Studies without overall high risk of bias (N = 65) 0.51 047 0.55 0.19 0.67
Studies with overall high risk of bias (N = 3) 044 0.18 0.74
Data analysis
ITT (N =53) 0.53 049 0.57 1.22 0.27
Completer analyses (N = 5) 040 0.21 0.63

N = Number of study arms.

was also confirmed by a formal test of funnel plot asym-

metry see Additional file 5 [50].

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis that evaluates how well elderly
patients with major depressive disorder respond to anti-
depressants based on all available randomized controlled
trials.

In summary, our results show that 50.7% of elderly pa-
tients with major depressive disorder responded while
treated with antidepressants. Subgroup and meta-
regression analyses revealed a better response to treat-
ment for patients in antidepressant-controlled trials
compared to placebo-controlled trials. Mean age, study
duration, percentage of woman, severity of illness at
baseline, dose of antidepressants in fluoxetine equiva-
lents, year of publication, setting (in- or out-patients),
antidepressant groups, ITT analysis vs completer ana-
lysis, sponsorship and overall risk of bias were not sig-
nificant moderators of response.

Our main finding was that 50.7% of elderly patients
with major depressive disorder reached a reduction of

depressive symptoms of at least 50% from baseline.
Compared to a recent meta-analysis by Kok et al. [18]
the response rates were similar (48% vs. 51%), even
though Kok et al. used very broad inclusion criteria, with
a lower age limit of 55 years, and thus potentially includ-
ing younger patients, which do not show typical geriatric
characteristics. We focused on patients classified as geri-
atric by recent definitions, e.g. of the “German Society of
Geriatrics” (DGGQG), or the “German Society of Gerontol-
ogy and Geriatrics” (DGGQG) [22], including mainly an
age over 70 and a high multimorbidity. However, since
there was no great difference between the response rates
of the two meta-analyses, the chronological age may play
a smaller role. A recent study showed that the associ-
ation of biological age with depression is superior to
chronological age [51].

Another recent meta-analysis by Tedeschini et al. in-
cluded a subgroup analysis for patients over 65, based
only on six studies and only included placebo-controlled
trails [21]. Tedeschini and colleagues found a consider-
ably lower response rate (42.4%) for this age group. They
also reported response rates for late life MDD with a
lower age limit of 55years (45.2%) [21]. Despite the
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Fig. 3 Forest Plot - Response rates grouped by antidepressant subgroup. The squares represent the response rates and the horizontal lines reflect
the 95% confidence interval. The red diamond corresponds to the subtotal response rate in the different antidepressant groups. MAO-inhibitors =
Monoamine oxidase inhibitors, SNRI = Serotonin—norepinephrine reuptake inhibitor, SSNRI = Selective serotonin—norepinephrine reuptake

inhibitor, SSRI = Selective serotonin reuptake inhibitor, TCA = Tricyclic antidepressant, Cl = Confidence interval
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different age limits, the response rates are similar, which
emphasizes the hypothesis that the chronological age is
not decisive. The reason for the overall lower response
rate in Tedeschini et al. is probably caused by the fact
that they only included placebo-controlled studies in the
analysis. As already reported in the results, we found a
statistically significant lower response rate in studies
with a placebo arm compared to studies with exclusive
active treatments. Our analysis showed a response rate
similar to Tedeschini et al. of 43.1% (vs 42.4%) for
placebo-controlled studies.

Interestingly, we found no meaningful difference be-
tween the response rates of the elderly population and
adults between the ages of 18 and 65 years. Based on the
published dataset by Cipriani and colleagues [6] we cal-
culated a response rate of 53.0% for the adult population
(vs 50.7% in the elderly) (see Additional file 6). There
are arguments in the literature that indicate a poorer re-
sponse rate among older people. Studies have shown
that structural changes in the brain, such as white-
matter hyperintensity, lead to a poorer response rate to
antidepressants, and since white-matter hyperintensity
occurs primarily in old age, it should particularly affect
this age group [52, 53]. Also, the higher comorbidity in
the elderly should play an important role. Studies found
that physical illness and depression have a negative im-
pact on each other [13, 54]. On the contrary, as already
mentioned in the introduction section, metabolic
changes in the elderly could possibly lead to higher
doses of active substance in the organism [9]. This could
lead to a higher risk of side effects, but also to a higher
response to the medication. Moreover, differences in so-
cial circumstances (having an impact on the disease and
the treatment) between elderly and younger adults need
to be taken into account. We conclude that either differ-
ences in age do not have a strong impact on response to
antidepressant treatment, or that the factors that could
lead to a higher or to a lower response in the elderly
population in the end compensate each other.

Although the aim of this study was not to compare
antidepressant response rates to placebo response rates,
we calculated, as additional information, the response
rate for patients in the placebo arm, which we found to
be equal to 31.7% (see Additional file 7). This result is in
line with Cipriani and colleagues finding in their recent,
comprehensive meta-analysis that all analysed antide-
pressants were more efficacious than placebo in adults
with major depressive disorder [6].

The almost significant result in relation to gender is in
line with the findings of previous work [55, 56], which
found increased treatment response in female patients,
especially the ones treated with SSRIs. Since all included
drugs were used for this meta-regression and no further
subdivision in antidepressant groups was made, no
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statement can be made as to whether women respond
better to SSRIs than men.

Contrary to previous work of Calati et al., we did not
find a role for severity of illness at baseline in moderat-
ing response rates [55].

Similarly, the meta-regression with mean age as a
moderator did not show differences in response rates re-
lated to age. As we included patients with a minimum
age of 65 years, the mean age ranges from 68.9 to 83.2
years, what is probably too small a range to show an ef-
fect in meta-regression analysis. In addition, biological
age may play a greater role than chronological age in
terms of antidepressant response [51]. However, since
we could not find any difference in the response rates
between adults and older people, see above, it is possible
that age is not a decisive factor for the response rate.

There was no relationship between drug dosage and
response rates. Doses of individual drugs had to be con-
verted to fluoxetine equivalents for this purpose. All
methods of dose equivalents have serious limitations [39].

Both moderators’ study duration and publication year
did not reveal an association with response rates in the
meta-regression analysis.

We found a significantly higher response rate in pa-
tients treated with MAO-Inhibitors compared to pa-
tients treated with SSRIs or SSNRIs. However, this
finding has limited meaning as only one study could be
included in the MAO-Inhibitor subgroup. The number
of studies was also low in the subgroups SNRI (2 stud-
ies), a2 antagonists (6 studies) and SSNRI (9 studies).

We found that studies with antidepressant control
groups had a significantly higher response rate than
placebo-controlled trials. In the present analysis 31.6%
of the 38 included studies were placebo-controlled trials.
The knowledge of a possible placebo treatment could
have affected the patients negatively. A similar effect was
observed in a meta-analysis of Cipriani et al. [6]. The
same drug achieved a higher efficacy in antidepressant-
controlled trials, compared to placebo-controlled trials
[6]. Furthermore, early withdrawal from the study was
higher in placebo-controlled groups, which was associ-
ated with a lower response rate [6]. Another meta-
analysis [57] also confirmed higher response rates in
comparator trials compared to placebo-controlled tri-
als. This finding has important implications for the
execution and interpretation of placebo-controlled
trials.

Finally, there were no significant differences of re-
sponse rates in the subgroup comparisons of in—/out-pa-
tients, sponsorship, ITT analysis vs completer analysis,
and overall risk of bias. The subgroups ITT vs completer
and overall risk of bias were very different in the number
of studies included (53 vs 5 and 65 vs 3), so the mean-
ingfulness of both analyses is limited.



Gutsmiedl et al. BMC Psychiatry (2020) 20:102

Several limitations should be considered while interpret-
ing our results. Heterogeneity was high as our inclusion
criteria allowed treatment with all currently available anti-
depressants and there was no restriction in terms of dos-
age. Furthermore, the included studies used different
depression scales to define response criteria. In addition
to the two most common scales: HAMD (20 studies) and
MADRS (7 studies), response was reported also using the
Geriatric Depression Scale (GDS) [58] (2 studies) and the
Clinical Global Impression CGI [59] (4 studies). Apart
from the CGI scale, response was defined as 50% reduc-
tion of baseline. Recent validation studies have shown that
“much improved” on the CGI scale corresponds to a 50%
reduction of the HAM-D/MADRS [35, 36], therefore no
relevant differences in outcome were expected. Finally,
further interesting moderators like duration of illness
could not be analysed, as data was only reported in 4 of
the 44 studies. A major strength of the analysis is the high
number of participants (n = 5991 with usable outcome
data), as it provides robust results. Other strengths of our
analysis are the strict inclusion criteria. We only included
randomised controlled trials with a minimum age of 65
years and whose patients had an operationalised diagnosis
of MDD. We opted for the age limit of 65 years because
this age group shows typically geriatric characteristics and
a high multimorbidity [22]. To the quality of our analysis
also contributes that only 5 studies did not report re-
sponse rates and, therefore, required an imputation of re-
sponse rates. The results from our sensitivity analysis
excluding the imputed response (51.7%) were consistent
with the main analysis (50.7%).

Conclusions

Based on these results, we conclude that clinicians can
expect that about 50.7% of elderly patients with major
depressive disorder treated with antidepressants experi-
ence an improvement in symptoms. This response rate
is not substantially different from the one in the general
adult population.
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