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BACKGROUND
The benefits and risks of augmenting or switching antidepressants in older adults 
with treatment-resistant depression have not been extensively studied.
METHODS
We conducted a two-step, open-label trial involving adults 60 years of age or older with 
treatment-resistant depression. In step 1, patients were randomly assigned in a 1:1:1 ratio 
to augmentation of existing antidepressant medication with aripiprazole, augmentation 
with bupropion, or a switch from existing antidepressant medication to bupropion. 
Patients who did not benefit from or were ineligible for step 1 were randomly assigned 
in step 2 in a 1:1 ratio to augmentation with lithium or a switch to nortriptyline. Each 
step lasted approximately 10 weeks. The primary outcome was the change from base-
line in psychological well-being, assessed with the National Institutes of Health Toolbox 
Positive Affect and General Life Satisfaction subscales (population mean, 50; higher 
scores indicate greater well-being). A secondary outcome was remission of depression.
RESULTS
In step 1, a total of 619 patients were enrolled; 211 were assigned to aripiprazole aug-
mentation, 206 to bupropion augmentation, and 202 to a switch to bupropion. Well-
being scores improved by 4.83 points, 4.33 points, and 2.04 points, respectively. The 
difference between the aripiprazole-augmentation group and the switch-to-bupropion 
group was 2.79 points (95% CI, 0.56 to 5.02; P = 0.014, with a prespecified threshold 
P value of 0.017); the between-group differences were not significant for aripiprazole 
augmentation versus bupropion augmentation or for bupropion augmentation versus a 
switch to bupropion. Remission occurred in 28.9% of patients in the aripiprazole-
augmentation group, 28.2% in the bupropion-augmentation group, and 19.3% in the 
switch-to-bupropion group. The rate of falls was highest with bupropion augmentation. 
In step 2, a total of 248 patients were enrolled; 127 were assigned to lithium augmen-
tation and 121 to a switch to nortriptyline. Well-being scores improved by 3.17 points 
and 2.18 points, respectively (difference, 0.99; 95% CI, −1.92 to 3.91). Remission oc-
curred in 18.9% of patients in the lithium-augmentation group and 21.5% in the 
switch-to-nortriptyline group; rates of falling were similar in the two groups.
CONCLUSIONS
In older adults with treatment-resistant depression, augmentation of existing antide-
pressants with aripiprazole improved well-being significantly more over 10 weeks than 
a switch to bupropion and was associated with a numerically higher incidence of re-
mission. Among patients in whom augmentation or a switch to bupropion failed, 
changes in well-being and the occurrence of remission with lithium augmentation or 
a switch to nortriptyline were similar. (Funded by the Patient-Centered Outcomes Re-
search Institute; OPTIMUM ClinicalTrials.gov number, NCT02960763.)
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Major depression is common in old-
er adults1 and often persists despite 
appropriate treatment with first-line 

antidepressants.2 Treatment-resistant depression 
is typically defined as depression that does not 
remit despite two adequate trial uses of antide-
pressant medications3; in older adults, treatment 
failure is associated with decreased psychologi-
cal well-being,4 disability,5 and cognitive decline.6-8 
Pharmacologic strategies for treatment-resistant 
depression include augmentation, in which a 
medication is added to an existing antidepres-
sant, and the replacement of an antidepressant 
with one from a different class (“switching”). 
The Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) trial showed that augment-
ing with, or switching to, bupropion was as ef-
fective as or more effective than other strate-
gies.9,10 In a randomized trial involving older 
adults, augmentation with aripiprazole was 
more effective than with placebo for reducing 
depression.11 In the Veterans Affairs Augmenta-
tion and Switching Treatments for Improving 
Depression Outcomes (VAST-D) trial, augmenta-
tion with either aripiprazole or bupropion was 
slightly more effective than a switch to bupro-
pion,12 but there are limited large comparative-
effectiveness studies involving older adults with 
treatment-resistant depression that would clarify 
treatment strategies.

There is increasing awareness of the impor-
tance of involving patients in the design of clini-
cal trials.13 In a survey involving older adults with 
treatment-resistant depression, patient stake-
holders recommended psychological well-being 
as an outcome that matters.14 Psychological well-
being encompasses satisfaction, happiness, cogni-
tive engagement, meaning, and purpose.15 There 
is also limited understanding of the comparative 
safety of antidepressant strategies in older adults,16 
including risks of falls,17-21 cardiovascular risks,22 
and risk of death23 with different agents used in 
trials. According to expert opinion, augmenta-
tion may lead to more adverse effects and a 
greater risk of drug interactions.24 There are also 
safety concerns with respect to using lithium or 
nortriptyline, approaches to treatment-resistant 
depression that are used in older adults.25,26 The 
current trial, Optimizing Outcomes of Treat-
ment-Resistant Depression in Older Adults 
(OPTIMUM), was designed to investigate the 

benefits and risks of augmentation as compared 
with switching strategies for treatment-resistant 
depression in older adults.27

Me thods

Trial Design and Oversight

The OPTIMUM trial was a pragmatic, investigator-
initiated trial funded by the Patient-Centered 
Outcomes Research Institute (PCORI). Its design 
and procedures have been described previously,27 
and the protocol is available with the full text of 
this article at NEJM.org. The trial had two steps. 
In step 1, patients were randomly assigned to 
augmentation of their current antidepressant 
with aripiprazole or bupropion or a switch to 
bupropion. Patients who did not have remission 
or otherwise perceive a benefit from their step 1 
treatment or were ineligible for step 1 were ran-
domly assigned in step 2 to augmentation with 
lithium or a switch to nortriptyline. These treat-
ment options were recommended in surveys of 
clinicians who treat older adults with treatment-
resistant depression.28 We undertook a multistep 
approach because lithium and nortriptyline are 
complicated to use, requiring laboratory moni-
toring and exclusions for cardiac or renal dis-
ease. Two years into the trial, at the request of 
the funder, the protocol was modified to dis-
allow direct entry to step 2 and to increase the 
threshold for eligibility with respect to the score 
on the nine-item Patient Health Questionnaire 
(PHQ-9). Patients received medication from their 
local pharmacy in an open-label fashion, paid for 
through insurance or out of pocket. Discussion 
of the costs that were associated with participa-
tion was included in the informed-consent form. 
Patients and investigators were aware of the trial-
group assignments, but outcome assessors 
were not.

The trial was conducted at five sites — Wash-
ington University in St. Louis (coordinating site); 
Columbia University; the University of Califor-
nia, Los Angeles; the University of Pittsburgh; 
and the University of Toronto. The institutional 
review board at each site approved the trial. All 
the patients provided informed consent before 
enrollment. An independent data and safety 
monitoring board governed the trial. The trial 
was conducted in accordance with the Good 
Clinical Practice guidelines of the International 
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Council for Harmonisation. The authors vouch 
for the completeness and accuracy of the data 
and for the fidelity of the trial to the protocol. 
There was no commercial involvement in the 
trial.

Patients and Recruitment

Trial patients were 60 years of age or older and 
had treatment-resistant depression, defined as a 
lack of remission of major depression after two 
or more trial uses of antidepressants of adequate 
dose and duration within the current episode, 
which was determined by research staff with the 
use of the PHQ-9 (scores range from 0 to 27, 
with higher scores indicating greater severity of 
symptoms). Initially, a score of 6 or more was 
required for participation, and this was later 
changed by amendment to 10 or more. Patients 
had to be receiving one adequately dosed antide-
pressant at the time of trial enrollment. Full eli-
gibility criteria are provided in the Supplemen-
tary Appendix (available at NEJM.org) and the 
protocol. Patients were recruited by referrals 
from primary care providers, office advertise-
ments, outreach from the trial team, automated 
alerts in electronic medical records29 (see the 
Supplementary Appendix), referrals from psy-
chiatrists, and print, radio, and social media 
advertising.

Randomization and Trial Groups

In step 1, patients were randomly assigned in a 
1:1:1 ratio to augmentation of their existing 
medication with aripiprazole (starting at 2.5 mg 
per day and increasing to a maximum of 15 mg 
per day) (aripiprazole-augmentation group), aug-
mentation of their existing medication with 
extended-release bupropion (starting at 150 mg 
per day, with a target of 300 mg per day and a 
maximum of 450 mg per day) (bupropion-aug-
mentation group), or a taper of their current 
antidepressant and a switch to extended-release 
bupropion (same dose as the bupropion-aug-
mentation group) (switch-to-bupropion group). 
In step 2, patients who did not have remission 
in step 1 or who were not eligible for step 1 
(typically because they had already had a trial of 
bupropion or aripiprazole) were randomly as-
signed in a 1:1 ratio to augmentation of their 
existing antidepressant with lithium (starting at 
150 or 300 mg per day, depending on coexisting 

health conditions and concomitant medications, 
and increasing to a maximum of 1200 mg per 
day, with a targeted drug level of 0.6 mmol per 
liter) (lithium-augmentation group) or a taper of 
their current antidepressant and a switch to nor-
triptyline (starting at 25 mg per day, increasing 
to 1 mg per kilogram of body weight, and tar-
geting a drug level of 80 to 120 ng per milliliter) 
(switch-to-nortriptyline group). Dose adjustments 
were made largely on the basis of PHQ-9 scores 
through recommendations (not obligatory) from 
the trial research team to treating clinicians.

Both steps used a randomized block design. 
In step 1, patients were stratified according to 
the site from which they received their depres-
sion care (primary care vs. specialty mental 
health), age (<70 vs. ≥70 years), and trial institu-
tion site; in step 2, patients were stratified ac-
cording to their step 1 randomization assign-
ment. Patients and investigators were aware of 
the trial-group assignments, and there was no 
placebo group.

Patients were followed with calls or in-person 
visits every other week with a trial clinician, who 
assessed depression severity using the PHQ-9, as 
well as adherence to medication and the occur-
rence of adverse events, in order to provide guid-
ance to the managing provider to adjust the trial 
medication on the basis of symptoms and side 
effects (details are provided in the protocol). If 
preferred by the provider, a trial psychiatrist, 
instead of the managing provider, could pre-
scribe the trial medication. Each step was 10 
weeks in duration, with up to 10 additional 
weeks allowed to accommodate any delays in 
initiating treatment changes and assessing out-
comes; the median duration was approximately 
11 to 12 weeks. The methods of transition be-
tween step 1 and step 2 were designed to re-
semble real-world care; guidance on the speed of 
tapering of step 1 medications is provided in the 
Supplementary Appendix.

Outcomes

The effectiveness and safety outcomes were cho-
sen to reflect the stakeholder-driven trial design. 
The primary effectiveness outcome was psycho-
logical well-being, assessed at the beginning and 
end of each step on the basis of patient report 
with the use of the National Institutes of Health 
Toolbox Emotion Battery subscales for Positive 

The New England Journal of Medicine 
Downloaded from nejm.org at Washington University in St. Louis Becker Library on October 25, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 388;12  nejm.org  March 23, 20231070

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Affect and General Life Satisfaction; we calcu-
lated a combined T score of the average of these 
two subscales (normative population mean, 50; 
with higher scores indicating greater well-being).15

Secondary effectiveness outcomes included 
remission from depression, changes from the 
beginning to the end of each step in the score 
on the Montgomery–Asberg Depression Rating 
Scale (MADRS; range, 0 to 60, with higher 
scores indicating greater depression), and chang-
es in social participation and physical function 
on the basis of the Patient-Reported Outcomes 
Measurement Information System (PROMIS) scales 
(mean [±SD] T score, 50±10; with higher scores 
indicating greater participation or function). 
Remission was defined as a score of 10 or less 
on the MADRS at the end of each 10-week step, 
as assessed by research staff who were trained 
to use a structured manual30 and who were un-
aware of the trial-group assignments. When it 
was not feasible to obtain a MADRS rating be-
cause the patient could not be contacted, remis-
sion was considered to have occurred if the 
PHQ-9 score was 5 or less at the week 10 visit. 
Patients who discontinued the trial before the 
end of either step were considered to have not 
had remission.

The primary safety outcomes were falls, in-
cluding fall-related injuries, and serious adverse 
events (defined as life-threatening illness, hospi-
talization, disability or permanent damage, or 
death). During phone assessments every other 
week, patients were queried about falls since the 
last assessment (defined as “a fall, including a 
slip or trip in which you lost your balance and 
landed on the floor or ground or lower level,” 
with choices of 0, 1, 2, or ≥3 falls) and whether 
falls resulted in an injury (including minor 
bruising, cuts, or severe injury). Patients were 
also systematically queried about serious adverse 
events and adverse effects.

Statistical Analysis

The sample size was adjusted mid-trial because 
recruitment targets would not be met. Recruit-
ment was stopped on September 21, 2021, short 
of the original target enrollment of 1500 pa-
tients into step 1; therefore, a new power calcu-
lation was performed under the assumption of 
195 patients in each step 1 group and 124 pa-
tients in each step 2 group. This sample would 
provide the trial with 80% power to detect a 

between-group difference of 2.6 points in psy-
chological well-being scores for step 1. Details 
of the revised power calculation are provided in 
the Supplementary Appendix.

Analyses were conducted according to the 
intention-to-treat principle. Site and randomiza-
tion stratification variables were covariates in all 
the analyses. Psychological well-being was com-
pared with a repeated-measures analysis of vari-
ance with time-by-trial-group contrasts compar-
ing changes across pairs of trial groups in step 
1. A Benjamini–Hochberg step-down procedure 
was used to control for the multiple compari-
sons. If the lowest of the three P values was less 
than 0.017 (0.05 ÷ 3), it was considered to be 
significant, and the second lowest P value was 
considered to be significant if less than 0.025 
(0.05 ÷ 2). If both were significant, then the third 
P value was considered to be significant if less 
than 0.05. The percentages of patients with re-
mission were compared with generalized linear 
models with a Poisson link function to estimate 
risk ratios.31 To handle missing data for MADRS 
scores at week 10, we considered a PHQ-9 score 
of 5 or less to indicate remission since the last 
visit. On the basis of the prespecified definition 
of remission, when both an MADRS score and 
a PHQ-9 score at week 10 were unavailable be-
cause the step was discontinued prematurely, 
the patient was considered to have not had re-
mission. Missing values for continuous vari-
ables were estimated with the use of multiple 
imputation with other variables collected at the 
visit. The widths of the confidence intervals for 
between-group differences in secondary out-
comes were not adjusted for multiple compari-
sons, and no definite conclusions can be drawn 
from these results. A sensitivity analysis was 
conducted by means of multiple imputation for 
remission that used variables from the baseline 
visit and the week 10 visit as well as baseline 
variables.

Rates of falls over approximately a 10-week 
period were compared with a repeated-measures 
generalized linear model with a Poisson link 
function; factors were trial group and time 
(week 2, 4, 6, 8, or 10). The model included all 
stratification variables and fall history at base-
line. Pairwise comparisons between trial groups 
were computed. Serious adverse events were 
compared with Cox models of time to event with 
Anderson and Gill extensions for repeated events. 
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In the safety analyses (falls and serious adverse 
events), a P value of less than 0.05 was consid-
ered to indicate statistical significance. All sta-
tistical analyses were conducted with the use of 
SAS software, version 9.4.

R esult s

Enrollment and Patient Characteristics

From February 22, 2017, through December 31, 
2019, a total of 742 patients were enrolled and 

Figure 1. Enrollment and Randomization in Step 1 and Step 2.

Additional details regarding the trial flow of each step are provided in the Supplementary Appendix.

1055 Passed prescreening stage

6119 Patients were approached
for enrollment in the trial

2039 Were ineligible
2894 Declined screening
131 Were eligible but declined 

to participate

619 Underwent step 1 randomization

206 Were assigned to receive
augmentation with bupropion

202 Were assigned to switch
 to bupropion

211 Were assigned to receive
augmentation with aripiprazole

123 Underwent step 2 randomization
directly

125 Continued to step 2 randomization

248 Underwent step 2 randomization

885 Provided consent

742 Underwent randomization

143 Were excluded
102 Were not eligible for

randomization
25 Withdrew consent
11 Were lost to follow-up or could

not be contacted
3 Were withdrawn by investigator
2 Had other reason

127 Were assigned to receive
augmentation with lithium

121 Were assigned to switch
 to nortriptyline
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assigned to a trial group: 619 in step 1, represent-
ing approximately half the originally anticipated 
enrollment (1500), and 248 in step 2 (125 moved 
from step 1 to step 2, and 123 were directly 
enrolled into step 2, the former chiefly because 
of a previous failed step 1 treatment) (Fig. 1). 
Full details about the trial f low in steps 1 and 
2 are provided in the Supplementary Appendix.

In step 1, the mean age of the patients was 
69.3 years; 66.7% were female, 84.3% were 
White, and 7.4% were Black. The mean number 
of previous antidepressant trials was 2.3. In step 
2, the mean age of the patients was 68.5 years; 
69.8% were female, 89.5% were White, and 4.4% 
were Black. The mean number of previous anti-
depressant trials was 2.5. Baseline characteris-

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic Step 1 Step 2

Aripiprazole- 
Augmentation 

Group 
(N = 211)

Bupropion- 
Augmentation 

Group 
(N = 206)

Switch-to- 
Bupropion 

Group 
(N = 202)

Lithium- 
Augmentation 

Group 
(N = 127)

Switch-to- 
Nortriptyline 

Group 
(N = 121)

Age — yr 69.1±6.5 69.1±7.1 69.7±7.7 69.0±6.0 68.0±5.7

Female sex — no. (%) 144 (68.2) 142 (68.9) 127 (62.9)   90 (70.9)   83 (68.6)

Race — no. (%)†

White 173 (82.0) 174 (84.5) 175 (86.6) 116 (91.3) 106 (87.6)

Black 16 (7.6) 17 (8.3) 13 (6.4)   7 (5.5)   4 (3.3)

Other   22 (10.4) 15 (7.3) 14 (6.9)   4 (3.1) 11 (9.1)

Ethnic group — no. (%)†

Hispanic or Latino   22 (10.4) 17 (8.3) 13 (6.4)   3 (2.4) 10 (8.3)

Other 189 (89.6) 189 (91.7) 189 (93.6) 124 (97.6) 111 (91.7)

Education

No. of patients evaluated 208 203 198 121 120

Mean — yr 14.4±3.0 14.4±3.0 15.1±2.8 15.3±2.6 14.6±2.8

PHQ-9 score‡ 16.2±4.2 15.9±4.1 15.2±4.4 14.4±4.3 14.4±4.4

No. of adequate trials of anti
depressant treatment§

  2.3±0.8   2.2±0.7   2.4±0.9   2.5±0.9   2.6±1.1

Age at first onset of MDD

No. of patients evaluated 192 182 186 101 103

Mean — yr   30.5±19.1   34.5±21.3   33.0±20.3   30.3±18.8 29.0±19.3

CIRS-G total score¶

No. of patients evaluated 207 206 201 127 121

Mean score   8.8±4.9   8.7±4.7   8.7±4.7   8.3±4.4   8.1±4.1

Falls during past 6 mo  
— no./total no. (%)

0 117/208 (56.2) 130/204 (63.7) 117/199 (58.8) 76/127 (59.8) 79/120 (65.8)

≥1   91/208 (43.8)   74/204 (36.3)   82/199 (41.2) 51/127 (40.2) 41/120 (34.2)

*	�Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. MDD denotes major depressive disorder.
†	�Race and ethnic group were reported by the patients.
‡	�Scores on the nine-item Patient Health Questionnaire (PHQ-9) range from 0 to 27, with higher scores indicating greater severity of symptoms.
§	� Adequate trials met criteria for minimal adequate dose and treatment duration. Psychotherapy treatment was not considered to indicate a 

failed antidepressant trial. Data were collected at trial entry; for step 2 patients, the trial drugs received in step 1 were not included.
¶	�The Cumulative Illness Rating Scale–Geriatric (CIRS-G) instrument captures information about the severity of physical problems divided 

into 14 categories based on body system (e.g., vascular, renal, and neurologic). Ratings for the severity of each category range from 0 to 4, 
with higher scores indicating greater severity. Scores for each category are added to calculate the total score (range, 0 to 56).
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tics were similar across the groups (Table  1). 
The representativeness of the trial population 
with respect to the population of persons with 
late-life depression is shown in Table S1 in the 
Supplementary Appendix. Table S2 shows the 
existing antidepressant medications (at the time 
of randomization) in each trial group. In step 1, 
approximately 70% of the patients were adherent 
to aripiprazole augmentation and bupropion 
augmentation, but approximately 40% were ad-
herent to the use of bupropion alone. In step 2, 
approximately 50% were adherent to medication 
in each group (Table S7).

Effectiveness Outcomes

In step 1, increases (improvements) from base-
line in the psychological well-being T score were 
4.83 points (95% confidence interval [CI], 3.28 
to 6.38) in the aripiprazole-augmentation group, 
4.33 (95% CI, 2.76 to 5.91) in the bupropion-
augmentation group, and 2.04 (95% CI, 0.43 to 
3.66) in the switch-to-bupropion group. The dif-
ference in the change from baseline in psycho-
logical well-being between the aripiprazole-aug-
mentation group and the switch-to-bupropion 
group was 2.79 points (95% CI, 0.56 to 5.02); the 
P value of 0.014 was the lowest P value for the 
three between-group comparisons in the step-
down procedure and was lower than the pre-
specified P value of 0.017 and therefore was 
significant (Cohen’s d, 0.37; 95% CI, 0.07 to 
0.67). The difference between the bupropion-
augmentation group and the switch-to-bupropi-
on group was 2.29 points (95% CI, 0.01 to 4.57); 
the P value of 0.049 was above the prespecified 
threshold of 0.025 and therefore was not sig-
nificant. The difference between the aripipra-
zole-augmentation group and the bupropion-
augmentation group was 0.50 points (95% CI, 
−1.69 to 2.69) and was not significant because of 
the failure of the step-down hierarchical proce-
dure. In step 2, improvements in the psycho-
logical well-being T score were 3.17 points (95% 
CI, 1.12 to 5.22) in the lithium-augmentation 
group and 2.18 (95% CI, 0.10 to 4.26) in the 
switch-to-nortriptyline group (difference, 0.99; 
95% CI, −1.92 to 3.91). Table S3 shows scores on 
each subscale.

Changes in MADRS scores and remission in 
both steps are shown in Table  2. In step 1, 
changes from baseline in MADRS scores were 
−7.60 (95% CI, −9.20 to −5.99) in the aripipra-

zole-augmentation group, −7.23 (95% CI, −8.86 
to −5.59) in the bupropion-augmentation group, 
and −4.14 (95% CI, −5.81 to −2.48) in the switch-
to-bupropion group. The percentage of patients 
with remission was 28.9% in the aripiprazole-
augmentation group (risk ratio vs. the switch-to-
bupropion group, 1.50; 95% CI, 1.06 to 2.13), 
28.2% in the bupropion-augmentation group 
(risk ratio, 1.49; 95% CI, 1.04 to 2.12), and 
19.3% in the switch-to-bupropion group (risk 
ratio, 1.00 [reference]), without correction for 
multiple comparisons. In step 2, changes in 
MADRS scores were −4.63 (95% CI, −6.78 to 
−2.49) in the lithium-augmentation group and 
−5.33 (95% CI, −7.52 to −3.14) in the switch-to-
nortriptyline group. The percentage of patients 
with remission was 18.9% in the lithium-aug-
mentation group and 21.5% in the switch-to-
nortriptyline group (risk ratio, 0.84; 95% CI, 
0.53 to 1.36). In both steps, secondary outcomes 
of changes in PROMIS measures of social par-
ticipation and physical function were numeri-
cally similar in the trial groups (Table 2).

A post hoc sensitivity analysis was conducted 
for remission with the use of multiple imputa-
tion to account for patients who did not have an 
MADRS score at week 10. Findings were similar 
to those for the original analysis but with slight-
ly higher incidences of remission and generally 
lower relative risks (Table S5). Some patients 
reported exposure before the trial to one of the 
step 1 medications; a post hoc sensitivity analy-
sis that excluded those patients did not substan-
tially change the primary findings (Table S6). 
The results of a post hoc sensitivity analysis that 
categorized patients according to whether or not 
they were “adherent” (i.e., started the medica-
tion, reached the target dose [e.g., ≥300 mg per 
day for bupropion], and kept taking it until the 
end of the step) were similar to those of the in-
tention-to-treat analysis (Table S7). The percent-
age of patients who both were adherent and had 
remission was less than 10% in the switch-to-
bupropion group in step 1 and the lithium-aug-
mentation group in step 2.

Safety Outcomes

In step 1, fall rates during the acute phase over 
a period of approximately 10 weeks were 0.33 per 
patient in the aripiprazole-augmentation group, 
0.55 in the bupropion-augmentation group, and 
0.38 in the switch-to-bupropion group (Table 3). 
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The risk ratio for falls in the aripiprazole-aug-
mentation group as compared with the bupropion-
augmentation group was 0.59 (95% CI, 0.38 to 
0.92; P = 0.02), in the aripiprazole-augmentation 
group as compared with the switch-to-bupropion 
group was 0.77 (95% CI, 0.49 to 1.22; P = 0.27), 
and in the bupropion-augmentation group as 
compared with the switch-to-bupropion group 
was 1.32 (95% CI, 0.88 to 1.96; P = 0.17). Further 
details about falls are provided in Table S8. 
Rates of overall serious adverse events were 0.07 
in the aripiprazole-augmentation group (hazard 
ratio vs. the switch-to-bupropion group, 0.59; 
95% CI, 0.31 to 1.11), 0.08 in the bupropion-
augmentation group (hazard ratio, 0.61; 95% CI, 
0.32 to 1.15), and 0.12 in the switch-to-bupropion 
group (hazard ratio, 1.00 [reference]), with sim-
ilar rates of serious adverse events in the three 
groups.

In step 2, fall rates were 0.47 per patient in 
the lithium-augmentation group and 0.38 in the 
switch-to-nortriptyline group (risk ratio, 1.22; 
95% CI, 0.62 to 2.39; P = 0.57), and rates of seri-
ous adverse events were 0.10 and 0.09, respec-
tively (hazard ratio, 1.30; 95% CI, 0.58 to 2.92). 
The most common nonserious adverse events 
and their frequency with each treatment strategy 
are shown in Table 3. Table S9 provides details 
of all serious adverse events in both steps, with 
most considered by the site principal investiga-
tors to be unrelated to the trial medications. 
Table S10 lists all adverse events, as well as se-
verity levels; adverse events occurred at a rate of 
2.64 per patient across all groups, with similar 
rates in the augmentation groups and switch 
groups.

Discussion

This trial compared the risks and benefits of 
common antidepressant strategies for older adults 
with treatment-resistant depression over two 10-
week periods. The trial examined psychological 
well-being as the primary effectiveness outcome 
on the basis of feedback from older adults with 
depression, who indicated that this was an im-
portant issue to them in a survey we conducted 
to inform the design of this trial.14 There were 
three key findings. First, augmentation of exist-
ing antidepressant with aripiprazole was signifi-
cantly better with respect to psychological well-

being than a switch to bupropion, and the 
percentage of patients with remission, not ad-
justed for multiple comparisons, was numeri-
cally higher with either aripiprazole augmenta-
tion or bupropion augmentation than with a 
switch to bupropion. Second, bupropion aug-
mentation was numerically similar in effective-
ness to aripiprazole augmentation and was as-
sociated with a higher rate of falls than 
aripiprazole augmentation. Third, lithium aug-
mentation and a switch to nortriptyline were 
similar in effectiveness and safety in a popula-
tion of patients who did not have a response to 
their assigned treatment in the first step of the 
trial or who were not eligible to enter the first 
step. These results suggest that in the trial 
population studied, aripiprazole augmentation 
may have been a better overall antidepressant 
strategy than bupropion augmentation or a switch 
to bupropion. The finding that aripiprazole aug-
mentation was more effective than a switch to 
bupropion is consistent with the findings of 
previous studies and trials of aripiprazole aug-
mentation for treatment-resistant depression in 
older adults.11

The low incidences of remission in both steps 
of the trial highlight the challenge of treating 
depression when previous medications have 
failed. For context, the STAR*D trial showed 
incidences of remission of 13 to 14% after mul-
tiple failed trial uses of medication,32 and the 
VAST-D trial12 involving patients with treatment-
resistant depression showed incidences of remis-
sion of less than 30% with all treatments tested.12 
In our trial, less than 10% of the patients who 
switched to bupropion or had augmentation 
with lithium both reached and maintained the 
target dose and had remission.

The higher rate of falls with bupropion aug-
mentation than with aripiprazole augmentation 
may be clinically important, because it included 
many injurious falls. A higher risk of falls with 
bupropion augmentation than with other strate-
gies has been previously reported in a treatment 
trial involving patients with late-life depression.21 
Even in the lowest fall-risk group (augmentation 
with aripiprazole), we observed a rate of 0.33, 
which means one fall for every three patients 
during approximately 10 weeks of treatment. 
These findings warrant further examination to 
inform prevention strategies. With respect to 
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Table 3. Safety Outcomes.

Outcome Step 1 Step 2

Aripiprazole- 
Augmentation 

Group 
(N = 211)

Bupropion- 
Augmentation 

Group 
(N = 206)

Switch-to- 
Bupropion 

Group 
(N = 202)

Lithium- 
Augmentation 

Group 
(N = 127)

Switch-to- 
Nortriptyline 

Group 
(N = 121)

Falls*

Rate per patient 0.33 0.55 0.38 0.47 0.38

Total no. of falls† 70 114   77 60 46

No. of injurious falls 36   52   38 27 16

Serious adverse events

Rate per patient 0.07 0.08 0.12 0.10 0.09

Total no. of events‡§¶ 15   16   24 13 11

Psychiatric event 0     3     0 0 2

Nonpsychiatric event 15   13   24 13 9

Death 1‖         1**         1†† 0 0

Relation of events to intervention  
— no.‡‡

Probably or possibly related 1     7     3 5 4

Not likely to be related 14     9   21 8 7

Adverse events

Rate per patient 2.82 2.20 2.55 2.73 3.12

Total no. of events 596 453 515 347 377

Most common adverse events — no.

Dizziness or impaired balance 36   41   40 28 21

Gastrointestinal distress 27   35   37 20 20

Reduced salivation 15   30   23 13 51

Tension, inner unrest, or anxiety 30   20   29 8 9

Reduced or disturbed sleep 39   18   33 6 6

*	� Falls were assessed during each trial call or visit every other week.
†	� In step 1, the risk ratio for the aripiprazole-augmentation group as compared with the bupropion-augmentation group was 0.59 (95% CI, 

0.38 to 0.92; P = 0.02), for the aripiprazole-augmentation group as compared with the switch-to-bupropion group was 0.77 (95% CI, 0.49 
to 1.22; P = 0.27), and for the bupropion-augmentation group as compared with the switch-to-bupropion group was 1.32 (95% CI, 0.88 to 
1.96; P = 0.17). In step 2, the risk ratio for the lithium-augmentation group as compared with the switch-to-nortriptyline group was 1.22 
(95% CI, 0.62 to 2.39; P = 0.57).

‡	� In step 1, a total of 55 serious adverse events occurred in 49 patients. In the switch-to-bupropion group, 3 patients had 2 serious adverse 
events each and 1 patient had 3 serious adverse events. In step 2, a total of 24 serious adverse events occurred in 22 patients. In the 
lithium-augmentation group, 1 patient had 2 serious adverse events; in the switch-to-nortriptyline group, 1 patient had 2 serious adverse 
events.

§	� In step 1, the hazard ratios were 0.59 (95% CI, 0.31 to 1.11) in the aripiprazole-augmentation group, 0.61 (95% CI, 0.32 to 1.15) in the 
bupropion-augmentation group, and 1.00 (reference) in the switch-to-bupropion group. In step 2, the hazard ratios were 1.30 (95% CI, 
0.58 to 2.92) in the lithium-augmentation group and 1.00 (reference) in the switch-to-nortriptyline group.

¶	� In step 1, P = 0.93 for the aripiprazole-augmentation group as compared with the bupropion-augmentation group, P = 0.10 for the 
aripiprazole-augmentation group as compared with the switch-to-bupropion group, and P = 0.13 for the bupropion-augmentation group 
as compared with the switch-to-bupropion group. In step 2, P = 0.52 for the lithium-augmentation group as compared with the switch-to-
nortriptyline group.

‖	� One patient died of an unknown cause; this patient had not started randomized treatment.
**	� One serious adverse event was a fall and resulted in death, which was deemed to be related to benzodiazepine and alcohol use.
††	� One operation was followed by a fatal postsurgical pneumonia. This was counted as two serious adverse events. This patient was no longer 

taking the trial medication (bupropion) at the time of death.
‡‡	� The relationship of the serious adverse event to the intervention was determined by the site principal investigator.
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adverse events and serious adverse events, there 
was no suggestion in the trial results that pa-
tients in the augmentation groups were more 
likely to have an adverse event than those in the 
switch groups.

There are several limitations to this trial. First, 
the trial had no placebo group and patients were 
aware of their trial-group assignments, so we 
cannot rule out the possibility that patients may 
have been reacting positively to receiving two drugs 
rather than one and cannot determine whether 
any of the treatment strategies was better than 
no change in pharmacologic treatment. Second, 
the trial enrolled approximately half its targeted 
sample; therefore, tests of effectiveness or safety 
may have been underpowered. Third, each step 
of the trial lasted 10 weeks, and we cannot as-
sess whether longer exposure to a trial drug would 
have had different effectiveness or risks. Fourth, 
adherence to the treatment strategies was in the 
range of 50 to 70%, which highlights the chal-
lenge of managing treatment-resistant depres-
sion in real-world settings. Fifth, the number of 
patients who belonged to traditionally under-
represented racial or ethnic groups was smaller 
than planned, possibly related to disparities of 
access.33 Sixth, our findings do not apply to 
other augmentation and switching options.

This pragmatic trial involving older persons 

with treatment-resistant depression showed great-
er improvement in psychological well-being and 
a numerically higher incidence of remission with 
aripiprazole augmentation than with a switch to 
bupropion. Improvement in psychological well-
being and incidences of remission were low but 
similar with lithium augmentation or a switch 
to nortriptyline after the failure of initial trial 
treatment.
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