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An Equipercentile Analysis With Cross-Trial Validation  
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ABSTRACT
Background: Many patients with major depressive disorder (MDD) who 
experience no meaningful benefit (NMB) from antidepressive treatment go 
undetected. However, there is a lack of consensus on the definition of NMB 
from antidepressants.

Methods: Equipercentile linking was used to identify a threshold for percent 
change in 17-item Hamilton Depression Rating Scale (HDRS-17) scores that 
equated with a Clinical Global Impressions-Improvement (CGI-I) score of 3 
(minimally improved), a proxy for NMB, after 4 and 8 weeks of citalopram or 
escitalopram treatment, using data from the Pharmacogenomic Research 
Network Antidepressant Medication Pharmacogenomic Study (PGRN-
AMPS). The NMB threshold for the HDRS-17 was validated by equating a 
CGI-I rating of 3 with percent change values from the clinician- and patient-
rated versions of the Quick Inventory of Depressive Symptomatology 
(QIDS-C and QIDS-SR) using data from PGRN-AMPS and phase 1 of the 
Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial. This 
study was conducted between June 2021 and September 2021.

Results: In PGRN-AMPS, a 30% improvement in HDRS-17 score 
corresponded to a CGI-I rating of 3 at 4 and 8 weeks. The 30% improvement 
threshold was also observed for QIDS-C and QIDS-SR scores in both PGRN-
AMPS and STAR*D. Similar results were observed for percent change in 
HDRS-17 and QIDS-based measures in lower- and higher-severity groups 
based on a median split of baseline total scores.

Conclusions: Improvement in depressive severity of ≤ 30%, as assessed 
using the HDRS-17, QIDS-C, and QIDS-SR, may validly define NMB from 
antidepressants during short-term treatment.
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Major depressive disorder (MDD) affects over 
264 million people worldwide,1 making it 

one of the most prevalent of illnesses in medicine and 
the leading global cause of disability from chronic 
diseases.2,3 Antidepressant medications and evidence-
based psychotherapy are standard treatments for 
MDD. Unfortunately, over one-third of depressed 
patients fail to respond to adequate antidepressant 
treatment trials,4 and multiple sequential trials of 
antidepressive treatments are usually needed before 
depressive symptoms are effectively managed.5,6 The 
process of managing poor response to treatment 
with antidepressants can be substantially improved 
with the systematic measurement of depressive 
symptoms (measurement-based care), which has 
been associated with improved clinical outcomes as 
compared with treatment as usual, thus narrowing 
the gap between clinical research and real-world 
practice.5,7,8

For managing an antidepressant response that falls 
short of remission, the choice of a specific next-step 
treatment depends on the accurate characterization 
of response to the existing treatment. If there is 
meaningful clinical benefit without remission (eg, 
response), therapeutic options include changing the 
dose or adding a second agent or psychotherapy if 
dose optimization is ineffective or poorly tolerated.9 
Conversely, if there is no meaningful benefit (NMB) 
after an adequate period of observation, switching 
to an alternative treatment is needed.10 Therefore, 
a validated threshold for defining NMB would 
considerably benefit clinicians and patients by 
providing an alert to the need to switch from an 
ineffective treatment to a potentially more effective 
one, thus reducing the duration of active depressive 
symptoms and their negative impacts on quality 
of life and functioning.11 There is a fair consensus 
about the definition of a minimally acceptable 
response (eg, a 50% reduction in depression 
symptom scores12). Among the approximately 
30%–50% of antidepressant-treated patients who 
do not respond, it would be worthwhile to better 
characterize the subset who obtain NMB.13 However, 
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to our knowledge, there is no validated definition of NMB 
from an antidepressant.

This study aimed to develop and validate a categorical 
definition of NMB by equating percent change in scores on 3 
common depression rating scales with scores on the Clinical 
Global Impression (CGI) scale,14 a validated measure of 
clinician impressions of a patient’s symptoms and functioning 
after initiation of treatment.15,16 Equipercentile linking has 
been used to validate the 50% improvement threshold for 
antidepressive response using a CGI-Improvement subscale 
(CGI-I) score ≤  2 (much improved) as a proxy for clinically 
significant change17–19 and to identify thresholds of clinically 
significant change in depression severity by linking CGI-
Severity subscale ratings and quality of life measures.20 Here, 
we link changes in 17-item Hamilton Depression Rating 
Scale21 (HDRS-17) and CGI-I scores to derive an NMB 
threshold after 4 and 8 weeks of treatment with citalopram 
or escitalopram. We validated the NMB threshold using 
clinician- and subject-rated versions of the Quick Inventory 
of Depressive Symptomatology22 (QIDS-C and QIDS-SR) 
and CGI-I scores in a separate dataset.

METHODS

Depressive Symptom Measures
The HDRS-17 is a clinician-rated measure consisting of 

17 items that rate the severity of depressive symptoms, 8 
of which are rated on a 5-point scale and 9 of which are 
rated on a 3-point scale (total score ranges from 0 to 52). 
The QIDS-C and QIDS-SR consist of 16 items that rate 
the severity of depressive symptoms on a 4-point scale 
with some individual items combined (total score ranges 
from 0 to 27). For all 3 scales, higher scores indicate greater 
depressive symptom severity. A percent (%) change in 
depression severity at follow-up visits (ie, 2, 4, or 8 weeks) 
was defined as 

Severity at Follow-up Visits – Baseline Severity × 100Baseline Severity 

Sources of Data, Sample, and Treatment
Table 1 summarizes the demographic and clinical 

characteristics of studies used in this work.
Development dataset. The Pharmacogenomic Research 

Network Antidepressant Medication Pharmacogenomic 
Study23 (PGRN-AMPS, NCT00613470) was designed to 
examine genetic factors associated with clinical response 
after 8 weeks of open-label treatment with citalopram or 
escitalopram in adults with MDD. All PGRN-AMPS subjects 
provided written informed consent, and the study protocol 
was approved by the institutional review board of Mayo 
Clinic. The PGRN-AMPS sample consisted of 922 adults 
(aged 18–84 years) with Structured Clinical Interview for 
DSM-IV (SCID)–confirmed diagnoses of MDD and an 
HDRS-17 total score ≥  14 at trial entry. PGRN-AMPS 
participants received open-label treatment with citalopram 
(starting at 20 mg/d) or escitalopram (starting at 10 mg/d), 
with postbaseline study visits occurring at weeks 4 and 8. 
The doses of study medications could be increased at week 4 
(to 40 mg/d of citalopram or 20 mg/d of escitalopram) if the 
QIDS-C total score was ≥ 9. The dataset for PGRN-AMPS 
served as the development dataset for deriving a definition 
of NMB from antidepressants using HDRS-17 scores, as 
described further below.

Validation dataset. Data from the first phase of the 
Sequenced Treatment Alternatives to Relieve Depression5,22 
(STAR*D; NCT00021528) trial were used to validate 
the NMB threshold derived from PGRN-AMPS data. 
Participants were adults with MDD who received open-label 
treatment with citalopram for up to 14 weeks. All STAR*D 
subjects provided written informed consent. The STAR*D 
protocol was approved by institutional review boards at the 
national coordinating center, the data coordinating center, 14 
regional centers, and individual clinical sites. The STAR*D 
samples for this work consisted of 1,866 citalopram-treated 
adults (aged 18–75 years) with DSM-IV–defined MDD 
and an HDRS-17 total score ≥ 14 who had complete data at 
baseline, week 4, and week 8. A total of 1,636 (of the 1,866 
STAR*D phase 1 participants with 4- and 8-week data) also 
had complete data from the week 2 visit. Citalopram was 
started at a dose of 20 mg/d. Subsequent dose titrations were 
governed by a pre-established plan, up to a maximum dose 
of 60 mg/d.

Depressive symptoms were measured at baseline, week 
4, and week 8 using the HDRS-17, the QIDS-C, and the 
QIDS-SR in the PGRN-AMPS trial—and at weeks 2, 4, 6, 8, 
12, and 14 using the QIDS-C and QIDS-SR in the STAR*D 
phase 1 trial (only data from weeks 2, 4, and 8 were used for 
the analyses in this study)—by trained clinical raters.

Measure of Global Clinical State
For this study, scores on the HDRS-17, QIDS-C, and 

QIDS-SR were linked with CGI-I ratings. In the PGRN-
AMPS and STAR*D trials, the CGI-I was rated by experienced 
clinicians at postbaseline follow-up visits using the following 
7-point scale: 1 = very much improved, 2 = much improved, 
3 = minimally improved, 4 = no change, 5 = minimally worse, 

Clinical Points
■■ Many patients with major depressive disorder who 

experience no meaningful benefit (NMB) from 
antidepressive treatment go undetected. However, there 
is a lack of consensus on the definition of NMB from 
antidepressants.

■■ Equipercentile analyses demonstrated that an improvement 
in depressive severity of 30% or less, as assessed using the 
HDRS-17, QIDS-C, and QIDS-SR, may validly define NMB 
from antidepressants during acute-phase treatment.

■■ The early detection of NMB from a given antidepressive 
treatment may prompt a switch to a potentially more 
effective mode of treatment, thus lessening the time 
needed for an individual patient to achieve a clinically 
meaningful response to treatment if more than one 
therapeutic trial is needed.

https://clinicaltrials.gov/ct2/show/NCT00613470
https://clinicaltrials.gov/ct2/show/NCT00021528
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Table 1. Sample Characteristics

Variable PGRN-AMPS STAR*Da

Total N 927 1,636 1,866 1,581 1,804
Age, mean (SD), y 39.10 (14.27) 42.14 (13.14) 42.03 (13.14) 41.97 (13.18) 41.98 (13.02)
Sex M: 352; F: 570 M: 639; F: 997 M: 709; F: 1,157 M: 621; F: 960 M: 697; F: 1,107
Drug exposure Citalopram/escitalopram Citalopram Citalopram Citalopram Citalopram
Rating scale(s) QIDS-C, QIDS-SR, HDRS- 17 QIDS-C QIDS-C QIDS-SR QIDS-SR
Timepoints for assessing 
treatment response

4 and 8 weeks 2, 4, and 8 weeks 4 and 8 weeks 2, 4, and 8 weeks 4 and 8 weeks

Race
White 848 1,198 1,338 1,158 1,296
Black 17 221 275 205 252
Hispanic 0 173 206 173 208
Asian 12 25 27 27 29
Hawaiian 1 9 10 9 10
American Indian 2 10 10 9 9
Other 47 0 0 0 0

aFor the STAR*D sample, there were 1,198 subjects with complete data for QIDS-C at 2, 4, and 8 weeks; 1,338 subjects with complete 
data for QIDS-C at 4 and 8 weeks; 1,158 subjects with complete data for QIDS-SR at 2, 4, and 8 weeks; and 1,296 subjects with 
complete data for QIDS-SR at 4 and 8 weeks.

Abbreviations: F = female, HDRS = 17-item Hamilton Depression Rating Scale, M = male, PGRN-AMPS = Pharmacogenomic 
Research Network Antidepressant Medication Pharmacogenomic Study, QIDS-C = clinician-rated version of the Quick Inventory 
of Depressive Symptomatology, QIDS-SR = subject-rated version of the Quick Inventory of Depressive Symptomatology, 
STAR*D = Sequenced Treatment Alternatives to Relieve Depression.

Table 2. Correlation Between HDRS-17, QIDS-C, QIDS-SR, 
and CGI-Based Measures

Study and linking variables Timepoint

Spearman 
correlation 
coefficient P value

PGRN-AMPS
% Change in HDRS-17 from baseline 
and CGI-I

Week 4 0.726 2.50E-111
Week 8 0.729 1.20E-100

% Change in QIDS-C from baseline 
and CGI-I 

Week 4 0.69 4.30E-96
Week 8 0.682 3.00E-83

% Change in QIDS-SR from baseline 
and CGI-I

Week 4 0.675 1.40E-90
Week 8 0.656 2.20E-16

STAR*D (with complete data for baseline and 2, 4, and 8 weeks)
% Change in QIDS-C from baseline 
and CGI-I

Week 4 0.802 ~0
Week 8 0.836 ~0

% Change in QIDS-SR from baseline 
and CGI-I

Week 4 0.617 5.60E-190
Week 8 0.697 5.20E-263

STAR*D (with complete data for baseline and 2, 4, and 8 weeks)
% Change in QIDS-C from baseline 
and CGI-I

Week 2 0.749 1.50E-294
Week 4 0.799 ~0
Week 8 0.835 ~0

% Change in QIDS-SR from baseline 
and CGI-I

Week 2 0.504 2.20E-102
Week 4 0.612 7.60E-193
Week 8 0.688 7.50E-222

Abbreviations: CGI-I = Clinical Global Impressions-Improvement 
subscale, HDRS-17 = 17-item Hamilton Depression Rating Scale, 
PGRN-AMPS = Pharmacogenomic Research Network Antidepressant 
Medication Pharmacogenomic Study, QIDS-C = clinician-rated version of 
the Quick Inventory of Depressive Symptomatology, QIDS-SR = subject-
rated version of the Quick Inventory of Depressive Symptomatology, 
STAR*D = Sequenced Treatment Alternatives to Relieve Depression study.

6 = much worse, and 7 = very much worse. For this study, a 
CGI-I score of 3 or higher was chosen as the cutoff point 
for defining NMB because a CGI-I score ≤ 2 is an accepted 
threshold for defining clinically meaningful improvement 
in depressive symptoms18 and because defining NMB based 
on the absence of improvement in depressive symptoms (a 
CGI-I score of 4) does not account for minimal but non-
meaningful levels of improvement.

Statistical Analysis
Descriptive statistics were used to summarize the 

demographic and clinical characteristics of the PGRN-
AMPS and STAR*D phase 1 study participants (see Table 
1). Equipercentile linking was used to equate HDRS-17 
(development dataset), QIDS-C and QIDS-SR (development 
and validation datasets), and CGI-I measures. Equipercentile 
linking is a nonparametric statistical process that is used 
to find equivalent points on separate but correlated scales, 
accounting for possible measurement error for each of 
the scales under consideration in this study. Correlations 
between the CGI-I and percent change measures from 
each depression rating scale were assessed using Spearman 
rank correlation coefficients, testing the coefficients versus 
no correlation using an F test at a statistical significance 
threshold of P < .05. After establishing correlation, 
equipercentile linking was performed by calculating the 
empirical distribution functions for the CGI-I and each of 
the depression scale percent change values (as percentiles 
for all measures) and then matching the percentiles 
between the two measures. Therefore, for a given score 
on the CGI-I rating, a corresponding percent change in 
score from baseline for a given depression scale with the 
same percentile rank was identified. The resulting pairs of 
scores were plotted with each point on graphs representing 
equivalent (linked) CGI-I scores and percent changes 
in total scores for the HDRS-17 and QIDS-C/-SR. These 

points were connected by a smooth curve, thus displaying 
the equipercentile relationship between CGI-I and percent 
change measures for each depression scale across the entire 
range of values at each follow-up time point. To account for 
confounding by baseline depression severity, we repeated 
the equipercentile analyses within strata based on a median 
split of baseline HDRS-17, QIDS-C, and QIDS-SR scores, 
thus creating higher-severity (baseline scores equal to or 
higher than the median value) and lower-severity groups. 
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Figure 1. Equipercentile Linking of Scores on the CGI-I to Percent Change (From Baseline) in Total Depression Severity 
Scores in (A) PGRN-AMPS and (B) STAR*D Participants With Complete Data at Baseline and 4 and 8 Weeks and in (C) STAR*D 
Participants With Complete Data at Baseline and 2, 4, and 8 Weeks

Abbreviations: CGI-I = Clinical Global Impression-Improvement, PGRN-AMPS = Pharmacogenomic Research Network Antidepressant Medication 
Pharmacogenomic Study, QIDS-C = clinician-rated version of the Quick Inventory of Depressive Symptomatology, QIDS-SR = subject-rated version 
of the Quick Inventory of Depressive Symptomatology, STAR*D = Sequenced Treatment Alternatives to Relieve Depression.

A. PGRN-AMPS participants with data at baseline and 4 and 8 weeks

B. STAR*D participants with data at baseline and 4 and 8 weeks

C. STAR*D participants with data at baseline and 2, 4, and 8 weeks
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Figure 2. Equipercentile Linking of Scores on the CGI-I to Percent Change (From Baseline) in Total Depression Severity Scores 
of Patients Stratified by Baseline Depression Severity (Based on a Median Split of Total Depression Scores at Baseline) in (A) 
PGRN-AMPS and (B) STAR*D Participants With Complete Data at Baseline and 4 and 8 Weeks and in (C) STAR*D Participants 
With Complete Data at Baseline and 2, 4, and 8 Weeks

Abbreviations: CGI-I = Clinical Global Impression-Improvement, PGRN-AMPS = Pharmacogenomic Research Network Antidepressant Medication 
Pharmacogenomic Study, QIDS-C = clinician-rated version of the Quick Inventory of Depressive Symptomatology, QIDS-SR = subject-rated version 
of the Quick Inventory of Depressive Symptomatology, STAR*D = Sequenced Treatment Alternatives to Relieve Depression.

A. PGRN-AMPS participants with data at baseline and 4 and 8 weeks

CG
I-I

 s
co

re

Percent change (from baseline) in HDRS-17 total score
–90 –70 –50 –30 –10 10 30 50

7

6

5

4

3

2

1

CG
I-I

 s
co

re

Percent change (from baseline) in QIDS-C total score
–90 –70 –50 –30 –10 10 30 50

6

5

4

3

2

1

Lower Severity (Week 4)
Higher Severity (Week 4)
Lower Severity (Week 8)
Higher Severity (Week 8)

Lower Severity (Week 4)
Higher Severity (Week 4)
Lower Severity (Week 8)
Higher Severity (Week 8)

CG
I-I

 s
co

re

7

6

5

4

3

2

1

Percent change (from baseline) in QIDS-SR total score
–110 –60 –10 40 90 140 190 240 290 340 390

Lower Severity (Week 4)
Higher Severity (Week 4)
Lower Severity (Week 8)
Higher Severity (Week 8)

B. STAR*D participants with data at baseline and 4 and 8 weeks

C. STAR*D participants with data at baseline and 2, 4, and 8 weeks
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Data for this study were analyzed using the Equate package 
in R. The current study, conducted between June 2021 
and September 2021, was considered exempt by the local 
institutional review board.

RESULTS

Correlation Between HDRS-17, QIDS-C,  
QIDS-SR, and CGI-Based Measures

Spearman correlations between CGI-I and percent change 
from baseline in depression scale scores at each follow-up 
time point are presented in Table 2. Strong correlations were 
observed for all pairs of CGI-I scores and percent change 
values for each depression scale, thus allowing equipercentile 
linkage for these measures.

Development of No Meaningful Benefit 
Definition Using PGRN-AMPS Data

Figure 1A illustrates the results of equipercentile linking 
of percent changes (from baseline) in HDRS-17 total scores 
with CGI-I scores at weeks 4 and 8 for PGRN-AMPS 
participants. At week 4 and week 8, an improvement of 30% 
or less in HDRS-17 total scores equated to a CGI-I score 
of 3 or higher. A change threshold of ≤ 30% from baseline 
in HDRS-17 total scores was thus chosen to define NMB 
among PGRN-AMPS participants. At week 4 and week 8, 
an improvement of 30% or less in QIDS-C and QIDS-SR 
total scores also equated to a CGI-I score of 3 or higher, 
thus providing cross-scale replication. An improvement in 
HDRS-17 scores of 0%–8% at week 4 and 0%–13% at week 8 
mapped to a CGI-I score of 4 (no change), which indirectly 
validated the equipercentile link between these measures.

Validation of NMB Definition Using STAR*D Data
The results of equipercentile linking of CGI-I scores 

and QIDS-C and QIDS-SR percent change values (from 
baseline) are shown in Figures 1B and 1C for STAR*D 
subjects who had complete data at baseline and 4 and 8 
weeks and at baseline and 2, 4, and 8 weeks, respectively. 
Each of these equipercentile analyses were used to validate 
an NMB threshold of ≤ 30% improvement from baseline 
in depression scale scores. For each of these analyses, an 
improvement of 30% of less on both QIDS-based measures 
in each dataset linked to a CGI-I score of 3 and above, 
thus providing validation of the 30% NMB threshold in 2 
separate datasets.

Stratified Analyses by Baseline Depression Severity
Figure 2 and Table 3 summarize the results of 

equipercentile linking of CGI-I ratings and percent change 
values (from baseline) for HDRS-17 (PGRN-AMPS only) 
and QIDS-C/-SR scores in higher- and lower-severity groups 
(based on a median split of baseline total scores) at weeks 2 
(STAR*D only), 4, and 8 (both PGRN-AMPS and STAR*D). 
For these analyses, percent change in the HDRS-17, QIDS-
C, and QIDS-SR scores from baseline in PGRN-AMPS and 
STAR*D subjects that corresponded to a CGI-I score of 3 

ranged from 22%–39% in the higher-severity groups and 
12%–24% in lower-severity groups, as illustrated in Table 3.

DISCUSSION

The effective management of patients with MDD relies on 
the ability to efficiently detect patients who are responding 
poorly to a current course of treatment and thus require a 
change.8 In this study, we developed and validated a definition 
of NMB from antidepressants using multiple depression 
scales and antidepressant trial datasets. An improvement 
in HDRS-17, QIDS-C, and QIDS-SR of 30% or less from 
baseline mapped to CGI-I scores of 3 and above, a range of 
CGI-I scores that represents, at best, a nonmeaningful level 
of change in depressive symptoms.

The clinical importance of the findings from this study 
rests on the facts that measurement-based treatment of 
MDD has become the clinical standard in research settings 
and among a growing number of clinicians24 and that a 
very large number of patients require multiple therapeutic 
trials of antidepressive treatment before achieving a positive 
treatment outcome.4,24 The early detection of NMB from a 
given antidepressive treatment may prompt a switch to a 
potentially more effective mode of treatment, thus lessening 
the time needed for an individual patient to achieve a 
clinically meaningful response if more than 1 therapeutic 
trial is needed.25–27 The importance of having a practical and 
valid definition of NMB is further highlighted by the fact that 
failure to detect patients who poorly respond to antidepressive 

Table 3. Range of Percent Change in Depression Severity 
Mapping to CGI-I Score of 3 in Patients, Stratified by 
Depression Severity

Study and 
timepoint

Depression 
rating scale

Range of % change in depression 
severity mapping to CGI-I = 3

Lower severity Higher severity
PGRN-AMPS
Week 4 HDRS-17 22%–32% 22%–39%
Week 8 HDRS-17 14%–35% 23%–41%
Week 4 QIDS-C 11%–24% 24%–32%
Week 8 QIDS-C 15%–32% 27%–41%
Week 4 QIDS-SR 9%–23% 22%–32%
Week 8 QIDS-SR 0%–21% 25%–39%
STAR*D (with complete data for baseline and 4 and 8 weeks)
Week 4 QIDS-C 22% −29% 26%–30%
Week 8 QIDS-C 21%–31% 29%–34%
Week 4 QIDS-SR 15%–24% 28%–32%
Week 8 QIDS-SR 12%–22% 27%–34%
STAR*D (with complete data for baseline and 2, 4, and 8 weeks)
Week 2 QIDS-C 21%–25% 24%–28%
Week 4 QIDS-C 22%–29% 26%–31%
Week 8 QIDS-C 21%–32% 27%–34%
Week 2 QIDS-SR 18%–23% 27%–31%
Week 4 QIDS-SR 15%–24% 28% −32%
Week 8 QIDS-SR 14%–23% 27%–34%
Abbreviations: CGI-I = Clinical Global Impressions improvement subscale, 

HDRS-17 = 17-item Hamilton Depression Rating Scale, PGRN-AMPS = the 
Pharmacogenomic Research Network Antidepressant Medication 
Pharmacogenomic Study, STAR*D = the Sequenced Treatment 
Alternatives to Relieve Depression study, QIDS-C = clinician-rated version 
of the Quick Inventory of Depressive Symptomatology, QIDS-SR = subject-
rated version of the Quick Inventory of Depressive Symptomatology.
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treatment is common in clinical practice28—a problem that 
is preventable with the systematic use of depression rating 
scales to monitor the effects of antidepressive treatments.8

Despite its importance, there is still no consensus in 
the field on how to define NMB from antidepressants.24 
The lack of a consensus definition complicates the 
ability to systematize knowledge about poor response to 
antidepressants, with important implications for clinical 
research and practice.29 Selecting antidepressants for 
depressed patients entails a “try-and-try-again” approach, 
with several weeks of watchful waiting at each step.30 The 
large number of depressed patients who do not achieve 
meaningful benefit from a given treatment and require 
multiple therapeutic trials highlights the importance of 
characterizing those who are at risk of NMB. Developing 
prediction models for NMB in research settings and making 
decisions about treatment in clinical settings both require a 
valid categorical definition. For a large number of depressed 
patients, a reliable and valid definition of NMB would be 
instrumental toward the goal of reducing the exposure to 
treatments that are unlikely to work.27

From a practical viewpoint, our goal was to validate 
a NMB definition that replicates across depression 
scales and is simple enough for clinical use. The NMB 
threshold of ≤  30% improvement in depressive symptoms 
from baseline appears to be reliable given its remarkable 
consistency across 3 depression scales in 2 independent 
datasets. In terms of practical use, calculating a percent 
reduction in symptoms is relatively simple and at least 
partially accounts for variation in baseline depression 
severity. Indeed, after rerunning the equipercentile analyses 
in higher- and lower-severity groups, analogous to the 
approach taken in prior studies,17–19 the robustness of our 
main findings was supported.

A variety of statistical approaches have been previously 
used to link information from continuous depression rating 
scales and proxy measures for clinical significance, with the 
goal of deriving clinically meaningful levels of improvement 
in depressive symptoms.17–20,24,31 To our knowledge, this 
report describes the first use of equipercentile linking to 
develop and test a categorical definition of NMB from 
antidepressants. Equipercentile linking was chosen to 
equate values derived from depression scales and CGI-I 
ratings in this study given that it is nonparametric (a specific 
type of distribution of measured values is not required) and 
accounts for possible measurement error for the scales used 
in each of the antidepressant trials datasets.32,33 A CGI-I 
score of 3 was selected a priori for defining and validating a 
definition for NMB because it is greater than a CGI-I score 
of 2, which denotes a clinically meaningful improvement 
in depressive symptoms (ie, a positive antidepressive 
response) and because it is less than a CGI-I score of 4, 
which denotes the complete absence of improvement in 
depressive symptoms. Complete absence of improvement is 
too stringent for developing an ecologically valid definition 
of NMB because it disallows the possibility of minimal, 
nonmeaningful levels of improvement that are commonly 

encountered in clinical practice and would still necessitate a 
change in therapy.34,35 Our results show that antidepressive 
response and NMB are not mere inverses of one another, 
an observation that is consistent with the results of a large, 
5-year clinical registry study that included 328 patients 
with treatment-resistant MDD who received vagal nerve 
stimulation.36 In that study, Quality of Life Enjoyment and 
Satisfaction Questionnaire scores improved to a clinically 
significant degree in patients who experienced as little as a 
35% improvement in depression severity.

Our study had several strengths, including large numbers 
of depressed patients in the PGRN-AMPS and STAR*D 
datasets, the use of certified clinical raters in both trials, and 
the strong correlations between CGI-I and percent change 
values for each rating scale at all follow-up time points. By 
linking scores on the CGI-I and the self-reported version 
of the QIDS, validation of the NMB threshold in this study 
did not rely exclusively on clinician ratings, a common 
criticism for studies of clinical interventions for MDD and 
beyond.37,38 And finally, our NMB definition was validated 
at 3 different time points, including as early as 2 weeks—an 
important clinical consideration given data suggesting that a 
lack of meaningful benefit from an antidepressant at 2 weeks 
could indicate the need for an early change in treatment.39

Limitations. Both PGRN-AMPS and phase 1 of 
STAR*D used an open design, and, although assessments 
of inter-rater reliability for depression symptom ratings 
were performed in both trials, periodic assessments of 
inter-rater reliability of CGI scores were not conducted. 
PGRN-AMPS trial procedures did not prevent study 
clinicians from accessing HDRS-17 or QIDS-C/-SR scores, 
which could have influenced CGI-I scores during follow-up. 
More importantly, the accuracy and value of the NMB 
definition derived in this work may be compromised by 
limited recall accuracy of baseline depression severity 
and inherent inter- and intrarater variability in depression 
symptom assessments, primarily by clinicians rather than 
patients.40 Across the trials that provided data for this study, 
QIDS-SR scores were generally lower than QIDS-C scores 
at weeks 4 and 8, with correspondingly lower thresholds for 
NMB (24%–25%); thus, use of equipercentile analyses for 
identifying NMB thresholds may be sensitive to whether 
instruments used to measure depressive symptom change 
are patient- or clinician-rated. In both trials, the impacts of 
study attrition on the relationship between CGI-I ratings and 
percent change values for the depression scales are unknown. 
The generalizability of our findings is limited to adults with 
non–treatment-resistant MDD who were given 2 related 
antidepressants, citalopram and escitalopram. PGRN-AMPS 
consisted of a predominantly Caucasian sample enrolled at 
a single site, although the STAR*D validation sample was 
derived from multiple clinical sites and was more diverse 
in terms of racial makeup. Generalizability of our findings 
may also be somewhat limited using citalopram doses as 
high as 60 mg/d in the STAR*D sample, which now exceeds 
the FDA-recommended limit. Our NMB definition was not 
validated against patient-rated measures of clinical global 
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state or measures of quality of life or functioning, both of 
which are important aspects of recovery from depression 
that are not always highly correlated with symptom 
improvement.41,42 We were also unable to ascertain how 
adverse effect burden influenced or intersected with NMB 
in this research. Similarly, we were unable to validate our 
NMB definition against biological measures that may 
reflect underlying mechanisms of depression or responses 
to treatment.12,40,43–45 Finally, although we tested our 
NMB definition at 3 different time points, none extended 
beyond 8 weeks of treatment. Future work should focus on 
testing the value of the categorical NMB ≤ 30% depressive 
symptoms score reduction on additional scales and 

measures of functioning, such as the Sheehan Disability Scale 
and widely used Patient Health Questionnaire-9.

CONCLUSIONS

In summary, our findings suggest that improvement 
of depressive symptoms of 30% or less from baseline, as 
measured by the HDRS-17 and the clinician- and subject-
rated versions of the QIDS, validly defines NMB during 
short-term treatment with citalopram or escitalopram. 
Future studies are needed to establish its predictive validity 
and its applicability to other antidepressive treatments and 
to patients with treatment-resistant depression.
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