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Abstract
Objective: To use the Clinical Global Impression-Severity (CGI-S) scale to esti-
mate clinically meaningful and clinically substantial changes as measured using the 
Montgomery-Åsberg Depression Rating Scale (MADRS), the Sheehan Disability 
Scale (SDS), and the Patient Health Questionnaire-9 (PHQ-9) in patients with treat-
ment-resistant depression (TRD).
Methods: Pooled data were derived from two 4-week, randomized, active-controlled 
studies evaluating esketamine nasal spray (ESK) plus oral antidepressant (OAD) or 
OAD plus placebo nasal spray (PBO) in adults with TRD (N = 565). CGI-S, MADRS, 
SDS, and PHQ-9 scores were obtained at baseline and over 4 weeks of treatment. In 
this post hoc analysis, change scores on the MADRS, SDS, and PHQ-9 that corre-
sponded to a clinically meaningful (1-point) or clinically substantial (2-point) change 
on the CGI-S scale were identified.
Results: Clinically meaningful changes in CGI-S scores after 28 days corresponded 
to 6-, 4-, and 3-point changes from baseline on the MADRS, SDS, and PHQ-9, re-
spectively. Similarly, a 2-point CGI-S score change (clinically substantial change) 
corresponded to a 12-, 8-, and 6-point change on the MADRS, SDS, and PHQ-9, 
respectively. The proportion of patients showing substantial clinical improvement in 
the ESK plus OAD group versus the OAD plus PBO group after 28 days of treatment 
favored ESK plus OAD: 69.0% vs 55.3% (MADRS), 64.5% vs 48.9% (SDS), and 
77.1% vs 64.7% (PHQ-9).
Conclusion: We provide a basis for identifying clinically meaningful and clinically 
substantial changes as assessed with commonly used outcome measures for depres-
sion to facilitate the translation of clinical trial results into clinical practice.
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1 |  INTRODUCTION
The successful management of treatment-resistant depres-
sion (TRD) often requires a number of additional treatment 
steps to achieve symptomatic remission.1 The systematic 
assessment of patients’ responses to treatment over time, 
whether by self-report or clinician-rated scales, can aid in 
making decisions about when, how, and whether to con-
tinue, adjust, augment, or change treatments.2 This approach, 
often called measurement-based care, improves clinical out-
comes.3 Furthermore, this approach helps to bridge the gap 
between clinical practice and evidence from clinical trials,4 
where symptom rating scales are used to assess antidepres-
sant efficacy.

In managing treatment for depression, clinicians often 
must decide whether a clinically meaningful result has been 
achieved to determine whether to adjust, augment, or change 
the treatment. However, metrics to inform this decision are 
not yet widely established, particularly for TRD. Several 
approaches are available to determine a clinically meaning-
ful degree of symptomatic deterioration or improvement in 
patients with major depressive disorder (MDD). The most 
widely used approach considers a reduction of baseline sever-
ity of symptoms of at least 50% to be clinically meaningful.5 
However, this criterion is arbitrary and heavily influenced 
by baseline severity. It has been challenged by a report on 
patients with TRD, which found that a 35% reduction in the 
Montgomery-Åsberg Depression Rating Scale (MADRS) 
score was associated with a clinically meaningful degree of 
improvement in quality of life6 as assessed by the Quality of 
Life Enjoyment and Satisfaction Questionnaire.7

Another approach is to employ a clinical global measure 
of disease severity (e.g., the Clinical Global Impression-
Severity [CGI-S] scale)8 and to establish the meaning of a 
unit change on the global measure of severity relative to other 
scales, including depressive symptoms, function, or quality 
of life determined by patient self-reporting or clinician as-
sessment. Because use of the CGI-S scale provides a rapid, 
clinically intuitive assessment of both functioning and symp-
toms, it readily measures overall severity of depression. The 
CGI-S scale also better reflects real-world clinical practice.

Patient-reported outcome (PRO) measures including 
the Sheehan Disability Scale (SDS)9 and the 9-item Patient 
Health Questionnaire (PHQ-9)10,11 are used to assess func-
tional impairment and depressive symptoms, respectively, 
in depressed patients. PROs are being used more frequently 
in mental health care to augment clinical judgment, with in-
creasing recognition that their use enhances the therapeutic 
relationship, improves treatment adherence, and brings focus 
to the patient-clinician collaboration, enabling patients to be 
more informed, engaged, and activated.12

Data supporting the current analyses came from stud-
ies evaluating the clinical value of 4-week treatment with 
a novel adjunctive therapy added to standard of care (oral 

Limitations
• In these data sets, few patients had a worsening 

on the CGI-S and few experienced improvements 
over 4 points. Therefore, the data supporting these 
observations are limited and may not be generaliz-
able to worsening or to large clinical changes.

• The relationships between the CGI-S and the 
MADRS, SDS and PHQ-9 were established in a 
moderately severe TRD population and may not 
be generalizable to severely ill subjects.

• Inter-rater reliability was not established for raters 
participating in the two studies on which this 
work was based. Consequently, substantial inter-
rater variability may exist for the CGI-S ratings 
reported here. Both the SDS and the PHQ-9 are 
patient-rated outcomes.

• The look-back times for these three ratings were not 
equivalent. The MADRS captured symptomatol-
ogy for the prior 24 h (on day 2) or for the previous 
7 days at all other timepoints thereafter; the CGI-S 
scale and SDS each captured symptomatology dur-
ing the previous 7 days, whereas the PHQ-9 cap-
tured symptomatology during the prior 2  weeks. 
Different raters and time frames may affect the 
relationship of change for the MADRS, SDS, and 
PHQ-9 compared with CGI-S changes.

Significant outcomes
• Based on study-defined criteria (a 1-point change 

in the Clinical Global Impression-Severity [CGI-
S] score), clinically meaningful improvement 
in patients with moderate-to-severe symptoms 
of treatment-resistant depression (TRD) cor-
responded to approximately 6-, 4-, and 3-point 
improvements from baseline on the Montgomery-
Åsberg Depression Rating Scale (MADRS), 
Sheehan Disability Scale (SDS), and Patient 
Health Questionnaire-9 (PHQ-9), respectively. 
A 2-point CGI-S score change (a clinically sub-
stantial improvement in depressive symptoms and 
functioning) corresponded to a 12-point change in 
MADRS, an 8-point change in SDS, and a 6-point 
change in PHQ-9 scores.

• The relationship between the CGI-S and com-
monly used measures of depressive symptoms and 
patient-reported outcomes will facilitate the trans-
lation of clinical trial results into clinical practice.
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antidepressant [OAD] plus esketamine nasal spray [ESK]) 
compared to standard of care alone (OAD plus placebo 
nasal spray [PBO]). These post hoc analyses facilitate in-
terpretation of the clinical significance of the study's symp-
tomatic and functional findings based on scales (MADRS, 
SDS, and PHQ-9 change scores), which individually do not 
completely capture disease severity against a broad global 
measure of improvement (CGI-S). Based on clinical con-
sensus, and in alignment with prior studies,13 a change 
of ≥1 point on the CGI-S scale was considered clinically 
meaningful, and a change of ≥2 points was considered clin-
ically substantial.

1.1 | Aims of the study

This post hoc analysis used the CGI-S scale to estimate a 
clinically meaningful and substantial change in MADRS, 
SDS, and PHQ-9 in patients with TRD participating in 
two pooled 4-week double-blind, active-controlled studies, 
with the aim of assisting the interpretation of differential 
treatment effects and clinically relevant thresholds using 
these scales.

2 |  METHODS

2.1 | Patients

Data for this post hoc analysis were pooled from two 
(N  =  565) 4-week, randomized, active-controlled studies 
(NCT02417064, NCT02418585) of ESK plus newly initi-
ated OAD therapy versus newly initiated OAD therapy plus 
PBO. The studies included symptomatic patients (aged 
18–64 years old) who had not benefited from ≥2 prior phar-
macologic antidepressant treatments during the current major 
depressive episode (assessed by Massachusetts General 
Hospital Antidepressant Treatment Response Questionnaire) 
and were therefore considered to have TRD. Patients met 
the Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-5) diagnostic criteria for single-episode 
or recurrent MDD, without psychotic features, based upon 
clinical assessment and confirmed by the Mini-International 
Neuropsychiatric Interview.14

Patients were excluded if they had previously demon-
strated non-response of depressive symptoms to all 4 OAD 
options available for the double-blind induction phase 
(duloxetine, escitalopram, sertraline, and venlafaxine ex-
tended release [XR]), previous non-response to ketamine 
or esketamine, or had received vagal nerve stimulation or 
deep brain stimulation in the current episode of depres-
sion. Full inclusion/exclusion criteria have been published 
previously.15,16

2.2 | Study design

This post hoc analysis explored the relationship between rat-
ings on the MADRS and the CGI-S scales measured in the 
same patients by determining change scores on the MADRS 
that correspond to a 1-point and 2-point change on the CGI-S 
scale. Similar relationships for changes were explored for the 
SDS and the PHQ-9.

All patients were rated using the CGI-S scale (at baseline 
and on days 4, 8, 15, 22, and 28), which permits a global 
evaluation of a patient's condition at a given time; MADRS 
(at baseline and on days 2, 8, 15, 22, and 28), with a recall 
period of 7 days for this study (except on day 2, which was for 
24 hours)17; SDS (at baseline and on days 15 and 28), with a 
recall period of 7 days; and PHQ-9 (at baseline and on days 
15 and 28), with a recall period of 2 weeks. Note that remote 
independent raters completed all MADRS assessments to re-
duce potential bias on this primary efficacy outcome measure 
and potential unblinding owing to awareness of side effects. 
In contrast, assessment of the CGI-S scale was conducted by 
the blinded site-based rater. Both the SDS and the PHQ-9 are 
patient-rated outcomes.

2.3 | Statistical analysis

Parametric and non-parametric simple and multiple regres-
sion models were used to explore relationships between 
MADRS, SDS, and PHQ-9 ratings and the CGI-S scale score 
from baseline to the week 4 end point as dependent variables. 
Mixed-model repeated measures analyses were used to ac-
count for additional data points from each visit, and within-
subject correlations were modeled using an unstructured 
covariance matrix. Assumptions, including a linear relation-
ship between variables and equal variances of error terms, 
were evaluated. Regression coefficients and r2 were assessed 
at each visit to illustrate consistency of observed estimates. 
Ordinal logistic regression models were used to determine 
expected values of MADRS, SDS, and PHQ-9 at day 28 for 
each score of the CGI-S scale as well as each anchor point 
in the CGI-S scale. Additional logistic regression models 
were fitted using the change score of the CGI-S scale as a 
categorical covariate. The categories of change in the CGI-S 
scale were defined as improvement in severity score (being 
lowered by one or more units); unchanged (0); or worsen-
ing (severity score increased by one or more units). Linking 
analyses were performed as sensitivity analyses to determine 
the correspondence of the CGI-S scale score to the MADRS, 
SDS, and PHQ-9 scores, by mapping percentiles of the cu-
mulative distribution of observed values for the 2 scales at 
baseline and each subsequent measurement, according to the 
Leucht method.18 The equipercentile equating involved first 
determining percentile ranks for the CGI-S and MADRS, 
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SDS, and PHQ-9 scales, and then, individual scores on the 
CGI-S scale and relevant scale with equipercentile rank were 
matched together. Equipercentile equating defines a non-lin-
ear relationship between scales by setting the percentile ranks 
equal for each point. The non-linear relationships between 
the CGI-S and MADRS, SDS, and PHQ-9 scales were also 
established using local regression models to identity corre-
sponding observed scores for CGI-S scores of 3 (mildly ill) 
and 4 (moderately ill) to further assist with interpretability. 
The proportions of patients demonstrating clinically mean-
ingful and substantial improvements were provided for both 
treatment groups. Rate differences between the treatment 
groups along with 95% CIs were computed. The 95% CIs that 
do not include zero correspond to a two-sided P-value <0.05 
using a chi-square test statistic. No adjustment was made for 
multiplicity.

3 |  RESULTS

Patient disposition is shown in Figure S1, and baseline demo-
graphics are shown in Table 1.

Few patients had a worsening on the CGI-S. Furthermore, 
few patients experienced over a 4-point improvement on the 
CGI-S score. Results from simple and multiple regression 
models, including repeated measures analyses, are shown in 
Table  2. With multiple regression, a 1-point change in the 
CGI-S scale (considered clinically meaningful) from base-
line to day 28 corresponded to a 6.7-point (standard error 
[SE], 0.3) change from baseline in the MADRS, a 4.4-point 
(SE, 0.2) change from baseline in the SDS, and a 3.6-point 
(SE, 0.2) change from baseline in the PHQ-9. After exam-
ining results from all other models and scale specific liter-
ature in the moderately ill patient population with TRD, in 
this analysis a 1-point improvement on the CGI-S scale cor-
responded to a 6-point change in MADRS score, a 4-point 
change in SDS score, and a 3-point change in PHQ-9 score. 
Subsequently confirming the linearity assumption between 
the CGI-S and other scales at the most frequently observed 
change scores for the CGI-S at day 28, a 2-point improvement 
on the CGI-S scale (considered clinically substantial) corre-
sponded to a 12-point change in MADRS score, an 8-point 
change in SDS score, and a 6-point change in PHQ-9 score. 
Results from these analyses were used to interpret the find-
ings from the clinical studies.

The proportion of patients demonstrating clinically mean-
ingful improvement at specific measurement time points (i.e., 
day 2 and day 15 for MADRS, day 15 for PHQ-9 and SDS) 
and the proportion of patients demonstrating clinically sub-
stantial improvement by the latest measurement time (day 28) 
are shown in Table 3. The proportion of patients with a clin-
ically substantial improvement at the end of the study period 
on the MADRS, SDS, and PHQ-9 was significantly higher in 

the ESK plus OAD group than in the OAD plus PBO group. 
At day 28, none of the 95% CIs included zero (0), indicat-
ing that rate differences between ESK plus OAD and OAD 
plus PBO groups reached statistical significance in favor of 
ESK plus OAD. Rate differences favoring the ESK plus OAD 
group were observed for clinically meaningful change on the 
SDS (10.1%) and PHQ-9 (7.3%) scales at day 15, but these 
differences did not reach statistical significance.

Potential outliers and influential data points were not 
omitted in these regression analyses. Assuming potential 
deviations from linearity for sensitivity analyses purposes, 
proportional odds models were used to examine the rela-
tionship between CGI-S scores at end point and MADRS, 
SDS, and PHQ-9 scores (Table 4). Predicted probabilities 
were listed for widely used scoring categories for MADRS, 
SDS, and PHQ-9 scores. The logistic regression model 
of CGI-S categories of change suggested an average 21% 
probability of a one-category shift at day 28 when the 

T A B L E  1  Baseline demographic and clinical characteristics.

Demographic characteristics
Overall 
(N = 565)

Age, mean (SD), years 46.1 (11.5)

Female, n (%) 379 (67.1)

Race, n (%)

Caucasian 470 (87.0)

Black or African American 30 (5.6)

Asian 7 (1.3)

Other 33 (6.1)

Region, n (%)

North America 244 (43.2)

Europe 219 (38.8)

Other 102 (18.1)

Class of antidepressants, n (%)

SNRI 348 (61.6)

SSRI 217 (38.4)

Clinical characteristics

Duration of current depressive episode,  
mean (SD), weeks

168.1 (250.2)

Duration of current depressive episode, 
median (range), weeks

84.0 (6, 2288)

Age when diagnosed with major depressive 
disorder, mean (SD), years

32.3 (12.7)

CGI-S score, mean (SD) 5.1 (0.7)

PHQ-9 total score, mean (SD) 20.5 (3.8)

SDS total score, mean (SD) 24.3 (4.2)

MADRS total score, mean (SD) 37.4 (5.6)

CGI-S, Clinical Global Impression–Severity; MADRS, Montgomery-Åsberg 
Depression Rating Scale; PHQ-9, 9-item Patient Health Questionnaire; SD, 
standard deviation; SDS, Sheehan Disability Scale; SNRI, serotonin and 
norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
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MADRS total score changed by 1 unit. Using the SDS as 
a predictor, there was, on average, a 26% probability of a 
shift in one CGI-S category at day 28 when the SDS score 
changed by 1 unit. And when using PHQ-9 as a predictor, 
there was, on average, a 37% probability of a shift in one 
CGI-S category at day 28 when the PHQ-9 score changed 
by 1 unit.

Equipercentile linking results between the CGI-S scale 
and the MADRS, SDS, and PHQ-9 total scores at each time 
point and for the combined data set are shown in Figure 1. 
The relationship between the CGI-S score and the MADRS, 
SDS, and PHQ-9 total scores seemed to follow a non-linear 
trend. Results suggest that being “mildly ill” and “moder-
ately ill” (CGI-S = 3 and 4, respectively) corresponded to a 
MADRS total score of approximately 13.4 (95% CI: 12.1–
14.7) and 26.7 (95% CI: 25.7–28.3), respectively, at day 28. 
Similarly, being considered “markedly ill” (CGI-S = 5) cor-
responded to a MADRS total score of approximately 33.7 
(95% CI: 32.5–35.0) at day 28. The relationship between 
the 2 variables at each visit showed consistency with in-
creasing correlation coefficients over time.

4 |  DISCUSSION

In adults with TRD, a clinically meaningful improvement 
in depressive symptoms and functioning, as assessed by a 

change of 1 point on the CGI-S scale, corresponded to ap-
proximately 6-, 4-, and 3-point reductions in total scores from 
baseline on the MADRS, SDS, and PHQ-9, respectively. 
Similarly, based on their relationships to the CGI-S scale at 
day 28, indicators for clinically substantial improvement (a 
2-point change in the CGI-S scale) were a 12-point reduction 
in MADRS score, an 8-point reduction in SDS score, and a 
6-point reduction in PHQ-9 score.

The CGI-S scale is widely used to measure global clinical 
outcomes in symptom severity and treatment efficacy in pa-
tients with psychiatric disorders other than depression.19-22 In 
this study, the CGI-S scale was used as the reference measure 
against which MADRS, SDS, and PHQ-9 were compared in 
the acute-phase treatment of TRD. Change on CGI-S scale 
has strong face validity, and the usefulness of this measure-
ment approach is reflected in many disorder-specific CGI 
scales being introduced into clinical trials and observational 
studies, among them the CGI for schizophrenia (CGI-SCH),20 
for bipolar disorder (CGI-BP),21,23 and more recently, for 
schizoaffective disorder (CGI-S-SCA).22

Although not yet widely used by clinicians,24 the integra-
tion of measurement tools such as MADRS, SDS, and PHQ-9 
into routine psychiatric management may enhance the quality 
of care and improve clinical outcomes.25 Clinician-rated and/
or patient-rated scales can help characterize the trajectory of 
the disease course and the effects of treatment. The scales 
can also be useful in monitoring symptoms and personalizing 
treatment dosing and patient management, as illustrated by 
measurement-based care.26,27 Determining an optimal cutoff 
score and showing sensitivity to change are essential for clin-
ical utility of measurement tools. The ability of a measure 
to detect meaningful change in depression is especially im-
portant because follow-up visits for depression care are often 
brief and treatment adjustments are frequently necessary to 
optimize outcomes.28

Limitations have been noted for each of these scales. 
Previous studies using the MADRS in MDD have been in-
consistent with respect to the multidimensionality of this 
scale—up to 4 different factor structures have been sug-
gested.29 The SDS assesses functional impairment globally 
in three domains (work/school, social life/leisure activities, 
and family life/home responsibilities)9 but does not identify 
the types of impairment. For current major depressive epi-
sode, some studies suggest that the specificity and predictive 
positive value of PHQ-9 are low30 and the PHQ-9 substan-
tially overestimates depression prevalence.31 The CGI-S 
scale also has some inherent limitations as it requires clini-
cians to make judgments based on a global approximation of 
illness severity, patients’ level of distress and other aspects 
of impairment, and the impact of the illness on functioning. 
Standardization of rating across clinical sites typically does 
not occur; thus, neither inter-rater reliability nor a consen-
sus regarding to what degree each rating relies on symptoms, 

T A B L E  2  MADRS, SDS, and PHQ-9 total changes (baseline 
to end point) over 4 weeks during double-blind induction phase 
associated with a 1-point change on the CGI-S scale at day 28.

MADRS total 
change

SDS total 
change

PHQ-9 
total 
change

Simple regression

Estimate (SE) 7.3 (0.27) 4.5 (0.21) 3.8 (0.16)

95% CI 6.7–7.8 4.1–4.9 3.5–4.1

r2 0.583 0.522 0.514

Multiple regression

Estimate (SE) 6.7 (0.27) 4.4 (0.20) 3.6 (0.15)

95% CI 6.2–7.2 4.0–4.8 3.3–3.9

r2 0.637 0.565 0.606

Repeated measures ANCOVA

Estimate (SE) 5.5 (0.17) 4.4 (0.18) 3.5 (0.13)

95% CI 5.1–5.8 4.0–4.8 3.2–3.7

ANCOVA, analysis of covariance; CGI-S, Clinical Global Impression–Severity; 
MADRS, Montgomery-Åsberg Depression Rating Scale; PHQ-9, 9-item Patient 
Health Questionnaire; SDS, Sheehan Disability Scale; SE, standard error.
ANCOVA models included explanatory study design variables for treatment, 
country, class of antidepressant (SNRIs or SSRIs), study as fixed effect factors 
and baseline score as covariate. Repeated measures ANCOVA models also 
included time as a categorical factor and incorporated information from all the 
other visits.
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daily function, or patient satisfaction has been standardized. 
Nevertheless, global CGI-S ratings reflect the current assess-
ment process in real-world practice and allow for a clinically 
acceptable definition of meaningful and substantial change 
with real-world applicability.

A strength of our analysis is that, although MADRS and 
CGI-S scale are both clinician-reported outcomes, their as-
sessments were not conducted by the same rater in the current 
study, which may improve the generalizability of the rela-
tionship and, at the same time, may decrease the expected 
correlation between change scores. Several limitations of 
our study should be considered. For example, a 1- or 2-unit 
change on the CGI-S scale likely differs in clinical relevance 
depending on the patient's baseline score. One can argue that 
the relevance of a 1-point change between the CGI-S levels 
of markedly ill to moderately ill and mildly ill to minimally 
ill may not be the same. Few patients worsened on the CGI-S 
or had an improvement greater than 4 points. The linearity of 
these relationships across the full spectrum of disease sever-
ity and having an insufficient amount of study participants 
for this magnitude of change score ranges may have severely 
biased the linearity assumption. After mapping the CGI-S 
scores to other scale scores, potential outliers and influential 
data points were identified, and those scores were not omit-
ted. Since these analyses were carried out in a treatment-re-
sistant population undergoing 4  weeks of acute treatment, 
the generalizability of these results to patients with less re-
sistant or less chronic depression who are undergoing treat-
ment of different durations may be limited. This is evident 
in the slight deviation of equipercentile linking results for 
the MADRS and CGI-S with previous findings reported for 
MDD, although differences in study design limit direct com-
parison. In an equipercentile linking analysis of data from 
clinical trials of mirtazapine in MDD, Leucht et al. found that 

a CGI-S score of 3 (“mildly ill”) corresponded to MADRS 
scores of 15 to 20; a CGI-S score of 4 (“moderately ill”) cor-
responded to MADRS scores of 22 to 27, and a CGI-S score 
of 5 (“markedly ill”) corresponded to MADRS scores of 31–
34.13 They also suggested that a reduction of one severity step 
on the CGI-S corresponded to a reduction of about 8–9 points 
on MADRS in non-TRD patients.

Several metrics have been devised to quantify the mini-
mum clinically important difference (MID). Our objective in 
this study was to explore the relationship between changes 
in CGI-S score to those in the MADRS, SDS, and PHQ-9 
scores. Distribution and anchor-based methods32,33 are avail-
able to examine disease-specific MIDs. The distribution ap-
proach to MID uses the effect size of the difference between 
groups to measure variability, standardized response mean, 
standard error of measurement, and responsiveness statistics. 
In contrast, most anchor-based approaches do not consider 
the measurement precision of the outcome instrument but 
are instead based on external criteria such as retrospective 
clinical judgment of change and are therefore presumed to 
be sample-independent. Specific inclusion and exclusion cri-
teria may result in samples of patients with different distribu-
tions of MID.34 The anchor-based method is not considered 
suitable for conditions in which most patients will improve, 
and few remain unchanged.35 It also has limited interpretabil-
ity when the size of change score is a function of baseline 
severity, and the level or intensity of change is not linear.

Additional studies and alternate methodologic approaches 
to investigate interpretation of change on these scales are 
needed to confirm these findings. It would be particularly 
valuable to conduct such approaches with patients with 
varying levels of disease severity and those who demon-
strate broader ranges of change, as this would help establish 
whether these relationships hold and whether these metrics 

Scale
AD + PBO
n (%)

ESK + AD
n (%)

Rate Difference 
% (95% CI)*

MADRS

6-point change at day 2† 86 (42.4) 192 (60.4) 18.0 (9.3 to 26.7)

6-point change at day 15 121 (58.2) 219 (69.3) 11.1 (2.7 to 19.5)

12-point change at day 28 115 (55.3) 214 (69.0) 13.7 (5.2 to 22.2)

SDS

4-point change at day 15 41 (47.7) 78 (57.8) 10.1 (–3.3 to 23.6)

8-point change at day 28 85 (48.9) 167 (64.5) 15.6 (6.2 to 25.1)

PHQ-9

3-point change at day 15 148 (68.5) 251 (75.8) 7.3 (–0.4 to 15.0)

6-point change at day 28 134 (64.7) 239 (77.1) 12.4 (4.3 to 20.4)

AD, antidepressant; ESK, esketamine nasal spray; MADRS, Montgomery-Åsberg Depression Rating Scale; 
PBO, placebo nasal spray; PHQ-9, 9-item Patient Health Questionnaire; SDS, Sheehan Disability Scale.
*95% CIs that do not include zero correspond to a two-sided P-value <0.05 using a chi-square test statistic. 
†For day 2 assessments, MADRS was administered using a modified recall period of 24 h rather than 7 days. 

T A B L E  3  Proportion of patients 
demonstrating a clinically meaningful 
(1-point) improvement at the earliest 
measurable time point and a clinically 
substantial (2-point) improvement at day 28 
in MADRS, SDS, and PHQ-9 scores.
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are appropriate. Different methods are also available to as-
sist with interpretation of scores. Such additional work would 
contribute to a deeper understanding and interpretation of 
these assessments.

In the present post hoc analysis, clinically meaning-
ful and clinically substantial change scores for each scale 
were captured using within patient change scores. It is 
important to note that translating within patient change 
scores into MIDs between treatment groups is problem-
atic because within patient change scores do not account 
for the costs and benefits of two treatments and are not 

intrinsically related to between group treatment differ-
ences.36,37 However, as suggested by Furukawa,36 com-
parison of the proportions of patients demonstrating MID 
between treatment groups is appropriate. Using this ap-
proach, we found that the proportion of patients with a 
clinically substantial improvement at the end of the study 
period on the scales assessing depressive symptomology 
and functioning (MADRS, SDS, and PHQ-9) was signifi-
cantly greater in the esketamine nasal spray plus OAD 
group than in the OAD plus placebo nasal spray group. 
We did not observe statistically significant differences 

T A B L E  4  Distribution of MADRS, SDS, and PHQ-9 total scores by CGI-S score at day 28 (probabilities ≥20% are highlighted).

Predictive probability of MADRS total score at day 28

0–6 (n = 116) 7–12 (n = 84) 13–19 (n = 84) 20–34 (n = 174) >34 (n = 104)

CGI-S n % n % n % n % n %

1 = normal 42 38.2 10 12.3 1 1.2 0 0 0 0

2 = minimally ill 35 31.8 33 40.7 26 32.1 5 3.2 0 0

3 = mildly ill 30 27.3 32 39.5 39 48.1 27 17.5 0 0

4 = moderately ill 3 2.7 5 6.2 14 17.3 81 52.6 24 28.9

5 = markedly ill 0 0 1 1.2 1 1.2 35 22.7 45 54.2

6, 7 = severely ill, 
extremely ill

0 0 0 0 0 0 6 3.9 14 16.8

Predictive probability of SDS total score at day 28

0–4 (n = 102) 5–8 (n = 57) 9–14 (n = 82) >14 (n = 231)

CGI-S n % n % n % n %

1 = normal 36 36.0 6 10.5 3 4.0 0 0

2 = minimally ill 33 33.0 21 36.8 15 20.0 8 4.0

3 = mildly ill 28 28.0 21 36.8 29 38.7 25 12.6

4 = moderately ill 3 3.0 7 12.3 19 25.3 83 41.9

5 = markedly ill 0 0 2 3.5 8 10.7 65 32.8

6, 7 = severely ill, 
extremely ill

0 0 0 0 1 1.3 17 8.6

Predictive probability of PHQ−9 total score at day 28

0–4 (n = 162) 5–9 (n = 155) 10–14 (n = 74) 15–19 (n = 77) 20–27 (n = 86)

CGI-S n % n % n % n % n %

1 = normal 43 27.4 10 6.9 0 0 0 0 0 0

2 = minimally ill 60 38.2 31 21.4 6 8.8 1 1.6 0 0

3 = mildly ill 45 28.7 68 46.9 10 14.7 3 4.8 0 0

4 = moderately ill 9 5.7 29 20.0 39 57.4 35 55.6 16 21.3

5 = markedly ill 0 0 7 4.8 12 17.6 28 28.6 46 61.3

6, 7 = severely ill, 
extremely ill

0 0 0 0 1 1.5 6 9.5 13 17.3

CGI-S, Clinical Global Impression-Severity; MADRS, Montgomery-Åsberg Depression Rating Scale; PHQ-9, 9-item Patient Health Questionnaire; SDS, Sheehan 
Disability Scale.
Highlighted cells (probabilities ≥20%) indicate the relationship between the CGI-S scale at end point and MADRS, SDS, and PHQ-9 total scores at end point, e.g., 
higher MADRS, SDS, and PHQ-9 total scores are associated with more severe illness, while lower total scores are associated with less severe illness. [Colour figure 
can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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F I G U R E  1  Relationship between 
CGI-S and (A) MADRS total scores, (B) 
SDS total scores, and (C) PHQ-9 total 
scores by visit using local equipercentile 
method. PHQ-9 scale maximum score is 27. 
CGI-S, Clinical Global Impression-Severity; 
MADRS, Montgomery-Åsberg Depression 
Rating Scale; PHQ-9, 9-item Patient Health 
Questionnaire; SDS, Sheehan Disability 
Scale.
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in proportions of patients with clinically meaningful im-
provement at an earlier timepoint (day 15) for the SDS 
and PHQ-9 scales. This may be attributable to character-
istics of the SDS and PHQ-9 scales versus the MADRS. 
The SDS, as a measure of functioning, may show a slower 
onset of effect than scales measuring symptoms, and the 
PHQ-9 assesses symptoms over a 2-week recall period 
(versus a 1-week recall period for the MADRS), poten-
tially contributing to a delayed effect.

Future research should involve the application of clini-
cally meaningful and clinically substantial improvements 
in MADRS, SDS, and PHQ-9 scores to real-world pop-
ulations of patients with TRD when initiating new anti-
depressant treatment. Further work in other populations 
with depression is important to assist in the generaliz-
ability and interpretation of these outcome assessment 
instruments.

Effective treatment of depression should not only ad-
dress symptom control but also promote treatment ad-
herence, functional restoration, and relapse prevention.38 
Assessments of how well these goals are achieved provide 
clinicians and patients with a means by which to adjust 
treatment for the individual patient. Results in this report 
show that thresholds for clinically meaningful and clini-
cally substantial degrees of change can be established 
for both depressive symptoms (MADRS and PHQ-9) and 
function (SDS). The thresholds for clinically substantial 
changes enable clinicians to more precisely gauge the suc-
cess of a treatment for reducing depressive symptoms and 
improving function. Overall, the findings of the present re-
port provide a greater understanding and interpretability of 
results from clinical trials in depression and application of 
these measures to clinical practice.
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