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TThe Hamilton Depression Rating Scale 
(HAM-D)1 and Montgomery–Åsberg Depression 
Rating Scale (MADRS)2 are among the most 
frequently utilized clinician-rated tools to assess 
depressive severity and therapeutic efficacy.3 
However, a number of shortcomings have been 
identified with these rating scales, including 
the inability of some HAM-D4,5,6,7 and MADRS 
items5,8,9 to discriminate across severity levels of 
depression, adding unwanted noise that could 

impact sensitivity to change. Furthermore, 
since the introduction of these rating scales, our 
conceptualization and diagnostic framework for 
major depressive disorder (MDD) have evolved 
through consecutive revisions to the Diagnostic 
and Statistical Manual of Mental Disorders 
(DSM) and the International Classification of 
Diseases (ICD). To address these shortcomings, 
the Depression Inventory Development (DID) 
project aims to develop a comprehensive and 
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A B S T R A C T
Objective: The goal of the Depression Inventory Development 
(DID) project is to develop a comprehensive and psychometrically 
sound rating scale for major depressive disorder (MDD) that 
reflects current diagnostic criteria and conceptualizations of 
depression. We report here the evaluation of the current DID item 
bank using Classical Test Theory (CTT), Item Response Theory (IRT) 
and Rasch Measurement Theory (RMT). Methods: The present 
study was part of a larger multisite, open-label study conducted 
by the Canadian Biomarker Integration Network in Depression 
(ClinicalTrials.gov: NCT01655706). Trained raters administered 
the 32 DID items at each of two visits (MDD: baseline, n=211 and 
Week 8, n=177; healthy participants: baseline, n=112 and Week 
8, n=104). The DID’s “grid” structure operationalizes intensity 
and frequency of each item, with clear symptom definitions 
and a structured interview guide, with the current iteration 
assessing symptoms related to anhedonia, cognition, fatigue, 
general malaise, motivation, anxiety, negative thinking, pain, and 
appetite. Participants were also administered the Montgomery–
Åsberg Depression Rating Scale (MADRS) and Quick Inventory of 
Depressive Symptomatology-Self-Report (QIDS-SR) that allowed 
DID items to be evaluated against existing “benchmark” items. 
CTT was used to assess data quality/reliability (i.e., missing data, 
skewness, scoring frequency, internal consistency), IRT to assess 
individual item performance by modelling an item’s ability to 
discriminate levels of depressive severity (as assessed by the 
MADRS), and RMT to assess how the items perform together as a 
scale to capture a range of depressive severity (item targeting). 
These analyses together provided empirical evidence to base 
decisions on which DID items to remove, modify, or advance. 
Results: Of the 32 DID items evaluated, eight items were 
identified by CTT as problematic, displaying low variability in the 
range of responses, floor effects, and/or skewness; and four items 
were identified by IRT to show poor discriminative properties 
that would limit their clinical utility. Five additional items were 
deemed to be redundant. The remaining 15 DID items all fit the 
Rasch model, with person and item difficulty estimates indicating 
satisfactory item targeting, with lower precision in participants 
with mild levels of depression. These 15 DID items also showed 
good internal consistency (alpha=0.95 and inter-item correlations 
ranging from r=0.49 to r=0.84) and all items were sensitive to 
change following antidepressant treatment (baseline vs. Week 8). 
RMT revealed problematic item targeting for the MADRS and QIDS-
SR, including an absence of MADRS items targeting participants 
with mild/moderate depression and an absence of QIDS-SR 
items targeting participants with mild or severe depression. 
Conclusion: The present study applied CTT, IRT, and RMT to assess 
the measurement properties of the DID items and identify those 
that should be advanced, modified, or removed. Of the 32 items 
evaluated, 15 items showed good measurement properties. These 
items (along with previously evaluated items) will provide the 
basis for validation of a penultimate DID scale assessing anhedonia, 
cognitive slowing, concentration, executive function, recent memory, 
drive, emotional fatigue, guilt, self-esteem, hopelessness, tension, 
rumination, irritability, reduced appetite, insomnia, sadness, worry, 
suicidality, and depressed mood. The strategies adopted by the DID 
process provide a framework for rating scale development and 
validation. 

KEYWORDS: Major depressive disorder, rating scales, Classical 
Test Theory, Item Response Theory, Rasch Measurement Theory, 
depressive symptoms
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psychometrically sound rating scale for MDD 
that reflects current diagnostic criteria and 
conceptualizations of depression.10 

 Using an iterative process between field 
testing and psychometric analysis, an empirically 
driven and collaborative protocol has been 
established for development of DID items 
to assess severity of depressive symptoms.10 
Briefly, depression-relevant symptom clusters 
were identified based on clinical and patient 
input and evaluation of existing depression-
relevant scales6,11,12,13 to help inform symptom 
identification and item development. Once 
items are developed (by DID working groups), 
they are distributed to trained raters for testing 
in MDD. Modifications to items are made based 
on empirical evidence derived from field testing 
to determine which items should be advanced 
(with appropriate modifications) to subsequent 
iterations or removed. The current iteration 
included 32 items developed to assess symptoms 
related to anhedonia, cognition, fatigue, general 
malaise, negative thinking, anxiety, pain, sleep, 
and appetite; with an interim analysis indicating 
favorable psychometric properties for many of 
these items.10 We have now completed data 
collection, and report here the measurement 
properties of the DID items by applying three 
psychometric paradigms: Classical Test Theory 
(CTT),14 Item Response Theory (IRT),15,16 and Rasch 
Measurement Theory (RMT).17 

CTT is a conventional approach to assess a 
scale’s psychometric properties, such as reliability, 
validity, and ability to detect change, and typically 
uses correlation-based analyses to demonstrate 
the ability of an item to discriminate subjects with 
higher or lower levels of the construct assessed 
(i.e., item-total correlation). However, a major 
limitation of CTT is that it is sample- and item-
dependent, thus reducing the generalizability of 
the results and prediction of how an individual 
will respond to a given item on a test or rating 
scale.14 By contrast, latent trait models, such as 
IRT and RMT, attempt to explain the relationship 
between the latent trait assessed and item score 
by considering an individual’s score on an item 
as a function of both the “difficulty” of the item 
and the individual’s trait level.18,19 Although 
each of these approaches is based on differing 
methodologies, assumptions, and criteria, they 
can provide complimentary information during 
item development.18,19 

In the present study, we first applied CTT to 
assess data quality/reliability. Items that did 

not meet basic scale measurement criteria (i.e., 
missing data, skewness, scoring frequency, 
internal consistency) were removed. Following 
that, IRT was used to assess individual item 
performance (of those that passed CTT 
evaluation) by modeling an item’s ability (at the 
individual option level) to discriminate levels 
of depressive severity; poorly discriminating 
items were removed from further evaluation. 
Finally, RMT was used to evaluate how the 
remaining items perform together as a scale 
to capture a range of depressive severity (item 
targeting). Using United States Food and Drug 
Administration (FDA) recommendations as 
guidance,20 these analyses provided empirical 
evidence on which to base decisions regarding 
which items to remove, modify, or advance. In 
addition to quantitative analyses, clinical opinion 
was considered throughout. 

 
METHODS

Participants. The present study was part 
of the first Canadian Biomarker Integration 
Network in Depression antidepressant trial 
(CAN-BIND-1), which was designed to identify 
clinical and biological markers of antidepressant 
treatment response.21,22 Male and female 
outpatients (n=211) between 18 and 60 years 
old who had a major depressive episode in the 
context of MDD, according to the fourth edition 
(IV), text revision (TR), of the DSM (DSM-IV-TR) 
criteria, as determined by the Mini International 
Neuropsychiatric Interview,23 and had a minimum 
MADRS score of 24, participated in the study. 
Age- and sex-matched healthy comparison 
participants with no psychiatric or unstable 
medical diagnosis (n=112) completed the same 
clinical, neuroimaging, and blood sampling 
protocols over 16 weeks, but did not receive 
antidepressant medication. This study was carried 
out in accordance with the Declaration of Helsinki 
and International Conference on Harmonisation 
(ICH), and the study design and procedures were 
reviewed by the appropriate ethics committees. 
Informed consent was obtained from all 
participants after full explanation of the nature 
of the procedures. Statement of Research Ethics 
Board approval was obtained at each participant 
site. The trial was registered at ClinicalTrials.gov 
(identifier: NCT01655706).

Item administration. Participants were 
administered the 32 DID test items (Table 1) using 
a semi-structured interview guide adapted from 
the GRID-HAM-D24 at each of two post screen 

visits (MDD group —baseline, n=211; Week 8, 
n=177; and healthy participants—baseline, 
n=112, Week 8, n=104). Raters received training 
in standardized conventions for scoring, anchor 
and item definitions, and in the use of the DID 
structured interview guide. DID items were 
scored on a “grid” of intensity (Absent, Mild, 
Moderate, Severe, Very Severe) and frequency 
(Never/Absent, Rarely/Sometimes, Frequently, 
Almost all the time/Always), with the intersection 
comprising composite item scores that were 
used in the analyses (score range 0–4).10,24 

Participants were also administered the MADRS2 
and completed the Quick Inventory of Depressive 
Symptomatology-Self-Report (QIDS-SR)25 that 
allowed the DID items to be evaluated against 
existing “benchmark” items. Demographic 
information, DID, and MADRS assessments 
were captured electronically using OpenClinica 
Enterprise Edition (OpenClinica LLC, Waltham, 
Massachusetts) and QIDS-SR using LimeSurvey 
(LimeSurvey, Hamburg, Germany) using the 
Brain-CODE informatics platform.26 

Item analysis. Using FDA recommendations 
as guidance,10,20 a series of analyses were 
conducted using CTT, IRT, and RMT to assess the 
psychometric properties of the DID items and 
determine which ones should be removed from 
the item bank, modified, or advanced to the final 
scale. 

CTT model. As a first step, the 32 DID items 
were examined for data quality using the 
following CTT acceptability criteria:10 
• Missing data <10%
• Endorsement of zero or maximum option score 

<80%
• Endorsement of any single option <50% 
• Aggregate frequency endorsement of adjacent 

options, <10%
• Skewness <|2|
• Inter-item correlations r<0.75 
• Item-total correlations r>0.30
• Cronbach’s Alpha r>0.70

As the entry criteria (MADRS >24) would 
in effect reduce variability and skew the data 
toward higher scores at baseline, CTT analyses 
were applied to Week 8 MDD participant data 
(n=177). In the present sample, 47 percent were 
considered to be responders at Week 8,22 resulting 
in a broad range of total MADRS scores (0–49, 
Skewness=0.48). All CTT analyses were carried 
out using SPSS Version 25.

IRT model. Following the CTT item deletion 
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TABLE 1. Depression Inventory Development (DID) items

ITEM DEFINITION

Accomplishment Loss of interest in things like finishing projects at home, work, or school, mastering a skill, or doing a job or task well.

Hobbies and pastimes
Loss of interest in hobbies and pastimes, i.e., things done on personal time for fun or pleasure, such as reading, writing, exercising, sports, 
going to movies or lectures, playing video or other games, arts and crafts, listening to or playing music or other hobbies.

Social activities-friends
Loss of interest in things like being with and interacting with friends, colleagues, and may involve activities like going out for dinner or 
coffee, going to parties, social events, church, or other organizations, or the social aspect of going to concerts, movies, sporting events or 
similar activities.

Social activities-family
Loss of interest in things like being with and interacting with family, and may involve activities like eating dinner together, family outings, 
playing with children, interest in family members’ accomplishments, and giving and receiving caring or loving feelings.

Sexual activity
Loss of interest and/or pleasure in sex including sexual fantasies, flirting, dating, hugging or kissing, foreplay self-stimulation and sexual 
intercourse.

General anhedonia 
Loss of interest in things the person usually enjoys. This includes things such as accomplishments, leisure time hobbies and activities, social 
activities with friends and family, sensory experience, pleasure from food and sex, and spiritual and religious experience.

Cognitive slowing The speed and difficulty with which individuals can articulate their thoughts (e.g., flow of thoughts is slowed or more difficult).

Difficulties with concentration
Difficulties focusing attention on a specific topic (e.g., can’t pay attention or concentrate at a task for prolong periods of time; mind wanders 
from topic to topic).

Difficulties with recent memory
Difficulties recalling events, activities, information (e.g., names of people, places) or intentions (e.g., or forgets to do things they intended to 
do earlier on in the day) within the past seven days.

Difficulties with executive functions Difficulties with decision making and planning (e.g., feeling indecisive, more difficulty making decisions, takes longer to make a decision).

Drive
The degree to which individuals need to push themselves to initiate and complete tasks, irrespective of their level of energy, fatigue or 
anhedonia.

Physical weakness
The degree to which individuals experience a feeling of weakness in their arms, legs and body or experience weakness or lack of strength 
carrying out routine activities.

Emotional fatigue The degree to which individuals lack emotional reactions and feelings.

Guilt
Guilt is an unpleasant feeling accompanied by the belief that one should have thought, felt or acted differently.  Rate only if unrealistic or 
excessive.

Self-esteem Evaluation of one’s worth, value, or importance

Hopelessness
Negative expectations that highly desired outcomes will not occur or that highly aversive outcomes will occur, with the further expectation 
that nothing is going to change this situation for the better.

Tension Psychic and somatic symptoms of tension

Rumination
The occurrence of repetitive, intrusive, conscious, and aversive thoughts, including repetitive thoughts concerning the causes of depressive 
symptoms.

Irritability/anger Irritability (proneness to annoyance) as well as anger (strong displeasure with self or others, accompanied by signs of autonomic arousal).

Physical health-intensity How individual feels physical health is as compared to others.

Physical health-bothered How bothered or troubled individual is by their physical health.

Average pain Experience of pain such as headaches, backaches, neck pain, pain in your joints.

Pain-unpleasantness The feelings of unpleasantness or negative emotions evoked by pains such as headaches, backaches, neck pain, pain in your joints.

Pain-most severe Experience of pain such as headaches, backaches, neck pain, pain in your joints. Rated as symptom intensity only.

Headaches Experience of headaches, such as migraine, tension, sinus

Appetite-decrease Decrease in appetite

Appetite-increase Increase in appetite

Eating-decrease Decreases in hunger and appetite, including loss of interest and/or pleasure from eating.

Eating-increase Increases in hunger and appetite, including increased interest and/or pleasure from eating.

Insomnia Experience of decreased sleep

Prolonged sleep Experience of increased sleep at nighttime, including difficulties in waking up and/or going to bed earlier than usual.

Sleepiness The degree to which individuals feel sleepy during the day or unintentionally fall asleep.
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process, the remaining items were assessed 
by IRT, which is based on the premise that 
an individual item on a scale should have a 
direct relationship to the underlying construct 
it is supposed to measure16 and reflects how 
informative an individual DID item is as a measure 
of overall depression severity (i.e., construct 
validity). Although CTT analyses also address 
construct validity (i.e., item-total correlations), 
IRT provides additional information across scoring 
options with an individual item that can help to 
inform item revisions, including measurement 
precision across different levels of severity.10 

Individual DID items were analyzed separately 
against the 10 MADRS items using Samejima’s 
Graded Response Model27 in IRTPro Version 
4.2 (Scientific Software International, Skokie, 
Illinois). Option Characteristic Curves (OCCs) were 
generated to display the probability of selecting 
a particular score on a DID item (e.g., 0, 1, 2, 3, 
4) as a function of overall depressive severity 
(MADRS). An item is considered informative 
if characterized by a clear identification of the 
range of severity scores over which an option is 
most likely to be endorsed, rapid changes in the 
curves that correspond to changes in severity, 
and an orderly relationship between the weight 
assigned to the option and the region of severity 
over which an item is likely to be endorsed.11,15,16 
Visual examination of OCCs provided the 
basis for removal of items that displayed poor 
discriminative properties, as well as the basis 
to modify items to improve their measurement 
properties.

Item Information Curves (IICs) were also 
generated to illustrate the measurement 
precision of an item, with increased slope of 
the line indicating the item provides more 
information. IICs also illustrate the trait level at 
which the item is most informative, such that 
an item’s psychometric qualities can vary across 
different levels of severity. Discriminatory/
slope (denoted as “a”) and threshold parameter 
estimates (denoted as “b”) provided quantitative 
measures of item discrimination, with slope 
parameters of a<0.65 used as an indication of 
low discriminatory properties.28 To ensure a broad 
range of coverage of depressive severity, data 
were pooled across the two visits (baseline and 
Week 8, n=388). 

In this setting, we assume one underlying 
latent trait: depressive severity as indicated by 
MADRS total score. In IRT, it is generally accepted 
that the assumption of unidimensionality cannot 

be strictly met due to the many factors that 
can affect test performance (e.g., cognition, 
personality traits). As a result, demonstrating 
dominance of a single factor is sufficient to satisfy 
this assumption (e.g., >20% variance accounted 
for by first factor).29,30 Principal component 
analysis of the MADRS (at Week 8) revealed that 
53 percent of the total variance can be explained 
by the first factor and scree plot of eigenvalues, 
suggesting a single dominant factor with the first 
value substantially larger than the rest (5.3, 1.0. 
0.77, 0.63, 0.59, 0.46…).

RMT model. Following IRT analyses, RMT was 
used to assess the performance of the remaining 
items together as a scale. RMT (and IRT) consider 
the probability of an item’s score as a function 
of both the person’s individual trait level (i.e., 
depressive severity) and the item’s difficulty (i.e., 
level of depressive severity that item assesses).17 
In contrast to CTT and IRT that describe the data, 
RMT describes how well the data fit the Rasch 
model.19 Items that do not fit the model indicate 
that they are measuring more than one variable, 
thus providing a measure of construct validity in 
that the item is measuring what it is supposed 
to measure. Item fit statistics were calculated 
as an index of how much the observed score for 
an item deviates from the expected score of the 
Rasch model. Items that did not fit the model 
(misfits) were considered for removal, as they do 
not contribute to measurement of the underlying 
construct and add unwanted noise to the scale. 
Item “infit” mean square (MNSQ) values provide 
a fit index for items that are in close proximity to 
the person’s severity, and “outfit” MNSQ values 
for differences between observed and expected 
values for items that are far from the person’s 
severity level. MNSQ values between 0.5 and 
1.5 are considered to be acceptable variations 
between model and observed scores, with values 
greater than 2.0 flagged as misfits.31

Following evaluation of item fit, the remaining 
items were evaluated together as a scale. 
Person-item maps were generated that plot 
individual study participants and items on a 
single continuum to compare the range and 
position of the person measure distribution to 
that of the item measure distribution.17 Both item 
difficulty and person “ability” (in this case, level 
of depression) are presented together on a logit 
scale (i.e., log of the odds); the right side of the 
map displays the items from most difficult (top) 
to least difficult (bottom) and the left side plots 
the individual participants, with those at the top 

having the highest trait level (depression) and 
those at the bottom the least. In this regard, the 
clinical utility of summing individual items from 
a scale to form a total score of overall severity 
requires that the items be spread out across the 
severity level of a broad range of persons.32,33 In 
addition, gaps between items are problematic, 
as persons falling within those gaps cannot 
be differentiated from one another. All Rasch 
analyses were carried out using WinSteps Version 
4.2 (www.winsteps.com). 
 
RESULTS

Participant characteristics. Baseline 
demographic and clinical characteristics for the 
MDD cohort and healthy participants are shown 
in Table 2. The mean MADRS and QIDS-SR total 
scores indicated that the MDD participants were 
overall “moderately” depressed at baseline. The 
higher proportion of female participants (63%) 
in the MDD cohort is representative of the higher 
rates of depression among the female sex than 
the male sex.34,35,36 Mean age and sex proportion 
did not differ between MDD and age- and sex-
matched healthy participants.

CTT analysis. The results of the CTT analysis 
are summarized in Table 3. Missing data were 
not a concern, ranging from 0 to 2.8 percent. 
Only one item displayed a floor effect (Increased 
Eating). However, a number of items were 
problematic in their variability and response 
range: 10 items had a single option frequency 
of  more than 50 percent (Decreased Appetite, 
Increased Appetite, Decreased Eating, Increased 
Eating, Headaches, Physical Health–Bothered, 
Physical Health–Intensity, Irritability/Anger, 
Prolonged Sleep, Physical Weakness), six of which 

TABLE 2. Baseline demographic and clinical 
characteristics

DEMOGRAPHIC MDD 
N=211

HEALTHY 
PARTICIPANTS

N=112
Female, n (%) 133 (63.0) 71 (63.4)
Age in years, 
mean±SD (range)

35.3±12.6 
(18–61)

33.0±10.7 
(18–60)

MADRS±SD 
(range)

29.8±5.6 
(19–47)

0.8±1.7 (0–10)

QIDS-SR±SD 
(range) 

15.8±4.1 
(3–26)

2.3±2.0 (0–12)

n: number; MDD: major depressive disorder; SD: 
standard deviation; MADRS: Montgomery–Åsberg 
Depression Rating Scale; QIDS-SR: Quick Inventory of 
Depressive Symptomatology-Self-Report
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had aggregate frequencies of less than 10 percent 
(Increased Appetite, Decreased Eating, Increased 
Eating, Headaches, Irritability/Anger, Prolonged 
Sleep, Physical Weakness), and two of which were 
skewed (Increased Appetite and Increased Eating). 

Based on the CTT analyses (Table 3), eight 
items were removed from the item bank because 
of low variability in the range of response options 
selected, floor effects, and/or skewness: Increased 
Appetite, Decreased Eating, Increased Eating, 
Headaches, Physical Health–Bothered, Physical 
Health–Intensity, Prolonged Sleep, and Physical 
Weakness. Although data quality issues were 
also identified for Irritability/Anger (single option 
frequency of >50% and aggregate frequencies of 
<10%) and for Decreased Appetite (single option 
frequency of >50%), these items were retained 
for further analysis with possibility of item 
revisions, based on clinical opinion and literature 
supporting their roles in MDD.37

As part of the DID process, general symptom 
domains are deconstructed into testable 
constituent symptom definitions.10,38 In the 
present study, the concept of “anhedonia” was 
assessed separately by Hobbies and Pastimes, 
Accomplishment, Social Activity–Friends, Social 
Activity–Family, Sexual Activity, and Anhedonia. 
The inter-item correlation between Anhedonia 
and Hobbies and Pastimes (r=0.78) suggests 
that these two items are measuring the same 
construct (i.e., redundancy). Similarly, the 
concept of "pain" was assessed separately 
by Pain–Average, Pain–Unpleasantness, and 
Pain–Most Severe, with correlations among these 
items indicating redundancy (r=0.83–0.89). 
In recommending which items should be used 
to represent these concepts, the items with 
the best measurement properties should be 
retained. However, as all of these items displayed 
acceptable CTT properties (Table 3), no informed 
decision could be made on the basis of these 
results alone. As such, these items were assessed 
further using IRT to determine which items were 
best able to discriminate levels of depression and 
thus could be used to represent those concepts. 

IRT analysis. The remaining 24 DID items 
were advanced to psychometric evaluation using 
IRT modeling to assess their ability to discriminate 
across levels of depressive severity (MADRS). 
The OCCs and IICs for these items are displayed 
in Figure 1, and item discriminatory/slope and 
threshold parameter estimates are listed in Table 
4. Of the 24 DID items assessed by IRT, 16 showed 
ideal or close to ideal OCCs that included rapid 

TABLE 3.  Classical Test Theory (CTT) assessment of data quality for the 32 Depression Inventory Development (DID) 
items

ITEM MISSING 
% 

FLOOR/
CEILING 

%

OPTION 
FREQUENCY
% (OPTION)

AGGREGATE
FREQUENCY
% (OPTION)

SKEWNESS INTER-ITEM 
CORRELATIONS

Accomplishment 0 -- -- -- 0.6 --

Hobbies and Pastimes 0 -- -- -- 0.8
r=0.78 (with 
Anhedonia)

Social Activities-Friends 0.6 -- -- -- 0.8 --

Social Activities-Family 2.6 -- -- -- 1.3 --

Sexual Activity 2.8 -- -- -- 0.8 --

Anhedonia 0.6 -- -- -- 0.7
r=0.78 (with 

Hobbies & 
pastimes)

Cognitive Slowing 0 -- -- -- 1.0 --

Concentration 0 -- -- 0.6 --

Recent Memory 0 -- -- -- 1.1 --

Executive Functions 0 -- -- 1.1 --

Drive 0.6 -- -- -- 0.1 --

Physical Weakness 0.6 -- 66.1 (0) -- 1.9 --

Emotional Fatigue 0 -- -- -- 0.7 --

Guilt 0 -- -- -- 0.6 --

Self-esteem 0 -- -- -- 0.4 --

Hopelessness 0 -- -- -- 0.9 --

Tension 0 -- -- -- 0.8 --

Rumination 0 -- -- -- 0.8 --

Irritability/Anger 0 -- 51.4 (0) -- 1.3 --

Physical Health–
Intensity

0 -- 51.4 (0) -- 1.2 --

Physical Health–Bother 1.1 -- 53.1 (0) -- 1.2 --

Pain–Average 0 -- -- -- 0.7
all r>0.0.83 

(with all Pain 
items)

Pain–Unpleasantness 1.1 -- -- -- 0.9
all r>0.0.83 

(with all Pain 
items)

Pain–Most Severe 0.6 -- -- -- 0.5
all r>0.0.83 

(with all Pain 
items)

Headaches 0 -- 53.7 (0) -- 1.4 --

Decreased Appetite 0 -- 65.5 (0) -- 1.7 --

Increased Appetite 1.1 -- 72.3 (0) 5.1 (3,4) 2.0 --

Decreased Eating 0 -- 66.1 (0) 9.6 (3,4) 1.8 --

Increased Eating 0.6 84.7 84.7 (0)
1.7 (3,4);
6.2 (2,3)

2.9 --

Insomnia 0 -- -- -- 0.5 --

Prolonged Sleep 0 -- 70.1 (0) -- 1.7 --

Sleepiness 0 -- -- -- 0.4 --

-- not applicable
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changes in the curves corresponding to changes 
in severity, and an orderly relationship between 
the weight assigned to the option and the 
region of severity over which an item is likely to 
be endorsed (Figure 1A), with discriminatory/
slope parameter estimates ranging from a=0.88 
(Recent Memory) to 2.20 (Anhedonia) and 
threshold parameters covering a broad range 
of severity, ranging from -1.73 (Concentration, 
b1) to 3.13 (Recent Memory, b4) (Table 4). 
Four additional items (Irritability, Insomnia, 
Sexual Activity, and Decreased Appetite) were 
found to show moderate discrimination, with 
discriminatory/slope parameter estimates 
between a=0.70 (Sexual Activity) and 0.96 
(Irritability) (Figure 1B, Table 4). The three Pain 
items and the Sleepiness item were problematic 
and were removed from the item bank, due to 
their poor discriminative properties, which limit 
their clinical utility, as indicated by OCCs, IICs 
(Figure 1C), and discriminatory/slope parameter 
estimates (a=0.35–0.52, Table 4).

Among the six items assessing anhedonia, 
the Anhedonia item displayed the best IRT 
measurement properties (Figure 1 and Table 
4). As such, the Hobbies and Pastimes item was 
removed due to redundancy with Anhedonia 
(r=0.78). In addition, Accomplishment, Social 
Activity–Friends, Social Activity–Family, and 
Sexual Activity were removed due to these 
concepts being adequately captured within 

the general Anhedonia item (“Assesses loss of 
interest in things the person usually enjoys. This 
includes things such as accomplishments, leisure 
time hobbies and activities, social activities with 
friends and family, sensory experience, pleasure 
from food and sex, and spiritual and religious 
experience.”) (Table 1). 

Cognitive dysfunctions in MDD are often 
reported and are associated with greater 
functional impairment and a poorer clinical 
outcome.39,40 However, despite impairments 
being noted across a number of cognitive 
domains, including executive function, memory, 
attention, concentration, slowed thinking, and 
decision making,39,40 most depression rating 
scales assess only difficulties with concentration 
(e.g., QIDS-SR: Concentration/Decision Making; 
MADRS: Concentration Difficulties; Beck's 
Depression Inventory (BDI): Concentration 
Difficulty: Patient Health Questionnaire-9 
(PHQ-9): Trouble Concentrating), and in some 
instances do not consider cognitive dysfunction 
at all (e.g., HAM-D-17). In the present study, 
cognition was assessed separately as Difficulties 
with Concentration, Difficulties with Executive 
Function, Cognitive Slowing, and Difficulties with 
Recent Memory. When compared to healthy 
participants, cognitive deficits were noted in 
each of these domains (Table 6, baseline) that 
discriminated across levels of depression severity 
(Figure 1A and Table 4). Inter-item correlations 

among the cognitive items (r=0.46–0.60) 
suggest that although they are related, they 
are sufficiently distinct to serve as separate 
measures. These items will be advanced to the 
penultimate scale, where the relative weighting 
of each item to the total score will be evaluated. 

RMT analysis. The remaining 15 DID items 
were evaluated using RMT modeling. Item fit 
statistics and difficulty estimates are presented 
in Table 5. One item was identified as a possible 
misfit (Decreased Appetite), with Infit and Outfit 
MNSQ values of 1.97 and 2.01, respectively. All 
other items were found to have acceptable fit 
values. Person and item difficulty estimates 
for the DID items are shown in Figure 2 and 
Table 5. Ideally, items should be distributed 
across person severity levels (i.e., the range of 
participants for which the scale is intended). 
Four of the 387 observations were flagged 
as extreme scores (outliers) and removed. 
Person ability (in this context, depression level) 
ranged between -3.82 and 3.03 logits and 
item difficulty ranged between -0.55 logits 
(Drive) and 0.74 logits (Decreased Appetite), 
suggesting that items such as Anhedonia and 
Drive discriminate at lower levels of depression 
severity, while Decreased Appetite discriminates 
at higher levels. These results are consistent with 
the threshold parameters observed following 
IRT examination (Table 4). The proximity of 
the mean item measure (logit=0) to the 

FIGURE 1. Item Response Theory (IRT) Option Characteristic Curve (OCC)s (smooth lines, left axis) and Item Information Curves (IIC)s (dotted lines, right axis) for items (A) showing good 
discriminative properties, (B) moderate discriminative properties, and (C) poor discriminative properties

A

B C
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mean person measure (logit= -0.35) indicates 
satisfactory item targeting, with visual inspection 
of Figure 2 suggesting that the DID items have 
less precision in persons with lower levels of 
depression.

For comparison, person-item maps for the 
MADRS and QIDS-SR items are shown in Figure 
3. For the MADRS, problematic item targeting 
was evident as item difficulty distribution ranged 
between -0.52 logits and 1.03 logits, which falls 
above the mean person measure of -0.82 logits. 
This suggests that the MADRS items target more 
severe depression than this MDD population had. 
In addition, the gap of items between -0.06 and 
0.90 logits indicates poor precision for persons 
falling between those severity levels. For the 
QIDS-SR, precision was also an issue, as there 
were substantial gaps between items, with no 
QIDS-SR items targeting persons between 0.39 
and 1.77 logits and between -1.62 and -0.39 
logits.

Internal consistency. Cronbach’s alpha 
and item-total correlations were calculated for 
the remaining 15 DID items, as well as MADRS 
and QIDS-SR items. Alpha was high for the DID 
items at 0.95, and item-total correlations were 
all acceptable, ranging from r=0.49 (Decreased 
Appetite) to r=0.84 (Drive, Anhedonia). Given the 
satisfactory item-total correlations, summing 
items without differential item weighting or 
standardization is justified.41 Similarly, MADRS 
items showed a good internal consistency with 
alpha=0.89 and item-total correlations ranging 
from r=0.36 (Reduced Appetite) to r=0.82 
(Reported Sadness). For the QIDS-SR items, 
internal consistency was also good (alpha=0.82), 
and inter-item correlations ranged from r=0.26 
(Appetite/Weight) to r=0.70 (Feeling Sad). The 
low item-total correlations of the Appetite/Weight 
item (r<3) questions the construct validity of this 
item.  

Sensitivity to change. The CAN-BIND 
protocol allowed us to assess sensitivity to 
change of the DID items by comparing baseline 
(pre-antidepressant treatment) to Week 8 
(post-antidepressant treatment). Effect sizes 
were assessed using partial Eta2, with values of 
0.01, 0.06, and 0.14 representing small, medium, 
and large effects sizes, respectively.42 Repeated 
Measures ANOVA revealed significant decreases 
for all DID items (all p< 0.01), with effects sizes 
ranging from 0.10 (Decreased Appetite) to 0.48 
(Anhedonia) (Table 6).

 

TABLE 4.  Item Response Theory (IRT) discriminatory/slope (a) and threshold (b1 - b4) parameters

ITEM A b1 b2 b3 b4

Anhedonia 2.20 -1.30 -0.37 0.43 1.18
Drive 1.93 -1.59 -0.74 0.34 1.31
Hobbies and Pastimes 1.91 -1.24 -0.27 0.57 1.2
Accomplishment 1.78 -1.34 -0.34 0.57 1.26
Emotional Fatigue 1.63 -1.32 -0.26 0.54 1.40

Hopelessness 1.55 -1.05 0.12 0.98 1.80

Social activity–Friends 1.55 -1.27 -0.15 0.74 1.49

Self-esteem 1.47 -1.43 -0.32 0.52 1.72

Rumination 1.46 -1.30 -0.23 0.73 1.65

Concentration 1.37 -1.73 -0.32 0.66 1.66
Guilt 1.30 -1.32 0.01 0.93 2.32
Social Activity–Family 1.22 -0.67 0.46 1.37 2.38
Tension 1.18 -1.54 0.29 1.43 2.72

Executive Function 1.17 -1.15 -0.23 1.14 2.18

Cognitive Slowing 0.98 -1.15 0.3 1.59 3.12
Irritability 0.96 -1.63 1.05 2.56 4.16
Recent Memory 0.88 -0.99 0.69 1.83 3.13
Insomnia 0.80 -1.38 -0.37 0.9 2.72
Decreased Appetite 0.73 0.32 1.32 2.23 3.31
Sexual Activity 0.70 -0.85 0.32 1.09 2.00

Sleepiness 0.52 -2.93 -0.08 2.31 5.45

Pain–Most Severe 0.44 -0.99 0.51 3.99 12.01
Pain–Average 0.41 -1.09 1.29 3.83 8.23

Pain–Unpleasantness 0.35 -0.92 1.66 3.88 6.65

TABLE 5. Rasch Measurement Theory (RMT) item difficulty estimates and fit statistics

ITEM ITEM DIFFICULTY
LOGIT

INFIT
MNSQ

OUTFIT
MNSQ

Decreased Appetite 0.74 1.97 2.01
Insomnia -0.09 1.45 1.53
Recent Memory 0.36 1.22 1.31
Cognitive Slowing 0.23 1.01 1.04
Irritability 0.49 0.82 0.99
Rumination -0.17 0.98 0.93
Executive Function 0.11 0.97 0.90
Hopelessness 0.02 0.95 0.94
Guilt -0.01 0.91 0.88
Tension 0.13 0.89 0.91
Self-esteem -0.27 0.87 0.86
Emotional Fatigue -0.28 0.85 0.82
Concentration -0.30 0.82 0.80
Anhedonia -0.40 0.76 0.73
Drive -0.55 0.70 0.68

Logit: log of the odds; MNSQ: mean square
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DISCUSSION
In the present study, we applied CTT, IRT, 

and RMT analyses to assess the performance 
of the DID items and identify which should be 
advanced, modified, or removed. This has been an 
iterative process in which improvements in item 
measurement properties are based on empirical 
grounds10 and using FDA recommendations as 
a guidance.20 We have successfully applied this 
approach to other scale development efforts 
as well.43,44,45,46,47 Furthermore, although there 
is no standard psychometric approach, we 
encourage evaluation using all three methods 
(CTT, IRT, RMT), as they provide complementary 
information that should be considered in 
evaluating item performance.19 Based on the 
results, 15 DID items are recommended for 
inclusion in the penultimate scale: Anhedonia, 
Cognitive Slowing, Concentration, Executive 
Function, Recent Memory, Drive, Emotional 
Fatigue, Guilt, Self-esteem, Hopelessness, Tension, 
Rumination, Irritability, Reduced Appetite, and 
Insomnia, with modifications suggested for the 
Irritability, Reduced Appetite, and Insomnia items. 

Appetite and Sleep Disturbances are included 
in the fifth edition of the DMS (DSM-5) symptom 
criteria for MDD, with Hypersomnia, Increased 
Appetite, and Weight Gain included as key 
features of atypical depression subtype in MDD.48 
In the present study, DID items designed to 
assess Increased Appetite, Increased Eating, and 
Prolonged Sleep showed low response rates, 
with 72.3, 84.7, and 70.1 percent of participants, 
respectively, endorsing “Absent/Not at All” (Table 
3), thus limiting their clinical utility in the present 
sample. It is important to note, however, that 
the MADRS was used to define CAN-BIND study 
entry criteria21 and it does not assess reversed 
neurovegetative symptoms, such as increased 
appetite and hypersomnia. It is possible, 
therefore, that these “atypical” symptoms might 
have been underrepresented in the CAN-BIND 
sample. Additional studies will be required to 
properly assess their properties in atypical MDD 
subtype.

Saturation of symptom assessment to 
assure that symptom domains important to 
the patients are captured is a component in the 
evaluation of new questionnaires.20 In previous 
iterations, we evaluated the Bech-6 subset of 
the GRID-HAM-D (Depressed Mood, Anxiety, 
Work and Activities, Feeling of Guilt and Somatic 
Symptoms, Retardation), with the Depressed 
Mood item showing favorable psychometric 

properties.6,11 As such, a DID version of the 
GRID-HAM-D Depressed Mood item24 will be 
included in the penultimate scale. However, 
although the HAM-D version of the Depressed 
Mood item is not meant to represent a global 
measure of depression, it simultaneously assesses 
multiple symptom constructs, including feelings 
of sadness along with feelings of hopelessness, 
helplessness, low self-esteem, pessimism, and 
worthlessness. This might be problematic, as 
these are distinct symptoms that might (or might 
not) be differentially experienced and possibly 
respond differently to treatment.38 Indeed, a 
factor analysis across depression rating scales 

demonstrated differential factor loading between 
the HAM-D Depressed Mood Item and the BDI 
Sadness item.49 A new DID Sadness item will be 
developed to determine if sadness is a distinct 
constituent symptom that can be separated out 
from depressed mood. 

In the present study, Rumination was assessed 
as repetitive negative thinking about past 
events.50 Although rumination and worry are 
related and both are reported in MDD, worry 
typically involves anxiety about future events, 
whereas rumination is related to repetitive 
thinking about past events.51 Therefore, a DID 
Worry item will be developed to distinguish worry 

FIGURE 2. Rasch Measurement Theory (RMT) person-item location for the remaining 15 Depression Inventory Development 
(DID) items—The right side of the map displays the items from most difficult (top) to least difficult (bottom), and the left 
side plots the individual participants, with those at the top having the highest trait level (depression) and those that the 
bottom the least. M=mean difficulty; S=one standard deviation; T=two standard deviations
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about past events (as assessed by the current DID 
Rumination item) from excessive worry about 
potentially negative events in the future. 

Suicide is a major public health issue, with 
MDD cited as a common psychiatric disorder 
in people dying by suicide.52 Recognizing 
the importance of assessing suicide risk in 
clinical trials and the relationship between 
antidepressant use and the emergence or 
worsening of suicidal ideation,53,54 the FDA 
recommends that participants be monitored 
for suicidal ideation, impulses, and behaviors 
in “...all clinical trials involving any drug being 
developed for any psychiatric indication, as 
well as for all antiepileptic drugs and other 
neurologic drugs with central nervous system 
(CNS) activity, both inpatient and outpatient, 
including multiple-dose Phase I trials involving 
healthy volunteers.”55 In the next iteration, a 
suicide item adapted from the GRID-HAM-D will 
also be included. It is important to recognize, 
however, that assessment of suicidal ideation, 
impulses, and behavior in clinical research is 
complex and difficult to capture (and predict) by 
a single “global” scale item.56,57 Defining acute/

severe suicidal ideation as an exclusion criterion 
can minimize risks; however, this can also result 
in selection bias and omission of the most 
severe cases and does not address concerns with 
respect to the potential relationship between 
antidepressant usage and suicidal ideation 
and the emergence of new suicidal behavior. 
Therefore, given the link between depression and 
suicide,52 as well as regulatory considerations,55 a 
comprehensive suicidality assessment measure 
should also be used to monitor and identify those 
at risk for suicide.58  

Loss of Interest or Pleasure in Almost All 
Activities is considered a core diagnostic 
feature of MDD48 that is predictive of treatment 
response59 and a potential clinical risk factor for 
suicidal ideation.60 In the present study, six items 
were included to separately assess loss of interest 
with respect to various domains of activities, 
including Hobbies and Pastimes, Accomplishment, 
Social Activity–Friends, Social Activity–Family, 
Sexual Activity, and a general Anhedonia item. 
With the exception of Sexual Activity, all DID 
anhedonia items were moderately to strongly 
correlated with one another (r=0.54–0.78) with 

the general Anhedonia item showing the best 
psychometric properties, supporting anhedonia 
as a core feature of MDD that is not domain 
specific. The weaker correlations with the Sexual 
Activity item (r=0.27–0.45), however, suggests 
that loss of interest/pleasure in sexual activity 
(as assessed in the present study) might also 
be related to factors other than anhedonia, 
including potential antidepressant side-effects.61 

The DID grid structure operationalizes 
intensity and frequency of each item, and allows 
these to be rated simultaneously, with clear 
symptom definitions and a structured interview 
guide provided.10 Conventions for administering 
the scale have been developed, and the grid 
format appears to be user-friendly and has 
acceptable agreement among independent 
raters.24,62 An updated version of the DID scale (19 
items) is undergoing validation within the CAN-
BIND program, including aspects of reliability 
(internal consistency, inter-rater, test-retest) and 
validity (concurrent, discriminant, convergent). If 
you would like to receive a copy of the DID items 
please contact the corresponding author.

   

FIGURE 3. Rasch Measurement Theory (RMT) person-item location for the remaining Montgomery–Åsberg Depression Rating Scale (MADRS) (left panel) and Quick Inventory of Depressive 
Symptomatology-Self-Report (QIDS-SR) (right panel) items—The right side of the map displays the items from most difficult (top) to least difficult (bottom), and the left side plots the 
individual participants, with those at the top having the highest trait level (depression) and those that the bottom the least. M=mean difficulty; S=one standard deviation; T=two standard 
deviations
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