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Background: Although depression and cognitive dysfunction are connected, limited tools
exist to capture the patient’s perspective on cognitive dysfunction and its impact on major
depressive disorder (MDD). We report results of a psychometric validation of the Perceived
Deficits Questionnaire-Depression (PDQ-D), a self-report measure of cognitive dysfunction
for use in MDD.

Methods: A non-interventional, prospective, panel-recruited, online survey was conducted
using the PDQ-D in adults with and without MDD in the US and UK. Respondents were
assessed at baseline and after 6 weeks (MDD only) (baseline: US n=418, UK n=437, 49%
MDD; follow-up: US n=169, UK n=153, all MDD). The criterion measures included: Medical
Outcomes Study Cognitive Functioning Scale-Revised-acute form (MOS COG-R), Patient
Health Questionnaire-9 (PHQ-9), Patient Global Impression of Severity scale (PGI-Severity),
Sheehan Disability Scale (SDS), Work Productivity and Activity Impairment Questionnaire:
Specific-Health Problem (WPAI:SHP), and modified Lam Employment Absence and Produc-
tivity Scale (LEAPS). US and UK data were analyzed separately.

Results: Internal consistency was high for PDQ-D total scale and four subscales (Cronbach’s
alpha 0.81-0.96). Convergent validity was good, with strong concordance with MOS COG-R
and moderate/small correlations with PHQ-9, SDS, WPAIL:SHP, LEAPS, and PGI-Severity.
Significant differences (all P<<0.001) existed for all PDQ-D subscale and total scores between
MDD/non-MDD samples. The PDQ-D was responsive to changes in depression symptom
severity. Confirmatory factor analysis supported scoring of a global overall scale for perceived
cognitive dysfunction.

Conclusion: The PDQ-D provides a reliable and valid measure of subjective cognitive dys-
function in patients with MDD.

Keywords: major depressive disorder, cognitive dysfunction, psychometric validation,
self-report

Introduction

MDD is a common, chronic, and recurrent disorder characterized by one or more major
depressive episodes.' In 2010, the global point prevalence for MDD was estimated
at 4.4% (close to 300 million cases).? MDD was also a leading cause of disability-
adjusted life-years and the second leading cause of years lived with disability globally.?
Recent estimates of 12-month prevalence rates for MDD were 6.9% in both Europe
and the US.*?
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In addition to MDD having a significant negative impact
on work, social relationships, and health-related quality of
life,® patients with MDD also exhibit a reduction in cogni-
tive functioning domains, including attention, psychomotor
speed, memory, and executive function, relative to healthy
controls,”” and a relationship between MDD and cognitive
impairment has been recognized for many years.!® Using
the Central Nervous System Vital Signs assessment battery,
evidence of cognitive dysfunction has been reported in
21%—31% of patients with depression compared with just
4%—5% of healthy controls.”!! Furthermore, although not the
only aspect of cognition, the DSM (fifth edition) diagnostic
criteria for MDD include diminished concentration as a
symptom of MDD.! Deficits in several cognitive subscales
have also been reported in patients with MDD, including

executive function,’!?

mnemonic function,'> memory,>%!3
attention,!® and processing speed.'! In a recent review of
studies in adult patients aged =65 years with MDD, MclIntyre
et al reported pronounced deficits (=1 SD below the norma-
tive mean) in executive function in 20%—-30% of patients,'
and ability to concentrate was reported as a problem by
89.6% of patients with depression in the STAR*D study.'
In addition, ongoing persistent cognitive decline, specifically
impairments in immediate memory and attention, has been
reported in some patients with previous MDD, suggest-
ing that MDD may have long-lasting effects on cognitive
performance.® Thus, the presence of cognitive dysfunction
has broad implications for assessment, treatment and prog-
nosis for psychosocial recovery in patients with MDD.'¢

Currently, there is no well-validated, widely accepted,
patient-reported outcome instrument available to specifically
assess cognitive dysfunction in patients with MDD. The
PDQ!" was developed to measure patient-reported cognitive
symptoms associated with MS and forms part of a series of
generic and disease-specific instruments that comprise the
Multiple Sclerosis Quality of Life Inventory.!® The PDQ has
also been used for the assessment of cognitive symptoms in
patients with a number of other conditions including MDD. "
Furthermore, a modified version of the PDQ, referred to as
the PDQ-D, has been adapted for use by adults with MDD
to measure cognitive dysfunction, specifically attention/
concentration, retrospective memory, prospective memory,
and planning/organization.?

The current article reports the results of a prospective
study designed to conduct a psychometric validation of the
PDQ-D in adults with MDD in the US and in the UK. A key
objective of this study was to provide a valid and practical
tool for the measurement of cognitive dysfunction in adults

with MDD that could be completed by patients in outpatient
settings and would also be suitable for use in clinical trials
and/or observational studies. The primary objective was to
evaluate the reliability, acceptability, convergent and dis-
criminant validity, responsiveness, and underlying factor
structure of the PDQ-D when used to measure cognitive dys-
function in respondents with MDD. We hypothesized that the
PDQ-D psychometric results would significantly differentiate
between respondents with and without physician-diagnosed
MDD, and according to MDD severity and evolution.

Methods

This was a non-interventional, prospective, epidemiological
online survey conducted in the US and UK. In addition to
the PDQ-D, the study included a number of other relevant
patient-reported instruments for the purpose of assessing
convergent validity and responsiveness. The study population
included a sample of respondents with and without MDD,
comprising men and women aged =18 years (Figure 1). The
survey questionnaires were administered in both samples
at baseline and also at 6 weeks’ follow-up in the MDD
sample only.

Respondents/sample

US participants were recruited through the KnowledgePanel®
maintained by GfK Custom Research, LLC, USA. UK
participants were recruited through MrOps (London, UK;
see Supplementary materials for further details). Both market
research panels required consent from each member when
joining, with the expectation that they would participate in
surveys and their anonymized data could be used in publica-
tions. Each participant also signed an online consent form to
participate in this study. Due to the nature of the study, which
involved market research panels with informed consent,
ethical approval was not required (for further information
see Supplementary materials).

The medical history and demographic characteristics
of the panel members were documented in advance of the
study. In particular, all panel members reported their age, sex,
previous diagnosis for depression, and whether they had been
under a physician’s care for depression in the 6 months before
entry into the panel. Panel members were initially invited to
participate in the study via an email invitation based on their
pre-existing panel data. The follow-up survey was sent to all
respondents with MDD who completed the baseline survey
and were still available for study participation.

Male and female panel members aged =18 years were
eligible for inclusion in the general population sample if
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General population

Inclusion criteria:
General sample

o Aged 218 years
* Consent

MDD sample

o Aged 218 years

e Depression
diagnosis (clinician)

N=800 (400 UK, 400 US)

If all inclusion criteria and none of the
exclusion criteria are met

Baseline survey (all)

Exclusion criteria:
General sample
* None

MDD sample

® Bipolar disorder

e Parkinson’s disease

» Debilitating stroke

o Multiple sclerosis

e Traumatic brain injury
o Current pregnancy

® <6 months post partum

PHQ-9, PDQ-D, MOS COG-R, SDS,
WPAI, LEAPS, PGI-S

|

e PHQ-9 210
e Consent
l
MDD sample
N=400 (200 UK, 200 US)
PHQ-9 210

Follow-up survey (BL + 6 weeks)
PHQ-9, PDQ-D, MOS COG-R, SDS,
WPAI, LEAPS

General population sample
N=400 (200 UK, 200 US)

Figure | Study design and selection of participants, including initial target for number of respondents.

Abbreviations: BL, baseline; LEAPS, modified Lam Employment Absence and Productivity Scale; MDD, major depressive disorder; MOS COG-R, Medical Outcomes Study
Cognitive Functioning Scale-Revised-acute form; PDQ-D, Perceived Deficits Questionnaire-Depression; PGI-S, Patient Global Impression of Severity scale; PHQ-9, Patient
Health Questionnaire-9; SDS, Sheehan Disability Scale; WPAI, Work Productivity and Activity Impairment Questionnaire.

they provided informed consent to participate in the study
and indicated that they were able to complete the designated
surveys. On reaching the target number of respondents for
the general population sample, those panel respondents who
met the same criteria and, according to their pre-existing
panel data, had reported being diagnosed with depression by
a physician were randomly selected for potential inclusion in
the MDD sample. Eligibility for inclusion in the MDD sample
required evidence at screening of ongoing symptoms of
depression as evaluated by the PHQ-9 (score =10).2! Respon-
dents were excluded from the study if they were pregnant or
had given birth in the preceding 6 months, or if they had ever
been diagnosed with bipolar disorder, Parkinson’s disease,
debilitating stroke, MS, or traumatic brain injury.

Throughout the study, respondents received the standard
care provided by their physician; no specific treatment inter-
ventions were made in the context of the study.

Measures

The online survey comprised the PDQ-D and a series of other
validated and established patient self-report instruments,
which were used to assess cognitive functioning (MOS COG-
R),% severity of depression (PHQ-9* and PGI-Severity

[used at baseline]**) and work-related outcomes and social
functioning (SDS, WPAI:SHP, and LEAPS?2%). Detailed
descriptions of the criterion measures are provided in the
Supplementary materials.

Validation measure: PDQ-D

The PDQ-D is a 20-item, patient-reported questionnaire with
a 7-day recall period. Scores for four subscales of the PDQ-D
(attention/concentration, retrospective memory, prospective
memory, and planning/organization) are computed based
on responses to five constituent items in each subscale. All
20 items use the same 5-point ordinal categorical response
scale to reflect the frequency of experiencing a specific cog-
nitive problem in the past 7 days. Scores for each of the four
measured subscales are calculated by assigning a value of
0 (“never in the past 7 days™), 1 (“rarely — once or twice”),
2 (“sometimes — 35 times”), 3 (“often — about once a day”),
or 4 (“very often — more than once a day”) to each item, then
summing the five items of that subscale, to produce a score
ranging from 0 to 20. A total global score for overall cognitive
dysfunction (range 0—80) is calculated by summing the four
subscale scores. Higher scores for each subscale and for the
total score indicate greater perceived cognitive dysfunction.
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Data collection

Data were collected using the self-administered online
survey. Respondents in the MDD and general population
samples completed the PHQ-9 at screening and the remain-
ing survey questions at baseline. Only respondents in the
MDD population were invited to complete the survey again
at 6 weeks (7 days) after baseline (Figure 1).

To prevent long delays in completing items in the survey,
potential respondents were asked to complete the surveys
online at their selected location within a 24-hour window.
If a respondent failed to complete the baseline survey within
24 hours of starting, their data were excluded from the study
analyses.

Before the study, the survey was pre-tested using 30
respondents each from the US and UK samples who met all
MDD inclusion criteria and none of the exclusion criteria.
The purpose of the pre-test was to confirm that the consent,
screening, and survey content had been scripted correctly
and to determine whether respondents had sufficient time
to complete the survey. No problems or concerns were
identified during pre-testing, so no changes were made to
any study materials. Pre-test data were not included in the
analysis, and pre-test respondents were not eligible for the
main study sample.

To ensure that data collection was as consistent as pos-
sible in both the US and UK, only a single data-collection
instrument was programmed for use with both samples, and
both surveys were hosted by GfK Custom Research, LLC.

Analyses

It should be noted that the study was not an opinion poll sur-
vey where the objective is to extrapolate to a specific target
population via weighting of observations. As a consequence,
no weighting was applied to the patient observations.

Analyses conducted included assessment of internal
consistency reliability, convergent validity, known-groups
validity, responsiveness to change, and CFA. With the excep-
tion of the known-groups validity, responsiveness to change
analyses, and the CFA, all analyses were conducted using
baseline PDQ-D scores from the MDD samples only. With
the exception of the CFA, all analyses were conducted sepa-
rately for the US and UK samples. The CFA sample included
respondents from both MDD and general population samples
pooled across both countries.

Data were analyzed using Statistical Analysis Software
(SAS®™; SAS Institute Inc., Cary, NC, USA) Version 9.2, Sta-
tistical Package for the Social Sciences (SPSS®; SPSS Inc.,
Chicago,IL,USA) Version 17.0,or MPlus® (Muthén & Muthén,

Los Angeles, CA, USA) Version 5. No missing-data imputa-
tion methods were used. Patient-reported instrument scores
were only calculated for respondents who completed all
constituent items.

Descriptive statistics, including median, mean, and SD
of observed values and percentage of respondents with
missing scores, were determined for each item, subscale,
and the total score of the PDQ-D at baseline for the US and
UK MDD samples. To determine any potential differences
between sample populations, sex distributions of the US
and UK MDD samples were compared using Fisher’s exact
test, and mean age and mean scores of all patient-reported
measures were compared using independent-sample -tests.
The frequency of floor effects (frequency of respondents
with the lowest possible score) and ceiling effects (frequency
of respondents with the highest possible score) were also
examined for the PDQ-D subscales and total score. Floor
and ceiling effects for subscales and the total score were
considered to be present if >15% of respondents achieved
the highest or lowest possible score.”

Internal consistency for each PDQ-D subscale and the
total scale was estimated using Cronbach’s alpha (with
values =0.9 considered excellent and =0.7 considered
acceptable)®® and the average inter-item correlation (for
most self-reported outcome tools this should be =0.3 and
preferably >0.4 for good reliability).*! A substantial increase
in the internal consistency (Cronbach’s alpha) of the parent
subscale or total scale following removal of an item indicates
that the item reduces the reliability of the scale.

Convergent validity was tested using Pearson’s correla-
tion coefficients to explore the direction and magnitude of
associations between subscale and total scores of the PDQ-D
and those of other patient-reported instruments (PHQ-9, SDS,
WPAIL:SHP, LEAPS, PGI-Severity, and MOS COG-R).
A correlation coefficient with an absolute value of 0.5 indi-
cates a large correlation, and coefficients with absolute values
of 0.3 and 0.1 indicate moderate and small correlations,
respectively.’? It was hypothesized that the strongest correla-
tion would be between PDQ-D scores and scores from the
cognitive functioning measure MOS COG-R, with this being
a negative correlation as higher scores on the MOS COG-R
indicate better functional outcomes (eg, less cognitive
dysfunction). It was also hypothesized that PDQ-D scores
would show moderate (»=0.3) positive correlations with
scores from all other criterion measures, given that higher
scores for each of these measures reflect worse functional
outcomes (eg, more severe depression, greater impairment
in functioning).
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Known-groups discriminant validity was tested by com-
paring the PDQ-D subscale and total scores between respon-
dents in the MDD and general population samples at baseline.
Within each country sample, PDQ-D scores in the two groups
were compared using Cohen’s d effect size for differences
between estimated means;*> an ANCOVA model was used
for testing, with PDQ-D score sample as a fixed factor and
subject age and sex as covariates. It was hypothesized that
respondents with MDD would have higher (worse) PDQ-D
scores compared with the general population.

Responsiveness to change in the MDD samples was
evaluated by comparing changes in PDQ-D subscale and
total scores with respondent scores on the PHQ-9. For
this comparison, respondents in the US and UK MDD
samples were categorized into three groups (worsened,
no change, or improved) based on the magnitude of the
difference between their baseline and 6-week follow-up
scores on the PHQ-9 relative to the accepted minimal
important change threshold for the PHQ-9 of 5 points.”!
Change scores for each PDQ-D subscale and total score
were calculated by subtracting each respondent’s baseline
score from his/her follow-up score. The “no change” group
therefore included subjects whose PHQ-9 varied by =4
points between baseline and follow-up. For both the US
and UK MDD samples, ANCOV A models for each PDQ-D
change score, with severity-change group as a fixed factor
and respondent age and sex as covariates, were used to test
for statistically significant differences in estimated mean
PDQ-D change scores across categories. In models for
which the omnibus (ie, global) effect of severity change
reached statistical significance, post hoc analyses (with
Bonferroni-adjusted P-values to control for inflated Type I
error due to multiplicity) examined differences in estimated
mean PDQ-D change scores for each pairwise comparison
among severity-change groups. It was hypothesized that
PDQ-D scores for respondents whose depression severity
remained unchanged would be statistically significantly
lower than for those whose depression severity worsened
and statistically significantly higher than for those whose
depression severity improved.

The factor structure of the PDQ-D was investigated
using CFA. The proposed conceptual model that guided the
development of the PDQ, from which the PDQ-D was modi-
fied, comprises four related but separable factors: attention/
concentration, retrospective memory, prospective memory,
and planning/organization. However, a previous factor
analysis of this instrument in a population of patients with
MS supported a single-factor model.* To test which, if either,

of these structures best captured the observed interrelations
among items in the PDQ-D, CFA was applied to baseline
item scores of the total sample (ie, pooled across depressive
status and country). The CFA models were tested using
methods for categorical data (polychoric correlations) and
the weighted least squares mean and variance adjustment
estimator in the Mplus statistical modeling program.** The
CFI* and the RMSEA®*® were used to assess the overall fit
of the two models with the data. Adequate fit is indicated
by a CFI value of >0.95 (range 0—1) and an RMSEA value
of <0.08 (range 0—1).%” In case of a suboptimal fit for the
four-factor and single-factor models, testing of a two-factor
model,*** comprising four subscale factors with five items
each plus a common factor with all 20 items loaded on it,
was also planned.

Results

Sample/respondents

The first respondent was recruited to the study on November
28, 2012, and the last respondent completed the study on
March 21, 2013.

The MDD sample comprised 421 respondents (US,
n=206; UK, n=215) and the general population sample
comprised 434 respondents (US, n=212; UK, n=222)
(Figure 2). In the population with MDD, the proportion
of female respondents was not statistically significantly
different in the US and UK samples (64.6% and 72.6%,
respectively; P>0.05); however, respondents in the US
MDD sample were significantly older than those in the
corresponding UK sample (mean age 50.8 vs 46.9 years,
respectively; P<<0.01). Comparison of the general popula-
tion samples showed the opposite trend, with a significantly
lower proportion of female respondents in the US vs UK
populations (50.0% vs 75.2%, respectively; P<<0.001) and
no significant difference between the two countries for mean
age (49.0 and 50.0 years, respectively; P>0.05). A total
of 322 respondents with MDD (US, n=169; UK, n=153)
entered the follow-up phase.

Comparison of patient-reported
instrument scores between US and UK
MDD samples

There was no evidence of a difference in the PHQ-9 total score
and PGI-Severity score between the US and UK samples,
suggesting comparable levels of depression severity and
perception of overall health (Table 1). However, significant
differences were observed for all other outcomes (PDQ-D,
MOS COG-R, SDS, WPAI:SHP, and LEAPS) between
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US sample
N=418

General population
sample
n=212

\ﬂ, MDD sample
n=206
y
Follow-up MDD sample
n=169

Figure 2 Subject disposition.

Abbreviation: MDD, major depressive disorder.

UK sample
N=437

MDD sample General population

n=215 sample

n=222
v

MDD sample

n=153

Table I Comparison of baseline demographic characteristics and baseline patient-reported scores for US and UK MDD samples

Characteristic US MDD (n=206) UK MDD (n=215) Difference
N Mean (SD) N Mean (SD) (US-UK)
Female sex (%) 133 64.6 156 72.6 -8.0
Age, years 206 50.8 (14.2) 215 46.9 (13.9) 3.9
Educational status (%)®
Less than high school 206 5.8 - - -
High school 206 359 - - -
Some college 206 30.6 - - -
Bachelor’s degree or higher 206 27.7 - - -
=5 grade C GCSEs (or equivalent) - - 215 29.8 -
>5 grade C GCSEs (or equivalent) - - 215 9.3 -
Advanced school/college qualifications® - - 215 27.9 -
Undergraduate degree or equivalent - - 215 13.5 -
Postgraduate degree or equivalent - - 215 7.0 -
Professional qualification - - 215 12.6 -
PDQ-D
Total score 186 37.7 (19.4) 191 42.1 (18.3) —4.4
Attention/concentration 198 10.6 (5.3) 208 11.7 (4.8) -1.2
Retrospective memory 199 9.1 (5.6) 204 10.0 (5.5) -0.9
Prospective memory 199 7.6 (4.7) 209 8.7 (4.8) -1.2
Planning/organization 198 10.4 (5.3) 202 11.4 (5.0) -0.9
PHQ-9 Total score 206 15.7 (4.9) 215 16.6 (5.0) -0.9
MOS COG-R Total score 205 35.0 (12.6) 215 31.5 (12.4) 35
SDS Total score 206 16.0 (8.1) 215 18.7 (7.7) -2.8
WPAI:SHP score
Absenteeism 92 5.7 (14.4) 77 9.2 (20.7) -3.5
Presenteeism 91 33.7 (26.0) 75 49.3 (21.1) —-15.6
Overall work impairment 91 36.5 (27.7) 77 53.1 (24.1) —-16.6
Activity impairment 204 58.8 (26.3) 215 64.3 (24.9) -5.5
LEAPS Total score
Total score 182 9.4 (8.3) 195 12.0 (9.1) -2.6
Productivity 186 3.3 (3.6) 200 4.6 (4.0) -1.3
PGI-Severity score 204 3.6 (1.5) 214 3.8(1.5) -0.2
Notes: *Percentage of respondents is presented; "Advanced or Advanced Subsidiary levels/Scottish Highers/National Vocational Qualification levels 3 and 4. “~” indicates

not applicable.

Abbreviations: GCSE, General Certificate of Secondary Education; LEAPS, modified Lam Employment Absence and Productivity Scale; MDD, major depressive disorder;
MOS COG-R, Medical Outcomes Study Cognitive Functioning Scale-Revised-acute form; PDQ-D, Perceived Deficits Questionnaire-Depression; PGI-Severity, Patient Global
Impression of Severity scale; PHQ-9, Patient Health Questionnaire-9; SDS, Sheehan Disability Scale; WPAI:SHP, Work Productivity and Activity Impairment Questionnaire:

Specific-Health Problem.
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the US and UK samples, suggesting greater cognitive and
functioning impairment in respondents included in the
UK sample.

Item- and scale-level descriptive statistics
Mean scores across all PDQ-D items were generally in the
range of 2.5-3.5 for both the US and UK MDD samples,
and SDs were generally between 1.2 and 1.4 for both MDD
samples (Table 2). Floor and ceiling effects for the US and
UK MDD samples were minimal for the PDQ-D total score
and for each of the four subscales (Table 3), with values
generally below 5%.

There was a good level of acceptability of the PDQ-D in
both the US and UK samples, with 90% and 89% of respon-
dents, respectively, completing all 20 items. At the item level,
the proportion of missing values varied between 0.5% and
2.4% in the US sample and between 0.0% and 1.9% in the
UK sample (Table 2).

Internal consistency reliability

As shown in Table 3, Cronbach’s alpha was =0.95 for
the PDQ-D total scores in the US and UK MDD samples,
indicating excellent reliability; Cronbach’s alpha was

>0.80 for each of the subscales for both samples, indicating
good reliability. For both the US and UK MDD samples,
the averages of the inter-item correlations within the total
scale (both =0.50) and within each of the four subscales
(all =0.47) also provide evidence of good internal con-
sistency reliability (Table 3). Removal of most PDQ-D
items in turn resulted in a reduction in Cronbach’s alpha of
each associated subscale in the US and UK MDD samples
indicating appropriate reliability for each item. The reduc-
tions were 0.01-0.06 and 0.01-0.07 for the US and UK
samples, respectively. Exceptions to this were an increase
of 0.01 in the alpha coefficient in both the US and UK
sample following removal of item 2 of the retrospective
memory subscale, and no change in alpha coefficient in the
US sample following removal of item 16 of the planning/
organization subscale.

Convergent validity

In both the US and UK populations, with the exception of
the WPAIL:SHP absenteeism subscale for which correlations
with PDQ-D scores were close to zero, all correlations with
criterion measures were in the hypothesized direction. PDQ-D
baseline subscale and total scores correlated positively with

Table 2 Response frequency distributions and descriptive statistics for PDQ-D items at baseline

Subscale Item | US MDD sample UK MDD sample

no N Missing | Mean Percentage of N Missing | Mean Percentage of

(%) score responders (%) score (SD) | responders
(SD) “Never” “Very “Never” | “Very
often” often”

Attention/ | 204 | 1.0 3.17 (1.29) 9.7 21.5 215 | 0.0 3.36 (1.25) 6.3 25.7
concentration 5 202 | 1.9 3.06 (1.32) 14.5 18.3 215 | 0.0 341 (1.21) 7.9 225

9 202 | 1.9 3.05 (1.32) 15.6 17.2 213 |09 3.39 (1.22) 7.3 225

13 205 | 0.5 3.62 (1.26) 8.1 323 212 | 14 3.98 (1.11) 2.6 44.0

17 205 | 0.5 2.63 (1.42) 28.0 16.1 213 |09 2.60 (1.34) 27.2 11.0
Retrospective 2 205 | 0.5 2.92 (1.39) 21.0 18.8 212 | 14 3.02 (1.37) 18.3 17.8
memory 6 201 |24 2.74 (1.20) 15.1 9.7 213 |09 2.94 (1.24) 14.1 12.0

10 202 | 1.9 2.81 (1.39) 22.0 16.1 214 | 0.5 3.14 (1.35) 16.2 19.9

14 203 | I.5 2.70 (1.43) 285 17.2 201 1.9 2.81 (1.42) 26.2 16.2

18 205 (05 3.05 (1.34) 14.0 19.9 213 |09 3.14 (1.28) 1.5 18.3
Prospective 3 203 | I.5 3.21 (1.30) 10.8 22.0 215 {00 3.53 (1.20) 5.8 25.7
memory 7 202 | 1.9 2.09 (1.21) 41.9 59 212 | 14 2.24 (1.29) 39.8 8.4

I 204 | 1.0 3.02 (1.29) 1.3 19.4 213 |09 3.33 (1.26) 8.4 22.5

15 205 (0.5 2.04 (1.19) 43.5 5.4 214 |05 2.42 (1.27) 29.3 8.9

19 205 (0.5 2.28 (1.22) 349 5.9 214 |05 2.27 (1.26) 36.6 7.3
Planning/ 4 203 | I.5 3.23 (1.36) 14.5 25.3 213 |09 3.34 (1.19) 6.8 21.5
organization 8 202 | 1.9 2.79 (1.37) 22.0 16.7 211 1.9 3.04 (1.30) 15.2 16.2

12 205 (0.5 3.63 (1.25) 8.1 30.1 214 |05 3.87 (1.14) 37 387

16 204 | 1.0 2.78 (1.30) 18.8 12.9 201 1.9 3.07 (1.32) 14.1 18.3

20 204 | 1.9 291 (1.32) 18.3 15.6 212 [ 14 3.23 (1.35) 13.6 23.0
Abbreviations: MDD, major depressive disorder; PDQ-D, Perceived Deficits Questionnaire-Depression.
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Table 3 Internal consistency reliability: PDQ-D scale-level properties at baseline for US and UK MDD samples

Measure n Mean Median SD Floor Ceiling Cronbach’s | Average

(%) (%) alpha inter-item
correlation

US MDD sample

(N=206)

Total score 186 377 375 19.4 22 1.1 0.96 0.53

Attention/concentration | 198 10.6 11.0 53 2.5 4.0 0.86 0.54

Retrospective memory | 199 9.1 9.0 5.6 4.5 3.0 0.89 0.64

Prospective memory 199 7.6 7.0 4.7 4.0 1.5 0.81 0.47

Planning/organization 198 10.4 10.5 53 3.0 3.0 0.86 0.56

UK MDD sample

(N=215)

Total score 191 42.1 43.0 18.3 0.5 1.0 0.95 0.50

Attention/concentration | 208 1.7 1.0 4.8 0.5 5.8 0.84 0.53

Retrospective memory | 204 10.0 10.0 55 29 39 0.89 0.62

Prospective memory 209 8.7 9.0 4.8 1.4 1.4 0.81 0.47

Planning/organization 202 1.4 1.5 5.0 0.5 6.4 0.84 0.53

Abbreviations: MDD, major depressive disorder; PDQ-D, Perceived Deficits Questionnaire-Depression.

scores from measures for which higher scores indicate worse  the magnitude of all correlations between PDQ-D scores and
outcomes (PHQ-9, SDS, WPAIL:SHP, LEAPS, and PGI- criterion measures being greater than 0) (Table 4).

Severity) and correlated negatively with MOS COG-R for As predicted, the strongest correlations were observed
which a lower score indicates worse outcomes (P<<0.001 for  between the PDQ-D and the MOS COG-R. In the US sample,

Table 4 Convergent validity: Pearson correlation coefficients between baseline PDQ-D subscale and total scores and baseline scores
from other survey measures in the US and UK study populations with MDD

Scale Measure Pearson correlation at baseline
PDQ-D Attention Retrospective | Prospective Planning
Total score memory memory
US MDD sample
PHQ-9 Total score 0.54 0.51 0.45 0.44 0.48
MOS COG-R Total score -0.78 -0.72 —0.69 —-0.70 -0.71
SDS Total score 0.32 0.28 0.22 0.33 0.35
WPAI:SHP Absenteeism 0.06 0.04 0.00 0.04 0.08
Presenteeism 0.34 0.27 0.22 0.33 0.37
Overall work impairment 0.33 0.26 0.21 0.31 0.35
Activity impairment 0.32 0.28 0.23 0.32 0.34
LEAPS Total score 0.38 0.35 0.30 0.33 0.38
Productivity 0.37 0.33 0.29 0.33 0.35
PGI-Severity Score 0.31 0.28 0.20 0.26 0.37
UK MDD sample
PHQ-9 Total score 0.62 0.55 0.51 0.52 0.60
MOS COG-R Total score —-0.80 -0.76 —-0.69 -0.71 —0.74
SDS Total score 0.53 0.47 0.43 0.47 0.55
WPAI:SHP Absenteeism 0.05 —0.01 0.10 0.07 0.03
Presenteeism 0.47 0.46 0.46 0.46 0.36
Overall work impairment 0.41 0.38 0.42 0.41 0.32
Activity impairment 0.53 0.47 0.44 0.43 0.59
LEAPS Total score 0.51 0.48 0.40 0.49 0.48
Productivity 0.52 0.46 0.41 0.49 0.49
PGI-Severity Score 0.43 0.39 0.34 0.30 0.48

Abbreviations: LEAPS, modified Lam Employment Absence and Productivity Scale; MDD, major depressive disorder; MOS COG-R, Medical Outcomes Study Cognitive
Functioning Scale-Revised-acute form; PDQ-D, Perceived Deficits Questionnaire-Depression; PGl-Severity, Patient Global Impression of Severity scale; PHQ-9, Patient
Health Questionnaire-9; SDS, Sheehan Disability Scale; WPAI:SHP, Work Productivity and Activity Impairment Questionnaire: Specific-Health Problem.
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the Pearson correlation coefficient was —0.78 for PDQ-D
total score and ranged from —0.69 to —0.72 for PDQ-D sub-
scales; in the UK sample, the Pearson correlation coefficient
was —0.80 for PDQ-D total score and ranged from —0.69
to —0.76 for PDQ-D subscales. Correlations between the
PHQ-9 and the PDQ-D were generally moderate to large,
with correlations for the PDQ-D total score approaching
0.60, and correlations for the PDQ-D subscales ranging
from 0.44 to 0.60. Correlations with measures of depression
severity (PGI-Severity), functioning and productivity (SDS,
WPAI:SHP, and LEAPS) were generally small to moderate
in the US sample (range 0.20-0.38) and moderate to large
in the UK sample (range 0.30-0.59).

Known-groups validity

For both US and UK study populations, statistically sig-
nificant mean differences (all P<<0.001) were observed for
all PDQ-D subscale scores and the total score between the
MDD samples and their corresponding general population
samples (Figure 3). For both countries, mean PDQ-D total
and subscale scores for respondents in the MDD group were
at least twice as high (worse) than those in the general popula-
tion, as indicated by effect-size estimates exceeding 1.0 for
all scores (US sample, =1.28; UK sample, =1.13 [Table 5]),
suggesting a large effect of MDD on each PDQ-D score.

Responsiveness to change

For the US sample, differences in mean changes from
baseline in PDQ-D total scores and scores for all PDQ-D
subscales were statistically significant as a function of
their classification based on whether a respondent showed
worsening, improvement, or no change from baseline in the
severity of their depression based on the PHQ-9 minimal
important change (all P<<0.01) (Table 6). Further, post hoc
pairwise comparisons between the three categories (wors-
ened, no change, and improved) showed that respondents
with meaningful improvements in depression severity from
baseline to follow-up had statistically significantly greater
improvements in all PDQ-D scores than respondents who
experienced worsening or no change in PHQ-9 scores
(all Bonferroni-adjusted P<<0.05 for differences), with no
statistical differences between the latter two groups for any
PDQ-D scores.

In the UK sample, changes in mean scores for three of the
PDQ-D subscales, although not for the Prospective-memory
subscale or the PDQ-D total score, differed statistically
significantly as a function of whether a respondent showed
worsening, improvement, or no change in the severity of their

depression (P<<0.05 for differences). For the three subscales
with statistically significant omnibus differences, post hoc
pairwise comparisons of change status showed that respon-
dents with a meaningful improvement in depression severity
from baseline to follow-up showed statistically significantly
greater improvements than respondents with worsening of
PHQ-9 scores during this period (all Bonferroni-adjusted
P<0.05 for differences); however, scores for respondents
with no change in depression severity did not differ signifi-
cantly from those of respondents in either of the other two
groups (Table 6).

Factor analysis

Fit indices for the one-factor model were poor, with both
the CFI (0.878) and RMSEA (0.113) failing to meet the
conventional thresholds established for these parameters.
The subsequent CFA of the four-factor model, with the
addition of some post hoc modifications (items 1 and 2
were allowed to correlate with item 3; item 10 was allowed
to correlate with item 18, and item 12 was regressed on the
depression group [ie, MDD or general population]), provided
a better fit, with the RMSEA at the conventional threshold
for adequate fit (0.080); however, the CFI was just below
the relevant threshold (0.938). The majority of items loaded
most strongly on their hypothesized factor (the item’s parent
subscale): the only exceptions were for item 13 (an attention/
concentration item that loaded most strongly with planning/
organization items) and item 16 (a planning/organization
item that loaded most strongly with attention/concentration
items). For this model, the association among factors was
strong, with all inter-factor correlations being >0.85 and
the majority close to 0.95, indicating that these factors were
capturing either a single construct or at least very closely
related constructs. Given the suboptimal fit of these models
and the apparent relatedness of the four factors, the two-factor
model was tested, while applying the same modifications as
in the four-factor model. This two-factor model showed the
best fit, with both RMSEA (0.073) and CFI (0.95) meeting
or exceeding the conventional threshold values. The high
loadings on the global factor relative to those on the spe-
cific subfactors strongly support scoring of the global scale.
These factor analyses suggest that the global scale will have
higher reliability and greater overall statistical power than
the subscales in most analyses.

Discussion
This report describes results from a psychometric validation
of the PDQ-D using an online survey of respondents with
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Figure 3 Known-groups validity: mean baseline PDQ-D subscale and total scores for the MDD and general populations: (A) US sample; (B) UK sample. *P<<0.001 vs general

population sample.

Abbreviations: MDD, major depressive disorder; PDQ-D, Perceived Deficits Questionnaire-Depression.

and without MDD (defined as having received a diagnosis
of depression by a physician and a PHQ-9 score =10) in
the US and UK. The study was conducted in the US and the
UK to allow elements of psychometric validation for the
original English version of the PDQ-D to be assessed, and
then tested in a US and EU setting. To our knowledge,
this is one of only a small number of studies to validate a
patient-reported instrument for the assessment of cognitive

dysfunction in patients with depression. In recent years, both
the Massachusetts General Hospital Cognitive and Physical
Functioning Questionnaire and the British Columbia Cogni-
tive Complaints Inventory have been validated in patients
with depression, although not as extensively as the PDQ-D
in the current study.**4!

The PDQ-D was adapted from the PDQ, a patient-
reported outcome measure of cognitive function that was
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Table 5 Mean comparison across MDD and general populations for testing known-groups validity of baseline PDQ-D total and

subscale scores

MDD samples General population sample Mean d?
N Estimated | SEM N Estimated | SEM difference
mean mean

US sample
Total score 186 37.6 1.22 198 1.5 I.19 26.1 1.56
Attention/concentration 198 10.5 0.34 203 34 0.33 7.1 1.50
Retrospective memory 199 9.0 0.34 205 2.7 0.33 6.3 1.33
Prospective memory 199 7.5 0.28 207 2.5 0.27 5.0 1.28
Planning/organization 198 10.4 0.32 205 2.7 0.32 7.7 1.69
UK sample
Total score 191 41.9 1.28 199 17.1 1.25 247 1.40
Attention/concentration 208 1.7 0.33 209 4.9 0.32 6.8 1.44
Retrospective memory 204 10.0 0.35 216 39 0.34 6.1 1.23
Prospective memory 209 8.7 0.30 218 38 0.29 4.9 .13
Planning/organization 202 1.3 0.34 213 42 0.33 7.0 1.48

Note: *Cohen’s d effect size for differences among estimated means calculated from the ANCOVA model.
Abbreviations: ANCOVA, analysis of covariance; MDD, major depressive disorder; PDQ-D, Perceived Deficits Questionnaire-Depression; SEM, standard error of the

mean.

originally developed for use in patients with MS. The PDQ
was selected and adapted for use in MDD based on feedback
and input from patients with MDD (n=50) participating in
focus groups and cognitive debriefing interviews.? Simi-
lar to the PDQ, the PDQ-D comprises 20 items, but has a
shorter recall period of 7 days (vs 4 weeks for the PDQ)
and incorporates expanded response-category descriptions.
Based on the results for the US and UK MDD popula-
tions, the current study findings indicate that the PDQ-D

is a reliable and valid measure of cognitive dysfunction in
patients with MDD.

In the present study, analysis of PDQ-D items in the MDD
samples showed homogenous variance and no meaningful
floor or ceiling effects for PDQ-D subscales or the total score
of the PDQ-D for individual items.

High internal consistency reliability was established for
the PDQ-D total scale and good internal consistency was
found for the four proposed individual subscales (attention,

Table 6 Responsiveness to change: Comparison of mean changes from baseline in PDQ-D subscale and total scores for respondents

with MDD as a function of their classification based on worsening, no change, or improvement from baseline to follow-up in

PHQ-9 score
Measure Worsened® No change® Improved® P-value®

n Estimated SEM n Estimated SEM | n Estimated SEM

mean mean mean

US MDD sample
Total score 15 1.6* 3.19 83 —2.7% 1.35 |49 —-10.5% 1.76 0.0004
Attention/concentration | 16 0.6* 0.96 87 -0.8* 0.41 55 -2.5% 0.51 0.0049
Retrospective memory | 17 0.4* 0.95 88 —0.7* 042 |56 -2.6% 0.52 0.0039
Prospective memory 17 0.5% 0.75 87 —0.3* 0.33 56 —-1.8% 0.41 0.0045
Planning/organization 16 0.4* 0.95 86 —1.1* 0.41 56 -3.4% 0.50 0.0001
UK MDD sample
Total score 19 -1.4 3.52 85 5.4 1.67 |22 -12.0 3.28 0.0798
Attention/concentration | 22 0.6* 0.91 99 — | 4%# 0.43 24 -3.17 0.87 0.0148
Retrospective memory | 23 0.3* 0.96 94 —|.5%# 047 |23 =3.1% 0.96 0.0499
Prospective memory 23 -0.7 0.85 97 -1 0.41 24 -2.2 0.83 0.3823
Planning/organization 22 0.3% 0.94 94 —1.7%# 0.45 23 -3.7* 0.92 0.0111

Notes: *#Estimated means within a row with different superscripts (* or *) are significantly different (P<<0.05) based on post hoc paired comparison using Bonferroni’s
correction for multiple comparisons. *‘Improved” respondents’ baseline PHQ-9 score exceeded follow-up score by =5 points; “No change” respondents’ PHQ-9 scores at
baseline and follow-up were within 5 points of each other (in either direction); “Worsened” respondents’ follow-up PHQ-9 score exceeded baseline score by =5 points.

®Difference in estimated mean PDQ-D scores across PHQ-9 categories.

Abbreviations: MDD, major depressive disorder; PDQ-D, Perceived Deficits Questionnaire-Depression; PHQ-9, Patient Health Questionnaire-9; SEM, standard error of

the mean.
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retrospective memory, prospective memory, and planning).
Notably, the vast majority of PDQ-D items contributed
positively to the internal consistency reliability of the
PDQ-D subscales, and no items had a meaningful negative
impact on the internal consistency reliability of the PDQ-D
subscales.

The PDQ-D demonstrated good convergent validity, as
indicated by strong concordance with an existing, validated
measure of cognitive dysfunction (MOS COG-R) and
generally moderate to small correlations with measures of
constructs known to be associated with cognitive difficul-
ties (PHQ-9, SDS, WPAIL:SHP, LEAPS, and PGI-Severity);
the strong correlation with the MOS COG-R and smaller
correlations with other measures confirm that cognitive
dysfunction is a concept different from that captured by these
latter instruments. This observation was expected, given
that both instruments were developed to measure the same
underlying construct, namely cognitive dysfunction. The
PDQ-D and MOS COG-R each have their own advantages
and disadvantages. Specifically, the inclusion of a greater
number of items in the PDQ-D (20 vs 6 items for MOS
COG-R) affords the PDQ-D greater precision.”® Also, the
facility to determine PDQ-D subscale scores (not possible
with the MOS COG-R), in addition to a total score, allows
assessment of impairments specific to particular aspects
of cognitive functioning. In contrast, the MOS COG-R is
normative based, and the inclusion of fewer items means
that it is associated with less patient burden connected with
completing the assessment.?

In terms of discriminant validity, the PDQ-D performed
well. Large differences in scores were observed between
the MDD samples and the general population samples, with
the MDD groups scoring approximately 2—3 times higher
(ie, worse) than the general population groups.

The PDQ-D also demonstrated responsiveness to changes
in depression severity in respondents with MDD who showed
a clinically significant decrease in their PHQ-9 score over a
6-week period. The PHQ-9 scale was selected for the respon-
siveness analysis as it is one of very few patient-reported
outcome measures frequently used to assess depression
severity. By using the PHQ-9 as the responsiveness criterion
we were able to show a correlation between improvement in
depression and reduction in cognitive dysfunction.

Validation of the PDQ-D independently in both US
and UK populations provides further support for the scale.
It should be noted that the US and UK samples (MDD
and general population) differed in terms of demographic
characteristics, specifically age and sex, with respondents

in the US MDD sample being significantly older than
those in the UK MDD sample and the US general popula-
tion containing a significantly lower proportion of female
respondents than the UK sample. These differences in age
and sex distribution between the US and UK populations,
although not large in practical terms, were unexpected and
further examination of the study populations should be con-
sidered to determine whether the differences are a function
of differential recruiting/sampling techniques or whether
they reflect true differences. Health outcomes (PHQ-9 and
PGI-Severity) were similar in the US and UK MDD samples,
indicating similar levels of depression severity and perception
of overall health; however, the US MDD sample reported
less cognitive dysfunction and less impairment in work and
activities compared with the UK sample. This difference
was possibly attributable to a reporting bias as it is unlikely
that depression would have a differential impact on these
outcomes as a function of country; however, differences
related to cultural aspects or health care system specificities
cannot be excluded. Assuming that the relation between
depression and objective cognitive dysfunction (eg, perfor-
mance measured as part of a cognitive test battery) would
be similar, there appears to be a tendency for the US MDD
population to underestimate cognitive dysfunction, the UK
MDD population to overestimate cognitive dysfunction, or
a combination of both. This bias may not be limited to an
MDD population and supports our approach of conducting
separate analyses for each country.

CFA supported the scoring of a global overall scale
for cognitive dysfunction rather than the four subscales of
cognitive functioning. Although further study of the factor
structure is needed, the results support greater confidence in
the total score being predictive of overall cognitive dysfunc-
tion in MDD than in the subscale scores being predictive of
specific aspects of cognitive dysfunction. In addition, our
findings support the National Multiple Sclerosis recommen-
dation that ‘caution should be exercised when interpreting
PDQ subscale scores’.!®

Limitations

This psychometric validation study has some limitations.
First, a diagnostic interview was not conducted to confirm
the diagnosis of MDD in respondents. Inclusion in the
MDD sample was based on respondent self-report of a
depression diagnosis by a physician and current symptoms
meeting the PHQ-9 threshold. The PHQ-9 criterion used
(score =10), however, has been shown in previous studies
to have both sensitivity and specificity of 88% for the DSM
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(fourth edition)** diagnosis of MDD (positive predictive value
of 31% and 51% for PHQ-9 cutoff of 9 and 15, respectively),*!
making it a reasonable proxy for an MDD diagnosis. A second
limitation of the study is that the analyses took a very con-
servative approach to imputation of missing item scores for
the PDQ-D, resulting in missing scale scores for a number
of respondents, particularly for the total scale. However, the
frequency of missing values was very low, indicative of good
acceptability, with less than 2.4% of missing values per item
and around 10% of missing total scores. For future studies,
imputation approaches could be considered to reduce the
number of missing scale scores, and the current analyses
repeated to determine whether the same conclusions could be
made. Finally, it is important to note that as an assessment tool
for “perceived” cognitive dysfunction, the PDQ-D measures
different outcomes to objective neuropsychological testing.
Consistent with this, Lovera et al** reported a lack of correla-
tion between the PDQ and objective cognitive tests in patients
with MS. Further research is required on the assessment of
perceived cognitive dysfunction in routine clinical practice.
Regarding the need for cultural adaptation for worldwide use,
a Korean and a Chinese version of the PDQ-D, incorporating
only minor differences compared with English version, have
been developed and recently validated.*#°

Conclusion

Our study findings have shown that the PDQ-D has a good
structure, internal consistency, convergent validity, discrimi-
nant validity, and responsiveness, and provides a reliable and
valid measure of subjective cognitive dysfunction in patients
with MDD. Neuropsychological tests can provide detailed
assessment of cognitive performance but are not feasible for
routine clinical use.* Patient-reported outcome measures can
supplement the information from objective tests, and we believe
that the PDQ-D will provide a practical tool for the assessment
of cognitive dysfunction in adults with MDD in routine clinical
practice to ensure that cognitive symptoms improve and remit
with treatment alongside other depressive symptoms. Further
research will be required to investigate the relationship between
a comprehensive patient-reported outcome measure, such as the
PDQ-D, and objective neuropsychological test performance.
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Supplementary materials
Psychometric validation of the Perceived
Deficits Questionnaire-Depression
(PDQ-D) instrument in US and UK
respondents with major depressive

disorder

Background information on methods
Respondents/sample

The US and UK samples were provided by KnowledgePanel®
(GfK Custom Research, LLC, USA) and MrOps (London,
UK), respectively. KnowledgePanel® has been in continuous
use in the US since 1998 and comprises more than 50,000
adult members recruited using a combination of random-
digit-dial telephone and address-based sampling selected
from the US Postal Service Computerized Delivery Sequence
File. Profile information, with questions on health topics
including depression, is collected and updated on an annual
basis. MrOps is a specialist company with access to over 40
screened and validated sample sources worldwide, many of
which are online panels.

Ethics approval

Data were collected by survey companies through their

existing approved market-research panels, following their

own procedures. When subjects are enrolled in such panels,
they provide the panel owners with written informed consent,
and agree to be contacted for participation in online surveys.

For this survey, we ensured that the participants signed an

additional informed consent form to participate.

In the US, this type of survey is exempt from Institutional
Review Board approval according to guidelines from the
US Office for Human Research Protections which stipulate
that research involving the use of educational tests (cogni-
tive, diagnostic, aptitude, achievement), survey procedures,
interview procedures or observation of public behavior, are
exempt unless:

1. Information obtained is recorded in such a manner that
human subjects can be identified, directly or through
identifiers linked to the subjects; and

2. Any disclosure of the human subjects’ responses outside
the research could reasonably place the subjects at risk of
criminal or civil liability or be damaging to the subjects’
financial standing, employability, or reputation.

For the UK, this survey does not fit any of the categories

needing approval by a National Health Service Research

Ethics Committee (NHR REC) (see http://www.hra.nhs.uk/
resources/before-you-apply/is-nhs-rec-review-required/).

Criterion measures

The Patient Health Questionnaire-9 (PHQ-9) is a 9-item mea-
sure that assesses the frequency of experiencing symptoms
of major depressive episode, as defined in the Diagnostic and
Statistical Manual of Mental Disorders Fourth Edition, during
the previous 2-week period plus one added item assessing
the level of disturbance of these symptoms.! The Medical
Outcomes Study Cognitive Functioning Scale-Revised-acute
form (MOS COG-R) is a 6-item instrument that measures
the frequency of problems in a range of day-to-day cogni-
tive functions, such as memory, attention, and reasoning, in
the previous 1-week period.>* The Patient Global Impres-
sion of Severity scale (PGI-Severity) consists of a single
item to assess the severity of the respondent’s depression
at the time of assessment.* The 6-item Work Productivity
and Activity Impairment Questionnaire: Specific-Health
Problem (WPAI:SHP) measures the impact of any specific
health problem (in this case, depression) on respondents’
work productivity (including the duration of work time
missed due to depression, as well as decreases in productivity
when working while experiencing depression) and non-work
related activities (eg, childcare) over the past 7 days.’ The
modified Lam Employment Absence and Productivity Scale
(LEAPS) is a 10-item questionnaire to assess occupational
functioning and impairment over the previous 2-week
period.® The 5-item Sheehan Disability Scale (SDS) mea-
sures the degree to which mental disorder symptoms have
disrupted a respondent’s work/school, social, and family life
in the preceding week.”®
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