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Background: Major depressive disorder (MDD) is associated with staggering personal and economic
costs, a major proportion of which stem from impaired psychosocial and occupational functioning. Few
studies have examined the impact of depression-related cognitive dysfunction on work functioning. We
examined the association between neurocognitive and work functioning in employed patients with
MDD.
Methods: Employed adult outpatients (n¼36) with MDD of at least moderate severity (Z 23 on the
Montgomery Asberg Depression Rating Scale, MADRS) and subjective cognitive complaints completed
neurocognitive tests (CNS Vital Signs computerized battery) and validated self-reports of their work
functioning (LEAPS, HPQ) before and after 8 weeks of open-label treatment with ﬂexibly-dosed desvenlafaxine 50–100 mg/day. Relationships between neurocognitive tests and functional measures were
examined using bivariate correlational and multiple regression analyses, as appropriate. An ANCOVA
model examined whether signiﬁcant change in neurocognitive performance, deﬁned as improvement of
Z1 SD in the Neurocognition Index (NCI) from baseline to post-treatment, was associated with improved
outcomes.
Results: Patients showed signiﬁcant improvements in depressive symptom, neurocognitive, and work
functioning measures following treatment with desvenlafaxine (e.g., MADRS response¼77% and MADRS
remission¼ 49%). There were no signiﬁcant correlations between changes in NCI or cognitive domain
subscales and changes in MADRS, LEAPS, or HPQ scores. However, patients demonstrating signiﬁcant
improvement in NCI scores (n¼11, 29%) had signiﬁcantly greater improvement in clinical and work
functioning outcomes compared to those without NCI improvement.
Limitations: The limitations of this study include small sample size, lack of a placebo control group, and
lack of a healthy comparison group. Our sample also had more years of education and higher premorbid
intelligence than the general population.
Conclusions: There were no signiﬁcant correlations between changes in neurocognitive and work
functioning measures in this study. However, meaningful improvement in neurocognitive functioning
with desvenlafaxine was associated with greater improvement in both mood and occupational outcomes.
This suggests that addressing cognitive dysfunction may improve clinical and occupational outcomes in
employed patients with MDD. However, the relationship between neurocognitive and work functioning
in MDD is complex and requires further study.
& 2016 Published by Elsevier B.V.
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1. Introduction
Major Depressive Disorder (MDD) is currently one of the most
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common medical conditions worldwide (World Health Organization, 2008). People with MDD experience great personal distress,
as well as signiﬁcant impairments in their daily and occupational
functioning (Kessler et al., 2006). With onset characteristically in
late adolescence and early adulthood, MDD also disproportionately affects young and middle-aged adults in the prime
of their working years, and is a leading cause of long-term
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disability and unemployment in this age group (World Health
Organization, 2008; Ferrari et al., 2013).
Despite this large burden of disability, many people with MDD
maintain gainful employment, though they may experience underemployment (Dooley et al., 2000), miss more hours and days of
work (absenteeism) (Alonso et al., 2004), and have difﬁculty performing to their usual ability (also known as “presenteeism”)
(Gilmour and Patten, 2007), as compared to their non-depressed
peers (Adler et al., 2006; Valenstein et al., 2001). Depression-related presenteeism in the United States contributes to an estimated 200 million lost workdays annually, costing employers
between $17 and $44 billion (Stewart et al., 2003). Moreover,
impairment in work functioning is a primary concern for patients
with MDD; in fact, patients rate functional recovery as a more
important treatment outcome than remission of depressive
symptoms (Zimmerman et al., 2006).
Cognition is likely a major determinant of work functioning. It
is now well recognized that MDD is associated with signiﬁcant
cognitive dysfunction, which in turn can impact functional impairment (Greer and Hatt, 2016; Lam et al., 2014, 2015). A large
body of research conﬁrms that patients with MDD perform worse
on neuropsychological tests compared to healthy comparison
subjects, including information processing speed (Tsourtos et al.,
2002), sustained and selective attention (Landrø et al., 2001;
Porter et al., 2003), different aspects of learning and memory
(Porter et al., 2003; Preiss et al., 2009), and executive function
(Gohier et al., 2009; Henry and Crawford, 2005). However, there
has been limited study of the relationships between cognitive and
psychosocial functioning in MDD. A systematic review identiﬁed
some studies showing signiﬁcant correlations between neuropsychological tests and functional outcomes, but others did not
ﬁnd signiﬁcant associations (Evans et al., 2014).
Problems in cognitive domains, including attention, memory,
psychomotor speed, and executive functioning, would be expected
to have a signiﬁcant impact on work functioning (Greer and Hatt,
2016; Lam et al., 2015; McIntyre et al., 2015), but systematic reviews have found that the relationships between cognitive dysfunction and work functioning have not been well-studied (Evans
et al., 2013). In particular, there are few studies of the effects of
antidepressants on neurocognition (McIntyre et al., 2015) and no
studies examining the relationship with functional outcomes, such
as work functioning.
Desvenlafaxine is a serotonin and noradrenaline reuptake inhibitor (SNRI) that has established efﬁcacy in the treatment of
MDD (Liebowitz et al., 2008). Desvenlafaxine also has shown efﬁcacy in improving symptom and functional outcomes in employed patients with MDD (Dunlop et al., 2011; Soares et al., 2009).
We aimed to examine the relationship of neurocognitive dysfunction on work functioning in patients with MDD before and
after treatment with ﬂexibly-dosed desvenlafaxine 50–100 mg/
day.

2. Methods
2.1. Participants
Participants were outpatients recruited through the Mood
Disorders Center, a specialized psychiatric clinic in Vancouver,
Canada. Inclusion criteria for the study were: (1) age 19–55 years,
(2) Diagnostic and Statistical Manual of Mental Disorders-Fourth
Edition-Text Revision (DSM-IV-TR) major depressive episode,
(3) current paid employment with a minimum of 15 work hours
per week, (4) score Z23 on the Montgomery-Asberg Depression
Rating Scale (MADRS) (Montgomery and Asberg, 1979), indicating
at least moderate severity, and (5) score Z 6 on the British

Columbia Cognitive Complaints Inventory (BC-CCI) (Iverson and
Lam, 2013), indicating the presence of subjective cognitive complaints. Exclusion criteria included lifetime diagnosis of bipolar
disorder or other signiﬁcant primary psychiatric diagnoses, active
alcohol or substance abuse or dependence in the past year, history
of signiﬁcant head trauma, unstable medical comorbidity, treatment-resistant depression (deﬁned as 2 or more failed adequate
trials of medication treatment in the current episode), previous
lifetime use of desvenlafaxine or electroconvulsive therapy, and
use of other concurrent treatments for depression.
2.2. Procedures
Participant recruitment began March 2012 and concluded December 2014. Patients were assessed by a board-certiﬁed psychiatrist, which included the Mini International Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998), to conﬁrm the diagnosis.
After providing written informed consent, eligible patients attended a baseline visit to complete symptom assessments and
self-report scales of work functioning as well as a computerized
battery of neurocognitive tests. These assessments were then repeated after 8 weeks of standard treatment with ﬂexibly-dosed
desvenlafaxine, 50–100 mg/day. Participants received standard
care and were followed in the clinic every 2 weeks or as necessary
to monitor adverse effects and to adjust dosing. The University of
British Columbia Clinical Research Ethics Board approved all study
activities, which were conducted in accordance with the International Conference on Harmonization's standards for Good Clinical
Practice.
2.3. Measures
2.3.1. Clinical assessments
Symptom severity and change were evaluated using the clinician-rated MADRS and the Clinical Global Impression Severity
(CGI-S) and Improvement (CGI-I) scales (Guy, 1976). Response was
deﬁned as Z50% reduction in MADRS score from baseline to posttreatment, while remission was deﬁned as a MADRS score r 10 at
post-treatment. Participants also completed the Quick Inventory of
Depressive Symptomatology, Self-Rated (QIDS-SR, Rush et al.,
2003).
Work functioning was assessed with The Lam Employment
Absence and Productivity Scale (LEAPS) (Lam et al., 2009) and the
World Health Organization Health and Work Performance Questionnaire (HPQ) (Kessler et al., 2003). The LEAPS is a validated selfreport questionnaire developed to assess work functioning and
productivity in patients with MDD and has demonstrated sensitivity to change in clinical trials (Lam et al., 2014). The 7 items are
rated on a 5-point scale of frequency (0 ¼ none of the time, 0%, to
4¼ all of the time, 100%) and LEAPS total scores range from 0 (no
impairment) to 28 (extreme impairment). The HPQ is a comprehensive self-rated questionnaire that assesses illness-related work
absence and productivity loss. It is one of the few self-rated work
functioning scales that is validated against objective measures of
work performance in a number of occupations (Kessler et al.,
2004; Wang et al., 2007) The HPQ Overall Work Performance item
is rated 0–10, with higher scores indicating better work
performance.
Global functioning was also assessed with the Sheehan Disability Scale (SDS) (Leon et al., 1997), a 3-item self-report scale
querying overall impairment in work, social, and family domains.
The SDS total score ranges from 0 (no impairment) to 30 (extreme
impairment).
2.3.2. Neurocognitive assessments
Neurocognitive functioning was

evaluated
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Nervous System Vital Signs (CNS VS) (Gualtieri and Johnson,
2006). This computerized battery contains 7 neuropsychological
tests, including tests of immediate and delayed verbal and visual
memory, Finger Tapping Test, Symbol-Digit Coding Test, Stroop
Task, Shifting Attention Test, and a Continuous Performance Test.
These tests contribute to 7 cognitive domain scores used in this
study: Composite Memory, Psychomotor Speed, Reaction Time,
Complex Attention, Cognitive Flexibility, Processing Speed, and
Executive Function. A measure of global cognition, the Neurocognition Index (NCI), is calculated as an average of the Composite
Memory, Psychomotor Speed, Reaction Time, Cognitive Flexibility,
and Complex Attention domain scores. Raw scores are automatically transformed into standard and percentile scores based
on an age- and gender-matched normative sample, in which domain scores have a mean of 100 and standard deviation of 15. The
NCI and domain scores have been shown to identify neurocognitive impairment in patients with depression (Iverson et al., 2009a)
and bipolar disorder (Iverson et al., 2009b).
Patients’ subjective cognitive functioning was assessed using
the British Columbia Cognitive Complaints Inventory (BC-CCI), a
validated 6-item self-report scale measuring perceived difﬁculties
with concentration, memory, trouble expressing thoughts, word
ﬁnding, slow thinking, and problem solving (Iverson and Lam,
2013).
Intelligence has been shown to account for a signiﬁcant proportion of the variability on measures of cognitive functioning
(Schretlen et al., 2008). The Advanced Clinical Solutions Test of
Premorbid Functioning (ACS-TOPF) (Pearson, 2009) was used to
estimate the full-scale intelligence quotient (FSIQ) of participants
(using the reading score combined with simple demographics).
2.4. Statistical analyses
Changes in outcome scores from baseline to post-treatment
were analyzed using two-tailed, paired-samples t-tests. Effect sizes were calculated using Cohen's d (Cohen, 1988). The relationships between neurocognitive tests and functional measures were
initially examined using bivariate correlational analyses, with
subsequent multiple regression analyses as appropriate. We used
an ANCOVA model including covariates of age, sex, FSIQ and depression improvement (CGI-I scores) to examine whether signiﬁcant change in neurocognitive performance, deﬁned as improvement of Z1 SD in NCI from baseline to post-treatment, was
associated with work functioning outcomes. The ANCOVA model
did not violate Levene's test of equality of error variances. We
chose the deﬁnition of Z1 SD in NCI because it represents cognitive improvement that likely exceeds any practice effects. All
analyses were conducted with SPSS v.12 (SPSS Inc., 2003).

3. Results

57

Table 1
Demographic and clinical characteristics of patients at baseline, n¼ 40.
Women:Men, %
Age (SD), years
Single Episode:Recurrent, %
Patients with comorbidities, %
Estimated FSIQ, mean (SD)
Education level, mean (SD) years
Hours scheduled to work in the past 2 weeks, mean (SD)

55:45
39.0 (10.8)
22:78
58
109.1 (6.7)
15.7 (2.1)
66.1 (22.1)

SD, standard deviation; FSIQ, full scale intelligence quotient.

Anxiety Disorder (n ¼4).
3.2. Clinical and functional assessments at baseline and posttreatment
Table 2 shows the clinical and functional assessments at
baseline and post-treatment. At baseline, patients had moderate
severity of depression and moderate impairments in work functioning. A total of 36 patients completed the 8-weeks of treatment
with a mean (SD) desvenlafaxine dose of 74.3 (24.6) mg (50 mg: 18
patients; 100 mg: 17 patients; 50 mg alternating with 100 mg:
1 patient). Three patients (7.5%) discontinued treatment because of
adverse events (insomnia; nausea; nausea, diarrhea, and headache) and one (2.5%) was lost to follow up.
At the post-treatment evaluation, all the depressive symptom
and functional outcomes had signiﬁcantly improved. There were
large and clinically signiﬁcant improvements in symptom ratings
(d's¼ 1.81–2.99) and work functioning (d's ¼0.89–1.35). Clinical
response and remission rates were high, with 28 (78%) patients
achieving MADRS-deﬁned response and 17 (47%) achieving
remission.
3.3. Neurocognitive assessments at baseline and post-treatment
Table 2 shows the neurocognitive performance at baseline and
post-treatment. At baseline, patients had scores signiﬁcantly below age- and sex-matched normative scores on the NCI (singlesample t-test, two tailed, t(36) ¼  2.4, p ¼0.02) and the Complex
Attention domain (t(34) ¼  2.7, p ¼0.01). There was also a nonsigniﬁcant trend towards lower scores on Cognitive Flexibility (t
(36) ¼  1.9, p ¼0.057).
At post-treatment, there was signiﬁcant improvement in the
NCI (paired-samples t-test, t(36) ¼3.2, p ¼0.003, d ¼0.43) and
signiﬁcant improvement in all the cognitive domains with medium effect sizes, except Composite Memory (t(34) ¼  0.7, ns) and
Reaction Time (t(35) ¼ 1.8, ns). Most patients showed improvement
in NCI, but 2 patients (5.4%) showed worsening of NCI Z1 SD.
Before treatment, all patients had some degree of perceived
cognitive impairment, as measured by the BC-CCI. There was a
signiﬁcant improvement in perceived cognitive functioning following treatment (t(35)¼6.03, po 0.001, d¼ 1.09).

3.1. Demographics and clinical characteristics
Of 55 individuals who were screened and eligible for the study,
40 enrolled and completed baseline assessment. Table 1 shows
demographic and clinical characteristics of the sample. The mean
estimated FSIQ score was signiﬁcantly higher than the general
population mean of 100 (single sample t-test, two-tailed, t(35)¼
8.14, p o0.001). There were no signiﬁcant differences between
men and women on any of the demographic or clinical variables.
Most patients (n ¼32, 78%) had experienced previous depressive episodes while fewer (n ¼8, 22%) were experiencing their ﬁrst
episode. The most frequent psychiatric comorbidities secondary to
the diagnosis of MDD were Dysthymia/Persistent Depressive Disorder (n ¼9), Generalized Anxiety Disorder (n ¼7), and Social

3.4. Relationships between functional and neurocognitive
assessments
There were no signiﬁcant correlations between the work
functioning scales (LEAPS total score and HPQ-Overall) and the
NCI, or the individual cognitive domains, either at baseline or at
post-treatment. There also were no signiﬁcant correlations in the
change scores from baseline to post-treatment between the work
functioning scales and the NCI or cognitive domains. There were
signiﬁcant correlations between the change in SDS total score and
changes in the NCI (r ¼  0.36, p ¼0.029), Cognitive Flexibility domain (r ¼  0.35, p¼ 0.036), and Complex Attention domain
(r ¼  0.40, p ¼0.021). However, in the multiple regression model,
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Table 2
Assessments at baseline and post-treatment.
Baseline (n¼ 40)
Clinical assessments mean score (SD)
MADRS
28.5 (4.0)
QIDS-SR
16.2 (3.6)
CGI severity
4.3 (0.6)
LEAPS total
15.7 (5.4)
HPQ-overall
5.5 (1.9)
SDS total
21.1 (5.0)
Neurocognitive assessments mean standard score (SD)
Neurocognition index
95.6 (11.2)
Composite memory
98.7 (14.8)
Processing speed
98.9 (15.8)
Executive function
96.2 (16.9)
Reaction time
96.9 (15.2)
Psychomotor speed
96.7 (16.5)
Complex attention
91.8 (18.2)
Cognitive ﬂexibility
94.2 (17.5)

Post-treatment (n¼ 36)

10.9
8.4
2.3
7.6
7.1
11.6
100.3
97.1
107.2
104.8
100.6
102.8
100.0
103.5

Paired samples t-test, pre-post treatment

Cohen's d

(8.0)
(5.1)
(1.1)
(6.7)
(1.7)
(8.3)

t(35)¼ 12.4, p o0.001
t(35)¼ 7.8, p o 0.001
t(35)¼ 9.9, po 0.001
t(34)¼ 7.0, p o 0.001
t(34)¼  5.3, po 0.001
t(35)¼ 6.1, po 0.001

2.99
1.81
2.39
1.35
0.89
1.45

(10.8)
(19.0)
(13.3)
(12.6)
(15.8)
(13.6)
(13.5)
(13.2)

t(35)¼ 3.2, p¼ 0.003
t(34)¼  0.7, p ¼0.47
t(35)¼ 4.3, po 0.001
t(35)¼ 3.8, p¼ 0.001
t(35)¼ 1.8, p ¼0.074
t(35)¼ 2.9, p¼ 0.006
t(33)¼ 2.7, p ¼0.011
t(35)¼ 4.0, po 0.001

0.43
0.10
0.57
0.58
0.24
0.40
0.51
0.60

SD, standard deviation; MADRS, Montgomery Åsberg Depression Rating Scale; QIDS-SR, Quick Inventory of Depressive Symptomatology, Self-Rated; LEAPS, Lam Employment
Absence and Productivity Scale; HPQ-Global, Health and Work Performance Questionnaire, Global Work Performance, SDS-Total, Sheehan Disability Scale; BC-CCI, British
Columbia Cognitive Complaints Inventory; ns, not signiﬁcant.
For all self-report and clinician-rated scales, lower scores indicate better outcomes, except the HPQ-Overall, for which higher scores indicate better functioning. For CNS-Vital
Signs, higher scores represent better performance.

these factors were no longer signiﬁcant when age, sex, and FSIQ
were entered as covariates.
Of the 36 participants with valid NCI change data, 11 (31%) had
signiﬁcant improvement in neurocognitive performance, deﬁned
as Z1 SD improvement in NCI from baseline to post-treatment. As
expected, there was a signiﬁcant difference in the NCI change
scores between groups (F(1,31) ¼22.21, p o0.001) (Fig. 1). The NCIimproved group also had signiﬁcantly better outcomes than the
group without NCI improvement (Fig. 1). Speciﬁcally, the NCI-improved group had greater improvement in MADRS scores (F
(1,31) ¼6.20, p ¼0.018, d ¼0.66) and QIDS-SR scores (F(1,31) ¼
11.80, p ¼0.002, d ¼1.10). Even when adjusting for depression improvement using CGI-I scores, the NCI-improved group showed
signiﬁcant improvement in the work functioning measures, LEAPS
total scores (F(1,31) ¼12.46, p¼ 0.001, d ¼1.01) and HPQ-Overall
scores (F(1,31) ¼ 5.22, p ¼0.029, d ¼ 0.65).

4. Discussion
At baseline, this sample of employed outpatients with MDD
had moderate severity of depression and moderate impairment in
global and work functioning. They also had perceived cognitive
impairment and mild impairment in neurocognitive performance,
with signiﬁcantly lower scores for the composite NCI and the

Complex Attention domain compared to age- and sex-matched
normative scores. It should be noted that our patient sample had
more years of education and higher intelligence than the general
population, hence neurocognitive functioning would be expected
to be higher in the patient group than the normative sample, and
it is likely that individual impairment would be greater than indicated by simple comparison to the normative scores. Regardless,
these results are consistent with many studies showing cognitive
impairment in patients with MDD during an acute depressive
episode (Iverson et al., 2011, 2009a; Iverson and Lam, 2013; Landr,
ø et al., 2001; Porter et al., 2003; Rock et al., 2013; Snyder, 2013).
Eight weeks of open-label treatment with desvenlafaxine 50–
100 mg resulted in signiﬁcant improvement in all clinical outcomes, including both clinician-rated (MADRS, CGI-I) and patientrated (QIDS-SR) measures, and all functional outcomes (SDS,
LEAPS, HPQ). Patients also had signiﬁcant improvements in perceived cognitive functioning (BC-CCI) and neurocognitive performance (composite NCI and all cognitive domains except Composite Memory and Reaction Time). These results are consistent with
data from a subset of patients that underwent neuropsychological
testing during a placebo-controlled study of desvenlafaxine in
employed patients with MDD (Reddy et al., 2016). The desvenlafaxine-treated patients (n¼ 52) had signiﬁcant improvement after
12 weeks of treatment in composite measures representing quality
of working memory and speed of working memory, but not in

Fig. 1. Comparing groups stratiﬁed by signiﬁcant improvement on the CNS-Vital Signs Neurocognition Index. Bars represent pre-post treatment change scores. Groups are
stratiﬁed: NCI Improved¼ Z 1 SD improvement in NCI from baseline to post-treatment; NCI Not Improved¼ o 1 SD improvement in NCI from baseline to post-treatment.
NCI, Neurocognition Index; MADRS, Montgomery Åsberg Depression Rating Scale; QIDS-SR, Quick Inventory of Depressive Symptomatology, Self-Rated; LEAPS, Lam Employment Absence and Productivity Scale; HPQ-Overall, Health and Work Performance Questionnaire, Overall Work Performance.
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attention (Reddy et al., 2016). There was also signiﬁcant improvement in measures of executive function including the Trail
Making Test and Stroop Test. However, differences compared to
the placebo-treated group (n ¼29) were found only for ‘quality of
working memory,’ a composite score of numeric and spatial
working memory tasks (Reddy et al., 2016). Of note is that a recently published meta-analysis (which did not include any studies
of desvenlafaxine) found signiﬁcant positive effects of antidepressants on cognitive domains of psychomotor speed and delayed recall, but not on cognitive control or executive function
(Rosenblat et al., 2016).
The main objective of this study was to determine the association between neurocognition and work functioning in working
outpatients with MDD, before and after treatment with desvenlafaxine. We did not ﬁnd any signiﬁcant correlations between
neurocognitive and work functioning measures at baseline or at
post-treatment. Our systematic review (Evans et al., 2013) of studies examining this question found only one previous study in
patients with MDD (Godard et al., 2011). In that study, work
functioning was assessed in 16 depressed patients with MDD with
the work subscale of the Longitudinal Interval Follow-up Evaluation, Range of Impaired Functioning Tool (LIFE-RIFT) (Leon et al.,
1999), and neurocognitive performance was assessed with tests
from the Delis-Kaplan Executive Function System (D-KEFS) (Delis
et al., 2001), CogitEx-II (Laplante and Baruch, 1999) and the Continuous Performance Test-Second Edition (CPT-II) (Conners and
MHS Staff, 2000). Signiﬁcant correlations were found between
LIFT-RIFT work subscale scores and scores on neuropsychological
tests of attention, executive function, and verbal memory. However, it should be noted that the Godard study had fewer patients
than ours (16 versus 40, respectively), and that their sample was
older and had fewer years of education. Other antidepressant
studies have shown improvement in both cognition and work
functioning, such as with vortioxetine (Mahableshwarkar et al.,
2015) and the previously-described study with desvenlafaxine
(Reddy et al., 2016), but did not speciﬁcally examine the relationship between the two.
Although both neurocognitive and work functioning measures
signiﬁcantly improved with desvenlafaxine treatment, there were
no signiﬁcant correlations between their respective change scores
from baseline to post-treatment. While change in the SDS, a
measure of global functioning, was signiﬁcantly correlated with
changes in the composite NCI and the cognitive domains of Cognitive Flexibility and Complex Attention, these associations were
no longer signiﬁcant after adjusting for age, sex, and premorbid
intelligence. Together with the baseline and post-treatment results, these ﬁndings suggest that the effects of neurocognition on
functioning may be more complex than expected. For example, it
is possible that these relationships are nonlinear, or that the impact of neurocognitive impairment on work functioning may be
moderated by the type of work, interpersonal conﬂicts at work,
individual coping styles, psychosocial support, socio-economic
status, and other factors. There may also be complex mediational
relationships between baseline cognitive functioning and drug
response in speciﬁc cognitive domains that impact work functioning outcomes (Woo et al., 2016; Wykes et al., 2012).
Finally, while change scores were not signiﬁcantly correlated,
clear improvement in the NCI was associated with better treatment outcomes. There is currently no consensus on what constitutes a clinically signiﬁcant change in neurocognitive assessments, and different measures are used in studies, such as reliable
change indices and standardized regression models. In this study,
we deﬁned a clinically meaningful change as Z 1 SD in the composite NCI, which can be considered a large effect size. The NCIimproved group (n ¼11, 29%) had signiﬁcantly greater improvement in both clinical and work functioning measures. The
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improvement in work functioning was apparent even when adjusting for depression improvement. This suggests a direct effect of
neurocognitive improvement on work functioning rather than an
indirect effect via mood improvement.
4.1. Limitations
The limitations of this study include a small sample size and a
lack of a placebo control group, so we cannot exclude practice
effects on the cognitive tests. In addition, there was no healthy
comparison group, although we examined age- and sex-matched
normative scores. Our sample was recruited from a single specialist clinic in an urban center, potentially limiting generalizability, and had more years of education and a higher premorbid
intelligence than the average population, potentially obscuring
meaningful individual cognitive and/or work functioning impairments. The sample was also middle-aged and had recurrent depressive episodes; given that neurocognitive dysfunction is apparent even in younger, ﬁrst-episode patients (Lee et al., 2012), it
will be important to investigate treatment-related cognitive and
functional changes in younger people with MDD. Some change in
performance on CNS-Vital Signs is expected due to practice effects.
Practice effects could therefore account for a substantial amount of
the improvement, at least on some of the domain scores. The
cognitive test battery used in our study has been shown to have
adequate test-retest reliability in healthy subjects (Gualtieri and
Johnson, 2006; Cole et al., 2013), but it remains unclear whether
reliability data can be extrapolated to patient samples. The treatment duration of 8 weeks, while sufﬁcient to demonstrate changes
in mood, may not be long enough to demonstrate meaningful
changes in cognitive and occupational functioning with desvenlafaxine. Finally, the functional measures, although commonly
used in depression studies, were all based on patient self-report
and may be subject to bias.

5. Conclusions
Depressed employed patients with MDD who report perceived
cognitive complaints show mild impairment in neurocognitive
performance. Treatment with 8 weeks of ﬂexibly-dosed desvenlafaxine 50–100 mg/day led to signiﬁcant improvement in clinical,
functional, and neurocognitive measures. There were no signiﬁcant correlations between measures of neurocognitive and
work functioning at baseline, at post-treatment, or in change
during treatment. Clinically signiﬁcant improvement in neurocognitive performance, however, was associated with better
treatment outcomes, which illustrates the importance of addressing cognitive dysfunction in the treatment of working patients
with MDD. However, the relationship of neurocognitive impairment to work functioning in depression is complex and requires
further study.

Acknowledgments

Role of the funding source: This study was funded by an investigator-initiated Grant from Pﬁzer Canada. The sponsor had no
role in the design, conduct, analysis or publication of the study.
CTRN: NCT01468610.
Author disclosures: RWL has received research support or
consulting/speaking honoraria from: AstraZeneca, Bristol-Myers
Squibb, Canadian Institutes of Health Research, Canadian Network
for Mood and Anxiety Treatments, Eli Lilly, Johnston and Johnston,
Lundbeck, Lundbeck Institute, Mochida, Movember Foundation,
Canada, Pﬁzer, Servier, St. Jude Medical, Takeda, University Health
Network Foundation, and UBC Institute of Mental Health/Coast

Author's Personal Copy
60

R.W. Lam et al. / Journal of Affective Disorders 203 (2016) 55–61

Capital Savings. GLI has received research support or honoraria
from: Alcohol Beverage Medical Research Council, AstraZeneca
Canada, Canadian Institutes of Health Research, CNS Vital Signs,
ImPACT Applications, Inc., Lundbeck Canada, Pﬁzer Canada, Psychological Assessment Resources (PAR, Inc.), and Rehabilitation
Research and Development (RR&D) Service of the US Department
of Veterans Affairs. VCE received salary support from the investigator-initiated grant. LNY is on speaker/advisory boards for, or
has received research Grants from: AstraZeneca, Bristol Myers
Squibb, CIHR, CANMAT, Eli Lilly, GlaxoSmithKline, Janssen, The
Michael Smith Foundation for Health Research, Pﬁzer, Servier and
the Stanley Foundation (WS2087153), KS, EMT, AA and CW have
no disclosures to report.

References
Adler, D.A., McLaughlin, T.J., Rogers, W.H., Chang, H., Lapitsky, L., Lerner, D., 2006.
Job performance deﬁcits due to depression. Am. J. Psychiatry 163, 1569–1576.
Alonso, J., Angermeyer, M.C., Bernert, S., Bruffaerts, R., Brugha, T.S., Bryson, H., de
Girolamo, G., Graaf, R., Demyttenaere, K., Gasquet, I., Haro, J.M., Katz, S.J.,
Kessler, R.C., Kovess, V., Lépine, J.P., Ormel, J., Polidori, G., Russo, L.J., Vilagut, G.,
Almansa, J., Arbabzadeh-Bouchez, S., Autonell, J., Bernal, M., Buist-Bouwman,
M.A., Codony, M., Domingo-Salvany, A., Ferrer, M., Joo, S.S., Martínez-Alonso,
M., Matschinger, H., Mazzi, F., Morgan, Z., Morosini, P., Palacín, C., Romera, B.,
Taub, N., Vollebergh, W.A., 2004. ESEMeD/MHEDEA 2000 Investigators, 2004.
Prevalence of mental disorders in Europe: results from the European Study of
the Epidemiology of Mental Disorders (ESEMeD) project. Acta Psychiatr. Scand.
Suppl., 21–27.
Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences, 2 ed. Lawrence Erlbaum Associates.
Cole, W.R., Arrieux, J.P., Schwab, K., Ivins, B.J., Qashu, F.M., Lewis, S.C., 2013. Testretest reliability of four computerized neurocognitive assessment tools in an
active duty military population. Arch. Clin. Neuropsychol. 28, 732–742.
Conners, C.K., MHS Staff, 2000. Conners’ Continuous Performance Test II: Computer
Program for Windows Technical Guide and Software Manual.
Delis, D.C., Kaplan, E., Kramer, J.H., 2001. The Delis-Kaplan Executive Function
System: Technical Manual. The Psychological Corporation, San Antonio.
Dooley, D., Prause, J., Ham-Rowbottom, K.A., 2000. Underemployment and depression: longitudinal relationships. J. Health Soc. Behav. 41, 421–436.
Dunlop, B.W., Reddy, S., Yang, L., Lubaczewski, S., Focht, K., Guico-Pabia, C.J., 2011.
Symptomatic and functional improvement in employed depressed patients: a
double-blind clinical trial of desvenlafaxine versus placebo. J. Clin. Psychopharmacol. 31, 569–576.
Evans, V.C., Chan, S.S., Iverson, G.L., Bond, D.J., Yatham, L.N., Lam, R.W., 2013. Systematic review of neurocognition and occupational functioning in major depressive disorder. Neuropsychiatry 3, 97–105.
Evans, V.C., Iverson, G.L., Yatham, L.N., Lam, R.W., 2014. The relationship between
neurocognitive and psychosocial functioning in major depressive disorder: a
systematic review. J. Clin. Psychiatry 75, 1359–1370.
Ferrari, A.J., Charlson, F.J., Norman, R.E., Patten, S.B., Freedman, G., Murray, C.J., Vos,
T., Whiteford, H.A., 2013. Burden of depressive disorders by country, sex, age,
and year: ﬁndings from the global burden of disease study 2010. PLoS Med. 10,
e1001547.
Gilmour, H., Patten, S.B., 2007. Depression and work impairment. Health Rep. 18,
9–22.
Godard, J., Grondin, S., Baruch, P., Laﬂeur, M.F., 2011. Psychosocial and neurocognitive proﬁles in depressed patients with major depressive disorder and bipolar
disorder. Psychiatry Res. 190, 244–252.
Gohier, B., Ferracci, L., Surguladze, S.A., Lawrence, E., El Hage, W., Keﬁ, M.Z., Allain,
P., Garre, J.B., Le Gall, D., 2009. Cognitive inhibition and working memory in
unipolar depression. J. Affect. Disord. 116, 100–105.
Greer, T.L., Hatt, C.R., 2016. Implications of cognitive impairments on functional
outcomes in major depressive disorder. In: McIntyre, R.S. (Ed.), Cognitive Impairment in Major Depressive Disorder: Clinical Relevance, Biological Substrates, and Treatment Opportunities. Cambridge University Press, Cambridge,
UK.
Gualtieri, C.T., Johnson, L.G., 2006. Reliability and validity of a computerized neurocognitive test battery, CNS Vital Signs. Arch. Clin. Neuropsychol. 21, 623–643.
Guy, W., 1976. ECDEU Assessment Manual for Psychopharmacology. U.S. Department of Health, Education, and Welfare, Rockville, MD.
Henry, J., Crawford, J.R., 2005. A meta-analytic review of verbal ﬂuency deﬁcits in
depression. J. Clin. Exp. Neuropsychol. 27, 78–101.
Iverson, G.L., Brooks, B.L., Langenecker, S.A., Young, A.H., 2011. Identifying a cognitive impairment subgroup in adults with mood disorders. J. Affect. Disord.
132, 360–367.
Iverson, G.L., Brooks, B.L., Young, A.H., 2009a. Identifying neurocognitive impairment in depression using computerized testing. Appl. Neuropsychol. 16,
254–261.
Iverson, G.L., Brooks, B.L., Young, A.H., 2009b. Rapid computerized assessment of

neurocognitive deﬁcits in bipolar disorder. Appl. Neuropsychol. 16, 207–213.
Iverson, G.L., Lam, R.W., 2013. Rapid screening for perceived cognitive impairment
in major depressive disorder. Ann. Clin. Psychiatry 25, 135–140.
Kessler, R.C., Akiskal, H.S., Ames, M., Birnbaum, H., Greenberg, P., Hirschfeld, R.M.,
Jin, R., Merikangas, K.R., Simon, G.E., Wang, P.S., 2006. Prevalence and effects of
mood disorders on work performance in a nationally representative sample of
U.S. workers. Am. J. Psychiatry 163, 1561–1568.
Kessler, R.C., Ames, M., Hymel, P.A., Loeppke, R., McKenas, D.K., Richling, D.E., Stang,
P.E., Ustun, T.B., 2004. Using the World Health Organization Health and Work
Performance Questionnaire (HPQ) to evaluate the indirect workplace costs of
illness. J. Occup. Environ. Med. 46, S23–S37.
Kessler, R.C., Barber, C., Beck, A., Berglund, P., Cleary, P.D., McKenas, D., Pronk, N.,
Simon, G., Stang, P., Ustun, T.B., Wang, P., 2003. The World Health Organization
Health and Work Performance Questionnaire (HPQ). J. Occup. Environ. Med. 45,
156–174.
Lam, R.W., Kennedy, S.H., Mclntyre, R.S., Khullar, A., 2014. Cognitive dysfunction in
major depressive disorder: effects on psychosocial functioning and implications
for treatment. Can. J. Psychiatry 59, 649–654.
Lam, R.W., Michalak, E.E., Yatham, L.N., 2009. A new clinical rating scale for work
absence and productivity: validation in patients with major depressive disorder. BMC Psychiatry 9, 78.
Lam, R.W., Parikh, S.V., Michalak, E.E., Dewa, C.S., Kennedy, S.H., 2015. Canadian
Network for Mood and Anxiety Treatments (CANMAT) consensus recommendations for functional outcomes in major depressive disorder. Ann.
Clin. Psychiatry 27, 142–149.
Landrø, N.I., Stiles, T.C., Sletvold, H., 2001. Neuropsychological function in nonpsychotic unipolar major depression. Neuropsychiatry Neuropsychol. Behav.
Neurol. 14, 233–240.
Laplante, L., Baruch, P., 1999. Manuel de CogitEx II. Recherche Pragma Research,
Shawinigan-Sud, CA.
Lee, R.S.C., Hermens, D.F., Porter, M.A., Redoblado-Hodge, M.A., 2012. A meta-analysis of cognitive deﬁcits in ﬁrst-episode major depressive disorder. J. Affect.
Disord. 140, 113–124.
Leon, A.C., Olfson, M., Portera, L., Farber, L., Sheehan, D.V., 1997. Assessing psychiatric impairment in primary care with the Sheehan Disability Scale. Int. J.
Psychiatry Med. 27, 93–105.
Leon, A.C., Solomon, D.A., Mueller, T.I., Turvey, C.L., Endicott, J., Keller, M.B., 1999.
The Range of Impaired Functioning Tool (LIFE-RIFT): a brief measure of functional impairment. Psychol. Med. 29, 869–878.
Liebowitz, M.R., Manley, A.L., Padmanabhan, S.K., Ganguly, R., Tummala, R., Tourian,
K.A., 2008. Efﬁcacy, safety, and tolerability of desvenlafaxine 50 mg/day and
100 mg/day in outpatients with major depressive disorder. Curr. Med. Res.
Opin. 24, 1877–1890.
McIntyre, R.S., Soczynska, J.Z., Woldeyohannes, H.O., Alsuwaidan, M.T., Cha, D.S.,
Carvalho, A.F., Jerrell, J.M., Dale, R.M., Gallaugher, L.A., Muzina, D.J., Kennedy, S.
H., 2015. The impact of cognitive impairment on perceived workforce performance: results from the International Mood Disorders Collaborative Project.
Compr. Psychiatry 56, 279–282.
Montgomery, S.A., Asberg, M., 1979. A new depression scale designed to be sensitive to change. Br. J. Psychiatry 134, 382–389.
Pearson, 2009. Test of Premorbid Functioning: Advanced clinical solutions for use
with WAIS-IV and WMS-IS. Pearson Education, San Antonio.
Porter, R.J., Gallagher, P., Thompson, J.M., Young, A.H., 2003. Neurocognitive impairment in drug-free patients with major depressive disorder. Br. J. Psychiatry
182, 214–220.
Preiss, M., Kucerova, H., Lukavsky, J., Stepankova, H., Sos, P., Kawaciukova, R., 2009.
Cognitive deﬁcits in the euthymic phase of unipolar depression. Psychiatry Res.
169, 235–239.
Reddy, S., Fayyad, R., Edgar, C.J., Guico-Pabia, C.J., Wesnes, K., 2016. The effect of
desvenlafaxine on cognitive functioning in employed outpatients with major
depressive disorder: a substudy of a randomized, double-blind, placebo-controlled trial. J. Psychopharmacol. Mar. 23 ([Epub ahead of print]).
Rock, P.L., Roiser, J.P., Riedel, W.J., Blackwell, A.D., 2013. Cognitive impairment in
depression: a systematic review and meta-analysis. Psychol. Med., 1–12.
Rosenblat, J.D., Kakar, R., McIntyre, R.S., 2016. The cognitive effects of antidepressants in major depressive disorder: A systematic review and meta-analysis of randomized clinical trials. Int. J. Neuropsychopharmacol. 19, 1–13.
Rush, A.J., Trivedi, M.H., Ibrahim, H.M., Carmody, T.J., Arnow, B., Klein, D.N., Markowitz, J.C., Ninan, P.T., Kornstein, S., Manber, R., Thase, M.E., Kocsis, J.H., Keller,
M.B., 2003. The 16-Item Quick Inventory of Depressive Symptomatology (QIDS),
clinician rating (QIDS-C), and self-report (QIDS-SR): a psychometric evaluation
in patients with chronic major depression. Biol. Psychiatry 54, 573–583.
Schretlen, D.J., Testa, S.M., Winicki, J.M., Pearlson, G.D., Gordon, B., 2008. Frequency
and bases of abnormal performance by healthy adults on neuropsychological
testing. J. Int. Neuropsychol. Soc. 14, 436–445.
Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Hergueta, T., Baker, R., Dunbar, G.C., 1998. The Mini-International Neuropsychiatric
Interview (M.I.N.I.): the development and validation of a structured diagnostic
psychiatric interview for DSM-IV and ICD-10. J. Clin. Psychiatry 59 (Suppl. 20),
S22–S33 (quiz. 34–57).
Snyder, H.R., 2013. Major depressive disorder is associated with broad impairments
on neuropsychological measures of executive function: a meta-analysis and
review. Psychol. Bull. 139, 81–132.
Soares, C.N., Kornstein, S.G., Thase, M.E., Jiang, Q., Guico-Pabia, C.J., 2009. Assessing
the efﬁcacy of desvenlafaxine for improving functioning and well-being outcome measures in patients with major depressive disorder: A pooled analysis of

Author's Personal Copy
R.W. Lam et al. / Journal of Affective Disorders 203 (2016) 55–61

9 double-blind, placebo-controlled, 8-week clinical trials. J. Clin. Psychiatry 70,
1365–1371.
SPSS Inc., 2003. SPSS for Windows, 12.0 ed. SPSS Inc.
Stewart, W.F., Ricci, J.A., Chee, E., Hahn, S.R., Morganstein, D., 2003. Cost of lost
productive work time among US workers with depression. JAMA 289,
3135–3144.
Tsourtos, G., Thompson, J.C., Stough, C., 2002. Evidence of an early information
processing speed deﬁcit in unipolar major depression. Psychol. Med. 32,
259–265.
Valenstein, M., Vijan, S., Zeber, J.E., Boehm, K., Buttar, A., 2001. The cost-utility of
screening for depression in primary care. Ann. Intern. Med. 134, 345–360.
Wang, P.S., Simon, G.E., Avorn, J., Azocar, F., Ludman, E.J., McCulloch, J., Petukhova,
M.Z., Kessler, R.C., 2007. Telephone screening, outreach, and care management
for depressed workers and impact on clinical and work productivity outcomes:
a randomized controlled trial. JAMA 298, 1401–1411.
Mahableshwarkar, A.R., Jacobsen, P.L., Serenko, M., Chen, Y., Trivedi, M.H., 2015. A

61

randomized, double-blind, placebo-controlled study of the efﬁcacy and safety
of 2 doses of vortioxetine in adults with major depressive disorder. J. Clin.
Psychiatry 76, 583–591.
Woo, Y.S., Rosenblat, J.D., Kakar, R., Bahk, W.M, McIntyre, R., 2016. Cognitive deﬁcits
as a mediator of poor occupational function in remitted major depressive disorder patients. Clin. Psychopharmacol. Neurosci. 14, 1–14.
World Health Organization, 2008. The Global Burden of Disease: 2004 UpdateWorld Health Organization, Geneva.
Wykes, T., Reeder, C., Huddy, V., Taylor, R., Wood, H., Ghirasim, N., Kontis, D.,
Landau, S., 2012. Developing models of how cognitive improvements change
functioning: mediation, moderation and moderated mediation. Schizophr. Res.
138, 88–93.
Zimmerman, M., McGlinchey, J.B., Posternak, M.A., Friedman, M., Attiullah, N.,
Boerescu, D., 2006. How should remission from depression be deﬁned? The
depressed patient’s perspective. Am. J. Psychiatry 163, 148–150.

