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Abstract
Background—Symptom dimensions have not yet been comprehensively tested as predictors of
the substantial heterogeneity in outcomes of antidepressant treatment in major depressive disorder.

Method—We tested nine symptom dimensions derived from a previously published factor
analysis of depression rating scales as predictors of outcome in 811 adults with moderate to severe
depression treated with flexibly dosed escitalopram or nortriptyline in Genome-based Therapeutic
Drugs for Depression (GENDEP). The effects of symptom dimensions were tested in mixed-effect
regression models that controlled for overall initial depression severity, age, sex and recruitment
centre. Significant results were tested for replicability in 3637 adult out-patients with non-
psychotic major depression treated with citalopram in level I of Sequenced Treatment Alternatives
to Relieve Depression (STAR*D).

Results—The interest-activity symptom dimension (reflecting low interest, reduced activity,
indecisiveness and lack of enjoyment) at baseline strongly predicted poor treatment outcome in
GENDEP, irrespective of overall depression severity, antidepressant type and outcome measure
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used. The prediction of poor treatment outcome by the interest-activity dimension was robustly
replicated in STAR*D, independent of a comprehensive list of baseline covariates.

Conclusions—Loss of interest, diminished activity and inability to make decisions predict poor
outcome of antidepressant treatment even after adjustment for overall depression severity and
other clinical covariates. The prominence of such symptoms may require additional treatment
strategies and should be accounted for in future investigations of antidepressant response.

Keywords
Antidepressant medication; depressive symptoms; dimensional classification; major depression;
outcome prediction

Introduction
More than 20 antidepressant drugs are available for treating depression, but outcomes of
treatment are highly variable individually (Rush et al. 2006; Uher et al. 2010). Psychiatrists
have made numerous attempts to define subtypes of depression that would be more
homogeneous in response to treatment (Carney et al. 1965; Paykel et al. 1982; Fava et al.
1997; Parker et al. 1999). Although melancholic (Perry, 1996), atypical (Joyce et al. 2004)
and anxious (Fava et al. 2008) depression predict treatment outcomes in some cohorts,
inconsistent results have been reported for each (McGrath et al. 2000; Russell et al. 2001;
Brown, 2007; McGrath et al. 2008; Thase, 2009; Nelson, 2010; Stewart et al. 2010; Uher et
al. 2011). Therefore, more reliable predictors of individual differences in response to
treatment are needed.

Several authors have suggested that heterogeneity of depression may be better characterized
by continuous dimensions than by categorical constructs (Flett et al. 1997; Prisciandaro &
Roberts, 2009). Compared to categorical subtypes, dimensional classifications of depression
are more reliable (Flett et al. 1997; Prisciandaro & Roberts, 2005; Parker et al. 2009) and
their validity has been established in family (Korszun et al. 2004), epidemiological (Bjelland
et al. 2009; Prisciandaro & Roberts, 2009) and biological investigations (Veen et al. 2011;
Wardenaar et al. 2011). However, with few notable exceptions (Carney et al. 1965; Fava et
al. 2008; Howland et al. 2008), dimensional symptom measures other than overall
depression severity have not been investigated systematically as predictors of treatment
outcome. The aim of this report was to explore the predictive validity of previously
established symptom dimensions in a large sample of subjects with major depression (Uher
et al. 2009a) and to establish the generalizability of significant predictors by replication in
another large treatment sample (Trivedi et al. 2006). We hypothesized that symptom
dimensions would predict treatment outcome and that the predictions would replicate across
clinical populations.

Method
Patients

The discovery dataset was the Genome-based Therapeutic Drugs for Depression
(GENDEP), a 12-week open-label part-randomized multi-centre study with two active
pharmacological treatment arms (Uher et al. 2009a). It comprises 811 treatment-seeking
adults diagnosed with ICD-10/DSM-IV unipolar major depression of at least moderate
severity established in the Schedules for Clinical Assessment in Neuropsychiatry (SCAN)
interview (Wing et al. 1998), recruited in nine European centres. Personal or family history
of bipolar disorder or schizophrenia and active substance dependence constituted exclusion
criteria. The study was approved by ethics boards in all centres. All participants provided

Uher et al. Page 2

Psychol Med. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



written consent after the procedures were explained. GENDEP is registered at EudraCT (No.
2004-001723-38, http://eudract.emea.europa.eu) and ISRCTN (No. 03693000,
www.controlled-trials.com). A detailed description of the GENDEP sample is available
elsewhere (Uher et al. 2009a) and in Supplementary Table S1 (available online).

The replication sample was the limited access dataset (version 2) distributed from the
National Institutes of Health (NIH)-supported Sequenced Treatment Alternatives to Relieve
Depression (STAR*D). The primary purpose of STAR*D was to determine which
treatments work best if the first antidepressant treatment does not produce remission. The
STAR*D sample comprises 4041 treatment-seeking adult out-patients with DSM-IV non-
psychotic major depression, recruited in 31 centres in the USA. This study uses 3637
subjects with at least one measurement during citalopram treatment. The study was
approved by institutional ethics review boards in participating centres. All participants
provided written consent after the procedures and associated risks were explained. STAR*D
is registered at ClinicalTrials.gov (NCT00021528). A detailed description of the STAR*D
sample and design is available elsewhere (Rush et al. 2006; Trivedi et al. 2006) and in
Supplementary Table S1.

Interventions
In GENDEP (Uher et al. 2009a), subjects were allocated to one of two antidepressants with
different primary modes of action: escitalopram, a selective inhibitor of the serotonin
transporter (SSRI), and nortriptyline, a tricyclic antidepressant inhibiting the noradrenaline
transporter. Participants for whom the two antidepressants were at equipoise were randomly
allocated to receive escitalopram or nortriptyline: 233 were randomized to escitalopram and
235 to nortriptyline. Patients with contra-indications for one of the drugs were allocated
non-randomly to the other antidepressant: 225 to escitalopram and 118 to nortriptyline.
Escitalopram was initiated at 10 mg daily and increased to a target dose of 15 mg daily
within 2 weeks, with an optional increase to 20 mg daily, reaching a mean daily dose of 15.2
mg (S.D.=7.3 mg) at study exit. Nortriptyline was initiated at 50 mg daily and titrated to a
target dose of 100 mg daily within 2 weeks, with an optional increase to 150 mg daily,
reaching a mean daily dose of 99.4 mg (S.D.=37.6 mg) at study exit. Compliance was
monitored by weekly self-reported pill count and plasma levels of antidepressants measured
at week 8. Of the 811 participants, 628 (77%) completed 8 weeks and 527 (65%) completed
12 weeks on the allocated antidepressant. Individuals treated with escitalopram and
nortriptyline improved to a similar degree (Uher et al. 2009a).

In STAR*D level 1, all subjects were treated with citalopram, a SSRI, for up to 14 weeks
(Trivedi et al. 2006). The protocol-guided citalopram dose titration started with 20 mg daily,
increased to 40 mg daily by week 4 and to 60 mg daily by week 6. The dose was
individually adjusted according to the ratio of benefits to adverse effects in a measurement-
based care framework (Trivedi et al. 2006). The mean dose of citalopram at study-level exit
was 42 mg daily. The protocol recommended consultations with treating physicians at weeks
2, 4, 6, 9 and 12, and an optional final consultation at week 14. Per protocol, participants
could exit this study level if they experienced intolerable adverse effects of citalopram, after
9 weeks of treatment with maximum tolerated dose or if they achieved remission, that is a
score of ≤7 on the Hamilton Rating Scale for Depression (HAMD-17; Hamilton, 1967). Of
the 4041 subjects, 3637 (90.0%) had at least one post-baseline follow-up, 3054 (75.6%)
were still in the study after 6 weeks, 2636 (65.2%) were treated for 9 weeks, and 2011
(49.8%) remained on citalopram for 12 weeks or longer.
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Outcome measures
Given the nature of the predictors tested in this report and the fact that symptom dimensions
may show differential correlation with various depression rating scales, we required a priori
that prediction should be robust across clinician-rated and self-reported outcomes. Both
studies used multiple depression-rating scales, including observer-rated and self-report
instruments, to measure depression severity at study baseline, on multiple occasions during
the treatment and at study/level exit.

In GENDEP, depression severity was measured weekly with three established scales: the
clinician-rated Montgomery–Åsberg Depression Rating Scale (MADRS; Montgomery
&Åsberg, 1979), the HAMD-17 (Hamilton, 1967) and the self-report Beck Depression
Inventory (BDI; Beck et al. 1961). MADRS and HAMD-17 were administered by trained
psychologists and psychiatrists with high inter-rater reliability (Uher et al. 2008). MADRS
was the primary outcome measure. At least one valid post-baseline MADRS was available
for 789 (97.3%), HAMD-17 for 791 (97.5%) and BDI for 781 (96.3%) subjects.

In STAR*D, depression severity was measured with HAMD-17, administered by
independent research outcome assessors in telephone interviews at baseline and study/level
exit. The clinician-rated (QIDS-C) and self-report (QIDS-SR) versions of the 16-item Quick
Inventory of Depression Symptomatology (QIDS) were administered at each clinical visit
(Rush et al. 2003). HAMD-17 was the planned primary outcome measure, but more
complete data were obtained for QIDS-C and QIDS-SR, which were used as primary
outcomes in most STAR*D reports (Trivedi et al. 2006; Fava et al. 2008). Valid post-
baseline HAMD-17 was available for 2796 (69.2%), QIDS-C for 3630 (89.8%) and QIDS-
SR for 3607 (89.3%) subjects.

Predictors
In GENDEP, continuous factor scores based on a previously published item-response
categorical factor analysis of MADRS, BDI and HAMD-17 items were tested as potential
predictors of outcome (Uher et al. 2008). Based on a parallel analysis, it was estimated that
up to six factors were needed to describe the structure of depressive symptoms (Uher et al.
2008). The factor analysis identified three major factors (observed mood, cognitive and
neurovegetative symptoms) that further split into six specific dimensions (mood, anxiety,
pessimism, interest-activity, sleep and appetite; Fig. 1). Standardized dimension scores were
obtained from a graded item-response theory model of symptoms with positive loading, so
that higher scores on each dimension corresponded to more severe symptoms (Uher et al.
2008). Item response parameters for the interest-activity dimension are given in
Supplementary Table S2.

In STAR*D, continuous scores matching the dimensions identified as significant predictors
in GENDEP were constructed as sums of items with corresponding content on baseline
HAMD-17, QIDS-SR, QIDS-C and the research outcome assessor-rated 30-item Inventory
for Depression Symptomatology (IDS; Rush et al. 1996) (Supplementary Table S3).

Statistical analysis
The nine dimensional symptom scores (three major factors and six specific dimensions)
were tested as predictors of continuous outcomes in GENDEP. Symptom dimensions that
significantly predicted outcome in GENDEP were then tested for replicability in STAR*D.
To establish that the results are robust to the choice of outcome measure and independent of
overall depression severity, convergent results for three outcome scales were required and
all analyses were controlled for the severity at baseline.
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The effects of continuous predictors on response to antidepressants were tested using linear
mixed-effect models fitted with maximum likelihood, as described previously (Uher et al.
2009a, b). Available data on depression severity at all post-baseline measurement occasions
were included in the analyses. MADRS, HAMD-17 and BDI total scores were used as
outcomes in GENDEP. HAMD-17, QIDS-SR and QIDS-C total scores were used as
outcomes in STAR*D. The baseline total score on the outcome scale was always included as
a covariate to account for general depression severity. Age, sex and linear and quadratic
effects of time were also included as covariates in all analyses. Hierarchical random effects
accounted for clustering of repeated measurements within individuals and clustering of
individuals within recruiting clinics, ensuring that any results are independent of centre
effects.

In GENDEP, each predictor was first tested in the whole sample, then within each treatment
arm, and finally in interaction with the drug (escitalopram versus nortriptyline). In the
STAR*D study, significant predictors of outcome in the primary reports were included as
covariates (Trivedi et al. 2006; Fava et al. 2008).

To correct for testing nine predictors in GENDEP, only predictors associated with outcome
on the primary measure at α<0.005 and with congruent results on all three outcome
measures were considered for replication in STAR*D. The significance threshold for
replication was set at 0.05/n, where n is the number of predictors tested for replication. As
convergent findings on all outcome measures were required (rather than just a significant
outcome on any measure), further correction for the number of outcome measures was not
needed.

Clinical significance
Continuous outcomes and mixed-effect linear models were preferred for the primary
analyses for reasons of statistical power, ability to control for bias and handle missing data
(Deyi et al. 1998; Streiner, 2002; Mallinckrodt et al. 2010). However, the size of effects
detected in these models may be difficult to interpret and apply to clinical practice.
Therefore, we also computed the outcome of remission, using the widely accepted definition
of a score of ≤7 on HAMD-17 at the last clinical visit (Frank et al. 1991) and we present the
direct relationship between this outcome and any significant predictor tested with a simple
univariate logistic regression, without any covariates. A clinically meaningful measure of
effect size is the number needed to treat (NNT), which can be more accurately referred to as
the number needed to assess (NNA) for the purposes of prediction, and reflects the number
of individuals who need to undergo an assessment for one additional treatment outcome to
be accurately predicted. NNT/NNA can be computed for a relationship between continuous
and categorical variables using the area under the receiver-operating characteristic (ROC)
curve, the AUC (Kraemer & Kupfer, 2006). NNA has a straightforward meaning. For
example, as the rate of remission in STAR*D is 41%, the best guess in the absence of a
predictor would be that a given individual will not achieve remission. However, this guess
will be wrong in four out of 10 individuals. A low NNA means that a relatively high
proportion of individuals will be correctly reclassified and the prediction of outcome will be
more accurate. For example, a predictor with an NNA of 5 will help to accurately predict
remission in an additional two out of every 10 individuals, reducing the error of guessing by
half. Although a simple threshold for ‘significance’ would be an over-simplification, an
NNA smaller than 10 may recommend a low-burden test for clinical use (Kraemer &
Kupfer, 2006).
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Results
Three major symptom factors as predictors of outcome in GENDEP

The observed mood factor was significantly associated with older age at study entry
(Spearman’s ρ=0.11, p=0.0014) and later age of depression onset (Spearman’s ρ=0.14,
p=0.0001) but not with other baseline and treatment characteristics (sex, age, marital status,
employment, episode duration, antidepressant treatment history, attrition or dose of either
antidepressant; all p>0.05). Higher observed mood scores at baseline predicted worse
outcome of treatment on all three scales (Table 1), with the strongest effect on BDI. The
effect was independent of drug and confirmed in sensitivity analyses incorporating
additional covariates, including age of onset.

The cognitive symptom factor score was unrelated to other baseline characteristics (all
p>0.05) but was associated with higher exit dose of escitalopram (Spearman’s ρ=0.22,
p<0.0001) and higher exit dose of nortriptyline (Spearman’s ρ=0.16, p=0.0074). Higher
baseline cognitive symptom scores strongly predicted significantly worse outcome of
treatment on MADRS and HAMD-17, but not on BDI (Table 1). Similar results were
obtained in sensitivity analyses with additional covariates.

The neurovegetative symptom factor score was not a significant predictor of outcome (Table
1).

Six specific symptom dimensions as predictors of outcome in GENDEP
Four of the six specific symptom dimensions significantly predicted outcome on MADRS
(Table 2). The interest and activity dimension was the strongest predictor and predicted
outcome on each of the three depression rating scales at p<0.0001, independently of overall
baseline severity and of which antidepressant was used (Table 2). These effects were
confirmed in sensitivity analyses restricted to randomly allocated individuals [e.g. for
interest-activity and MADRS: β=0.21, 95% confidence interval (CI) 0.13–0.27,
p=7.0×10−9]. Higher interest-activity scores were associated with later depression onset
(Spearman’s ρ=0.07, p=0.0486) and more previous depressive episodes (Spearman’s
ρ=0.08, p=0.0211) but no other baseline variables (all p>0.05). The interest-activity
dimension was also associated with a higher dose of escitalopram (Spearman’s ρ=0.21,
p=0.0001) and of nortriptyline (Spearman’s ρ=0.18, p=0.0033). The prediction of outcome
by the interest-activity dimension remained unchanged after controlling for potential
confounders, including age of onset, number of depressive episodes and dose of
antidepressants (β=0.18, 95% CI 0.13–0.24, p=4.7×10−10).

The only symptom dimension with evidence of differential prediction by drug was anxiety.
Higher baseline scores on the anxiety dimension predicted worse outcome with nortriptyline
but slightly better outcome with escitalopram (i.e. the effects were in the opposite directions
in the two medication groups; interaction p=0.0233; Table 2).

Specificity of prediction by the interest-activity symptom dimension in GENDEP
As the two symptom dimensions most predictive of outcome (interest-activity and mood,
Table 2) shared cross-loaded items measuring activity and energy, we explored their relative
contributions in an additional analysis with both interest-activity and mood dimensions
entered as predictors of the primary outcome. This showed that the strong effect of the
interest-activity dimension was independent of mood (β=0.18, 95% CI 0.12–0.24,
p=3.4×10−10) and that the mood dimension did not carry additional predictive information
independent of interest-activity (p>0.1). This result confirmed the decision that only the
interest-activity dimension should be followed up in the replication sample.
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Replication of the interest-activity dimension as a predictor of outcome in STAR*D
The interest-activity symptom dimension fulfilled a priori criteria for pursuing replication
(association at the corrected p<0.005 in primary analysis and concordant results with all
outcome measures). An equivalent score in STAR*D was constructed by summing
HAMD-17, IDS and QIDS items corresponding to items forming the interest-activity score
(Supplementary Table S3). Items with equivalent content and source (clinician versus self-
report) were identified for all items, except that no equivalent to the self-reported work/
activity on BDI was identified in STAR*D. The resulting scores were normally distributed
(Supplementary Fig. S1).

A higher baseline interest-activity symptom score significantly predicted worse outcome of
treatment with citalopram on all three outcome scales in STAR*D after correcting for
overall baseline severity (all p<0.001; Table 3, model A).

The outcome deteriorated gradually with increasing levels of the interest-activity score (Fig.
2). The prediction of outcome by the interest-activity dimension was complementary to the
previously reported prediction by the somatization-anxiety score, with both scores
independently contributing to the prediction of outcome (Table 3, model B). The strength of
the prediction remained unchanged in sensitivity analyses controlling for a comprehensive
list of baseline covariates, including ethnicity, marital status, employment, income, age of
onset, number of episodes, family history of mood disorder, co-morbid post-traumatic stress
and obsessive–compulsive disorder as identified by self-report, number of co-morbid axis I
disorders by self-report, and anxiety-somatization score in addition to age, sex, baseline
severity and recruiting centre.

Although the prediction was replicated with each of the three outcome measures, there were
differences in effect size: the prediction was strongest for the QIDS-C and weakest for
HAMD-17. To differentiate effects of scale sensitivity from subject selection, we repeated
the analyses with QIDS-C for the 2734 subjects who also had HAMD-17 ratings. We found
that the prediction of outcome on QIDS-C in this restricted sample was at least as strong as
in the whole sample (β=0.38, 95% CI 0.32–0.44, p=5.5×10−33). This excludes selection
effect and suggests that the QIDS-C outcome measure may be more sensitive to the
prediction of outcome by interest-activity symptoms.

Clinical significance of the prediction
The results reported here establish that the prediction of outcome by the interest-activity
symptom dimension is statistically significant and highly unlikely to be due to chance. In
addition, we wanted to establish whether the effect size of this prediction was sufficient for
applications in clinical settings. For this purpose, we repeated the analyses with the outcome
of remission (defined as a HAMD-17 score of ≤7 at the last visit in both studies) with no
imputation and no covariates. In good agreement with the primary analyses, higher baseline
scores on the interest-activity symptoms predicted lower rates of remission in GENDEP
[odds ratio (OR) 0.59, 95% CI 0.50–0.68, p=1.0×10−11] and in STAR*D (OR 0.62, 95% CI
0.56–0.67, p=3.7×10−26). Fig. 3 shows that the proportion of individuals who reach
remission declines monotonically with increasing baseline scores on the interest-activity
symptom dimension. Compared to the lowest scoring fifth of the participants (quintile 1),
the rate of remission in the highest scoring one-fifth of participants (quintile 5) was reduced
three time in GENDEP and halved in STAR*D (Fig. 3). We next sought to translate this
effect into a more clinically useful metric. The AUC was 0.65 in GENDEP and 0.62 in
STAR*D (Supplementary Fig. S2), which translates to an NNA of 3 and 4 respectively. In
other words, measuring the interest-activity symptom dimension in every three to four
patients will help to predict one additional remission accurately compared to chance.
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Discussion
Investigation of two large treatment trials, one conducted in Europe, the other in the USA,
identified robust and consistent evidence that depressed individuals who lack interest, and
who are inactive and easily fatigable, experience less improvement during treatment with
antidepressant medication, including an SSRI and a noradrenergic tricyclic antidepressant.
Comprehensive examination of dimensional predictors in GENDEP found that the interest-
activity symptom dimension was the most robust predictor of poor outcome of treatment,
irrespective of which antidepressant was used and whether the outcome was measured with
a clinician-rated or a self-report scale. This finding was replicated robustly in the STAR*D
cohort, where a higher score of interest-activity symptoms at baseline uniquely predicted
poor outcome of treatment with citalopram, independently of overall depression severity,
age, gender, ethnicity, social class, anxiety and other known predictors of outcome. The
effect size of the prediction was substantial, with participants scoring in the highest fifth on
the interest-activity symptoms improving by 8–10 percentage points less (Fig. 2) and
having, at most, half the chance of achieving remission (Fig. 3) compared those in the
lowest fifth in both studies. This finding has implications for clinical care and for research.

Clinical implications
In clinical care, knowledge of outcome predictors may help in forming realistic expectations
and in considering alternative approaches for individuals who are less likely to benefit from
routine first-line treatment. The results from two large samples representative of subjects
treated for depression in routine practice suggest that interest-activity symptoms will help to
accurately predict outcome in one additional individual out of every three or four individuals
tested.

Given the low burden and cost of measuring depressive symptoms, this predictor can be
cost-effective if an alternative treatment is available (Perlis et al. 2009). However, clinical
application of this finding will require identification of a treatment that is effective in
individuals with loss of interest and decreased activity. The interest-activity symptoms at
baseline had nearly twice as strong an effect on the outcome of treatment with escitalopram
than on the outcome of treatment with nortriptyline in GENDEP. However, the interaction
with type of antidepressant was not significant and, for all antidepressants under
investigation, diminished interest and activity predicted worse outcome. Therefore, rather
than helping choose among different antidepressants, the prominence of interest-activity
symptoms may prompt researchers and clinicians to consider alternative or complementary
treatment strategies, including alternative pharmacological approaches, behavioural
activation or regular exercise. Although no evidence for such treatments in depression with
loss of interest and decreased activity is available at present, indirect evidence suggests that
several approaches may be effective. For example, behavioural activation directly addresses
inactivity, fatigue and lack of involvement. It has been demonstrated that behavioural
activation is the effective component of cognitive-behavioural therapy for depression
(Jacobson et al. 1996; Dimidjian et al. 2006) and that structured psychological therapy is
effective in cases where antidepressants have repeatedly failed (Schatzberg et al. 2005;
Leykin et al. 2007). Another complementary modality that may increase activity, improve
fatigue and revitalize interest is regular exercise, which has proven efficacy in depression
(Mead et al. 2009). Given the substantially poorer outcomes in these individuals, they may
also merit earlier consideration of pharmacotherapeutic combination or augmentation
strategies. Adjunctive treatment with modafinil has been shown to reduce fatigue in cases of
depression with low energy that were resistant to antidepressant monotherapy (Rasmussen et
al. 2005; Thase et al. 2006). Future investigations are needed to explore targeted indication
and acceptability of these various approaches in depressed individuals, who present with
diminished activity, fatigue and loss of interest.
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Research implications
The finding that interest-activity symptoms predict response to antidepressants also has
implications for future research in depression. New adjunctive treatments may be tested in
samples enriched for individuals with high interest-activity symptoms that are less likely to
respond to standard treatment. Researchers exploring other predictors and biomarkers of
outcome may consider if these are independent of the dimensional structure of symptoms,
including interest-activity and anxiety-somatization symptoms (Fava et al. 2008). The
prediction of outcome may be further improved when such pretreatment predictors are
combined with additional variables measured at baseline (Chen et al. 2007; Siegle et al.
2011) or after a short exposure to antidepressants (Leuchter et al. 2009; Bruhl et al. 2010).
As both early and delayed response to antidepressants occur (Taylor et al. 2006; Uher et al.,
in press), symptomatic predictors such as the interest-activity dimension may be even more
potent when they are combined with measures of initial improvement during the first weeks
of treatment. The identification of activity and fatigue as symptoms relevant to outcome may
also suggest biomarkers and molecular mechanisms underlying the individual differences in
response. For example, depression with prominent loss of energy and fatigability may be
associated with activation of inflammatory pathways that occurs in depression associated
with interferon treatment (Raison et al. 2009). The interest-activity dimension also
constitutes an attractive phenotype for genetic association studies and could enhance
pharmacogenetic investigations.

Conceptual implications
More broadly, the results demonstrate the predictive validity of a dimensional classification
of depression. In both GENDEP and STAR*D, the outcome deteriorated gradually with
increasing levels of the interest-activity score, suggesting that a continuous measure is
preferable to a categorical cut-off. This is compatible with the finding that a continuous
score of anxiety-somatization was a stronger predictor of outcome than a dichotomy (Fava et
al. 2008). In addition to interest-activity, cognitive symptoms, mood and anxiety showed a
potential for predictive validity in GENDEP. In STAR*D, the interest-activity and anxiety-
somatization were complementary and both uniquely contributed to the prediction of
outcome. In conjunction with evidence from family (Korszun et al. 2004), epidemiological
(Bjelland et al. 2009; Prisciandaro & Roberts, 2009) and biological investigations (Veen et
al. 2011; Wardenaar et al. 2011), the present results recommend dimensional classification
as likely to improve the validity of depression research and support the introduction of
dimensional measures in classifications of mental illness.

Strengths and limitations
Several aspects of the methodology deserve comment as they may influence comparability
with other reports. First, the symptom dimensions tested in this study were based on rating
scales that were designed to assess general depression severity. This means that some
aspects of depression that may be important for differentiating depression subtypes, such
psychomotor disturbance, were assessed in less detail than what would be possible with
specialized scales (Carney et al. 1965; Parker, 2007). However, traditional depression
subtypes have been the subject of another report (Uher et al. 2011) and the present analyses
focus on the role of symptom dimensions that are derived empirically rather than based on a
particular theoretical background.

Second, both GENDEP and STAR*D used a more inclusive and less tightly controlled
design than traditional efficacy trials. This increases the generalizability to routine clinical
populations, but introduces the risk of confounding. The flexible dosage of antidepressants
means that not every participant receives the same treatment. However, both cognitive and
interest-activity symptoms were associated with higher doses of both antidepressants,
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suggesting that inadequate dosing cannot explain the worse outcome of treatment and that
clinicians were adjusting doses upwards in an attempt to achieve satisfactory outcome in the
more resistant cases. In addition, the present finding was robust in a set of sensitivity
analyses that controlled for a comprehensive range of potential confounders, suggesting that
symptom dimensions uniquely contribute to the outcome of treatment with antidepressants.

Conclusions
In conclusion, convergent findings from two large studies suggest that loss of interest,
fatigability, diminished activity and inability to make decisions predict poor outcome of
treatment with antidepressants over and above general depression severity and other
previously reported predictors of outcome. The substantial effect size of this prediction
suggests a potential for clinical application. The prominence of such symptoms may require
considering alternative treatment strategies, such as behavioural activation or exercise.
Future studies are needed to explore the acceptability and efficacy of such approaches in
depression with prominent loss of interest and decreased activity.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Depression symptom structure. The figure reviews the results of categorical-factor analysis
of items from three depression rating scales: the Montgomery–Åsberg Depression Rating
Scale (MADRS), the 17-item Hamilton Rating Scale for Depression (HAMD-17) and the
Beck Depression Inventory (BDI). Categorical item factor analysis identified three major
factors: observed mood, cognitive symptoms and neurovegetative symptoms. These three
factors further split into six dimensions: mood, anxiety, pessimism, interest-activity, sleep
and appetite. * The items measuring activity and energy loaded on the observed mood factor
in the three-factor solution, but in the six-factor solution, these items cross-loaded evenly
between the mood and the interest-activity dimensions.
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Fig. 2.
Association between the interest-activity symptom dimension at baseline and percentage
improvement over 12 weeks of treatment on the primary outcome measures in (a) Genome-
based Therapeutic Drugs for Depression (GENDEP) and (b) Sequenced Treatment
Alternatives to Relieve Depression (STAR*D). For the purpose of plotting, subjects in each
study were separated into quintiles (1 to 5 on the x axis) according to increasing interest-
activity scores at baseline. The primary outcome measure in GENDEP is the clinician-rated
Montgomery–Åsberg Depression Rating Scale (MADRS). The primary outcome measure in
STAR*D is the 17-item Hamilton Rating Scale for Depression (HAMD-17) rated by an
independent outcome assessor. The percentage reduction on the primary outcome scale over
12 weeks of treatment was adjusted for age, sex and centre differences. Missing week-12
data were imputed by the best unbiased linear estimate from a mixed linear regression
model.
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Fig. 3.
Association between the interest-activity symptom dimension at baseline and remission
[Hamilton Rating Scale for Depression (HAMD)-17 score ≤7] in (a) Genome-based
Therapeutic Drugs for Depression (GENDEP) and (b) Sequenced Treatment Alternatives to
Relieve Depression (STAR*D). Subjects in each study are separated into quintiles of
interest-activity scores at baseline (1–5 on the x axis). The proportion reaching remission at
last visit is plotted on the y axis.
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