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Abstract
Although heterogeneity of depression hinders research and clinical practice, attempts to

reduce it with latent variable models have yielded inconsistent results, probably because

these techniques cannot account for all interacting sources of heterogeneity at the same

time. Therefore, to simultaneously decompose depression heterogeneity on the person-,

symptom and time-level, three-mode Principal Component Analysis (3MPCA) was applied

to data of 219 Major Depression patients, who provided Beck Depression Inventory assess-

ments every three months for two years. The resulting person-level components were corre-

lated with external baseline clinical and demographic variables. The 3MPCA extracted two

symptom-level components (‘cognitive’, ‘somatic-affective’), two time-level components

(‘improving’, ‘persisting’) and three person-level components, characterized by different

interaction-patterns between the symptom- and time-components (‘severe non-persisting’,

‘somatic depression’ and ‘cognitive depression’). This model explained 28% of the total vari-

ance and 65% when also incorporating the general trend in the data). Correlations with

external variables illustrated the content differentiation between the person-components.

Severe non-persisting depression was positively correlated with psychopathology (r=0.60)

and negatively with quality of life (r=-0.50). Somatic depression was negatively correlated

with physical functioning (r=-0.45). Cognitive depression was positively correlated with neu-

roticism (r=0.38) and negatively with self-esteem (r=-0.47). In conclusion, 3MPCA decom-

poses depression into homogeneous entities, while accounting for the interactions between

different sources of heterogeneity, which shows the utility of the technique to investigate the
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underlying structure of complex psychopathology data and could help future development

of better empirical depression subtypes.

Introduction
The heterogeneity of Major Depressive Disorder (MDD) is one of the great challenges in psy-
chiatry [1]. Patients with MDD vary in terms of severity, age of onset, duration of their disor-
der, recurrence and symptom profiles [2,3]. Unfortunately, the identification of replicable,
more homogeneous diagnostic entities has proven to be difficult [4–7].

Two main approaches have been taken to identify more homogeneous entities of depres-
sion, using either ‘clinical categories’ or ‘data driven’ approaches. The former approach uses a
priori combinations of symptoms, course trajectories (e.g. chronic, recurrent) and/or severity,
which are anchored in clinical theories or experience, to differentiate between patients [7]. This
approach may increase reliability and improve communication between practitioners, but
studies of a priori depression subtypes have yielded inconsistent results with respect to their
clinical characteristics, etiology and correlations with external factors [7,8]. Data-driven
approaches have also been widely used, both on the person level (e.g. subtypes) and on the
symptom level (e.g. symptom dimensions). For instance, to investigate heterogeneity on the
person level Latent Class Analysis (LCA) has been used to identify more homogeneous groups
of depression patients. Such studies have shown that subgroups with different symptom-pat-
terns and external correlates can be identified (e.g. ‘severe melancholic’, ‘severe atypical’ and
‘moderate severe’[9,10]), although LCA results have been quite inconsistent across different
studies. To investigate heterogeneity on the symptom level, Principal Component Analysis
(PCA) and Factor Analysis (FA) have been used to identify more homogeneous subdomains
(dimensions) underlying depression symptomatology [11–17]. Some of these studies have
looked at the structure of the nine MDD criterion symptoms. A recent review showed that
these FA/PCA studies found strongly varying results, ranging from 2- to 7-factor models. A
majority of these models showed that ‘depressed mood’, ‘loss of interest’, ‘energy loss’ and ‘psy-
chomotor retardation’ loaded on a common factor that explained most variance. However, the
loadings of other criterion symptoms were found to load less consistently across studies [17].
Other studies have looked at the underlying structure of depression questionnaires that usually
cover more than just the nine criterion-symptoms of MDD, and showed that these can be
decomposed into more specific sub-dimensions. For instance, a review that summarized 91
FA/PCA studies showed that the items of a range of widely used depression self-report ques-
tionnaires can be decomposed into different factors, with the most consistent factor distinction
being found between somatic symptoms of depression (e.g. ‘energy loss’, ‘sleeping problems’)
and symptoms of depressive mood (e.g. ‘feeling sad’) and/or cognitions (‘feeling guilty’, ‘feeling
worthless’) [13]. All of the abovementioned work suggests that depression can be decomposed
into more specific entities on both the person- and symptom-level. However, the results have
been inconsistent, in part due to the diversity in study designs, samples, analytical methods
and input-variables [17].

To date, data-driven approaches of depression heterogeneity have only taken into account
one or two sources of heterogeneity at the same time. At a maximum, these approaches consid-
ered twomodes of the data, the person- and symptom-modes. For example, LCA yields per-
son-classes, while assuming no heterogeneity over time. On the other hand, FA subdivides a set
of symptoms into more homogeneous factors, but rests on the assumption that there is no
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latent population heterogeneity [18]. Work to integrate the two approaches (LCA and FA) has,
for example, resulted in factor mixture models that assume different factor model parameters
across latent classes [18]. However, even when integrated, neither person- nor symptom-based
latent variable solutions incorporate the temporal structure of depression, while temporal
course in fact is considered an important clinical discriminator (e.g. remission vs. chronicity)
[19]. It is possible to define person-groups based on latent patterns of change over time by
using latent class growth analysis (LCGA), Growth Mixture Modeling (GMM)[20] and latent
transition analysis (LTA)[21]. However, these techniques require a priori input on the latent
structure of the symptom domain(s) upon which change is modeled [22]. In addition, when
using all abovementioned techniques, empirical interactions between different sources of het-
erogeneity remain undetected as symptom-, person- and time-mode heterogeneity are mod-
eled separately.

Incorporating person-, symptom- and time-mode data in a single analysis is possible if the
data can be arranged in a three-way array or ‘data cube’ [23]. Such data pertain to measure-
ments of various symptoms (symptom-mode) in a number of persons (person-mode) at vari-
ous time points (time-mode). To decrease heterogeneity, multimode techniques, such as
Three-mode Principal Component Analysis (3MPCA)[24,25], also referred to as Tucker 3
analysis [26], Three-mode factor analysis [27,28] or Three-way Component Analysis [29] can
be applied. 3MPCA can be used to summarize person-, symptom- and time point heterogene-
ity with a parsimonious number of components for each of the three modes and allows for the
investigation of interactions between each mode’s components [26,30,31]. 3MPCA is a multi-
way version of regular PCA, which is a more commonly known technique used to summarize
multiple variable scores with a smaller number of components. PCA has been used before to
explore the heterogeneity of depression symptomatology and its results have often been treated
as FA results [13]. However, PCA and FA are different techniques. FA describes the common
variance of observed variables with one or more latent factors. PCA is aimed to summarize/
decompose scores on multiple variables by using scores on a smaller number of components
and can be seen as a data-reduction technique. 3MPCA follows the latter approach and was
used in the current study to allow for the decomposition of depression heterogeneity on the
symptom- person- and time-level. A comprehensive technical description of 3MPCA is pro-
vided by Kroonenberg [31].

The aim of the current study was to use 3MPCA to capture the heterogeneity of depression
in a single model and to interpret the results in depth by looking at the correlations of the per-
son-components with external variables. To this end, 3MPCA was applied to a longitudinal
dataset, consisting of MDD patients (n = 219) who were administered the Beck Depression
Inventory (BDI) [32] at 3-month intervals over the course of two years (nine times, including
the baseline measurement).

Methods

Participants and procedures
The data used for this study came from a randomized-controlled trial (RCT) in primary care
MDD patients. The inclusion-strategy and data-collection procedure have been described in
detail elsewhere [33] and are summarized below. Although the sample came from an RCT, it
was treated as a whole since previous work [34] suggested that there was no difference between
treatment conditions in terms of depression course.

Three-hundred-ninety-seven participants were referred by 49 GP-practices in the North of
the Netherlands. Inclusion criteria for the study were: having a history of depression, no pres-
ence of a life-threatening somatic disease and no current psychotherapy. Exclusion criteria
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were: pregnancy, the presence of dementia, a bipolar disorder, a psychotic disorder and/or a
primary diagnosis of alcohol or drug dependence. The referred patients were interviewed with
the Composite International Diagnostic Interview (CIDI) [35,36] to confirm the presence of a
major depressive episode and absence of other psychopathology. Out of the 397 patients, 52
met exclusion criteria and 78 refused to participate in the study resulting in a sample of 267
patients (67.3%). The study protocol was approved by the medical ethical committee of the
University Medical Center Groningen. All participants signed informed consent.

Measures
The BDI was administered at baseline and at each 3-monthly follow-up during the two year
study period. The following baseline demographic characteristics were documented: age, gen-
der, income, education level and working status. Also, several questionnaires were adminis-
tered at baseline: the Medical Outcomes Study 36-item Short Form (SF-36) [37], the
Symptoms Checklist-90 (SCL-90) [38], the Neuroticism-Extraversion-Openness-Five-Factor
Inventory (NEO-FFI) [39], the Mastery Scale [40], and the Rosenberg Self-Esteem Scale [41].

Statistical Analyses
Overview. The statistical analyses to identify the best 3MPCA model consisted of nine

steps. (1) The sample was selected based on the extent of missing data. (2) Multiple imputation
was used to impute missing BDI responses. (3) A three-way ANOVA was conducted with the
imputed data. (4) The data were preprocessed. (5) the number of 3MPCA model components
(model complexity) was selected. (6) The 3MPCA model was fit to each of the imputed data-
sets. (7) The obtained components were rotated using Generalized Procrustes rotation. (8) The
explained variance of the 3MPCAmodel was computed. (9) The components and their interac-
tions were interpreted.

(1) Sample selection. Patients who provided data on at least 5 out of 9 measurement time
points were included in the analysis. Eventually, 219 (82%) out of 267 patients were included
in the current analysis. Details about the inclusion procedure can be found in the S1 Appendix.

(2) Multiple imputation. Missing values occurred in 7.8% of BDI scores and were
imputed 20 times using the Amelia II [42] R-package running in RStudio (R version 3.0.0).
Demographics collected at baseline and scores on the abovementioned questionnaires and BDI
scores collected from the baseline up to three-year follow-up were included in the imputation
model. Details of the imputation procedure are presented in the S2 Appendix.

(3) Three-way ANOVA. The percentages of explained variance by the main effects (per-
sons, symptom-responses, and time-points) and by all pairwise interactions were estimated
from a fixed-effects three-way analysis of variance (ANOVA). This analysis was conducted in
each of the 20 imputed datasets after subtraction of the grand mean [26] to confirm whether
the dataset contained a non-negligible three-way interaction between the person-, symptom-
and time-mode.

(4) Data preprocessing. Before 3MPCA was applied to each of the imputed datasets, each
imputed dataset was preprocessed. In the current analysis, each of the imputed datasets was
first centered across the person-mode and then normalized within symptom mode. A detailed
description of the data preprocessing procedure is given in the S3 Appendix.

By centering across person-mode, the average scores on all symptoms at all times are
removed from the data, so that the 3MPCA results apply to the deviations from the average
scores, or more formally, to the variations that occur around the mean trend in the dataset.
This ensures that the 3MPCA models qualitative heterogeneity (e.g. trajectory differences),
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rather than merely quantitative heterogeneity (e.g. severity differences). Some examples of this
‘average person’s response’ are shown in Fig 1A.

By normalizing within symptom-mode, all BDI items were treated as equally important in
the model. This is important because when variables have considerably differing variances, the
one with the largest variance will influence the 3MPCA solution more than the ones with
smaller variances [26,31]. This undesirable effect was avoided by the applied normalization.

(5) Selection of 3MPCAmodel complexity. After the imputed data were preprocessed,
3MPCA was used to extract a solution for the current three-way data with a small number of
components for patients (person-mode), BDI symptom-items (symptom-mode), and time-
points (time-mode). To guide the selection of the number of components for each mode, the
generalized scree test [43,44] was applied. Stability of the solution was tested by comparison of
3MPCA solutions across the 20 imputed datasets and by use of split-half procedures in each
dataset.

(6) 3MPCAmodel fitting. For the selected 3MPCA model complexity, it was desirable to
obtain simple component structures for the symptom-mode, time-mode and the 3MPCA core
array in order to generate clinically interpretable results on the person-level. This was attained
by an orthogonal rotation procedure called Joint Orthomax [45]. Standard weights [45] were
selected for the current analysis, but no weights were assigned for the person-mode.

(7) Generalized Procrustes rotation. By following abovementioned steps, 20 estimated
component structures were generated (a 3MPCA in each imputed dataset). The resulting com-
ponent estimates were then combined in one person-, symptom- and time-mode and the core
array by applying generalized Procrustes rotation [31,46,47], which calculates the average of
each component and core array.

(8) Computation of explained variance. Two types of fit percentages were calculated for
the estimated array obtained from the averaged components and the core array. First, the fit
percentage of the estimated array was calculated for each of the 20 imputed datasets. This fit
percentage reflected the heterogeneity part of the variance in the data, capturing the variance
around the general trend in the data. Second, the overall fit percentage of the estimated array
was calculated after incorporating the general trend This fit percentage reflects the 3MPCA
model’s total explained variance, consisting of the general trend part (rescaled item mean
scores for each time point) and the heterogeneity part. These two types of fit percentages can
be a measure to judge the ability of the model to explain the variance in the data, rather than as
a test of good model-fit. More details on the interpretation of the fit percentage is given in the
S4 Appendix.

(9) Interpretation of the components. To gain insight in the characteristics of the identi-
fied person-mode components, correlations with external measures were calculated. Depend-
ing on the distribution of the variables, Spearman or Pearson correlations were calculated. All
analyses, except for the multiple imputations were performed with Matlab (MATLAB, 2010).
3MPCA was conducted with Tucker3.m [29].

Results

Sample descriptives
Of the participants, 65.8% was female and the mean age was 43.3 years (s.d. = 11.1). The mean
score on the SCL-90 depression scale was 42.5 (s.d. = 12.5) and the mean SCL-90 anxiety scale
score was 21.8 (s.d. = 7.8). The mean baseline BDI score was 19.5 (s.d. = 9.1) indicating moder-
ate depression severity [48]. The mean BDI scores decreased considerably at first, stabilizing
over time. However, there was considerable variability in the individual BDI-score trajectories
(see Fig 1B).
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Three-way ANOVA
Results of the fixed-effects three-way ANOVA, averaged across the 20 imputed samples, are
presented in Table 1. The highest percentages of explained variance were seen for the two-way
persons-by-symptoms interaction, the main effect of persons and the three-way-interaction-
plus-error term. The latter effect had the largest contribution indicating the importance of
interactions between the person-, symptom- and time-modes and underlining the usefulness
of fitting a 3MPCA model that allows for the modeling of such interactions. Small standard
deviations for all estimations suggested that the effects were consistent across the imputed
datasets.

Fig 1. A. Examples of the mean BDI item score trajectories (‘general trend’), B. Examples of five patients’ individual BDI trajectories, C. Cognitive
symptom-component plot around the general trend and D. Somatic-affective symptom-component plot around the general trend for the three
person-mode components. The two vertical lines in panels 3 and 4 indicate the divisions between the two time-components (improving and persisting).

doi:10.1371/journal.pone.0132765.g001
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Model complexity: the number of components
The generalized scree test initially suggested that the numbers of components for the person-,
symptom- and time-modes should be set to 3, 3 and 2, respectively (3,3,2). However, in this
configuration, component scores were not stable across imputed datasets. When component
stability was considered as an additional criterion, a slightly different set of component num-
bers (3,2,2) was most optimal. The fit percentage of this model differed only by 0.50% from
that for the (3,3,2) model and the (3,2,2) model showed stable components across imputed
datasets. These considerations led to the selection of a model with three person-mode compo-
nents, two symptom-mode components and two time-mode components.

The fit percentage of the 3MPCAmodel
The averaged fit percentage of the 3MPCA solution across the 20 preprocessed imputed data-
sets was 28% (s.d. = 0.11) and stable, as indicated by the small standard deviation. The stability
of each of the actual person-, symptom- and time-mode component structures was inspected
by applying a split-half procedure to each imputed dataset separately. These analyses showed
high congruence (>0.84) between components obtained from two random halves of the data,
indicating good component structure stability.

The total fit percentage incorporating both the 3MPCA solution and the general trend was
65% (s.d. = 0.12) across the 20 imputed datasets. Again, the small standard deviation suggested
that the fit percentage was stable across imputed datasets. However, it should be noted that
these 28% and 65% fit percentages have different meanings since the former is the fit percent-
age when the general trend is removed from the data by preprocessing before fitting the
3MPCA, while the latter represents the fit when the general trend is not eliminated from the
data, and thus, also included in the 3MPCAmodel. Together, these results indicated that a con-
siderable part of the total variation in the data could be explained by a (3,2,2) MPCA model.

Symptom-mode components
The averaged component scores for the symptom-mode across the 20 imputed datasets are
presented in Table 2. Items that assessed, for instance, guilty feelings, past failure, self-criticism,
self-dislike and body image had high scores on the first symptom-mode component, which
was labeled the Cognitive component. Items with high scores on the second component

Table 1. Three-way Analysis of Variance after subtraction of the grandmean, with the patient-, symp-
tom- and time-components as fixed factors. Note. SS = Sum of Squares. All effects and standard devia-
tions (s.d.) averaged across 20 imputed datasets.

Effect SS (s.d.) % of explained
variance (s.d.)

Persons 4950 (48.5) 20.0 (0.17)

Symptoms 2296 (17.7) 9.3 (0.07)

Time 894 (14.1) 3.6 (0.06)

Persons * Symptoms 6056 (19.2) 24.5 (0.06)

Persons * Time 2273 (30.4) 9.2 (0.12)

Symptoms * Time 126 (3.2) 0.5 (0.01)

Persons * Symptoms * Time + error 8124 (26.2) 32.9 (0.11)

Total 24920 (70.4) 100 -

doi:10.1371/journal.pone.0132765.t001
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covered symptoms such as work difficulties, tiredness, loss of pleasure, indecisiveness and loss
of interest in sex. This component was labeled the ‘Somatic-affective’ component.

Time-mode components
Table 3 shows the results for the time-mode component. The baseline, 3-month and 6-month
follow up time-points scored high on the first time-mode component, which was labeled the
Improving time-component. The 12-month to 24-month follow-up time-points scored highest

Table 3. The time-mode component scores averaged across 20 imputed datasets. Standard deviations
(computed across 20 imputed datasets) were at most 0.03 across all loadings. The time-mode component
scores�0.30 are printed in bold font.

Improving Persisting

Baseline 0.73 -0.03

3M 0.47 0.15

6M 0.35 0.21

9M 0.19 0.26

12M 0.10 0.32

15M -0.08 0.41

18M -0.05 0.40

21M -0.19 0.46

24M -0.15 0.47

doi:10.1371/journal.pone.0132765.t003

Table 2. The symptom-mode component scores averaged across 20 imputed data sets. Standard
deviations (s.d.; computed across 20 imputed datasets) were at most 0.01 for all loadings. Component scores
�0.20 are printed in bold font.

No Beck Depression Inventory items Cognitive Somatic-affective

5 Guilty feelings 0.42 -0.03

3 Past failure 0.40 0.01

8 Self-criticism 0.40 -0.03

7 Self-dislike 0.37 0.02

14 Body image 0.37 -0.04

6 Feeling punished 0.25 0.05

9 Suicidal thoughts 0.23 0.12

1 Sadness 0.22 0.14

15 Work difficulties -0.08 0.38

17 Tiredness -0.05 0.36

4 Loss of pleasure -0.02 0.35

13 Indecisiveness -0.03 0.35

21 Loss of interest in sex -0.07 0.30

12 Loss of interest -0.01 0.29

11 Agitation -0.05 0.28

16 Changes in sleeping 0.01 0.24

10 Crying 0.02 0.22

2 Pessimism 0.16 0.19

18 Changes in appetite 0.09 0.15

20 Somatic preoccupation 0.08 0.15

19 Changes in weight 0.09 0.05

doi:10.1371/journal.pone.0132765.t002
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on the second time-mode component. As pictured in Fig 1A, BDI scores stabilized in this
phase. Therefore, this component was labeled the Persisting time-component.

Core array: the component interactions
The content of the person-components was derived from the core-array, which describes the
patterns of interaction between the symptom- and time-components in each person-compo-
nent. The core array elements and the explained variances for each combination of compo-
nents are presented in Table 4, respectively. Most variance (13.0%) was explained by the
interaction between the somatic-affective symptom-component and the persisting time-com-
ponent in the second person-component. The second most variance was explained by the
interaction between the cognitive symptom-component and persisting time-component in the
third person-component (4.0%).

A plot of the sum scores for each of the symptom-mode components over time and their
average is presented in Fig 1C and 1D. The first person-mode component was characterized by
decreasing scores on both the cognitive and somatic-affective components over time and was
therefore labeled the severe non-persisting depression person-component. The second person-
mode component was characterized by increasing somatic-affective symptom-component
scores and relatively high, but stable cognitive component scores over time, and was therefore
labeled the somatic depression component. The third person-mode component was character-
ized by high cognitive symptom-component scores and low somatic-affective symptom,-com-
ponent scores, which both remained stable over time. In contrast to the other person-mode
components, this component was not characterized by any change over time and was therefore
labeled the cognitive depression component. Compared to the average scores, the cognitive
depression component had substantially higher cognitive component scores over time (see Fig
1C), while the somatic depression component showed substantially higher somatic-affective
component scores over time (see Fig 1D).

External correlations of the person-mode components
The correlations between person-mode components and baseline external variables, averaged
across 20 imputed datasets, are shown in Table 5. All correlations except the ones in parenthe-
ses were significant (α<0.05) and for each person-mode component at least one external corre-
lation exceeded 0.30 in absolute sense. As expected, all person-mode components were
positively correlated with the depression scale of the SCL-90, but the associations with other
auxiliary variables varied across person-mode components, indicating differentiation in their
coverage. The component–specific external correlations can be summarized as follows: the
severe non-persisting depression component was correlated positively with a range of psycho-
pathology measures (e.g. SCL-90 ‘psycho-neuroticism’, ‘anxiety’ and ‘interpersonal problems’)
and was negatively correlated with measures of health-related functioning (e.g. MOS-SF-36
‘mental health’, ‘vitality’ and ‘social functioning’). The somatic depression component also
showed positive correlations with psychopathology measures (e.g. SCL-90 ‘psycho-neuroti-
cism’ and ‘insufficient thinking’). However, these correlations were less pronounced than for
the severe non-persisting depression component. Moreover, the ‘somatic depression’ compo-
nent showed a more specific pattern of negative correlations with health related functioning
(e.g. MOS-SF-36 ‘Vitality’, ‘Pain’, ‘Physical functions’ and ‘General health perception’), Extra-
version and Mastery. The cognitive depression component was also characterized by specific
external correlations. Of all components, cognitive depression showed the strongest positive
correlation with Neuroticism and the strongest negative correlation with self-esteem. In addi-
tion, cognitive depression was unrelated to health-related functioning and showed only
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Table 4. The core array of the 3MPCAmodel including the percentages of explained variance. %EV = percentages explained variances of rotated
components for each combination of components.

Cognitive symptom-component Somatic-affective symptom-component

Time-components Improving Persisting Improving Persisting

Core
elementsa

%EVb Core
elementsa

%EVb Core
elementsa

%EVb Core
elementsa

%EVb

Person-
components

Severe non-persisting
depression

15.95 1.72 0.90 0.01 24.02 2.59 2.1 0.02

Somatic depression 9.38 0.65 25.60 2.80 18.85 1.57 60.1 12.98

Cognitive depression 16.79 1.80 31.14 4.01 0.99 0.02 3.59 0.06

a Standard deviations computed across 20 imputed datasets were at most 0.56 for all elements.
b Standard deviations computed across 20 imputed datasets were at most 0.09.

doi:10.1371/journal.pone.0132765.t004

Table 5. Pearson correlations between the person-mode component scores and baseline variables. SCL-90 = Symptoms Checklist-90;
MOS-SF36 = Medical Outcome Study Short Form 36; NEO-FFI = Neuroticism, Extraversion, Openness Five-Factor Inventory. All correlations had standard
deviations (computed across 20 imputed datasets) <0.01. Non-significant correlations (p>0.05) are presented in parentheses. Correlation-coefficients that
�0.3 in the absolute sense are printed in bold font; correlation coefficients�0.4 are underlined and printed in bold font.

Type of measure external variables person-mode components

Severe non-persisting
depression

Somatic
depression

Cognitive
depression

Psychopathology Depression 0.60 0.32 0.31

(SCL-90 scales) Psycho-neuroticism 0.58 0.38 0.30

Insufficiency in thinking and acting 0.55 0.44 0.17

Somatic complaint 0.50 0.36 0.16

Anxiety 0.46 0.28 0.21

Interpersonal sensitivity and
mistrust

0.44 0.30 0.34

Hostility 0.38 0.21 0.25

Agoraphobia 0.33 0.34 0.19

Quality of life (MOS-SF-
36)

Mental health -0.50 -0.30 -0.23

Vitality -0.48 -0.37 (-0.03)

Social functions -0.43 -0.32 (-0.03)

Role functioning-physical -0.40 -0.29 (0.09)

Role functioning-emotional -0.39 (-0.13) (0.06)

Problem with daily activity 0.39 0.22 -0.10

Pain scale -0.34 -0.33 (-0.08)

Physical functions -0.32 -0.45 (-0.05)

Personality and other traits NEO-FFI neuroticism 0.28 0.33 0.38

NEO-FFI extraversion -0.25 -0.36 (-0.04)

Mastery scale -0.28 -0.36 -0.23

Rosenberg self-esteem -0.35 -0.24 -0.47

DSM4 Dysthymic disorder (0.12) 0.33 (-0.04)

doi:10.1371/journal.pone.0132765.t005
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selective correlations with measures of psychopathology (SCL-90 ‘depression’, ‘psycho-neurot-
icism’ and ‘interpersonal problems’).

Discussion
The current study was conceived to investigate the use of 3MPCA to get better insight into the
heterogeneity of depression. When considered simultaneously in 3MPCA, depression hetero-
geneity on the symptom-, person- and time-level could be decomposed into 3, 2, and 2 compo-
nents, respectively. In the symptom-mode, cognitive and somatic-affective symptom
components were observed. In the time-mode, an improving and persisting component were
observed. Each of the three person-components was characterized by different patterns of
interaction between symptom- and time-component scores. The severe non-persisting depres-
sion person- component was characterized by the largest improvement in both symptom cog-
nitive and somatic-affective scores during the improving and persisting phase. The somatic
depression person component was characterized by stable symptom-component scores over
time, although somatic-affective component-scores were much higher than cognitive compo-
nent-scores. The cognitive depression person-component was characterized by stable compo-
nent scores over time, with the cognitive symptom-components being higher than the somatic-
affective scores. Importantly, a sizable three-way interaction was found among the person-,
symptom- and time-modes, indicating that heterogeneity in each of the modes depends on the
heterogeneity in the other modes; something that is not accounted for in traditional data-
driven approaches. Additional analyses showed that each person-mode component was char-
acterized by different patterns of correlations with external measures of psychopathology, func-
tioning and psychological factors.

These results have several interesting implications. First of all, they are a proof-of-principle
for the usefulness of 3MPCA to give more insight in the heterogeneity of depression. The even-
tual person-mode components give an intuitive indication of how patient heterogeneity can be
reduced by decomposition of between-person variance according to how different symptom
domains develop over time. 3MPCA provides person-mode component scores for each of the
patients in the study sample, indicating how strongly each of the specific clinical pictures
applies in a specific person.

The person-mode component scale scores can be seen from different perspectives. First, the
person-mode scale scores are in line with a dimensional view of psychopathology as they give a
quantitative description of how a person’s symptoms change over time. Persons are character-
ized by their person-component score patterns and not allocated to a single subtype or sub-
group. This allows the 3MPCA model to capture a large range of potential dimensional
variations across persons. For instance, if one patient scores slightly higher than another person
on the ‘somatic depression’ person-mode component, this means that his/her clinical picture
will show a higher degree of persistent somatic symptoms than the other patient’s clinical pic-
ture. If two patients have similar scores on ‘somatic depression’ but show different scores on
‘cognitive depression’ they show similar somatic symptom persistence but differ in the degree
to which they show additional cognitive symptom persistence. Second, from a categorical per-
spective, the different person mode component score patterns could be seen as the building-
blocks for depression subtypes. Because three person-mode component scores exist, many
qualitatively different scoring combinations are possible. For those who seek to identify data-
driven subtypes of depression it could be interesting to find out if certain patterns of compo-
nent scores occur more often than others and/or have particular clinical characteristics and rel-
evance. Future research could use clustering methods or LCA to find out if such subtypes exist
and if they do, external correlates (i.e. self-report questionnaires, clinical factors) of the
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subtypes could be used to develop prediction models to allocate individuals to their most likely
subtype. Obviously, more work is needed to evaluate the usefulness and applicability of such a
procedure. Regardless, the current results suggest that defining variability amongst patients in
terms of their specific course patterns on specific symptom domains seems like a promising
direction for clinical research.

The current results also have more specific implications. The observed decompositions are
comparable with, but also extend, the descriptions of heterogeneity that have been found with
traditional latent variable analyses. The finding that the symptom-items of the BDI are
explained by a ‘cognitive component’ and a ‘somatic-affective component’ is in line with many
previous studies. A distinction between ‘cognitive’ and ‘somatic’ symptoms has often been
reported [13,49–51], and the item loadings on the first two BDI components obtained from
3MPCA were very similar to the ones reported elsewhere [13,52,53]. The distinction between
cognitive and somatic symptoms does not seem specific to the BDI, but has been reported for
other instruments: e.g. the Inventory of Depressive Symptomatology [54], the Center for Epi-
demiological Studies Depression Scale (CES-D)[13] and the Hamilton Depression Rating Scale
[13]. The current findings confirm the robustness of this distinction: even when heterogeneity
across persons and over time is taken into account, similar components underlie the heteroge-
neity of depressive symptomatology.

Within the time-mode, two time-phase components were identified: an improving phase
(from baseline to 6 months) and a persisting phase (12 months to 24 months). This subdivision
reflects the particular temporal dynamic of symptomatology in the current sample, composed
of patients that met MDD criteria at baseline, received treatment, and recovered over time. The
results imply a tipping point in the range between 6 months and 12 months and provide some
insight into the time that is typically needed to go from increased BDI scores to a point where
the scores reach their minimum values. With regard to categorically determined depression,
the definition of when someone reaches a state of remission is still a matter of debate [33,55–
57]. The current purely data-driven results suggest that the point of transition is reached
between 6 and 12 months. This change seems to progress gradually over a period of 6 months,
suggesting that it is probably futile to pinpoint a single cut-off time for remission. This is fur-
ther illustrated by the lack of any discernible cut-off in the upper panels of Fig 1.

The person-mode components provide insight into the heterogeneity on the person mode,
defined in terms of symptom-mode and time-mode combinations. The severe non-persisting
depression component was characterized by a relatively favorable clinical picture. Although
initially characterized by high severity on both symptom-domains (as also reflected in the cor-
relations with baseline variables), the component was characterized by a quick decrease in
severity after baseline and the lowest severity levels after two years. The somatic depression
component was characterized by a less favorable course with more persistent levels of somatic
affective and decreasing cognitive symptomatology. The cognitive depression component was
characterized by higher levels of cognitive symptomatology than somatic-affective symptom-
atology over time. The differentiation between these components was further clarified by the
differential patterns of correlation with baseline external variables, indicating that the person-
mode components could be regarded as distinct clinical entities within depression.

Two types of the 3MPCA fit percentages (28% and 65%) were consistent across 20 imputed
datasets as observed for the small standard deviations. The difference between these fit percent-
ages can be explained by the fact that most patients followed a similar downward trend in
severity over time (Fig 1A), but also showed varying patterns of fluctuation around this general
trend (Fig 1B).

The present study had several strengths. First, the longitudinal data with its large number of
measurements was ideal for the current research aims. Second, stability of the component
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structures was evaluated with split-half procedures, lending internal support for their gener-
alizability. However, some limitations should also be considered. First, the generalization of the
current results is limited to outpatient samples. Second, the 65% fit indicates that 35% was still
not captured by the 3MPCA model. This is likely to be due to the considerable measurement
error that is inherent to self-report measures such as the BDI. Third, there is no available obli-
que rotation technique which obtains simple structure in the core array as well as some of the
component matrices simultaneously in all three modes. Therefore, orthogonal rotation (Ortho-
max rotation) was applied in the current analysis, although the assumptions of uncorrelated
components for each mode may be too strict to do justice to the actual nature of psychopathol-
ogy. Fourth, although correlations with external variables were investigated, a truly indepen-
dent external validation could not be conducted in the current study and, thus, needs to be
done in the future. Fifth, the presented results apply to depression data collected with the BDI,
which is not exhaustive in its coverage of depression symptomatology. In future work, the stud-
ied item-pool could be extended with items from other instruments to develop models that
explain a broader range of symptoms.

In conclusion, 3MPCA offers an insightful longitudinal description of how depression can
be decomposed into more homogenous entities. These results open new routes to empirically
based depression subgroupings and definitions of clinical change.

Supporting Information
S1 Appendix. Inclusion procedure.
(DOCX)

S2 Appendix. Imputation procedure.
(DOCX)

S3 Appendix. Data preprocessing procedure.
(DOCX)

S4 Appendix. Interpretation of the fit percentages.
(DOCX)

S1 Dataset.
(ZIP)

Acknowledgments
The authors gratefully acknowledge the help and advice with the analyses provided by dr. Jos
Ten Berge, dr. Mark Huisman and dr. Marieke Timmerman.

Author Contributions
Conceived and designed the experiments: RM KJW PdJ HJC. Performed the experiments:
HJC. Analyzed the data: RM AS. Contributed reagents/materials/analysis tools: RM AS. Wrote
the paper: RM KJW AS HJC PdJ.

References
1. Widiger TA, Clark LA (2000) Toward DSM-V and the classification of psychopathology. Psychol. Bull,

126, 946–963.

2. Belmaker RH, AgamG (2008) Mechanisms of disease: Major Depressive Disorder. N Engl J Med, 358
(1), 55–68.

Decompose Depression Heterogeneity by 3MPCA

PLOSONE | DOI:10.1371/journal.pone.0132765 July 15, 2015 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132765.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132765.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132765.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132765.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132765.s005


3. Rush AJ (2007) The varied clinical presentations of major depression disorder. J Clin Psychiatry, 68,
4–10.

4. Abbot A (2008) Psychiatric genetics: The brains of the family. Nature, 454, 154–157.

5. Clark LA, Watson D, Reynolds S (1995) Diagnosis and classification of psychopathology—challenges
to the current system and future-directions. Annu. Rev. Psychol., 46, 121–153.

6. Kraemer HC (2007) DSM categories and dimensions in clinical and research contexts. Int J Methods
Psychiatr Res, 16, s8–s15.

7. Lohoff FW (2010) Overview of the Genetics of Major Depressive Disorder. Curr Psychiatry Rep, 12(6),
539–546.

8. Greenberg DL, Payne ME, MacFall JR, Steffens DC, Krishnan RR (2008) Hippocampal volumes and
depression subtypes. Psychiatry Research Neuroimaging, 163, 126–132.

9. Sullivan PF, Kessler RC, Kendler KS (1998) Latent Class Analysis of Lifetime Depressive Symptoms in
the National Comorbidity Survey. Am J Psychiatry, 10, 1398–1406.

10. Lamers F, de Jonge P, NolenWA, Smit JH, Zitman FG, Beekman ATF, et al. (2010) Identifying depres-
sive subtypes in a large cohort study: results from the Netherlands study of depression and anxiety
(NESDA). J Clin Psych, 12, 1582.

11. Fleck MPA, Poirier-Littre M, Guelfi J, Bourdel MC (1995) Factorial structure of the 17-item Hamilton
Depression Rating Scale. Acta Psychiatr Scand, 92(3), 168–172.

12. Corruble E, Legrand JM, Duret C, Charles G, Guelfi JD (1999) IDS-C and IDS-SR: Psychometric prop-
erties in depressed in-patients. J Affect Disord, 56(2–3), 95–101.

13. Shafer BA (2006) Meta-analysis of the factor structures of four depression questionnaires: Beck. CES-
D. Hamilton and Zung. Journal of clinical psychology, 62(1), 123–146.

14. Romera I, Delgado-Cohen H, Perez T, Caballero L, Gilaberte I (2008) Factor analysis of the Zung self-
rating depression scale in a large sample of patients with major depressive disorder in primary care.
BMC Psychiatry, 8(4).

15. Hybels CF, Blazer DG, Pieper CF, Landerman LR, Steffens DC (2009) Profiles of depressive symp-
toms in older adults diagnosed with major depression: Latent cluster analysis. Am J Geriatr Psychiatry,
17(5), 387–396.

16. Lux V, Aggen SH, Kendler KS (2010) The DSM-IV definition of severity of major depression: inter-rela-
tionship and validity. Psychol Med, 40(10), 1691–1701.

17. Van Loo HM, de Jonge P, Romeijn JW, Kessler RC, Schoevers RA (2012) Data driven subtypes of
major depressive disorder: a systematic review. BMCMedicine, 10(156).

18. Lubke GH, Muthén B (2005) Investigating Population Heterogeneity With Factor Mixture Models. Psy-
chol Methods, 10(1), 21–39.

19. Wardenaar KJ, de Jonge P (2013) Diagnostic heterogeneity in psychiatry: towards an empirical solu-
tion. BMCMed, 11, 201.

20. Muthén B (2004) Latent variable analysis: growth mixture modeling and related techniques for longitudi-
nal data. In Handbook of Quantitative Methodology for the Social Sciences. ed. Kaplan D.. 345–68.
Newbury Park. CA: Sage.

21. Collins LM, Wugalter SE (1992) Latent class models for stage-sequential dynamic latent variables.
Multivariate Behavioral Research, 27, 131–157.

22. Nagin DS, Tremblay RE (2001) Analyzing developmental trajectories of distinct but related behaviors: a
group-based method. Psychol.Meth, 6, 18–34.

23. Cattell RB (1966) The data box: its ordering of total resources in terms of possible relational systems. In
Handbook of Multivariate Experimental Psychology. Edited by Cattell RB. Chicago: Rand-McNally,
67–128.

24. Kroonenberg PM, De Leeuw J (1980) Principal component analysis of three-mode data by means of
alternating least squares algorithms. Psychometrika, 45, 69–97.

25. Kroonenberg PM, Murakami T, Coebergh JW (2002) Added value of three-way methods for the analy-
sis of mortality trends illustrated with worldwide female cancer mortality (1968–1985). Statistical Meth-
ods in Medical Research, 11, 275–292.

26. Kiers HAL, van Mechelen I (2001) Three-way component analysis: principles and illustrative applica-
tion. Psychol Methods, 6(1), 84–110.

27. Tucker LR (1963) Implications of factor analysis of three-way matrices for measurement of change. In
Harris C.W. (Ed.), Problems in measuring change (pp. 122–137). Madison: University of Wisconsin
Press.

Decompose Depression Heterogeneity by 3MPCA

PLOSONE | DOI:10.1371/journal.pone.0132765 July 15, 2015 14 / 16



28. Tucker LR (1966) Somemathematical notes on three-mode factor analysis. Psychomatrika, 31,
279–311.

29. Kiers HAL (2000) Displaying results from three-way methods. Journal of Chemometrics, 14, 151–170.

30. Van Mechelen I, Kiers HAL (1999) Individual differences in anxiety responses to stressful situations: A
three-mode component analysis model. Eur. J. Pers, 13,409–428.

31. Kroonenberg PM (2008) Applied Multiway Data Analysis, Wiley Series Probab. Stat., JohnWiley and
Sons, Hoboken NJ.

32. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961) An inventory for measuring depression.
Arch Gen Psychiatry, 4, 561–571.

33. Conradi HJ, Ormel J, de Jonge P (2012) Symptom profiles of DSM-IV-defined remission, recovery,
relapse and recurrence of depression: the role of the core symptoms. Depression and anxiety,
29,638–645.

34. Conradi HJ, de Jonge P, Kluiter H, Smit A, van der Meer K, Jenner JA et al. (2007) Enhanced treatment
for depression in primary care: long-term outcomes of a psycho-educational prevention program alone
and enriched with psychiatric consultation or cognitive behavioral therapy. Psychological Medicine.,
37, 849–862. PMID: 17376257

35. Ter Smitten MH, Smeets RMW, van der Brink W (1988)Composite International Diagnostic Interview
(CIDI). Basis version 2.1. Lifetime manual, WHO: Amsterdam.

36. World Health Organization (1997) The Composite International Diagnostic Interview (CIDI). World
Health Organization: Geneva.

37. Ware JE, Sherbourne CD (1992) The MOS 36-item short form health survey (SF-36). 1. Conceptual
Framework and item selection.Medical Care, 30(6), 473–483.

38. Derogatis LR, Lipman RS, Covi L (1973) SCL-90: an outpatient psychiatric rating scale- preliminary
report. Psychopharmacol Bull, 9(1), 13–28.

39. Costa PT Jr, McCrae RR (1978) NEO-Pl/FFI manual supplement. Odessa, Psychological Assessment
Resources; 1989.

40. Pearlin LI, Schooler C (1978) The structure of coping. J. Health Soc. Behav, 19, 2–21.

41. Rosenberg M (1965) Society and the adolescent child. Princeton. NJ: Princeton University Press.

42. Honaker J, King G, Blackwell M (2012) AMELIA II: a program for missing data. Available: http://cran.r-
project.org/web/packages/Amelia/vignettes/amelia.pdf. Accessed 16 April 2013.

43. Timmerman ME, Kiers HAL (2000) Three-mode principal components analysis: Choosing the numbers
of components and sensitivity to local optima. Br J Math Stat Psychol, 53, 1–16.

44. Kiers HAL, der Kinderen A (2003) A fast method for choosing the numbers of components in Tucker 3
analysis. Br J Math Stat Psychol, 56, 119–125.

45. Kiers HAL (1998) Joint orthomax rotation of the core and component matrices resulting from three-
mode principal components analysis. J Classif, 15, 245–263.

46. Ten Berge JMF (1977) Orthogonal Procrustes rotation for two or more matrices. Psychometrika, 42,
267–276.

47. Kroonenberg PM, Van Ginkel JR (2012) Combination rules for multiple imputation in three-way analysis
illustrated with chromatography data. Curr. Anal. Chem, 8, 224–235.

48. Beck AT, Steer RA, Garbin MG (1988) Psychometric properties of the Beck Depression Inventory:
Twenty-five years later. Clinical Psychology Review, 8, 77–100.

49. Beck AT, Riskind JH, Brown G, Steer RA (1988) Levels of hopelessness in DSM-III disorders: A partial
test of content specificity in depression, Cog. Therapy Res, 12 (5), 459–469.

50. Arnau RC, Meagher MW, Norris MP, Bramson R (2001) Psychometric evaluation of the Beck Depres-
sion Inventory-II with primary care medical patients.Health Psychology, 20, 112–119.

51. De Jonge P, Ormel J, van den Brink RH, van Melle JP, Spijkerman TA, Kuijper A, et al (2006) Symptom
dimensions of depression following myocardial infarction and their relationship with somatic health sta-
tus and cardiovascular prognosis. Am. J. Psychiatry, 163, 138–144.

52. Steer RA, Beck AT, Riskind JH, Brown G (1987) Relationships between the Beck Depression Inventory
and the Hamilton Psychiatric Rating Scale for depression in depressed outpatients. Journal of Psycho-
pathology and Behavioral Assessment, 9 (3), 327–339.

53. Haslam N, Beck AT (1993) Categorization of major depression in an outpatient sample. J Nerv Ment
Dis, 191, 725–731.

54. Wardenaar KJ, van Veen T, Giltay EJ, den Hollander-Gijsman ME, Penninx BWJH, Zitman FG (2010)
The structure and dimensionality of the Inventory of Depressive Symptomatology Self Report (IDS-SR)

Decompose Depression Heterogeneity by 3MPCA

PLOSONE | DOI:10.1371/journal.pone.0132765 July 15, 2015 15 / 16

http://www.ncbi.nlm.nih.gov/pubmed/17376257
http://cran.r-project.org/web/packages/Amelia/vignettes/amelia.pdf
http://cran.r-project.org/web/packages/Amelia/vignettes/amelia.pdf


in patients with depressive disorder and healthy controls. Journal of Affective Disorders, 125,
146–154.

55. Frank E, Prien RF, Jarrett RB, Keller MB, Kupfer DJ, Lavori PW et al. (1991) Conceptualization and
Rationale for Consensus Definitions of Terms in Major Depressive Disorder: Remission, Recovery,
Relapse, and Recurrence. Arch Gen Psychiatry, 48(9), 851–855.

56. Keller MB, Lavori PW, Mueller TI, Endicott J, Coryell W, Hirschfeld RMet al. (1992) Time to Recovery,
Chronicity, and Levels of Psychopathology in Major Depression: A 5-Year Prospective Follow-up of
431 Subjects. Arch Gen Psychiatry, 49(10), 809–816.

57. Zimmerman M, McGlinchey JB, Posternak MA, FriedmanM, Attiullah N, Boerescu D (2006) How
Should Remission From Depression Be Defined? The Depressed Patient’s Perspective. Am J Psychia-
try, 163, 148–150.

Decompose Depression Heterogeneity by 3MPCA

PLOSONE | DOI:10.1371/journal.pone.0132765 July 15, 2015 16 / 16


