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The Montgomery–Åsberg Depression Rating Scale (MADRS) is a wide
used clinician-rated measure of depressive severity. Empirical support fo
the factor structure of the MADRS is mixed; further, the comparison
MADRS scores within and between patients requires the demonstration
consistent instrument properties. The objective of the current investigatio
was to evaluate MADRS factor structure as well as MADRS factori
invariance across time and gender. The MADRS was administered to 82
depressed outpatients participating in a large-scale effectiveness study
combined pharmacotherapy and psychotherapy for depression. Treatmen
outcome did not differ across treatment groups. Factor structure an
invariance was evaluated via confirmatory factor analysis. A four-facto
model consisting of Sadness, Negative Thoughts, Detachment an
Neurovegetative symptoms demonstrated a good fit to the data. Th
four-factor structure was invariant across time and gender. A hierarchic
model, in which these four factors served as indicators of a gener
depression factor, was also supported. A limitation of the current stud
is the lack of comprehensive characterization of patient clinical feature
results need to be replicated in more severely depressed or treatmen
refractory patients. Overall, evidence supported the use of the MADR
total score as well as subscales focused on affective, cognitive, soci
and somatic aspects of depression in male and female outpatient
Copyright © 2013 John Wiley & Sons, Ltd.
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Structure of the MADRS over treatment Quilty et al.
TheMontgomery–Åsberg Depression Rating Scale (M
Montgomery and Åsberg, 1979) was developed to pr
assay of depressive symptom severity superior to th
used Hamilton Depression Rating Scale (Ham-D; Ha
1960), for use in the investigation of treatment resp
antidepressant medication. To this end, 10 item
selected from the Comprehensive Psychopathologica
Scale (CPRS; Åsberg et al., 1978) on the basis of the
to detect depression change. The MADRS now foll
Ham-D as the most extensively used clinician-rated
of depressive severity in clinical research (Santor et a
Bagby et al., 2004) and demonstrates psych
properties equal or superior to other standardized m
of depressive severity (Carmody et al., 2006b; Kha
2002; Mulder et al., 2003; Uher et al., 2008).

The use of theMADRS tomonitor depression cha
the course of treatment requires that the psychometric
ties of this instrument are robust over time. Should th
structure of MADRS items be variable over time – eve
context of acute symptom change – differences in sco
the course of time may in fact reflect changes in ins
properties rather than treatment response. Multiple in
tions have provided evidence for a unifactorial structu
MADRS (Carmody et al., 2006a; Rocca et al., 2002,
Uher et al., 2008; Wolthaus et al., 2000). Yet, a s
multifactorial models of MADRS items have been p
(see Table 1). Moreover, factor structure stability ov
ment has been called into question by evidence for a
in MADRS structure frommultiple factors at treatmen
tion to a single factor after one or more months of tr
(Galinowski and Lehert, 1995; Rocca et al., 2002).

The use of the MADRS to assess depressive sever
larly inmen andwomen further requires that the psyc
ric properties of this instrument are consistent across
Should the meaning of MADRS scores vary across
any differences in depressive severity across men and
may in fact reflect differential instrument functionin
than true group differences (Millsap and Kwok
Evidence exists for the consistency of MADRS item
tions across gender (e.g. Riedel et al., 2010); how
fulsome evaluation of the invariance of MADRS
structure across gender has yet to be evaluated.
evidence exists for such equivalence within other stand
measures of depressive severity across gender (Hunt
et al., 2010; Rivera-Medina et al., 2010).

Previous investigations of MADRS structure h
fered in research design and analytic strategy. Firs
samples have included patients with a range of di
including major depressive disorder (Parker et al.
176
RS;
e an
idely
lton,
se to
were
ating
bility
s the
sure
006;
etric
sures
t al.,

over
per-
actor
n the
over
ent
tiga-
f the
ek 8;
es of
osed
reat-
ange
itia-
ent

imi-
met-
der.
der,
men
ather
004).
ocia-
er, a
actor
ixed
ized
anks

dif-
tudy
oses
003),

(Benazzi, 2001), mild cognitive impairment (Gabr
et al., 2004) or a heterogeneous psychiatric
(Craighead and Evans, 1996). Gabryelewicz et al.
and Parker et al. (2003) evaluated elderly samples,
other studies included a greater age range (e.g.
2001). As noted by previous investigators, d
populations may exhibit different factor structure
MADRS (Suzuki et al., 2005). Second, statistical analy
frequently made use of suboptimal methods. Me
determining the number of factors to extract was o
reported, or utilized the unreliable Kaiser (eigenval
or subjective Cattell (scree test) criteria. Unrot
orthogonal rotations were common. The most soph
statistical analytic procedures have provided suppo
one-factor model of the MADRS items (Carmod
2006a, 2006b; Uher et al., 2008). These discrepancies
lytic procedures constrain comparisons across invest

The present investigation thus consisted of two ob
First, we evaluated the factor structure of the MAD
large sample of depressed outpatients. Evidence ha
to converge upon a robust factor structure un
MADRS items; yet, subscales based upon multi
models of the MADRS are increasingly used to cha
psychopathology and to predict treatment outcom
Higuchi et al., 2008). Multifactorial models of MADR
have generally been derived within psychiatric ormedi
ples at admission (Benazzi, 2001; Gabryelewicz et a
Suzuki et al., 2005) or within samples heterogeneous
spect to treatment status (Craighead and Evans, 1996
et al., 2003). Indeed, although psychotic symptoms ha
onstrated a robust structure over the course of tr
(Harvey et al., 2006), bipolar symptoms resolve from
factorial structure at pre-treatment to a unifactorial s
at post-treatment (Harvey et al., 2008) – suggesting th
sures of mood disorder symptoms may have a les
symptom structure. Second, we evaluated the factor in
of the MADRS items across time and gender. The M
currently widely used in male and female inpatie
outpatients over the course of treatment; however, at
of this study no evidence existed for the invariance o
ment structure. The present investigation thus pro
comprehensive evaluation of the factor structure of de
symptoms as assessed by the MADRS over time an
male and female depressed outpatients.

Methods

Participants

Eight hundred and twenty-one outpatients [32%ma
female; age ranging from 18 to 66, mean (M) = 39.4
Int. J. Methods Psychiatr. Res. 22(3): 175–184 (2013). DOI: 10.1002/mpr
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centre effectiveness study of a combination of me
(tianeptine or fluoxetine) and psychotherapy (sup
cognitive-behavioural, or psychodynamic therapy)
pression (see De Fruyt et al., 2006). Eligibility was re
to patients presenting with moderate or severe dep
as determined by a Diagnostic and StatisticalManual
tal Disorders, Fourth Edition (DSM-IV) diagnosis o
depressive disorder and a score of at least 20 on the M
(Montgomery and Åsberg, 1979; Snaith et al., 1986).
were excluded if they exhibited psychosis or substanc
currently or recently received pharmacotherapy or
therapy; exhibited resistance or contraindications t
treatments; or were hospitalized for electroconvulsi
apy. The study was conducted in accordance with th
ration of Helsinki and Good Clinical Practice Guidel
patients provided written informed consent after rec
detailed description of the study and were free to with
any time.
Procedure

es near
clusion
itudinal
d inter-
isorder
tion re-
ues was
resence
rall ob-
rom the
e either
Within
ssigned
chody-

dy, 821
month
th six.
rotocol
sed by
= 0.27).
atment
demo-
ADRS
urther,
tion or
vailable
garding
Outpatients consulting different psychiatric centr
Paris, France, were screened for inclusion and ex
criteria and requested to participate in the long
study. Screening was based on a non-standardize
view wherein each criterion of major depressive d
was queried explicitly. Additional, detailed informa
garding patient history and current presenting iss
collected to substantiate the determination of the p
or absence of each criterion. Details about the ove
jectives, procedures, and samples can be obtained f
fifth author. Patients were randomized to receiv
tianeptine (50 mg/day) or fluoxetine (20 mg/day).
each of these cells, patients were non-randomly a
to receive supportive, cognitive-behavioural, or psy
namic psychotherapy.

Of the 821 patients entered in the present stu
completed the MADRS at pre-treatment, 817 at
one, 735 at month three, and 685 at mon
Patients who did versus did not complete the p
differed on pre-treatment suicidality, as asses
item 10 of the MADRS (t= 2.78, p< 0.01, d
Patients who did versus did not complete tre
did not differ on any remaining pre-treatment
graphic or clinical characteristics (i.e. age, sex, M
items one through nine, MADRS total score). F
patient attrition did not differ across medica
psychotherapy groups. No information was a
regarding those not eligible to participate or re
patient attrition (see Figure 1).
nt. J. Methods Psychiatr. Res. 22(3): 175–184 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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Quilty et al. Structure of the MADRS over treatment
The MADRS is a clinician-rated measure of depressio
severity (Montgomery and Åsberg, 1979). The MADR
comprises the following 10 items: (1) apparent sadnes
(2) reported sadness; (3) inner tension; (4) reduced slee
(5) reduced appetite; (6) concentration difficulties; (
lassitude; (8) inability to feel; (9) pessimistic thought
and (10) suicidal thoughts. These items are clinician-rate
on a seven-point Likert scale and are summed to produ
a total scale score ranging from 0 to 60, with higher scor
reflecting greater depression severity. The MADRS was a
ministered at pre-treatment, and one month (±7 days
three months (±15 days) and six months (±15 day
following treatment initiation (or post-treatment).
Statistical analyses

nt
of
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m
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e
y
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e,
of
d

To provide information regarding overall treatme
efficacy, we performed a repeated measures analysis
variance (ANOVA), wherein the MADRS total scor
served as the dependent variable, and medicatio
condition and psychotherapy condition served
independent variables.
d
A;
A
in
is
e

or
t.
s
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l.,
th
rs
t-
d
th
th
ce

d
er
l.Figure 1 Patient participation.

Int. J. Methods Psychiatr. Res. 22(3): 175–184 (2013). DOI: 10.1
Copyright © 2013 John Wiley & Sons, Ltd.
Confirmatory factor analysis (CFA) was carried out on th
MADRS data of the total sample prior to treatment. A
previously proposed one, two, three, and four fact
models of all MADRS items were evaluated, usin
pre-treatment MADRS scores. Models proposed in non
English journals as well as models omitting more tha
one MADRS item were not evaluated (Corruble et a
1999; Hammond, 1998; Serretti et al., 1999). Items we
assigned to factors as specified by original investigator
in the absence of these specifications, items loadin
> 0.40 on a factor were modelled as indicators of that facto
In factors subsumed by only two items, item loadings we
restricted to be equal. Factors were allowed to correla
unless otherwise specified in the original model. All err
co-variances and item cross-loadings described in th
original models were included in analyses.

CFA was conducted with Amos 16.0, using maximu
likelihood method of estimation. Due to missing data, mu
tivariate indices of normality could not be computed. Som
forms of multivariate non-normality can be indicated b
univariate non-normality, however, with acceptable leve
indicated by univariate skew< 3 and kurtosis< 8 (Klin
2005). We report the χ2 statistic; due to the sensitivity
this index to sample size, goodness-of-fit was evaluate
using the comparative fit index (CFI; good fit≥ 0.9) an
the root mean square error of approximation (RMSE
good fit< 0.05; 0.05≤ reasonable fit≤ 0.08). The RMSE
significance test for close fit is similar to that of the χ2

that p< 0.05 signifies that a hypothesis of close fit
rejected. All models with acceptable fit according to th
CFI and RMSEA were subject to invariance testing.

Temporal and gender invariance of the MADRS

Temporal invariance was evaluated via a series of CFAs, f
each factor within the models demonstrating acceptable fi
Separate models were evaluated as convergence problem
arose while modeling multifactor models across four asses
ment points, similar to past research (e.g. Conroy et a
2003). In each model, four latent factors associated wi
each assessment point were modelled, with later facto
regressed onto earlier ones. Item uniquenesses were permi
ted to covary across waves. Gender invariance was evaluate
via a series of “stacked” CFAs, in which models for bo
men and women are estimated simultaneously, wi
increasingly strict constraints of measurement invarian
placed across groups in each model.

To determine whether the MADRS items decompose
into the same factor structure across time/gend
(configural invariance), the model by Williamson et a
002/mpr
179
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straints on any parameters. To determine whet
strength of the association between items and facto
equivalent across time/gender (metric invariance)
loadings were constrained to be equal across ass
points/gender groups. To determine whether item
and zero points were equivalent across time/gende
or strong invariance), both factor loadings an
intercepts were constrained to be equal across ass
points/gender groups. To determine whether items m
depressive severity with the same degree of measureme
across time/gender (strict invariance), factor loadin
intercepts, and variances of the error terms were con
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Goodness-of-fit indices for all previously propose

two-, three-, and four-factor models are displ
Table 3. Two models (Farner et al., 2009; Craigh
Evans, 1996) produced non-positive definite matr
therefore no valid solution was able to be estimate
the model proposed by Williamson et al. (2006)
strated acceptable fit according to the CFI and RMS
deed, this model demonstrated a close fit accordin
RMSEA. The model identified by Williamson et al
consists of four correlated factors – Sadness, N
Thoughts, Detachment and Neurovegetative. A
loaded significantly onto their associated factors at ea
point, although items four (reduced sleep) and five (
appetite) demonstrated lower loadings (e.g. < 0.25)
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A hierarchical model in which these four factors
o-
is
ly
s-
y
el
’s
fit

across such non-nested models, with the model with
th
ls

Temporal and gender invariance of MADRS

r,
re

Table 3. Goodness-of-fit of MADRS factor models

Study χ2(df) p CFI RMSEA (p)

One-factor model 325.06 (35) <0.01 0.75 0.10 (<0.01)
Two-factor model
Rocca et al. 295.09 (33) <0.01 0.78 0.10 (<0.01)
Three-factor models
Galinowski and Lehert 324.58 (35) <0.01 0.75 0.10 (<0.01)
Andersson et al. 173.47 (29) < 0.01 0.88 0.08 (<0.01)
Benazzi (Unipolar) 351.16 (27) <0.01 0.72 0.12 (<0.01)
Benazzi (Bipolar II) 351.59 (29) <0.01 0.72 0.12 (<0.01)
Parker et al. 242.00 (33) <0.01 0.82 0.09 (<0.01)
Gabryelewicz et al. 486.80 (36) <0.01 0.61 0.12 (<0.01)
Suzuki et al. 323.52 (32) <0.01 0.75 0.10 (<0.01)
Farner et al.1 — — — —
Four-factor models
Craighead and Evans1 — — — —
Williamson et al. 117.01 (31) <0.01 0.93 0.06 (0.11)

1This model demonstrated a non-positive covariance and did not provide a valid solution.

Quilty et al. Structure of the MADRS over treatment
loaded on a second-order Depression factor also pr
vided a good fit to the data (see Figure 2). This analys
revealed that all factors loaded strongly and positive
on a higher-order factor – supporting a general depre
sion factor underlying all MADRS items, subsumed b
more specific symptom subsets. This hierarchical mod
compared favourably to the original model. The Akaike
Information Criterion (AIC) can be used to compare
Figure 2 Hierarchical model of the MADRS. Goodness of
fit: χ2(33) = 117.03, p< 0.01, CFI = 0.93; RMSEA=0.05,
p=0.18.

Int. J. Methods Psychiatr. Res. 22(3): 175–184 (2013). DOI: 10.1
Copyright © 2013 John Wiley & Sons, Ltd.
the lower score to be preferred. The AIC associated wi
the Williamson et al. (2006) and hierarchical mode
were 185.01 and 181.03, respectively.
s,
i-
re
a-
s;
ve
ce
r.
d
or
re
h
e

factor structure

Goodness-of-fit indices for the configural, metric, scala
and strict models of the Williamson et al. (2006) structu
are presented in Table 4. For temporal invariance analyse
the models associated with configural and metric invar
ance for Sadness and Negative Thoughts factors we
equivalent, as these factors consisted of only two indic
tors. Configural invariance was supported for all factor
metric invariance was supported for Sadness, Negati
Thoughts, and Detachment. There was mixed eviden
for the metric invariance of the Neurovegetative facto
Scalar or strict invariance across time were not supporte
for any factor of the Williamson et al. (2006) model. F
gender invariance analyses, all forms of invariance we
supported. The same pattern of results was found at eac
time point and for the hierarchical model at each tim
point as well.
Discussion

e
n

The results of the current study provide support for th
structure of the MADRS items proposed by Williamso
002/mpr
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negative thoughts, detachment and neurovegetative sym
toms. The Williamson et al. (2006) model was the only pr
viously proposed factor model providing acceptable fit
the data at baseline. A hierarchical model in which the sa
ness, negative thoughts, detachment and neurovegetati
domains of the depressive syndrome loaded onto a secon
order overall depression factor was also supported. The
results support the use of the total scale score for t
MADRS in addition to subscales to target particular sym
toms of depression as is appropriate or needed. Subscal
may provide more focused assessment of treatment cour
than does the total MADRS score; although these subscal
demonstrated inadequate internal reliability at baselin
(M=0.55), they were adequate for use at subsequent tim
points (M=0.74, range 0.53–0.92).

Previous investigations of MADRS structure may n
have converged upon a consistent solution due to diffe
ences in design and analysis. As described earlier, sampl
used in these studies differed across both demograph
and clinical characteristics. Further, methods for dete
mining the number of factors and the conditions und
which to rotate extracted factors have varied. Statistic
methods to evaluate psychometric properties have becom
increasingly advanced and empirically-based over tim
The current study synthesizes previous empirical wor
utilizing a large clinical sample and a comprehensiv
confirmatory analytic approach.

The current study provided the first demonstration
temporal and gender invariance for the MADRS to o
knowledge. Only configural and metric invariance w
supported for the temporal invariance of MADRS factor
In contrast, the MADRS factor structure demonstrated
robust strict factor structure across gender. More pr
cisely, the factors of the MADRS were manifested similar
and the items of the MADRS had the same operation
definition across gender. The former invariance is a
essential for the meaningful interpretation of cross-grou
comparisons.
ain

on

og-

G.

ns

ica

Int. J. Methods Psychiatr. Res. 22(3): 175–184 (2013). DOI: 10.1
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items have been utilized to characterize the phenomeno
ogy within and between diagnostic classes, as well as th
differential course of specific symptom sets. For examp
Rocca et al. (2002) reported that dysthymic disord
was principally associated with cognitive, social and m
tivational disruption as compared to somatic symptom
and that both study medications significantly improve
this class of difficulty. Parker et al. (2003) suggested th
dysphoric apathy/retardation and psychic anxiety m
most particularly reflect geriatric depression, an
demonstrate distinct neurochemical underpinnings an
treatment course. The limitations of the current invest
gation include an inability to assess the invariance
the MADRS across other important demographic chara
teristics, as well as the prognostic utility of the subscal
identified here. Yet, this investigation contributes to th
increasing support of the MADRS as one of the mo
psychometrically strong clinician-rated measures of d
pressive severity (Uher et al., 2008). Both the total sco
and the subscales identified may be used justifiab
within both male and female depressed outpatients
provide an overall as well as a more nuanced assay
treatment response. Future research may evaluate the d
ferential prognostic utility of subscales, to empirical
demonstrate their incremental validity.
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