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ABSTRACT

Background: The Montgomery-Asberg Depression Rating Scale — Self Assessment (MADRS-S) is used
to assess symptom severity in major depressive disorder (MDD) among adolescents, but its psycho-
metric properties and diagnostic accuracy are unclear.

Aim: The aim of this study was to explore psychometric properties, including diagnostic accuracy, of
the MADRS-S in adolescent psychiatric outpatients.

Method: Adolescent psychiatric outpatients (N=105 mean age 16years, 46 boys) completed the
MADRS-S and were interviewed using the Kiddie Schedule for Affective Disorders and Schizophrenia
for School-Age Children (K-SADS).

Results: In principal component analysis, two components with eigenvalues of 4.6 and 1.3 explained
51.1% and 14.4% of the variance, respectively. On the first component loaded items assessing Mood,
Feelings of unease, Appetite, Initiative, Pessimism, and Zest for life. On the second component loaded
items assessing Sleep, Ability to concentrate, and Emotional involvement. Cronbach’s alpha (internal
consistency) for all items was 0.87. Spearman’s rho was 0.68 for concurrent validity (correlation
between total MADRS-S-score and K-SADS MDD severity score). In receiver-operating characteristic
analysis, the area under the curve was 0.86 (95% confidence interval 0.78-0.93, p <.001). For all the
participants, the highest combined sensitivity and specificity were reached using cut-offs of 15 and 16
(sensitivity 0.82, specificity 0.86). Optimizing sensitivity for MDD, with specificity still >0.5, cut off for
all was 9, for boys 7 and for girls 10.

Conclusion: Psychometric properties of MADRS-S showed good reliability and validity as well as satis-
fying diagnostic accuracy, indicating good to excellent properties for MDD screening of adolescent
psychiatric patients.
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The Montgomery and Asberg Depression Rating Scale —
Self Assessment (MADRS-S) is the self-rating version of the
original clinician-rated Montgomery and Asberg Depression
Rating Scale (MADRS) [10-12]. The MADRS-S is a widely used
rating scale for assessment of depression severity [10-12].
According to previous studies in adult populations, MADRS-S
seems to be a reliable and valid instrument with good sensi-
tivity for assessing MDD in primary care and psychiatric set-
tings, as well as for measuring changes during treatment
(Table 1) [7,8,13-18].

The MADRS-S is recommended by the Swedish

Background

Major depressive disorder (MDD) is one of the most common
reasons adolescents seek help from child and adolescent
psychiatric services [1]. MDD in adolescence is associated
with functional impairment, increased risk for disruptive dis-
orders, substance use disorder, suicide attempts and suicide
[2,3]. Therefore, early identification and treatment is crucial
[2,3]. For that purpose, self-rating scales are used widely in
child and adolescent psychiatry, both as screening instru-
ments and for assessment of symptom severity [4,5]. Self-

rating scales are time and cost-effective, and have the
additional advantage of involving the patient in both the
diagnostic process and evaluation of treatment [6,7].
However, many of the instruments commonly used has not
been sufficiently psychometrically evaluated for all age
groups and settings [7-9].

Association for Child and Adolescent Psychiatrists for assess-
ment of MDD severity but not for screening [4,19]. To our
knowledge, no previous studies have examined the psycho-
metric properties and diagnostic accuracy of the MADRS-S in
adolescents in child and adolescent psychiatric settings.
The aim of this study was to fill this knowledge gap. We
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compared the MADRS-S with the semi-structured diagnostic
interview Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Age Children (K-SADS), which was
used as the reference test [20].

Materials and methods
Study design

This study is a diagnostic accuracy study that was conducted
from September 2011 until June 2013.

Setting and participants

The study was performed in two child and adolescent psy-
chiatric outpatient clinics, situated in Vasteras and Sala, in
the County of Vastmanland in Sweden. At the time of the
study, Vasteras and Sala had 130,000 and 20,000 inhabitants,
respectively.

Procedure

The study was approved by the Regional Ethical Review
Board of Uppsala (Dnr. 2008/214).

The participants were consecutive adolescent psychiatric
outpatients aged 12-17years, who came for psychiatric
evaluation during the study period [21]. Patients in need of
an interpreter or patients in need of emergency care were
excluded from being invited to the study. The inclusion of
participants was interrupted during shorter periods, such as
holidays. The total number of eligible patients was 202. Of
these, 28 refused to participate, 45 were missed due to clin-
ical and administrative staff workload, and four did not show
up for the K-SADS interview. A further 20 patients either had
an incomplete K-SADS or MADRS-S, leaving 105 participants
with full information for the analyses.

In the letter of invitation to the first visit, the adolescents
and their parents obtained written information about the
study. At the first visit, the adolescents and parents were
then also orally informed about the study before informed
and signed consent was collected. In accordance with
Swedish legislation, both parents and the adolescent under
15years of age agreed to participate in the study whereas
adolescents above 15years of age gave their own consent.
The first visit included an unstructured clinical assessment
together with analogous reports by patients and parents
using the Electronic Psychiatric Intake Questionnaire, which
assesses psychosocial factors and common psychiatric symp-
toms [22]. At the second visit, the participants were inter-
viewed using the reference test, K-SADS [20]. The
adolescents and parents were interviewed together. Later on
the same day, before receiving feedback from the inter-
viewer about the total result of the K-SADS assessment, each
participant was asked to complete the MADRS-S. Thereafter
they were informed about the K-SADS results. The inter-
viewer providing feedback was unaware of the MADRS-S
result because the patients placed their questionnaire in an
envelope that was sealed.
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MADRS-S

The clinician-rated MADRS was developed from the
Comprehensive Psychopathological Rating Scale [11]. The
MADRS includes 10 items rated on a 7-point (0-6) Likert
scale, and the total score ranges from 0 to 60 [11]. The ver-
sion for self-assessment, MADRS-S, includes nine of the 10
items: Mood, Feelings of unease, Sleep, Appetite, Ability to
concentrate, Initiative, Emotional involvement, Pessimism,
and Zest for life [15]. The MADRS-S exists in two scoring ver-
sions. In one scoring version, every item has four statements
that are rated on a four-point Likert scale (0-3), with the pos-
sibility of marking half steps and with a total score of 27
points [15,18]. In the other version, every item is rated from
zero to six (instead of half steps), with a total score of 54
points [8]. The latter was used in this study as the index test
under investigation in relation to the reference test [23].

K-SADS

The K-SADS is a semi-structured diagnostic interview that is
appropriate for use in children and adolescents aged
6-18years [20,24,25]. The interview is designed to assess cur-
rent and past episodes of psychopathology according to the
DSM-III-R and DSM-IV criteria, and is administered by inter-
viewing the parent(s) and the child, and finally achieving
summary ratings based on all sources of information (parent,
child, school, chart, and other) [20,24,25]. The K-SADS has
been shown to have excellent to good validity and reliability
for MDD diagnosis in different studies and is one of the
most commonly used structured diagnostic interview in child
and adolescent psychiatry, both in clinical and research set-
tings [13,18,20,24-32]. In this study, this lifetime version (PL)
of the K-SADS in Swedish translation was used to assess the
current diagnoses [23].

The K-SADS can also be used as a dimensional measure
based on summation of depression scores on each of the 26
items covering MDD and two items covering dysthymia [33].
The options for each item covering MDD are scored 0-3. A
score of 0 indicates no available information; score of 1 sug-
gests the symptom is not present; score of 2 indicates sub-
threshold levels of symptomatology; and score of 3
represents the threshold criteria. The dysthymia items are
rated on a 0-2-point rating scale in which 0 implies no infor-
mation; 1 implies the symptom is not present; and 2 implies
the symptom is present. The K-SADS'’s total sum for symp-
toms of depression ranges from 0 to 82, and is henceforth
called the K-SADS MDD symptom severity score.

Interviewers

The interviewers were one specialist in child and adolescent
psychiatry, one resident in child and adolescent psychiatry,
two clinical psychologists and one clinical social worker; all
working in child psychiatric services and trained in using the
K-SADS. The specialist in child and adolescent psychiatry (KS)
had previously attended a national course for becoming a
trainer of other interviewers. She planned the basic training
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for the others, which, in accordance with the Swedish stand-
ard for K-SADS training, combined four days of theoretical
lectures and practice. Each interviewer’s training was initially
based on assessing individually recorded interviews made by
‘master interviewers'. The results of the ratings were com-
pared and discussed together. Thereafter, the interviewers
videotaped themselves interviewing patients. The other inter-
viewers assessed the recordings and discussed discrepancies.
After the training and before the data collection, inter-rater
reliability was calculated based on ratings of five interviews.
The specialist's ratings were considered standard [34].
Throughout the study, one joint assessment occurred each
month to ensure continuous high levels of agreement.

In total (before and during data collection) each inter-
viewer rated 20, 17, 11 and 5 interviews, respectively. The
inter-rater reliability for all interviewer pairs of the diagnoses
assessed using Cohen’s kappa was 0.86 (range 0.82-1.00).
The kappa value for the prevalence- and bias-adjusted kappa
(PABAK) was 0.93 (range 0.89-1.00) [35-37]. The results for
an MDD diagnosis was 0.89 (range 0.74-1.00), and 0.93
(range 0.82-1.00), respectively.

Statistical analysis

Statistical analyses were conducted using Statistical Package
for the Social Sciences version 24.0. A value of p <.05 was
considered to be significant.

Kappa statistics were used to assess the degree of agree-
ment between interviewers. The agreement is considered to
be slight if kappa <0.2, fair if kappa is 0.21-0.40, moderate if
kappa is 0.41-0.60, substantial if kappa is 0.61-0.80, and
almost perfect if kappa is 0.81-1.0 [38]. When the distribu-
tion of reported categories (diagnoses) is unevenly distrib-
uted, Cohen’s kappa is less reliable [35,36]. Therefore, the
PABAK was also used [36].

Univariate analyses were performed to identify differences
between groups using a t-test for continuous and ordinal
data [38]. Analyses of not normally distributed ordinal data
were then validated with the non-parametric Mann-Whitney
U test [38]. The chi-squared test was used for categorical var-
iables [38]. The chi-squared test for proportions was also
used to analyze sex differences of sensitivity at each cut-off
score [39-41]. Analogous analyses were performed for speci-
ficity [39-41].

Dimensionality was explored using principal component
analysis and rotation methods using varimax with Kaiser nor-
malization due to limited sample size and not the promax,
which can also measure the correlation between factors [42].

The internal consistency of the MADRS-S was assessed by
calculating Cronbach’s alpha [38,39]. Concurrent validity was
assessed by calculating the Spearman rho correlation coeffi-
cient for the total MADRS-S score (score: 0-54) with the K-
SADS MDD symptom severity score (score 0-82) [38,39].

Receiver-operating characteristic (ROC) curve analysis was
used to calculate the area under the curve (AUC) as a meas-
ure of diagnostic accuracy and to identify any differences in
the AUC between boys and girls [37]. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value

(NPV) for identifying MDD diagnosis were calculated for cut-
offs of 7 to 20 [38,39]. All analyses were performed for the
total sample and for boys and girls separately [39-41].

Results
Description of the sample

The proportions of boys and girls within the total sample did
not differ significantly between participants and non-partici-
pants (y°=0.829, p=.365). Similarly, the mean age did not
differ between participants and non-participants (15.8 years
vs., 15.0years, t =3.466, p =.977).

Among the 105 participants with full information included
in the analyses, 46 were boys (44%). Of the total 105 partici-
pants, 49 (47%) had an MDD diagnosis: 16 (35%) boys and
33 (56%) girls (x2 = 4.645, p=.003). Seventy-one participants
(68%) had more than one diagnosis: 26 boys (57%) and 45
girls (75%) (x> =4.604, p=.032).

Psychometric properties of MADRS-S

Dimensionality

Two components were found with eigenvalues of 4.6 and
1.3, which explained 51.1% and 14.4% of the variance,
respectively; these values were confirmed by the scree plot.
Items loading on the first component showed the following
factor loadings: Mood 0.87, Feelings of unease 0.82, Appetite
0.64, Emotional involvement 0.78, Pessimism 0.83, and Zest
for life 0.83. Items loading on the second component
showed the following factor loadings: Sleep 0.41, Ability to
concentrate 0.89, and Initiative 0.84.

Internal consistency

Internal consistency of the nine items in the MADRS-S
showed Cronbach’s alpha of 0.87 (0.82 for boys and 0.86 for
girls). Internal consistency for six items of the first compo-
nent according to factor analysis was 0.90 (0.88 for boys and
0.89 for girls). For the three items of the second component,
0.65 (0.71 for boys and 0.51 for girls).

Concurrent validity

Concurrent validity, measured as the correlation between the
total score on the MADRS-S and the K-SADS MDD symptoms
severity score, showed a Spearman rho of 0.71 for all partici-
pants (0.66 for boys and 0.67 for girls). Likewise, Spearman
rho for the items of the first component was 0.70 (0.66 for
boys and 0.60 for girls). For the second component, a result
of 0.44 for all (0.22, but not statistically significant, for boys,
and 0. significant for girls).

Diagnostic accuracy of the MADRS-S

In the ROC analysis, the AUC for all participants was 0.86
(95% confidence interval (Cl) 0.78-0.93, p <.001); the respect-
ive values were 0.84 (95% Cl 0.71-0.96, p <.001) for boys
and 0.86 (95% Cl 0.75-0.96, p <.001) for girls. The AUC



values did not differ significantly between boys and girls
(p=.803) (Figure 1). The AUC for the first component was
0.88 (95% Cl 0.81-0.95, p <.001); 0.90 for boys (95% Cl 0.82-
0.99, p <.001), and 0.85 for girls (95% Cl 0.74-0.96, p <.001).
For the second component 0.70 (95% Cl 0.60-0.80, p=.001);
0.66 for boys (95% CI 0.51-0.81, p=.076) and 0.72 for girls
(95% Cl 0.60-0.85, p =.004).

Sensitivity, specificity, PPVs and NPVs for cut-off scores
7-20 on the MADRS-S are displayed in Table 2. Sex differen-
ces regarding sensitivity as well as specificity were found at
all cut-off scores (p <.05). For all participants, the highest
combined sensitivity and specificity were at cut-offs of 15
and 16 (sensitivity 0.82, specificity 0.86). Highest combined
sensitivity for boys was at cut-off 11 and for girls 15 and 16.
Optimizing sensitivity for MDD, with specificity still >0.5, cut-
off was 9 for the whole sample, for boys 7 and girls 10,
respectively [43].

ROC Curve
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Figure 1. Receiver-operating characteristic (ROC) analysis of the MADRS-S in
the sample of 105 adolescent psychiatric outpatients.
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Discussion

The unidimensionality of the MADRS-S could not be con-
firmed. However, the values for internal consistency, concur-
rent validity, and diagnostic accuracy were satisfactory for
use in diagnosing adolescents in psychiatric settings, includ-
ing the sensitivity for screening of MDD. Diagnostic accuracy
for the whole scale, as measured by AUC, did not differ
between boys and girls. Nevertheless, at each cut off score,
there were sex differences for sensitivity and specificity, indi-
cating that MADRS-S shows higher sensitivity and lower spe-
cificity for MDD in girls than in boys.

The results of the factor analysis showed two components
for dimensionality. Results for internal consistency, concur-
rent validity and AUC, especially for the first component,
were similar to the results for the whole scale. For boys anal-
yses of AUC and concurrent validity showed non-significant
results for the second component in, probably due to weak
power. Previous studies of adults have reported unidimen-
sionality for the MADRS-S (Table 1). Fantino and Moore [13]
found that all items correlated with the first factor, although
it was unclear whether the factor analysis detected more
than one factor. Yee et al. [18] extracted a single component
in the study population of 150 people, 100 of whom were
healthy medical workers in the institute where the study was
conducted. The only study whose results are consistent with
ours is the study by Bondolfi et al. [7], who found two com-
ponents at the first assessment but only one component at
the second assessment after an intervention. Direct compari-
sons between our results and those of earlier studies of the
MADRS-S are difficult because of differences in study design,
methods, and study populations. Physical and neurobio-
logical changes associated with maturation in adolescents
might interfere with the symptoms assessed in the MADRS-S;
for example, sleep, which may contribute to the two compo-
nents found in the factor analysis in this study [44,45].

As shown in Table 1, the internal consistency in our study
was within the range reported in earlier studies of adult pop-
ulations, despite the differences in study populations, ages,
methods, and settings. We investigated concurrent validity
and found a strong correlation between the MADRS-S score
and the K-SADS MDD severity score. Previous studies of adult
populations calculated concurrent validity using other

Table 2. Sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) for cut-off scores 7-20.

All Boys n=46 Girls n=59
Cut-off score Sens Spec PPV NPV Sens Spec PPV NPV Sens Spec PPV NPV
7 0.96 0.34 0.56 0.90 0.88 0.50 0.48 0.88 1.00 0.15 0.60 1.00
8 0.91 0.46 0.60 0.87 0.81 0.63 0.54 0.86 0.97 0.27 0.63 0.88
9 0.90 0.54 0.63 0.86 0.75 0.67 0.55 0.83 0.97 0.38 0.67 0.91
10 0.90 0.61 0.67 0.87 0.75 0.70 0.57 0.84 0.97 0.50 0.71 0.93
11 0.88 0.66 0.69 0.86 0.75 0.77 0.63 0.85 0.94 0.54 0.72 0.88
12 0.86 0.68 0.70 0.84 0.69 0.77 0.61 0.82 0.94 0.58 0.74 0.88
13 0.84 0.79 0.77 0.85 0.63 0.90 0.77 0.82 0.94 0.65 0.78 0.89
14 0.82 0.84 0.82 0.84 0.63 0.93 0.83 0.82 0.91 0.73 0.81 0.86
15 0.82 0.86 0.83 0.84 0.63 0.93 0.83 0.82 0.91 0.77 0.83 0.87
16 0.82 0.86 0.83 0.84 0.63 0.93 0.83 0.82 0.91 0.77 0.83 0.87
17 0.78 0.88 0.84 0.82 0.56 0.97 0.90 0.81 0.88 0.77 0.83 0.83
18 0.69 0.88 0.83 0.77 0.44 0.97 0.88 0.76 0.82 0.77 0.82 0.77
19 0.65 0.89 0.84 0.75 0.44 0.97 0.88 0.76 0.76 0.81 0.83 0.72
20 0.63 0.91 0.86 0.86 0.44 0.97 0.88 0.76 0.73 0.85 0.86 0.71
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reference tests of depressive symptoms (Table 1). These
results showed moderate to strong correlations with the clin-
ically rated MADRS, very strong correlations with the Beck
Depression Rating Scale (BDI) and strong correlations with
the second version of the Beck Depression Rating Scale
(BDI-IN) [7,8,13-18]. No previous study has, to our knowledge,
used a diagnostic interview as the reference test for assess-
ing concurrent validity. Because of the use of different meth-
ods and different populations (e.g. healthy participants, adult
patients), the results are not directly comparable between
studies, although they trend in the same direction.

The ROC analyses of the MADRS-S supported very good
diagnostic accuracy, which is consistent with previous studies
by Fantino and Moore [13] and Yee et al. [18], despite the
difficulties with making direct comparisons due to differen-
ces in study design, methods, and study populations. As
shown in Table 2, the highest combined sensitivity and spe-
cificity was found at cut-off scores of 15 and 16 for all partic-
ipants. When applying the cut-off scores, in addition to the
differences mentioned above, our results contrast with those
from previous studies because different MADRS-S versions
were used [13,18].

Even with high combined sensitivity and specificity, a
questionnaire alone is insufficient basis for making an MDD
diagnosis since factors such as symptom duration, clinical
impairment and differential diagnostic considerations also
needs to be assessed [46,47]. In clinical work, a diagnostic
tool with high sensitivity for identifying patients in need of
further diagnostic assessment is important [46]. Therefore,
high sensitivity for detecting MDD may be the most import-
ant trait [43]. In that context, a diagnostic tool with a sensi-
tivity of 0.80 and specificity of 0.50 has been regarded as
sufficient [43]. For the MADRS-S, a screening cut-off score of
9 improves sensitivity further, so that nine of 10 patients
with MDD would be identified as having MDD with specifi-
city >0.50.

The sex differences regarding the optimal cut-off score
could be explained by several potential factors. Biological
aspects like the neurological maturation as well as psycho-
social factors for boys and girls of the same age can have an
impact on group level [48]. Higher levels of maturation
among girls may affect the ability to identify own emotions,
ability of self-observation and consequently also to report
symptoms in questionnaires [49]. In fact, girls are known to
report higher levels of symptoms than boys on self-reports
[49]. Moreover, males are more reluctant help-seekers than
females, which may also affect the willingness to report
more severe symptoms compared to females [50,51].
Another reason for sex differences could be that the MADRS-S
questionnaire provides no information about symptoms of
irritability, which may occur more often in depressed males
than females [52]. In DSM-IV and in the K-SADS-interview,
the symptom of irritable mood is one of the obligate symp-
toms to identify MDD in adolescents [24,47]. Altogether
these aspects may contribute to why MADRS-S as assessment
tool has lower sensitivity for boys. Irritability as a potential
item could theoretically improve content validity and diag-
nostic accuracy for MDD for both sexes.

Our results should be interpreted with respect to some limi-
tations. Even though there were no significant differences in
sex and age distribution between the drop-outs and partici-
pants, the external drop-out rate was high. Severely depressed
patients might have dropped out more frequently, and
those who needed emergency psychiatric care were also
excluded from the study. The study sample may therefore
represent a less impaired sample than the true patient
population. This might have affected the PPV and NPV val-
ues, who are susceptible to prevalence. However, one-third
of the participants had an MDD diagnosis and more than
two-thirds showed comorbidity according to the K-SADS.

Another limitation was that the MADRS-S was adminis-
trated after the K-SADS interview. It is not possible to say to
what extent the K-SADS interview may have altered the
MADRS-S report. Neither does it mimic a screening proced-
ure before the comprehensive diagnostic evaluation. On the
other hand, the MADRS-S report occurred after the K-SADS
interview and, therefore, the MADRS-S could not introduce
bias into the MDD diagnosis according to the K-SADS, which
was the reference.

The varimax method was used for factor analyses due to
the limited power of the study sample. Other oblique trans-
formation methods such as the promax method could provide
further information about the correlation between the factors
found. However, as the power is limited, results may lack sta-
bility and in addition to that, complementary analyses with
the promax method provide similar results to those shown.

The strengths of this study were that the participants
came from two sites of different size and they both com-
prised consecutively referred patients. Moreover, the result of
the MADRS-S assessment was compared with the diagnosis
of MDD based on a diagnostic interview, the K-SADS, as the
reference test, and not with a clinical diagnosis or another
rating scale. Furthermore, the diagnostic interviews were
made by trained interviewers with good to excellent inter-
rater reliability during the data collection. Another strength
is that the time frame between the index test, the MADRS-S,
and the reference test (K-SADS) was less than one day, which
inhibits time bias or fluctuation of symptoms between meas-
ures. Therefore, despite these limitations, our results may be
generalizable to other psychiatric outpatient settings for
adolescents.

In conclusion, this study shows that the MADRS-S has suf-
ficient psychometric properties and appropriate diagnostic
accuracy for use as an assessment tool for MDD in adoles-
cents in general psychiatric outpatient care in Sweden. The
unidimensionality of the scale could not be proven and fur-
ther investigation is needed. As for other self-report instru-
ments, the MADRS-S is not sufficient for diagnosing
depression, but it can be part of a best-estimate diagnostic
procedure and help to support the accuracy of clinician-
diagnosed MDD [27].
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