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Abstract 

Background Quantifying depression mainly relies on the use of depression scales, and understanding their factor 
structure is crucial for evaluating their validity.

Methods This post‑hoc analysis utilized prospectively collected data from a naturalistic study of 1014 inpatients 
with major depression. Confirmatory and exploratory factor analyses were performed to test the psychometric abili‑
ties of the Hamilton Depression Rating Scale, the Montgomery Asberg Depression Rating Scale, and the self‑rated 
Beck Depression Inventory. A combined factor analysis was also conducted including all items of all scales.

Results All three scales showed good to very good internal consistency. The HAMD‑17 had four factors: an "anxiety" 
factor, a "depression" factor, an "insomnia" factor, and a "somatic" factor. The MADRS also had four factors: a “sadness” 
factor, a neurovegetative factor, a “detachment” factor and a “negative thoughts” factor, while the BDI had three factors: 
a "negative attitude towards self" factor, a "performance impairment" factor, and a "somatic" factor. The combined fac‑
tor analysis suggested that self‑ratings might reflect a distinct illness dimension within major depression.

Conclusions The factors obtained in this study are comparable to those found in previous research. Self and clinician 
ratings are complementary and not redundant, highlighting the importance of using multiple measures to quantify 
depression.
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Introduction
The use of depression rating scales is essential for quan-
tifying treatment effects [1]. Among the most established 
rating scales are the Hamilton Depression Rating Scale 
in its 17-item version (HAMD), the Montgomery Asberg 
Depression Rating Scale (MARDS) [2] and the Beck 
Depression Inventory (BDI) [3]. The HAMD was primar-
ily developed for inpatients with major depression and 
includes depressive, anxious and psychovegetative symp-
toms. Therefore, it can detect symptoms of anxious and 
melancholic depression, as well as treatment effects of 
differential (e.g. sedative) acting antidepressants [4].

The MADRS [2] is increasingly replacing the HAMD 
in the context of psychopharmacological studies, and it 
has 10 items specifically designed for detecting symp-
tom change in treatment trials. However, it cannot detect 
changes in specific symptom domains and may under-
estimate depression severity in subtypes [4, 5]. The BDI 
has achieved wide acceptance in the research community 
[6]. Its first version includes many cognitive symptoms 
and, therefore, better detects effects of cognitive psy-
chotherapy [4]. Although self-report scales are less time-
consuming, they are open to patient bias and may show 
smaller effect sizes in treatment trials [4].

Studies of the factor structure of commonly used 
depression scales are important because they can provide 
insights into the validity of scale scores. Factor analy-
ses allow an examination of the covariation among the 
observed scale items to gain information on the latent 
constructs (= factors) that underlie them. There are two 
general types of factor analysis: exploratory factor analy-
sis (EFA) and confirmatory factor analysis (CFA). In brief, 
EFA is used when the relation between the underlying 
factors and the observed variables is unknown and it is 
a hypothesis-generating approach. By contrast, CFA is 
a data driven approach and is appropriate when there is 
already some knowledge of the underlying factor struc-
ture [7].

The factor structure of all three scales has extensively 
been studied mainly via EFA, in outpatient samples and 
in populations of randomized controlled antidepressant 
trials. Shafer and co-workers published a meta-analysis of 
exploratory factor analyses including the HAMD and the 
BDI in 2006 [8], where a four-factor structure including 
an anxiety, a general depression, a sleep, and a somatic 
complaints factor, appeared to be the most generaliz-
able solution for the HAMD. For the BDI a three-factor 
solution comprised a negative attitude towards self, a 
performance impairment and a somatic concerns fac-
tor [8]. As of April 2023, there seems to be no compa-
rable meta-analysis for the MADRS. Previous research 
suggests either a 2 [9], a 3 [10–16] or a 4 factor solution 
[17–19]. However, an approximately comparable number 

finds a 1-factor solution most appropriate [20–28]. The 
most recent and comprehensive MADRS factor analysis 
revealed a four-factor solution that remained invariant 
over time [29]. Since in outpatient populations specific 
symptoms might occur rarely (e.g., suicidality, impaired 
illness insight) prior factor analyses might be biased 
towards a more mildly depressed patient sample [30]. 
For example, in the large STAR*D study on outpatients 
the mean HAMD score was 19.9 as compared to a mean 
HAMD score of 22.3 in the present study [31, 32]. There-
fore, our first aim was to confirm the previously found 
factor structures by CFA within a large sample of inpa-
tients with acute major depression.

Our second aim targets a long debate concerning self-
administered versus observer rating scales [4]. It is still 
under debate whether self-report and clinician-rated 
depression scales measure the same or different dimen-
sions of depression. Shafer has suggested that combining 
multiple depression scales is likely to measure most of 
the major specific domains of depression [8]. In line with 
this, we included all three scales in our analysis to gain 
insight into the dimensionality of self and clinician rat-
ings. Despite significant symptom/item overlap between 
self and clinician reports, we hypothesized that most self-
report items would appear on a separate “self” factor. To 
achieve these aims, we analysed a large dataset from a 
naturalistic study of depressed inpatients, with the spe-
cific goals of:

1. Confirming the specific psychometric properties of 
the HAMD, MADRS, and BDI within an inpatient 
sample, and

2. elucidating the relationship of self- vs. observer rated 
depression scales within an overall factor analysis.

Method
Sample and data collection
The main objective and details of the study proto-
col are described in detail elsewhere [32]. In brief, data 
from a large prospective, naturalistic, multicenter study 
(N = 1014) were analyzed. The study was part of the Ger-
man research network, funded by the German Federal 
Ministry of Education and Research (BMBF). Subjects 
were recruited from seven German psychiatric univer-
sity or research hospitals (two in Munich, two in Berlin, 
Tübingen, Düsseldorf, Halle) and five psychiatric district 
hospitals (Munich, Gabersee, and three in Berlin).

The core of this multicenter study was the biweekly 
observation of inpatients with a major depressive epi-
sode under naturalistic treatment conditions until dis-
charge and a subsequent annual follow-up for a period 
of 4-years. These methods were described in detail in a 
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study protocol, which allowed post-hoc analyses and 
which was approved by the Ethics Review Committee. 
Here, only data of the acute inpatient treatment period 
were analyzed.

Inclusion criteria were:

A) Age between 18 and 65
B) Signed written informed consent
C) Hospitalization and fulfilling of ICD-10 diagnostic 

criteria for any major depressive episode (ICD-10: 
F31.3x–5x, F32, F33, F34, F38) or for a depressive 
disorder not otherwise specified (ICD-10: F39) as 
primary diagnosis [33].

Exclusion criteria were:

A) Organic cause of depression
B) Insufficient knowledge of German language
C) Distance from place of residence to the study center 

of more than 100 km

Moreover, for confirmation of the diagnose of a depres-
sive spectrum disorder according to DSM-IV as well as 
for the detection of relevant axis I and axis II comor-
bidities, the Structured Clinical Interview for DSM-IV 
(SCID-I and SCID-II) was used [34].

Rating scales
Psychopathological symptoms were assessed using the 
Hamilton Depression Rating Scale (HAMD-17) [35]. The 
HAMD is a 17-item clinician rated scale that captures the 
severity of depression. Nine of its items can be rated on 
a Likert scale from 0–4 (depressed mood, suicide, work 
and interests, depressive retardation, excitement, anx-
iety-psychic, anxiety-somatic, hypochondriasis, illness 
insight) and 8 items on a 0–2 Likert scale (insomnia early, 
insomnia middle, insomnia late, appetite, somatic symp-
toms, genital symptoms, weight loss, illness insight). 
Higher values indicate higher symptom load. The Ger-
man 17-item version has shown good reliability with a 
Cronbach’s α ranging from 0.72–0.83 [35, 36].

The Montgomery Asberg Depression Rating Scale 
(MADRS) is a 10-item clinician rated scale. Measures are 
rated on a 0–4 scale, higher values indicating more severe 
symptoms. The German translation has been shown to 
have a high internal consistency (Cornbachs α = 0.86) 
and a high sensitivity for change [37]. Its validity has been 
demonstrated by moderate to good correlations with the 
17-item German version of the HAMD ranging from 
0.51 to 0.89 [37].

The Beck Depression inventory is a 21-item self-report 
scale for depression severity. Ratings of depressive symp-
toms are made on a scale ranging from 0–4. Higher 

scores are indicative of higher symptoms. The Ger-
man version of the self-rated Becks Depression Inven-
tory (BDI) has a similar internal consistency (Cornbachs 
α = 0.86), good correlations with the self-rated Zung 
Depression scale and moderate to poor correlations with 
the HAMD (Pearson correlation = 0.37) [38].

All ratings were assessed by clinicians who had under-
gone a minimum of four years’ clinical training in psy-
chiatry. All ratings for each patient were assessed by the 
same clinician. Patients were rated according to the pro-
tocol at baseline and every two weeks until discharge.

Patients were included in the analysis if at least two 
assessments were available.

Treatment
Patients were treated at the discretion of the psychiatrist 
in charge under consideration of the international clinical 
guidelines for the treatment of depression (APA, WSFBP, 
DGPPN) [39–41]. In addition, the medication class, 
their active compounds, the dosage, and the treatment 
duration were recorded. Furthermore, the duration and 
type of other biological treatments like electroconvul-
sive treatment, sleep deprivation, transcranial magnetic 
stimulation and psychotherapy were carefully recorded. 
Detailed description of the treatment can be found else-
where [32].

Statistical analyses
Included assessments
Due to the naturalistic design the inpatient treatment 
time varied and each patient had a different number of 
visits. Usually, only a single time point is included when 
investigating the psychometrics of scales. In depression 
research, baseline ratings at study entry usually include 
more severe ratings with less symptom variability. How-
ever, endpoint ratings may include less severe ratings 
with higher variability and a bias towards a more treat-
ment resistant population. To ensure that every patient 
entered the analysis with the same weight and to avoid 
treatment effects confounding results of the factor analy-
sis, we used the method purposed by Uher et al. (2008) 
[28]. This method involves using a “random week data-
set”, whereby.

one single visit was randomly chosen for each patient.

Classical test theory
From classical test theory Cronbach’s alpha, coefficient 
omega and point biserial correlations were calculated to 
quantify the reliability of each scales. The Correlations 
between scales were assessed using Pearson’s correlation 
coefficient.
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Factor structure
We chose a two-stage procedure. In the first step, a con-
firmatory factor analysis (CFA) was performed based on 
the factors found in the literature (as described in the 
introduction). If the CFA showed a poor model fit, a sec-
ond exploratory factor analysis was performed.

Confirmatory factor analyses (CFA)
To perform CFA of the HAMD we used the fourfactor 
solution found by the EFA factor metanalysis conducted 
by Shafer et al. [8]. This solution included an anxiety fac-
tor (HAMD-items: anxiety psychic, agitation, anxiety 
somatic, hypochondriasis, insight loss), depression factor 
(retardation, depressed mood, suicide, work and inter-
ests, guilt), insomnia factor (initial, middle, delayed) and 
a somatic factor (gastrointestinal, general somatic, weight 
loss, libido).

For the CFA of the MADRS we utilized the fourfactor 
solution as proposed by Quilty and others (2013) [29]. 
This solution included a sadness factor (apparent sad-
ness, reported sadness), a neurovegetative factor (inner 
tension, reduced sleep, reduced ppetite), a detachment 
factor (concentration, lassitude, inability to feel) and a 
negative thoughts factor (pessimistic thoughts, suicidal 
thoughts).

For the CFA of the BDI we relied on the threefac-
tor solution found by the metanalysis conducted by 
Shafer et al. (2006) [8]. This solution included a negative 
towards self-factor (BDI items: self-hate, sense of fail-
ure, guilt feeling, self-accusation, sense of punishment, 
suicidal ideas, pessimism, body image, sadness, lack of 
satisfaction, crying spells), a performance impairment 
factor (fatigue, difficulty working, social withdrawal, irri-
tability, somatic concern, libido loss, indecisiveness), a 
somatic symptoms factor (appetite change, weight loss, 
insomnia).

For the CFA of the combined analysis we used the three 
factor structure published by Uher et al. (2008) [28]. This 
solution consists of an observed mood factor (MADRS 
Items: mood observed, mood reported, tension, concen-
tration, lassitude, inability to feel; HAMD items: mood, 
activity, retardation, agitation, anxiety psychic, anxiety 
somatic, somatic symptoms, hypochondriasis; BDI item: 
health worry), a cognitive factor (MARDS items: pes-
simism, suicide; HAMD items: guilt suicide, BDI itmes: 
sadness, future, failure, enjoyment, guilt, punished, dis-
appointed, blame self, suicide, crying, irritable, interest in 
people, decisions, ugly, work, tired) and a neurovegeta-
tive factor (MADRS items: sleep, appetite; HAMD items: 
insomia early insomnia middle, insomnia late, appetite, 
sexual, weight loss; BDI Items: sleep, appetite, weight 
loss, sexual interest).

The R package lavaan was used for application of 
confirmatory factor analysis (package version 0.6.11, 
R-Version 4.0.4). The provided results include an over-
all p-value of the factor model as well as three meas-
ures for the model fit: Tucker-Lewis index (TLI; good fi 
t ≥ 0.9), comparative fit index (CFI; good fi t ≥ 0.9) and 
the root mean square error of approximation (RMSEA; 
good fi t < 0.05; 0.05 ≤ reasonable fit ≤ 0.08) (CFI, TLI and 
RSMEA).

Exploratory factor analysis (EFA)
For the combined analysis, we conducted an exploratory 
principal component factor analysis using Pearson cor-
relation matrices. To determine a meaningful number of 
factors, we used parallel plots, as this method has been 
shown to be superior to other methods, such as the com-
monly used eigenvalue-greater-than-one rule.

To conduct the parallel analysis, we compared the 
eigenvalues of the original dataset to the averaged eigen-
values from 500 random permutations of the data. 
Eigenvalues greater than those of the random permuta-
tions suggest the presence of an underlying internal data 
structure and thus interpretable factors. We performed 
an oblique PROMAX rotation because dimensions of 
depression are expected to be correlated. To provide a 
clear arrangement of the results, only loadings with an 
absolute value greater than 0.4 were presented.

All statistical analyses were performed using the statis-
tical software package R-Version 4.0.4

Results
Patients
Out of the original dataset of 1079, 59 patients had miss-
ing baseline data, resulting in 1014 patients with com-
plete HAMD ratings, 990 complete BDI ratings, and 919 
complete MADRS ratings. Therefore, for the final analy-
sis, data on 3690 visits of 755 patients with complete data 
on all three scales were available. The mean number of 
assessments was 3.89 ± 2.9, and the mean inpatient treat-
ment duration was 53.6 ± 47.5  days. The patients had a 
mean age of 45.5 ± 11.9  years, and 62.2% of the sample 
consisted of female patients.

Treatment
Data regarding medication were available for 859 patients 
in the sample. A detailed description of the medication 
and prescription patterns is published elsewhere [32]. In 
brief, 97% of the patients received antidepressant medica-
tion either as monotherapy or in combination with other 
medication. Benzodiazepines were received by 58% of 
the patients, and 43% were prescribed hypnotics. Antip-
sychotic medication was taken by 44% of the patients. 
The ten most frequently prescribed antidepressants, in 
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declining order, were venlafaxine (37%), mirtazapine 
(23%), sertraline (18%), citalopram (16%), trimipramine 
(15%), amitriptyline (13%), reboxetine (9%), doxepin (7%), 
paroxetine (5%), and tranylcypromine (5%).

Correlations
The basic psychometrics can be found in Table  1. We 
found good reliability for the MADRS (Cronbach’s α and 
coefficient Omega = 0.92), the HAMD-17 (Cronbach’s 
α = 0.85, coefficient Omega = 0.86), and very good inter-
nal consistency for the BDI (Cronbach’s α = 0.91, coef-
ficient Omega = 0.92). As expected, there was a strong 
correlation between the two observer scales (0.88), but 
a notably weaker correlation between the self-rated BDI 
and one of the observer rating scales (HAMD-17: 0.58 
and MADRS: 0.59).

The correlations between single items and the total 
HAMD-17 score revealed only weak correlations of 0.31 
for agitation (item 9) and 0.18 for illness insight (item 17) 
(Table 2). The correlations between single items and the 
total MADRS score showed good to moderate values, 
ranging from 0.57 (reduced sleep) to 0.85 (reported sad-
ness) (Table 3). The correlations between single items and 
the BDI total score suggested weak correlations of 0.24 
for the BDI item "weight loss" and 0.41 for "health anxi-
ety," with moderate correlations across all other items, 
ranging from 0.49 (sleep) to 0.75 (sadness) (Table 4).

Confirmatory Factor Analysis (CFA)
HAMD
The CFA of the HAMD using the four-factor structure 
(anxiety, depression, insomnia, somatic) found by Shafer 
et  al. (2006) [8] revealed moderate to good fit based on 
the CFI (0.89) and TLI criteria (0.86) and reasonable fit 
based on the RMSEA criterion (0.065) (Table 5).

MADRS
For the CFA of the MADRS, we utilized the recently sug-
gested fourfactor solution (as described in the introduc-
tion), which showed good fit based on the CFI (0.97) and 
TLI (0.92) and good fit based on the RMSEA criterion 
(0.072) (Table 5).

Table 1 Sum score correlations, mean sum scores of the random week set of HAMD‑17, MADRS and BDI and internal consistency 
(Cronbach´s alpha, coefficient Omega)

MADRS HAMD-17 Min Max Mean SD Cronbach´s alpha Omega

MADRS 1.00 51.00 22.70 10.47 0.92 0.92

HAMD‑17 0.88 1.00 36.00 16.22 7.72 0.85 0.86

BDI 0.59 0.58 0.00 58.00 19.97 11.42 0.91 0.92

Table 2 Single item correlation with HAMD‑17 total score and 
internal consistency (Cronbach’s alpha, coefficient Omega)

HAMD Item Correlation

1‑Depressed mood 0.71

2‑Feelings of guilt 0.53

3‑Suicide 0.48

4‑Insomnia early 0.40

5‑Insomnia middle 0.45

6‑Insomnia late 0.46

7‑Work and activities 0.67

8‑Retardation 0.44

9‑Agitation 0.31

10‑Psychic anxiety 0.55

11‑Somatic anxiety 0.51

12‑Loss of appetite 0.50

13‑Somatic symptoms 0.47

14‑Genital symptoms 0.41

15‑Hypochondrias 0.34

16‑Loss of weight 0.40

17‑Insight 0.18

C’s alpha 0.85

Omega 0.86

Table 3 Single item correlation with MADRS total score and 
internal consistency (Cronbach’s alpha, coefficient Omega)

MDARS item Correlation

1‑Apparent sadness 0.81

2‑Reported sadness 0.85

3‑Inner tension 0.59

4‑Reduced sleep 0.57

5‑Reduced appetite 0.59

6‑Concentration 0.67

7‑Lassitude 0.77

8‑Inhability to feel 0.81

9‑Pessimistic thoughts 0.69

10‑Suicidal thoughts 0.60

C’s alpha 0.92

Omega 0.92
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BDI
The CFA of the BDI using the three-factor structure 
(negative self-perception, performance impairment, 
and somatic symptoms) found by Shafer et al. (2006) [8] 
revealed good fit based on both the CFI (0.91) and TLI 
criteria (0.90), and a good fit based on the RMSEA crite-
rion (0.068) (as shown in Table 5).

Combined CFA
The combined analysis using the factors found by Uher 
et al. (2008) resulted in poor model fit across all measures 

(see Table 5). As with the MADRS, we chose to further 
explore the factor structure using an EFA.

Exploratory Factor Analysis (EFA)
Factor eigenvalues and parallel plots
The parallel analysis for the combination of all three 
scales suggested a 3–5-factor structure (Fig. 1). However, 
the difference between the simulated and observed eigen-
values decreased starting from the fourth to the sixth fac-
tor. To obtain an interpretable description and avoid too 
many cross-loadings, we chose a limit of three factors for 
the combined analysis (see discussion).

Exploratory factor analysis of HAMD-17, MADRS and BDI
To test the hypothesis that all three scales capture one 
single underlying construct of depression, we conducted 
an EFA using all 48 items.

The first factor might be best referred to as “mood and 
anxiety” including observed and reported mood, geni-
tal, and somatic symptoms (HAMD) and anxiety related 
items on MADRS and HAM-17. The second self-rating 
factor exclusively consisted of BDI Items. The third “neu-
rovegetative” factor included sleep disturbances, appetite 
and weight changes of all three scales and both clinician-
rated suicide items (Table 6).

Discussion
Factor analysis of psychopathological rating scales can 
provide us with an estimate of the illness dimensions 
that underlie the respective rating scales. This naturalis-
tic study included the three most used instruments for 
measuring depression in a large sample of inpatients, 
offering the opportunity for a comprehensive psychomet-
ric comparison.

HAMD-17
The psychometric properties of the HAMD have been 
repeatedly investigated [8]. Consistent with previous 
findings, the HAMD-17 demonstrated good internal 
consistency (Cronbach’s alpha = 0.85, Omega 0,86).

Among the single item correlations, the items "agita-
tion" and "insight" showed only weak correlations with 

Table 4 Single item correlation with BDI total score and internal 
consistency (Cronbach’s alpha, coefficient Omega)

BDI Item Correlation

BDI A‑Sadness 0.75

BDI B‑Future pessimism 0.69

BDI C‑Feeling like failure 0.66

BDI D‑Lack of enjoyment 0.71

BDI E‑Guilt 0.59

BDI F‑Feelings beeing punished 0.50

BDI G‑Dissapointment oneself 0.67

BDI H‑Self blame 0.64

BDI I‑Suicidal thoughts 0.59

BDI J‑Crying 0.55

BDI K‑Irritability 0.52

BDI L‑Interest in people 0.66

BDI M‑Making decisions 0.71

BDI N‑Appearence 0.53

BDI O‑Work 0.68

BDI P‑Sleep 0.49

BDI Q‑Tiredness 0.62

BDI R‑Appetite 0.54

BDI S‑Weight loss 0.24

BDI T‑Health anxiety 0.41

BDI U‑Interest in sex 0.49

C’s alpha 0.91

Omega 0.92

Table 5 Confirmatory factor analysis (CFA) for HAMD, MADRS, BDI and the combined analysis. Tucker‑Lewis index (TLI; good fi t ≥ 0.9), 
comparative fit index (CFI; good fit ≥ 0.9) and the root mean square error of approximation (RMSEA; good fit < 0.05; 0.05 ≤ reasonable 
fit ≤ 0.08)

Scale Reference Patients eligible Factor number p-value CFI TLI RSMEA

HAMD Shafer et al. 2006 1014 4  < 0.0001 0,89 0,86 0,065

MADRS Quilty et al. 2013 821 4  < 0.0001 0,97 0,96 0,072

BDI Shafer et al. 2006 990 3  < 0.0001 0,91 0,90 0,068

All scales Uher et al. 2007 755 3  < 0.0001 0,68 0,67 0,087
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the HAMD-17 total score, suggesting less relationship 
with other variables and thus little psychometric value. 
These two items have also consistently been described 
as having poor psychometric abilities, including low dis-
criminative abilities, in previous investigations [27, 42, 
43]. It has often been argued that the poor discriminative 
abilities of the "agitation" and "insight" items might be 
due to a less severe patient population. However, in this 
severely depressed inpatient sample, we were able to rep-
licate these findings [28]. Additionally, in only 14% of all 
3,690 visits, patients were rated as having some impair-
ment of illness insight (HAMD item 17 > 0), suggesting a 
low overall prevalence of this item.

Thus, the four-factor solution suggested by Shafer’s 
meta-analysis was largely confirmed [8]. It suggests a 
“depression factor” with core depressive symptoms, a 
“sleep” factor, an “anxiety factor” and a “somatic symp-
toms” factor. We additionally checked all 3- and 4-fac-
tor solutions cited by Bagby et al. (2004) [42] and found 
no factor model with a better fit [44–48]. However, the 
factor structure proposed by Onega et a. (1997) [49] had 
almost the same factor structure containing the same 
items and also showed good model fit (CFI: 0.87, TLI: 
0.85, RMSEA: 0.069).

The symptoms of the depression factor fit nicely into 
Parker’s suggestion of classifying depression along psych-
omotor disturbances, which is the most specific symptom 
for melancholic depression [50]. In the aforementioned 
review on the HAMD scale summarizing results from 15 
factor analyses on the HAMD-17, Bagby and coworkers 
(2004) also found good evidence for the presence of such 
a general “depression factor” [42].

The “anxiety” factor, included all anxiety related 
HAMD symptoms, in addition to “agitation”. Bagby´s 
review also suggested the presence of an “excitement 
factor” (including anxiety items along with agitation) as 
was found in 6 of the 15 reviewed samples [42]. In line 
with clinical experience, agitation in major depression is 

closely related to anxiety, as it might be its physiological 
manifestation. This notion is also supported by findings 
from Angst et al. (2008) who found that agitated depres-
sion was not significantly related to bipolarity but rather 
closely related to anxiety symptoms [51]. Maybe anxiety 
represents a separate dimension within depression [52, 
53] and may be related to worse clinical outcomes [54–
57]. But on the other hand anxiety symptoms are not very 
specific to depressive disorders, as anxiety symptoms are 
among the most prevalent psychopathological symptoms 
generally [58].

MADRS
The CFA demonstrated a good model fit for all param-
eters (CFI: 0.975;TLI: 0.962; RSMEA 0,072). Our find-
ings align well with the results reported by Williamson 
(2006), who initially proposed this four-factor solution in 
individuals with Bipolar-I disorder [18]. The four-factor 
solution comprises factors related to sadness, neuroveg-
etative symptoms, detachment, and negative thoughts. 
In 2013, Quilty and colleagues successfully replicated 
this four-factor solution and found a good model fit (CFI: 
0.92; RMSEA: 0.06). They also demonstrated the invari-
ance of this solution over time and gender [29].

Furthermore, the authors presented support for a 
hierarchical model where all four factors loaded onto a 
second overarching depression factor. Additionally, we 
examined the one-factor solution as proposed by Uher 
and colleagues but only observed a good model fit in two 
out of the three indices (CFI: 0.94; TLI: 0.92; RMSEA: 
0.107) [29].

The high correlation between single items and the 
MADRS total score highlights the scale’s excellent reli-
ability. Compared to the HAMD, the MADRS may be 
better suited for detecting or measuring treatment effects 
within a homogeneous sample, but it may have limita-
tions in capturing different dimensions of illness.

Fig. 1 Eigenvalues of exploratory factor analysis (empty dots) compared with parallel analysis (broken line) for estimation of the number of factors 
for the combined EFA of all three scales (HAMD, MADRS, BDI)
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BDI
The CFA of the BDI using the factor structure of Shafer 
et  al. (2006) confirmed the 3-factor solution with good 
model fit indices (Table 5). The three factors could prob-
ably be best referred to as the “negative perception of 
oneself" factor, as the “performance” factor and as the 
“somatic” factor [8].

First, this result should also be seen against the back-
ground of the developmental procedure of the BDI. Aron 
T. Beck developed this self-rating instrument based n his 
depression theory of the “cognitive triad”. The core of this 
theory is the assumption that depression arises from neg-
ative thoughts on the self, the world, and the future. Con-
sequently, he developed a questionnaire that includes 5 
cognitive items covering content of negative self-percep-
tion (feeling like failure, guilt, feeling of being punished, 
disappointment in oneself, self-blame).

In our CFA, all 5 items were indeed found to load on a 
single factor. From a methodological perspective, a single 
factor is more likely to emerge when an instrument con-
tains similar items. However, it may be that negative self-
perceptions play an important role, particularly within 
the subjective dimension of depression. Supporting this 
notion, suicidality had the highest loadings on this factor. 
In this context, suicidality may represent the most severe 
form of negative self-perception, where one feels so 
worthless that their life is not worth living. Beck himself 
also described a factor called "negative attitude towards 
self," which aligns well with the second factor found in 
our analysis [59].

These factors are also in good accordance with the 
results from the German BDI validation study conducted 
by Hautzinger et  al. (1991) in a sample of 477 primar-
ily (89%) inpatients diagnosed with a depressive episode 
according to ICD-9 [38]. Describing a 3-factor solution, 
the study proposed a "performance impairment factor" 
(including items such as work, tiredness, interest in peo-
ple, sadness, making decisions, crying, and irritability), 
a "negative self-perception factor" (including items such 
as guilt, self-blame, feeling like a failure, feelings of being 
punished, future pessimism, and suicidal thoughts), and 

Table 6 Combined exploratory factor analysis of MADRS, 
BDI and HAMD, single loadings above 0.4 in a three‑factor 
solution, single factor loadings, explained variance and internal 
consistency (Cronbach’s alpha)

Item Factor 1 Factor 2 Factor 3

MADRS 1‑Apparent sadness ‑0.64

MADRS 2‑Reported sadness ‑0.63

MADRS 3‑Inner tension ‑0.63

MADRS 4‑Reduced sleep 0.73

MADRS 5‑Reduced appetite 0.74

MADRS 6‑Concentration ‑0.73

MADRS 7‑Lassitude ‑0.77

MADRS 8‑Inhability to feel ‑0.72

MADRS 9‑Pessimistic thoughts ‑0.68

MADRS 10‑Suicidal thoughts

 HAMD 1‑Depressed mood ‑0.55

 HAMD 2‑Feelings of guilt ‑0.51

 HAMD 3‑Suicide

 HAMD 4‑Insomnia early 0.60

 HAMD 5‑Insomnia middle 0.66

 HAMD 6‑Insomnia late 0.65

 HAMD 7‑Work and activities ‑0.68

 HAMD 8‑Retardation ‑0.68

 HAMD 9‑Agitation ‑0.44

 HAMD 10‑Psychic anxiety ‑0.50

 HAMD 11‑Somatic anxiety ‑0.51

 HAMD 12‑Loss of appetite 0.60

 HAMD 13‑Somatic symptoms ‑0.58

 HAMD 14‑Genital symptoms ‑0.42

 HAMD 15‑Hypochondrias ‑0.46

 HAMD 16‑Loss of weight 0.73

HAMD 17‑Insight

 BDI A‑Sadness ‑0.63

 BDI B‑Future pessimism ‑0.70

 BDI C‑Feeling like failure ‑0.79

 BDI D‑Lack of enjoyment ‑0.70

 BDI E‑Guilt ‑0.74

 BDI F‑Feelings beeing punished ‑0.59

 BDI G‑Dissapointment oneself ‑0.78

 BDI H‑Self blame ‑0.76

 BDI I‑Suicidal thoughts ‑0.67

 BDI J‑Crying ‑0.48

 BDI K‑Irritability ‑0.53

 BDI L‑Interest in people ‑0.66

 BDI M‑Making decisions ‑0.67

 BDI N‑Appearence ‑0.58

 BDI O‑Work ‑0.62

 BDI P‑Sleep 0.51

 BDI Q‑Tiredness ‑0.55

 BDI R‑Appetite 0.53

 BDI S‑Weight loss 0.65

Table 6 (continued)

Item Factor 1 Factor 2 Factor 3

BDI T‑Health anxiety

 BDI U‑Interest in sex ‑0.47

 SS loadings 6.68 7.81 4.79

 Proportion Var 0.14 0.16 0.10

 Cumulative Var 0.14 0.30 0.40

 C’s alpha (overal = 0.94) 0.91 0.91 0.84
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a "physical symptoms factor" (including items such as 
weight loss, sleep disturbances, and appetite loss) [38].

Combined exploratory factor analysis of BDI, MDRS 
and HAMD
In line with our hypothesis, we found that a 3-factor solu-
tion was the best fitting and most interpretable. Only 
the BDI items related to sleep, appetite, and weight loss 
loaded together with similar items from the HAMD and 
MADRS, forming a separate “psychovegetative” factor. 
These symptoms are not specific to depression but are 
sensitive markers of depression within a correctly diag-
nosed depressed patient sample. All other self-rated 
items loaded onto one strong factor explaining 17% of the 
total variance of all scale items. This strongly supports 
the notion that self-ratings in major depression may 
represent a separate illness dimension. Considering that 
the HAMD and BDI have a 50% overlap in symptoms, 
the strict separation into two separate factors is remark-
able. Uher et al. (2008) also performed an EFA with BDI, 
MADRS, and HAMD-17 items and found a 3-factor solu-
tion to be the most interpretable. They found one strong 
self-rating factor with almost all BDI items plus suicide 
(HAMD-17, MADRS) and guilt (HAMD-17), a mood 
and anxiety factor (MADRS and HAMD-17), and a neu-
rovegetative factor with sleep and appetite items com-
bined from all three scales [28].

The poor agreement between self-ratings and clini-
cian-ratings is also reflected in the correlations of 0.58 
and 0.59 between HAMD and MADRS with the BDI, 
respectively. Apart from the differing item content of 
self- and observer-rated scales, there are several reasons 
described in the literature that contribute to the discrep-
ancy between self- and observer-rated scales in depres-
sion research.

First, self-ratings are more prone to be biased by 
depression severity. For instance, severely depressed 
patients tend to underestimate their symptomatology 
whereas less severely depressed patients may overesti-
mate their symptoms [60–62]. Second, some aspects of 
psychopathology cannot be adequately assessed by self-
ratings, as they are mainly observable by an observer, 
such as psychomotor retardation or hypochondriasis. 
Third, self-ratings are particularly vulnerable to fixed 
response biases in some patients, such as acquiescence 
bias, social desirability bias, or symptom exaggeration 
in the hope of receiving better care [63]. Fourthly, the 
accurate completion of a self-rating is dependent on 
the educational background and the patients´ ability for 
introspection [64].

However, clinician ratings are not without bias as they 
might be easily influenced by the clinician’s expectations 

of the allocated treatment, which is especially true within 
naturalistic non-blinded conditions. Despite these limita-
tions, self-rating might still represent a dimension of its 
own [4].

In our data, this notion is highlighted by the fact that 
even core depressive items that are closely connected 
or almost identical in content, such as reported sadness 
(MADRS), depressed mood (HAMD), and sadness (BDI), 
load on one self-rated factor (BDI) and one observer-
rated factor (HAMD and MADRS) (Table 6).

Strengths and limitations
Strengths of this analysis are the simultaneous applica-
tion of the three depression scales most widely in use, the 
large sample size of inpatients including acutely suicidal 
patients and the independent funding by the German 
ministry for education and research.

But there are also some principle and methodological 
limitations which must be carefully considered.

Firstly, although many severely depressed inpatients 
were included, this sample may not be easily generaliz-
able. Although we only had missing baseline data for a 
small number of patients (n = 59), we did not have data 
for all three scales at all time points, limiting generaliza-
bility. Additionally, the German healthcare system allows 
for easier access to treatment and longer inpatient treat-
ment durations than in other countries. Further, older 
patients and adolescents are clearly underrepresented in 
our sample.

Secondly, all scales were assessed by the same clini-
cian, which implies that one rating may have influenced 
the other. However, an independent rating would have 
required double the number of raters and increased the 
variance in ratings, leading to more "background noise".

Thirdly, several depression items were present on all 
three scales, suggesting some degree of redundancy. This 
overrepresentation of similar items could have hindered 
the emergence of more distinct and well-defined factors 
in the combined factor analysis of all three scales. On the 
other hand, this overlap allowed us to confirm the exist-
ence of a "self-rating dimension," since even very similar 
items loaded onto different factors.

Fourthly, the depression scales used did not include 
atypical depressive features such as overeating, over-
sleeping, or mood reactivity, which prevented explo-
ration of an "atypical depression" factor. Atypical 
depression may be a distinct subtype of major depres-
sion associated with specific symptoms. In another 
study, we found that 15% of this sample met the criteria 
for atypical depression [65].

Fifthly, we chose to use a "random week dataset", which 
excluded observations of factor structures over time. 
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However, our primary goal was to obtain a representative 
picture of the psychometric properties of the three scales. 
Focusing only on baseline ratings would have resulted 
in a dataset with less variability. Alternatively, if we had 
included discharge data, it would have biased our results 
towards a more treatment-resistant population. Galinow-
sky and colleagues (1995) reported a 2-factor solution 
at the beginning and a clear 1-factor solution for the 
MADRS at the end of antidepressant treatment, suggest-
ing instability of the MADRS factors over time [26]. Fac-
tor instability has also been reported for the Inventory of 
Depressive Symptoms (IDS) and its short forms, as well 
as the HAMD, by Fried et al. (2016), and for the BDI [66]. 
On the other hand, Quilty and colleagues (2013) found 
factor invariance over time for the MADRS [29], as sev-
eral other researchers have also demonstrated for the 
CDS [67, 68]. We therefore additionally computed CFA 
only for baseline and endpoint ratings for the combined 
factor analyses and found no substantial different results. 
Uher et  al. (2008) also tested for invariance over time 
performing a longitudinal CFA. In line with our results 
the authors found invariance for factor one and three and 
only a minor deterioration in factor two (the self-report 
factor) [28]. However, this remains an important issue for 
further research.

Sixthly, we could have used more sophisticated statisti-
cal methods, such as hierarchical models to test whether 
the identified factors load on a single second-order factor, 
bifactor models to determine if both a global overall and 
specific first-order factors are present, or multitrait-mul-
timethod analyses to reflect both the dimensions and rat-
ing perspectives simultaneously. However, since most of 
the cited research used similar methods, our results are 
better comparable.

Future perspectives
Our analysis confirmed the multidimensionality of the 
HAMD-17 and the BDI and the the MADRS. Addition-
ally, we observed the emergence of a distinct subjective 
dimension represented by the BDI. However, what are the 
potential consequences and implications of these findings? 
Symptoms of major depression may consist of clusters that 
are associated with distinct neurochemical disturbances 
[12]. For example, suicide and aggressive behaviour may 
be related to hypoactivity of serotonin, while psychomotor 
retardation and anhedonia may be related to hypoactivity 
of norepinephrine and dopamine [12].

A reasonable application of such results, for exam-
ple, could be their use in neurobiological research. 
Instead of simply correlating the overall sum scores of 
depression scales with biological variables (e.g. sero-
tonin binding capacities, fMRI), a more sophisticated 

approach could be used. Hypothesis-guided correla-
tion of the respective depression dimension with an a 
priori assumed biological correlate could be a useful 
approach to discover new neurobiological substrates. In 
addition, for more detailed psychopathological analyses, 
such as predictive power of specific symptoms, using 
factors instead of forcing all variables of a rating scale 
into one statistical model (i.e., logistic regression) and 
being confronted with the problem of multicollinearity 
could be an alternative. In this regard, the issue of fac-
tor invariance across clinically meaningful endpoints, 
such as responders versus non-responders or remitters 
versus non-remitters, represents another crucial aspect 
to consider. Future analyses could further investigate 
hierarchical models that explore the underlying fac-
tors contributing to the construct of depression. Since 
clear biological measures of depression are lacking, 
quantifying depression and treatment effects still relies 
on detailed psychopathology using instruments with 
proven psychometric abilities. This goal is likely best 
reached with multiple complementary measures. This 
holds especially true as we are repeatedly reminded of 
the dimensionality of these disorders.
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