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ARTICLE INFO ABSTRACT

Keywords: Background: The assessment of affective temperaments has provided useful insights for the psychopatholo-
Affective temperaments gical understanding of affective disorders and for the conceptualization of bipolar spectrum disorders. The
Mood disorders Temperament in Memphis Pisa and San Diego (TEMPS) instrument has been widely used in research, yet its
Validation . L . psychometric properties and optimal factor structure are unclear.

Temperament in Memphis Pisa and San Diego Methods: The PubMed/MEDLINE, PsycINFO, and EMBASE electronic databases were searched from

Affective disorders

Psychiatry inception until March 15th, 2016. Validation peer-reviewed studies of different versions of the TEMPS

performed in adult samples were considered for inclusion.

Results: Twenty-seven studies (N=20,787) met inclusion criteria. Several versions of the TEMPS have been
validated in 14 languages across 15 countries. The 110-item self-reported version of the TEMPS has been the
most studied version. Most studies (50%) supported a five factor solution although few studies performed
confirmatory factor analyses. A five-factor solution has consistently been reported for the 39-item version of the
TEMPS-A. Overall, evidence indicates that different versions of the TEMPS have adequate internal consistency
reliability, while the TEMPS-A-110 version has acceptable test-retest reliability. The methodological quality of
included studies varied.

Limitations: A meta-analysis could not be performed due to the heterogeneity of settings and versions of the
TEMPS utilized.
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Conclusions: Different versions of the TEMPS have been validated across different cultures. The short 39-item
version of the TEMPS-A holds promise and merits further investigation. Culture-bound factors may influence
the expression and/or assessment of affective temperaments with the TEMPS.

1. Introduction

Notwithstanding early versions of the theory of humors might have
existed in early Egypt or Mesopotamia the theory was established by
the School of Cos and specifically by Polybos, a pupil of Hippocrates
(4th century B.C.) and author of the book ‘TIepi ¢pvaiog avBpamov’ (‘On
the Nature of Man’). This theory is a precursor of the temperament
theory, which originally described four temperament types (in Greek
‘crasis’) according to the predominance of a particular humor: the
Choleric (yellow bile from the liver; cyclothymic), the Sanguine (blood
from the heart; hyperthymic) the Melancholic (black bile from the
kidneys; depressive) and the Phlegmatic (phlegm from the lungs; self-
content) (Fountoulakis et al., 2016).

Approaching a century ago, the seminal work of Kraepelin initially
recognized four basic affective dispositions namely depressive, manic,
cyclothymic, and irritable, which he believed could represent subclini-
cal forms, and in many circumstances precursors of affective psychoses
(Kraepelin, 1921). He proposed that these affective temperaments had
their roots in adolescence (Kraepelin, 1921). A renewed interest in the
field of affective temperaments emerged with the operationalization of
this construct by Akiskal and coworkers (Akiskal and Akiskal, 2005;
Akiskal and Mallya, 1987; Matsumoto et al., 2005), which was
primarily based on the previous work from Kraepelin (Kraepelin,
1921) and Kretschmer (Kretschmer, 1936), and on clinical and
theoretical observations.

Affective temperaments are thought to be a ‘heritable’ and relatively
stable phenotype over lifespan (Kawamura et al., 2010). In order to
capture affective temperaments, the Temperament Evaluation in
Memphis Pisa and San Diego (TEMPS) was initially developed as the
TEMPS-I administered in an interview format (Akiskal et al., 1998;
Placidi et al., 1998), and as a self-report questionnaire TEMPS-A with
110 (for men) or 109 (for women) items (Akiskal et al., 2005b). The
TEMPS-A yields a five-factor structure, which corresponds to the five
predominant affective temperaments namely depressive, anxious,
irritable, hyperthymic, and cyclothymic (Akiskal et al., 2005b). More
recently, more succinct versions of the TEMPS-A have been developed
to improve compliance of respondents while capturing its five-factor
underlying constructs (Erfurth et al., 2005; Preti et al., 2010; Woodruff
et al., 2011). Different versions of the TEMPS instrument have been
translated and/or validated in more than twenty-five languages,
including but not limited to Italian (Pompili et al., 2008), French
(Krebs et al., 2006), German (Erfurth et al., 2005), Brazilian
Portuguese (Woodruff et al.,, 2011), Japanese (Matsumoto et al.,
2005), Turkish (Vahip et al., 2005), Polish (Borkowska et al., 2010),
Hungarian (Rozsa et al., 2008), Lebanese Arabic (Karam et al., 2005),
Spanish-Barcelona (Sanchez-Moreno et al., 2005), Spanish-Buenos
Aires (Vazquez et al., 2007), and Lisbon-Portuguese versions
(Figueira et al., 2008). Furthermore, the TEMPS has been the most
widely used set of instruments to measure affective temperaments.

The concept of predominant affective temperament is instrumental
for the definition and characterization of the so-called bipolar spectrum
(Akiskal and Pinto, 1999; Angst, 2007; Ghaemi and Dalley, 2014). In
addition, certain predominant affective temperaments may confer a
higher risk for the emergence of suicidality in patients with mood
disorders (Baldessarini et al., 2016; Perugi et al., 2012), and also may
contribute to the emergence of both depressive (Carvalho et al., 2013)
and somatic (Hyphantis et al., 2013) symptoms. Beyond their role as
precursors, risk factors, and/or moderators/mediators of distinct
manifestations of mental disorders, affective temperaments may also
influence creativity (Akiskal and Akiskal, 2007; Srivastava et al., 2010)
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and professional choice (Akiskal et al., 2005d; Schmidt et al., 2010).

Despite the widespread use of the TEMPS in numerous settings
across different cultural milieus, to the best of our knowledge no
previous systematic review has synthesized the psychometric proper-
ties of the several versions of this instrument across the various
validation studies. Thus, we conducted a systematic review of valida-
tion studies of the TEMPS instrument.

2. Methods
2.1. Search strategy

This systematic review followed an a priori defined yet unpublished
protocol. The electronic databases PubMed/MEDLINE, PsycInfo, and
EMBASE were searched from inception up until March 15th, 2016. The
detailed search string used in this systematic review is provided in the
supplementary online material that accompanies the online version of this
article. In addition, this search strategy was augmented through tracking
the citations of eligible articles in Google Scholar (Bakkalbasi et al., 2006).
We followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Moher et al., 2009).

2.2. Eligibility criteria

Validation studies of different versions of the TEMPS conducted in
adult samples (i.e. aged >21 years old) from any setting (e.g. university
students, general population, psychiatric outpatients, etc.) were con-
sidered for inclusion. Only original peer-reviewed articles were in-
cluded. No language restriction was applied. Studies whose samples
included children/adolescents, as well as case reports and review
articles were excluded. Studies that did not report psychometric
parameters of different versions of the TEMPS were also excluded.
We included studies from both clinical and non-clinical samples. No
restriction was applied regarding psychiatric diagnoses.

2.3. Study selection

The titles/abstracts of unique references were independently
screened for eligibility by two investigators (LRE, LMC or BRM).
Afterwards, the full-texts of selected reports were obtained, and the
same authors independently reviewed each article to determine its
eligibility. Whenever a consensus could not be reached, a third author
(CAK or AFC) made the final decision regarding inclusion.

2.4. Data extraction

Data from included references were independently extracted using
a standardized form by two authors (LRE, BRM or LMC).
Discrepancies were resolved through consensus. The following infor-
mation was extracted for each included study: author, year, version of
the instrument (and any necessary modifications from the original
version of the instrument), translation strategy, study design, sample
size, gender distribution (% females), age of the samples (mean +
standard deviation), setting, and sample characteristics, version of the
TEMPS, and a description of modifications performed in the original
version of the instrument. When studies included overlapping samples,
we considered only the one with the largest sample size. However, we
included separate reports involving the same sample whenever differ-
ent psychometric properties of the TEMPS were provided. Authors
were contacted to provide additional data (i.e., in case relevant data
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Fig. 1. PRISMA flowchart of study selection.

were not presented in the original report). The following psychometric
properties were extracted whenever available: reliability (test-retest
reliability and internal consistency reliability), concurrent validity, and
construct validity (e.g., exploratory factor analysis and confirmatory
factor analysis).

The methodological quality of included studies were assessed through
an a priori devised tool (see Supplementary material). Scores could vary
from O to 8; higher scores indicate better methodological quality.

3. Results

The initial search yielded 241 hits, while 3 additional hits were
derived from the citation tracking of included articles in Google
Scholar. After exclusion of duplicates, 150 unique references under-
went title/abstract screening of which 46 were selected for full-text
review. Of those 46 references, 18 were excluded with reasons (see
Table S1 in Supplementary material that accompanies the online
version of this article). Finally, 27 articles (Akiskal et al., 2005a,
2005b, 2005c¢; Akiyama et al., 2005; Bloink et al., 2005; Borkowska
et al., 2010; Dolenc and Sprah, 2011; Dolenc et al., 2013; Erfurth et al.,
2005; Fountoulakis et al., 2014; Hinic et al., 2013; Karam et al., 2005;
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Kawamura et al., 2010; Lin et al., 2013; Maremmani et al., 2011;
Matsumoto et al., 2005; Naderer et al., 2015; Pompili et al., 2008; Preti
et al., 2015, 2013, 2010; Ristic-Ignjatovic et al., 2014; Rozsa et al.,
2006; Vahip et al., 2005; Victor et al., 2006; Woodruff et al., 2011;
Yuan et al., 2015) were included in this systematic review. The PRISMA
flowchart of study selection for this systematic review is provided in
Fig. 1.

3.1. Characteristics and methodological quality of included studies

Overall, this systematic review included 27 studies comprising data
from 20,787 participants. All studies followed a cross-sectional design.
The sample size of included studies varied from 62 to 1450 participants
(mean=769.9; SD=379.5), while the age of participants across studies
was 31.4+13.5 (mean+SD), and the gender distribution (% of
females) varied from 7.5% to 75.6% (mean=54.9; SD=14.3).
Regarding settings, eight studies (29.6%) enrolled samples derived
from mixed settings (e.g., undergraduate students, general population,
etc.), while the remaining studies enrolled participants from a single
setting (10, 37.0% studies enrolled university students; 3, 11.1%
studies enrolled clinical samples; 6, 22.2% studies enrolled general
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Table 2

Factor structure and internal consistency obtained in TEMPS validation studies.

Journal of Affective Disorders 212 (2017) 25-37

Reference

Factor structure

Method Rotation
method

Number of
factors

Loading factor
cutoff

Variance of the
solution (%)

Internal consistency (per
factor)

A. TEMPS-A-110
Naderer et al. (2015)€

Ristic-Ignjatovic et al.
(2014)

Fountoulakis et al. (2014)

Hinic et al. (2013)

Lin et al. (2013)

Dolenc et al. (2013)

Dolenc and Sprah (2011)

Woodruff et al. (2011)€

Borkowska et al. (2010)

Pompili et al. (2008)

Rozsa et al. (2006)

Akiyama et al. (2005)€
Erfurth et al. (2005)€

PCA Varimax

PCA Varimax

NP NP

PCA Varimax

PCA Varimax

PCA Varimax Oblimin

PCA N/A

PCA Varimax

PCA Varimax

PCA Varimax

PCA Varimax

PCA Varimax
PCA Varimax

NP

0.50

NP

0.40

0.30

0.30

N/A

0.60

0.40

0.42
0.50

30

50.8

NP

31.7

Factor I: 57.8"

Factor II: 19.3"

249

N/A

75.1

Factor I: 47.9¢
Factor II: 23.6°

19.1
N/A

Depressive: 0.87
Cyclothymic: 0.86
Hyperthymic: 0.82
Irritable: 0.80
Anxious: 0.75
Depressive: 0.73
Cyclothymic: 0.80
Hyperthymic: 0.74
Irritable: 0.74
Anxious Cog™: 0.80
Anxious Som™: 0.73
Depressive: 0.72
Cyclothymic: 0.83
Hyperthymic: 0.80
Irritable: 0.80
Anxious: 0.88
Depressive: 0.76
Cyclothymic: 0.69
Hyperthymic: 0.73
Irritable: 0.70
Anxious: 0.73
Depressive: 0.68
Cyclothymic: 0.85
Hyperthymic: 0.82
Irritable: 0.83
Anxious: 0.87
Males:
® Depressive: 0.55
® Cyclothymic: 0.72
® Hyperthymic: 0.76
® Irritable: 0.77
® Anxious: 0.80
Females:
Depressive: 0.69
Cyclothymic: 0.77
Hyperthymic: 0.75
Irritable: 0.80
Anxious: 0.84
Depressive: 0.66
Cyclothymic: 0.76
Hyperthymic: 0.76
Irritable: 0.77 (males),
(females)
Anxious: 0.84
Anxious: 0.67
Worrying: 0.81
Cyclothymic: 0.74
Irritable: 0.74
Depressive: 0.72
Hyperthymic: 0.70
Depressive: 0.70
Cyclothymic: 0.77
Hyperthymic: 0.75
Irritable: 0.76
Anxious: 0.83
Dysthymic—Cyclothymic—
Anxious: 0.89
Irritable: 0.77
Hyperthymic: 0.74
Depressive: 0.65
Cyclothymic: 0.8
Hyperthymic: 0.79
Irritable: 0.75
Anxious: 0.81
/A
Depressive: 0.85
Cyclothymic: 0.80
Hyperthymic: 0.77
Irritable: 0.74
Anxious: 0.71

0 000~ 0000000

(continued on next page)
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Table 2 (continued)

Reference Factor structure Internal consistency (per
factor)

Method Rotation Number of Loading factor Variance of the
method factors cutoff solution (%)

Akiskal et al. (2005a) PCA N/A 3¢ N/A N/A N/A

Akiskal et al. (2005b)® PCA Varimax 4 0.30 28.5 Cyclothymic: 0.88
Irritable: 0.84
Hyperthymic: 0.81
Dysthymic: 0.76
Depressive: 0.66
Cyclothymic: 0.83
Hyperthymic: 0.82
Irritable: 0.76
Anxious: 0.88
Depressive: 0.77
Cyclothymic: 0.85
Hyperthymic: 0.80
Irritable: 0.82
Anxious: 0.84
Depressive: 0.69
Cyclothymic: 0.84
Hyperthymic: 0.79
Irritable: 0.83
Anxious: 0.87
Depressive: 0.62
Cyclothymic: 0.73
Hyperthymic: 0.71
Irritable: 0.71
Anxious: 0.76
Depressive: 0.8
Cyclothymic: 0.81
Hyperthymic: 0.83
Irritable: 0.75
Anxious: 0.84
Kawamura et al. (2010) NP NP NP NP NP NP

Karam et al. (2005) PCA Varimax 5 0.30 N/A

Vahip et al. (2005) PCA Varimax 5 0.20 N/A

Matsumoto et al. (2005) NP NP NP NP NP

Bloink et al. (2005) NP NP NP NP NP

Victor et al. (2006)€ NP NP NP NP NP

B. TEMPS-A-39

Akiskal et al. (2005¢) PCA Varimax 5 0.35 46.0 Cyclothymic: 0.91
Depressive: 0.81
Irritable: 0.77
Hyperthymic: 0.76
Anxious: 0.67
Depressive: 0.72
Cyclothymic: 0.79
Hyperthymic: 0.75
Irritable: 0.72
Anxious: 0.71
Depressive: 0.72
Cyclothymic: 0.83
Hyperthymic: 0.70
Irritable: 0.65
Anxious: 0.67
Depressive: 0.73
Cyclothymic: 0.82
Hyperthymic: 0.70
Irritable: 0.65
Anxious: 0.67
Depressive: 0.80
Cyclothymic: 0.89
Hyperthymic: 0.72
Irritable: 0.71
Anxious: 0.70

Preti et al. (2010) PCA Promax 5 0.30 58.6

Preti et al. (2013) NP NP NP NP NP

Preti et al. (2015) NP NP NP NP NP

Yuan et al. (2015) PCA Promax 5 0.30 43.4

C. TEMPS-I
Maremmani et al. (2011) NP NP NP NP NP NP

Abbreviations: N/A = data not available; NP = not performed; PCA = principal component analysis.

2 The Anxious factor was subdivided into Anxious Cognitive and Anxious Somatic.

P Factor I explained 57.8% of the variance, loading on depressive, cyclothymic, irritable and anxious temperaments; An independent Factor II explained 19.3% variance, loading on
the hyperthymic temperament.

¢ Two superfactors were identified, accounting for 71% of the variance. Anxious, cyclothymic, depressive and irritable temperaments loaded on Factor 1, while hyperthymic
temperament loaded on Factor II.

4 Before rotation, each subscale loaded into one global factor in which nearly all items are well represented (loadings > 0.3.).

¢ Refers to a modification of the original TEMPS version. See Table 1 for further details.
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Table 3

Concurrent validity obtained in TEMPS validation studies.

Journal of Affective Disorders 212 (2017) 25-37

Reference Scales Correlation with TEMPS temperament score
used
Depressive Cyclothymic Hyperthymic Irritable Anxious
Preti et al. SPQ ® IF: 0.35 ® IF: 0.47 ® IF: 0.08 ® F: 0.31 ® IF: 0.30
(2015) ® ESA: 0.40 ® ESA: 0.41 ® ESA: -0.29 ® ESA: 0.19 ® ESA: 0.33
® MT: 0.15 ® MT: 0.35 ® MT: 0.07 ® MT: 0.18 ® MT: 0.21
® UPE: 0.20 ® UPE: 0.41 ® UPE: 0.07 ® UPE: 0.23 ® UPE: 0.24
® OB: 0.27 ® OB: 0.36 ® OB:0.14 ® 0B:0.26 ® OB:0.19
® NCF: 0.33 ® NCF: 0.29 ® NCF: -0.25 ® NCF: 0.16 ® NCF: 0.08
® 08S:0.40 ® 0S:0.49 ® 0S: -0.02 ® 08S:0.29 ® 0S:0.31
® CA: 0.398S:0.53 ® CA:0.358: 0.51 ® CA: -0.17 S: -0.004 ® CA:0.20S: 0.38 ® CA:0.16 S: 0.36
Ristic- TCI-R ® Novelty seeking: ® Novelty seeking: 0.25 ® Novelty seeking: 0.41 ® Novelty seeking: 0.22  Anxious Cognitive™:
Ignjatovic -0.22 ® Harm avoidance: 0.40 ® Harm avoidance: @ Harm avoidance: 0.23 Novelty seeking: —-0.21Harm
etal. (2014) ® Harm avoidance: 0.51 ® Reward dependence: -0.47 ® Reward dependence: avoidance: 0.48 Reward
® Reward dependence: 0.21 ® Reward dependence: -0.18 dependence: 0.24 Persistence:
-0.18 ® Persistence: -0.11 0.17 ® Persistence: -0.19 -0.10 Anxious Somatic”:Novelty
® Persistence: —-0.21 ® Persistence: 0.31 seeking: —0.15 Harm avoidance:
0.41 Reward dependence:
0.22 Persistence: —0.05
Maremmani MMPI ® Hypochondrias: N/A @ Hypochondrias: ® Hypochondrias: N/A @ Hypochondrias: N/A
etal. (2011) Clinical ® Depression: N/A -0.16 ® Depression: —0.18 -0.13
Scale ® Hysteria: N/A ® Depression: N/A ® Hysteria: N/A ® Depression: —0.12
® Psychopathic ® Hysteria: -0.21 ® Psychopathic ® Hysteria: —0.20
Deviation: N/A ® Psychopathic Deviation: —0.01 ® Psychopathic
® Masculinity- Deviation: 0.13 ® Masculinity- Deviation: -0.02
Femininity: N/A ® Masculinity- Femininity: N/A ® Masculinity-
® Paranoia: N/A Femininity: N/A ® Paranoia: N/A Femininity: N/A
® Psychasthenia: N/A ® Paranoia: —-0.20 ® Psychasthenia: N/A ® Paranoia: -0.15
® Schizophrenia: N/A ® Psychasthenia: -0.26 ~ ® Schizophrenia: N/A ® Psychasthenia: —0.24
® Hypomania: N/A ® Schizophrenia: —-0.25 ® Hypomania: 0.29 ® Schizophrenia: —0.19
® Social Introversion: ® Hypomania: N/A ® Social Introversion: ® Hypomania: 0.13
0.12 ® Social -0.37 ® Social Introversion:
Introversion:0.29 0.12
MMPI ® L:N/A ® [:-0.38 ® [:0.14 ® L[:-0.20 N/A
Validity ® F:N/A ® F:0.19 ® F:N/A ® F:0.15
Scale ® K:-0.10 ® K:-0.48 ® K:N/A ® K:-0.31
Rozsa et al. TCI ® Novelty seeking: ® Novelty seeking: ® Novelty seeking: 0.07 ® Novelty seeking: 0.18 ® Novelty seeking: —0.03
(2006) -0.21" 0.23" ® Harm avoidance: ® Harm avoidance: 0.16 ® Harm avoidance: 0.57
® Harm avoidance: ® Harm avoidance: -0.48 ® Reward dependence: @ Reward dependence: 0.29
0.47 0.34 ® Reward dependence: -0.16 ® Persistence: 0.02
® Reward dependence: ® Reward dependence: -0.20° ® Persistence: 0.20 ® Self-directedness: —0.43"
0.17 0.19" ® Persistence: 0.28 ® Self-directedness: ® Cooperativeness: —0.04
® Persistence: —-0.04 ® Persistence: -0.09 ® Self-directedness: -0.33 ® Self-transcendence: —-0.11
® Self-directedness: - @ Self-directedness: 0.31 ® Cooperativeness:
0.28 -0.42" ® Cooperativeness: 0.0 -0.31
® Cooperativeness: 0.01 ® Cooperativeness: ® Self-transcendence: ® Self-transcendence:
® Self-transcendence: -0.15 024" 0.02
-0.10 ® Self-transcendence:
0.22"
NEO-PI- @ Neuroticism: 0.47 ® Neuroticism: 0.47 ® Neuroticism: -0.33 ® Neuroticism: 0.40 ® Neuroticism: 0.67
R ® Extraversion: -0.20 @ Extraversion: 0.03 ® Extraversion: 0.46 ® Extraversion: 0.10 ® Extraversion: —0.06
® Openness: 0.00 ® Openness: 0.27° ® Openness: 0.12 ® Openness: 0.07 ® Openness: 0.04
® Agreeableness: 0.02 ® Agreeableness: 0.00 ® Agreeableness: -0.19 @ Agreeableness: -0.34 @ Agreeableness: 0.10
® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: —0.12
-0.04 -0.28 021" -0.12
Victor et al. NEO-FFI ~ ® Extraversion: -0.31° @ Extraversion: —0.12 ® Extraversion: 0.57 ® Extraversion: 0.08 ® Extraversion: —0.15
(2006) ® Neuroticism: 0.72 ® Neuroticism: 0.33 ® Neuroticism: -0.46 ® Neuroticism: 0.28 ® Neuroticism: 0.49
® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: 0.13
0.01 -0.09 0.22 0.06 ® Agreeableness: -0.07
® Agreeableness: —~0.11 @ Agreeableness: —-0.16  ® Agreeableness: ~0.17 ® Agreeableness: -0.37 ® Openness: —0.16
® Openness: —0.24 ® Openness: —0.08 ® Openness: 0.17 ® Openness: —0.20
Bloink et al. NEO-FFI @ Neuroticism: 0.56 ® Neuroticism: 0.65 ® Neuroticism: -0.37 ® Neuroticism: 0.41 ® Neuroticism: 0.76
(2005) ® Extraversion: —0.44 ® Extraversion: —-0.18 ® Extraversion: 0.63 ® Extraversion: -0.11 ® Extraversion: —0.30
® Openness: —0.09 ® Openness: 0.12 ® Openness: 0.14 ® Openness: —0.02 ® Openness: —0.03
® Agreeableness: 0.07 ® Agreeableness: —0.27 ® Agreeableness: -0.06 ® Agreeableness: —0.53 ® Agreeableness: —0.11
® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: ® Conscientiousness: —0.02
0.13 -0.33 0.18 -0.05
Akiskal et al. TCI-125 ® Novelty seeking: 0.10 ® Novelty seeking: 0.35 ® Novelty seeking: 0.29 ® Novelty seeking: 0.26 ® Novelty seeking: — 0.14
(2005¢) ® Harm avoidance: 0.58 ® Harm avoidance: 0.49 ® Harm avoidance: ® Harm avoidance: 0.32 @ Harm avoidance: 0.48
® Reward dependence: ® Reward dependence: -0.53 ® Reward dependence: ® Reward dependence: 0.05
-0.21 -0.19 ® Reward dependence: -0.20 ® Persistence: 0.07
® Persistence: -0.17 ® Persistence: -0.04 0.14 ® Persistence: - 0.05 ® Self-directedness: -0.37
® Self-directedness: ® Self-directedness: ® Persistence: 0.31 ® Self-directedness: ® Cooperativeness: —0.14
-0.65 0.42 ® Self-directedness: -0.48 ® Self-transcendence: 0.20
® Cooperativeness: ® Cooperativeness: 0.25 ® Cooperativeness:
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Table 3 (continued)

Journal of Affective Disorders 212 (2017) 25-37

Reference Scales Correlation with TEMPS temperament score
used
Depressive Cyclothymic Hyperthymic Irritable Anxious
-0.39 -0.32 ® Cooperativeness: 0.07 -0.40
® Self-transcendence: ® Self-transcendence: ® Self-transcendence: ® Self-transcendence:
0.01 0.29 0.22 0.09

Abbreviations: MMPI Clinical Scale: Minnesota multiphasic personality inventory (Factors: Hypochondrias, Depression, Hysteria, Psychopathic Deviation, Masculinity-
Femininity, Paranoia, Psychasthenia, Schizophrenia, Hypomania, Social Introversion); MMPI Validity Scale: Minnesota multiphasic personality inventory (Factors - L: Falsifying
answers to be judged more positively, F: Exaggerating symptoms because of random responses, simulation of disease, desire for non-conformity or lack of interest, K: ‘Correcting’
attitude towards the questionnaire); NEO-FFI: NEO-Five-Factor Inventory (Factors: Neuroticism, Extraversion, Openness, Agreeableness, Conscientiousness); TCI-R: Cloninger's
Temperament and Character Inventory - self-reported scale (Factors: Novelty seeking, Harm avoidance, Reward dependence, Persistence); NEO-PI-R: NEO Personality Inventory—
Revised (Factors: Neuroticism, Extraversion, Openness, Agreeableness, Conscientiousness); SPQ: Paranoid, Cognitive—Perceptual, Negative and Disorganized factors of the Schizotypal
Personality Questionnaire (Factors: Ideas of reference (IF), Excessive social anxiety (ESA), Odd beliefs or magical thinking (Tanios et al., 2009), Unusual perceptual experiences (UPE),
0dd or eccentric behavior (OB), No close friend (NCF), Odd speech (0S), Constricted affect (CA), Suspiciousness (S)); TCI: Cloninger's Temperament and Character Inventory (Factors:
Novelty seeking, Harm avoidance, Reward dependence, Persistence, Self-directedness, Cooperativeness, Self-transcendence).

# The Anxious factor was subdivided into Anxious Cognitive and Anxious Somatic.
" p<0.01.
" p<0.05.

(21.5% of the variance).

Two studies found a 3-factor structure. These studies reported a low
proportion of the variance explained by the factors ( < 20%). Pompili
et al. (2008) found a first factor composed by the dysthymic,
cyclothymic and anxious temperaments. The two remaining factors
were composed by the irritable and hyperthymic temperaments,
respectively. Akiyama et al. (2005) did not observe a clear-cut loading
of individual items in their 3-factor solution. Factor 1 included 1
depressive, 11 cyclothymic and 12 irritable temperament items, factor
2 included 1 depressive and 10 hyperthymic temperament items, and
factor 3 included only two depressive temperament items.

The study from Akiskal et al. (2005b) used factor analysis to
develop a shorter version of the TEMPS-A. A four-factor structure for
the TEMPS-A was verified with the cyclothymic explaining 14% of the
variance, while the irritable, hyperthymic, and dysthymic explained in
combination an additional 14% of the variance in TEMPS-A scores. A
further factor analysis using PCA showed 2 ‘super factors’, with
cyclothymic, irritable, and dysthymic temperaments loading on
Factor I, and the hyperthymic temperament loading heavily on
Factor II. Finally, Akiskal et al. (2005a) found a global factor structure.
Before rotation, the data showed one global factor for each subscale, in
which nearly all items were well represented. The depressive, cyclothy-
mic and hyperthymic temperaments loaded saliently on this factor. The
factor loadings after rotation were not provided.

All studies that validated the TEMPS-A-39 have performed PCA.
The original study from Akiskal et al. (2005¢) used varimax rotation,
while the translations from Yuan et al. (2015) and Preti et al. (2010)
used the promax method. All versions found the 5-factor structure
proposed for the TEMPS-A-39 instrument.

The study from Maremmani et al. (2011) that validated the
TEMPS-A[P] did not evaluate its factor structure.

3.4. Confirmatory factor analysis (CFA)

CFA is used to test how well a set of measures fit to a given
construct. Equations are built considering a hypothesis defined a priori
on how each item of the scale are related to each construct. For each
model, goodness-of-fit statistics are calculated to describe how well the
model fits the data. Chi-square (x?) is the traditional fit index for
evaluating overall model fit, since it quantifies the discrepancy between
the sample and fitted models (Hu and Bentler, 1999). However, a x°
likelihood ratio test may be biased by sample size (Tanaka, 1993). The
ratio x*/degrees of freedom (df) can be used in addition to evaluate
model fitting, with ratios larger than 3 indicating poor fit (Byrne,
1989). Other indexes include the comparative fit index (CFI), the
goodness-of-fit index (GFI), the adjusted goodness-of-fit index (AGFI),
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the root mean square error of approximation (RMSEA), the probability
test of RMSEA below a threshold (PCLOSE, p-value for RMSEA <0.05)
and the standardized root mean square residual (SRMR). Although no
consensus exists in the literature RMSEA <0.06, SRMR <0.09 and CFI
>0.90 are considered acceptable (i.e., indicative of good model fit)
(Baumgartner and Homburg, 1996; Browne and Cudeck, 1993; Hu and
Bentler, 1999). The Akaike information criterion (AIC) is used to
compare different models, and the model with the lowest AIC is judged
to fit the data better than alternative solutions (Akaike, 1974).

Three studies performed CFA. Ristic-Ignjatovic et al. (2014)
extracted two best fitted models for the Serbian version of the
TEMPS-A-110. In the five-factor model the anxiety subscale was
composed mainly by somatic items (*/df=2.228,
p<0.01, GFI=0.892, AGFI=0.876, CFI=0.850, RMSEA=0.046,
PCLOSE=0.952). A six-factor model, where the cognitive (worrying)
and the somatic anxious subscales were clearly separated provided a
better fit ()(Z/df=2.002, p <0.01, GF1=0.905, AGFI=0.898, CFI1=0.887,
RMSEA=0.032, PCLOSE=1.000). The authors found a certain overlap
between items pertaining to the worrying dimension and the ones
related to the depressive temperament, and the inclusion of somatic
anxiety as a distinct factor provided a more accurate model to fit their
data.

Fountoulakis et al. (2014) evaluated three models through CFA for
the TEMPS-A-110 in a general Greek population. The CFI for the five-
factor model was better than the CFI for the one-factor model (0.91 vs.
0.87). Other indexes confirmed that the original five-factor solution
was the best fitted model (x?/df=3.6, CFI=0.944, RMSEA=0.060, 95%
CI=0.057-0.063, SRMR=0.60, AIC=1016.920).

Preti et al. (2013) evaluated four models through CFA for the short
39-item TEMPS-A in an Italian sample. The expected five-factor model
had the best fit as indicated by all CFA indexes across both genders, age
distributions and levels of psychological distress in their sample (x*/
df=1.7, CF1=0.927, RMSEA=0.035, 90%CI=0.032—0.038). The unidi-
mensional model was rejected on the basis of the CFA fit indexes, as
were the two- and three-factor models.

3.5. Internal consistency reliability

Internal consistency reliability measures how well the scores for
individual items on an instrument correlate with each other. Twenty-
three studies (85.2%) assessed this property (Table 2). All five studies
that validated the TEMPS-A-39 reported acceptable internal consis-
tency, while the studies that validated different TEMPS-A-110 versions
(Akiskal et al., 2005a; Akiyama et al., 2005; Kawamura et al., 2010) did
not provide Cronbach's alpha values.

Overall, all studies found adequate internal consistency reliabilities
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for versions of the TEMPS-A-110. Median Cronbach's alpha values
were: 0.72 (range: 0.62-0.89) for the depressive temperament, 0.81
(range: 0.69-0.89) for the cyclothymic temperament, 0.79 (range:
0.70-0.83) for the hyperthymic temperament, 0.76 (range: 0.70-
0.84) for the irritable domain, and 0.82 (0.67-0.88) for the anxiety
domain.

For the TEMPS-A-39, median Cronbach's alpha coefficients were
0.73 (0.72-0.81) for the depressive, 0.83 (0.79-0.91) for the cyclothy-
mic, 0.72 (0.7-0.76) for the hyperthymic, and 0.71 (0.65-0.77) for the
irritable temperaments. The internal consistency of the anxious
temperament was not acceptable in general, with a median value of
0.67 (0.67-0.71).

3.6. Test-retest reliability

Test-retest reliability measures the temporal stability of an under-
lying construct. Only 9 studies (1407 subjects; range: 30—-426) assessed
this property (Akiskal et al., 2005b; Erfurth et al., 2005; Hinic et al.,
2013; Kawamura et al., 2010; Lin et al., 2013; Matsumoto et al., 2005;
Ristic-Ignjatovic et al., 2014; Vahip et al., 2005; Yuan et al., 2015). The
interval between the applications ranged from 2 weeks to 6 years. All
but one study evaluated versions of the TEMPS-A-110. The study by
Erfurth et al. (2005) evaluated the brief TEMPS-M-35 version, and
found a test-retest correlation of 0.72 for the depressive, 0.69 for
cyclothymic, 0.49 for hyperthymic, and 0.70 for both irritable and
anxious temperaments. The remaining studies that assessed the
original TEMPS-A-110 version found median correlations of 0.64
(0.59-0.69) for the depressive, 0.68 (0.68-0.68) for the cyclothymic,
0.82 (0.82-0.82) for the hyperthymic, 0.66 (0.66-0.66) for the irritable
and 0.8 (0.74-0.86) for the anxious temperaments.

Only the study by Yuan et al. (2015) assessed the test-retest
reliability of the TEMPS-A-39. They found test-retest correlations of
0.52 for the depressive, 0.85 for the cyclothymic, 0.59 for the
hyperthymic, 0.74 for the irritable, and 0.71 for the anxious tempera-
ments.

3.7. Concurrent validity

Seven studies compared the TEMPS measures with other validated
instruments related to personality constructs (Akiskal et al., 2005c;
Bloink et al., 2005; Maremmani et al., 2011; Preti et al., 2015; Ristic-
Ignjatovic et al., 2014; Rozsa et al., 2008; Victor et al., 2006) (Table 3).

Of the four studies that evaluated versions of TEMPS-A-110, Ristic-
Ignjatovic et al. (2014) and Rozsa et al. (2008) compared affective
temperaments with versions of Cloninger's Temperament and
Character Inventory (TCI) dimensions (Cloninger et al., 1994;
Dzamonja-Ignjatovic et al., 2010). Consistent findings show that the
harm avoidance dimension is negatively associated with hyperthymic
temperament scores, and positively associated with both depressive
and anxious temperament scores. The studies of Bloink et al. (2005),
Rozsa et al. (2008) and Victor et al. (2006) used versions of the NEO
Personality Inventory (NEO-PI-R and NEO-FFI) (Costa Jr and McCrae,
1992). Overall, neuroticism was positively associated predominantly
with the TEMPS depressive and anxious temperaments, and negatively
correlated with the hyperthymic temperament. Agreeableness was
negatively associated with the irritable temperament. Finally, extra-
version was positively associated with hyperthymic temperament and
negatively correlated with the depressive temperament.

Akiskal et al. (2005¢) also used the TCI to assess concurrent
validity in the short TEMPS-A-39. Findings were similar to the other
studies that compared TCI with the 110-version of TEMPS-A. Preti
et al. (2015) specifically assessed concurrent validity using the
Schizotypal Personality Questionnaire (Raine, 1991). The hyperthy-
mic temperament had lower correlations with ideas of reference,
excessive social anxiety, unusual perceptual experiences, no close
friend and odd speech. Suspiciousness was higher in the other
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temperaments, especially in the depressive and anxious affective
temperaments. Unusual perceptual experiences and ideas of refer-
ence were also higher in the cyclothymic temperament.

The study of Maremmani et al. (2011) that assessed the TEMPS-
A[P] used the Minnesota Multiphasic Personality Inventory (Hathaway
et al., 1989). Although several correlations were not reported, the
hyperthymic temperament was significantly associated with hypoma-
nia.

4. Discussion

This systematic review indicated that several versions of the TEMPS
(e.g., TEMPS-I, TEMPS-A-110, and the 39-item version of the TEMPS-
A) are available. In addition, the TEMPS instrument has been validated
for use in adult samples across 14 different languages and 15 countries.
Notwithstanding the developers of this set of instruments aimed to
identify five distinct affective temperaments (i.e., hyperthymic, cy-
clothymic, irritable, depressive, and anxious temperaments) (Akiskal
and Akiskal, 2005; Akiskal et al., 2005b, 2005c), some validation
efforts failed to replicate this factor structure (vide infra). Furthermore,
different adapted versions of the TEMPS instrument have been
developed for use in specific cultures (for example, the 45-item
TEMPS-Rio de Janeiro and the Miinster 35-item version of the
TEMPS-A) (Erfurth et al., 2005; Woodruff et al., 2011). These findings
point to possible culture-bound influences in the assessment of
affective temperaments. In this regard, Vazquez et al. (2012) performed
a combined analysis of general population samples from different
countries, and found that the prevalence of affective temperaments
may display both universal and culture-specific findings. This aspect
arguably imposes an obstacle to the comparability of research findings
across cultures.

4.1. Validity of different TEMPS versions

Several validation studies have performed exploratory PCA of
different versions of the TEMPS. For the TEMPS-A-110 not all studies
found the expected five-factor structure. A six-factor solution in which
the anxiety factor was split into a ‘cognitive’ and a ‘somatic’ component
was observed for the Serbian version of the TEMPS-A-110 (Ristic-
Ignjatovic et al., 2014). A three-factor solution was observed for Italian
and French versions of the TEMPS-A-110 (Akiskal et al., 2005a;
Pompili et al., 2008). Alternative two-factors solutions were reported
for Chinese, Hungarian, and Polish version of the TEMPS-A-110
(Borkowska et al., 2010; Lin et al., 2013; Rozsa et al., 2008).
Notwithstanding cultural peculiarities may have contributed to these
differences, one should consider that these studies enrolled hetero-
geneous samples from different settings. In addition, PCA is explora-
tory in nature, and relatively fewer studies have performed CFA. Ristic-
Ignjatovic et al. (2014) found a six-factor structure for the Serbian
version of the TEMPS-A-110 (i.e., with ‘somatic’ and a ‘cognitive’ factor
for the anxiety temperament), while a general population study
conducted in a Greek sample confirmed its original five-factor solution
(Fountoulakis et al., 2014). Interestingly, all studies that conducted
exploratory PCA of the 39-item version of the TEMPS-A found the
expected five-factor solution (Akiskal et al., 2005¢c; Preti et al., 2010;
Yuan et al., 2015). Furthermore, this five-factor solution was further
supported by CFA in an Italian student sample (Preti et al., 2013).

For concurrent validity different dimensions of the TEMPS were
compared to the Cloninger's psychobiological model of temperament
(Cloninger et al., 1994) and the five-factor model (FFM) of personality
(Costa Jr and McCrae, 1992) in at least two studies. The hyperthymic
temperament was consistently associated with lower scores in harm
avoidance, while this dimension was positively associated with the
anxious and depressive dimensions of the TEMPS (Akiskal et al.,
2005b; Ristic-Ignjatovic et al., 2014; Rozsa et al., 2006). The neuro-
ticismdimension of the FFM was negatively associated with the
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hyperthymic dimension, and positively associated with the depressive
and anxious dimensions of the TEMPS (Bloink et al., 2005; Ristic-
Ignjatovic et al., 2014; Rozsa et al., 2008), while expectedly the
agreeableness dimension of the FFM was consistently associated with
the TEMPS irritable dimension. Finally, the extraversion dimension of
the FFM was positively associated with the hyperthymic dimension,
and negatively associated with scores of the depressive temperament.

These findings seem consistent with the idea that the hyperthymic
temperament may be a more resilient temperament (Carvalho et al.,
2013; Karam et al., 2010; Kesebir et al., 2013; Vazquez et al., 2010).
This interpretation is further supported by the fact that the hyperthy-
mic temperament was negatively associated with neuroticism, which is
a personality dimension consistently associated with psychopathology
(Jeronimus et al., 2016). In addition, a recent meta-analysis indicates
that hyperthymic temperament scores were higher in healthy controls
compared to patients with mood disorder on a continuum (Solmi et al.,
2016).

4.2. Reliability of different TEMPS versions

Overall, this systematic review indicates that the different versions
and dimensions of the TEMPS have adequate internal consistency
reliabilities. However, relatively few studies have evaluated the test-
retest reliability of different versions of the TEMPS, and results thus far
have not been conclusive. The TEMPS-A-110 version has adequate
test-retest reliability, while the only study that evaluated the test-retest
reliability of the 39-item TEMPS-A version found low correlation
coefficients for the hyperthymic and depressive dimensions (Yuan
et al., 2015). The study by Kawamura et al. (2010) found robust six-
year test-retest correlation coefficients for all TEMPS-A-110 dimen-
sions in a convenience sample of Japanese white-collar workers.

4.3. Limitations

Some limitations of this systematic review warrant discussion.
First, we excluded validation studies that enrolled non-adult samples.
This decision was made because some evidence indicates that tempera-
ments may not be stable construct during childhood (Nigg and
Goldsmith, 1998; Saudino, 2005). Second, we included only peer-
reviewed reports. Whilst this could also be considered a strength since
this ensures articles have been peer reviewed, it means that we may
have missed studies from the ‘gray literature’. On the other hand, the
inclusion of peer-reviewed studies might indicate that the most
methodologically rigorous studies were herein included. Third, the
methodological quality of included studies varied in this literature with
the inclusion of heterogeneous samples from diverse settings. In
addition, our methodological assessment tool has not been previously
validated. Finally, a meta-analysis was not performed due to the
heterogeneity of samples and settings, and the use of different versions
of the TEMPS.

4.4. Clinical and research implications

This systematic review indicates that affective temperaments as
assessed by the TEMPS-A-110 version do not universally fit the
proposed five-factor model. Thus, comparisons of findings across
studies performed across different cultures may be challenging. A
five-factor solution for the 39-item version of the TEMPS-A has been
consistently reported although this version of the instruments has been
less extensively investigated. The concept of predominant affective
temperament has been proposed. Typically, studies have considered a
threshold of +2 SD or a score above the 95th percentile in each TEMPS
dimension to operationalize a dominant temperament (Fountoulakis
et al., 2014; Karam et al., 2005). However, the frequency of different
affective temperaments may vary with these two different approaches
(Fountoulakis et al., 2014). In addition, in some samples most
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participants may not exhibit a Z-score above 2 SD in the TEMPS
(e.g., (Karam et al., 2005)). Furthermore, it is worthy to note that there
are persuasive arguments in the literature against arbitrarily dichot-
omizing measures of continuous constructs (MacCallum et al., 2002). A
recent systematic review and meta-analysis indicated that scores of
some TEMPS-derived affective temperaments may occur on a con-
tinuum or gradient in individuals with major depressive disorder
(MDD), bipolar disorder (BD), and healthy controls (Solmi et al.,
2016). A dimensional approach for the TEMPS was further supported
by genome-wide association study that found a significant robust
genome-wide association for the irritable temperament in a large
sample with BD (Greenwood et al., 2012). The authors of this study
hypothesized that a dimensional approach for the TEMPS may provide
more useful information for the genetic subtyping of affective dis-
orders.

5. Conclusion

In conclusion, this systematic review indicates that several versions
of the TEMPS instrument are available. However, the factor structure
of the TEMPS-A-110 version seems to vary across different studies. A
shorter version 39-item version of the TEMPS-A holds promise as a
validated measure for the assessment of affective temperaments.
Therefore, this shorter version of the TEMPS may offer significant
advantages (e.g. enhancing the compliance of research participants),
while also capturing the underlying construct evaluated by longer
versions of the TEMPS. Nevertheless, this version has been less
extensively studied than the TEMPS-A-110 version in different cul-
tures. Although the assessment of affective temperaments may con-
tinue to open important insights for the psychopathological compre-
hension of affective disorders, while also contributing to the subtyping
of these heterogeneous phenotypes on a dimensional basis, further
work is required to validate and standardize shorter versions of the
TEMPS across cultures.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.jad.2017.01.023.
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