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Abstract

The assessment of mal-adaptive anxiety is crucial, considering the associated personal,
economic, and societal burden. The State-Trait Inventory for Cognitive and Somatic Anxiety
(STICSA) is a self-report instrument developed to provide multidimensional anxiety assess-
ment in four dimensions: trait-cognitive, trait-somatic, state-cognitive and state-somatic.
This research aimed to extend STICSA’s psychometric studies through the assessment of
its dimensionality, reliability, measurement invariance and nomological validity in the Portu-
guese population. Additionally, the predictive validity of STICSA-Trait was also evaluated,
through the analysis of the relationship between self-reported trait anxiety and both the sub-
jective and the psychophysiological response across distinct emotional situations. Similarly
to previous studies, results supported both a four-factor and two separated bi-factor struc-
tures. Measurement invariance across sex groups was also supported, and good nomologi-
cal validity was observed. Moreover, STICSA trait-cognitive dimension was associated with
differences in self-reported arousal between groups of high/low anxiety, whereas STICSA
trait-somatic dimension was related to differences in both the subjective and psychophysio-
logical response. Together, these results support STICSA as a useful instrument for a
broader anxiety assessment, crucial for an informed diagnosis and practice.
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Introduction

Anxiety is an emotional response following the anticipation of a threatening stimulus, either
real or perceived [1]. It encompasses a complex and multidimensional phenomenon associated
with muscular tension, subjective distress, enhanced vigilance concerning future threat and
avoidance behaviors, which prepare the body for action and adaptive behavior [1, 2]. Never-
theless, anxiety is often associated with great distress and poor health outcomes when persis-
tent and/or significantly intense [1, 3]. In fact, anxiety disorders are one of the most observed
groups of psychopathologies, with an estimated prevalence of 7.3% globally (4.8-10.9%; see
[4]), and are often associated with other mental disorders [5], and health problems, such as
cardiovascular diseases [6]. Furthermore, anxiety symptomatology is characterized by great
inter and intra-individual heterogeneity, along with variable symptom trajectories over time
[7]. Altogether, these factors complexify the assessment, diagnosis and treatment of non-adap-
tive anxiety, catalyzing the associated societal, personal and health care costs and burden [3, 8].

Self-report instruments have been extensively used as a simple, brief and non-invasive
method of assessing anxiety across contexts [9]. Although many of them present satisfactory
psychometric properties [10, 11], most present several limitations regarding, for instance, the
ability to discriminate anxiety from depression [12], and the ability to embrace multiple anxi-
ety dimensions. To surpass some of these difficulties and to provide a multidimensional assess-
ment of anxiety, Ree and colleagues [13] developed the State-Trait Inventory for Cognitive and
Somatic Anxiety (STICSA). This instrument encompasses 42 items divided in two forms of
21-items each: the state anxiety (STICSA-State) and the trait anxiety (STICSA-Trait) form.
State anxiety is conceptualized as the anxiety response experienced at the moment, i.e., in a
limited period; in turn, trait anxiety corresponds to individual differences regarding anxiety as
an emotional response relatively stable in time [11, 14]. STICSA also addresses the cognitive
and somatic components of anxiety within each one of its forms; the cognitive dimension
encompasses symptoms such as worry, intrusive thoughts and rumination (e.g., “Feel agonized
over problems”), while the somatic component refers to psychophysiological activation,
including palpitations or excessive sweating (e.g., “Heart beats fast”). Discerning between
these four dimensions can be critical to characterize anxiety profiles and to predict people’s
response in certain contexts. In fact, people can present distinct cognitive and somatic symp-
tomatology [15].

STICSA has been supported as an adequate measure of anxiety across healthy and clinical
samples, demonstrating good nomological validity [13, 16-18]. Furthermore, most psycho-
metric studies of STICSA support the construct validity of the two-factor structure within
STICSA-Trait and STICSA-State forms [13, 17-21], as well as the four-dimension structure
[16, 17, 22]. Yet, past studies still evidence mixed findings and have left open questions regard-
ing STICSA’s dimensionality (see [20]). Therefore, it is crucial to extend STICSA’s psychomet-
ric studies to other settings and cultures, as well as to confirm its adequacy and utility across
contexts. Also, although STICSA provides important information about self-reported anxiety
symptomatology, the relationship between the reported symptoms and other dimensions of
the emotional response of the individuals in certain contexts remains poorly understood. The
accordance between the multiple components of the emotional response (e.g., subjective and
psychophysiological responses) is often low [23], with each component providing unique and
complementary information [24]. Nevertheless, in the absence of more objective measures and
considering the frequent time and financial constraints observed across contexts, self-report is
often one of the few and more reliable tools to assess anxiety. Therefore, studying how scores
in the four dimensions of STICSA are able to predict individuals’ emotional response beyond
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the subjective domain is crucial to obtain more accurate information about people’s anxiety
profile, health and well-being.

Considering this mindset, we propose two main aims for our research. First, we sought to
extend the validation studies of STICSA, while adapting this instrument for the Portuguese
population. Second, we aim to assess the relationship between STICSA-Trait scores and the
individuals’ subjective and psychophysiological responses to emotional stimulation. Since trait
anxiety reflects relatively stable differences between people in the proneness to experience
symptoms of anxiety [14], it may be especially useful to predict an individual’s emotional
response across contexts. With these aims, we intend not only to support the construct validity
of STICSA, but also to maximize and integrate information about different dimensions of anx-
iety across emotional contexts. Moreover, this research seeks to provide a better comprehen-
sion of how distinct dimensions of self-reported trait anxiety predicts an individual’s
emotional response in different emotional contexts, including how these scores relate to a bio-
marker of autonomic dysfunction and psychopathology, namely Heart Rate Variability
(HRV). This can be very critical knowledge, not only considering research settings but also
clinical practice, given that self-report is often the most accessible and cost-effective tool to
support assessment, diagnosis and monitoring of anxiety.

Study 1: Psychometric study of STICSA

Previous psychometric studies of STICSA assessed and supported factorial validity of the state-
trait and cognitive-somatic distinction by computing full scale confirmatory factorial models
and observing, for instance, a four-factor correlated model [16, 17, 22], or a hierarchical model
with a global anxiety factor supported in the four factors (state-cognitive, state-somatic, trait-
cognitive and trait-somatic anxiety; [17]). Dimensionality was also established by estimating
separate models, namely a two-factor model for state [13, 17-20] and trait forms [13, 17-21].
Furthermore, studies of measurement invariance across gender and age groups [18, 19], as
well as a multi-method approach with an informant within friendship dyads of trait anxiety
[21], gave further support for the quality of the STICSA measurement. Previous studies have
also revealed good convergent and nomological validity [13, 16-19, 22]. Nevertheless, STICSA
evidenced medium to high correlations with depression measures (r = .42 - .67), especially
when considering the correlation with cognitive anxiety (r > .48; [16, 18, 22]), despite of being
better at discriminating anxiety from depression in comparison with, for instance, the State-
Trait Anxiety Inventory (STAI; [11]), an instrument broadly used to measure anxiety in its
state and trait dimensions (e.g., [16]). STICSA has been proven to be, therefore, a suitable
instrument to measure anxiety in general and clinical populations, but it is necessary to extend
its psychometric studies to better characterize the instrument’s factor structure, validity, and
its adequacy across cultures and settings. In order to assess STICSA’s psychometric properties
in the Portuguese population, its dimensionality, reliability, measurement invariance and
nomological validity were assessed in Study 1.

Materials and methods

Participants. The inclusion criteria included: 1) Age >18 years old; 2) Portuguese nation-
ality; 3) Currently residing in Portugal. A final sample of 1153 Portuguese adults (753 females;
65.3%) from different regions of Portugal was collected. Age ranged from 18 to 78 years old
(M =29.47; SD = 13.70). Most of the participants were higher education students (n = 658;
57.2%) or active employed individuals (n = 338; 29.4%). Most of the participants were single
(n = 825; 71.7%) and did not have children (n = 872; 75.7%). Furthermore, 13.4% of the partic-
ipants (n = 154) reported having a psychological/psychiatric problem, and 6.2% (n = 71)
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Table 1. Sample’s demographic information.

reported being monitored/receiving treatment regarding those problems. For further informa-
tion about sample’s characteristics please refer to Table 1. All participants were informed
about the voluntary nature of their participation and the anonymity of collected data. The
study was approved by the Ethics and Deontology Committee of the University of Aveiro (ref.
08/2018) and was performed according to the guidelines of the Declaration of Helsinki and the
American Psychological Association.

Instruments. In a first step, the 42 items of STICSA were translated to the Portuguese lan-
guage by the research team, followed by a retroversion conducted by an English native speaker.
The two versions were then discussed to obtain a preliminary version of the scale. This version
was tested in a group of individuals to assess clarity and to identify possible misinterpretations
associated with the items wording and instructions, as well as to evaluate the average response
time of the overall protocol. After collecting their feedback, the research team made minor adjust-
ments, finalizing the process of translation and adaptation of the 42 items (21 items per subscale).

Considering the procedure followed by one of the original psychometric studies of STICSA
[16], STAI [11], the Depression, Anxiety and Stress Scales-Depression scale (DASS-D; [25])

Total sample Women (n = 753) Men (n = 400)
(n=1153)
Age M=2947 SD=13.70 | M =29.65 | SD =13.39 | M =29.15 | SD = 14.28
N % N % N %
Sex Female 753 65.3 753 100.0 - -
Male 400 34.7 - - 400 100.0
Education Basic education 44 3.8 30 4.0 14 3.5
Secondary education 555 48.2 331 44.0 224 56.0
Higher education 536 46.5 387 51.5 149 37.3
Other 17 1.5 4 0.5 13 33
Occupation Students 658 57.2 412 54.8 246 61.7
Active employment 338 29.4 235 312 103 25.9
Both student and 47 4.1 29 3.9 18 4.5
employee
Domestic 6 0.5 6 0.8 - -
Retired 38 33 21 2.8 17 4.3
Unemployed 29 2.5 24 3.2 5 1.3
Other 35 3.0 25 3.3 10 2.5
Marital status Single 825 71.7 527 70.1 298 74.7
Married 235 20.4 158 21.0 77 19.3
Cohabiting 47 4.1 35 4.7 12 3.0
Divorced 37 3.2 26 3.5 11 2.8
Widower 7 0.6 6 0.8 1 0.3
Have children? Yes 280 243 192 25.5 88 22.0
No 872 75.7 560 74.5 312 78.0
Psychiatric problems Yes 154 13.4 120 16.0 34 8.5
No 997 86.6 631 84.0 366 91.5
Currently monitored/ receiving treatment for psychiatric Yes 71 6.2 55 7.3 16 4.0
problems No| 1075 93.8 694 92.7 381 96.0

Note. Considering the measurement invariance analyses, descriptive data are also presented for groups divided by sex (women/men). Whenever the total value of cases

does not correspond to 1153, it is due to missing values. Only valid answers are presented in this table.

https://doi.org/10.1371/journal.pone.0262960.t001
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and the Positive and Negative Affect Schedule (PANAS; [26]) were selected to evaluate nomo-
logical validity. These instruments have been widely used to measure anxiety, depressive symp-
tomatology, as well as positive and negative affect, respectively, aspects that were on the basis
of STICSA’s development. In fact, STICSA was developed considering a state/trait distinction
similar to STALI, and it sought to surpass one of STAT’s greatest limitations, related to its high
associations with depression and low positive affect [27, 28]. The protocol was then firstly con-
stituted by a sociodemographic questionnaire, with relevant information for the sample’s char-
acterization, followed by STICSA (42 items), STAI (40 items), PANAS (20 items) and DASS-D
(7 items).

State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA). The STICSA [13] isa
self-report instrument that measures anxiety considering four dimensions: state, trait, cogni-
tive and somatic anxiety. It is divided in two forms, each one with the same 21 items: one eval-
uating anxiety in its state dimension (“how do you feel right now”; STICSA-State) and the
other evaluating its trait dimension (“how often this is true for you”; STICSA-Trait). Both
forms evaluate cognitive and somatic components of anxiety, with items being rated in a
4-point scale that ranges from 1 (Not at all) to 4 (Very much; see [16]).

State-Trait Anxiety Inventory (STAI—Form Y). The STAI—Form Y [11] is a psychological
assessment instrument that measures anxiety. This scale encompasses two self-report scales of
20 items each: the state anxiety scale (STAI-Y1), which assesses how the individual feels at the
moment; and the trait anxiety scale (STAI-Y2), assessing how the individual generally feels.
Participants are asked to respond to each item using a four-point scale that ranges from 1
(Nothing at all) to 4 (Very much so) in the state scale, and from 1 (Almost never) to 4 (Almost
always) in the trait form. This instrument was adapted and validated for the Portuguese popu-
lation by Santos and Silva [29] and further psychometric studies supported its adequacy as a
measure of anxiety [30].

Positive and Negative Affect Schedule (PANAS). The PANAS [26] is a self-report instrument
that measures positive and negative affect. This scale encompasses 10 items evaluating positive
affect and 10 items evaluating negative affect. Each item corresponds to an emotion and the
individual is asked to indicate how much he/she felt that emotion in the last weeks, using a
scale ranging from 1 (Very slightly or not at all) to 5 (Extremely). PANAS was adapted for the
Portuguese population by Galinha and Pais-Ribeiro [31] confirming the original factor struc-
ture of the instrument, and its adequate psychometric properties.

Depression, Anxiety and Stress Scales-Depression scale (DASS-D). The DASS-21 is a self-
report instrument comprising three scales evaluating anxiety, depression and stress, with 21
items distributed equally in each dimension [25]. Response scale encompasses a four-point
scale that ranges from 0 (Did not apply to me at all) to 3 (Applied to me very much or most of
the time), considering the frequency or severity of the negative emotional symptoms experi-
enced in the last week [25]. This instrument was adapted for the Portuguese population by
Pais-Ribeiro and colleagues [32], revealing adequate psychometric properties for the three sub-
scales in an adult sample. In the current study, only the depression subscale was used.

Procedure. The participants’ recruitment and data collection followed a mixed-mode sur-
vey procedure [33], namely: 1) data collection in paper, mostly carried out in classroom con-
text (targeting higher education students) and with older people of the general population; and
2) data collection through a digital platform (targeting the general population). In both modes,
participants were informed about the study mainly through e-mail, class visits, flyer distribu-
tion, and social networks. All participants received detailed information about the study and
gave their informed consent before their participation (by consenting and proceeding with the
protocol in the digital platform, or by providing written informed consent when data
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collection was performed in paper). There was no compensation for their participation in the
study. The protocol took, on average, between 15 and 20 minutes to complete.

Analytic procedures. The Mplus 8 version [34] was used to conduct Confirmatory
Factorial Analysis (CFA), both in one group and multi-group (measurement invariance).
The IBM SPSS Statistics (version 23) was employed for descriptive and reliability analyses.
Additionally, R package’s Amelia II [35] was used to handle missing data. The missing
data analysis was performed considering a sample higher than 1000, through a multiple
imputation procedure. The used algorithm first created a bootstrapped version of the orig-
inal data, through which estimated the sufficient statistics by Expected Maximization
(EM) on a bootstrapped sample, and then imputed the missing values of the original data
using the estimated sufficient statistics. This procedure was carried out by producing five
datasets that were aggregated afterwards, assuming data as ordinal; in fact, three of the
four measurement instruments with imputed missing data had 4-point answer scales, and
the remaining instrument had a 5-point scale that ought to be considered ordinal as well.
The imputation procedures were performed separately for each instrument. All partici-
pants presenting more than 10% of missing values in an instrument were excluded from
the final sample [36]. The maximum imputed by variable was 1.2%, and the overall impu-
tation encompassed less than 0.2% of total responses in the dataset.

The CFA were computed using a categorical robust Weighted Least Square Estimator
(WLSMYV) developed by Muthén and Muthén [34]. This estimator has been suggested as the
one that best performs when testing categorical data [37, 38]. The assessment of model fit
adjustment was based on robust chi-square statistic, as well as in the following fit indexes:
Comparative Fit Index (CFI), Tucker and Lewis Index (TLI), Root Mean Square Error of
Approximation (RMSEA), and Standardized Root Mean Residual (SRMR). Given the sample
size of the present study, the interpretation of chi-square statistic was less helpful, since a non-
significant result would not be expected [39]. Therefore, the model assessment assumed the
following cut-off points: 1) CFI and TLI values higher than .95; and 2) RMSEA and SRMR val-
ues equal or less than .07 [38, 40].

A relevant dimension in psychometric validation studies is the equivalence of the measure-
ment scale across different groups, i.e., to provide evidence that the same items are composing
the same constructs in different groups of individuals, a condition that supports the accuracy
of the group statistics [38, 41]. In this line, several studies suggest that anxiety disorders are
more prevalent in women than in men (e.g., [42]). Therefore, sex invariance was tested in our
sample, considering both state and trait models separately. Measurement invariance was
assessed by testing several constrained models. First, it was assessed for each group separately,
following three increasingly constrained models to compare the two groups regarding config-
ural, metric, and scalar invariance [38, 41]. Model fit decision was assessed considering the
parameters previously mentioned, and the comparison between the constrained models was
done considering the difference in robust chi-square (chi-square difftest), being this option the
most recommended when using the WLSMYV estimator [43].

Reliability analysis was supported in McDonald’s Omega, which accounts for the effective
results from the CFA analysis conducted [44, 45]. Cronbach alpha was also computed, as it is
the most common internal consistency coefficient with Likert-type response scales, allowing
the comparison between different studies [46]. Lastly, convergent and concurrent validity
were observed through Pearson correlation [47]. The interpretation of the correlation was sup-
ported considering Cohen s suggestion: small effect [.10- .30[, medium effect [.30 - .50, and
large effect: [.50-1] [48].

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 6/26


https://doi.org/10.1371/journal.pone.0262960

PLOS ONE Multidimensional assessment of anxiety

Results

Dimensionality analysis. According to the procedures used to develop STICSA, as well as
to the constructs it is meant to reflect, the dimensionality analysis can approach the full model
or divide the analysis by trait and state forms. The full models are expected to express an exten-
sive degree of multicollinearity since the items of state and trait have the same wording. Never-
theless, the dimensionality analysis assumed and explored both options. The CFA of the full
model of STICSA scale (42 items) was assessed through five concurrent models:

« (MF1) a unidimensional model with all items loading in one factor;

« (MF2) a four correlated factor model with the state-cognitive, state-somatic, trait-cognitive
and trait-somatic dimensions;

o (MF3) a four-factor model including state-cognitive, state-somatic, trait-cognitive and trait-
somatic factors, as well as a second-order anxiety factor;

o (MF4) a four-factor model including state-cognitive, state-somatic, trait-cognitive and trait-
somatic factors, as well as second-order state and trait factors;

« (MF5) a four-factor model including state-cognitive, state-somatic, trait-cognitive and trait-
somatic factors, as well as a second-order state and trait factors and a third-order anxiety
factor.

The MF4 and MF5 models were tested in the present study since they reflect the most com-
plex models underlying the instrument’s structure, considering the somatic and cognitive
dimensions within higher-order trait and state dimensions (MF4), as well as a third higher-
order anxiety factor (MF5). Considering that all items of state and trait forms are exactly the
same, with differences only in the scales’ instructions [16], the error terms were allowed to cor-
relate between the mirror items.

All five models showed acceptable to good fit indexes. The decision about model adequacy
was based on the results of the selected fit indexes (CFI, TLI, RMSEA and SRMR), since the
results for the chi-square test were statistically significant, as expected due to the sample size
[39]. Results showed that the four-factor model with second-order state and trait factors
(MF4), as well as the three-order factor model (MF5) presented good adjustment. The model
with four-correlated factors (MF2) was the one with the best overall adjustment within the full
models (Table 2).

The three models with good fit indexes were theoretically sound, with these results support-
ing the factorial structure proposed in the development of STICSA. However, these models
presented very high correlations between the symmetric latent variables in state and trait
forms. For instance, the MF2 model showed a correlation of .817 between the two dimensions
of somatic anxiety and .916 between the two dimensions of cognitive anxiety. In general, the
trait and state dimensions were highly associated in all models, suggesting that the respondents
did not completely separate these two forms of anxiety.

Considering these findings, as well as the complexity of the models when all the mirror
items were allowed to have their error terms correlated, separated models for STICSA-State
and STICSA-Trait were tested. This option enables further assessment of the hypothesized
models and their validity to be conducted in simpler models, respecting the assumption of
local independence [49], as well as assuring the parsimony of the models by, for instance, not
increasing the parameters to be estimated [39]. Different concurrent models were compared
for each form. Three models were computed both for state and trait forms: (MS1 and MT1) a
unidimensional model with all items loading in one factor; (MS2 and MT2) a two-factor
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Table 2. Goodness of fit statistics for all concurrent models (n = 1153).

Models » df CFI TLI SRMR RMSEA (95% CI)
Full models *

MF1—One factor 5878.459* 798 916 909 .089 .074* (.073 - .076)
MF2- Four correlated factors 2448.328"* 792 973 970 .050 .045* (.043 - .045)
MEF3- Four correlated factors and one second order anxiety factor b 6427.093* 795 .907 .899 .097 .078" (.077-.080)
MF4—Four factors and two 2™ order correlated factors (State-Trait)® 3622.462* 794 953 .949 .067 .056* (.054 - .058)
MF5—Three order factors (4 first order-2 second order—1 third order) ® 3643.984* 793 953 .949 .067 .054* (.054-0.58)
State models

MS1—One factor 1850.142* 189 877 .863 .084 .087* (.084 - .091)
MS2—Two factors 817.260" 188 953 948 .051 .054 (.050 - .058)
MS3—One second order factor 4410.885* 189 .687 .652 141 .139% (1136 - .143)
Trait models

MT1—One factor 2769.272* 189 .889 877 .082 .109* (.105 - .112)
MT2—Two factors 1032.127* 188 964 960 .044 .062* (.059 - .066)
MT3—One second order factor 6979.225* 189 .709 677 146 177* (.173 - .180)

Note. Statistics: Chi-square (xz); Comparative Fit Index (CFI); Tucker and Lewis Index (TLI); Standardized Root Mean Squared Residual (SRMR); Root Mean Square

Error of Approximation (RMSEA).

# all full models have correlated error terms between similar state and trait items

® models with latent variable covariance matrix not positive definite due to linear dependency between two or more latent variables.

*p <.001.

https://doi.org/10.1371/journal.pone.0262960.t002

model including somatic and cognitive factors within state or trait anxiety; and (MS3 and
MT3) a two-factor model for somatic and cognitive dimensions explaining a second-order fac-
tor for state or trait anxiety. Once more, the MS3 and MT3 models were not tested in previous
studies but were tested in the present study since they reflect a more complex model of the
instrument’s structure. Results of the CFA performed for both trait and state models showed
that the best overall adjustment was observed for the models with two factors (somatic and
cognitive anxiety; MS2 and MT2). The results from the selected fit indexes for the unidimen-
sional and the second-order factor model were below .95 for CFI and TLI and above .07 for
SRMR and RMESEA, being these the suggested cut-off points for the models to be considered
acceptable (Table 2).

The factor loadings for all items in both state and trait models were significant (p < .001).
Standardized loadings for the state anxiety model ranged from .486 to .787 regarding the somatic
factor and from .404 to .821 in the cognitive factor. Accordingly, on average, a square multiple
correlation of .443 was observed for the somatic factor (.236<<SMC<.620), and of .516 for the
cognitive factor (.163<SMC<.675). Standardized loadings for the trait models ranged between
.584 till .832 for somatic factor and between .447 till .876 for the cognitive factor. Square multiple
correlation for somatic dimension of trait anxiety corresponded to, on average, .506
(:341<SMC<.692), and .607 for cognitive dimension (.200<SMC<.767). These results sug-
gested that the factors were explaining, on average, at least half of the variance of the indicators
(Table 3). The correlation between somatic and cognitive latent factors was of large magnitude
(greater than .50; see [48]), specifically .674 for state model and .705 for trait model.

Reliability analysis. The reliability of the factors was assessed by computing Omega for
categorical data, with results supporting a very good reliability level. In the state dimension,
the Omega was .895 for the somatic factor and .912 for the cognitive factor. In the trait dimen-
sion, the index presented values of .918 for the somatic dimension and .945 for the cognitive
dimension. Cronbach alpha was also computed, allowing to compare our results with other
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Table 3. Standardized (Unstardardized) factor loadings: State and trait models of STICSA (MS2 and MT2).

Factor Item State model | Trait model

Somatic | My heart beats fast .614 (1.000) | .711 (1.000)
My muscles are tense .652 (1.063) | .676 (0.950)
I feel dizzy 736 (1.200) | .721 (1.015)
My muscles feel weak .692 (1.127) | .713 (1.003)
I feel trembly and shaky .787 (1.283) | .832 (1.170)
My face feels hot .546 (0.890) | .630 (0.886)
My arms and legs feel stiff .770 (1.256) | .793 (1.116)
My throat feels dry .538 (0.877) | .636 (0.895)
My breathing is fast and shallow 744 (1.212) | .799 (1.124)
I have butterflies in the stomach .676 (1.101) | .685 (0.963)
My palms feel clammy 486 (0.793) | .584 (0.821)

Cognitive | I feel agonized over my problems .753 (1.000) | .828 (1.000)
I think that others won’t approve of me .722(0.958) | .754 (0.911)
I feel like ’'m missing out on things because I can’t make up my mind soon | .710 (0.943) | .753 (0.910)
enough
I picture some future misfortune .762 (1.012) | .834 (1.008)
I can’t get some thought out of my mind .764 (1.014) | .828 (1.001)
I have trouble remembering things .404 (0.536) | .447 (0.540)
I think that the worst will happen .814 (1.080) | .876 (1.058)
I keep busy to avoid uncomfortable thoughts .575 (0.763) | .700 (0.846)
I cannot concentrate without irrelevant thoughts intruding .756 (1.003) | .810 (0.979)
I worry that I cannot control my thoughts as well as I would like to .821 (1.090) | .866 (1.046)

https://doi.org/10.1371/journal.pone.0262960.t003

studies. Results also supported a very good level of internal consistency. The state dimensions
showed alphas of .803 for the somatic factor, and .869 for the cognitive factor, with item-total
correlations of at least .35 for all the items of both factors. The trait dimensions presented an
alpha of .869 for the somatic factor and .857 for the cognitive factor, with strong item-total cor-
relations of at least .45.

Measurement invariance. Sex invariance was tested considering both state and trait mod-
els separately, aligned with the chosen strategy to further explore the psychometric models. In
a first step, the models for male and female participants were tested separately, evidencing very
good fit indexes. Although chi-square tests were significant, it was possible to assume the
structure as equivalent in the two groups. The nested models were then tested sequentially
adding restrictive constrains: (1) configurational, to assure that the factorial structure is equiv-
alent across the sex groups; (2) metric, to test if the loadings are equivalent in the two groups;
and (3) scalar, to test if the loadings and the intercepts are considered equal and, therefore, the
scores on the two dimensions (somatic and cognitive) can be compared across sex groups. The
results showed a very good level of overall adjustment, with CFI and TLI values above the cut-
off of .95, and RMSEA lower than .07 in all the tested models. Although the individual results
of the models were good, and even considering the slight improvements in the models with
the increase in the constrains, the chi-square differences revealed that it was possible to assume
configural and metric invariance, but not scalar invariance, in both trait and state forms
(Table 4). The overall findings suggest that both male and females interpreted the underlying
factorial structure of STICSA-State and STICSA-Trait, their loadings, but not intercepts, in an
equivalent way.

Concurrent and nomological validity. Regarding concurrent validity, STICSA was
highly associated with a measure of anxiety (STAI), specifically regarding its cognitive
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Table 4. Fit indexes for sex invariant models (1 = 400; Nerpate = 753).

2

Invariant Models x

State

Male 296.826
Female 684.423*
Configurational 951.702*
Metric 975.866"
Scalar 937.195*
Trait

Male 452.880"
Female 768.620*
Configurational 1200.481*
Metric 1245.004*
Scalar 1185.691*

Ax® CFI ACFI TLI RMSEA (90%CI) ARMSEA

188 .968 964 .038 (.030-.046)

188 .953 947 .059 (.054-.064)

376 959 954 .052 (.047-.05)

395 42.221* 958 .001 956 .051 (.047-.055) -.001
435 38.945 .964 .006 965 .045 (.041-.049) -.006
188 955 949 .059 (.052-.066)

188 .966 962 .064 (.059-.069)

376 .964 .960 .062 (.058-.066)

395 64.774* .963 -.001 961 .061 (.057-.065) -.001
435 46.939 .968 .005 969 .055 (.051-.058) -.006

Note. Statistics: Chi-square s Comparative fit index (CFI); Tucker and Lewis Index (TLI); Standardized Root Mean Squared Residual (SRMR); Root Mean Square

Error of Approximation (RMSEA).
*p <.001.

https://doi.org/10.1371/journal.pone.0262960.t004

dimensions in both state and trait forms. The highest associations were observed between
STICSA trait-cognitive dimension and STAI trait (r = .796), followed by the relationship
between STICSA state-cognitive dimension and STAI state (r = .764), suggesting that STAI
covers largely the cognitive aspects of anxiety. These correlation values are in line with the cut-
off suggested by Kline [50] for concurrent validity (r < .75). On the other hand, the association
between the somatic dimensions of STICSA and the dimensions of anxiety measured by STAI
was lower (between .452 and .508), highlighting the distinction between cognitive and somatic
dimensions.

Correlations with depression (DASS-D) were lower compared to the ones with anxiety
(STAI), regarding the four dimensions of STICSA. Still, the level of association between the
depression measure’s score and STICSA’s state-cognitive (r = .652) and trait-cognitive (r =
.634) dimensions presented a large effect (>.50; [48]). When comparing the correlation
between depression and both STAI state (r = .643) and STAI trait (r = .722) scores, STICSA
dimensions evidenced lower levels of association with depression in all dimensions, with the
exception of state-cognitive dimension. The difference in the correlations of the four STICSA
factors and the positive and negative affect (PANAS) was about twice the level of association,
being the association with positive affect small (.10<r < .30) and with negative affect moder-
ated (.30<r < .50) in somatic dimensions and large in cognitive dimensions (>.50; Table 5).
On the other hand, STAI evidenced moderate correlations with positive affect (STAI State:

r = -.468; Trait: r = -.517), and strong correlations with negative affect (STAI State: r = .694;
Trait: r =.723).

Discussion

The present study aimed to extend STICSA’s psychometric studies by exploring its dimension-
ality, measurement invariance, reliability and nomological validity. Our results replicated pre-
vious findings, providing strong evidence for STICSA’s construct validity, including the
distinction between the four dimensions, in non-clinical samples [13, 17, 22]. The theoretical
structure was reflected in the underlying factorial structure considering either the test with the
total of items and the four dimensions (full factorial model), and the models separated by state
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Table 5. Cronbach’s o and Pearson correlation between STICSA factors and anxiety (STAI), depression (DASS-D), positive affect (PA) and negative affect (NA).

N° items a STICSA State Somatic STICSA State Cognitive STICSA Trait Somatic STICSA Trait Cognitive
STAI state 20 .50 .508 .696 .459 .657
STAI trait 20 .45 452 764 .500 .796
DASS-D 7 .87 426 .652 393 .634
PANAS PA 10 .89 -.188 -.339 -.181 -.320
PANAS NA 10 .89 436 .655 466 677

Note. Ns range from 1136 and 1139. All correlations are significant at p < .001.

https://doi.org/10.1371/journal.pone.0262960.t005

and trait dimensions. This further corroborates the psychometric properties and validity quali-
ties of this new anxiety measure in the Portuguese population.

Several full and state/trait factor models were tested in the present study, considering the
theoretical structure of STICSA. Regarding the full model with the 42 items, in the present
study, the best overall adjustment was observed for the model with four correlated factors,
thus replicating the previous findings provided by studies testing the full model in non-clinical
samples [17, 22]. Yet, considering the high multicollinearity observed between the state-cogni-
tive and the trait-cognitive, as well as between the state-somatic and trait-somatic dimensions,
several models with the state and trait forms analyzed separately were tested. These analyses
revealed that the model with the best adjustment encompassed two correlated factors (cogni-
tive and somatic) within each form. The correlations between somatic and cognitive dimen-
sions were higher than .65 across state and trait forms, suggesting that, despite of being
independent measures, they are closely associated [13]. Similar results were also found for
non-clinical samples [13, 17-20] which, altogether, corroborates this instrument’s construct
validity and the distinction between the four dimensions of anxiety (trait, state, as well as cog-
nitive and somatic anxiety). The reliability analyses conducted in the present study also sup-
port STICSA as a reliable measure of anxiety, extending the previous literature [13, 16-19, 22].

In order to be accurate in group comparisons, individuals of different groups should inter-
pret the scale and its components in an equivalent way. The multi-group CFA performed in
the present study supported the equivalence of the underlying structures between groups
regarding sex (males vs. females) for STICSA’s scale interpretation, at the level of metric
invariance, which adds further strength to the quality of this measure and reinforces the confi-
dence in comparing the latent variable scores across groups. A similar result regarding mea-
surement invariance across sex was reported by past studies [18, 19]. The intercepts (the
means) differ between the groups, which reinforces the expected sex differences [42], main-
taining the good characteristics of the STICSA regarding the factorial structure and its load-
ings, although not its intercepts.

The level of association between the dimensions of STICSA and the two subscales of STAI
gave further evidence of convergent validity, particularly regarding the cognitive dimensions.
The difference in the levels of association between both cognitive (>.75) and somatic (.45 -
.51) dimensions and the STAI state and trait scores highlights the newness and relevance of
the somatic subscales of STICSA. Our results, in line with the previous literature [17, 18], thus
suggested that STAI is a more specific measure of cognitive anxiety, while STICSA opens the
possibility of evaluating anxiety in a more comprehensive fashion, i.e., in a multidimensional
perspective. Nevertheless, although STICSA aims to provide a better differentiation between
anxiety and depression, our results do not fully support the achievement of this goal. In fact,
the Portuguese version of STICSA was shown to be strongly correlated with depression, partic-
ularly its cognitive dimensions (r>.50). These results are in line with previous psychometric
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studies of STICSA [17, 19], are also expected in light of the tripartite model of anxiety and
depression [51]. This model explains the frequent overlap and comorbidity between anxiety
and depression, and highlights a component specific to anxiety (high physiological arousal), as
well as a component specific to depression (low positive affect), and a third component shared
by both of them, corresponding to negative affect.

Hereupon, it is expected that anxiety and depression overlap and correlate at a certain
extent, in particular considering the cognitive dimensions of STICSA, which seem to greatly
reflect negative affect in comparison with the somatic dimensions which, in turn, reflect physi-
ological arousal [16]. Furthermore, according to the tripartite model, it is not expected that a
measure of anxiety encompasses items reflecting low levels of positive affect, which is exclusive
to depression. Our results, once more, support both the tripartite model assumptions and
STICSA as measure of anxiety, by showing that its cognitive dimensions are more associated
with high negative affect (r>.30 for somatic dimensions and r>.50 for cognitive dimensions)
than with low positive affect (.10<r < .30). Therefore, STICSA seems to better discriminate
anxiety from depression in comparison with STAI given STICSA’s weaker correlations with
low positive affect, as well as the lower levels of association with the depression measure. Nev-
ertheless, the lower associations with depression were observed for all dimensions of STICSA,
except for the state-cognitive; this result is intriguing and new, and possibly suggests that the
state dimension reflects negative affect in a higher extension than the trait-cognitive dimen-
sion. Importantly, these results highlight the relevance of the somatic subscales’ scores to dif-
ferentiate anxiety from depression [17, 18].

Study 2: Relationship between trait anxiety and the subjective and
psychophysiological emotional response towards distinct
emotional situations

Given the multidimensional nature of anxiety, it is of utmost relevance to consider, in self-
report validations, how the scores are associated with such dimensions, as well as to the emo-
tional experiences under distinct situations. Ree and colleagues [13] explored how the STIC-
SA’s cognitive and somatic dimensions of STICSA-Trait predicted the state anxiety response
in a stressful event. They observed that trait-cognitive anxiety predicted a significant part of
the variance in the self-reported state-cognitive and state-somatic anxiety under a cognitive
stressor. Conversely, trait-somatic anxiety was associated with the self-reported state-cognitive
and state-somatic anxiety in response to a somatic stressor. These results support trait-cogni-
tive and trait-somatic anxiety as independent constructs, as well as the usefulness of STICSA
to predict the anxiety response towards different types of stressors [13]. Yet, it is critical to
extend this knowledge to other emotional contexts (e.g., such as under fear or happiness emo-
tional states), which can be related to different demands, and, therefore, with distinct subjec-
tive, cognitive, behavioral, emotional and physiological responses (for reviews see [24, 52]).
On the other hand, it would be equally helpful to understand how trait-cognitive and trait-
somatic anxiety are differently associated not only with the subjective, but also with the
psychophysiological dimension of the emotional response. In fact, the anxiety response is mul-
tidimensional, and is often characterized by differences in the psychophysiological domain.
For instance, high self-reported trait anxiety has been associated with autonomic dysfunction,
specifically with a decrease in vagally-mediated indexes of HRV [53, 54]. Reduced HRV, in
turn, reflects decreased flexibility and adaptability, influencing general well-being and health
[55, 56]. To date, no study has explored this relationship considering self-reported trait anxiety
as measured by STICSA,; its differentiation between the cognitive and somatic dimensions of
anxiety can yield important implications, considering that many anxiety instruments, such as
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STALI, possibly cover items that mainly assess the cognitive dimensions of anxiety (as sup-
ported by our results of Study 1).

Adopting a multimodal perspective to assess the predictive validity of STICSA-Trait can
add to the conceptualization of trait-cognitive and trait-somatic anxiety as distinct constructs
[13], which have been shown to distinctively predict behavior [57]. Also, given the inter-indi-
vidual variability found in the emotional response associated with the different components of
emotions [23], a multimodal approach can contribute to better understand people’s emotional
responses [58]. The current study sought to explore how STICSA-Trait explains differences in
psychophysiological and self-report measures. We designed an emotional induction proce-
dure, during which the subjective and psychophysiological responses of the participants were
collected. We expected to observe an overall reduced HRV in individuals with high trait anxi-
ety in comparison with individuals with low trait anxiety [53].

Materials and method

Participants. Seventy-six participants from a Portuguese university volunteered to partic-
ipate in the study. Only participants with normal or corrected-to-normal visual acuity and free
of any medication or disease that could influence the cardiac functioning (e.g., tricyclic antide-
pressants or cardiac arrhythmia) were included. Also, participants did not report any diagnosis
of mental or neurological illness. All participants completed a sociodemographic questionnaire
online with relevant information for the study, as well as the STICSA-Trait developed in Study
1. Two participants were later excluded for being extreme cases regarding the Low Frequency
(LF) and High Frequency (HF) power values. The final sample was constituted by 74 partici-
pants, 49 females (66.2%) and 25 males (33.8%), aged between 18 and 31 years old (M = 21.41;
SD = 3.09). The study was approved by the Ethics and Deontology Committee of the Univer-
sity of Aveiro (ref. 10/2017) and followed the same ethical procedures as in Study 1. Partici-
pants were rewarded for their participation through a draw of three 20€ vouchers.

Materials. Visual Stimuli. An emotional induction paradigm involving the visualization
of film clips was used (e.g., [59]). Stimuli consisted in three sets of 8-12 film clips, with approx-
imately 30 minutes of duration (per set). These clips were taken from horror movies, comedy
movies and documentaries, to induce fear, happiness and a neutral emotional state, respec-
tively. Moreover, three documentary clips, of approximately 5 minutes, were also selected and
presented before each set of emotional videos, to provide baseline psychophysiological data.
All film clips demonstrated previously their ability to induce the expected emotions [60-62].

Evaluation of the subjective emotional response. Three Visual Analogue Scales (VAS) of 100
points were used to assess participants’ emotional state before and after the emotional induc-
tion, covering the measurement of subjective Happiness and Fear (Emotion VAS; “How do
you feel right now?”), as well as of self-reported arousal (Arousal VAS; “How much aroused
did you feel during the visualizations of the clips?”), after the baseline videos and after the emo-
tional videos. The experimental task, which included the presentation of the VAS and the vid-
eos, was programmed with the software OpenSesame (version 3.2.1; OpenSesame Inc.), using
Python language (version 2.7.13). The task was performed using a Dell OptiPlex 7040 and a
17-inch Dell digital monitor (Model: E178FP), with a refresh rate of 60 Hz.

Cardiac signal recording. The cardiac signal was recorded using BIOPAC MP160 data
acquisition system and AcqKnowledge 5 software (BIOPAC Systems, Inc.), with a sampling
rate of 1000 Hz [63]. Ag/AgCl disposable vinil electrodes (EL503; BIOPAC Systems, Inc.) and
conductive gel were used to acquire the signal, following a Lead II configuration [63].

Procedure. Before data collection, all participants received information about the study’s
procedure and provided written informed consent. Furthermore, the experimenter asked
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participants beforehand if they had been through any emotionally intense situation in the past
days, to assure that the sessions would be scheduled in a “emotionally neutral” period. The
three sessions were spaced for at least one week, to avoid emotional contagion between ses-
sions. The order of presentation of each emotional condition was counterbalanced between
participants. Each session started with the electrodes’ placement. Following this step and a
10-minute interval to allow signal stabilization, participants were instructed to seat in a chair
and place their chin on a chin rest located at approximately 60 cm from a computer monitor.
Participants started the task by answering the Emotion VAS, presented in a randomized order.
Then, the baseline video was presented, followed by the Arousal VAS and, finally, by the film
clips (presented consecutively). In the end of the video set, a new Arousal VAS was presented,
followed by the Emotion VAS. Each experimental session lasted approximately 70 minutes.
The study was conducted in a quiet and well-ventilated room.

Design and statistical analyses. HRYV was calculated considering the RR or inter-beat
intervals and, in this case, several spectral components may be used to interpret the signal [56].
Three HRV indexes were considered: The High Frequency (HF; in ms?) band, the Low Fre-
quency (LF; in ms®) band and the ratio of LF to HF power (LF/HF). The LF band encompasses
frequencies varying between 0.04 and 0.15Hz and reflects both sympathetic and parasympa-
thetic activation, as well as baroreflex mechanisms [55]. The HF band encompasses the signal
power in the range from 0.15 to 0.4 Hz, and has been suggested to mainly reflect parasympa-
thetic activity or vagal cardiac control [55, 56]. Low HF power has been, therefore, associated
with situations of anxiety and stress [53]. This band also reflects variations in the cardiac signal
related to the respiratory cycle [55]. Therefore, alterations in the respiration rhythm are able to
significantly modify HF power, and can also influence LF values under certain circumstances
(e.g., during slow respiration rates; [56]). For this reason, in this study, the chosen filters to
apply on the cardiac signal were designed in order to attenuate this physiological interference.
The LF/HF ratio has been suggested to reflect the autonomic balance between sympathetic and
parasympathetic activity, at least under certain conditions [56]. Higher values can indicate
greater sympathetic activation in comparison with parasympathetic activity depending on the
context; for instance, in challenging situations requiring increased SNS activation [55].

For details about the cardiac signal processing and the HRV indexes’ calculation, please refer
to S1 Fig in Supporting Information (SI). Separated repeated measures analysis of variance
(ANOVA) were performed considering the psychophysiological and the self-report measures as
dependent variables (LF/HF/Ratio/Happiness/Fear/Arousal), with Condition (Fear/Happy/Neu-
tral emotional induction) and Moment (baseline/emotion) as within-subjects measures, and
Group (high/low anxiety) as between-subjects measure. All the analyses were performed for
groups divided considering trait-cognitive or trait-somatic anxiety. Whenever sphericity was not
assumed, the values for main effects were reported using the Greenhouse-Geisser correction.
Simple-effect analyses were performed for all the significant interactions, to clarify the direction
of the effect. The significance levels of the comparisons were corrected using the Bonferroni cor-
rection [47]. These procedures were conducted using IBM SPSS Statistics (version 23).

Results

Descriptive and preliminary analyses. Participants were divided in two groups consider-
ing the median of the cognitive dimension of STICSA-Trait (Mdn = 19): the group with low
trait-cognitive anxiety (LowCG; N = 41) and the group with high trait-cognitive anxiety
(HighCG; N = 33). Similarly, two groups of trait-somatic anxiety were created considering the
median (Mdn = 16): the group of low trait-somatic anxiety (LowSG; N = 42) and the group of
high trait-somatic anxiety (HighSG; N = 32). Descriptive statistics regarding the
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psychophysiological and subjective measures for each condition and moment of evaluation
considering the four groups are outlined in S1 and S2 Tables (SI). Before proceeding to the
main analyses, differences across baselines were also tested to assure no significant differences
in the dependent variables at the beginning of each condition. Results of repeated measures
ANOV As revealed no differences between baselines across measures, except regarding the
evaluation of happiness, F(1.790) = 3.352, p = .043, partial n* = .044. Nevertheless, the post-hoc
tests were all non-significant.

Furthermore, we tested if the groups of cognitive and somatic anxiety were equivalent in
the pre-test, considering the three emotional conditions and for all measures. Results of
repeated measures ANOV As suggested no differences between groups across conditions and
measures, except regarding LF/HF ratio (trait-somatic anxiety groups) and self-reported hap-
piness (trait-cognitive anxiety groups). In this line, there was a main effect of Condition
regarding self-reported happiness, only when considering the groups of trait-cognitive anxiety,
F(1.793) = 3.536, p = .037, partial n” = .074. Nevertheless, the post-hoc tests were all non-signif-
icant. Also, there was a significant main effect of Group (groups of trait-somatic anxiety)
regarding the LF/HF ratio, F(1) = 7.513, p = .008, partial n* = .094, suggesting that the HighSG
had significantly higher LF/HF ratio than the LowSG in the baseline moments. Yet, the inter-
action Condition x Group was non-significant (p = .674), suggesting that this group difference
was systematically observed across conditions and is most likely due to the group characteris-
tics (i.e., higher levels of self-reported trait-somatic anxiety may be associated with higher LF/
HF ratio at rest, in comparison with lower levels of trait-somatic anxiety). For the detailed
results of these preliminary analyses, please refer to S3 and S4 Tables (SI). Altogether, these
results indicate that the equivalence of the baselines can be assumed.

Differences considering groups of trait-cognitive anxiety. For an overview of the gen-
eral results of the ANOV As regarding the trait-cognitive anxiety groups, please refer to S5 and
S6 Tables (SI). Considering the psychophysiological measures, there was not a significant
main or interaction effect of Group. However, in the self-report measures, a significant third
order interaction effect Condition x Moment x Group emerged, F(2) = 3.414, p = .036, partial
N’ = .045. The simple-effect analysis suggested that, in the neutral emotional condition, the
LowCG reported higher levels of arousal in the baseline in comparison with the emotional
condition, p =.025. Yet, the HighCG did not present significant differences between the base-
line and the emotional condition, in the self-reported arousal, p = .833. In the other conditions,
the performance was similar in both groups. Additionally, when analyzing the graph illustrat-
ing group differences across emotional conditions (Fig 1A), it is possible to observe that, in the
LowCG, the self-reported arousal seemed to vary more across conditions, in comparison with
the HighCG. Similarly, the variation between the baseline and the emotional conditions seems
to be more consistent and marked in the LowCG in comparison with the HighCG, especially
for the happy and neutral conditions (Fig 1B and 1C).

Differences considering groups of trait-somatic anxiety. For an overview of the general
results of the ANOV As considering the trait-somatic anxiety groups, please refer to S7 and S8
Tables (SI). A significant interaction Moment x Group emerged regarding the LF power, F(1)
= 5.132, p = .026, partial n* = .067. The simple-effects inspection suggested that the LF power
was always lower in the baselines in comparison with the emotional conditions, p < .001.
Additionally, there were no significant differences between groups neither at the baselines nor
at the emotional conditions. When inspecting the graph (Fig 2A), the HighSG seems to have
slightly higher LF power in the baseline evaluation in comparison with the LowSG; however,
the difference was small and not significant. Furthermore, a significant main effect of Group
emerged regarding the LF/HF ratio, F(1) = 6.390, p = .014, partial n* = .082, suggesting that
the HighSG presented higher values of LE/HF in comparison with the LowSG. Likewise, there
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Fig 1. Cognitive groups’ differences regarding the self-reported arousal. a) Group differences in the self-reported arousal after the emotional induction; b)
LowCG self-reported arousal across Moment and Condition; ¢) HighCG self-reported arousal across Moment and Condition.
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was a significant interaction Moment x Group regarding the LF/HF ratio, F(1) = 6.765, p =
(011, partial n* = .086, suggesting that the HighSG had a significantly higher LF/HF score in
baseline and emotion evaluation, in comparison with the LowSG. Furthermore, the baselines
and emotion evaluation were always significantly different in both groups. The analysis of the
graph (Fig 2B) reinforced that the differences in the ratio score between the baseline and emo-
tion evaluation were slightly less accentuated in the HighSG compared to the LowSG.

Regarding the self-report measures, we observed a marginally significant interaction Con-
dition x Group, F(2) = 3.053, p = .05, partial n* = .041, suggesting that, in both groups, the self-
reported arousal was always higher in the fear condition compared with the neutral condition,
as well as in the happy condition compared with the neutral condition, p < .01. There were no
significant differences between groups across the three emotional conditions. Importantly, a
significant interaction Condition x Moment x Group emerged, F(2) = 3.102, p = .048, partial
N’ = .048. The post-hoc tests suggested that, while in fear and happiness conditions there were
always significant differences between the self-reported arousal in the pre- and post-emotional
induction in both groups, p < .001, in the neutral condition there were no significant differ-
ences between the self-reported arousal in the pre- and the post-emotional induction for the
HighSG, p = .805. Moreover, after the neutral condition, the HighSG reported significantly
more arousal than the LowSG, p = .015 (see Fig 3A). The analysis of the graphs allows to
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further observe that, in the neutral condition, while there is a slight decrease in the self-
reported arousal in the post-induction in comparison with the pre-induction in the LowSG
(Fig 3B), in the HighSG (Fig 3C) the values of self-reported arousal pre- and post-induction
are quite similar. Also, the LowSG seems to have a higher difference between the self-reported
arousal after the fear condition and the self-reported arousal after the happiness condition,
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Fig 3. Somatic groups’ differences regarding the self-reported arousal. a) Group differences in the self-reported arousal after the emotional induction;
b) LowSG self-reported arousal across Moment and Condition; ¢) HighSG self-reported arousal across Moment and Condition.

https://doi.org/10.1371/journal.pone.0262960.9003
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while in the HighSG this difference is narrower. Lastly, the post-hoc tests suggest that, before
the happiness induction, the HighSG also reported significantly more arousal than the LowSG,
p=.013.

Discussion

In a previous study, STICSA-Trait cognitive and somatic dimensions were found to predict
state anxiety towards cognitive or somatic stressors, respectively [13]. The present study sought
to extend the knowledge about STICSA-Trait’s predictive validity, by examining the perfor-
mance of groups of high and low trait-somatic/cognitive anxiety considering the psychophysi-
ological and subjective dimensions of the emotional response in three distinct laboratory-
induced emotional situations. Results showed that the trait-cognitive anxiety dimension, as
measured by STICSA, was related to differences between groups regarding self-reported
arousal. Conversely, the trait-somatic anxiety dimension was observed to be associated with
differences between groups regarding psychophysiological measures, specifically the LF and
LF/HF indexes of HRV, as well as with differences regarding self-reported arousal. These
results highlight the relevance of STICSA-Trait as a measure that assesses different aspects of
anxiety, distinctively associated with different components of the emotional response.

Considering the groups divided by trait-cognitive anxiety, our analysis suggested that the
LowCG reported significantly more arousal in the baseline than in the emotionally neutral
condition. This result suggests that the emotionally neutral condition contributed to a decrease
in the experienced arousal in people with low trait-cognitive anxiety. However, people with
high trait-cognitive anxiety reported constant levels of arousal, considering the transition from
the baseline to the neutral condition. This may reflect the experience of increased physiological
activation often reported by patients with anxiety disorders [64]. Visual inspection of the data
further suggested that the self-reported arousal varied more across emotional conditions in the
LowCG in comparison with the HighCG. Furthermore, variations between the baselines and
each respective emotional condition seemed to be more consistent and noticeable in the
LowCG in comparison with the HighCG. Together, these results suggest a relationship
between lower emotional flexibility and high self-reported trait-cognitive anxiety, particularly
considering the emotionally neutral or non-aversive conditions. This is consistent with the lit-
erature that observed lower variability regarding self-reported arousal in the context of anxiety
disorders (e.g., [65]). Nevertheless, these differences should be interpreted with caution, since
they were non-significant; moreover, our sample is non-clinical, limiting direct comparisons.

Interestingly, the results considering the trait-cognitive anxiety groups suggested no differ-
ences regarding the psychophysiological measures. This suggests that the cognitive dimension
of STICSA-Trait is more related to self-report, specifically the self-reported arousal, and is not
related to differences in any of the indexes of HRV. This also highlights the frequently
observed weak relationship between the self-report and physiology dimensions of emotion
[23], and particularly the frequently observed incoherence between heightened self-reported
arousal and unchanged physiology in anxiety disorders [65, 66]. This particular relationship
with the cognitive dimension of trait anxiety may reflect a set of cognitive factors that lead to
an altered attention and perception of the self-arousal levels, inconsistent with the physiologi-
cal changes [67]. Yet, although the pattern of self-reported arousal was different between the
baseline and emotionally neutral condition within each group of low/high trait-cognitive anxi-
ety, and the self-reported arousal after the emotionally neutral condition was numerically
higher in the HighCG, there were no significant differences between groups in the post evalua-
tion; the significant results were only observed when considering the differences between the
baseline and the emotionally neutral condition within each group.
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Results regarding the groups divided by trait-somatic anxiety suggested that there were no
differences within each moment of evaluation, neither differences between pre- and post-emo-
tional induction within groups, considering the LF component of HRV. Even so, after visually
inspecting data, it was possible to observe that the HighSG presented higher LF power in the
baseline condition, in comparison with the LowSG (non-significant). The results regarding the
LE/HF ratio add to the interpretation of this interaction; in fact, we also observed that the
HighSG presented higher LF/HF values in comparison with the LowSG, both in the baseline
and during the emotional conditions. By visually inspecting data, differences between the base-
line and emotion conditions seemed to be lower in the HighSG in comparison with the
LowSaG, since the former started with a higher LF/HF score at the baseline, and thus had a less
accentuated rise during the emotional conditions. Together, these results may suggest that
self-reported trait-somatic anxiety is related to objective physiological alterations in healthy
adults. Consistently with the previous literature, these alterations may be related to the often
observed reduced physiological flexibility [64] and abnormal ANS activity in anxiety [68].

Considering that the ratio LF/HF has been suggested to reflect sympathovagal balance, with
higher values associated with sympathetic dominance [56], our findings may suggest that self-
reported trait-somatic anxiety is associated with elevated sympathetic activation, particularly
at rest and in non-threatening emotional situations. These results are not in accordance with
the literature concerning healthy individuals with high levels of trait anxiety, which has been
reporting reduced HF power in high trait anxiety [53, 54, 69, 70]. Nevertheless, some studies
have observed greater sympathetic activity in patients with anxiety disorders in comparison
with control groups at resting conditions, as suggested by higher LF power, higher LF/HF ratio
or both [71, 72]. However, a meta-analysis conducted by Chalmers and colleagues [73] sug-
gested that anxiety disorders do not have a significant impact in LF values, with the effects in
HRYV being more evident through differences in the HF band.

It is important to note that several aspects may contribute to differences in the HRV scores
found across studies. These include variables associated with the recording, such as the meth-
ods employed to control for artifacts and respiration confounds, as well as variables associated
with the subjects, including age and health status [56, 74]. Importantly in the context of our
results, the tasks used for the recording may add important differences that also preclude com-
parisons. In fact, previous studies have explored the relationship between HRV and trait anxi-
ety solely at rest conditions [54, 69, 70] or during relaxation and mental stress conditions [53].
Some of these studies have also analyzed only certain indexes of the ANS activity, such as
vagally mediated components of HRV [54, 69], which does not allow to draw conclusions
about the other measures.

Similarly to the observed in trait-cognitive anxiety groups, our results also suggested that
trait-somatic anxiety is associated with self-reported arousal-which would be expected, since
self-reported arousal include the subjective experience of physiological activation. Specifically,
group differences emerged after the neutral induction, where the HighSG evinced higher levels
of self-reported arousal in comparison with the LowSG. By inspecting data visually, while the
levels of self-reported arousal seemed to decrease from the pre-induction to the post-induction
in the LowSG, in the HighSG the levels of self-reported arousal remained constant. Once
more, these results point to increased self-reported physiological activation and lower variabil-
ity regarding self-reported arousal in people with higher levels of anxiety [64, 65].

Although our results contribute to unravel the association between trait-cognitive/somatic
anxiety and different dimensions of the emotional response towards emotional situations,
some factors limit the conclusions to draw. For instance, some authors have been claiming
that the ratio LF/HF, which has been often addressed as an indicator of sympathovagal bal-
ance, should be interpreted with caution, especially in short-length recordings and considering
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the specific recording conditions (e.g., if it is recorded in a resting condition or not, if it
includes paced or normal breathing; [55, 56]). In fact, the LF component of HRV is not a pure
index of sympathetic activity [55]. Moreover, respiration can highly influence both the LF and
HF parameters [56], thereby, socioemotional tasks that are associated with changes in the
respiratory pattern have an impact in these HRV parameters (for a review about this issue see
[74]). In the present study, the respiratory pace was not explicitly controlled since it would
affect the emotional response. Therefore, caution is needed when interpreting these HRV
indexes, and future studies should further investigate the relationship between trait anxiety
and variations in the different HRV parameters.

Another limitation of the present study concerns the relatively small sample size, which
impacts statistical power. Furthermore, in lower sample sizes, small variations may conduct to
group differences; this may explain why we observed trait-somatic anxiety group differences
regarding self-reported arousal in the pre-induction moment of the happiness condition when
analyzing the statistically significant Condition x Moment x Group interaction. In the prelimi-
nary analyses (see the “Descriptive and preliminary analyses” section of Results, where we per-
formed Condition x Group repeated measures ANOVA), we did not find statistically
significant group differences regarding self-reported arousal in the pre-induction moment
across conditions. For this reason, we assumed that the groups have started from the same
point across conditions. Yet, our results should be interpreted with caution and future studies
should replicate these findings with larger samples. Finally, it is also important to note that
participants’ emotional response was elicited and evaluated following laboratory-induced
emotions, which may have resulted in “artificial” emotional responses, differing in intensity
and valence from the observed emotional responses in the daily life [59, 75]. Therefore, future
studies should extend this research by assessing emotional response considering its subjective,
psychophysiological, and behavioral components in more ecological contexts, using less inva-
sive and limiting procedures, in order to closer understand the relationship between self-
reported anxiety and emotional response across daily situations.

General discussion

The present study aimed to extend STICSA’s validation studies to the Portuguese context,
through several analyses of dimensionality, measurement invariance, reliability and nomologi-
cal and predictive validity. Results supported STICSA as a useful instrument measuring cogni-
tive and somatic symptomatology dimensions within state and trait anxiety. The first study
provided evidence for excellent psychometric properties and replicated previous findings by
supporting the instrument’s construct validity, with its four dimensions structure and with
separate structures for trait and state anxiety. Furthermore, it supported the equivalence of
measure across groups of sex when considering the factor structure and loadings (metric
invariance). STICSA also evidenced good nomological validity, despite of being strongly corre-
lated with depression, particularly its cognitive dimensions. Our results also suggested that
STICSA is possibly a better instrument to differentiate anxiety from depression, which consti-
tutes an important improvement in the context of anxiety assessment. The second study fur-
ther highlighted the relationship between trait-somatic anxiety and differences in both the
subjective and psychophysiological domains of the emotional response, as well as the associa-
tion between the trait-cognitive anxiety and the subjective experience of arousal. The ability to
provide a better differentiation between anxiety and depression, allied to excellent psychomet-
ric properties and a broader scope of evaluated symptoms, as well as to the knowledge about
the distinct relationships between the cognitive and somatic dimensions and the subjective
and psychophysiological components of the emotional response, makes STICSA a privileged
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source of information with the potential to critically shape a targeted assessment, monitoring
and intervention.

Although the present study adds important evidence about the utility and validity of
STICSA, some considerations about the conclusions to draw should be addressed. First, our
results are restricted to the general population. It would be important to assess STICSA’s util-
ity, as well as the generalizability of the present results to other populations where anxiety may
have distinct manifestations, such as in healthy older adults [22] and in clinical populations
[16]. Extending this research to clinical settings may be particularly critical to acknowledge the
equivalence of measure between clinical and non-clinical populations and/or to evaluate the
association with other psychopathological measures. Until date, only two studies investigated
STICSA’s properties in clinical samples [16, 76]; moreover, apart from the present research,
there is only one more study assessing the predictive validity of STICSA-Trait, also in a non-
clinical population [13]. Thus, future studies are needed to expand this knowledge and estab-
lish cut-off values for the four dimensions of STICSA, considering the Portuguese clinical pop-
ulation. Moreover, more than half of our sample was constituted by students (57.2%), which
may limit the generalization of our results; future studies should extend STICSA’s validation
studies by recruiting more diversified samples of the general population. Lastly, caution is
needed when directly comparing our results with the results obtained by other psychometric
studies of STICSA, since distinct studies have been using different response labels, specifically
considering the STICSA-Trait form. In fact, Ree and colleagues [13] described that the STIC-
SA-State form should be scored from 1 (not at all) to 4 (very much), whereas the STICSA-Trait
form should be scored from 1 (almost never) to 4 (almost always). This response scale, which
differentiates the two STICSA forms in terms of both the response labels and instructions, was
subsequently used by other researchers [18, 19]. However, similarly to the indicated in the
work of Gros and colleagues [16], which was the first published psychometric study of
STICSA, several other authors have been using the same response labels for both the STIC-
SA-State and STICSA-Trait forms (i.e., both forms ranging from 1 [not at all] to 4 [very
much]; [17, 20, 22]). In the present study, we followed the response labels provided by Gros
and colleagues [16], which could have made it more difficult to distinguish between the state
and the trait forms, since only the instructions differed. Yet, it is important to note that the
studies, in general, have been supporting similar results in terms of STICSA dimensionality,
reliability and nomological validity, which suggests that this difference in the response labels
do not substantively affects the results.

Notwithstanding the limitations discussed throughout the article, important strengths are
worth to note. First of all, an extensive psychometric evaluation was performed, including also
a predictive validity analysis of STICSA-Trait, which is an analysis that is generally lacking in
the literature concerning instruments’ validation and can add very important information
about the usefulness of an instrument in specific contexts. Moreover, we have assessed STIC-
SA’s predictive validity considering different emotional contexts (happy, fear and neutral).
Most studies assess the relationship between anxiety and emotional response in neutral (at
rest; e.g., [54]) or under negative emotional inductions (such as stress-inducing situations; [13,
53]). Although these studies give valuable information about an individual’s response, their
results are limited to those contexts in particular. Thereby, it is important to extend this
research and measure emotional response in other contexts that pose different demands and
are associated with distinct responses (e.g., such as situations that induce positive emotions;
[24, 52]), in order to have a broader comprehension of how self-reported anxiety predicts an
individual’s behavior. Finally, we assessed STICSA’s predictive validity by adopting a multidi-
mensional approach of the emotional response, which gives important hints about the rela-
tionship between the self-reported anxiety (considering distinct dimensions) and its
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association with different aspects of the emotional response. This approach further allowed the
analysis of the coherence among response systems (which is often low; [23, 65]), as well as of
the relationship between STICSA and HRV, a biomarker of autonomic dysfunction and psy-
chopathology [55].

Conclusion

The present research supported STICSA as an adequate instrument to measure anxiety symp-
toms in the Portuguese population, by extending its psychometric studies and reinforcing it as
a multidimensional and robust measure of anxiety in its four dimensions: state-cognitive,
state-somatic, trait-cognitive and trait-somatic. By embracing a greater scope of symptoms,
STICSA has the potential to meet the demands posed by the increasing prevalence of anxiety
disorders and the multiplicity of symptom profiles manifested by different individuals in dif-
ferent contexts. Furthermore, considering the association between STICSA-Trait and the
psychophysiological and subjective dimensions of the emotional response, this instrument
may provide additional valuable information about how individuals would feel, think and
respond in specific situations [13], improving the knowledge about their functioning, and
leading to the development of a more appropriated evaluation, monitoring and intervention
plans.

Supporting information

S1 Fig. Cardiac signal processing and calculation of the HRV indexes.
(DOCX)

S1 Table. Means and standard deviations regarding psychophysiological and self-report
measures, considering trait-cognitive anxiety groups.
(DOCX)

S2 Table. Means and standard deviations regarding psychophysiological and self-report
measures, considering trait-somatic anxiety groups.
(DOCX)

§3 Table. Results of the repeated measures ANOVA, regarding differences between the
baselines of the three emotional conditions.
(DOCX)

$4 Table. Results of the repeated measures ANOVA, regarding differences between groups
considering the three emotional conditions at the baseline moment.
(DOCX)

S5 Table. ANOVA’s results regarding the psychophysiological measures, considering trait-
cognitive anxiety groups.
(DOCX)

S6 Table. ANOVA’s results regarding the self-report measures, considering trait-cognitive
anxiety groups.
(DOCX)

S7 Table. ANOVA'’s results regarding the psychophysiological measures, considering trait-
somatic anxiety groups.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 22/26


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s008
https://doi.org/10.1371/journal.pone.0262960

PLOS ONE

Multidimensional assessment of anxiety

S8 Table. ANOVA’s results regarding the self-report measures, considering trait-somatic
anxiety groups.
(DOCX)

S1 Database. Database study 1.
(CSV)

$2 Database. Database study 2.
(CSV)

Acknowledgments

We would like to thank Ana Mendes, Catarina Costa, Margarida Alves, Beatriz Sousa, Bruno
Guimaries, Inés Silva, Ligia Ribeiro, Stelya Pereira, Leonor Pereira, Sofia Fernandes, Beatriz
Ribeiro e Hugo Simodes for their assistance in data collection.

Author Contributions

Conceptualization: Filipa Barros, Claudia Figueiredo, Sandra C. Soares.

Data curation: Filipa Barros, Cldudia Figueiredo.

Formal analysis: Filipa Barros, Claudia Figueiredo, Susana Bras, Jodo M. Carvalho.
Investigation: Filipa Barros, Claudia Figueiredo.

Methodology: Filipa Barros, Claudia Figueiredo, Sandra C. Soares.

Supervision: Sandra C. Soares.

Writing - original draft: Filipa Barros, Claudia Figueiredo.

Writing - review & editing: Filipa Barros, Claudia Figueiredo, Susana Bras, Jodo M. Carvalho,
Sandra C. Soares.

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 5th ed. Wash-
ington, DC: Author; 2013.

2. Ohman A. Fear and anxiety: Overlaps and dissociations. In: Lewis M, Haviland-Jones JM, Barrett LF,
editors. Handbook of emotions. New York: The Guilford Press; 2008. p. 709-29.

3. Comer JS, Olfson M. Evolving concepts of anxiety: The epidemiology of anxiety disorders. In: Simpson
HB, Neria Y, Lewis-Fernandez R, Schneier F, editors. Anxiety disorders: Theory, research, and clinical
perspectives. Cambridge: Cambridge University Press; 2010. p. 6-19.

4. Baxter AJ, Scott KM, Vos T, Whiteford HA. Global prevalence of anxiety disorders: A systematic review
and meta-regression. Psychol Med. 2013; 43(5):897—-910. https://doi.org/10.1017/
S003329171200147X PMID: 22781489

5. LamersF, van Oppen P, Comijs HC, Smit JH, Spinhoven P, van Balkom AJLM, et al. Comorbidity Pat-
terns of Anxiety and Depressive Disorders in a Large Cohort Study. J Clin Psychiatry. 2011; 72
(03):341-8. https://doi.org/10.4088/JCP.10m06176blu PMID: 21294994

6. Celano CM, Daunis DJ, Lokko HN, Campbell KA, Huffman JC. Anxiety Disorders and Cardiovascular
Disease. Curr Psychiatry Rep. 2016; 18(11):101. https://doi.org/10.1007/s11920-016-0739-5 PMID:
27671918

7. Nandi A, Beard JR, Galea S. Epidemiologic heterogeneity of common mood and anxiety disorders over
the lifecourse in the general population: A systematic review. BMC Psychiatry. 2009; 9:31. https://doi.
org/10.1186/1471-244X-9-31 PMID: 19486530

8. Konnopka A, Kdnig H. Economic Burden of Anxiety Disorders: A Systematic Review and Meta-Analy-
sis. Pharmacoeconomics. 2020; 38(1):25—-37. https://doi.org/10.1007/s40273-019-00849-7 PMID:
31646432

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 23/26


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262960.s011
https://doi.org/10.1017/S003329171200147X
https://doi.org/10.1017/S003329171200147X
http://www.ncbi.nlm.nih.gov/pubmed/22781489
https://doi.org/10.4088/JCP.10m06176blu
http://www.ncbi.nlm.nih.gov/pubmed/21294994
https://doi.org/10.1007/s11920-016-0739-5
http://www.ncbi.nlm.nih.gov/pubmed/27671918
https://doi.org/10.1186/1471-244X-9-31
https://doi.org/10.1186/1471-244X-9-31
http://www.ncbi.nlm.nih.gov/pubmed/19486530
https://doi.org/10.1007/s40273-019-00849-7
http://www.ncbi.nlm.nih.gov/pubmed/31646432
https://doi.org/10.1371/journal.pone.0262960

PLOS ONE

Multidimensional assessment of anxiety

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Balsamo M, Cataldi F, Carlucci L, Fairfield B. Assessment of anxiety in older adults: A review of self-
report measures. Clin Interv Aging. 2018; 13:573-93. https://doi.org/10.2147/CIA.S114100 PMID:
29670342

Beck AT, Steer RA. Relationship between the Beck Anxiety Inventory and the Hamilton Anxiety Rating
Scale with anxious outpatients. J Anxiety Disord. 1991; 5(3):213-23. https://doi.org/10.1016/0887-6185
(91)90002-B

Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. The State-Trait Anxiety Inventory
(STAI). Palo Alto, CA: Consulting Psychologists Press; 1983.

Kennedy BL, Schwab JJ, Morris RL, Beldia G. Assessment of state and trait anxiety in subjects with
anxiety and depressive disorders. Psychiatr Q. 2001; 72(3):263-76. https://doi.org/10.1023/
a:1010305200087 PMID: 11467160

Ree MJ, French D, MacLeod C, Locke V. Distinguishing cognitive and somatic dimensions of state and
trait anxiety: Development and validation of the State-Trait Inventory for Cognitive and Somatic Anxiety
(STICSA). Behav Cogn Psychother. 2008; 36(3):313-32. https://doi.org/10.1017/51352465808004232

Spielberger CD, Reheiser EC. Assessment of emotions: Anxiety, anger, depression, and curiosity. Appl
Psychol Heal Well-Being. 2009; 1(3):271-302. https://doi.org/10.1111/j.1758-0854.2009.01017.x

Schwartz GE, Davidson RJ, Goleman DJ. Patterning of cognitive and somatic processes in the self-reg-
ulation of anxiety: Effects of meditation versus exercise. Psychosom Med. 1978; 40(4):321-8. hitps://
doi.org/10.1097/00006842-197806000-00004 PMID: 356080

Grés DF, Antony MM, Simms LJ, McCabe RE. Psychometric properties of the State-Trait Inventory for
Cognitive and Somatic Anxiety (STICSA): Comparison to the State-Trait Anxiety Inventory (STAI). Psy-
chol Assess. 2007; 19(4):369-81. https://doi.org/10.1037/1040-3590.19.4.369 PMID: 18085930

Roberts KE, Hart TA, Eastwood JD. Factor structure and validity of the State-Trait Inventory for Cogni-
tive and Somatic Anxiety. Psychol Assess. 2016; 28(2):134—46. https://doi.org/10.1037/pas0000155
PMID: 26011481

Tindall IK, Curtis GJ, Locke V. Dimensionality and measurement invariance of the State-Trait Inventory
for Cognitive and Somatic Anxiety (STICSA) and validity comparison With measures of negative emo-
tionality. Front Psychol. 2021;12. https://doi.org/10.3389/fpsyg.2021.644889 PMID: 34163400

Carlucci L, Watkins MW, Sergi MR, Cataldi F, Saggino A, Balsamo M. Dimensions of anxiety, age, and
gender: Assessing dimensionality and measurement invariance of the State-Trait for Cognitive and
Somatic Anxiety (STICSA) in an Italian sample. Front Psychol. 2018; 9:2345. https://doi.org/10.3389/
fpsyg.2018.02345 PMID: 30538658

Styck KM, Rodriguez MC, Yi EH. Dimensionality of the State—Trait Inventory of Cognitive and Somatic
Anxiety. Assessment. 2020; https://doi.org/10.1177/1073191120953628 PMID: 32862664

Gros DF, Simms LJ, Antony MM. Psychometric properties of the State-Trait Inventory for Cognitive and
Somatic Anxiety (STICSA) in friendship dyads. Behav Ther. 2010; 41(3):277-84. https://doi.org/10.
1016/j.beth.2009.07.001 PMID: 20569777

Balsamo M, Innamorati M, Van Dam NT, Carlucci L, Saggino A. Measuring anxiety in the elderly: Psy-
chometric properties of the state trait inventory of cognitive and somatic anxiety (STICSA) in an elderly
Italian sample. Int Psychogeriatrics. 2015; 27(6):999-1008. https://doi.org/10.1017/
S1041610214002634 PMID: 25592436

Mauss IB, McCarter L, Levenson RW, Wilhelm FH, Gross JJ. The tie that binds? Coherence among
emotion experience, behavior, and physiology. Emotion. 2005; 5(2):175-90. https://doi.org/10.1037/
1528-3542.5.2.175 PMID: 15982083

Mauss IB, Robinson MD. Measures of emotion: A review. Cogn Emot. 2009; 23(2):209-37. https://doi.
org/10.1080/02699930802204677 PMID: 19809584

Lovibond PF, Lovibond SH. The structure of negative emotional states: Comparison of the Depression
Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behav Res Ther.
1995; 33(3):335—43. https://doi.org/10.1016/0005-7967(94)00075-u PMID: 7726811

Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative
affect: The PANAS scales. J Pers Soc Psychol. 1988; 54(6):1063-70. https://doi.org/10.1037//0022-
3514.54.6.1063 PMID: 3397865

Bados A, Gomez-Benito J, Balaguer G. The State-Trait Anxiety Inventory, trait version: Does it really
measure anxiety? J Pers Assess. 2010; 92(6):560—7. https://doi.org/10.1080/00223891.2010.513295
PMID: 20954057

Caci H, Baylé FJ, Dossios C, Robert P, Boyer P. The Spielberger Trait Anxiety Inventory measures
more than anxiety. Eur Psychiatry. 2003; 18(8):394—400. https://doi.org/10.1016/j.eurpsy.2003.05.003
PMID: 14680715

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 24/26


https://doi.org/10.2147/CIA.S114100
http://www.ncbi.nlm.nih.gov/pubmed/29670342
https://doi.org/10.1016/0887-6185%2891%2990002-B
https://doi.org/10.1016/0887-6185%2891%2990002-B
https://doi.org/10.1023/a%3A1010305200087
https://doi.org/10.1023/a%3A1010305200087
http://www.ncbi.nlm.nih.gov/pubmed/11467160
https://doi.org/10.1017/S1352465808004232
https://doi.org/10.1111/j.1758-0854.2009.01017.x
https://doi.org/10.1097/00006842-197806000-00004
https://doi.org/10.1097/00006842-197806000-00004
http://www.ncbi.nlm.nih.gov/pubmed/356080
https://doi.org/10.1037/1040-3590.19.4.369
http://www.ncbi.nlm.nih.gov/pubmed/18085930
https://doi.org/10.1037/pas0000155
http://www.ncbi.nlm.nih.gov/pubmed/26011481
https://doi.org/10.3389/fpsyg.2021.644889
http://www.ncbi.nlm.nih.gov/pubmed/34163400
https://doi.org/10.3389/fpsyg.2018.02345
https://doi.org/10.3389/fpsyg.2018.02345
http://www.ncbi.nlm.nih.gov/pubmed/30538658
https://doi.org/10.1177/1073191120953628
http://www.ncbi.nlm.nih.gov/pubmed/32862664
https://doi.org/10.1016/j.beth.2009.07.001
https://doi.org/10.1016/j.beth.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/20569777
https://doi.org/10.1017/S1041610214002634
https://doi.org/10.1017/S1041610214002634
http://www.ncbi.nlm.nih.gov/pubmed/25592436
https://doi.org/10.1037/1528-3542.5.2.175
https://doi.org/10.1037/1528-3542.5.2.175
http://www.ncbi.nlm.nih.gov/pubmed/15982083
https://doi.org/10.1080/02699930802204677
https://doi.org/10.1080/02699930802204677
http://www.ncbi.nlm.nih.gov/pubmed/19809584
https://doi.org/10.1016/0005-7967%2894%2900075-u
http://www.ncbi.nlm.nih.gov/pubmed/7726811
https://doi.org/10.1037//0022-3514.54.6.1063
https://doi.org/10.1037//0022-3514.54.6.1063
http://www.ncbi.nlm.nih.gov/pubmed/3397865
https://doi.org/10.1080/00223891.2010.513295
http://www.ncbi.nlm.nih.gov/pubmed/20954057
https://doi.org/10.1016/j.eurpsy.2003.05.003
http://www.ncbi.nlm.nih.gov/pubmed/14680715
https://doi.org/10.1371/journal.pone.0262960

PLOS ONE

Multidimensional assessment of anxiety

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.
40.

4.

42,

43.

44,

45.

46.
47.
48.

49.

50.
51.

52.

53.

54.

55.

Santos SC, Silva DR. Adaptacgado do State-Trait Anxiety Inventory (STAI)—Form Y para a populagdo
Portuguesa: Primeiros dados. Rev Port Psicol. 1997; 32:85-98.

Silva DR, Campos R. Alguns dados normativos do Inventario de Estado-Trago de Ansiedade—Forma
Y (STAI-Y), de Spielberger, para a populacéo Portuguesa. Rev Port Psicol. 1998; 33:71-89.

Galinha IC, Pais-Ribeiro JL. Contribuicao para o estudo da verséao portuguesa da Positive and Negative
Affect Schedule (PANAS): lI-Estudo psicométrico. Analise Psicoldgica. 2005; 2(23):219-27.

Pais-Ribeiro JL, Honrado A, Leal |. Contribui¢éo para o estudo da adaptagdo Portuguesa das Escalas
de Ansiedade, Depresséo e Stress (EADS) de 21 itens de Lovibond e Lovibond. Psicol Satde Doen-
cas. 2004; 5(1):229-39.

Dillman D, Smyth J, Christian L. Internet, phone, mail and mixed-mode surveys. New Jersey: John
Wiley & Sons, Inc.; 2014.

Muthén LK, Muthén B. Mplus user’s guide: Statistical analysis with latent variables, Version 8. Los
Angeles, CA: Muthén & Muthén; 2017.

Honaker J, King G, Blackwell M. AMELIA II: A program for missing data. 2018.

Allison P. Quantitative applications in the social sciences: Missing data. Thousand Oaks, CA: SAGE
Publications; 2002.

Flora DB, Curran PJ. An empirical evaluation of alternative methods of estimation for confirmatory factor
analysis with ordinal data. Psychol Methods. 2004; 9(4):466—91. https://doi.org/10.1037/1082-989X.9.
4.466 PMID: 15598100

Brown T. Confirmatory Factor Analysis for applied research. NY: Guillford Press; 2006.

Kline R. Principlesand practice of structural equation modelling. 2nd ed. NY: Guillford Press; 2005.
Schermelleh-Engel K, Moosbrugger H, Miller H. Evaluating the fit of structural equation models: Tests
of significance and descriptive goodness-of-fit measures. Methods Psychol Res. 2003; 8(2):23-74.
van de Schoot R, Lugtig P, Hox J. A checklist for testing measurement invariance. Eur J Dev Psychol.
2012; 9(4):486-92. https://doi.org/10.1080/17405629.2012.686740

McLean CP, Asnaani A, Litz BT, Hofmann SG. Gender differences in anxiety disorders: Prevalence,
course of illness, comorbidity and burden of iliness. J Psychiatr Res. 2011; 45(8):1027-35. https://doi.
org/10.1016/}.jpsychires.2011.03.006 PMID: 21439576

Sass DA, Schmitt TA, Marsh HW. Evaluating model fit with ordered categorical data within a measure-
ment invariance framework: A comparison of estimators. Struct Equ Model A Multidiscip J. 2014; 21
(2):167-80. https://doi.org/10.1080/10705511.2014.882658

Hayes AF, Coutts JJ. Use Omega rather than Cronbach’s Alpha for estimating reliability. But. ... Com-
mun Methods Meas. 2020; 14(1):1-24. https://doi.org/10.1080/19312458.2020.1718629

Viladrich C, Angulo-Brunet A, Doval E. Un viaje alrededor de alfa y omega para estimar la fiabilidad de
consistencia interna. An Psicol. 2017; 33(3):755. https://doi.org/10.6018/analesps.33.3.268401

DeVellis RF. Scale development: Theory and applications. 3rd ed. Thousand Oaks: Sage; 2012.
Howell D. Statistical methods for psychology. USA: Thomson Wadsworth; 2006.

Cohen J, Cohen P, West S, Aiken L. Applied multiple regression/correlation analysis for the behavioral
sciences. 3rd ed. New Jersey: Lawrence Erlbaum Associates; 2003.

Baghaei P, Tabatabaee Yazdi M. The logic of latent variable analysis as validity evidence in psychologi-
cal measurement. Open Psychol J. 2016; 9(1):168—75. https://doi.org/10.2174/1874350101609010168

Kline P. Handbook of psychological testing. 2nd ed. London: Routledge; 2000.

Clark LA, Watson D. Tripartite model of anxiety and depression: Psychometric evidence and taxonomic
implications. J Abnorm Psychol. 1991; 100(3):316-36. https://doi.org/10.1037//0021-843x.100.3.316
PMID: 1918611

Kreibig SD. Autonomic nervous system activity in emotion: A review. Biol Psychol. 2010; 84(3):394—
421. https://doi.org/10.1016/j.biopsycho.2010.03.010 PMID: 20371374

Miu AC, Heilman RM, Miclea M. Reduced heart rate variability and vagal tone in anxiety: Trait versus
state, and the effects of autogenic training. Auton Neurosci. 2009; 145(1-2):99—-103. https://doi.org/10.
1016/j.autneu.2008.11.010 PMID: 19059813

Bleil ME, Gianaros PJ, Jennings JR, Flory JD, Manuck SB. Trait negative affect: Toward an integrated
model of understanding psychological risk for impairment in cardiac autonomic function. Psychosom
Med. 2008; 70(3):328-37. https://doi.org/10.1097/PSY.0b013e31816baefa PMID: 18378862

Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: An integrative review of the heart’s
anatomy and heart rate variability. Front Psychol. 2014; 5:1040. https://doi.org/10.3389/fpsyg.2014.
01040 PMID: 25324790

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 25/26


https://doi.org/10.1037/1082-989X.9.4.466
https://doi.org/10.1037/1082-989X.9.4.466
http://www.ncbi.nlm.nih.gov/pubmed/15598100
https://doi.org/10.1080/17405629.2012.686740
https://doi.org/10.1016/j.jpsychires.2011.03.006
https://doi.org/10.1016/j.jpsychires.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21439576
https://doi.org/10.1080/10705511.2014.882658
https://doi.org/10.1080/19312458.2020.1718629
https://doi.org/10.6018/analesps.33.3.268401
https://doi.org/10.2174/1874350101609010168
https://doi.org/10.1037//0021-843x.100.3.316
http://www.ncbi.nlm.nih.gov/pubmed/1918611
https://doi.org/10.1016/j.biopsycho.2010.03.010
http://www.ncbi.nlm.nih.gov/pubmed/20371374
https://doi.org/10.1016/j.autneu.2008.11.010
https://doi.org/10.1016/j.autneu.2008.11.010
http://www.ncbi.nlm.nih.gov/pubmed/19059813
https://doi.org/10.1097/PSY.0b013e31816baefa
http://www.ncbi.nlm.nih.gov/pubmed/18378862
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.3389/fpsyg.2014.01040
http://www.ncbi.nlm.nih.gov/pubmed/25324790
https://doi.org/10.1371/journal.pone.0262960

PLOS ONE

Multidimensional assessment of anxiety

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and norms. Front Public Heal.
2017; 5:258. https://doi.org/10.3389/fpubh.2017.00258 PMID: 29034226

Belem da Silva CT, Schuch F, Costa M, Hirakata V, Manfro GG. Somatic, but not cognitive, symptoms
of anxiety predict lower levels of physical activity in panic disorder patients. J Affect Disord. 2014;
164:63-8. https://doi.org/10.1016/j.jad.2014.04.007 PMID: 24856555

Amstadter A. Emotion regulation and anxiety disorders. J Anxiety Disord. 2008; 22(2):211-21. https://
doi.org/10.1016/j.janxdis.2007.02.004 PMID: 17349775

McGinley JJ, Friedman BH. Autonomic specificity in emotion: The induction method matters. Int J Psy-
chophysiol. 2017; 118:48-57. https://doi.org/10.1016/}.ijpsycho.2017.06.002 PMID: 28606472

Pinto G, Carvalho JM, Barros F, Soares SC, Pinho AJ, Bras S. Multimodal emotion evaluation: A physi-
ological model for cost-effective emotion classification. Sensors. 2020; 20(12):3510. https://doi.org/10.
3390/s20123510 PMID: 32575894

Barros F, Costa C, Figueiredo C, Bras S, Carvalho JM, Madeira N, et al. Cognitive and somatic trait anx-
iety: Subjective and psychophysiological responses. Eur Psychiatry. 2019; 56S(S322-553):S481.
https://doi.org/10.1016/j.eurpsy.2019.01.002

Gouveia C, Tomé A, Barros F, Soares SC, Vieira J, Pinho P. Study on the usage feasibility of continu-
ous-wave radar for emotion recognition. Biomed Signal Process Control. 2020; 58:101835. https://doi.
0rg/10.1016/j.bspc.2019.101835

Berntson G, Quigley KS, Lozano D. Cardiovascular psychophysiology. In: Cacioppo JT, Tassinary LG,
Berntson G, editors. Handbook of psychophysiology. 3rd ed. Cambridge: Cambridge University
Press; 2007. p. 182-210.

Hoehn-Saric R, McLeod DR. Anxiety and arousal: Physiological changes and their perception. J Affect
Disord. 2000; 61(3):217—-24. https://doi.org/10.1016/s0165-0327(00)00339-6 PMID: 11163423

Rosebrock LE, Hoxha D, Norris C, Cacioppo JT, Gollan JK. Skin conductance and subjective arousal in
anxiety, depression, and comorbidity. J Psychophysiol. 2017; 31(4):145-57. https://doi.org/10.1027/
0269-8803/a000176

Lang PJ, McTeague LM. The anxiety disorder spectrum: Fear imagery, physiological reactivity, and dif-
ferential diagnosis. Anxiety, Stress Coping. 2009; 22(1):5-25. https://doi.org/10.1080/
10615800802478247 PMID: 19096959

Fisher AJ, Granger DA, Newman MG. Sympathetic arousal moderates self-reported physiological
arousal symptoms at baseline and physiological flexibility in response to a stressor in generalized anxi-
ety disorder. Biol Psychol. 2010; 83(3):191-200. https://doi.org/10.1016/j.biopsycho.2009.12.007
PMID: 20036309

Friedman BH. An autonomic flexibility-neurovisceral integration model of anxiety and cardiac vagal
tone. Biol Psychol. 2007; 74(2):185-99. https://doi.org/10.1016/j.biopsycho.2005.08.009 PMID:
17069959

Watkins LL, Grossman P, Krishnan R, Sherwood A. Anxiety and vagal control of heart rate. Psychosom
Med. 1998; 60(4):498-502. https://doi.org/10.1097/00006842-199807000-00018 PMID: 9710297

Shepherd D, Mulgrew J, Hautus MJ. Exploring the autonomic correlates of personality. Auton Neurosci
Basic Clin. 2015; 193:127-31. https://doi.org/10.1016/j.autneu.2015.05.004 PMID: 26026396

Cohen H, Benjamin J, Geva AB, Matar MA, Kaplan Z, Kotler M. Autonomic dysregulation in panic disor-
der and in post-traumatic stress disorder: Application of power spectrum analysis of heart rate variability
at rest and in response to recollection of trauma or panic attacks. Psychiatry Res. 2000; 96(1):1-13.
https://doi.org/10.1016/s0165-1781(00)00195-5 PMID: 10980322

Martinez JM, Garakani A, Kaufmann H, Aaronson CJ, Gorman JM. Heart rate and blood pressure
changes during autonomic nervous system challenge in panic disorder patients. Psychosom Med.
2010; 72(5):442-9. https://doi.org/10.1097/PSY.0b013e3181d972c2 PMID: 20368476

Chalmers JA, Quintana DS, Abbott MJA, Kemp AH. Anxiety disorders are associated with reduced
heart rate variability: A meta-analysis. Front Psychiatry. 2014; 5:80. https://doi.org/10.3389/fpsyt.2014.
00080 PMID: 25071612

Quintana DS, Heathers JAJ. Considerations in the assessment of heart rate variability in biobehavioral
research. Front Psychol. 2014; 5:805. https://doi.org/10.3389/fpsyg.2014.00805 PMID: 25101047

Wilhelm FH, Grossman P. Emotions beyond the laboratory: Theoretical fundaments, study design, and
analytic strategies for advanced ambulatory assessment. Biol Psychol. 2010; 84(3):552—69. https://doi.
org/10.1016/j.biopsycho.2010.01.017 PMID: 20132861

Van Dam NT, Gros DF, Earleywine M, Antony MM. Establishing a trait anxiety threshold that signals
likelihood of anxiety disorders. Anxiety, Stress Coping. 2013; 26(1):70-86. https://doi.org/10.1080/
10615806.2011.631525 PMID: 22091946

PLOS ONE | https://doi.org/10.1371/journal.pone.0262960 January 25, 2022 26/26


https://doi.org/10.3389/fpubh.2017.00258
http://www.ncbi.nlm.nih.gov/pubmed/29034226
https://doi.org/10.1016/j.jad.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24856555
https://doi.org/10.1016/j.janxdis.2007.02.004
https://doi.org/10.1016/j.janxdis.2007.02.004
http://www.ncbi.nlm.nih.gov/pubmed/17349775
https://doi.org/10.1016/j.ijpsycho.2017.06.002
http://www.ncbi.nlm.nih.gov/pubmed/28606472
https://doi.org/10.3390/s20123510
https://doi.org/10.3390/s20123510
http://www.ncbi.nlm.nih.gov/pubmed/32575894
https://doi.org/10.1016/j.eurpsy.2019.01.002
https://doi.org/10.1016/j.bspc.2019.101835
https://doi.org/10.1016/j.bspc.2019.101835
https://doi.org/10.1016/s0165-0327%2800%2900339-6
http://www.ncbi.nlm.nih.gov/pubmed/11163423
https://doi.org/10.1027/0269-8803/a000176
https://doi.org/10.1027/0269-8803/a000176
https://doi.org/10.1080/10615800802478247
https://doi.org/10.1080/10615800802478247
http://www.ncbi.nlm.nih.gov/pubmed/19096959
https://doi.org/10.1016/j.biopsycho.2009.12.007
http://www.ncbi.nlm.nih.gov/pubmed/20036309
https://doi.org/10.1016/j.biopsycho.2005.08.009
http://www.ncbi.nlm.nih.gov/pubmed/17069959
https://doi.org/10.1097/00006842-199807000-00018
http://www.ncbi.nlm.nih.gov/pubmed/9710297
https://doi.org/10.1016/j.autneu.2015.05.004
http://www.ncbi.nlm.nih.gov/pubmed/26026396
https://doi.org/10.1016/s0165-1781%2800%2900195-5
http://www.ncbi.nlm.nih.gov/pubmed/10980322
https://doi.org/10.1097/PSY.0b013e3181d972c2
http://www.ncbi.nlm.nih.gov/pubmed/20368476
https://doi.org/10.3389/fpsyt.2014.00080
https://doi.org/10.3389/fpsyt.2014.00080
http://www.ncbi.nlm.nih.gov/pubmed/25071612
https://doi.org/10.3389/fpsyg.2014.00805
http://www.ncbi.nlm.nih.gov/pubmed/25101047
https://doi.org/10.1016/j.biopsycho.2010.01.017
https://doi.org/10.1016/j.biopsycho.2010.01.017
http://www.ncbi.nlm.nih.gov/pubmed/20132861
https://doi.org/10.1080/10615806.2011.631525
https://doi.org/10.1080/10615806.2011.631525
http://www.ncbi.nlm.nih.gov/pubmed/22091946
https://doi.org/10.1371/journal.pone.0262960

