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Exploratory Structural Equation Modeling Analysis of
the Anxiety Sensitivity Index 3

ABSTRACT

Objective: Anxiety sensitivity is associated with the onset and progression of various emo-
tional disorders. The Anxiety Sensitivity Index 3 (ASI-3) is a self-report scale for anxiety sen-
sitivity. This study aims to resolve the ongoing controversy about the factorial structure
of the ASI-3 using exploratory structural equation modeling (ESEM), a newly advanced
technique.

Methods: Confirmatory factor analysis (CFA), ESEM, bifactor-CFA, and bifactor-ESEM were
used to investigate the factorial structure of the ASI-3. Three hundred Korean college
students (female =195, age: 21.74 + 2.34) filled out the ASI-3 and the Distress Intolerance
Index.

Results: The bifactor-ESEM model exhibited a model fit superior to the 4 alternative mod-
els. The general factor showed higher loadings and reliability and explained common
variance than the 3 specific factors in the bifactor-ESEM model. Most items reflected the
global factor, but 6 items (Items 2, 3, 5, 7, 10, and 17) from the specific factors had insuf-
ficient loadings. Moreover, the global factor of the ASI-3 was associated with distress intol-
erance scores, indicating adequate criterion-related validity.

Conclusion: The factorial structure of the ASI-3 is best described as a bifactor-ESEM model
for Korean college students. Additionally, the bifactor-ESEM model of the ASI-3 includes
a strong global factor that explains a large amount of the observed variance in the
ASI-3 items.
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Introduction

Anxiety sensitivity is defined as the fear of anxiety-related sensations arising from the belief
that these sensations have harmful somatic, social, or cognitive consequences. Anxiety sen-
sitivity amplifies anxiety symptoms by avoiding or escaping anxiety-related sensations.!
According to previous research, anxiety sensitivity functions as a causal and maintaining
variable in depression and anxiety disorders. Although anxiety sensitivity is a fairly stable
variable, it can be reduced through interventions. Therefore, reducing anxiety sensitivity has
become a target for intervention.? Various tools have been developed to measure anxiety
sensitivity. The Anxiety Sensitivity Index,> Anxiety Sensitivity Index-Revised,* and Anxiety
Sensitivity Profile> were developed to measure anxiety sensitivity. These instruments have
reported different findings regarding factor structures. The Anxiety Sensitivity Index 3 (ASI-3)
was developed to resolve the differences in factor structure by dividing anxiety sensitivity
into physical, cognitive, and social concerns,® Physical concerns include fear of anxiety-related
sensations due to fear of physical harm that anxiety-related sensations may bring; cognitive
concerns encompass fear of anxiety-related sensations due to concerns about mental illness
caused by anxiety-related sensations. Further, social concerns include fear of anxiety-related
sensations due to concerns about the social embarrassment that anxiety-related sensations
may bring.® Moreover, the ASI-3 has demonstrated good psychometric properties and has
been validated in diverse samples and several languages.’
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This study examined the factorial structure of anxiety sensitivity
using ASI-3. ASI-3 includes 6 items each for measuring physical, cog-
nitive, and social concerns, respectively. An initial validation study of
the factorial structure of the ASI-3 using traditional confirmatory fac-
tor analysis (CFA) showed that ASI-3 measures 3 related but distinct
factors of anxiety sensitivity.®

However, relatively strong associations were observed between
physical, social, and cognitive concerns in studies using the CFA
model. For example, correlation coefficients among the factors of
the ASI-3 ranged between 0.61 and 0.67 in a mixed sample of under-
graduate students and individuals with anxiety disorder,? between
0.67 and 0.76 in an Iranian sample of medical college students,® and
between 0.70 and 0.80 in a Chinese sample of military personnel.”
High correlations between factors cause multicollinearity problems
and call into question the discriminant validity of the ASI-3.

Although the 3 factors of the ASI-3 are perceived as distinct con-
cepts, recent research suggests that they may reflect a single con-
struct. Some studies introduced a bifactor-CFA model with 1 global
factor and 3 specific factors.”* In the model, all ASI-3 items loaded
on a general factor and, simultaneously, on 1 of the 3 specific fac-
tors. In a sample of Turkish non-clinical residents, the bifactor-CFA
model showed a superior fit to the CFA 3-factor first-order model.”
In their study, most items loaded more strongly on the general factor
than on specific factors. Support for the bifactor-CFA model was also
observed in a U.S. sample of undergraduate students'? and a South
Korean sample of college students.”™

Nevertheless, to confirm that the factorial structure of ASI-3 is well
described by the bifactor-CFA model, the issue of cross-loadings
must be considered. To claim that a global factor exists in ASI-3, it
is necessary to clarify that the existence of a global factor is not due
to the assumption of zero cross-loading in the CFA model'*—global
factor strength could be exaggerated by the unspecified cross-load-
ings of specific factors in the bifactor-CFA model. For example, in the
CFA model, it was assumed that 1 item (e.g., When | begin to sweat
in a social situation, | fear people will think negatively about me.) of
ASI-3 loads on 1 factor (e.g., social concerns). Nonetheless, this item
may have cross-loading on secondary dimensions (e.g., physical
concerns) simultaneously. If so, this cross-loading is not reflected in
the CFA model; therefore, the association between the 2 dimensions
(e.g., social and physical concerns) is inevitably reported to be more
inflated than it actually is.

An exploratory structural equation modeling (ESEM) technique
was proposed to overcome the weaknesses of CFA. ESEM is a newly
developed technique that combines exploratory factor analysis (EFA)

MAIN POINTS

- The bifactor-exploratory structural equation modeling (ESEM)
model of Anxiety Sensitivity Index 3 (ASI-3) provided a better fit
than the other models.

« In the bifactor-ESEM model of the ASI-3, the global factor showed
higher loadings, reliability coefficients, and explained common
variance values than the 3 specific factors.

« The global factor of ASI-3 was significantly associated with distress
intolerance, which showed adequate criterion-related validity.
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and CFA to complement the weaknesses of each other. This method
is known to be effective in revealing the factor structure of a scale
containing multiple factors by allowing cross-loading and prespeci-
fied factors on which each item loads." Global factor strength could
be exaggerated by the unspecified cross-loadings of specific factors
in the bifactor-CFA model.

The argument that the general factor strength of the ASI-3 is exag-
gerated in the bifactor-CFA model has not yet been tested. This can
be tested using bifactor-ESEM, which integrates a bifactor model and
an ESEM model.” Even when bifactor-ESEM is used, as with bifactor-
CFA, if the general factor has higher explained common variance
(ECV) values than the 3 specific factors and a strong general factor
exists, it can be concluded that a global factor exists in ASI-3.

Current Study

To the best of our knowledge, there has never been an attempt to
examine the factorial structure of ASI-3. Accordingly, this study
examines whether the bifactor-ESEM model is a better representa-
tion of ASI-3’s factorial structure than the existing models of ASI-3.
This study has the following objectives: (1) verify whether the bifac-
tor-ESEM model has a better fit than the one-factor CFA, three-fac-
tor CFA, three-factor ESEM, and bifactor-CFA models; (2) examine
whether the global factor in the bifactor-ESEM model shows high
loadings, reliability coefficients, and ECV values; (3) examine the
criterion-related validity of the general factor in the bifactor-ESEM
model. Criterion-related validity refers to the extent to which the
ASI-3 correlates with a specific criterion.

Material and Methods

Participants

A total of 300 college students from South Korea was recruited using
convenience sampling. The participants responded to the scale using
a pencil or pen. Information regarding participants’ psychiatric his-
tory, history of psychiatric interventions, and history of psychological
interventions was not collected by the researchers. Those aged greater
than or equal to 18 years were included. However, college students
not fluent in Korean were excluded. This study was approved by the
Institutional Review Board of Gachon University (approval number:
1044396-202308-HR-156-01). Written consent for participation was
obtained from all participants before they answered the questionnaire.

Measures

Anxiety Sensitivity Index 3: The ASI-3° is an 18-item anxiety
sensitivity scale. Respondents rated it on a 5-point Likert-type
response scale (0=very little to 4=very much). The Korean version of
the ASI-3 was used.'® This scale includes 3 dimensions: physical,
cognitive, and social. The total score on the ASI-3 ranged from 0 to 72,
and the 3 dimensions ranged from 0 to 24. The means of the total
score of the ASI-3 for males and females were 13.53 (Standard
Deviation [SD]=9.13) and 14.35 (SD=9.82), respectively, in Korean
non-clinical samples.'® The internal consistency of this scale was 0.87
for the general scale, with Cronbach’s a values of 0.73, 0.83, and 0.86,
respectively, for physical, social, and cognitive concerns.'®

Distress Intolerance Index: The Distress Intolerance Index (DlII)
contains 10 items that measure the tendency to avoid negative
emotions.'”” Respondents were asked to rate the items on a 5-point
Likert scale (0=very little to 4=very much). Cronbach’s a of the DIl
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was 0.87." The DIl was used to assess the criterion-related validity of
the ASI-3.

Statistical Analyses

The quantitative data collected in this study was analyzed using
Statistical Package for the Social Sciences (SPSS) version 27.0 (IBM
SPSS Corp.; Armonk, NY, USA) and Mplus ver. 8.8. Statistical signifi-
cance was set at P < 0.05. The factor structure of the ASI-3 was exam-
ined using CFA or ESEM. Exploratory structural equation modeling
was performed using an oblique target rotation procedure. Table 1
presents the standards of the fit indices introduced in this study.”

The fit indices of the ASI-3 models were compared as follows: (model
1) 1-factor CFA model; (model 2) 3e-factor CFA model; (model 3)
bifactor-CFA model; (model 4) 3-factor ESEM; (model 5) bifactor-
ESEM. These 5 models are illustrated in Figure 1. Additionally, the
Akaike Information Criterion (AIC) was computed to examine the

Table 1. Model Fit Indices and Cutoff Criteria
Model Fit Indices Good Model Fit

Acceptable Model Fit

x/df 0<y¥/df<3 3<y/df<5

CFI 0.970 < CFl < 1.000 0.950 < CFI < 0.970
TLI 0.970 < TLI < 1.000 0.950 <TLI < 0.970
SRMR 0 < SRMR < 0.050 0.050 < SRMR < 0.100
RMSEA 0 < RMSEA < 0.050 0.050 < RMSEA < 0.080

X2 chi-square goodness of fit test; CFl,=comparative fit index; df, degrees of free-
dom; SRMR, standardized root mean square residual; TLI, Tucker-Lewis coefficient
index; RMSEA, root-mean-square error of approximation.
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relative model fit. A model with a smaller AIC score indicated a bet-
ter fit. If the difference in AIC value (AAIC) between 2 models is 6
or more, it is considered that there is a difference in goodness of fit
between the 2 models.? Finally, an additional bifactor-ESEM analy-
sis was conducted to investigate whether the specific factors of the
ASI-3 significantly explained distress intolerance after accounting for
variance in the general anxiety sensitivity factor.

The lowest loadings and mean loadings on the target factor were
obtained in the bifactor-ESEM model. For the factor to be well-
defined, the lowest loadings on the target factor should be higher
than 0.30, and the mean loadings on the target factor should be
higher than 0.50.2' Coefficient omega hierarchical (wh) and coeffi-
cient omega hierarchical subscale (whs) were used to calculate the
internal consistency of the alternative model with the best fit. The
appropriate cutoff score for mh was 0.50.2 Additionally, the ECV was
calculated using global and specific factors.

Mardia’s multivariate normality test® showed that the data deviated
from multivariate normality (skewness b=104.81, z=5240.45, P <
0.001; kurtosis b=551.91, z=61.94, P < 0.001). Therefore, the robust
maximum likelihood estimator, which is less affected by violations of
multivariate normal distribution, was used for all analyses.

Results

The age of the participants ranged from 18 to 32 years (mean 21.74
(2.34) years). Of the participants, 65.0% were female, and 35.0% were
male. The inter-item correlation matrix is presented in Table 2.

Model 2

Model 1

Model 3

Model 5

Figure 1. Proposed study models.
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Factor Analysis
The model fit indices for the 5 alternative models are listed in Table 3. ©
The comparative fit index (CFl), Tucker-Lewis coefficient index (TLI),
and root-mean-square error of approximation (RMSEA) values for
the CFA 1-factor first-order model showed a poor model fit, and ~ \ §
the SRMR and x?/df showed an acceptable model fit to the data S]
(y*=568.871, df=135, CF1=0.737, TLI=0.702, RMSEA=0.104, RMSEA
Cl=[0.095, 0.112], SRMR=0.085). Comparative fit index and TLI val- © | S_’r %
ues for the CFA 3-factor first-order model showed a poor model fit, - oS o
the RMSEA and SRMR values showed an acceptable fit, and the y?/
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For the bifactor-CFA model, CFl and TLI showed a poor model fit, the
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model) (AAIC=-40.680). Model 3 (bifactor-CFA model) had a supe-
rior model fit to model 4 (three-factor ESEM model) (AAIC=—-43.672). mg - s Ry
Furthermore, the fit of model 5 (bifactor-ESEM model) was better ® 2959130052
than that of model 3 (bifactor-CFA model) (AAIC=-14.179). Model
5 (the bifactor-ESEM model) exhibited the best model fit among the Nomnmmo — ¢ N MmN
alternative models. ~ ! % g § § g § g 5 § § g
The item parameter estimates from the bifactor-ESEM solution of
ASI-3 are shown in Table 4. In the bifactor-ESEM model, the mean © | § g § g g § tﬁ § § -;"E § ﬁ
loadings on the global factor were more than 0.50 (1=0.420-0.768, S 8o o oo oo o oo
M = 0.558). However, the mean loadings were below 0.50, and the
lowest loadings were below 0.30 on physical concerns (1=0.256- - N8R RmMIII SRR
</ < NN S NS N <
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cognitive concerns (1=0.017-0.692, M=0.320) factors—each item
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loading on the social concerns dimension (4 > 0.30), whereas 1 item 2 .f::
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Table 3. Goodness-of-Fit Indices

Model ) df x/df CFI TLI SRMR RMSEA 90% Cl AIC

1-CFA 568.871 135 4214 0.737 0.702 0.085 0.104 0.095-0.112 12631.180
3-CFA 271.012 132 2.053 0.916 0.903 0.056 0.059 0.049-0.069 12189.216
B-CFA 209.826 114 1.840 0.942 0.922 0.042 0.053 0.042-0.064 12104.864
3-ESEM 224.574 102 2.201 0.926 0.889 0.036 0.063 0.052-0.075 12148.536
B-ESEM 163.098 87 1.875 0.954 0.919 0.030 0.054 0.041-0.067 12090.685

AIC, Akaike information criteria; B-CFA, bifactor confirmatory factor analysis; B-ESEM, bifactor exploratory structural equation modeling; CFl, comparative fit index; df, degrees
of freedom; SRMR, standardized root mean square residual; TLI, Tucker-Lewis coefficient index; RMSEA, root-mean-square error of approximation; 1-CFA, one-factor
confirmatory factor analysis; 3-CFA, three-factor confirmatory factor analysis; 3-ESEM, three-factor exploratory structural equation modeling; Cl, Confidence Interval.

dimension. Only wh for the global factor met the threshold of 0.500.
The ECV for the general factor was 0.713, whereas those for the physi-
cal, social, and cognitive concerns dimensions were 0.100, 0.119, and
0.068, respectively. Thus, the global factor of ASI-3 explained more
common variance than the 3 specific dimensions of ASI-3.

Criterion-Related Validity

For evaluating the criterion-related validity of the ASI-3, the latent
CFA factor representing distress intolerance was added to the
bifactor-ESEM model (y>=541.655, df=298, CFI=0.926, TLI=0.906,
RMSEA=0.052, RMSEA Cl=[0.045, 0.059], SRMR=0.043). The results
from this analysis revealed that the global factor of the ASI-3 corre-
lated positively with the DIl (r=0.696, P < 0.001). Nevertheless, the cor-
relation coefficient between the DIl and the physical concerns factor
was —0.076 (P = 0.397), that between the DIl and the social concerns
factor was 0.303 (P < 0.001), and that between the DIl and the cogni-
tive concerns factor was 0.104 (P = 0.522). These results show that the
main factor explaining distress intolerance was the global factor of

Table 4. Standardized Factor Loadings for the Bifactor Exploratory
Structural Equation Modeling Solution of Anxiety Sensitivity Index 3

Item Global Factor Factor | Factor Il Factor llI
1 0.429 —0.045 0.429 —0.038
2 0.723 —-0.048 -0.139 0.017
3 0.768 0.256 0.052 —-0.163
4 0.612 0.373 —-0.109 0.071
5 0.647 0.000 0.067 0.137
6 0.523 0.031 0.608 —-0.053
7 0.631 0.279 0.114 -0.100
8 0.497 0.741 —-0.021 0.002
9 0.511 0.050 0.685 —-0.011
10 0.486 0.053 —-0.005 0.250
1 0.458 -0.010 0.535 —-0.031
12 0.538 0.569 0.028 0.116
13 0.529 -0.016 0.452 0.112
14 0.560 0.092 —-0.043 0.381
15 0.517 0.411 -0.015 —-0.003
16 0.549 0.014 0.071 0.692
17 0.420 -0.078 0.263 0.208
18 0.629 —-0.041 0.005 0.442
woh 0.874

whs 0.259 0314 0.146
ECV 0.713 0.100 0.119 0.068

The target loadings are shown in bold.

ECV, explained common variance; factor |, physical concerns; factor I, social con-
cerns; factor Ill, cognitive concerns; wh, coefficient omega hierarchical; whs, coeffi-
cient omega hierarchical subscale.

anxiety sensitivity, whereas the specific dimensions of physical and
cognitive concerns did not significantly explain distress intolerance.

Discussion

This study aimed to investigate alternative models of the factorial
structure of the ASI-3. The ASI-3 was developed to reflect these 3
factors; however, the factor structure of this scale has not yet been
established. Therefore, to establish the factor validity of the ASI-3,
the 3-factor ESEM and bifactor-ESEM models were evaluated in addi-
tion to the existing models previously adopted to examine the factor
validity of the ASI-3. This is the first study to use ESEM to examine
the internal structure of anxiety sensitivity, as measured by the ASI-3.

The findings showed that the bifactor-ESEM model had a better
fit than the 1-factor CFA model, the 3-factor CFA model, the 3-fac-
tor ESEM model, and the bifactor-CFA model. In the bifactor-ESEM
model, the global factor showed higher loadings, reliability, and ECV
values than the 3 specific factors. When controlling for the global
factor of the ASI-3, 3 specific factors displayed low reliability in the
bifactor-ESEM model. In the bifactor-ESEM model, 6 items (items 2,
3,5,7,10, and 17) from the specific factors had insufficient loadings.
Moreover, the specific factor had inadequate wh, while the general
factor's wh was sufficient in the bifactor-ESEM model.

The findings showed that one general factor existed in ASI-3 but did
not show that 3 specific factors existed after controlling for variance
explained by general factors. Therefore, it is questionable whether
it is appropriate to calculate 3 specific scores, and caution should
be exercised when interpreting the three-factor scores of the ASI-3.
Additionally, the finding that a general factor exists in ASI-3 provides
a rationale for calculating the overall score of the ASI-3.

The results of this study provide important suggestions for research-
ers and practitioners. Researchers who want to include specific fac-
tors of physical, social, and cognitive concerns in their research model
are encouraged to use appropriate statistical procedures to describe
the internal structure of anxiety sensitivity and include general and
specific factors of anxiety sensitivity. For practitioners who want to
develop interventions to alleviate anxiety sensitivity, understanding
the accurate factor structure of the ASI-3 can help them diagnose
and treat individuals accurately based on their unique factor profiles.
For example, when a client has high cognitive and low physical con-
cerns, anxiety sensitivity interventions may focus on reducing cogni-
tive concerns.

These results are consistent with those of previous studies that
showed that the bifactor-CFA model had a superior fit to the 3-fac-
tor CFA model and that the global factor in the bifactor-CFA model

341
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exhibited relatively high loadings, reliability, and ECV values."3
Including cross-loadings in the bifactor-ESEM model did not sig-
nificantly affect the bifactor structure of ASI-3, and the global factor
remained the strongest. These results show that the existence of the
global factor in the bifactor-CFA model of the ASI-3 was not a result
of the exclusion of cross-loadings.

These findings support the expectation that the general factor of
ASI-3 would be associated with distress intolerance. This associa-
tion suggests that the global anxiety sensitivity factor explained a
large amount of the variance in distress intolerance. This result is in
line with an existing study that showed that the global factor in the
bifactor-CFA model of the ASI-3 had the strongest association with
an external anxiety criterion.?

There are 2 reasons why the 1-factor CFA model of the ASI-3 showed
a poor fit to the data, although a strong general factor existed in the
factorial structure of the ASI-3. First, the number of ASI-3 items was
excessively large. It has been argued that the larger the number of
items within a scale, the more difficult it is for the scale to represent
a single factor.>* Second, anxiety sensitivity measured by the ASI-3 is
a broad construct. According to previous research, it is difficult for
scales measuring broad constructs such as intelligence or well-being
to have a single-factor structure.

The finding that the factor structure of anxiety sensitivity included
general factors is not new. A general factor was observed in the fac-
tor structure of the ASI-3 in studies targeting Western and Eastern
populations.”'* However, the patterns of relationships between
items and specific factors found in this study might not be found in
studies with samples from other cultures. Therefore, it is necessary
to examine whether the results of this study are applicable to other
cultures.

This study had some limitations. First, as only college students par-
ticipated in this study, there are limitations in terms of generalization
owing to the lack of sample diversity. Second, only a self-reported
questionnaire was used to measure the research variables. As only
self-report measures were used, the relationships between the vari-
ables may have been overestimated. Therefore, itis necessary to repli-
cate the results of this study using methods other than self-reporting.
Third, the internal structure of anxiety sensitivity derived from this
study may have had a different appearance in clinical samples. Thus,
it is necessary to examine how the model used in this study differs
in various groups with mental disorders. Fourth, none of the mod-
els included in this study showed perfect model fit. The reason for
these results may be an insufficient sample size. In bifactor-ESEM, the
number of parameters to be estimated is large, and a larger num-
ber of samples is necessary. Hence, a robust maximum likelihood
estimation method was used because it is robust for small sample
sizes. In follow-up studies, it will be necessary to replicate the results
of this study using other estimation methods or larger sample sizes.
Finally, as the data were obtained at a single point in time, longitu-
dinal research is required to confirm the stability of the general anxi-
ety sensitivity factor. For example, additional analyses could show
consistent patterns of the bifactor-ESEM model across a 12-month
period.

Overall, this study showed that there are limitations to using the ASI-3
subscales, and it seems preferable to use the total score. Additionally,
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it is necessary to confirm whether our results can be replicated in
clinical groups or using a longitudinal study design.
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