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Abstract 

Background The Pandemic Anxiety Inventory (PAI) was developed in the context of the COVID-19 pandemic. Its con-
tent allows it to assess anxiety in connection to any pandemic. Previous research has demonstrated the instrument’s 
reliability and validity. An important question for clinicians and researchers, however, remains open: Does the PAI have 
similar meaning for members of different demographic groups? The finding of measurement invariance would allow 
clinicians and researchers to comparatively assess pandemic-related anxiety across demographic groups, includ-
ing favored and disfavored groups.

Methods We conducted a multi-group confirmatory factor analysis to assess the measurement invariance of the PAI 
using data obtained from a sample of 379 residents of the United Kingdom.

Results The PAI demonstrated invariance across genders, age groups, individuals who are married or in a relation-
ship and those who are not, as well as individuals with higher and lower incomes. In an ancillary analysis, we found 
invariance across subsamples of Whites and Nonwhites, although we note that the Nonwhite group was small (n = 60) 
and heterogeneous. The findings of a supplemental MIMIC analysis were consistent with the above.

Conclusions The PAI shows measurement invariance across a variety of demographic groups. Our findings suggest 
that the instrument can be meaningfully employed to compare pandemic-related anxiety across these groups.

Keywords Pandemic Anxiety Inventory, Measurement invariance, Demographic groups, Confirmatory factor analysis, 
MIMIC analysis

Background
The Pandemic Anxiety Inventory (PAI) is a 10-item, uni-
dimensional measure developed to assess anxiety symp-
toms that individuals expressly attribute to the presence 
of a pandemic [1]. The instrument thus contrasts with 
cause-neutral anxiety symptom scales such as the Gen-
eralized Anxiety Disorder Scale (GAD-7) [2]. While the 
COVID-19 pandemic has been linked to higher rates of 
depressive symptoms [3–5], it has also been linked to 
anxiety [6]. Although the PAI was developed during the 
COVID-19 pandemic, the instrument was designed such 
that it can be used in the context of any pandemic.

Research on the PAI indicates that higher scores are 
related to subjective beliefs about how widespread the 
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COVID-19 virus is in the individual’s locality, reduced 
social support, financial strain, job insecurity, job loss, 
sleep problems, stress symptoms, and hospitalization 
and death of someone close [1]. The PAI exhibits facto-
rial validity and can be used based on its total score. 
The instrument has also shown evidence of convergent 
and discriminant validity with regard to a cause-neutral 
measure of anxiety [1].

Jafari et al. [7] noted that "since clinical decisions about 
psychological interventions are frequently made on the 
basis of the results of psychological assessment tools, it 
is necessary to know whether these instruments func-
tion similarly across people with different backgrounds" 
(p. 120). To make comparisons across demographic 
groups for clinical or research purposes, an instrument 
must have equivalent meaning across those groups [8–
10]. Putnick and Bornstein [11] provided an instructive 
example of the importance of measurement invariance. 
They considered a hypothetical scale used to measure the 
latent construct depression:

“Suppose frequency of crying, weight gain, and feel-
ings of hopelessness are indicative of the severity of 
depression in women, but only feelings of hopeless-
ness are indicative of the severity of depression in 
men. If the three indicators are combined into a scale 
to compare depression in women and men, mean dif-
ferences on the scale may mislead because crying and 
weight gain have little relation to depression in men. 
In this example, men may score lower than women 
on the depression scale because they cry less and 
gain less weight. However, crying and weight gain 
are not associated with depression in men in the first 
place” (p. 72).

Measurement invariance across demographic groups 
is equally important to scales that assess anxiety. Several 
studies have found evidence of invariance across demo-
graphic groups in symptom measures in which anxiety 
items make up a part of the scale. A few of these stud-
ies [7, 12–14] examined invariance in the 21-item version 
of the Depression Anxiety and Stress Scale, a measure 
containing seven anxiety items [15]. Two studies found 
evidence of invariance across groups in the 90- [16] and 
62-item [10] versions of the Mood and Anxiety Symptom 
Questionnaire, an instrument that assesses a combina-
tion of anxiety, depression, and general distress symp-
toms [17]. None of these studies looked specifically at 
invariance in the anxiety subscales.

There has also been invariance research on several 
stand-alone anxiety measures, one of which is a measure 
specifically aimed at excessive worry. Nuevo et  al. [18] 
studied invariance in the 8-item version of the Penn State 
Worry Questionnaire [19] across samples of Americans 

and Spaniards who were age 55 and older. The study team 
found that within women but not men, the scale worked 
similarly in the United States and Spain. Ober et al. [20], 
in a study of a newly developed measure of trait test 
anxiety in U.S. undergraduates, found evidence of scalar 
invariance across gender, parental educational attain-
ment, and race/ethnicity, although the Nonwhite group 
was very heterogeneous.

The GAD-7 is an important instrument in research 
and practice [2]. Moreno et al. [21], in a study of Span-
ish patients in treatment for emotional disorder, found 
that a computerized version of the instrument showed 
evidence of invariance across gender, age, marital status, 
educational level, employment status (full-time, part-
time, unemployed), and time (3 months). In a multi-wave 
longitudinal study conducted in England, the GAD-7 
showed evidence of temporal measurement invariance 
[22]. Like the study by Moreno et  al. [21], the study by 
Stochl et al. [22] focused on a clinical, not a general pop-
ulation, sample. The GAD-7 is an instrument that is clos-
est to the PAI in terms of symptom coverage.

There has also been research on invariance in COVID-
related anxiety scales. Lee [23], using a U.S. sample, 
showed evidence, although not detailed, of invariance 
of the Coronavirus Anxiety Scale (CAS) across age, gen-
der, and race. In an ambitious cross-national study of the 
7-item Fear of COVID-19 Scale (FCV-19S), Sawicki et al. 
[24] found that unidimensionality could not be observed 
without ad hoc modifications. The FCV-19S showed evi-
dence of partial scalar invariance for gender (after relax-
ing intercept fit for some items) and educational level 
(after relaxing intercept fit). The PAI has little item over-
lap with the CAS and FCV-19S; unlike those two meas-
ures, the PAI’s items derive directly from the DSM-5 
symptoms for generalized anxiety disorder [25].

The purpose of the current study is to determine if the 
PAI measures the same construct, namely, pandemic-
related anxiety, across different demographic groups. 
Chan [26] underlined the importance of invariance to the 
validity of research findings:

The validity of these inferences is dependent on the 
often untested assumption that, across groups, the same 
items or scales are measuring the same construct and 
measuring it with the same precision. When this assump-
tion of measurement invariance is in fact violated, abso-
lute differences in scores between groups, and therefore 
inferences based on these differences, are likely to be 
misleading or not meaningful. Hence, measurement 
invariance is often a statistical hurdle that should be 
cleared before making direct between-group compari-
sons of scores (p. 108).

We assessed, using multi-group confirmatory factor 
analysis (CFA) [27], the measurement invariance of the 
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PAI across genders, age groups, and relationship statuses. 
We also assessed the extent to which the PAI has similar 
meaning in favored and disfavored groups by examining 
invariance by income and race/ethnicity. We evaluated 
the PAI for (a) configural invariance, (b) metric invari-
ance, and (c) scalar invariance. Configural invariance 
reflects the extent to which the fit of the overall facto-
rial structure applies across groups; metric invariance 
assumes configural invariance and reflects the extent 
to which the factor loadings could be viewed as equiva-
lent across groups; and scalar invariance assumes metric 
invariance and reflects the extent to which item thresh-
olds are equivalent across groups [11]. If measurement 
invariance were found, those results would build con-
fidence among clinicians and researchers in PAI-based 
assessments of meaningful differences in pandemic-
related anxiety in patients and research participants.

Methods
Sample
In this psychometrically-driven extension of the paper 
by Schonfeld et  al. [1], we originally recruited 424 par-
ticipants living in the United Kingdom but excluded 
(a) 28 because they did not respond to the PAI items, 
(b) nine because they responded affirmatively to a filter 
question that asked if they responded randomly, and (c) 
another eight individuals who failed to respond to the 
item asking about random responding. The final sam-
ple thus comprised 379 adults (age > 18). The mean age 
was 33.21 (SD = 12.24). Median income was ₤50,000–
₤54,000 (interquartile range from ₤30,000–₤34,00 to 
₤70,000–₤74,00). Other demographic characteristics of 
the sample are presented in Table  1. Participants were 
well-educated, with 97% having at least some college or 
university education.

Data were collected online from May to August 2021, 
with recruitment taking place via advertisements on 
social media (e.g., LinkedIn, Facebook). Qualtrics© XM 
(Qualtrics, Provo UT, 2020) hosted the survey. Inter-
net surveys are as reliable and valid as paper-and-pencil 
measures [28].

PAI
The symptoms of generalized anxiety disorder [25] pro-
vided the basis for the ten symptom items on the PAI. 
The instrument asks respondents to report symptoms 
they experienced over the last month. Different from 
most standard psychological symptom scales, which pre-
sent symptom items in a “cause-neutral” manner (e.g., 
the GAD-7), PAI items are worded such that they ask 
participants if they attribute any symptom to the pan-
demic (e.g., “I felt nervous or anxious or on edge because 
of the pandemic”). Asking respondents make causal 

attributions is common in clinical practice and research 
(e.g., acute stress disorder) [25] and in national surveys 
like the Stress in America™ survey [29]. The PAI is struc-
tured similarly. Items are rated on a 4-point scale, from 
0 (“Never or almost never”) to 3 (“Nearly every day”). 
Scores were recoded to range from 1 to 4 (M = 1.731; 
SD = 0.601; alpha = 0.924; omega = 0.954). If participants 
experienced a symptom that they believed (a) was related 
to a difficulty other than the pandemic (e.g., marital 
problems) or (b) developed for an unknown reason, they 
were instructed to check 0. The PAI can be found in Sup-
plement 1.

Data analysis
We employed Mplus 8.7 [30] in a CFA to examine meas-
urement invariance across genders, age groups, relation-
ship statuses, income, and race (see Table 1), treating all 
PAI items as ordinal [31], and using the weighted least 
squares mean and variance adjusted estimator. Relation-
ship status was defined as currently being married or in 
a relationship versus neither being married nor being in 
a relationship. As described in Table 1, three age groups 
were created for an evaluation of age-related invari-
ance, each group comprising approximately one third 
of the sample. One participant who did not report his 
or her age was excluded. Income was reported categori-
cally in terms of £5000 increments. Using a median split, 
we categorized those earning less than £50,000 as lower 
income and those earning £50,000 or more per year as 
higher income. We regarded the lower-income group as 
relatively disfavored. With regard to race/ethnicity, any-
one who identified as White was so categorized (n = 319); 

Table 1 Summary of demographic variables

Note, the median income was ₤50,000–₤54,000

Income was assessed within ₤5,000 bands

n (%)

Males 119 (31.4)

Females 257 (67.8)

Not reporting 3 (0.8)

Married or relationship 199 (52.5)

Neither 180 (47.5)

Age 25 and younger 130 (34.3)

26 to 34 128 (33.8)

35 and older 120 (31.7)

Not reporting 1 (0.3)

At or above median income* 186 (49.1)

Below median income 178 (47.0)

Not reporting 15 (4.0)

White 319 (84.2)

Non-White 60 (15.8)
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anyone who identified as having origins in Africa, the 
Caribbean, the Indian subcontinent, etc. was categorized 
as Nonwhite (n = 60). Although we regarded the analysis 
using the Nonwhite subgroup with caution owing to its 
small size and heterogeneity, we grouped these individu-
als together reasoning that such a grouping provided us 
with a crude way to assess invariance across favored and 
disfavored groups.

We examined configural, metric, and scalar invariance. 
We examined changes in the comparative fit index (CFI) 
or ΔCFI, and changes in the standardized root mean 
square residual (SRMR) or ΔSRMR. We defined devia-
tions from standard measurement invariance as follows: 
ΔCFI of at least -0.010 and ΔSRMR of at least 0.005 [11, 
31, 32]. The constraints imposed by the less stringent 
type of invariance, for example configural, are imposed 
on the more stringent type of invariance, for example, 
metric. For the analysis of race/ethnicity, we merged cat-
egories 3 and 4 for PAI item 7 because of an empty cell in 
the Nonwhite group. With an empty cell Mplus will not 
work because the weights for weighted least squares esti-
mation are defined by the inverse of the cell counts.

In Supplement 2, we show an analysis that comple-
ments the abovementioned analyses. In the supple-
mental analysis, we use the Multiple Indicator Multiple 
Causes (MIMIC) approach to invariance testing [33]. The 
MIMIC approach addresses scalar invariance, the most 
stringent type of invariance we assessed.

Results
All measurement invariance findings are presented in 
Table  2. Regarding gender, the fit for configural invari-
ance model was satisfactory. The CFI decreased mar-
ginally for metric and scalar invariance and the SRMR 
increased slightly. Regarding the three age groups, the 
fit for configural invariance model was satisfactory. The 
CFI was unchanged for metric invariance and increased 
slightly for scalar invariance. The SRMR increased 
slightly for metric and scalar invariance.

The fit for the configural invariance model across rela-
tionship statuses was satisfactory. The CFI remained the 
same or increased slightly for the metric and scalar mod-
els. The SRMR increased slightly. We found a satisfactory 
fit for the configural invariance model across income lev-
els. The CFI increased slightly for the metric and scalar 

Table 2 Measurement invariance models

The gender-related analyses involved 257 women and 119 men. Data on gender were missing from three participants. The age-related analyses involved three groups, 
130 individuals ages 25 and under; 128, between the ages of 26 and 34; and 120 ages 35 and older. Data on age were missing for one participant. The relationship 
analyses involved 199 participants who were married or in a relationship and 180 who were neither. The analyses related to income involved 178 participants who 
earned £49,000 or less and 186, who earned £50,000 or more. Fifteen individuals did not report income. The analyses bearing on race/ethnicity involved 319 White 
participants and 60, Non-White participants

CFI Comparative fit index, ΔCFI Delta (change in) CFI, SRMR Standardized root mean squared residual, ΔSRMR Change in SRMR, df Degrees of freedom

χ2 df CFI ΔCFI SRMR ΔSRMR

Gender

 Configural model 138.489 70 0.991 ― 0.040 ―
 Metric model 179.975 79 0.986 -0.005 0.044 0.004

 Scalar model 201.550 98 0.986 0.000 0.046 0.002

Age groups

 Configural model 206.950 105 0.988 ― 0.047 ―
 Metric model 227.619 123 0.988 0.000 0.049 0.002

 Scalar model 245.105 161 0.990 0.002 0.051 0.002

Married/relationship status

 Configural model 140.726 70 0.992 ― 0.037 ―
 Metric model 150.582 79 0.992 0.000 0.038 0.001

 Scalar model 144.950 98 0.995 0.003 0.039 0.001

Income level

 Configural model 143.955 70 0.990 ― 0.040 ―
 Metric model 151.192 79 0.991 0.001 0.040 0.000

 Scalar model 153.522 98 0.993 0.002 0.041 0.001

Race/ethnicity

 Configural model 134.713 70 0.992 ― 0.041 ―
 Metric model 137.411 79 0.993 0.001 0.041 0.000

 Scalar model 145.279 97 0.994 0.001 0.043 0.002
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models. The SRMR remained the same for metric invari-
ance and increased slightly for scalar invariance. Finally, 
the fit for configural invariance model across racial/eth-
nic groups was satisfactory. The CFI increased slightly 
for metric and scalar invariance. The SRMR remained 
the same for metric invariance increased slightly for sca-
lar invariance. The MIMIC analysis described in Sup-
plement 2 underlines scalar invariance related to group 
membership.

Discussion
The PAI demonstrated measurement invariance across 
the demographic groups under scrutiny, consistent with 
the idea that the PAI assesses the same construct across 
those groups. The PAI behaved similarly across genders, 
age groups, and relationship statuses, as well as across 
favored and disfavored groups as per the analyses applied 
to income levels and race/ethnicity. The MIMIC analysis 
was consistent with the abovementioned analyses. The 
findings are encouraging, suggesting the PAI has equiva-
lent meaning among members of different demographic 
groups and PAI scores can be compared across these 
groups.

The quality of measures provides the foundation 
needed for clinical and research applications. Hussey 
and Hughes [34] found that psychological scales can fall 
apart when examined via rigorous validity assessments 
beyond the near-universally present calculation of the 
coefficient alpha. They observed that only 4% of several 
well-known self-report personality and social psychology 
scales showed evidence of measurement invariance. We 
constructed the PAI for the purpose of advancing clini-
cal practice and research bearing on the psychological 
sequelae of pandemics. Between this study of measure-
ment invariance among demographic groups and the 
previous study of the criterion and construct validity of 
the instrument [1], the PAI appears to be a promising 
instrument that may be helpful in research and practice.

Nevertheless, this study of the PAI has several limita-
tions. First, a convenience sample was used. Moreo-
ver, the sample overrepresented individuals who had 
at least some higher education. It would be helpful if 
future researchers were to include higher numbers of 
individuals having less education. Second, the study 
was conducted in only one country. The third limitation 
is a corollary to the second. The Nonwhite group was 
relatively small (n = 60) and heterogeneous, our having 
grouped together members of different ethnicities, given 
the sample size. Research involving English-speaking 
(e.g., the United States) and non-English-speaking coun-
tries (e.g., Brazil) with large multi-ethnic populations 
would be helpful. Fourth, our data were cross-sectional, 

preventing an assessment of temporal measurement 
invariance.

That the PAI shows evidence of measurement invari-
ance among various demographic groups comple-
ments and sustains previous findings [1] supporting the 
instrument’s construct validity. For example, the invari-
ance findings shown in this paper reinforce previous 
between-group findings revealing that, in the context of 
the COVID pandemic, elevated PAI scores were related 
to increased financial strain, job loss, increased eco-
nomic insecurity, the hospitalization of a close friend or 
loved one, the death of a close friend or loved one, other 
traumatic events, and the experience of the COVID 
pandemic leading the individual to consider a major life 
change, further underscoring the PAI’s promise [1]. The 
invariance findings also reinforce results that showed 
that scores on the PAI were related to poorer sleep, sub-
jective estimates of how widespread the pandemic was 
in respondents’ localities, and reduced social support. 
Future research calls for trying out the instrument in 
English-speaking countries outside the United Kingdom. 
Translations into other languages would help in under-
standing the behavior of the PAI in other linguistic/cul-
tural groups.
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