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Abstract

Eco-anxiety is a multidimensional construct that includes emotional, behavioral and cognitive manifestations related to poten-
tial environmental calamities. There is a need to adapt and validate measures that evaluate eco-anxiety into Portuguese using
a multi-trait approach. This study examined the psychometric properties of the Hogg Eco-Anxiety Scale (HEAS) in adult
Portuguese speakers (18-83 years old). Data were collected on the Portuguese adaptation of the HEAS, environmental iden-
tity and psychological symptoms, and sociodemographic data. The construct validity of the HEAS was subsequently examined
through exploratory and confirmatory factor analysis. The factorial structure of the original scale was the best explanation of
the sample data. The scale showed good internal consistency and presented measurement invariance for both sex and age
groups. The global score of the HEAS and the dimensions of emotional and behavioral symptoms were moderately associ-
ated with clinical symptoms. Females and younger participants presented higher levels of eco-anxiety apart from rumination
symptoms. The results suggest the suitability of the HEAS as a valid measure to evaluate the different signs of eco-anxiety
among adult Portuguese native speakers.
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unpredictability associated with impending environmen-
tal crises (Clayton, 2020; Pihkala, 2020).

The experience of eco-anxiety ranges on a continuum,
from mild and non-debilitating manifestations to severe
psychological distress (Cunsolo & Landman 2017; Hajek
& Konig, 2023; Lutz et al., 2023; Passmore et al.,2023;
Pihkala, 2020; Soutar & Wand, 2022). Moreover, consid-
ering the predictability of worsening environmental
threats, it is foreseen that maladaptive manifestations of
eco-anxiety will increase (e.g., Albrecht, 2011; Clayton &
Karazsia, 2020; Cunsolo et al., 2020; Passmore et al.,
2022; Pihkala, 2020). Thus, the development of measures
to determine the levels of individuals’ eco-anxiety and
their correlates is crucial (Hogg et al., 2021).

There are only a few measures for assessing eco-anxi-
ety. These measures mostly address negative emotions
related to climate change and/or other environmental
problems (Helm et al., 2018). The multidimensional
nature of eco-anxicty has been observed in previous
empirical studies (Clayton & Karazsia, 2020; Coffey
et al., 2021). Eco-anxiety manifestations also include
cognitive impairments (e.g., obsessive thinking, rumina-
tion), behavioral and physical symptoms (e.g., loss of
appetite, insomnia), and future-oriented apprehension
on climate changes and its consequences (Clayton, 2020;
Clayton & Karazsia, 2020; Coffey et al., 2021; Dockett,
2019; Hickman, 2020; Passmore et al., 2022; Pihkala,
2020; Soutar & Wand, 2022).

The Hogg Eco-Anxiety Scale

The Hogg Eco-Anxiety Scale (HEAS; Hogg et al., 2021)
was developed to cover the multidimensional construct
of eco-anxiety. It is a validated measure that assesses the
psychological manifestations associated with environ-
mental crisis. The authors retrieved a four-factor 13-item
final solution: the first factor covers feelings of anxiety
assessed by four items, accounting for 50.06% of the var-
iance; the second factor covers ruminative thoughts
about negative environmental events which are assessed
by three items, accounting for 20.09% of the variance;
the third factor covers behavioral symptoms of eco-
anxiety (e.g., sleeping problems, difficulties in working
and/or studying) which is assessed by three items,
accounting for 6.33% of the variance; the fourth factor
covers feelings of anxiety about one’s personal impact on
the planet which are assessed by three items, accounting
for 5.67% of the variance. The internal consistency of
the four factors was excellent: affective symptoms (0.92),
rumination (0.90), behavioral symptoms (0.86), and
anxiety about personal impact (0.88).

In a subsequent study, Hogg et al. (2023) analyzed the
psychometric properties of the HEAS in an Australian
sample. Using Confirmatory Factor Analysis (CFA),

they found support for the four-factor structure and
good internal consistency of the four dimensions. It was
also observed that the factor structure, factor loadings
and item means were consistent across age (group of par-
ticipants aged 18-36years old vs group of participants
aged 37-82) and gender (male and females; Hogg et al.,
2023).

The HEAS has been recently adapted to different lan-
guages. In one study that adapted the HEAS to Turkish,
Uzun et al. (2022) found that both a three-factor struc-
ture (combining the “rumination” and “emotional symp-
toms” sub-dimensions) and a four-factor structure in the
original form showed appropriate construct validity. The
authors observed that the “rumination” sub-dimension
had a low variance contribution because it was inter-
twined with the “emotional symptoms” sub-dimension
(Uzun et al., 2022)

The scale has been recently validated in young
Portuguese adults (aged 18-25years) recruited from
higher education institutions. The authors found that the
original four-factor structure of the scale is an appropri-
ate psychometric instrument to assess eco-anxiety in
Portuguese youth (Sampaio et al., 2023). Specifically, it
was observed that the original factor structure of the
HEAS had good fit of the observed data and there were
strong factor loadings, indicating strong correlations of
the items with the factors underlying the construct. It
was also found that the scale showed strict invariance
between men and women. We were unaware of this work
during our project implementation phase as well as data
collection and analysis period, which occurred prior to
the publication of the study.

A key limitation of the previous study lies in the use of
a restricted sample, composed exclusively of young
adults. Furthermore, it is our understanding that the ver-
sion of the scale employed appears to be specifically
designed for this age group, which may constrain the gen-
eralizability of the findings to broader populations. The
version of the scale also appears to be primarily designed
for young adults born in Portugal with Portuguese ances-
try, without taking into account the increasing multicul-
tural diversity (in particular, Brazilians and Angolans) of
the Portuguese population in recent years. This may raise
concerns regarding the scale’s cultural sensitivity and its
applicability to individuals from different ethnic or cul-
tural backgrounds living in Portugal.

We provide two examples of differences in item word-
ing between the version used in the present study and the
version developed by Sampaio et al. (2023), highlighting
potential variations in interpretation and applicability.
The translation of item 1 (“Feeling nervous, anxious or
on edge”) diverged between the two versions. Sampaio
et al. translated it as “Sentir-se nervosa(a), ansioso(a) ou
no limite,” whereas in our version, it was rendered as
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“Sentir-se nervoso ou ansioso ou esgotado.” The expres-
sion “no limite” represents a relatively recent linguistic
development in contemporary Portuguese, predomi-
nantly employed by young adults. In contrast, the term
“esgotado” tends to be more frequently employed by
older populations. Another instance of this can be
observed in item 3 (“Worrying too much”, which was
translated differently by Sampaio et al. (“Preocupar-se
demasiado”) and by our research team (“Preocupar-se
demais”). While the term “demasiado” is more com-
monly used in European Portuguese, “demais” tends to
be more frequently employed in other varieties of
Portuguese, such as Brazilian Portuguese.

Association between eco-anxiety and psychosocial
variables

The association between eco-anxiety and different mea-
sures of psychological health has been mixed. Some stud-
ies have found that eco-anxiety was positively and
weakly to moderately correlated with symptoms of anxi-
ety, depression, and general psychological distress
(Feather & Williams, 2022; Helm et al., 2018; Hogg
et al., 2021; Schwartz et al., 2023; Stanley et al., 2021;
Stewart, 2021). Taken together, these results suggest that
people who present stronger manifestations of eco-
anxiety are more prone to manifest worse psychological
functioning. Meanwhile, these results may also reveal
convergent validity between different measures of eco-
anxiety, namely HEAS, and other measures of psycholo-
gical distress (Clayton & Karazsia, 2020; Hogg et al.,
2021).

Regarding differences on levels of eco-anxiety between
sexes, it was found higher severity of both eco-anxiety
symptoms and personal impact anxiety in females com-
pared to males, but no difference in the other two dimen-
sions between both sexes was observed. The analysis of
the association between age and eco-anxiety revealed that
the former had a positive and weak correlation with the
rumination factor and a negative and weak correlation
with the anxiety about the personal impact factor, but it
was not correlated with the other two subscales of the
HEAS (Hogg et al., 2023).

The present study

The HEAS is a validated measure that covers the differ-
ent dimensions of eco-anxiety. Considering the psycholo-
gical effects of environmental crises and potential
environmental calamities worldwide, the existence of
validated measures of eco-anxiety is needed to properly
assess the psychological impact of these dimensions on
individuals. Since it is a recent theoretical construct, it is
also important to assess its construct validity using a

Multi-Trait/Multi-Method approach (Ferketich et al.,
1991; Shen, 2017), which we are currently undertaking as
part of a larger ongoing project, of which this paper is a
component. In the present study, we assessed convergent
and divergent validity of the Eco-anxiety scale in a
Multi-Trait approach using also the Brief Symptom
Inventory (BSI), and the Revised Environmental Identity
scale. The HEAS has already been adapted and validated
for young Portuguese adults in the age range of 18 to 25.
As mentioned above, we were unaware of this other
work during our project planning and data collection
and analysis, which took place before the publication of
this of this prior study.

Meanwhile, this study was conducted with the aim of
adapting and validating this measure, taking into
account the current multicultural context of Portuguese-
speaking individuals living in Portugal—namely
Brazilians and Angolans—according to the most recent
Census conducted in Portugal. This procedure is highly
valuable if we consider that Portuguese is currently the
official language of ten countries around the world and
is spoken in 18 countries, being the seventh most spoken
language in the world today (around 230 million speak-
ers). Furthermore, the relationship with clinical symp-
toms and a psychological construct related to nature, the
environment, and climate (environmental identity) was
analyzed. The development of a validated instrument to
assess the multiple dimensions of eco-anxiety in adult
Portuguese speakers is highly necessary. Fulfilling this
objective will make it possible in the future to gather
information on the psychological impact of climate
change on this population.

Methodology

Participants

Sample comprised 565 native Portuguese speakers living
in Portugal but included also participants of other
nationalities besides Portuguese, such as Angolan,
Brazilian, Mozambican. All participants were 18 years
old or older, with a mean age around 37years old
(M = 37.08, SD =16.35, age range: 18-83years old).
Participants were asked to indicate their biological sex
(male or female) and their gender identity (e.g., male,
female, non-binary, or prefer not to say). This approach
allowed for the collection of both binary and non-binary
gender identities, ensuring inclusivity and respect for par-
ticipants’ self-identification. The distribution of partici-
pants according to their biological sex showed a higher
proportion of female participants compared to male par-
ticipants. Most participants identified with the gender
corresponding to their biological sex; however, three
female participants and one male participant described
themselves as non-binary. Only participants who have
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been living in Portugal for the last 5years were recruited
for this study. Most of the participants were born in
Portugal. The inclusion of non- native Portuguese speak-
ers aimed to obtain an approximate distribution of the
nationalities observed in the last Census conducted in
Portugal. Around half of the study participants were sin-
gle, with a significant proportion having 12 years of edu-
cation and only 2% having 6years of education.
Approximately half of the participants were employed,
and three quarters of the sample belonged to the medium
socioeconomic status (Table 1).

The estimation of sample size for Confirmatory
Factor Analysis by Root Mean Squared Error of
Approximation (RMSEA) was conducted. This proce-
dure was performed with an expected RMSEA of 0.05,
13 items loading on four factors, a significance level of
0.05, and a sample size power of 95%, which resulted in
an estimated sample size of 348 participants (Kim, 2005).

Table I. Sample Demographic Characteristics.

Demographic characteristics n %
Sex
Female 353 62.5
Male 212 375
Gender
Female 350 62.5
Male 211 315
Non-binary 4 0.8
Nationality
Angolan 32 57
Brazilian 52 9.2
Mozambican 16 28
Portuguese 465 82.3
Civil status
Single 285 50.4
Married or cohabitation 219 388
Divorced 52 9.2
Widowed 9 1.6
Education
Less than 9 years of education 12 2.1
Nine years of education 26 4.6
12 years of education 243 43.0
Bachelor 207 36.6
Master 62 11.0
PhD 15 2.7
Professional status
Student 167 29.4
Working student 38 6.7
Employee 289 51.2
Unemployed 36 6.4
Retired 35 6.2
Socioeconomic status
Low 53 9.4
Medium 420 74.3
Medium-high 88 15.6
High 4 0.7

Procedure

This study was conducted with the main purpose of col-
lecting information on psychological responses to climate
change among native Portuguese-speakers. The institu-
tional review board (IRB) of the xxx reviewed and
approved the study protocol. According to the guidelines
of the International Test Commission, the questionnaire
was first translated into Portuguese (Hernandez et al.,
2020). Two independent translators, blind to the objec-
tives of the study, translated the scale into Portuguese.
One of the translators was Portuguese, while the other
translator was Angolan, but had Portuguese as her native
language. Both translators were proficient in English and
Portuguese, with academic training and research experi-
ence in psychometric methods, and had extensive knowl-
edge of the field of environmental psychology.

After independent translation by each translator, the
two translations were compared. A high level of consen-
sus was observed between the two translations (Cohen’s
kappa = .93). The small differences between the two
translations were discussed by a panel composed of the
two translators and members of the research team who
were also familiar with the socio-cultural context of
Portuguese-speaking countries. Some modifications were
made to some items to obtain a better adaptation to the
cultural context and a consensual version of the transla-
tion of the scale was obtained.

A pilot study was carried out on a sample with socio-
demographic characteristics similar to the target popula-
tion. This group included 27 participants ranging in age
from 18 to 73 years old, 18 females and nine males, and
also included participants from different nationalities:
two Angolans, two Brazilians, two Mozambicans, and 19
Portuguese individuals. The aim of the pilot study was to
identify and address potential difficulties in the compre-
hension and wording of the items, ensuring clarity and
cultural appropriateness for the target population. No
issues were identified by participants regarding the items;
therefore, no changes were made to the scale.

Data was collected using a convenience sampling
technique in which participants were directly invited to
participate in this study. Social networks (Facebook,
Instagram, LinkedIn, and WhatsApp) and mailing lists
were used for recruiting the study participants. Only par-
ticipants who were native Portuguese speakers and aged
18 or older were invited to participate in the study. All
participants completed an informed consent form before
answering the questions of the scales. The informed con-
sent contained detailed information about the objectives
of the study and the research protocol in accordance
with the Declaration of Helsinki’s guidelines of the
World Medical Association. All participants took part in
the study on a voluntary basis and no voluntary reward
was offered.
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Data was collected through self-report measures
which were entered into an online platform using
JotForm. The research protocol included questions
related to psychological manifestations associated with
environmental crisis, environmental identity, psychologi-
cal symptoms, and sociodemographic variables. Filling
in the questionnaire took about twenty minutes.

Measures

The Eco-Anxiety Scale (HEAS; Hogg et al., 2021) is a
self-report measure which evaluates the levels of eco-
anxiety in the last two weeks. It includes 13 items on
which participants rate the extent to which each symp-
tom has concerned them, being answered on a Likert-
type scale as follows: not at all (0), several of the days
(1), over half the days (2), nearly every day (3), every day
(4). There is no reverse scoring in the scale. The items are
divided into four dimensions: emotional symptoms
(“Feeling nervous, anxious or on edge”), rumination
(“Unable to stop thinking about future climate change
and other global environmental problems”), behavioral
symptoms (“Difficulty sleeping”), and anxiety about per-
sonal impact (“Feeling anxious about the impact of your
personal behaviors on the earth”). The total score of the
HEAS scale was calculated by adding up all the items
that comprise the scale. The mean scores for each of the
scales were also calculated. The presence of higher levels
of eco-anxiety is indicated by higher levels on the overall
scale and in each of the dimensions.

The Revised Environmental Identity scale (Revised
EID; Clayton et al., 2021; Ferrajao et al., 2024) is a self-
report measure that was used to evaluate individual’s
environmental identity. The scale comprises 14 items
which are answered on a Likert-type scale ranging from
not at all (1) to true of me (7). The seven-point response
scale includes midpoint of neither true nor untrue (4).
This measure evaluates a single dimension of environ-
mental identity (“I think of myself as a part of nature,
not separate from it”). The total score of the scale was
calculated by adding up all the items on the scale, with
higher scores indicating a stronger environmental
identity.

The Brief Symptom Inventory (BSI; Canavarro, 1999;
Derogatis & Melisaratos, 1983) is a self-report measure
that assesses individual’s general psychiatric distress. The
scale is comprised of 53 items which evaluate nine clini-
cal scales and three global indices of psychological dis-
turbance. Participants were asked to rate the extent to
which each of the symptoms has bothered them in the
last week, using a five-point Likert scale as follows: not
at all (0), a little bit (1), moderately (2), quite a lot (3),
and extremely (4). The score for each dimension is calcu-
lated by adding up the items that compose each sub-

scale. In this study, only anxiety, depression and somati-
zation symptoms were included in the data analysis,
given the research evidence of their association with eco-
anxiety Clayton, 2018).

Some sociodemographic data was also collected,
including information on sex, gender, age, civil status,
education, and socioeconomic status of the study
participants.

Data analytic strategy

Data analysis was performed using the IBM SPSS
Statistics for Windows (version 29) and AMOS 29 pack-
age programs. An exploratory factor analysis (EFA) was
conducted on the original version of the scale (including
the 13 items) to retest the construct validity of the HEAS
in which the principal component analysis method was
adopted. Next, a confirmatory factor analysis (CFA)
was performed to test the suitability of the factor solu-
tion retrieved from the EFA. The model with the best fit
was selected using the following criteria: (a) a non-
significant x* testt; (b) comparative fit index (CFI),
normed fit index (NFI), and Tucker Lewis Index (TLI)
higher than 0.95; (c) root mean square error of approxi-
mation (RMSEA) and standardized root mean square
residual (SRMR) ranging from 0.00 to 0.08. Considering
that the x? test is sensitive to sample size, the ratio of x>
to degrees of freedom was also computed. A satisfactory
model fit is achieved when the values of this fit index
range from 1 to 5 (Kline, 2011). Cronbach’s alpha value
was also examined to test the internal consistency of
scales.

The test of bi-variate relationships between the dimen-
sions of the HEAS with the measures of environmental
identity, and anxiety, depression, and somatization
symptoms were examined by conducting multiple
Pearson correlation analyses. In this procedure, it is
expected that the association with interrelated constructs
should be stronger than with unrelated constructs
(Schellingerhout et al., 2022). The mean scores on the
global scale and dimensions of the HEAS were com-
pared between women and men using a f-test with a
Bonferroni correction. The effect size was evaluated
though the Cohen’s d statistic. According to Cohen’s cri-
teria, a d value around 0.2 is considered a small effect, a
d value around 0.5 is considered a medium-sized effect,
and a d value of 0.8 or higher is considered a large effect
(Henson, 2006).

Results

Validity and reliability—Full sample

The hidden (unobserved) structure behind the data set
was first examined by conducting an EFA. In this way,
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Table 2. Item Coefficients of the Three and Four-Factor Structure of the Scale.

Scale Three-factor solution Four-factor solution

ltem Emotional and Rumination Anxiety about Emotional Behavioral Rumination Anxiety about
behavioral symptoms personal impact symptoms symptoms personal impact

| 0.53 0.78

2 0.67 0.73

3 0.68 0.8l

4 0.41 0.71

8 0.85 0.70

9 0.65 0.86

10 0.78 0.76

5 0.79 0.88

6 0.82 0.94

7 0.71 0.8l1

I 0.81 0.82

12 0.87 0.88

13 0.79 0.82

the validity characteristic of the data set collected with
the measurement tool was also examined. To test the
applicability of EFA, we assured that the correlation
coefficients between the items did not present multicolli-
nearity. To test the adequacy of the sample, the equality
of the correlation matrix between the Kaiser—Meyer—
Olkin criterion and the observed variables to the unit
matrix was assessed by analyzing the Bartlett’s test of
sphericity. It was observed that the data were suitable
for factor analysis given that the KMO criterion was
0.90 and the Bartlett’s sphericity test was at a significant
level (p < .001, df = 78, x> = 3900.32).

EFA was conducted using a principal component
analysis method. The Kaiser—-Guttman criterion, per-
centage of variance explained, and the slope trend test
were analyzed to determine the appropriate number of
factors. A three-factor solution was selected based on
the Kaiser—Guttman criterion. Meanwhile, the analysis
of the remaining criteria indicated that a four-factor
solution could also be selected. The three-factor solu-
tion explained 67.11% of the total variance in the pop-
ulation. The first factor, labeled as Rumination
symptoms, explained 47.05% of the variance; the sec-
ond factor, labeled as Emotional and behavioral symp-
toms, explained 12.33% of the variance; the third
factor, labeled as Anxiety about personal impact,
explained 7.73% of the variance. This solution pro-
vided acceptable construct validity, but the items of the
subdimensions of emotional symptoms and behavioral
symptoms in the original scale, loaded on a single fac-
tor (Table 2).

To select between the three-factor solution retrieved
in the EFA and the original four-factor scale structure of
the HEAS, it was conducted a second EFA in which we

tested a fixed number of four factors. The analysis
showed that the 13 items loaded under four factors,
explaining 74.06% of the variance in the population
(Factor 1 — Emotional symptoms: 47.05% of the var-
iance; Factor 2 — Behavioral symptoms: 12.33% of the
variance; Factor 3 — Anxiety about personal impact:
7.73% of the variance; Factor 4 — Rumination symp-
toms: 6.95% of the variance). It was also observed that
the original item structure of the scale was well-
maintained (Figure 1 and Table 2).

Following, a CFA was conducted in which the two
solutions — three and four-factor — were analyzed. In
both models, the factors of the HEAS were measured as
latent (unobserved) variables, and the items of the scale
were measured as manifest variables which loaded onto
a single factor following the construct validity of the
scale. The results indicated that the four-factor solution
provided a better fit for the model. Specifically, the
three-factor solution showed a poor model fit (x*
(62) = 329.01, p < .01; ratio of x> to degrees of free-
dom = 5.31; NFI=0.92; CFI=0.93; TLI=0.91;
RMSEA = 0.09; SMSR = 0.06). On the other hand, a
good fit of the four-factor solution model was observed
(x* (61) = 220.35, p < .01; ratio of x* to degrees of free-
dom = 3.61; NFI=0095  CFI=0.96; TLI=0.95;
RMSEA = 0.06; SMSR = 0.04) which indicates a com-
patibility between the observed and the targeted model
(Table 3).

Cronbach’s alpha (.91) indicated that the internal con-
sistency of the global scale was good. Cronbach’s alpha
of Emotional Symptoms (.84), Behavioral Symptoms
(0.77), Rumination (0.88), and Anxiety About Personal
Impact (0.85) indicated that the internal consistencies of
the four factors were acceptable to good (Figure 2).
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Figure 2. Confirmatory factor analysis of the four-factor structure.

Validity and reliability—Female and male groups

A CFA of the four-factor solution was conducted on the
group of female participants. This factor solution pro-
vided a good model fit (x> (61) = 157.43, p < .01; ratio
of x* to degrees of freedom = 2.58; NFI = 0.93;
CF1=0.96; TLI=0.95; RMSEA =0.06; SMSR =
0.05). A similar procedure was carried out on the group
of male participants, and it was also found that the four-

factor solution provided an acceptable model fit (x*
(61) = 149.18, p < .01; ratio of x> to degrees of free-
dom =245, NFI=091; CFI=094;, TLI=0.93;
RMSEA = 0.08; SMSR = 0.05) indicating a compatibil-
ity between the observed and the targeted model.

Next, the measurement invariance analysis was con-
ducted by ensuring configural, measurement weight,
structural covariance, and measurement error invariance
of the measurement model for sex groups (Byrne, 2016).
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Table 3. Regression Coefficients Between Scale Items and
Subscales for the Four-Factor Solution.

Standardized

ltem Subscales regression coefficient
| Emotional symptoms 79 (.71-.87)***
2 Emotional symptoms .75 (.67—-.83)***
3 Emotional symptoms 81 (.72-90)***
4 Emotional symptoms .70 (.63-.77)***
5 Rumination .83 (.75-.91)***
6 Rumination .87 (.80—.94)***
7 Rumination .82 (.74-.90)***
8 Behavioral symptoms .75 (.67—-.83)***
9 Behavioral symptoms .68 (.61-73)***
10 Behavioral symptoms .76 (.68—.84)***
I Anxiety about personal impact 77 (.70—.84)***
12 Anxiety about personal impact .85 (.78-.92)***
13 Anxiety about personal impact .82 (.74-.90)***
*xkp < 001,

The test of configural invariance for the four-factor solu-
tion provided good model fit: (x> (122) = 306.68, p
< .01; ratio of x> to degrees of freedom = 2.51;
NFI = 0.93; CFI =0.95; TLI = 0.94;, RMSEA = 0.05;
SMSR = 0.06). That is, in this unconstrained measure-
ment model, the factor structure for the two populations
based on sex was found to be similar.

As can be observed in Table 4, according to the
unconstrained model, the changes in CFI in the models
obtained by constraining, in sequence, measurement
weights, structural covariances and error variances, were
less than 0.01. Hence, the measurement model has
ensured configural, measurement and structural invar-
iance based on sex.

Validity and reliability—Age groups

Following the procedure carried out by Hogg et al.
(2023), we performed a CFA on two sub-samples
according to their age: one group included participants
aged between 18 and 36years old, and the other group

Table 4. Measurement and Structural Invariance Results by Sex.

included participants aged 37 or older. The groups were
divided using the same cut-off point adopted by Hogg et
al (2023) in the original HEAS validation study.

In the group of participants aged between 18 and
36 years, the four-factor solution provided an acceptable
model fit (x> (61) = 183.59, p < .01; ratio of x> to degrees
of freedom = 3.01; NFI = 0.93; CFI = 0.95; TLI = 0.94;
RMSEA = 0.08; SMSR = 0.05) suggesting a compatibil-
ity between the observed and the targeted model. In the
group of participants aged 37 years old or older, the four-
factor solution showed an acceptable model fit (x>
(61) = 143.82, p < .01; ratio of x* to degrees of free-
dom = 2.36; NFI=0.93; CFI=0.95 TLI=0.95;
RMSEA = 0.07; SMSR = 0.05) indicating a compatibil-
ity between the observed and the targeted model.

It was then examined measurement invariance by
ensuring configural, measurement weight, structural cov-
ariance, and measurement error invariance of the mea-
surement model for age groups. An acceptable model fit
was observed in the analysis of configural invariance for
the four-factor solution: (x* (122) =327.41, p < .01;
ratio of x* to degrees of freedom = 2.68; NFI = 0.92;
CFI=10.95; TLI=0.93; RMSEA =0.05; SMSR =
0.07). The unconstrained measurement model, the factor
structure for the two populations based on age was found
to be similar.

As can be seen in Table 5, according to the uncon-
strained model, the changes in CFI in the models
obtained by constraining, in sequence, measurement
weights, structural covariances and error variances, were
less than0.01. Hence, the measurement model has
ensured configural, measurement and structural invar-
iance based on age groups.

Association with related variables

The associations between the global score, emotional
and rumination symptoms, and the anxiety about per-
sonal impact with the environmental identity were weak
and positive. The correlations between behavioral symp-
toms with the environmental identity variable were

2

Model Number of parameter X df x*df CFI ACFI RMSEA
Unconstrained 86 306.68 122 2.51 0.952 0.05
Measurement weights 73 337.56 135 2.50 0.949 0.003 0.05
Structural covariances 60 409.96 148 2.77 0.944 0.008 0.05
Measurement errors 56 420.71 152 2.77 0.944 0.008 0.05

Note. Unconstrained Model: All the parameters are predicted freely.
Measurement Weights Model: All Factor loadings are constrained (equated).

Structural Covariances Model: All Factor loadings + factor variances and covariances are constrained (equated).
Measurement Errors Model: All Factor loadings + factor variances + factor covariances + error variances are constrained (equated).
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Table 5. Measurement and Structural Invariance Results by Age Groups.

Model Number of parameter e df Y2Idf CFI ACFI RMSEA
Unconstrained 86 327.41 122 2.68 0.948 0.07
Measurement weights 73 375.44 135 2.78 0.943 0.005 0.07
Structural covariances 60 377.69 148 2.55 0.945 0.003 0.07
Measurement errors 56 389.86 152 2.56 0.944 0.004 0.07

Note. Unconstrained Model: All the parameters are predicted freely.
Measurement Weights Model: All Factor loadings are constrained (equated).

Structural Covariances Model: All Factor loadings + factor variances and covariances are constrained (equated).
Measurement Errors Model: All Factor loadings + factor variances + factor covariances + error variances are constrained (equated).

Table 6. Association of Eco-anxiety Factors with Related Variables.

Variables Environmental identity Depression symptoms Anxiety symptoms Somatization symptoms
Global score 0.18%** 0.45%** 0.49%** 0.46%**
Emotional symptoms 0.10* 0.447#%* 0.50%** 0.45%**
Behavioral symptoms —0.01 0.49%** 0.42%** 0.46***
Rumination symptoms 0.2]** 0.20%%** 0.26%%* 0.25%%%*
Anxiety about personal impact 0.27%** 0.3 #** 0.36%** 0.3 #**

#p <.05. **p < 0. ***p < 001.

Table 7. Means, Standard Deviations, Confidence Intervals, and Mean Differences Between Females and Males on Eco-anxiety

Dimensions.
Females (n=354) Males (n=212)

Variables M SD cl M SD cl t d
Eco-anxiety global score 13.71 8.6l 12.73 14.55 10.16 8.20 8.92 11.18 4.84%** 0.42
Emotional symptoms 4.98 3.36 4,60 5.31 353 2.90 3.12 3.93 5.22%** 0.45
Behavioral symptoms 2.27 2.50 1.97 249 1.67 2.18 1.30 1.89 2.91%* 0.25
Rumination 3.15 2.63 2.88 3.44 2.72 2.6l 2.35 3.07 1.92 -
Anxiety about personal impact 331 2.50 3.03 3.56 2.25 2.32 1.90 2.55 5.06%*** 0.44

#xp < 01, **%p < 00].

non-significant. The correlations between the global
score, emotional and behavioral symptoms, and anxiety
about personal impact with depression, anxiety, and
somatization symptoms were moderate and positive. The
correlations between the rumination symptoms with
depression, anxiety, and somatization symptoms were
weak and positive (Table 6).

Comparison of groups on eco-anxiety

The comparison of the mean scores for the total scale
and the dimensions of the scale revealed that there were
statistically significant differences between both sexes,
apart from rumination symptoms. Female participants
had higher means in all these variables. The results

indicated a medium-sized effect because the Cohen’s d
values were around 0.5 (Table 7).

The correlations of age with eco-anxiety global score
(r[566] = —.10, p < .05), emotional symptoms (r[566] =
=15,  p<.001), and  behavioral  symptoms
(r[566] = —.15, p < .001) were weak and negative. The
correlations of age with rumination symptoms
(r[566] = .03, p = .42) and anxiety about personal impact
(r[566] = —.03, p = .43) were non-significant. Regarding
comparisons of the means between the age groups, statis-
tically significant differences were found between partici-
pants aged between 18 and 36 years old and the group of
older participants on all variables apart from rumination
symptoms. The group with younger participants had
higher mean scores compared to the other group.
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Table 8. Means, Standard Deviations, Confidence Intervals, and Mean Differences Between Participants Aged Between 18 and 36 Years

Old and Participants Aged 37 or Older on Eco-anxiety Dimensions.

I8 to 36years old (n=308)

37 years old or older (n=257)

Variables M SD M SD t d
Eco-anxiety global score 13.83 9.45 10.60 7.12 4.5]*** 0.38
Emotional symptoms 5.04 3.52 371 2.77 4.93%%* 0.42
Behavioral symptoms 2.48 261 1.51 2.00 4.90%** 0.41
Rumination 3.09 2.8l 2.84 237 1.13 -
Anxiety about personal impact 3.21 2.70 2.54 2.12 3.24%%x 0.27

wxxp < 001

Cohen’s d values were around 0.5 which indicated that
the difference between both groups had a medium-sized
effect (Table 8).

Discussion

This study examined the validity and reliability of the
HEAS to adapt the measure for adult native Portuguese
speakers. The relevance of this study stems from the need
to develop validated measures able to measure the differ-
ent dimensions covered by eco-anxiety. In this respect,
the HEAS appears to be the first validated measure that
covers the multiple dimensions of eco-anxiety, namely
negative emotions, cognitive impairments, behavioral
and physical symptoms, and future-oriented apprehen-
sion related to environmental crises and potential envi-
ronmental calamities (Hogg et al., 2021, 2023; Uzun
et al., 2022).

This study aimed to replicate and extend prior find-
ings on the factorial structure of the measure under
investigation, including the EFA reported by Hogg et al.
(2021) and Uzun et al. (2022). Through the use of com-
parable methodological approaches, our results provide
a robust basis for cross-study comparisons. As previ-
ously mentioned, the HEAS has already been adapted
and validated for Portuguese young adults (Sampaio
et al., 2023). However, adaptation and validity testing of
the scale in Portuguese older adults, and not only in
young adults, is highly relevant. A significant limitation
of the aforementioned study lies in its highly selective
sample, particularly with respect to age and gender. By
contrast, the present study employed a more inclusive
sampling approach, albeit still constrained by the use of
a convenience sample.

The current findings support the establishment of eco-
anxiety as a multi-dimensional construct (Coffey et al.,
2021; Hogg et al., 2021) among adult Portuguese native
speakers. The current findings suggest that eco-anxiety
encompasses a multitude of psychological responses to
the environmental consequences of climate change that

are not restricted to manifestations of anxiety (Clayton,
2020; Passmore et al., 2023). The manifestations of eco-
anxiety, as measured by the HEAS, may also include
ruminative thoughts about past and potential environ-
mental events resulting from climate change, sleep prob-
lems, anhedonia, work performance issues, and anxiety
and guilt for engaging in environmentally damaging
behaviors or failure to be actively involved in environ-
mentally protective behaviors (Coffey et al., 2021;
Hickman, 2020; Passmore et al., 2022).

Although EFA retrieved a three-factor solution as
found in a study among a Turkish sample (Uzun et al.,
2022), the CFA revealed that this factorial solution had a
poor model fit in our sample. It was found that only the
four-factor solution showed suitable construct validity.
The CFA showed that the four-factor solution provided
a good fit for the model in the full sample and both sex
and age groups. As found in prior research, only the
four-factor solution showed a good, or at least accepta-
ble, model fit for both men and women, and younger
and older participants (Hogg et al., 2023). Likewise, mea-
surement invariance was achieved for the four-factor
solution for both sex and age groups. The construct
validity of the scale was confirmed, and the original 13
items were retained. Additionally, the internal consis-
tency of the scale was found to be good. These results
indicate the suitability of the HEAS in its original form
as a measure to evaluate the multidimensional nature of
eco-anxiety among Portuguese native speakers.

Notably, the model demonstrated slightly superior fit
indices within the older adult sample compared to the
younger cohort, suggesting that the scale may perform
particularly well in assessing eco-anxiety among older
individuals. This nuance, although marginal, highlights
the importance of developing and validating psycho-
metric tools that are sensitive to age-related differences
in psychological response to climate change. Given the
increasing aging of populations globally, a version of the
scale that is more finely attuned to older adults not only
enhances its validity but also addresses a critical gap in
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environmental psychology by providing a measure sensi-
tive to the psychological responses of older individuals
to the environmental crisis (Clayton et al., 2015; Gifford
& Nilsson, 2014). These findings therefore underscore
the need to further explore and refine age-adapted ver-
sions of such measures in future studies.

Meanwhile, it was found that the emotional symp-
toms dimension explained almost 50% of the variance in
the population. The remaining dimensions had a low var-
iance contribution, in particular the dimensions related
to anxiety about personal impact and rumination. It
seems that anxiety and fear related to current and
impending environmental crises are the core manifesta-
tions captured by the HEAS among Portuguese native
speakers (Hajek & Konig, 2023; Pihkala, 2020). Despite
this fact, there seems to be some evidence that eco-
anxiety also encompasses cognitive and behavioral mani-
festations, and anxiety or guilt regarding the personal
impact of one’s own behavior on environmental conse-
quences and/or the failure of behavior to prevent poten-
tial environmental disasters (Clayton, 2020; Pritchard
et al., 2020).

The analysis of the correlations of eco-anxiety with
related variables indicated that both emotional and
behavioral symptoms of eco-anxiety had positive and
moderate associations with negative mental health out-
comes (depression, anxiety, and somatization symptoms)
and weak and non-significant, respectively, associations
with the environmental identity scale. As observed in
previous research, the moderate correlations of the emo-
tional and behavioral symptoms of eco-anxiety with clin-
ical symptom scales suggest some overlap between those
two dimensions of eco-dimensions with general psycho-
logical distress, although indicating that they are distinct
psychological manifestations from those psychological
disorders (Hogg et al., 2021). Nevertheless, the lack of
association with environmental identity may indicate
that these two dimensions of eco-anxiety are indicators
of a rupture in the links with nature that could account
for mental health problems related to the environmental
crisis such as hopelessness and loss (Coffey et al., 2021)
or even an extreme state of eco-paralysis (Albrecht,
2011). Future studies should examine this topic in sam-
ples from other countries

In addition, as found by Hogg et al. (2021), the dimen-
sions of rumination and anxiety about one’s personal
impact on environmental crisis had weak to moderate
associations with clinical symptoms and weak associa-
tions with environmental identity. It seems that both
dimensions of eco-anxiety may not be primarily manifes-
tations of psychological distress (Clayton & Karazsia,
2020; Pritchard et al., 2020), but rather a rational and
emotional response related to individuals’ connection to

the natural world and engagement in environmental pro-
tection behaviors to prevent potential environmental dis-
asters (Coffey et al., 2021; Passmore et al., 2022).

Finally, mean differences on the levels of eco-anxiety
between sexes indicated that females reported higher
levels in all dimensions of eco-anxiety compared to
males, apart from the rumination dimension in which
no significant mean differences were found between
both sexes. In accordance with previous literature,
these results indicate Portuguese female speakers gener-
ally experience more intense emotional, behavioral and
anxiety responses related to the global environmental
crisis and their personal responsibility for potentially
harmful behaviors to the environment (Hogg et al.,
2023; Mallett. 2012).

Unlike prior research, age was weakly associated with
lower global levels of eco-anxiety, and emotional and
behavioral symptoms, but it was not associated with
rumination and anxiety about the personal impact. The
comparison between younger and older participants indi-
cated that the former, except for rumination symptoms,
had higher levels of eco-anxiety overall. It is likely that
greater awareness of impacts of climate change and
potential threats among Portuguese younger people
makes them more vulnerable to psychological distress
related to environmental damage (Gislason et al., 2021;
Martin et al., 2021).

Overall, the current findings indicate the usefulness of
the HEAS as a measure to evaluate the multidimensional
nature of eco-anxiety among adult Portuguese speakers
(Clayton & Karazsia, 2020; Coffey et al., 2021; Sampaio
et al., 2023). This measure seems to be able to capture the
different displays of eco-anxicty that have been identified
in the literature, namely negative emotions and anxiety,
cognitive impairments, behavioral and physical symp-
toms, and anxiety about one’s personal impact on cli-
mate changes and environmental consequences (Soutar
& Wand, 2022). This study also seems to contribute to
providing some insights into possible psychological
responses that are indicators of mental health problems
related to the environmental crisis, as well as indicating
manifestations of eco-anxiety that could constitute adap-
tive responses and that could have an influence on envir-
onmentally protective behaviors.

Limitations

Some limitations should be considered when interpreting
the results. First, a convenient sample was recruited,
which does not permit generalization the current find-
ings. Probabilistic and representative samples should be
used in future studies. Second, most participants were
females. Future studies should have an equivalent
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proportion of participants in terms of sex and gender.
Third, there was a low proportion of participants over
65years of age in this sample. Considering that there is
evidence that older people experience less eco-anxiety,
future studies should increase the number of participants
in this age group. Fourth, given the limited representa-
tion of participants from Brazilian, Angolan, and related
cultural backgrounds, no definitive conclusions can be
drawn for these groups, highlighting the need for further
intercultural validation studies. Fifth, a further limitation
of this study is the use of both EFA and CFA on the
same dataset. Although this approach has been
employed in previous studies, it is methodologically sub-
optimal, as it may result in overfitting and undermine the
validity of the model confirmation process. Ideally, EFA
and CFA should be performed on independent samples
to allow for more robust validation of the factor struc-
ture. Sixth, the direct experience of environmental threats
was not evaluated. Bearing in mind that individuals
directly confronted with an environmental crisis show
higher levels of eco-anxiety, future studies should analyze
this variable.

Conclusions

Notwithstanding these limitations, the results of this
study provide support for the use of the HEAS as an
appropriate and valid scale for assessing the manifesta-
tions of eco-anxiety in adult Portuguese speakers. This is
particularly relevant given that Portuguese is spoken by
approximately 230 million speakers on different conti-
nents. The adaptation of this scale will make it possible
to carry out studies of the psychological consequences
associated with climate change on a large number of
individuals. As a result of the examination of the psycho-
metric properties of the HEAS, it can be recognized as a
valid measure for assessing the psychological impact
associated with environmental crises and potential envi-
ronmental crises in Portuguese-speaking individuals.
This study also provides further support for the multidi-
mensional nature of eco-anxiety, including anxiety and
emotional symptoms, cognitive impairments, behavioral
and physical symptoms, but also personal concerns
about the individual impact on environmental crises.
Although this study adds further evidence to the validity
of the HEAS, further studies should be carried out in
other populations, particularly those directly exposed to
the effects of climate change.
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