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Abstract

Background: The eHealth Literacy Scale (eHEALS) is a widely used instrument for measuring eHealth literacy (eHL). However,
little is known so far about whether the instrument is valid for the assessment of eHL in persons who are affected by the
post–COVID-19 condition. This is particularly important as people with the post–COVID-19 condition are frequently affected
by false information from the internet.

Objective: The objective of our study was to evaluate the validity and reliability of the German Revised eHealth Literacy Scale
(GR-eHEALS) in individuals with the post–COVID-19 condition.

Methods: A cross-sectional study was conducted from January to May 2022. The self-assessment survey consisted of the
GR-eHEALS, health status– and internet use–related variables, sociodemographic data, and (post)–COVID-19–related medical
data. Confirmatory factor analysis (CFA), correlational analyses, and tests of measurement invariance were deployed.

Results: In total, 330 participants were included in the statistical analyses. CFA revealed that the 2-factor model reached an
excellent model fit (comparative fit index=1.00, Tucker–Lewis index=0.99, root mean square error of approximation=0.036,
standardized root mean square residual=0.038). Convergent validity was confirmed by significant positive correlations between
eHL and knowledge of internet-based health promotion programs, experience in using these programs, and the duration of private
internet use. In addition, a significantly negative relationship of eHL with internet anxiety supported convergent validity. Further,
significant relationships of eHL with mental health status and internal health locus of control confirmed the criterion validity of
the instrument. However, relationships of eHL with physical health status and quality of life could not be confirmed. The 2-factor
model was fully measurement invariant regarding gender. Regarding age and educational level, partial measurement invariance
was confirmed. The subscales as well as the overall GR-eHEALS reached good-to-excellent reliability (Cronbach α≥.86).

Conclusions: The GR-eHEALS is a reliable and largely valid instrument for assessing eHL in individuals with the post–COVID-19
condition. Measurement invariance regarding gender was fully confirmed and allows the interpretation of group differences.
Regarding age and educational level, group differences should be interpreted with caution. Given the high likelihood that individuals
with the post–COVID-19 condition will be confronted with misinformation on the Internet, eHL is a core competency that is
highly relevant in this context, in both research and clinical practice. Therefore, future research should also explore alternative
instruments to capture eHL to overcome shortcomings in the validity of the GR-eHEALS.
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Introduction

In the current phase of the COVID-19 pandemic, it has become
apparent that infection with SARS-CoV-2 can be associated
with the experience of prolonged physical and cognitive
impairments. According to the clinical case definition by the
World Health Organization, the occurrence of specific delayed
symptoms about 12 weeks after recovery from COVID-19
infection is referred to as the “post–COVID-19 condition” and
is estimated to affect about 10%-35% of people with infection
[1,2]. Individuals with this condition regularly report physical
and psychological symptoms, such as fatigue, muscular
weakness, and sleep difficulties, as well as anxiety and
depression [3]. Current data from Germany demonstrate that
employees on sick leave due to the post–COVID-19 condition
were unable to work for an average of 90 days. Moreover,
people who needed inpatient treatment more than 7 days due
to the post–COVID-19 condition were unable to work for an
average of 168 days [4]. Data from Sweden likewise confirmed
high incidences of about 13% of individuals with the
post–COVID-19 condition resulting in long sick leave periods
[5]. Nevertheless, studies have also reported that employees,
especially health care workers, return to work despite ongoing
symptoms due to the post–COVID-19 condition, which could
be associated with negative long-term health effects [5,6]. These
findings imply that the post–COVID-19 condition is a major
public health issue with a significant impact on entire societies
and public health systems. However, the etiology of the
post–COVID-19 condition is not conclusively understood, and
psychosocial factors may have a significant impact on physical
and cognitive impairments experienced after COVID-19
infection [7,8].

In addition to the illness-related burden of the post–COVID-19
condition, individuals affected are faced with a high amount of
false or confusing information, mostly spread via social media
[9]. This comprises all topics around the COVID-19 pandemic,
including symptoms, medication, treatments, and vaccination,
as well as denial of the existence of the virus and the disease at
all [10-12]. In this context, it has become apparent that
individuals with COVID-19–related symptoms are susceptible
to encountering misinformation, referred to as the COVID-19
“infodemic” [10,13-16]. This infodemic arose right after the
beginning of the worldwide pandemic, and an analysis to
investigate the proportion of false information revealed that
more than 80% of the information spread via social media was
presumably wrong [17]. Education about the existence of
COVID-19–related misinformation and the labeling of
misinformation may be relevant factors in maintaining a
functioning health care system [10,18].

The fact that individuals are confronted with false or dubious
health information from the internet is not a new phenomenon
[19]. The concept of the competence in dealing with health
information from the internet—eHealth Literacy (eHL)—was
introduced back in 2006 by Norman and Skinner [20]. The
concept and its measurement were based on the assumption that

individuals may have competencies to seek, find, understand,
and evaluate health information from the internet and to
distinguish valid and reliable health information from dubious
or wrong information [20]. Namely, eHL comprises peoples’
skills, knowledge, and competencies required to navigate,
evaluate, and effectively use health information from digital
sources, such as websites, apps, and online communication
platforms, to make informed decisions about health-related
issues and engage in self-care, health promotion, and disease
prevention activities [20-22]. The measurement instrument
developed by the same researchers, the eHealth Literacy Scale
(eHEALS) [23], was translated into several languages and
validated in many countries worldwide [24-33]. Over the years
of research regarding eHL, studies have shown that higher eHL
is associated with health-related outcomes, such as better health
behaviors and health cognitions in older adults [34,35], more
regular sports exercises in students [36], better health behaviors
regarding physical exercise and eating behavior in adults [21],
and higher physical and mental health in patients after
percutaneous coronary intervention [37]. Moreover, studies
have shown that individuals with higher eHL show higher
adherence to prevention behavior guidelines in the context of
the COVID-19 pandemic [38,39]. Vaccination is a critical factor
in reducing the infection rates and severity of COVID-19
symptoms and therefore the burden on the public health system
[40]. Consequently, initiatives to improve eHL could increase
acceptance of vaccinations as part of a human-centered strategy
to reduce the burden on the health care system [41].

In summary, humans benefit from high eHL, which empowers
them to effectively use health information from the internet to
cope with physical or psychological impairments. Due to the
high density of information, and especially due to the high
proportion of false information regarding COVID-19, people
with COVID-19 or the post–COVID-19 condition have
particularly high requirements for well-developed eHL. Because
when people are exposed to the fact that around 80% of health
information is not evidence based, it is even more difficult to
identify the correct and evidence-based information from the
internet and apply it to their own health situation [17]. In
addition, the use of social media for obtaining health information
has changed significantly during the COVID-19 pandemic
[42,43]. More precisely, people obtain health information more
frequently from social media sources rather than from
homepages. This has fundamentally changed the way health
information is obtained, which raises the question of whether
eHEALS is still adequate to capture the concept of digital health
literacy in the changed information era. In addition, criticism
regarding the measurement is also arising with regard to the
consistency of health-related outcomes as well as the actuality
of eHEALS in an increasingly networked, digital environment
[44-48]. Nevertheless, eHEALS is, to date, the most widely
used instrument to assess eHL [44].

Therefore, a validation of eHEALS is needed to investigate the
applicability of this assessment in terms of validity and
reliability in a changed environment for people with the
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post–COVID-19 condition. In this study, we focused on the
application of eHEALS in measuring eHL in German-speaking
individuals with the post–COVID-19 condition. Specifically,
this study aimed to fill the following research gaps:

• First, we evaluated the construct validity and reliability of
the German version of eHEALS, the German Revised
eHealth Literacy Scale (GR-eHEALS) [49], in a sample of
individuals with the post–COVID-19 condition (aim 1).

• Second, we investigated the convergent validity of the
GR-eHEALS (aim 2).

• Third, we examined the criterion validity of the
GR-eHEALS (aim 3).

• Fourth, we tested the equivalence of the measurement
properties of the GR-eHEALS regarding sociodemographic
variables of individuals with the post–COVID-19 condition
as part of the construct validity (aim 4).

Methods

Ethical Considerations
Before taking part in the survey, all participants received study
information. Electronic informed consent was digitally obtained
at the beginning of the survey from all participants. There was
no compensation for participation in the study. Due to the
anonymous study design, no individual information of
participants is reported in this paper. The study was executed
in accordance with the Declaration of Helsinki and was approved
by the Ethics Committee of the Medical Faculty of the
University of Duisburg-Essen (19-89-47-BO).

Study Design and Participants
A cross-sectional online survey study was conducted. Data were
collected via the online survey system Unipark (Tivian XI
GmbH). Participation in the survey was anonymous, voluntary,
and without monetary compensation. The participants of this
study were recruited between January and May 2022. Flyer and
information materials were laid out in different hospitals (eg,
University Hospital Essen) and rehabilitation clinics (eg,
MEDIAN clinics) in North Rhine-Westphalia, Germany.
Furthermore, self-help communities on different social media
platforms (eg, Facebook) were contacted, and online flyers were
distributed. To participate in this study, the following inclusion
criteria were applied: age≥18 years, internet access, a good
command of the German language, confirmed COVID-19
infection in the past, and reporting as currently having
post–COVID-19 symptoms. COVID-19 infection was assessed
via a self-report of the date of a positive detection of
SARS-CoV-2 with a nasopharyngeal swab. Symptoms related
to the post–COVID-19 condition were assessed according to
the clinical case definition by the World Health Organization
[2]. For this purpose, participants were asked about the presence
of the following symptoms: sore throat, cough, shortness of
breath, headache/pain in the limbs, body temperature above
38°C, olfactory or gustatory disturbances, diarrhea, and other
symptoms that could be entered via a text field. Multimedia
Appendix 1 shows how frequently each of these symptoms was
reported.

Participants took on average 13 (SD 5.43) minutes to complete
the survey. Participants were able to stop the survey at any time.
554 people have participated in the study. According to the
inclusion criteria, we excluded n=196 (35.4%) participants who
reported that they currently have no post–COVID-19 symptoms.
Further, we excluded participants with implausible responses
regarding age (age<18 years: n=3, 0.5%; age>100: n=1, 0.2%)
and outliers regarding the survey completion time (n=24, 4.3%).
The final sample consisted of 330 participants, reflecting a
completion rate of 59.6%.

Measurements
All data were collected using a self-report questionnaire. The
following assessments were used in the survey: eHL, constructs
to examine convergent validity, constructs to examine criterion
validity, and sociodemographic and COVID-19–related
variables.

eHealth Literacy
The 8-item GR-eHEALS [23,49] was applied. This instrument
reaches good psychometric properties regarding its validity and
reliability as a 2-factor model covering the competences
information seeking (IS) and information appraisal (IA) [49].
The response scale ranged from 1 for “strongly disagree” to 5
for “strongly agree,” with higher values corresponding to higher
eHL.

Constructs to Examine Convergent Validity
We assessed the knowledge of internet-based health promotion
programs via 3 self-developed items using a 5-point Likert scale
(1 for “strongly disagree” to 5 for “strongly agree”). Higher
scores indicated higher knowledge of internet-based health
promotion programs. The items covered knowledge of the
contents of such programs (“I can certainly imagine something
under that.”), how they work (“I know how such programs
work.”), and how to find them (“I know how to find such
programs.”). Cronbach α was .88. The instrument has been
previously used [50,51].

One self-developed item (“Have you already had experience
with internet-based health promotion programs?”) was used to
assess experience in using internet-based health promotion
programs on a 3-point Likert scale (1 for “already used such
programs,” 2 for “not used but aware of the possibilities of such
programs,” and 3 for “not aware of the possibilities of such
programs”). This item was inverted, so higher values represented
more experience with internet-based health promotion programs.
The assessment has been used in previous studies [50,51].

We obtained information about the duration of daily private
internet use through a self-developed single item: “How long
do you use the internet for private purposes every day?”. The
response scale ranged from 1 for “not at all” to 5 for “more than
5 hours.” Previous studies have used this item [50,51].

The construct of internet anxiety was measured on a 5-point
Likert scale (1 for “does not apply” to 5 for “applies”) using 3
self-developed items (“I have concerns about using the internet,”
“I am afraid that I could make an irrevocable mistake when
using the internet,” and “The internet is something that worries
me.”). Higher scores represented higher internet anxiety.
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Cronbach α was .82. These items were applied previously
[49-51].

We expected significant positive relationships between eHL
and knowledge of internet-based health promotion programs,
experience in using internet-based health promotion programs,
and duration of daily private internet use. Further, a significant
negative relationship between eHL and internet anxiety was
expected.

Constructs to Examine Criterion Validity
We assessed the internal health locus of control with 3 items
on a 5-point Likert scale (1 for “strongly disagree” to 5 for
“strongly agree”) via an adapted German version of the
Multidimensional Health Locus of Control Scale [52]. Higher
scores reflected a higher internal health locus of control.
Cronbach α was .76.

Moreover, we measured the physical health status (“On a scale
of 0 to 10, how do you rate your physical health [eg, no physical
limitations, pain]?”), mental health status (“On a scale of 0 to
10, how do you rate your mental health [eg, no feelings of
anxiety, depression]?”), and overall quality of life (“On a scale
of 0 to 10, how would you rate your current quality of life?”)
with self-developed single items on 11-point Likert scales. These
items have been used in previous studies [49,53].

We expected significant positive relationships between eHL
and all criterion validity constructs.

Sociodemographic and COVID-19–Related Variables
We assessed participants’ main sociodemographic variables:
age (as an exact number), gender (female, male, diverse), and
marital status (married, living in a relationship, single,
divorced/widowed, other). Further, participants’ educational
degree (no school degree, secondary school certificate
[Hauptschule], secondary school certificate [Mittlere Reife],
university entrance qualification, university degree, academic
degree, other, not specified), current employment status
(attending school/study, employed [part-time, full-time], sick
leave, retirement/pension, not employed/other), and population
of the community they live in (big city, medium city, small city,
rural village) were assessed.

Regarding COVID-19, we asked participants for the date of the
positive test result of SARS-CoV-2 with a nasopharyngeal swab,
as well as symptoms related to the post–COVID-19 condition
(inclusion criteria). In addition, we gathered information about
whether participants required treatment in a hospital (yes, no)
and, in addition, intensive care due to their COVID-19 infection
(yes, no). Further, we asked participants for a self-assessment
of the severity of their COVID-19 symptoms (1 for “no
symptoms” to 4 for “severe symptoms”) as well as their current
physical capacity (1 for “still significantly limited” to 3 for
“good”).

There was no “I don't know” or similar option available for any
of the items. The instruments and items used are provided in
Multimedia Appendix 2.

Statistical Analysis
We conducted all statistical analyses using R (R Foundation for
Statistical Computing) and RStudio (Posit) [54,55] extended
with several packages. We report the distribution of
sociodemographic as well as COVID-19–related characteristics
of the study sample. Further, descriptive statistics were used to
determine the item statistics of the GR-eHEALS items.

Next, we followed analytical steps to examine the validity and
reliability of the GR-eHEALS according to the study aims: First,
we conducted confirmatory factor analysis (CFA) to evaluate
the factorial structure and construct validity. In the first model,
we tested the 1-factorial structure of all 8 items loading on a
single factor, as proposed by the authors of the original
instrument [23]. In the second model, we considered the
2-factorial structure with the 2 intercorrelated factors IS and
IA, as validated in the GR-eHEALS [49]. For model evaluation,
we considered the recommendations of Hu and Bentler [56] and
defined a good model fit when reaching a comparative fit index
(CFI) and a Tucker–Lewis index (TLI) of about 0.95. Further,
we determined that the root mean square error of approximation
(RMSEA) should be <0.06, while the standardized root mean
square residual (SRMR) should be ≤0.08. For model estimation,
we used the robust version of the means-adjusted unweighted
least squares (ULSM) estimator as the items were measured on
ordinal-scaled levels [57]. We reported Cronbach α to evaluate
the reliability of the scales.

Second, regarding aims 2 and 3, we conducted Spearman rank
correlation analyses to examine convergent and criterion
validity. All analyses considered a significance level of P=.05,
and missing values were treated via listwise deletion.

Lastly, tests of measurement invariance were deployed to assess
measurement equivalence of the instrument regarding age,
gender, and educational level of participants (aim 4).
Measurement invariance is a statistical requirement for the
correct interpretation of group differences measured by an
instrument. Otherwise, if an instrument is not measurement
invariant, mean differences found between different groups
differences should not be interpreted, as it may be that these
differences arise because the instrument measures differently
in different groups [58,59]. To allow the interpretation of mean
differences, a scalar level of invariance should be achieved [57].
Therefore, we performed measurement invariance tests for the
gradually more restrictive levels of configural invariance, metric
invariance, and, finally, scalar invariance [60]. As there is no
consensus regarding cutoff criteria for the evaluation of model
fits within measurement invariance testing [61], we considered
2 common approaches: First, we compared the change in the
CFI between the more restrictive model and the less restrictive
model, which should be ≤0.01 [62]. Second, we set the
configural level of invariance as the baseline model that should
meet the criteria of good model fit, as reported earlier.
Subsequently, we performed χ² difference tests to compare the
model of metric invariance against the model of metric
invariance and then the model of scalar invariance against the
model of metric invariance [61]. Significant χ² difference tests
would reflect a significant change in the model fit, implying
substantial deterioration of the model.
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Results

Study Sample Description
The study participants’ mean age was 36.6 (SD 12.9, min.=18,
max.=70 years). An overview of the participants’
sociodemographic background is reported in Table 1. Most

participants did not need hospital or intensive care treatment
but experienced mild-to-severe symptoms due to COVID-19
infection. Most participants also reported limited physical
capacities. Table 2 presents COVID-19–related information of
the study participants. On average, participants reported to have
experienced 2.7 (range 1-7) of the defined post–COVID-19
symptoms.

Table 1. Sociodemographic description of study participants (N=329a).

Participants, n (%)Sociodemographic characteristics

Gender

264 (80.0)Female

63 (19.1)Male

2 (0.6)Diverse

Marital status

106 (32.1)Married

107 (32.4)Living in a relationship

100 (30.3)Single

11 (3.3)Divorced/widowed

5 (1.5)Other

Educational degreeb

77 (23.3)Secondary school diploma

97 (29.4)University entrance qualification

148 (44.8)University degree

7 (2.1)Other/not specified

Employment status

81 (24.5)Attending school/study

118 (35.8)Employed (part-time, full-time)

91 (27.6)Sick leave

5 (1.5)Retirement/pension

34 (10.3)Not employed/other

Community size

142 (43.0)Big city (>100,000 inhabitants)

79 (23.9)Medium city (>20,000 inhabitants)

52 (15.8)Small city (>5000 inhabitants)

56 (17.0)Rural village (<5000 inhabitants)

aMissing: n=1 (0.3%).
bStatements were summarized: secondary school certificate (Hauptschule) and secondary school certificate (Mittlere Reife) as secondary school diploma,
and university degree and academic degree as university degree.
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Table 2. Post–COVID-19–related medical data of study participants (N=330).

Participants, n (%)Post–COVID-19–related information

Required treatment in hospital

18 (5.5)Yes

312 (94.5)No

Required intensive care

7 (2.1)Yes

323 (97.9)No

Severity of COVID-19 symptoms

16 (4.8)No symptoms

137 (41.5)Mild symptoms

156 (47.3)Moderate symptoms

21 (6.4)Severe symptoms

Current physical capacity

58 (17.6)Good

106 (32.1)Average

166 (50.3)Still significantly limited

Psychometric Properties of the German Revised
eHealth Literacy Scale
Table 3 shows the item statistics of the 8 GR-eHEALS items.
The exact item wordings of the GR-eHEALS are presented in
the original study [49].

Table 3. Descriptive item statistics of the GR-eHEALSa items including means (SDs), skewness, kurtosis, and distribution of responses for each item
(N=330).

Response distribution (%)KurtosisSkewMean (SD)Item

5 (strongly agree)4 (agree)3 (neutral)2 (disagree)1 (strongly disagree)

265212820.82–0.973.93 (0.91)GR-eHEALS1

285510511.53–1.054.05 (0.82)GR-eHEALS2

194720122–0.20–0.603.70 (0.97)GR-eHEALS3

215116111–0.01–0.703.80 (0.93)GR-eHEALS4

175619710.62–0.753.81 (0.84)GR-eHEALS5

315110711.04–1.064.03 (0.90)GR-eHEALS6

304515730.69–1.003.91 (1.01)GR-eHEALS7

224818920.28–0.783.80 (0.96)GR-eHEALS8

aGR-eHEALS: German Revised eHealth Literacy Scale.

All items had a median of 4 and showed slightly negative
skewness, indicating that participants experienced high levels
of eHL.

To examine the factorial structure of the GR-eHEALS, 2 rounds
of CFA were performed. The results are presented in Table 4.
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Table 4. Results of CFAa of the GR-eHEALSb.

SRMRfRMSEAeTLIdCFIcχ² (df)Model

0.0790.0880.970.98218.14 (20)1-factor modelg

0.0380.0360.991.0059.96 (19)2-factor modelh

aCFA: confirmatory factor analysis.
bGR-eHEALS: German Revised eHealth Literacy Scale.
cCFI: comparative fit index.
dTLI: Tucker–Lewis index.
eRMSEA: root mean square error of approximation.
fSRMR: standardized root mean square residual.
gModel with all 8 items loading on 1 common factor.
hModel with 2 subscales, “information seeking” (items 1-4) and “information appraisal” (items 5-8).

The 2-factor model revealed an excellent model fit, whereas
the 1-factor model slightly did not meet the recommendations
regarding the RMSEA and SRMR. In addition, the χ² difference
test, which compared the 2 models based on the nonrobust
estimator, confirmed significant model improvement for the
2-factor model over the 1-factor model (χ²1=33.18, P<.001).
Consequently, the 2-factor model with the 2 interrelated factors
IS and IA was used for subsequent analyses. All items reached
high factor loadings (≥.73) and the 2 factors were significantly
correlated, with r=0.74 (P<.001). The item factor loadings are
presented in Multimedia Appendix 3. IS (mean 3.87, SD 0.80)
and IA (mean 3.89, SD 0.78) reached high reliability (Cronbach
α=.90 and .86, respectively).

Due to the high correlation of the subscales, the overall
GR-eHEALS with all 8 items was also reported for the
investigation of convergent and criterion validity. The overall
GR-eHEALS (mean 3.88, SD 0.72) achieved an excellent
reliability of 0.91. Therefore, the construct validity and
reliability of the GR-eHEALS was confirmed.

Convergent and Criterion Validity of the GR-eHEALS
in Individuals With the Post–COVID-19 Condition
To evaluate the convergent validity and criterion validity of the
GR-eHEALS, Spearman rank correlation analyses were
performed. The results are presented in Table 5.

Table 5. Spearman rank correlations of the GR-eHEALSa subscales and the overall GR-eHEALS with convergent and criterion validity variables.

Overall scaleIAc subscaleISb subscaleValidity and variables

P valueCorrelation
coefficient, r

P valueCorrelation
coefficient, r

P valueCorrelation
coefficient, r

Convergent validity

<.0010.41<.0010.31<.0010.45Knowledge of internet-based health promotion
programs

<.0010.25<.010.17<.0010.28Experience in using internet-based health promo-
tion programs

<.010.16<.010.16<.010.15Duration of daily private internet use

<.001–0.28<.001–0.30<.001–0.20Internet anxiety

Criterion validity

.710.02.86–0.01.470.04Physical health

<.050.14<.050.11<.050.14Mental health

.060.10.290.06<.050.12Quality of life

<.0010.20<.0010.18<.0010.19Internal health locus of control

aGR-eHEALS: German Revised eHealth Literacy Scale.
bIS: information seeking.
cIA: information appraisal.

IS and IA were both significantly positively associated with
knowledge of and experience in using internet-based health
promotion programs as well as with the duration of daily private
internet use. Moreover, both factors were significantly

negatively related to internet anxiety. The results were supported
by similar relationships regarding the overall GR-eHEALS.
These results confirm the convergent validity of the
GR-eHEALS regarding the study aim 2.
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Although criterion validity was supported by significantly
positively relations of the IS and IA with mental health and the
internal health locus of control, quality of life was only related
to IS, and physical health was not related to any of the 2 factors.
The overall GR-eHEALS was similarly significantly related to
mental health status and the internal health locus of control but
not to physical health and quality of life. Consequently, results
regarding aim 3 were inconsistent.

To further understand these results, we conducted correlation
analyses between all criterion validity scales. The results
revealed that lower physical health is strongly associated with
lower mental health (r=0.40, P<.001), a lower quality of life
(r=0.69, P<.001), and a lower internal health locus of control
(r=0.31, P<.001). The correlation table is presented in
Multimedia Appendix 4.

IS and IA were both not associated with any of the
post–COVID-19–related characteristics (need for intensive care
was not tested due to the small subgroup sample size).

Measurement Invariance of the GR-eHEALS in
Individuals With the Post–COVID-19 Condition
For testing measurement invariance regarding gender, we
excluded participants who indicated their gender as diverse in
order to have sufficient group sample sizes for this analysis.
Regarding age, we performed a median split to divide the sample
at the median into 2 groups (median age 34 years). Regarding
educational level, we divided the sample into 2 groups: group
1 consisted of participants with any school certificate, and group
2 consisted of participants holding a university degree.
Participants who indicated other educational levels than these
were excluded from this analysis. Multimedia Appendix 5
summarizes the results of the tests of measurement invariance
of the GR-eHEALS regarding gender, age, and educational
level.

All changes in the CFI were below 0.01, indicating measurement
invariance for gender, age, and educational level. Nevertheless,
χ² difference tests showed that the configural level of invariance
for all 3 sociodemographic variables reached good model fit
indices, implying that this level of invariance could be confirmed
regarding all 3 sociodemographic variables. Regarding gender,
subsequent χ² difference tests were not significant for metric
and scalar levels of invariance, which is evidence for the
assumption of measurement invariance of the GR-eHEALS.
With respect to age and educational level, the χ² difference tests
were not significant for the metric levels of measurement
invariance but were significant for the scalar levels. This
indicated that only partial measurement invariance of the
GR-eHEALS regarding age and educational level could be
confirmed. Hence, results regarding aim 4 were inconsistent.

Discussion

Principal Findings
This is the first study to evaluate the validity and reliability of
the internationally most common instrument for measuring eHL
in individuals with the post–COVID-19 condition. Thus, there
is a gap in the knowledge of whether this instrument is still

appropriate in measuring eHL in an era of an increasing number
of individuals with the post–COVID-19 condition. Our study
addresses this research gap and provides the first evidence by
examining the measurement properties of the German version
of eHEALS in individuals with the post–COVID-19 condition.
The CFA results underpin the assumed factorial structure of the
GR-eHEALS [49], supporting the construct validity of the
instrument (aim 1). The reliability of the GR-eHEALS could
be confirmed with high coefficients for both factors, IS and IA,
as well as for the overall scale.

The subsequently performed correlation analyses with 4
convergent validity scales showed highly consistent results and
confirmed the convergent validity of the GR-eHEALS (aim 2).

Concerning the criterion validity of the GR-eHEALS (aim 3),
results did not fully meet our assumptions: physical health was
not related to the GR-eHEALS, and the overall quality of life
was only related to IS. However, our results are not the first
that showed no relation between eHL and the physical health
status [35]. In addition, this result could be explained by the
fact that the study sample consisted of individuals with an
impaired physical health status due to the inclusion criteria.
Many of the study participants still experienced limitations in
their physical capacity at the time of completing the
questionnaire. Further, as shown in Multimedia Appendix 4,
quality of life and physical health were strongly interrelated.
That could explain why quality of life also did not confirm the
expected relation to IA. In summary, most individuals in the
study sample still had symptoms of the post–COVID-19
condition, which may not be affected by their eHL. It is possible
that people who currently have diseases with physical health
limitations cannot compensate for those limitations by high
levels of eHL. Nevertheless, we found significant relations
between the GR-eHEALS and mental health as well as the
internal health locus of control. A high internal health locus of
control reflects individuals’ confidence to influence their own
health, which is associated with higher mental health status [63],
better health behaviors [64], higher levels of physical activity
[65], lower perceived stress [66], and higher medication
adherence [67]. The fact that the internal health locus of control
was strongly associated with eHL implies that this competence
may play a central role when individuals are facing ambiguous
information from the internet and still experience themselves
as competent in handling that information and their health.

Regarding aim 4, the results of the measurement invariance
tests of the GR-eHEALS were partly confirmed. Measurement
invariance is important to assume that assessments measure the
same underlying constructs consistently over different groups
and populations [68]. If an assessment is not measurement
invariant, differences between groups may be due to a bias in
the assessment tool rather than true differences in the construct,
which could lead to inaccurate interpretation of study results
and potentially misleading recommendations for public health
[69]. Measurement invariance is also an important prerequisite
for the generalizability of study results [70]. This is particularly
important for public health research, since study results are used
to inform public policies and for the development of
interventions, such as for health promotion [71,72]. Our results
indicate that there are no substantial differences in the
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measurement model of the GR-eHEALS regarding gender.
However, regarding age and educational level, measurement
invariance was only partly confirmed but missed achieving
scalar invariance. These results are important as studies have
revealed that COVID-19 infection and its consequences are
determined by gender, age, and educational level [73-77]. With
the confirmation of measurement invariance of the GR-eHEALS
regarding gender, we provide a valid instrument to assess and
interpret differences in gender. With regard to age and
educational level, group differences may only be interpreted
under consideration of the partly confirmed invariance.

Summarizing, our results underpin the general construct validity,
convergent validity, and reliability of the GR-eHEALS in
individuals with the post–COVID-19 condition. The criterion
validity of the instrument could mainly be confirmed. By partly
confirming the measurement invariance, we showed that the
GR-eHEALS is a valid instrument to assess and interpret eHL
but is limited in terms of the interpretation of differences in age
and educational level.

The overall GR-eHEALS showed consistent results in terms of
convergent and criterion validity. Provided the focus is on a
general examination of eHL, the overall scale can therefore be
used appropriately. Nevertheless, depending on the research
question, the subscales offer an opportunity to consider the
competence domains of eHL in a differentiated manner.

The mean values and factor loadings of the items as well as the
interrelation of the GR-eHEALS subscales were similar of those
reported in the initial validation of the GR-eHEALS [49]. This
is an indication that the GR-eHEALS performs and can be used
similarly across different studies and in different populations.
Nevertheless, the measurement invariance of the instrument
across different populations should be investigated in future
studies before comparing the results of different study groups.
However, as the factorial structure of eHEALS is not consistent
in different languages [23,78,79], further studies are needed to
verify the validity of the instrument in the population with the
post–COVID-19 condition.

It is important to note that the GR-eHEALS is based on the
original eHEALS, which was published back in 2006 [23]. Now,
the (digital) world has changed significantly. New information
sources have emerged, and social media platforms have become
a considerable source for health information gathering [80].
This is particularly relevant because the COVID-19 pandemic
has contributed to the fact that people no longer simply obtain
health information from the Internet but increasingly use social
media (eg, Instagram, YouTube, Twitter) and follow individual
influencers to acquire health information [81]. Therefore, the
appropriateness of the use of eHEALS should be considered
critically and subject to future research. Newer instruments for
measuring eHL have appeared claiming to assess this construct
more comprehensively and adapt to new environmental
conditions [45]. Future studies should therefore establish

comparative analyses of the psychometric properties of different
instruments, especially in consideration of the social as well as
digital environments individuals are facing in the postpandemic
world. However, the study results indicate largely the validity
and reliability of the GR-eHEALS to assess eHL in people after
COVID-19 infection. As eHEALS is still the most widely used
instrument worldwide to assess eHL [44], it offers the possibility
of comparing results between different countries and
populations. eHEALS thus remains an important instrument for
the assessment of eHL.

Limitations
The study sample covers a wide range of sociodemographic
characteristics. Nevertheless, female participants were
overrepresented in the sample, and most participants were
middle aged, resulting in a small number of individuals who
were already retired. This could represent a bias as young people
interact with digital media differently than older people [82].
In addition, a high proportion of individuals with a university
degree was present in the sample. Our survey was only
accessible online, so the sample may be biased toward
individuals with higher affinity to the use of digital media.
Moreover, responses to the survey may have been biased by
participants’ technology skills. These circumstances may limit
the generalizability of our results. Exclusively self-report
instruments were used, which may have introduced a response
bias. As we also recorded via self-report whether a confirmed
COVID-19 infection and post–COVID-19 symptoms were
present, the inclusion criteria for this study were particularly
affected by this restriction. Moreover, this cross-sectional study
does not allow for the interpretation of causal relationships.
Therefore, all interrelations found only reflect relationships
without implying causal directions. The validation methods
applied were based on the assumptions of classical test theory,
and future studies should consider alternative paradigms, such
as item response theory. Further, even if already used in other
studies, the instruments used to test convergent and criterion
validity were mostly not validated instruments. This could limit
the external validity of the results.

Conclusion
The validity and reliability of the GR-eHEALS could mainly
be confirmed in a sample of individuals with the
post–COVID-19 condition. This is the first study to examine
eHL in this population, which is particularly vulnerable to
misinformation. By partly confirming the measurement
invariance of the instrument, we provided evidence that the
GR-eHEALS is an important instrument in public health
research due to its ability to be interpretable regarding
differences in gender and partly regarding age and educational
level. However, future research should also explore alternative
instruments to capture eHL and thus consider changing
behaviors of disseminating and obtaining digital health
information, for example, through social media.
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