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Author note: Béatrice d’Hombres and Elizabeth Casabianca have reviewed the data before 24 

the submission of this Registered Report. The final decisions for data analysis, hypothesis, 25 

and inferences are all with Bastien Paris, Miguel Silan, Ivan Ropovik, and Hans IJzerman. 26 

Paris, Silan, Ropovik, and IJzerman did not have access to the full data prior to In Principle 27 

Acceptance. They received data for the exploratory fold from Casabianca, who kept the 28 

confirmatory fold until after In Principle Acceptance. 29 
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Abstract 30 

Loneliness has been associated with several detrimental effects for individuals and societies, 31 

making it a priority for monitoring across the European Union. While many loneliness 32 

measures currently exist, notable gaps exist regarding knowledge of their psychometric 33 

structure, reliability, comparability, and validity, particularly as it pertains to their suitability 34 

for EU-wide population surveys. Relying on data from the EU Loneliness Survey covering 35 

the 27 EU member states (N=25,646), we examined the factor structure, internal consistency, 36 

measurement invariance, and construct validity of the six-item De Jong Gierveld Loneliness 37 

Scale (DJGLS-6), the three-item UCLA Loneliness Scale (T-ILS), and a single-item measure 38 

of loneliness. Following a process of analyses in an exploratory fold, followed by pre-39 

registered confirmatory analyses testing the model sharpened in the exploratory fold, we 40 

found (a) the DJGLS-6 to show [poor/acceptable/very good] fit to a [one/two] factor structure 41 

for XX countries, [sufficient/insufficient] internal consistency for XX countries, 42 

[measurement invariance property described here], and [sufficient/insufficient] construct 43 

validity for XX countries, (b) the T-ILS to show [poor/acceptable/very good] fit to a one 44 

factor structure for XX countries, [sufficient/insufficient] internal consistency for XX 45 

countries, [measurement invariance property described here], and [sufficient/insufficient] 46 

construct validity for XX countries, and (c) the single-item measure of loneliness to show 47 

[sufficient/insufficient] construct validity for XX countries. Overall, the evidence suggests 48 

[based on the results described above, we will conclude on the suitability of the DJGLS-6, T-49 

ILS, and single-item measure for monitoring loneliness in the European Union]. 50 

 51 

 52 
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Question Hypothesis Sampling Plan Analysis Plan Rationale for 

deciding the 

sensitivity of the 

test for 

confirming or 

disconfirming 

the hypothesis 

  

Interpretation 

given different 

outcomes 

  

Theory that 

could be shown 

wrong by the 

outcomes 

  

Is the model fit 

sufficient for a) the 

DJGLS-6, and b) 

the T-ILS across 

the European 

Union? 

Following 

analyses on the 

exploratory fold, 

we expect the 

DJGLS-6 to 

provide a 

sufficient fit to a 

two-factor 

structure for 14 

countries, and 

the T-ILS to 

provide a 

sufficient fit for a 

one-factor 

structure for 25 

countries 

(Appendix A). 

 

We will 

partition the 

data from the 

EU Loneliness 

Survey (N = 

25,646, 

covering the 27 

EU member 

states) into 

separate 

exploratory and 

confirmatory 

folds of similar 

sizes 

(approximately 

500 participants 

per country and 

per fold). We 

will stratify the 

data to ensure 

similarities in 

terms of 

countries 

between folds.  

Elizabeth 

Casabianca, 

who is not 

involved in 

drawing 

inferences from 

the analyses, 

will supervise 

the splitting of 

the folds.  

We will assess the 

factor structure of 

the DJGLS-6 and 

T-ILS using 

confirmatory 

factor analysis on 

the factor 

structures 

identified in the 

exploratory fold, 

for each country 

separately. 

A sample size of 

n=500 per 

country and fold 

has been found 

to be the 

minimum ideal 

number of 

participants for 

factor analyses 

under various 

conditions 

(MacCallum et 

al., 1999). 

 

We applied the 

same criteria as in 

exploratory fold: 

We evaluated the 

fit as acceptable 

(sufficient) with 

Comparative Fit 

Index (CFI) 

values ≥ .90 and 

Root Mean 

Squared Error of 

Approximation 

(RMSEA) values 

≤ .08, and as very 

good with CFI 

values ≥ .95 and 

RMSEA values ≤ 

.06 (De Roover et 

al., 2022; Hu & 

Bentler, 1999). 

In case the 

conclusion 

regarding the 

adequacy of 

model fit 

converges, we 

will consider the 

analyses in the 

confirmatory fold 

a successful 

replication. 

In case the model 

fit obtained from 

confirmatory 

factor analyses 

does not reach an 

acceptable level, 

we will consider 

the measure to be 

inadequate for the 

proposed factor 

structure. 

If the model fit 

for either scale in 

a country is poor, 

it means the 

concept does not 

map onto the 

measure as 

theorized. In that 

case, we will 

make 

recommendations 

for those 

countries on how 

to develop new 

measures.  

 

 

 

How high is the 

internal 

consistency of a) 

the DJGLS-6, and 

b) the T-ILS across 

the European 

Union? 

Following 

analyses on the 

exploratory fold, 

we expect the 

DJGLS-6 to 

demonstrate 

sufficient 

internal 

consistency for 

24 countries, and 

the T-ILS to 

demonstrate 

We will 

partition the 

data from the 

EU Loneliness 

Survey (N = 

25,646, 

covering the 27 

EU member 

states) into 

separate 

exploratory and 

confirmatory 

We will assess the 

internal 

consistency of the 

DJGLS-6 and T-

ILS by computing 

McDonald’s ω. 

We will report the 

ω unidimensional 

in case of a one-

factor structure, or 

No clear 

guidelines exist 

regarding sample 

size 

requirements on 

internal 

consistency 

analyses. 

However, 

sample sizes for 

each country will 

be larger than a 

We will apply the 

same criteria as in 

exploratory fold: 

We considered ω 

values ≥ .60 as 

indicators of 

sufficient internal 

consistency for 

the DJGLS-6 and 

T-ILS. 

For both the two 

subscales of the 

DJGLS-6 and the 

T-ILS, if we find 

insufficient 

internal 

consistency for a 

given country (ω 

< .60), then we 

recommend 

against using that 

measure for that 
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sufficient 

internal 

consistency for 

the 27 countries 

(Appendix A).  

folds of similar 

sizes 

(approximately 

500 participants 

per country and 

per fold). We 

will stratify the 

data to ensure 

similarities in 

terms of 

countries 

between folds.  

Elizabeth 

Casabianca, 

who is not 

involved in 

drawing 

inferences from 

the analyses, 

will supervise 

the splitting of 

the folds. 

the ω hierarchical 

in case of a n-

factors structure. 

conservative 

threshold of 

n=400 proposed 

by Charter 

(1999). 

If estimates are 

on the same side 

of the .6 

threshold, we 

considered it a 

successful 

replication. 

In case the 

measure does not 

have sufficient 

internal 

consistency, 

items within the 

measure can’t be 

thought to all 

measure 

loneliness. 

country. In 

addition, we will 

recommend 

strategies to 

develop new 

measures.  

 

 

Are a) the DJGLS-

6, and b) the T-ILS 

invariant across 

the European 

Union? 

Following 

analyses on the 

exploratory fold, 

we expect the 

DJGLS-6 to 

demonstrate 

scalar invariance 

across 2 clusters 

of countries, and 

the T-ILS to 

demonstrate 

scalar invariance 

across the 27 

countries 

(Appendix A). 

We will 

partition the 

data from the 

EU Loneliness 

Survey (N = 

25,646, 

covering the 27 

EU member 

states) into 

separate 

exploratory and 

confirmatory 

folds of similar 

sizes 

(approximately 

500 participants 

per country and 

per fold). We 

will stratify the 

data to ensure 

similarities in 

terms of 

countries 

between folds.  

Elizabeth 

Casabianca, 

who is not 

involved in 

drawing 

inferences from 

the analyses, 

will supervise 

the splitting of 

the folds. 

We will assess the 

measurement 

invariance of the 

DJGLS-6 and T-

ILS using 

multigroup 

confirmatory 

factor analysis on 

the clusters of 

countries identified 

in the exploratory 

fold. For clusters 

of countries where 

at least metric 

invariance holds, 

we will further 

examine whether 

the given measure 

exhibits invariant 

measurement 

properties across 

levels of gender 

(female/male) and 

age (6 groups). 

Again, a sample 

size of n=500 

has been found 

to be the 

minimum ideal 

number of 

participants for 

factor analyses 

under various 

circumstances 

(MacCallum et 

al., 1999) 

We applied the 

same criteria as in 

exploratory fold. 

We established 

configural 

invariance with 

the same criteria 

as for the factor 

structure property 

(i.e., CFI values ≥ 

.90 and RMSEA 

values ≤ .08);  

We established 

metric and scalar 

invariance if the 

corresponding 

measurement 

model has ΔCFI 

value ≥ -.02 or 

ΔRMSEA value 

≤ .03 compared 

to the subordinate 

model (i.e., 

configural or 

metric, 

respectively). 

In case the same 

level of 

invariance across 

the given clusters 

of countries is 

found, we will 

consider it a 

successful 

replication. 

If a measure does 

not reach scalar 

invariance across 

countries, factor 

If scalar 

invariance is not 

achieved across 

EU countries for 

a particular 

measure, it could 

threaten the 

validity of results 

in studies 

investigating 

differences in 

loneliness 

prevalence 

between countries 

that do not 

exhibit invariance 

with that 

measure. 
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means cannot be 

meaningfully 

compared 

between these 

countries, making 

the measure 

inadequate for 

cross-country 

comparisons. 

Does the construct 

validity of a) the 

DJGLS-6, b) the 

T-ILS, and c) the 

single-item 

measure of 

loneliness across 

the European 

Union meet the 

minimum 

standards set 

forth?  

Specifically, are 

they significant in 

the expected 

direction? It is 

important to note 

that our minimum 

standard permits 

only minimal 

theoretical 

interpretation. This 

standard does not 

evaluate the 

relative effect size 

between constructs 

(e.g., social 

support versus 

depression). In 

other words, we 

will assess whether 

there is sufficient, 

though not 

necessarily 

sophisticated, 

construct validity. 

Following 

analyses on the 

exploratory fold, 

we expect the 

DJLS-6 to 

demonstrate 

sufficient 

construct validity 

for 25 countries, 

the T-ILS to 

demonstrate 

sufficient 

construct validity 

for 22 countries, 

and the single-

item to 

demonstrate 

sufficient 

construct validity 

for 19 countries 

(Appendix A). 

We will 

partition the 

data from the 

EU Loneliness 

Survey (N = 

25,646, 

covering the 27 

EU member 

states) into 

separate 

exploratory and 

confirmatory 

folds of similar 

sizes 

(approximately 

500 participants 

per country and 

per fold). We 

will stratify the 

data to ensure 

similarities in 

terms of 

countries 

between folds.  

Elizabeth 

Casabianca, 

who is not 

involved in 

drawing 

inferences from 

the analyses, 

will supervise 

the splitting of 

the folds. 

We will assess the 

three measures’ 

construct validity 

through tests of 

their nomological 

networks, by 

reporting bivariate 

latent correlation 

coefficients 

(correlations of 

factor scores) with 

various items, for 

each country 

separately. 

Our sample sizes 

will be larger 

than the 

threshold of 

n=250 at which 

correlations 

appear to 

stabilize 

(Schönbrodt & 

Perugini, 2013). 

We applied the 

same criteria as in 

exploratory fold. 

At least two-

thirds of the 

latent correlations 

obtained have to 

be significant at 

the nominal rate 

of p<0.05 per 

country for 12 

tests (p<0.004 

when corrected 

for multiple 

comparisons 

using Bonferroni 

correction), of 

magnitude | r | ≥ 

.10, and in the 

expected 

direction: positive 

latent correlation 

with the indicator 

of negative 

emotion, and 

negative latent 

correlations with 

the indicators of 

social 

connectedness, 

positive emotion, 

and health. 

We will apply 

Fisher's z-

transformation to 

the correlation 

coefficients from 

the  exploratory 

and confirmatory 

fold and will 

calculate the z-

score for their 

difference. We 

will then use a 

BIC 

approximation 

(implicitly 

assuming a unit 

information prior) 

to compute Bayes 

factors 

(Wagenmakers, 

2007) to assess to 

what degree do 

the data support 

the H0 of no 

For all measures, 

insufficient 

construct validity 

in a given country 

would question 

whether the 

measure assesses 

loneliness, and 

may lead to 

inaccurate 

assessments and 

lack of 

confidence in 

results of studies 

that employ the 

measure in that 

country.  



MEASURING LONELINESS IN THE EU 6 

 

difference 

between the 

correlations.  

We will consider 

the correlation 

coefficients to be 

successfully 

replicated if 

either both 

correlation 

coefficients are 

significant, above 

|r| ≥ .10, and in 

the same 

direction, or in 

case the BF01 (in 

favor of the null) 

is larger than 3 

(taken as an 

indication of 

equivalence of 

the correlation 

coefficients).  

In case the 

loneliness 

measure does not 

have sufficient 

construct validity, 

we will consider 

the measure to be 

inadequate for 

measuring 

loneliness. 

  55 
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Evaluating loneliness measurements across the European Union 56 

Loneliness, the negative experience caused by a discrepancy between one’s desired 57 

and achieved social relations (Perlman & Peplau, 1981), has gained massive interest in 58 

worldwide politics over the last decade. The World Health Organization (2023) has launched 59 

a commission on social connection, the US Surgeon General portrayed loneliness as a public 60 

health crisis (Scheimer & Chakrabarti, 2020), both the UK and Japan appointed a minister to 61 

address loneliness (Prime Minister’s Office of Japan, 2021; UK Government, 2018), and the 62 

European Union’s Commission instituted a research group on loneliness (European 63 

Commission, 2022). Such increased attention across countries and organizations underscores 64 

the rising importance of strengthening social ties in our societies. 65 

One crucial step in addressing loneliness in the European Union (EU) is 66 

understanding it across different countries, languages, and cultures to monitor it accurately 67 

and effectively. Accurate and effective monitoring, in turn, relies on measurement meeting 68 

various hallmarks of measurement quality both across and within different cultural settings. 69 

Many loneliness measures are available in the literature (Maes et al., 2022; Mund et al., 70 

2023), but surprising gaps exist regarding knowledge of their psychometric structure, 71 

reliability, comparability, and validity, particularly as it pertains to their suitability for EU-72 

wide population surveys. Relying on data collected in the 27 EU member states, we aimed to 73 

fill this gap by providing an examination of the psychometric properties of the three-item 74 

UCLA Loneliness Scale (T-ILS; Hughes et al., 2004), the six-item De Jong Gierveld 75 

Loneliness Scale (DJGLS-6; De Jong Gierveld & Van Tilburg, 2006), and a single-item 76 

measure of loneliness. 77 

Loneliness’ Impact on EU Citizens and its Measurement 78 

Loneliness poses substantial societal costs, with studies estimating loneliness to be 79 

associated with greater healthcare use and expenditures (Beutel et al., 2017; Gerst-Emerson 80 
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& Jayawardhana, 2015; Holt-Lunstad et al., 2017). Loneliness impacts health and longevity 81 

similar to other clinical risk factors (Holt-Lunstad et al., 2010; Pantell et al., 2013). Research 82 

suggests, for instance, that a one-point increase in loneliness is associated with a 26% 83 

increased risk of early death consistently across different demographic groups (Holt-Lunstad 84 

et al., 2015). Loneliness is associated with cardiovascular disease, hypertension (Hawkley et 85 

al., 2010; Valtorta et al., 2016), with a greater decline in activities of daily living and motor 86 

performance (Perissinotto et al., 2012; Buchman et al., 2010), and longer use of skilled 87 

nursing facility (Pomeroy et al., 2023a).  88 

These impacts on physical health translate to economic costs. In the Netherlands, for 89 

instance, loneliness is associated with an increased spending in mental healthcare costs by 90 

11.1% and general practitioner costs by 0.5% (Meisters et al., 2021). Loneliness in Spain is 91 

estimated to have a total cost of 14 billion euros per year, accounting for 1.17% of Spain’s 92 

Gross Domestic Product (GDP) as of 2021 (Observatorio Estatal de la Soledad No Deseada, 93 

2023). The costs associated with productivity losses are over 8 billion euros per year, 94 

approximately 0.67% of the country’s GDP. Loneliness in Spain also leads to a significant 95 

reduction in quality of life, equating to a loss of more than 1 million Quality Adjusted Life 96 

Years (QALYs), not associated with mortality. Moreover, premature deaths due to loneliness 97 

contribute to an annual loss of nearly 18,000 QALYs, indicating that the total loss in quality 98 

of life due to loneliness represents 2.79% of the total healthy life years of the Spanish 99 

population over 15 years of age. Loneliness thus seems to have significant costs, which may 100 

extend across the EU. However, the complexity of measuring loneliness has led to 101 

uncertainties regarding the precise relationship of loneliness and various health outcomes. 102 

For example, it is not always clear which of the factors (i.e., social isolation or 103 

loneliness) predict health outcomes just as it is unclear what is the direction of causal effects 104 

at play. Further, while loneliness is consistently correlated with worse mental and physical 105 
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health (for reviews, see Hawkley & Cacioppo, 2010; Leigh-Hunt et al., 2017; Park et al., 106 

2020) the impact of loneliness on mortality could be confounded by other factors like 107 

socioeconomic status, access to care, and health conditions (Elovainio et al., 2017; 108 

Perissinotto et al., 2012). Most studies do not include measures of social isolation and 109 

loneliness. Notable exceptions are by Valtorta et al. (2018) who find that loneliness, but not 110 

social isolation, increases the risk of heart disease and stroke, while Hakulinen et al. (2018) 111 

report both loneliness and social isolation as risk factors. The evidence on the cumulative 112 

effect of loneliness on cardiovascular disease risk is equally mixed: Hawkley et al. (2010) 113 

and Caspi et al. (2006) suggest a dose-response relationship, but Valtorta et al. (2018) does 114 

not. These differences between reports may be due to sampling differences, inaccuracies in 115 

statistical reporting, or measurement error.  116 

Perhaps part of the problem of measuring loneliness is conceptual. Loneliness on the 117 

one hand and social isolation and exclusion on the other hand, are thought to be distinct 118 

constructs (Perlman & Peplau, 1981; Pomeroy et al., 2023b; Prohaska et al., 2020). 119 

Loneliness has been defined by some researchers as subjective social isolation (Holt-Lunstad 120 

et al., 2015), by others as the negative experience caused by a discrepancy between one’s 121 

desired and achieved social relations (Perlman & Peplau, 1981; see also Fried et al., 2020), 122 

and sometimes more specifically as inadequate experience to an intimate other person, family 123 

and friends, and community life and collective identity and roles (Prohaska et al., 2020).  124 

Loneliness is most-assessed as a general construct (e.g., Russell., 1996), yet 125 

researchers have long argued for the multidimensionality of loneliness (Van Tilburg, 2021; 126 

Weiss, 1973). Researchers and practitioners alike often distinguish between social loneliness, 127 

the type of loneliness that arises when a person perceives to lack social resources, and 128 

emotional loneliness, which arises when a person perceives to lack close emotional 129 

attachments (Maes et al., 2022), while loneliness can be acute or chronic. Overall, there is a 130 
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general consensus in the field for consolidation and consensus of definitions and therefore 131 

measurement for loneliness and its related concepts (e.g., Pomeroy et al., 2023b; Prohaska et 132 

al., 2020). At the heart of all these issues is the mapping of the concept of loneliness to its 133 

measurement. To effectively design and implement targeted interventions and policies for 134 

addressing loneliness in the EU, one crucial first step is to evaluate measurement tools for 135 

population surveys.  136 

Measures of Loneliness: Focus on Population Monitoring 137 

Current-available (short or long-form) measures are likely not suitable to provide 138 

policy recommendations. First, correlations between different single-item measures of 139 

loneliness and multi-item measures can be as low as .27 (Gallup, 2022). Second, uncertainty 140 

around prevalence rates remains. For instance, within the same year (2022), prevalence rates 141 

of single-item loneliness estimated by different surveys (the Joint Research Centre [JRC] EU-142 

wide loneliness measurement [which we currently study] and the Meta-Gallup State of Social 143 

Connection study; Gallup, 2022) differ – on average – by 4.04 percentage points in 23 EU 144 

member states, with some estimates differing by as much as 8 percentage points.
1
 Finally, 145 

different researchers have vastly different inferences for the same populations in whether 146 

loneliness remains stable (Hawkley et al., 2019), decreases in prevalence (Clark et al., 2015; 147 

Trzesniewski & Donnellan, 2010), slightly increases in prevalence (Buecker et al., 2021), or 148 

increases so rapidly that it can be classified as an epidemic (Scheimer & Chakrabarti, 2020). 149 

Measurement error is potentially at the heart of such different inferences.  150 

Measures to assess loneliness in the general population range from single-item 151 

measures to multiple-item questionnaires, with various degrees of suitability for population 152 

surveys (for recent reviews of loneliness measures, see Maes et al., 2022; Mund et al., 2023), 153 

                                                
1
 Note that the JRC’s EU 27 survey was conducted online with a non-probability (quota) based sample and 16+, 

whereas the Gallup Survey was conducted with a probability sample, face-to-face or via telephone, and 15+. 

Sampling and survey mode differences could therefore maybe explain a part of the difference.  
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ranging from single-item (e.g., “How much of the time, during the past 4 weeks, have you 154 

been feeling lonely”, European Commission, 2018) to composite indexes (e.g., the UCLA 155 

loneliness scale; Russell et al., 1978). Single-item measures are cost-effective and under 156 

resource constraints, they allow for the measurement of additional latent constructs, 157 

encouraging the development and testing of causally more comprehensive, theoretically 158 

sophisticated models (Hayduk & Littvay, 2012). They are also easy to deploy for the 159 

monitoring of larger populations. However, they come with several disadvantages: The terms 160 

“loneliness” or “lonely” are explicitly stated in these measures, making them more vulnerable 161 

to social desirability bias for those respondents who perceive stigma surrounding loneliness 162 

(Barreto et al., 2022; Kerr & Stanley, 2021; Russell, 1982).  163 

Relatedly, an inherent problem remains for single-item measures to examine several 164 

important types of validity evidence. Namely, (1) it is unknowable how tight the link is 165 

between the single-item measure and the underlying latent construct of loneliness, (2) we 166 

cannot examine how well the latent factor determines the variance in the single-item measure 167 

relative to other theoretically equivalent operationalizations of the loneliness construct, (3) in 168 

substantive research applications, it is not possible to separate the true loneliness variance 169 

from the systematic error due to construct-irrelevant factors and random measurement error, 170 

and (4) it is not possible to examine whether the measurement of the underlying construct is 171 

invariant with regards to different population subgroups (or EU member states) (Chen, 2008; 172 

Greiff & Scherer, 2018; Meredith, 1993). Single-item measures are also typically associated 173 

with higher measurement error with a concomitant less precise assessment of the underlying 174 

construct (Allen et al., 2022).  175 

On the other hand, composite indexes typically provide more robust psychometric 176 

insights into the multi-dimensional nature of loneliness (e.g., for general loneliness: Russell 177 

et al., 1978; for emotional and social loneliness: DiTommaso & Spinner, 1993), across 178 
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different age groups (e.g., children, Asher et al., 1984, Marcoen et al., 1987; adolescents, 179 

Marcoen et al., 1987; adults, DiTommaso & Spinner, 1993), and different contexts (e.g., 180 

school, Twenge et al., 2021; work, Wright et al., 2006). The most-used questionnaires of 181 

loneliness include the various versions of the UCLA Loneliness Scale (Russell, 1996; Russell 182 

et al., 1978, 1980) and the De Jong Gierveld Loneliness Scale (DJGLS; De Jong Gierveld & 183 

Kamphuis, 1985). While these questionnaires are specifically designed to overcome the 184 

limitations of single-item measures, a major drawback to using them in population surveys is 185 

their length. Ultimately, the distinction between single-item and multiple-item measures 186 

comes down to a tradeoff balancing the required accuracy and precision of inferences drawn 187 

from these measures, pragmatic issues and intended use, and the associated diminishing 188 

returns of adding items. 189 

Researchers have therefore reduced lengthier scales to a three-item UCLA Loneliness 190 

Scale (T-ILS; Hughes et al., 2004), designed to assess general loneliness, and a six-item 191 

DJGLS (DJGLS-6; De Jong Gierveld & Van Tilburg, 2006), designed to assess either general 192 

loneliness or social and emotional loneliness. Recent item-content analysis on both scales 193 

suggests that the T-ILS assesses social loneliness (with the three items) and that the DJGLS-6 194 

assesses both social loneliness (with two items) and emotional loneliness (with three items), 195 

with one item identified as not measuring loneliness (Maes et al., 2022). 196 

Gaps in Our Psychometric Understanding of the DJGLS-6, the T-ILS, and single-item 197 

measures in the EU 198 

 Overall, some psychometric evidence for the factor structure and the comparability of 199 

the DJGLS-6 and the T-ILS, as well as evidence for the reliability and the construct validity 200 

of the DJGLS-6, T-ILS, and direct measures of loneliness in the EU exist, but considerable 201 

gaps remains if one were to use these measures for population monitoring.  202 



MEASURING LONELINESS IN THE EU 13 

 

Recent reviews of the available evidence of internal consistency (coherence of 203 

response patterns among items) of the DJGLS-6 (Alsubheen et al., 2023) and the T-ILS 204 

(Alsubheen et al., 2021) show that their respective factor structure has been studied unevenly 205 

across the EU. The DJGLS-6 demonstrated a two-factor model in Bulgaria, France, Germany, 206 

the Netherlands, and Spain (Caballer et al., 2022; De Jong Gierveld & Van Tilburg, 2006, 207 

2010) but no data seem available for other countries. Conversely, evidence of structural 208 

validity for the T-ILS appears to be lacking in the EU, with apparently no formal assessment 209 

of its factor structure to date. In addition, the DJGLS-6 demonstrated evidence of sufficient 210 

internal consistency in Bulgaria, France, Germany, and the Netherlands (De Jong Gierveld & 211 

Van Tilburg, 2006, 2010), but insufficient internal consistency in Spain (Caballer et al., 212 

2022), whereas evidence of sufficient internal consistency has been reported for the T-ILS in 213 

Denmark, Finland, Germany, Hungary, Norway, and Spain (Anderssen et al., 2020; Caballer 214 

et al., 2022; Jakobsen et al., 2020; Lukács et al., 2019; Mund et al., 2023; Oksanen et al., 215 

2023; Witthöft et al., 2022). However, internal consistency is typically examined through 216 

Cronbach’s α, which often yields biased estimates of internal consistency due to the 217 

assumption that each item in a scale has the same true score variance, which rarely holds 218 

(Flora, 2020; McNeish, 2018; Sijtsma, 2009). 219 

Furthermore, while measurement invariance (equivalent psychometric meaning of the 220 

measured construct across subgroups) is a prerequisite to meaningfully compare loneliness 221 

scores between groups (Chen, 2008; Greiff & Scherer, 2018; Meredith, 1993), its evidence 222 

for the DJGLS-6 and the T-ILS in the EU is still lacking (Alsubheen et al., 2021, 2023). 223 

Country differences in loneliness across Europe (e.g., De Jong Gierveld & Tesch-Römer, 224 

2012; Hansen & Slagsvold, 2016; Surkalim et al., 2022; Yang & Victor, 2011) may therefore 225 

rest on statistical artifacts if scalar invariance of the loneliness measure employed cannot be 226 

established between different regions. It is therefore unclear to what extent the DJGLS-6 and 227 
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T-ILS can be meaningfully compared across EU member states, potentially rendering 228 

prevalence comparisons between countries biased. Of course, for single-item measures, no 229 

possibilities to meaningfully model the underlying latent factor and to test measurement 230 

invariance or internal consistency exist.  231 

 Similar gaps exist for these measures’ construct validity (operationalized using the 232 

nomological network – a theoretical structure connecting observations and constructs). 233 

Scores to these measures have been associated with indicators of social connectedness, 234 

emotions, and health, but evidence has been gathered non-exhaustively across the EU. For 235 

instance, higher scores on the DJGLS-6 (indicating greater feelings of loneliness) were found 236 

among participants who lived alone (Austrian and Greek samples; Heidinger & Richter, 237 

2020; Parlapani et al., 2020), and those that were non-married (Croatian and German 238 

samples; Kristensen et al., 2019; Piccitto et al., 2022). Higher scores were also associated 239 

with poorer subjective health (Dutch and Spanish samples; De Jong Gierveld & Van Tilburg, 240 

2006; Pino et al., 2014), higher depressive symptoms (French, German, Irish, and Italian 241 

sample; Cena et al., 2023; Kristensen et al., 2019; Schnittger et al., 2012; Van den Broek & 242 

Grundy, 2018), and more frequent suicidal thoughts (Estonian sample; Stickley et al., 2018). 243 

Similarly, while the T-ILS has demonstrated evidence of construct validity in Austria, 244 

Belgium, Czech Republic, Luxembourg, and Spain (Ayuso-Mateos et al., 2023; Loran et al., 245 

2021; Mayerl et al., 2021; Meckovsky et al., 2023; Ribeiro et al., 2021), evidence from other 246 

EU member states appears to be lacking. Higher loneliness scores to the T-ILS (indicating 247 

greater feelings of loneliness) were observed more frequently among non-married individuals 248 

(Czech and Luxembourger samples; Meckovsky et al., 2023; Ribeiro et al., 2021), as well as 249 

in individuals with higher depressive symptoms (Austrian and Spanish samples; Ayuso-250 

Mateos et al., 2023; Mayerl et al., 2021), and higher psychological distress (Belgian sample; 251 

Loran et al., 2021). 252 



MEASURING LONELINESS IN THE EU 15 

 

Finally, evidence of good test-retest reliability has recently been reported for three 253 

single-item measures of loneliness (i.e., “I feel lonely”, “I feel alone”, “How often do you 254 

feel lonely”) in a German sample (Mund et al., 2023). The authors also reported the single-255 

item measures to be well-integrated into a nomological network of variables. For instance, 256 

single-item measures yielded higher loneliness scores among participants with higher 257 

depressive symptoms, smaller support network, or less satisfaction with friends and social 258 

contacts. However, these results may not generalize to other single-item measures or across 259 

the EU. In sum, a broader evaluation of a variety of measurement properties of the DJGLS-6, 260 

T-ILS, and the single-item measure of loneliness included in the present study is needed to 261 

determine their suitability for EU population surveys. 262 

Research Overview 263 

 The goal of the present study was to provide an EU-wide evaluation of the 264 

measurement properties of three loneliness measures potentially suitable for population 265 

surveys: the DJGLS-6, the T-ILS, and a single-item measure of loneliness. Our work 266 

contributes to the existing literature by providing an assessment of the factor structure, 267 

reliability, measurement invariance, and nomological network of the DJGLS-6 and T-ILS and 268 

the nomological network of a single-item measure of loneliness for all the 27 EU member 269 

states. To do so, we relied on data from the EU Loneliness Survey, an EU-wide survey 270 

conducted by the JRC in collaboration with the Directorate-General for Employment, Social 271 

Affairs & Inclusion and totaling 25,646 respondents covering the 27 EU member states.  272 

 Based on previous research, we expected the DJGLS-6 to provide an adequate fit for a 273 

two-factor model assessing emotional and social loneliness with sufficient internal 274 

consistency, and the T-ILS to provide a sufficient fit for a one-factor model assessing social 275 

loneliness with sufficient internal consistency (ω ≥ .60). We also expected the DJGLS-6, T-276 

ILS, and direct measure of loneliness to be well integrated into their nomological network, 277 
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with positive correlations between loneliness scores and indicators of negative emotions, and 278 

negative correlations between loneliness scores and indicators of social connectedness, 279 

positive emotion, and health. However, our confidence in deriving these predictions was not 280 

very strong given that the psychometric properties of the DJGLS-6, T-ILS, and single-item 281 

measures have been examined unevenly across the EU. We did not have any predictions for 282 

the outcomes of our measurement invariance analyses, given the dearth of research on the 283 

topic across the EU. This involved systematically testing at what level of invariance the data 284 

generated by the measures support. The goal was to examine whether the psychometric 285 

meaning of the measured constructs was equivalent across different cultural contexts, gender, 286 

and age. 287 

Methods 288 

Participants 289 

The respondents of the EU Loneliness survey (N = 25,646) were recruited from 290 

established online consumer panels, with approximately 1,000 completed responses per 291 

country except for Cyprus, Luxembourg and Malta (N = 503, N = 370 and N = 529, 292 

respectively). The targeted population were adults 16 years or older, who were residents in 293 

the country. We used quotas based on the population of each Member State to reflect the 294 

target population in terms of age, gender, educational attainment, and Nomenclature of 295 

Territorial Units for Statistics (NUTS) region of residence. These simple, non-interlocking 296 

quotas were mapped to population shares calculated from Eurostat's official population 297 

statistics by male/female gender, six age groups (16-25, 26-35, 36-45, 46-55, 56-65, and 298 

65+), three education groups (International Standard Classification of Education ISCED level 299 

0-2; levels 3 and 4 and levels 5-8); and 2-16 geographical regions depending on the country. 300 

Moreover, ex-post sampling weights were calculated to account for possible further 301 
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underrepresentation of the abovementioned socio-demographic groups. We present the 302 

sample sizes and descriptives on age, gender, and loneliness scores by country in Table 1.
2
 303 

Data collection 304 

Data collection occurred between November and December 2022 and was 305 

implemented by a Consortium consisting of LE Europe, Ipsos and VVA Market Research. 306 

The recruitment and sampling strategy was based on the use of panel providers with 307 

established online consumer panels in all EU 27 Member States. For this specific survey, the 308 

Consortium collaborated with the Cint online platform, a single network of panels that 309 

covered all EU 27 Member States. Following the JRC’s collection requirements, selected 310 

panelists should not have completed any survey in the last 14 days. 311 

The survey was originally drafted in English. Once the English version was finalized, 312 

professional translators forward-translated the entire survey into the national language of 313 

each member state (with the exception of Ireland and Malta, where only an English version of 314 

the survey was used). Thirty-one out of the 82 survey questions of the main questionnaire 315 

were back-translated. Back translation was reserved for more complex questions. For the 316 

remainder of the questions either existing translations (4 questions) or forward-translation 317 

were used. Instructions to translators are provided in the survey on our OSF page: 318 

https://osf.io/unfrc/.  319 

Eligible participants received invitations to fill the online survey, for an average 320 

completion time of 28 minutes. The JRC Research Ethics Board (REB) reviewed the project 321 

for the data collection. As the survey included sensitive and ‘special category’ data as defined 322 

under the General Data Protection Regulation (GDPR), such as questions on health, 323 

participants were asked to give informed consent to participate in the survey by answering 324 

positively to the question "Do you agree to answer the survey?". If participants did not agree, 325 

                                                
2
 We did not dichotomize the single-item loneliness variable as is sometimes done, as dichotomization of 

continuous variables “has only negative consequences and should be avoided” (Irwin & McClelland, 2003).  

https://osf.io/unfrc/
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they were informed that they could not continue the survey and then asked once again for 326 

their agreement. Participants then answered questions. The T-ILS and DJGLS-6 were 327 

counterbalanced in order, such that half of the respondents were randomly assigned to a 328 

version of the questionnaire where the T-ILS was shown first and the DJGLS-6 second, with 329 

a battery of unrelated questions in between, and for the other half of the sample the order of 330 

the scales was reversed. The first section of the survey included screening and profiling 331 

questions that gathered demographic information to implement the quotas. Respondents were 332 

then screened out if they were not eligible based on age (i.e. less than 16 years old) or if their 333 

quota had already been filled (i.e., the maximum number of responses for the relevant socio-334 

demographic group had already been reached). Following the screening questions, 335 

participants answered the survey. 336 

Measures 337 

Loneliness was assessed using the DJGLS-6, T-ILS, and a single-item measure. The 338 

DJGLS-6 consisted of six items (e.g., “I miss having people around”) answered with No (0), 339 

More or less (1), or Yes (2), and was used to measure social and emotional loneliness. The T-340 

ILS consisted of three items (e.g., “How often do you feel isolated from others”) answered 341 

with Hardly ever or never (1), Some of the time (2), or Often (3), and was used to measure 342 

general loneliness. Both the DGLS-6 and T-ILS were averaged into a single score. The 343 

single-item measure came from the EUSILC survey (European Commission, 2018), and 344 

asked the respondent to report on the frequency of feeling lonely over the preceding 4 weeks 345 

(i.e., “How much of the time, during the past 4 weeks, have you been feeling lonely”) on a 5-346 

point scale, ranging from None of the time to (1) to All of the time (5). For all measures, 347 

higher scores indicated higher loneliness. All the loneliness measures included in this survey 348 

are also provided in Table 2.  349 
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Several modules covering a variety of topics were administered along with the 350 

loneliness measures. These modules included –but were not limited to– social media 351 

consumption behaviors (17 items; e.g., “I use social media to get in contact with new 352 

people”), civic attitudes (3 items; e.g., “I’m willing to give to good causes without expecting 353 

anything in return”), or childhood experiences (5 items; e.g., “When growing up, have you 354 

always lived with both of your parents?”), social support (4 items, e.g., “How often is each of 355 

the following types of support available to you, if you need it: Someone to help you if you 356 

were confined to bed”).  357 

We selected three categories of measures to be part of the nomological network 358 

analyses: 1) social activities and attitudes, which consisted of a) a composite measure of 359 

perceived social support (4 items; e.g., “how often is available someone to share your most 360 

private worries and fears with”, ω = .86) and b) single-item measures of the participants’ 361 

closeness in relationship with friends (“How many of your friends would you say you have a 362 

close relationship with?”) and family (“How many of your family members would you say 363 

you have a close relationship with?”), occurrences of in-person meetings with friends (“On 364 

average, how often do you do each of the following with any of your friends? Meet up face-365 

to-face (include both arranged and chance meetings)”) and family (“On average, how often 366 

do you do each of the following with any members of your family (e.g., brothers, sisters, 367 

parents, children, in-laws or grandchildren)? Meet up face-to-face (include both arranged and 368 

chance meetings)”), frequency of virtual meetings with friends (“On average, how often do 369 

you do each of the following with any of your friends? Talk/chat via phone, internet or social 370 

media”) and family (“On average, how often do you do each of the following with any 371 

members of your family (e.g., brothers, sisters, parents, children, in-laws or grandchildren)? 372 

Talk/chat via phone, internet or social media”), occurrences of contacts with neighbors 373 

(“How often do you have any contact, even something as simple as saying "hello", with any 374 
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of your neighbours?”), and frequency of participation in social activities (“Over the last 12 375 

months, how frequently did you do each of the following activities? Participated in social 376 

activities of a club, society and/or association”), 2) one-item indicators of emotional states 377 

(depression [“Over the past week, how frequently have you felt the following way? 378 

Depressed”] and happiness [“Over the past week, how frequently have you felt the following 379 

way? Happy”]), and 3) an indicator of health (“In general, would you say your [physical and 380 

mental] health is”). The full survey and all answer options are available at our OSF page: 381 

https://osf.io/3dxsv/. 382 

General Analytic Plan  383 

We followed a cross-validation procedure to evaluate the measurement properties of 384 

the DJGLS-6, T-ILS, and single-item measure of loneliness. Elizabeth Casabianca, an author 385 

not involved at the level of data contingent choices, chose a fixed random seed number and 386 

used a dedicated R script to automatically partition the dataset into two folds—exploratory 387 

and confirmatory—of equal sample sizes
3
. Stratification was performed based on the country 388 

variable to maintain a consistent representation of countries between folds. We first 389 

conducted the analyses of the measurement properties of the loneliness instruments on the 390 

exploratory fold. Once we had analyzed the exploratory fold, we then wrote our conclusions 391 

and – based on the findings – pre-registered resulting hypotheses prior to testing them in our 392 

confirmatory fold.  393 

For the DJGLS-6, we (a) determined the optimal factor structure through exploratory 394 

factor analyses and subsequently validated it by confirmatory factor analysis, along which we 395 

evaluated the fit of the factor structures usually employed in the literature using confirmatory 396 

factor analysis, (b) assessed their internal consistency using McDonald’s ω, (c) assessed their 397 

                                                
3
 While it is generally preferable to allocate a higher proportion of data for training, we chose to split the data in 

half to ensure approximately 500 participants per country per fold. This decision aligns with research findings 

that suggest 500 is a minimum ideal number of participants for factor analyses under various circumstances 

(MacCallum et al., 1999). 

https://osf.io/3dxsv/
https://osf.io/3dxsv/
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measurement invariance properties (across countries, and within clusters of countries that 398 

were invariant, across gender and age) through a combination of multigroup confirmatory 399 

factor analyses and mixture multigroup factor analyses. For the T-ILS, we carried out the 400 

same analysis except for where the three-item structure does not allow for a formal test of the 401 

factor model. There, we assessed the internal structure by the adequacy of factor loadings 402 

only. Finally, we evaluated the construct validity of the DGLS-6, T-ILS, and single-item 403 

measure of loneliness through analyses of their nomological network. We conducted analyses 404 

using the R programming language (version 4.3.1.; R Core Team, 2022). All our scripts are 405 

available at our OSF page: https://osf.io/7u4e8/.  406 

Factor Analyses and Internal Consistency 407 

The DJGLS-6 is typically thought to consist of two factors (assessing emotional and 408 

social loneliness; De Jong Gierveld & Van Tilburg, 2006), while the T-ILS is thought to 409 

consist of one factor (assessing general loneliness; Hughes et al., 2004). However, given that 410 

factor structure is relatively unexamined in EU-wide samples, in our first fold, we conducted 411 

both exploratory (exploring the optimal factor structure for both scales) and confirmatory 412 

(testing the two predicted factors for the DJGLS-6 and one factor for the T-ILS) factor 413 

analyses to identify its optimal structure across countries, balancing theoretical parsimony 414 

with model fit.  415 

To retain the most optimal factor structure following exploratory factor analyses, we 416 

used Empirical Kaiser Criterion (Braeken & Van Assen, 2017). As a robustness check, we 417 

also report the results of parallel analysis (Horn, 1965) in the supplementary materials. 418 

Parallel analysis and Empirical Kaiser Criterion both retain a factor structure when its 419 

eigenvalue is greater than the mean eigenvalue from its random counterpart. The Empirical 420 

Kaiser Criterion tends to outperform parallel analysis when used on short scales with 421 

correlated dimensions (Braeken & Van Assen, 2017). In case these methods yielded 422 

https://osf.io/7u4e8/
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inconsistent results, we favored the factor structure identified by the Empirical Kaiser 423 

Criterion but for the sake of transparency, we also mentioned the inconsistency of results 424 

when an alternatively justifiable method is used. We subsequently conducted confirmatory 425 

factor analyses to assess the fit of the structure we retained.  426 

Following common guidelines, we evaluated the fit as acceptable with Comparative 427 

Fit Index (CFI) values ≥ .90 and Root Mean Squared Error of Approximation (RMSEA) 428 

values ≤ .08, and as very good with CFI values ≥ .95 and RMSEA values ≤ .06 (De Roover et 429 

al., 2022; Hu & Bentler, 1999). Given the large size of the sample included in the study, we 430 

expected the χ² test of model fit to consistently return significant p-values. Consequently, we 431 

did not use p-values nor RMSEA confidence intervals to make inferences when evaluating 432 

the fit of the factor structures (but still reported them for the sake of transparency and 433 

completeness). Instead, we considered the model fit to be sufficient with CFI values ≥ .90 and 434 

RMSEA values ≤ .08 (see also De Roover et al., 2022; Hu & Bentler, 1999). In parallel, we 435 

conducted confirmatory factor analyses to assess the fit of the structures typically used in the 436 

literature for both measures (i.e., two factors assessing emotional and social loneliness for the 437 

DJGLS-6; one factor assessing general loneliness for the T-ILS), using the same guidelines to 438 

evaluate model fit (i.e., acceptable with Comparative Fit Index (CFI) values ≥ .90 and Root 439 

Mean Squared Error of Approximation (RMSEA) values ≤ .08; good with CFI values ≥ .95 440 

and RMSEA values ≤ .06). If the factor structure typically used in the literature did not match 441 

the most optimal structure identified through exploratory factor analysis, we decided on a 442 

structure for the subsequent analyses. Again, our decision aimed to balance theoretical 443 

parsimony with model fit.  444 

We conducted the factor analyses using the Weighted Least Squares Mean and 445 

Variance adjusted (WLSMV) estimation method whenever possible. This choice stemmed 446 

from the unsuitability of treating the DJGLS-6 and T-ILS as continuous measures due to their 447 
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response formats (i.e., 3-point Likert type answers for both measures). Previous research has 448 

shown that treating this type of measures as continuous would challenge the assumption of 449 

multivariate normality that undermines the Maximum Likelihood (ML) estimation method 450 

commonly employed in factor analyses, making this estimation method less appropriate for 451 

measures answered with less than five response categories (Li, 2015; Rhemtulla et al., 2012; 452 

for contrasting views, see Robitzsch, 2020). All aggregate (across countries) latent models 453 

employed sampling weights to balance out unequal sampling probabilities caused by the fact 454 

that sample sizes across countries were similar (while country population sizes vary widely). 455 

For all latent variable models, we handled the missing data using listwise deletion, as only 456 

1.9% of the data for loneliness measures were missing. Here, we preferred the ability to 457 

directly model the ordinal character of the data using WLSMV over imputing the little 458 

amount of missing data by Full Information Maximum Likelihood. 459 

Finally, we assessed the internal consistency of the DJGLS-6 and T-ILS for each 460 

country separately using McDonald’s omega (ω). While the Cronbach's alpha (α) is the most 461 

popular metric for assessing internal consistency, its use is conditioned by a set of 462 

assumptions that are rarely met, leading to the reporting of biased estimates of internal 463 

consistency in most cases (Flora, 2020; McNeish, 2018; Sijtsma, 2009).  464 

To select the right metric for internal consistency of the DJGLS-6 and T-ILS, we 465 

followed guidelines reported by Flora (2020) and reported the ω for unidimensional 466 

categorical items. There are no clear guidelines as to which minimum ω value would indicate 467 

sufficient internal consistency, with some authors suggesting a minimum value ranging 468 

between .50 and .70 (Tavakol & Dennick, 2011; Watkins, 2017). As internal consistency is 469 

positively correlated to the number of items of a measure (Cortina, 1993), we took a medium 470 

ω value ≥ .60 as indicator of sufficient internal consistency given the short length of the 471 

DJGLS-6 and T-ILS. 472 
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Measurement Invariance 473 

 We conducted measurement invariance tests to assess the comparability of scores 474 

from the DJGLS-6 and T-ILS across countries in the EU (as well as across gender and age for 475 

clusters of countries that were invariant), using a combination of multigroup confirmatory 476 

factor analysis (Meredith & Teresi, 2006) and mixture multigroup factor analysis (De 477 

Roover, 2021; De Roover et al., 2017, 2022). In practice, measurement invariance tests are 478 

often conducted through multigroup confirmatory factor analysis and allow for establishing 479 

measurement invariance at three different levels, in an incremental manner. First, configural 480 

invariance is established if the factor structure of the measurement model is equivalent across 481 

groups. In case configural invariance holds, metric (weak) invariance is then established if 482 

factor loadings are equivalent across groups, after which scalar (strong) invariance is 483 

established if both factor loadings and item intercepts are equivalent across groups. 484 

Following the rejection of one level of measurement invariance, researchers usually resort to 485 

pairwise comparisons of specific groups to establish that level of measurement invariance in 486 

a smaller number of groups.  487 

One important drawback to this strategy is the number of comparisons one would 488 

have to do in case the number of groups is large: With 27 groups (i.e., one for each EU 489 

member state), the number of pairwise comparisons would amount to 351, which increases 490 

the risk of false positives and makes it hard to disentangle invariant parameters from non-491 

invariant parameters, and for which groups they apply (De Roover et al., 2022). Mixture 492 

multigroup factor analysis proposes a parsimonious solution to that problem, as it allows to 493 

unravel clusters of groups in which the measurement model is invariant across groups on both 494 

factor loadings and item intercepts (i.e., clusters of groups that are invariant at the scalar 495 

level). Only under scalar invariance is it then justified to compare prevalence rates across 496 

countries and interpret the observed differences between countries’ scale scores as the 497 



MEASURING LONELINESS IN THE EU 25 

 

difference in the level of the underlying construct. However, mixture multigroup factor 498 

analysis is still an imperfect solution to our specific case, as it models factor analyses using 499 

the Maximum Likelihood (ML) method, which – as explained above – is less appropriate on 500 

3-point Likert type measures like the DJGLS-6 and T-ILS. 501 

Our procedure for testing measurement invariance was thus as follows: We first tried 502 

to establish measurement invariance across the 27 EU member states using multigroup 503 

confirmatory factor analysis. Configural invariance was established following the same 504 

indicators as for our confirmatory factor analyses (CFI ≥ .90 and RMSEA values ≤ .08), 505 

metric invariance was established in case the model that imposed equivalent factor loadings 506 

had significant ΔCFI value ≥ -.02 or ΔRMSEA value ≤ .03 compared to the configural model, 507 

and scalar invariance was established in case the model that imposed equivalent factor 508 

loadings and item intercepts had ΔCFI value ≥ -.02 or ΔRMSEA value ≤ .03 compared to the 509 

metric model. Those cut-offs values appear to be appropriate for detecting measurement 510 

invariance across many groups (Rutkowski & Svetina, 2014).  511 

In case measurement invariance failed at any level, instead of doing pairwise 512 

comparisons to pinpoint invariant countries, we resorted to mixture multigroup factor 513 

analysis to unravel clusters of countries invariant at the scalar level. Loneliness scores would 514 

then be comparable within the given cluster of countries. Specifically, we used the 515 

MixtureMG_FA function from the mixmgfa R package (De Roover, 2021; De Roover et al., 516 

2022) to provide cluster solutions of countries with equivalent factor loadings and item 517 

intercepts. We selected the best clustering solution using a combination of (a) the Convex 518 

Hull procedure (CHull; Ceulemans & Kiers, 2006; Ceulemans & Van Mechelen, 2005), 519 

which is a generalization of the scree-test (Cattell, 1966) that provides the optimal clustering 520 

solution via a maximized scree ratio and visual detection of an elbow in the CHull plot; and 521 

(b) the Bayesian Information Criterion (BIC; Schwarz, 1978) with the number of groups G as 522 
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sample size (BIC_G) that provides the optimal clustering solution via a minimized BIC_G 523 

value.  524 

In case the two methods yielded different optimal clustering solutions, we favored the 525 

clustering solution returned by the CHull method, which does not make distributional 526 

assumptions on the data (De Roover et al., 2022). Following this, as mixture multigroup 527 

factor analysis does not support the estimation method that best fits categorical data (De 528 

Roover et al., 2022), we subsequently assessed measurement invariance on the unraveled 529 

clusters using multigroup confirmatory factor analysis again and concluded on the invariance 530 

of the measure following these analyses. 531 

For each cluster of countries, where the measures exhibited strong invariance of 532 

measurement properties, we also tested invariance across levels of gender (female/male) and 533 

age (in 6 groups: 16-25, 26-35, 36-45, 46-55, 56-65, 65+), using the same approach and 534 

criteria.  535 

Construct Validity: Nomological Network 536 

 We evaluated the construct validity of the DJGLS-6, T-ILS, and single-item measure 537 

of loneliness through analyses of their nomological network, by examining latent correlations 538 

between the loneliness measures with composite measures and items concurrently 539 

administered in the EU Loneliness Survey, for each country separately. For multiple-item 540 

measures, we have fitted a CFA model using WLSMV estimator, explicitly modeling the 541 

items as ordered, and extracted the measurement error-free for the unitary latent factor. For 542 

single-item measures, we conservatively assumed ~50% reliability (to make the measurement 543 

model identified), modeling a latent variable having a single ordered indicator by fixing the 544 

factor loading to .70. Then, we computed zero-order Pearson’s correlation coefficients to 545 

quantify the relationship between the measurement error-free factor scores of the three 546 
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loneliness measures with factor scores for indicators of social activities and attitudes, 547 

indicators of emotions, and an indicator of health. 548 

We considered the loneliness measures to show sufficient construct validity in case at 549 

least two-thirds of the latent correlations obtained were in the expected direction, significant 550 

at the .05 level adjusted with Bonferroni correction applied at the country level (with 12 551 

correlation tests per country, this corresponds to an α threshold adjusted to .004), and a | r | ≥ 552 

.10. We expected positive latent correlations between the loneliness scores and the indicator 553 

of negative emotion, and negative correlations between the loneliness scores and the 554 

indicators of social activities and attitudes, positive emotion, and health. In addition, we 555 

computed latent correlation coefficients to quantify the relationship between the three 556 

loneliness measures (i.e., the DJGLS-6, T-ILS, and single-item measure of loneliness). 557 

For the estimation of zero-order correlations of factor scores, we handled the 1.9% of 558 

missing data using pairwise deletion. 559 

Results 560 

Results from the exploratory fold 561 

 In summary, both the DJGLS-6 and T-ILS provided evidence of adequate 562 

measurement properties on factor structure, internal consistency, measurement invariance, 563 

and construct validity. More specifically, the DJGLS-6 provided a good fit for a two-factor 564 

structure for 14 countries, sufficient internal consistency (for both subscales) for 24 countries, 565 

provided evidence of measurement invariance across two different clusters of countries, and 566 

provided evidence of sufficient construct validity for 25 countries. The T-ILS showed 567 

sufficient internal consistency for all 27 countries, provided evidence of measurement 568 

invariance across the 27 EU member states, and provided evidence of sufficient construct 569 

validity for 22 countries. The one–item measure of loneliness provided evidence of sufficient 570 

construct validity for 19 countries. 571 
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Factor Analyses and Internal Consistency 572 

 Following factor analyses in our exploratory fold, we decided to retain a two-factor 573 

structure for the DJGLS-6, and a one factor structure for the T-ILS. The DJLGS-6 provided a 574 

very good fit to a two-factor structure for 8 countries, good fit for 6 countries and poor fit for 575 

13 countries, with sufficient internal consistency for 24 countries. For the T-ILS, the unitary 576 

factor explained the majority of variance (λ > .71) for all the three items in 25 countries and 577 

the scale score showed sufficient internal consistency for all countries. Table 3 presents the 578 

model fit and internal consistency values obtained across the 27 EU member states and for 579 

each member state separately, for each measure. 580 

DJGLS-6. Results of the parallel analysis and Empirical Kaiser Criterion extraction 581 

techniques suggested that a two-factor structure was the most appropriate for the DJGLS-6 582 

across the 27 EU member states. We found this two-factor model to provide a good fit to the 583 

data (χ² = 299, df = 8, p < .001, CFI = .989, RMSEA = .055, CI 90% [.050, .060]). The scale 584 

scores had a sufficient mean internal consistency (ωsocial = .82, ranging from .78 to .86; 585 

ωemotional = .73, ranging from .56 to .86). The scale showed – in accordance with our a priori 586 

set standard of ω = .60 – insufficient internal consistency in Finland, France, and Romania 587 

(emotional subscale, in all three cases).  588 

In parallel, we tested the model fit of the two-factor structure usually employed in the 589 

literature across the 27 EU member states, using confirmatory factor analysis. We also tested 590 

a unitary factor model and found the model to provide a poor fit to the data (χ² = 3023, df = 9, 591 

p < .001, CFI = .887, RMSEA = .166, CI 90% [.161, .171]) with sufficient mean internal 592 

consistency (ω = .90). The unitary factor model fitted the data significantly worse, χ²diff = 593 

1103, p < .001. We therefore chose to retain the two-factor structure. This structure thus acted 594 

as a representation of the overarching loneliness construct subjected to further measurement 595 

invariance assessment and nomological network analyses. 596 
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For the structure we retained, we report the model fit indices and internal consistency 597 

obtained across the 27 EU member states and for each country separately in Table 3. 598 

T-ILS. As the T-ILS is a three-item scale, the only possible hierarchical structure is a 599 

one-factor structure, corresponding to the factor structure employed in the literature. As this 600 

model has zero degrees of freedom and is thus just-identified, it is not possible to subject it to 601 

a formal model test. The fitted unitary model explained the variance in the three items well in 602 

25 countries, as all item loadings were above .71 (denoting >50% construct-relevant 603 

variance), ranging from .79 to .92. The scale showed sufficient internal consistency, with a 604 

mean ω = .83, with estimates ranging from .77 to .87, thus showing sufficient internal 605 

consistency for all countries. We report the factor loadings and internal consistency of the 606 

scale obtained across the 27 EU member states and for each country separately in Table 3.  607 

Measurement Invariance 608 

 We conducted multigroup confirmatory factor analyses to establish configural, metric, 609 

and scalar invariance of the DJGLS-6 and T-ILS across the 27 EU member states, in an 610 

incremental manner. As we failed to establish measurement invariance for the DJGLS-6 at 611 

the scalar level, we resorted to mixture multigroup factor analyses to unravel clusters of 612 

countries invariant at the scalar level, and subsequently performed multigroup confirmatory 613 

factor analyses on the unraveled clusters as sensitivity tests.  614 

DJGLS-6. To establish configural invariance of the DJGLS-6, we first assessed if the 615 

two-factor structure of the measure provided an acceptable fit for the 27 EU member states 616 

using multigroup confirmatory factor analysis. The two-factor structure provided a poor fit 617 

across the 27 EU member states (χ² = 910, df = 216, p < .001, CFI = .992, RMSEA = .085, 618 

CI 90% [.079, .090]), which suggests that configural invariance does not hold across the 619 

countries and which suggests that the same measurement model does not hold for all groups.  620 
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As configural invariance could not be established using multigroup confirmatory 621 

factor analysis, we resorted to mixture multigroup factor analysis to unravel clusters of 622 

countries with equivalent factor loadings and item intercepts (i.e., clusters of countries 623 

invariant at the scalar level). We computed a mixture multigroup factor analysis on the two-624 

factor structure of the DJGLS-6 across the 27 EU member states by using the MixtureMG_FA 625 

function of the mixmgfa R package (De Roover, 2021; De Roover et al., 2022). We set the 626 

function to provide cluster solutions from 1 to 6, with 5000 iterations and 50 runs, and 627 

constrained the measurement model to have equivalent factor loadings and item intercepts per 628 

cluster. Both the Convex Hull procedure and BIC_G criterion suggested a 3-clusters solution. 629 

After further inspection of the Convex Hull plot, we decided to retain a 3-clusters solution as 630 

a clear elbow could be detected on the plot around the 3-clusters solution. The clusters were 631 

the following: Cluster A (Estonia, Finland, France, Romania), Cluster B (Belgium, Bulgaria, 632 

Croatia, Cyprus, Czechia, Germany, Greece, Hungary, Ireland, Italy, Luxembourg, Malta, 633 

Portugal, Slovakia, Slovenia, Spain), and Cluster C (Austria, Denmark, Latvia, Lithuania, 634 

Netherlands, Poland, Sweden). That the countries are invariant at the scalar level within these 635 

clusters means that the mean scores on the DJGLS-6 can safely be compared within, but not 636 

across, these three clusters.  637 

As mixture multigroup factor analysis currently does not handle categorical data in 638 

the most appropriate way, we further conducted multigroup confirmatory factor analyses on 639 

the unraveled clusters. We display the results of these analyses in Table 4. The findings were 640 

consistent with the conclusions drawn from the mixture multigroup factor analysis for 641 

clusters B and C, where scalar invariance was successfully established. However, for cluster 642 

A, we failed to establish configural invariance. 643 

Within cluster C, the DJGLS-6 also showed strong (scalar) measurement invariance 644 

across levels of gender (women/men) and age (16-25, 26-35, 36-45, 46-55, 56-65, 65+), 645 
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meaning that the mean scores for men and women and across age groups within cluster C can 646 

be compared. Within cluster B, however, we failed to establish configural invariance across 647 

levels of gender and age. The detailed results are shown in the supplementary materials. 648 

T-ILS. Given that an unrestricted unitary factor model with just three indicators is 649 

just-identified, it is not possible to assess configural invariance. Therefore, to assess 650 

measurement invariance, we directly imposed equal factor loadings across countries and thus 651 

tested metric invariance as the first step. The metric model showed a good fit to the data (χ² = 652 

93, df = 52, p < .001, CFI = .999, RMSEA = .041, CI 90% [.027, .055]), suggesting that 653 

metric invariance holds across the countries and that the factor loadings and factor structure is 654 

identical across groups.  655 

To establish scalar invariance of the T-ILS, we then compared the performance of a 656 

model that imposed equal factor loadings and item intercepts across countries (i.e., a scalar 657 

model) to the performance of the metric model, using multigroup confirmatory factor 658 

analysis. The scalar model performed significantly worse than the metric model, but still well 659 

in absolute terms (χ² = 236, df, = 104, p < .001, CFI = .998, RMSEA = .053, CI 90% [.044, 660 

.062]). Differences between the models fit were smaller than the cut-off values we set for 661 

measurement invariance (ΔCFI = .001, ΔRMSEA= .012), which suggests that scalar 662 

invariance holds across the countries and that the mean scores for the T-ILS can thus be 663 

compared across groups. 664 

The T-ILS further exhibited scalar invariance across levels of genders and age. 665 

Detailed results can be found in the supplementary materials. 666 

Construct Validity 667 

     We assessed the construct validity of the DJGLS-6, T-ILS, and the single-item 668 

measure of loneliness by establishing their nomological network for each country separately. 669 

In addition, we found the three measures to be significantly correlated (and in the expected 670 
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direction) to the constructs in the nomological network. The two scales of the DJGLS-6 671 

(emotional and social loneliness) showed sufficient construct validity across 25/27 (92.59%) 672 

countries, the T-ILS scale across 22/27 (81.48%) countries, and the single-item measure of 673 

loneliness for 19/27 (70.37%) countries. We provide a heatmap (Figure 1) that summarizes 674 

all the different latent correlations obtained for each country, for the DJGLS-6, T-ILS, and 675 

single-item measure of loneliness, respectively. The corresponding tables are available in 676 

supplementary materials. 677 

 To gain a more detailed insight into the predictive validity of the three loneliness 678 

measures, we have also broken down the nomological network into three more narrow 679 

domains, namely (1) social activities and attitudes (social support, closeness in relationship 680 

with friends and family, in-person and remote meetings with friends and family, contacts 681 

with neighbors, and participation in social activities), (2) emotional states (depression and 682 

happiness), and (3) health, which was reported through a one-item self-rated health question. 683 

Using the same criteria as for the full nomological network, loneliness measures show 684 

predictive validity for the three domains in the following number of EU countries: DJGLS-6, 685 

24 countries (88.89%) for social activities and attitudes, 27 (100%) for emotional states, and 686 

25 (92.59%) for health; T-ILS, 19 countries (70.37%) for social activities and attitudes, 27 687 

(100%) for emotional states, and 27 (100%) for health; Single-item measure, 14 countries 688 

(51.85%) for social activities and attitudes, 27 (100%) for emotional states, and 26 (96.30%) 689 

for health. 690 

 Lastly, apart from the separate nomological networks for the three loneliness 691 

measures, we have also examined the convergent validity by estimating their intercorrelations 692 

(Pearson’s correlations of factor scores). The results show that the emotional subscale of the 693 

DJGLS-6, T-ILS, and the single-item measure of loneliness all correlate at between .67 and 694 

.68. The social subscale of the DJGLS-6, however, exhibited markedly smaller correlations 695 
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with the other scales ranging from .35 (with the single-item measure) to .42 (with the T-ILS). 696 

Overall and per-country latent correlation matrices for all study variables can be found in 697 

supplementary materials. 698 

Summary of the Exploratory Fold and Hypotheses for the Confirmatory Fold 699 

 In our exploratory fold, we found that overall, the factor structure for the T-ILS and 700 

for the DJGLS-6 holds and that the reliability is sufficient across countries (with the 701 

exception of Finland, France, and Romania; DJGLS-6 emotional subscale). The T-ILS 702 

demonstrated scalar invariance across all countries, which means that its scores are 703 

comparable across the EU. It also exhibited scalar invariance for gender and age. For the 704 

DJGLS-6, on the other hand, both the model and scores are not fully comparable across 705 

countries, but only within two distinct clusters of countries. A third cluster of countries was 706 

identified for the DJGLS-6, but configural invariance could not be established in it. 707 

 When examining the scales’ content validity through a surface examination 708 

nomological network, the DJGLS-6 provided sufficient construct validity in 25/27 countries, 709 

whereas the T-ILS showed sufficient construct validity for 22/27 countries. For the single-710 

item measure of loneliness, we are unable to provide information about its comparability 711 

across countries, whether it maps onto the construct through its underlying factor structure, or 712 

its internal coherence. Again, on the surface, the single-item loneliness measure shows 713 

sufficient construct validity for 19/27 countries.  714 

Building on the findings obtained from the analyses conducted on the exploratory 715 

fold, we pre-registered a new set of hypotheses, aiming to replicate and cross-validate the 716 

exploratory findings in the confirmatory fold. More specifically, we pre-registered (1) the 717 

factor structure (to assess with confirmatory factor analysis directly) and internal consistency 718 

of the DJGLS-6 two-factor structure, and the T-ILS one-factor structure, (2) the measurement 719 

invariance properties (to assess with multigroup confirmatory factor analyses directly) 720 
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obtained for the DJGLS-6, and for the T-ILS, and (3) the correlations obtained through the 721 

nomological network analyses, for the DJGLS-6, T-ILS , and for the single-item measure of 722 

loneliness. 723 

We applied the following rules for judging the replication success. (1) For model fit 724 

evaluation, we applied the same criteria as in exploratory fold. When the analysis in the 725 

confirmatory fold led to the same conclusion, we deemed that as a successful replication, 726 

either of a positive (+/+) or negative result (-/-). In case the conclusion regarding the 727 

adequacy of model fit diverged, we considered the data to be inconclusive. (2) For reliability, 728 

if the internal consistency estimates for the exploratory and confirmatory fold were on the 729 

same side of the .6 threshold, we considered it a successful replication. (3) For invariance 730 

testing, we considered the measurement properties to be invariant if at least the same level of 731 

invariance at least across the given cluster of countries was found in the confirmatory fold. 732 

(4) For nomological network, we applied Fisher's z-transformation to the correlation 733 

coefficients from exploratory and confirmatory fold and calculated the z-score for their 734 

difference. We then used a BIC approximation (implicitly assuming a unit information prior) 735 

to compute Bayes factors (Wagenmakers, 2007) to assess to what degree do the data support 736 

the H0 of no difference between the correlations. We deemed the given correlation effect 737 

successfully replicated either if both correlations were significant, above |r| ≥ .10, and in the 738 

same direction, or in case the BF01 (in favor of the null) was larger than 3 (taken as an 739 

indication of equivalence of the correlation coefficients).  740 

Factor analyses and internal consistency 741 

We replicated both the factor structure configuration and internal consistency of the 742 

DJGLS-6 and T-ILS obtained on the exploratory fold for XX countries out of XX for the 743 

DJGLS-6, and XX countries out of XX for the T-ILS. 744 
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DJGLS-6. [In line with the results of the exploratory analyses/Contrary to the results of the 745 

exploratory analyses], the DJLGS-6 provided [a poor/an acceptable/a very good] fit to a 746 

[one/two] factor structure, [with a sufficient/but, with an insufficient] level of overall internal 747 

consistency equal to ω = XX. The country-specific factor structure found in the exploratory 748 

fold was cross-validated in XX countries out of XX, with sufficient (ω > .60) internal 749 

consistency for XX countries out of XX. [Here, we also provide the detailed results of the 750 

same analyses as in the exploratory fold]. 751 

T-ILS. [Consistent with the results found in the exploratory phase/Contrary to the results 752 

found in the exploratory phase], the unitary-factor model adequately explained the variance 753 

(item loadings > .71) in [only one/only two/all three] items, yielding [a sufficient/an 754 

insufficient] level of overall internal consistency, ω = XX. The factor loadings suggested a 755 

good fit to the unitary-factor structure in XX countries out of XX, with sufficient internal 756 

consistency for XX countries out of XX. [Here, we also provide the detailed results of the 757 

same analyses as in the exploratory fold] 758 

Measurement invariance 759 

We [attained/partially attained/failed to attain] at least the same level of between-760 

country measurement invariance of the DJGLS-6 and T-ILS obtained on the exploratory fold.  761 

DJGLS-6. [In line with the results of the exploratory analyses/Contrary to the results of the 762 

exploratory analyses], the DJLGS-6 [provided/provided partial/did not provide] evidence of 763 

at least the same level of measurement invariance at least across the cluster of countries 764 

identified in the exploratory analyses [Detailed results for country, gender, and age invariance 765 

follow here]. 766 

T-ILS. [Consistent with the results found in the exploratory phase/Contrary to the results 767 

found in the exploratory phase], the T-ILS [provided/ provided partial/did not provide] 768 

evidence of equally restrictive measurement invariance at least across the cluster of countries 769 
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identified in the exploratory analyses. [Detailed results for country, gender, and age 770 

invariance follow here]. 771 

Construct Validity 772 

 At least the same level of evidence (a minimum of 2/3 nomological network 773 

correlations being significant, above |r| ≥ .10, and in the same direction) about construct 774 

validity was found in XX countries (positive evidence in XX and negative evidence in XX 775 

countries) for DJGLS-6, in XX countries (positive in XX, negative in XX countries) for the 776 

T-ILS and in XX countries (positive in XX, negative in XX countries) for the single-item 777 

measure. [Here, we will describe in detail the results of testing the nomological networks]. 778 

Discussion 779 

[Discussion will be added following the analyses] 780 

Author Contributions: Author contributions will be added upon completion of the project. 781 
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Table 1 

                 

Sample Size and Descriptive Statistics by Country             

                 

  Age Gender distribution (%) Loneliness (DJGLS-6) Loneliness (T-ILS) Loneliness (direct) 

Country N Mdn Mean SD Male  Female Other Mdn Mean SD Mdn Mean SD Mdn Mean SD 

Austria 504 46 46.38 15.25 48.41 50.99 0.40 3 3.66 3.05 2 2.02 1.79 1 1.10 1.10 

Belgium 502 47 47.53 16.47 47.21 52.39 0.20 4 4.51 3 2 2.01 2 1 1.16 1.17 

Bulgaria 501 46 45.93 14.03 45.91 52.89 0.80 4 4.21 3.06 1 1.62 1.81 1 1.04 1.12 

Croatia 505 48 47.16 14.21 48.12 51.29 0.40 4 4.63 2.85 2 2 1.69 1 1.11 1.03 

Cyprus 252 39 40.96 13.57 46.03 53.97 0 4 4.15 3.13 2 2 1.81 1 1.11 1.15 

Czechia 501 47 47.81 15.75 46.51 53.49 0 4 4.55 2.93 2 2.11 1.83 1 1.16 1.08 

Denmark 504 45 46.86 17.78 48.81 50.40 0.40 3 3.59 3.24 1 1.86 1.88 1 1.16 1.15 

Estonia 505 39 42.29 14.47 40.99 56.83 0.99 4 4.92 3.06 2 2.29 1.98 1 1.19 1.15 

Finland 504 48 46.88 15.74 47.62 50.79 1.59 4 4.22 2.91 2 2.10 1.91 1 1.05 1.07 

France 500 50 50.02 15.97 47.40 52.20 0.40 4 4.23 2.67 1 1.46 1.70 1 1.09 1.05 

Germany 553 53 51.74 15.19 50.81 49.01 0.18 4 4.06 2.95 2 2.02 1.78 1 1.11 1.15 

Greece 504 46 44.33 11.96 48.02 50.79 0.60 4 4.33 3.05 2 2.27 1.90 1 1.28 1.17 

Hungary 502 48 48.95 15.52 49.40 50.40 0 4 4.41 2.94 2 1.91 1.84 1 1.01 1.13 

Ireland 505 37 38.70 13.69 50.30 48.32 0.79 5 4.90 2.96 2 2.32 1.88 1 1.46 1.17 

Italy 500 51 50.43 16.13 51 49 0 4 4.12 2.98 1 1.84 1.89 1 1.15 1.15 

Latvia 505 44 44.37 13.82 45.54 53.27 0.59 5 5.01 2.92 2 2.04 1.81 1 1.12 1.08 

Lithuania 506 48 47.40 14.98 46.44 52.37 0.59 4 4.02 3.05 1 1.63 1.60 1 1.05 1.11 

Luxembourg 185 35 35.78 11.14 47.57 50.81 0.54 5 5.17 3.04 3 2.55 1.78 2 1.60 1.13 

Malta 265 32 33.83 10.60 35.85 63.02 0.75 4 4.71 3.10 2 2.31 1.88 1 1.36 1.12 

Netherlands 504 44 46.69 17.31 50.99 48.02 0.40 3 3.44 2.94 1 1.82 2.01 1 0.89 1.05 

Poland 501 46 45.74 14.06 47.70 52.10 0.20 3 3.86 3.27 2 1.95 1.86 1 1.30 1.13 

Portugal 502 48.50 46.50 13.61 46.81 52.59 0.40 3 3.89 2.90 1 1.76 1.74 1 1.29 1.07 

Romania 504 45 45.18 14.44 45.63 53.17 0.60 5 4.90 2.69 1 1.92 1.93 1 1.18 1.13 

Slovakia 502 45 45.95 14.70 48.61 51.39 0 5 4.60 3.10 3 2.36 1.69 1 1.15 1.05 

Slovenia 504 44 44.72 13.33 50 49.60 0 4 4.54 2.93 2 2.04 1.87 1 1.07 1.08 

Spain 505 48 46.51 13.83 43.96 55.45 0.40 4 4.17 2.79 1 1.76 1.79 1 1.13 1.04 

Sweden 504 48 49.04 18.33 49.21 50.20 0.40 3 3.72 3.23 2 2.05 1.91 1 1.20 1.14 

All countries 12829 45 46.03 15.32 47.45 51.80 0.43 4 4.29 3.02 2 1.98 1.85 1 1.15 1.11 

Note. Descriptive statistics for the exploratory fold. We report here the total number of missing for age (N = 0), gender (N = 40), 

educational attainment (N = 87), and DJGLS-6 (N = 661), T-ILS (N = 407), and single-item loneliness (N = 522) scores.  
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Table 2 

 

Loneliness Measures Included in the Survey 

 
   

Measure Subscale  General prompt Question # Question Content (Answer Options) 

T-ILS N/A 

Please indicate how often you 

feel each of the following: 

<Note:> Remember that your 

answers are anonymous and 

strictly confidential. 

1 
Feel that you lack companionship (Hardly ever or never; Some of the time; Often; Prefer not to 

say) 

T-ILS N/A  2 Feel left out (Hardly ever or never; Some of the time; Often; Prefer not to say) 

T-ILS N/A  3 Feel isolated from others (Hardly ever or never; Some of the time; Often; Prefer not to say) 

DJGLS-6 Emotional 

Please indicate for each of the 

statements, the extent to which 

they apply to your situation and 

the way you feel now.<Note:> 

Remember that your answers are 

anonymous and strictly 

confidential. 

1 I experience a general sense of emptiness (Yes, More or less, No, Prefer not to say) 

DJGLS-6 Emotional  2 I miss having people around (Yes, More or less, No, Prefer not to say) 

DJGLS-6 Emotional  3 I often feel rejected (Yes, More or less, No, Prefer not to say) 

DJGLS-6 Social 
 

4 
There are plenty of people I can rely on when I have problems (Yes, More or less, No, Prefer 

not to say) 

DJGLS-6 Social  5 There are many people I can trust completely (Yes, More or less, No, Prefer not to say) 

DJGLS-6 Social  6 There are enough people that I feel close to (Yes, More or less, No, Prefer not to say) 

One-item N/A 

 

1 

How much of the time, during the past 4 weeks, have you been feeling lonely? (All of the time, 

Most of the time, Some of the time, A little of the time, None of the time, Don’t know, Prefer not to 

say) 
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Table 3          

Factor Structure Fits and Internal Consistencies of the DJGLS-6 and T-ILS   

          

 DJGLS-6 (two-factor structure)   T-ILS (one factor structure) 

Country  χ2 CFI RMSEA ωemot ωsocial 
 λ  

Item 1 

λ  

Item 2 

λ  

Item 3 
ωtotal 

Austria 24.67 0.99 0.07 0.76 0.82 0.69 0.78 1.00 0.82 

Belgium 61.89 0.98 0.12 0.71 0.79 0.80 0.86 0.98 0.86 

Bulgaria 26.60 0.99 0.07 0.71 0.82 0.79 0.90 0.91 0.83 

Croatia 59.97 0.98 0.12 0.74 0.79 0.77 0.88 0.95 0.83 

Cyprus 15.07 1.00 0.06 0.75 0.86 0.75 0.85 0.95 0.82 

Czechia 40.59 0.99 0.09 0.74 0.82 0.81 0.92 0.92 0.85 

Denmark 43.69 0.99 0.10 0.84 0.84 0.80 0.92 0.92 0.85 

Estonia 37.62 0.99 0.09 0.67 0.79 0.87 0.90 0.92 0.87 

Finland 41.72 0.99 0.09 0.56 0.83 0.78 0.90 0.94 0.85 

France 64.04 0.97 0.12 0.56 0.80 0.88 0.86 0.94 0.85 

Germany 30.04 0.99 0.07 0.75 0.80 0.66 0.89 0.90 0.80 

Greece 18.17 1.00 0.05 0.74 0.82 0.75 0.91 0.86 0.81 

Hungary 36.63 0.99 0.09 0.68 0.80 0.84 0.89 0.96 0.86 

Ireland 20.41 0.99 0.06 0.72 0.79 0.86 0.80 0.82 0.80 

Italy 37.32 0.99 0.09 0.76 0.79 0.81 0.92 0.95 0.86 

Latvia 37.37 0.99 0.09 0.81 0.81 0.81 0.91 0.89 0.84 

Lithuania 2.96 1.00 0.00 0.82 0.84 0.81 0.80 0.85 0.77 

Luxembourg 13.83 0.99 0.07 0.70 0.79 0.83 0.84 0.71 0.77 

Malta 14.43 0.99 0.06 0.70 0.79 0.80 0.88 0.94 0.85 

Netherlands 20.23 1.00 0.06 0.76 0.79 0.80 0.91 0.96 0.86 

Poland 20.38 1.00 0.06 0.86 0.85 0.86 0.88 0.88 0.84 

Portugal 29.11 0.99 0.07 0.74 0.78 0.77 0.81 0.95 0.81 

Romania 79.90 0.98 0.14 0.56 0.84 0.75 0.92 0.90 0.83 

Slovakia 22.84 1.00 0.06 0.68 0.85 0.73 0.84 0.88 0.79 

Slovenia 37.56 1.00 0.09 0.85 0.82 0.84 0.84 0.97 0.85 

Spain 45.78 0.99 0.10 0.68 0.83 0.80 0.85 0.94 0.83 
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Sweden 27.94 0.99 0.07 0.76 0.85 0.86 0.90 0.94 0.87 

All 

countries 
683.70 0.99 0.08 0.73 0.82 0.79 0.88 0.92 0.83 

Note. We decided on the factor structure after reviewing the exploratory and confirmatory analyses. 
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 Table 4 

 

Results of the Multigroup Confirmatory Factor Analyses on the Unraveled Clusters 

 

  

            

  Configural model  Metric Model  Scalar model   

Cluster 

ID 

 χ2 

(df, p) 
CFI RMSEA 

 χ2 

(df, p) 
CFI (ΔCFI) 

RMSEA 

(ΔRMSEA) 

 χ2 

(df, p) 
CFI (ΔCFI) 

RMSEA 

(ΔRMSEA) 

Decision about 

invariance 

A 
223 

(32, <.001) 
0.98 0.11 . . . . . . No invariance 

B 
510 

(128, <.001) 
0.99 0.08 

658 

(188, <.001) 
0.99 (0) 0.08 (0) 

789 

(248, <.001) 
0.99 (0) 0.07 (.01) Scalar 

C 
177 

(56, <.001) 
1 0.07 

236  

(80, <.001) 
0.99 (.01) 0.06 (.01) 

278 

(104, <.001) 
0.99 (0) 0.06 (0) Scalar 

Note. Cluster A: Estonia, Finland, France, Romania. Cluster B: Belgium, Bulgaria, Croatia, Cyprus, Czechia, Germany, 

Greece, Hungary, Ireland, Italy, Luxembourg, Malta, Portugal, Slovakia, Slovenia, Spain. Cluster C: Austria, Denmark, 

Latvia, Lithuania, Netherlands, Poland, Sweden. 
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Figure 1. Heatmap of the correlations between loneliness measures and relevant correlates. De = DJGLS-6 emotional, Ds = 

DJGLS-6 social, T = T-ILS, S = Single-item measure, SoS = Social support, FrC = Friends closeness, FaC = Family 

closeness, FrMI = Friends meet in-person, FaMI = Family meet in-person, FrMR = Friends meet remote, FaMR = Family 

meet remote, NC = Neighbours contact, SA = Social activities, FD = Feeling depressed, FH = Feeling happy, He = Health. 
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Appendix A 

Predictions for the confirmatory fold across countries, for each loneliness measure and each measurement property, as 

derived from analyses on the exploratory fold.  

 

Note. The plus (+) sign indicates that the measurement property meets the minimum standards, as outlined by the thresholds 

in the “Interpretation given different outcomes” column of the design table. 

 DJGLS-6 (two factors)  T-ILS (one factor)  Single-

item 

 Factor 

structure 

Internal 

consistency 

Measurement 

invariance 

Construct 

validity 

Factor 

structure 

Internal 

consistency 

Measurement 

invariance 

Construct 

validity 

Construct 

validity 

Austria + + Scalar 

invariance 

across 

countries in 

cluster B 

(Belgium, 

Bulgaria, 

Croatia, 

Cyprus, 

Czechia, 

Germany, 

Greece, 

Hungary, 

Ireland, Italy, 

Luxembourg, 

Malta, 

Portugal, 

Slovakia, 

Slovenia, 

Spain); and 

cluster C 

(Austria, 

Denmark, 

Latvia, 

Lithuania, 

Netherlands, 

+ - + 

Scalar 

invariance 

across the 27 

countries. 

 

+ + 

Belgium - + + + + + + 

Bulgaria + + + + + + + 

Croatia - + + + + - + 

Cyprus + + - + + - - 

Czechia - + + + + - - 

Denmark - + + + + + + 

Estonia - + + + + + + 

Finland - - + + + + + 

France - - + + + + + 

Germany + + + - + + + 

Greece + + + + + + + 

Hungary - + + + + + + 

Ireland + + + + + + + 

Italy - + + + + + - 

Latvia - + + + + + - 

Lithuania + + + + + + + 

Luxembourg + + - + + - - 

Malta + + + + + - - 

Netherlands + + + + + + - 

Poland + + + + + + + 
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Portugal + + Poland, 

Sweden); No 

configural 

invariance 

across 

countries in 

cluster A 

(Estonia, 

Finland, 

France, 

Romania). 

+ + + + + 

Romania - - + + + + + 

Slovakia + + + + + + + 

Slovenia - + + + + + + 

Spain - + + + + + - 

Sweden 

+ + + + + + + 

 

 


