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Most research on adults’ vulnerability to loneliness during the pandemic has been of limited quality.
This study aimed to overcome previous limitations by examining loneliness trajectories in German
adults from a population-based cohort during the pandemic using face-to-face assessment, identifying
risk factors and highlighting those particularly relevant to older adults. Analyses included two
measurement points before and two during the pandemic, combining data from the population-based
Gutenberg Health Study and COVID-19 Study (N=7001; baseline: Mage =51.72, SD,  =10.04). Growth
mixture models identified distinct loneliness trajectories. Factors associated with tﬁese trajectories
were tested by a multinomial logistic regression model including sociodemographic, individual, and
pandemic-related predictors and interactions with age. Overall, mean loneliness increased. Three
distinct classes were identified: No Loneliness (59.3%), Onset (23.3%), and Temporary Increase
(17.4%). In comparison to No Loneliness, Onset was associated with reduction in social contact
during the pandemic and Temporary Increase with sex, high school degree, pre-pandemic depression
symptoms, pandemic-related stressors and social support. No unique risk factors for older adults
were found. Interventions that strengthen one’s adaptability to (acute) stressors and promote social
resources with special attention to women may be a promising way to prevent loneliness during the
pandemic.
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The COVID-19 pandemic has impacted the lives of many people. Public health measures of “social distancing”
to slow down the spread of the virus have increased the risk of loneliness!

Even before the pandemic, loneliness has come to the fore of public health and political concerns in today’s
aging society due to its major impact on physical and mental health?>-%. Loneliness and its associations with
health and well-being have previously been investigated from different perspectives®. The cognitive discrepancy
theory, one of the most influential theoretical approaches to loneliness, defines loneliness as an unpleasant,
subjective experience arising from a discrepancy between individuals’ desired and actual social relations, either
quantitatively or qualitatively®. By conceptualizing loneliness upon a cognitive approach, the discrepancy
theory provides explanations for feelings of loneliness despite having a multitude of social relationships and
for the absence of loneliness in situations of objectively low social integration’. It offers the opportunity for a
comprehensive understanding of the complex phenomenon of loneliness and its variability. Due to the subjective
nature of loneliness, it differentiates itself from objective constructs such as social isolation that is based on the
quantity of social relationships and describes the externally visible situation®®. The theory suggested further,
that the discrepancy may be caused by changes in one’s social relations and/or changes in one’s social needs or
desires®. For instance, previous research has attested to changes in loneliness associated with major life events
such as marriage or separation!?. It could be argued that the pandemic also has brought about pervasive changes
in social relations due to restrictions on physical social interaction. Spontaneous contact at the workplace
decreased, and local, community-level interactions (e.g., with neighbours) became more critical. Also, not
just work meetings but also informal exchanges shifted to the digital sphere!l. At the same time, research
suggests changes in the subjective perception during the pandemic, e.g., the importance of social interactions'2.
Moreover, times of stress or uncertainty affected the person’s desire of affiliation'’. The pandemic represents a
unique multidimensional stressor'# and has provided a source of mental distress'>~'7, that may lead to changes
of desired social relations.

Moreover, the discrepancy theory takes into account several individual predisposing factors that further
increase one€’s vulnerability, e.g., sociodemographic characteristics's, a person’s living situation'®, their
personality®, social expectations and cultural norms*"?2,

A comprehensive recent systematic review with meta-analysis of longitudinal studies with pre-pandemic
comparisons has shown global loneliness increases since the pandemic’s start!. However, the pooled effect
was small (Standardized Mean Difference, SMD =0.27) and heterogeneous (95% confidence interval, 95%
CI=0.14-0.40), highlighting that the pandemic did not affect everyone similarly. Specifically, female sex, age
above 64 years, low education or financial resources, living alone or in urban areas, and pre-existing mental
disorders were reported as risk factors for loneliness during the pandemic®*-2°. Along these lines, older adults, a
subgroup of adults aged 65 years and older?’, have been considered as a risk group even before the pandemic?.
From 2021-2023 one in five older adults was affected by loneliness®. Older adults’ risk for loneliness might
increase during the pandemic for several reasons. Strict adherence to distancing were critical for older adults
due to their higher risk of severe disease courses if infected. Furthermore, many older adults lacked access and/
or skills to use online communication channels that could have relieved loneliness®’. However, results are still
inconsistent regarding loneliness among older adults during the pandemic. Several studies, reported increases in
mean loneliness during the pandemic®!~3, whereas others found more stable loneliness levels***.

Nevertheless, as recent studies mainly focused on mean changes, the heterogeneity among adults and
especially older adults might have been disregarded. Only a few studies have identified trajectories of loneliness,
ranging from resilience/low loneliness to increasing/high loneliness during the pandemic in non-German
adults>>*. However, the representativity of these is questionable. Many studies were limited by convenience
samples®’ or running online/switching to an online format®.

There is a paucity of data from German prospective, population-based, large-scale cohort studies with face-
to-face assessments. To devise targeted prevention and intervention efforts, it is crucial to identify those adults
most susceptible to loneliness during the pandemic with the accompanying pre-existing as well as pandemic-
related factors. Going from there, in contrast to the plethora of studies coming out showing a cross-sectional
snapshot of loneliness during the pandemic, using convenience samples or collecting data online, the present
study contributes to the recent literature by examining loneliness trajectories and its determinants based on a
German population-based, longitudinal cohort study including face-to-face assessments of four measurement
points across 2007-2021. As older adults may be a vulnerable group during the pandemic, the present study also
tests interaction effects with age. Specifically, the present study aimed to examine distinct loneliness trajectories
among German adults, to identify sociodemographic, individual, and pandemic-related factors associated with
the loneliness trajectories by examining the role of pre-existing vulnerabilities and pandemic-related resources
and stressors, and to highlight associations characteristic of older adults in an exploratory approach.

Results
Data of N=7,001 participants with a mean age of 51.72 years (SD=10.04; range=35-74 years) at T1 were
analysed. The sample included 48.9% women and 51.1% men. Table 1 reports detailed sample characteristics.

Brief summary of the key findings

During the pandemic, average levels of loneliness increased significantly. We identified three distinct loneliness
trajectories: 59.3% of participants were classified as not lonely, 23.3% of participants showed an increase in
loneliness, and 17.4% of participants reported a temporary increase in loneliness during the study period.
Participants who became lonely reported a large reduction in social contact during the pandemic, while those
who felt temporarily lonely were more likely to be female, have a high school education, have more pre-pandemic
depression symptoms, pandemic-related stressors and low social support than non-lonely participants.
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Sociodemographic factors

Sex (N, %)

Men 3575 (51.06)
Women 3426 (48.94)
Age (M, SD) 51.72 (10.04)
High school degree (N, %)

Yes 3283 (46.89)
No 3708 (52.96)
Occupational status (N, %)

Employed 5202 (74,30)
Unemployed 106 (1.51)
Retired 1295 (18.50)
Other 390 (5.57)
Equivalized income (median, IQR) 2.58 (1.60)
Partnership (N, %)

No 1686 (24.08)
Yes 5315 (75.92)
Living alone (N, %)

No 6143 (87.74)
Yes 858 (12.26)
Loneliness and social factors

Pre-pandemic loneliness (M, SD) 1.15(0.51)
Social support (M, SD) 20.25 (4.22)
Individual differences

Resilient coping (M, SD) 10.45 (3.44)
Physical health

Pre-existing physical illness (N, %)

No 2876 (41.08)
Yes 4048 (57.82)
Mental distress

Pre-pandemic depression symptoms (M, SD) 3.95(3.43)
Pre-pandemic anxiety symptoms (M, SD) 0.85 (1.10)
Pre-pandemic social phobia symptoms (M, SD) 2.29(2.02)
Pandemic-related factors (M, SD)

Resources 15.16 (4.26)
Stressors 20.28 (5.55)

Difference in social contact before- versus during-pandemic | 2.58 (3.09)

Table 1. Participant characteristics (N=7001 at baseline) (Gutenberg Health Study and Gutenberg COVID-19
Study, Germany, 2007-2021). Participant characteristics are shown as mean values and standard deviations or
as percentages and absolute numbers; reported percentages related to the total sample (N=7001); occupational
status “others” summarizes maternity leave, homemaker, in training or part-time retirement; equivalized
income is shown in units of 1,000€ and described by the median with interquartile range; Pre-existing physical
illness includes one of the following diagnoses at baseline: hypertension, diabetes, cancer, COPD, CAD,
dyslipidemia; Pre-pandemic loneliness was measured by the single item “I am frequently alone/have few
contacts”; Pre-pandemic depression symptoms were measured by the PHQ-9; Pre-pandemic anxiety symptoms
were measured by the GAD-2; Pre-pandemic social phobia symptoms were measured by the mini-SPIN;
Social support was measured by the BS-6; Resilient coping is measured by the BRCS; M =Mean, SD = Standard
deviation.

Descriptive analyses of loneliness
Mean levels of loneliness increased significantly over the four measurement points (MT1: 1.15, SD;,=0.51;
M,,=1.16,8D,,=0.52; M, = 1.52, SD,,=0.82; MT,, = 1.83, SD,;,=0.95, p<0.01).

Identification of distinct loneliness trajectories

The three-class model for loneliness was considered the best fit showing the lowest BIC (39,582.03) and
SABIC (39,528.01), the second highest entropy (0.7825253), and still a significant improvement from the two
classes model in log-likelihood (VLMR-LRT =3787.760; p <0.001). Even though the four-class model had the
highest entropy (0.7932044), the VLMR-LRT showed no significant improvement from the three-class- model
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to the four-class model (—521.735; p=1.000). Therefore, we opted for the three-class-model (for details, see
Supplementary Table 1):

- Class 1: No Loneliness (59.3% of participants): This class showed no loneliness before and during the pan-
demic.

- Class 2: Onset of Loneliness (23.3% of participants): This class showed an increase from no/slight loneliness to
higher values at the first during-pandemic measurement point (T3) with moderate overall levels at the second
during-pandemic measurement point (T4).

- Class 3: Temporary Increase in Loneliness (17.4% of participants): This class showed an increase from slight
loneliness before the pandemic (T1, T2) to moderate loneliness at the first during-pandemic measurement
point (T3) and attenuation at the second during-pandemic measurement point, achieving pre-pandemic
loneliness levels (T4).

The three classes’ levels of loneliness at all measurement points are shown in Fig. la—c.

Factors associated with latent class membership

Table 2 shows the multinomial logistic regression results exploring the factors associated with class
membership of Onset of/Temporary Increase in Loneliness compared to No Loneliness. The model comprised
sociodemographic, individual, and pandemic-related factors and these domains’ interactions with age.

No loneliness versus onset of loneliness

A larger reduction in social contact before vs. during the pandemic was associated with increased odds of Onset
of Loneliness [OR (95% CI) =1.10 (1.07-1.14), p < 0.01]. Higher levels of pre-pandemic loneliness was associated
with reduced odds of Onset of Loneliness [OR (95% CI)=0.64 (0.50-0.81), p <0.01]. No interaction effect with
age was observed.

No loneliness versus temporary increase in loneliness

Female sex [OR (95% CI)=1.48 (1.14-1.94), p <0.01], having a high school degree [OR (95% CI)=1.62 (1.24-
2.12), p<0.01], more pre-pandemic depression symptoms [OR (95% CI)=1.13 (1.08-1.19), p<0.01] and more
pandemic-related stressors [OR (95% CI)=1.11 (1.08-1.13), p<0.01] were associated with increased odds of
Temporary Increase in Loneliness. In contrast, more social support [OR (95% CI)=0.91 (0.88-0.94), p<0.01]
was associated with reduced odds of being part of the Temporary Increase in Loneliness class. There was no
interaction with age.

Discussion

The present study aimed to identify distinct loneliness trajectories among German adults and associated risk/
protective factors against the backdrop of the pandemic. Towards this aim, growth mixture models followed by
multinomial logistic regression analyses, drawing on comprehensive data on sociodemographic, individual, and
pandemic-related factors were used. In addition, we have tried to highlight predictors that are characteristic of
older adults aged 65-88 years.

Reproducing previous findings', descriptive analyses showed an increase in the mean level of loneliness since
the onset of the pandemic. Growth mixture models indicated three latent classes of loneliness trajectories. Most
participants reported no loneliness before and during the pandemic. About one in four participants reported an
onset of loneliness after the initial phase of the pandemic. The remaining just under one-fifth had a more volatile
profile, with a temporary increase in loneliness in the initial phase of the pandemic followed by a decrease.
The findings mirror previous studies analysing loneliness trajectories in adulthood during the pandemic, with
most individuals not being lonely*®*”. However, the present and previous studies also highlighted vulnerable
subgroups experiencing an onset or increase of loneliness, suggesting that about a third of adults are at risk for
detrimental trajectories.

Based on the theoretical implications of the cognitive discrepancy theory®, it could be argued that the
pandemic and accompanying measures of social distancing have led to a mismatch between desired and actual
social relations increasing the risk of loneliness. Limitations of physical social contact might have reduced social
interactions and in turn affected the extent of actual social relations. Additionally, worries about possible infection
or loss of loved ones might have act as pandemic-related stressors and increased needs of social support during
pandemic®2. The distinct loneliness trajectories of the two vulnerable subgroups may reflect different processes
or drivers of changes in social relations and needs: If loneliness arises from a discrepancy between one’s social
needs and actual social relations, either quantitatively or qualitatively, one could hypothesize that loneliness
in the initial phase of the pandemic might be primarily driven by quantitative changes in relationships in the
wake of restrictions on physical contact, as shown by the loneliness-aggravating effects of reductions in social
contacts during the pandemic in this study. Over time, individuals might have compensated these initial changes
by increased use of digital communication and social interaction channels leading to attenuation of feelings of
loneliness in later stages of the pandemic. Furthermore, one could also hypothesize a cushioning effect of newly
available pandemic-related resources (e.g., more time with family, strong public support and cooperation to
face the shared public health threat) has compensate the reduction of social interactions in individuals who
mentioned a temporary increase®®. Whereas individuals who suffered from an onset might have failed to find
ways of compensation changes in social relations over time.

Further risk/protective factors also mirrored previous patterns*»/, with an increased vulnerability conferring
by female sex, socioeconomic and social disparities. Higher burden of pre-pandemic depression symptoms and
pandemic-related stressors differentiated further between the No Loneliness and the Temporary Increase class,
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Fig. 1. (a-c) Number of lonely participants within the three latent classes for all times of measurement:
(a)=No Loneliness; (b) =Onset of Loneliness; (c) = Temporary Increases in Loneliness. The figures only show

participants with available data at all four measurement points. Ny =2,599% N =963;
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Onset of loneliness Temporary increase in loneliness

Variable Odds ratio | 95%-confidence interval | p Odds ratio | 95%-confidence interval | p
Sociodemographic factors

Age group (Ref.: <65 years) 1.07 0.97-1.18 0.16 |0.97 0.86-1.09 0.58
Sex (Ref.: Men) 0.92 0.74-1.15 0.47 | 1.48 1.14-1.94 <0.01
Sex x age group 0.93 0.60-1.43 0.74 | 1.00 0.57-1.75 0.99
High school degree (yes) 1.26 1.00-1.58 0.05 | 1.62 1.24-2.12 <0.01
High school degree (yes) x age group 0.66 0.43-1.02 0.06 | 1.00 0.56-1.81 1.00
Occupational status

Retired (yes) 0.36 0.04-3.08 0.35 | 0.47 0.08-2.69 0.39
Occupational status x age group 2.04 0.23 -17.96 0.05 | 2.26 0.36 -14.10 0.38
Equivalized income 0.99 0.94-1.05 0.78 | 1.00 0.93-1.07 0.91
Equivalized income x age group 1.03 0.92-1.14 0.62 | 0.90 0.74-1.09 0.29
Partnership (yes) 1.04 0.77-1.42 0.79 | 0.74 0.53-1.03 0.08
Partnership x age group 0.76 0.40-1.46 0.45 | 1.07 0.46-2.52 0.87
Living alone (yes) 1.24 0.81-1.91 0.32 | 1.45 0.93-2.25 0.10
Living alone x age group 0.66 0.28-1.55 0.35 | 0.61 0.21-1.72 0.35
Loneliness and social factors

Pre-pandemic loneliness 0.64 0.50-0.81 <0.01 | 0.74 0.57-0.96 0.02
Pre-pandemic loneliness x age group 1.32 0.89-1.96 0.16 | 0.87 0.54-1.41 0.58
Social support 1.01 0.97-1.04 0.71 1091 0.88-0.94 <0.01
Social support x age group 0.98 0.93-1.03 0.38 | 1.00 0.94-1.06 1.00
Individual differences

Resilient coping 1.02 0.98-1.06 0.26 | 0.96 0.92-1.00 0.08
Resilient coping x age group 0.96 0.91-1.02 0.20 | 0.97 0.90-1.05 0.52
Physical health

Pre-existing physical illnesses (yes) 0.82 0.65-1.02 0.08 | 0.80 0.61-1.05 0.11
Pre-existing physical illnesses x age group 1.85 1.16-2.95 0.01 | 1.04 0.58-1.89 0.89
Mental distress

Pre-pandemic depression symptoms 1.01 0.96-1.06 0.69 | 1.13 1.08-1.19 <0.01
Pre-pandemic depression symptoms x age group 0.96 0.88-1.05 0.41 | 0.96 0.87-1.06 0.41
Pre-pandemic anxiety symptoms 0.98 0.86-1.11 0.72 | 0.96 0.84-1.11 0.60
Pre-pandemic anxiety symptoms x age group 1.23 0.95-1.60 0.12 | 1.32 0.98-1.78 0.07
Pre-pandemic social phobia symptoms 1.04 0.97-1.04 0.20 | 0.99 0.93-1.06 0.73
Pre-pandemic social phobia symptoms x age group 0.95 0.85-1.07 0.34 | 1.09 0.95-1.25 0.22
Pandemic-related factors

Resources 1.00 0.97-1.02 0.74 1 0.96 0.93-0.99 0.02

Resources x age group 1.00 0.96-1.05 0.81 | 0.98 0.92-1.05 0.64
Stressors 1.02 0.99-1.04 0.15 | 1.11 1.08-1.13 <0.01

Stressors x age group 1.01 0.97-1.05 0.66 | 1.06 1.00-1.11 0.03

Difference in social contact before- versus during-pandemic 1.10 1.07-1.14 <0.01 | 1.03 0.99-1.07 0.17

Difference in social contact before- versus during-pandemic x age group | 0.95 0.89-1.01 0.11 | 0.94 0.86-1.02 0.16

Table 2. Multinomial logistic regression analyses for latent class membership concerning changes in loneliness
in interaction with age in the full sample (Gutenberg Health Study and Gutenberg COVID-19 Study, Germany,
2007-2021) N=2870; the reference category is the no loneliness class; equivalized income is shown in units

of 1000€ and described by the median with interquartile range; pre-existing physical illness includes one of
the following diagnoses at baseline: hypertension, diabetes, cancer, COPD, CAD, dyslipidemia; Pre-pandemic
loneliness was measured by the single-item “I am frequently alone/have few contacts”; Pre-pandemic
depression symptoms were measured by the PHQ-9; Pre-pandemic anxiety symptoms were measured by

the GAD-2; pre-pandemic social phobia symptoms were measured by the mini-SPIN; Social support was
measured by the BS-6; Resilient coping was measured by the BRCS; Pandemic-related factors (resources

and stressors) were included as the sum score; Difference in social contact before and during pandemic was
included as the continuous score; pseudo-R? values: Cox and Snell=.17 , Nagelkerke = .20, McFadden =.10.
Significant values are in bold.

Scientific Reports|  (2025) 15:17889 | https://doi.org/10.1038/s41598-025-00678-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

similar to previous findings®*. Also, comparable to earlier findings, social support was a protective factor?>3.

Higher pre-pandemic loneliness was related to a lower risk of loneliness onset during the pandemic, most likely
indicating a ceiling effect.

No interaction effects of the included predictors with age were found indicating similar factors shaping one’s
vulnerability to loneliness in old age.

A strength of the present study was the longitudinal study design with the availability of repeated
measurements from a representative, large-scale cohort study with a prospective design and unchanged, high-
quality methodology before and during the pandemic. The extensive examination at the study centre allowed
for testing a wide range of differences in sociodemographic, individual, and pandemic-related factors within
participants with a substantial age span.

The limitations of the study in terms of representativeness, measurement issues and study period need to be
taken into account when interpreting the results.

As the present findings were based on data from the German general population, it is still being determined
to what extent these can be transferred to other countries, particularly middle- and lower-income countries.
Moreover, as study participation required on-site visits, older adults who lived in, or moved to nursing homes,
respectively, and those who were house-bound were most likely underrepresented. As our sample only included
adults up to the age of 88, our findings cannot be generalised to older adults in their late 80 s and 90 s, who may
be particularly vulnerable to loneliness due to increased mobility and health, and lower levels of technological
literacy, which further limit social connectedness. While data of 7001 participants at T1 and at T3 were available,
at T2 and T4 6906 and 6518 participants provided data, respectively. This attrition may have affected our results,
as those who withdrew may be lonelier than those who participated at all four measurement points.

A unidimensional single item measured loneliness. Therefore, we cannot investigate different types of
loneliness or their separate trajectories as previous studies did, e.g., van der Velden et al.*” reported no difference
in the prevalence of ‘social and emotional loneliness, while ‘emotional loneliness’ alone had increased. Moreover,
in addition to social and emotional loneliness Landmann and Rohmann® showed that physical loneliness
(perceived lack of physical contact) constitutes a third type, especially relevant in times of social distancing
during the pandemic. The three types were found to differ in their prevalence during the pandemic and in their
associations with age and personality traits. While emotional and social loneliness remained stable, physical
loneliness increased during the contact restrictions. We concede, that the used single-item may only capture the
physical typ. By asking quite explicitly whether a person was often alone and suffered from it, the results might
also have been affected by biases such as social desirability or the perceived stigmatization of loneliness. As the
single-item is a double-barred statement by combining frequently alone and few contacts, we cannot be certain
which part of the item the participants were responding to.

In addition, the two item blocks on resources and stressors related to the pandemic were developed by
the research team specifically for the GCS. Although the research team drew on previous German studies®4!
analysing the impact of the pandemic in formulating the items, the items were not piloted or reliability tested.
We therefore have no information about their validity.

Lastly, the present study’s most recent measurement point occurred between March and June 2021 when
the pandemic was still ongoing, hindering predictions about further developments and the stability of the last-
observed loneliness levels in the distinct trajectories which would necessitate follow-ups.

Summed up, a majority of adults were not lonely. Two sizeable, distinct subgroups reported at least temporary
loneliness. Findings give new insights into the variability of its temporal dynamic. Considering the substantial
variability in loneliness, we propose that future research continues monitoring the pandemic’s medium- and
long-term impact.

Moreover, we showed that loneliness depends on many influencing factors, e.g., sociodemographic disparities,
pre-existing vulnerabilities, pandemic-related factors and social resources.

Consistent with recent research?>~*, our findings show that perceived social support plays an important
role in strengthening adaptability and resilience to (acute) stressors. Accordingly, the promotion of perceived
social support is an important component in the development of prevention and intervention programmes to
strengthen resilience in the context of loneliness as a psychosocial consequence of the pandemic. Taking into
account the protective effect of perceived social support, it is recommended, in the sense of social facilitation®’,
to offer as many (digital) contact opportunities as possible in the form of social evenings in churches or
retirement homes as well as sports or art groups in order to minimise the negative psychosocial consequences of
the pandemic. However, it should be borne in mind that simply creating opportunities for contact will not reach
all lonely people. In particular, people affected by loneliness rarely take up such offers*®. Here, a support person
can motivate people to make contact?’. Further, prevention and intervention strategies may be focused on on€’
attitudes, beliefs, and behaviour. Improving quality and perception of social support by social skills, management
of maladaptive attributional biases or symptoms of social anxiety may represent a promising approach?®°.

Nevertheless, as loneliness is a multidimensional and subjective phenomenon, it is important to remember
that there is no one-size-fits-all approach that will work for all adults. Prevention and intervention programmes
are likely to be most effective if they are adaptable to individual and societal changes. Thus, researchers, health
care systems and political decision-makers should encourage to update the knowledge about risk/protective
factors regularly, taking different domains (e.g., individual, actual situation, society) into account.

Methods

Study design and participants

Data were drawn from the ongoing, prospective Gutenberg Health Study (GHS) and its pandemic-specific add-
on study, the Gutenberg COVID-19 Study (GCS). The GHS started in 2007 in the Rhine-Main region in western
Mid-Germany™.
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Fig. 2. Visualization of the four measurement points of the present study. The Gutenberg Health study (GHS)
is a prospective, ongoing community cohort running since 2007. The Gutenberg Covid Study (GCS) is an
add-on project within the GHS starting shortly after the Covid-19 outbreak to better understand the challenges
associated with the pandemic.

The GHS sample was drawn randomly from the local registries of the city of Mainz and the district of Mainz-
Bingen, stratified 1:1 for sex and residence and in equal strata across age decades. Individuals aged 35 to 74 at
baseline were eligible to participate. Insufficient knowledge of the German language and physical or mental
inability to visit the study centre for investigation were exclusion criteria. During an extensive 5-h examination
in the study centre, performed by certified medical technical assistants following standard operating procedures,
cardiovascular risk factors and other clinical variables were assessed, complemented by a computer-assisted
personal interview, laboratory examinations from venous blood samples, blood pressure, and anthropometric
measurements. The local data safety commissioner and the ethics committee of the Medical Chamber of
Rhineland-Palatinate approved the protocol and documents of the study (reference no. 837.020.07; original
vote: March 22, 2007, latest update: December 20, 2020). All study investigations were conducted in line with
the Declaration of Helsinki and principles outlined in recommendations for Good Clinical Practice and Good
Epidemiological Practice. Written informed consent was obtained from all participants, before inclusion in the
study.

The study comprised data from four waves of measurement: The GHS baseline assessment (T1; first
measurement point; 2007-2012), the GHS five-year follow-up (T2; second measurement point; 2012-2017), the
GCS baseline assessment (T3; third measurement point; October 2020-April 2021) and the GCS four-month
follow-up (T4; fourth measurement point; March-June 2021). Figure 2 provides an overview of the study design.

Measures

Sociodemographic factors were assessed via self-report and included sex (male/female), age in years, high school
degree (yes/no), occupational status (employed, unemployed, retired, other), partnership (yes/no) and living
alone (yes/no). In line with previous research, we calculated the equivalized income per month in euros by
dividing a household’s total monthly net income by a weighted household size. The first adult was weighed by
a factor of 1.0, every additional household member > 14 year was weighed by adding a factor of 0.5, and every
child < 14 year was weighed by adding a factor of 0,3 to the weighing scale’'.

Loneliness and social factors

Loneliness was measured by a validated single item. Participants responded to the statement “I am frequently
alone/have few contacts”. Response options were 0 (“no, does not apply”), 1 (“yes, it applies, but I do not suffer
from it”), 2 (“yes, it applies, and I suffer slightly”), 3 (“yes, it applies, and I suffer moderately”), or 4 (“yes, it
applies, and I suffer strongly”). Loneliness was recoded combining 0 and 1 to indicate "no loneliness or distress",
2="slight’, 3="“moderate”, and 4="“severe loneliness” in line with previous research®2. Values>2 indicated
“loneliness”. The single-item was previously developed for the use in the GHS>. To date, it is validated and
widely used in psychological research®?-*>. Comparisons with the established German Version of the UCLA
Three-item loneliness scale, the loneliness scale-SOEP (LS-S)*°. indicated similar prevalence rates of loneliness
on both measures, supporting its validity®>. Further, its validity has been demonstrated by relations to depression
and anxiety symptoms, satisfaction with life, household size, and partnership52‘54. Overall, findings showed
that the single-item can be used for screening efforts of loneliness within large-scale surveys when situational
constraints limit the use of longer scales (e.g., limited time and financial resources)>.

Social support was determined using the Brief Social Support Scale (BS-6)°. The BS-6 consists of six
items rated on a 4-point Likert scale from 0 (“never”) to 3 (“always”), covering the availability of emotional-
informational and tangible social support, e.g., “If you needed it, how often is someone available to take you
to the doctor if you need it; to give you good advice about a crisis?”. Answers were summarized to a sum score
(0-18). Higher scores indicated higher social support. In the present sample, the BS-6 showed good internal
consistency (w=0.94).

Individual differences

The Brief Resilience Coping Scale (BRCS)*” was used to assess resilient coping by inquiring about respondents’
ability e.g., to alter difficult situations or to adjust/control their reactions. Answers are rated on a 5-point Likert
scale from 0 (“does not apply at all”) to 4 (“does apply fully”) and summarized to a sum score (0-16). Higher
scores indicated greater resilient coping. In the present sample, the BRCS showed good internal consistency
(w=0.83).
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Physical health

Pre-existing physical illnesses were operationalized as a binary variable about the absence of all and the presence
of one of the following medical diagnoses at baseline: hypertension, diabetes, cancer, chronic obstructive
pulmonary disease, coronary artery disease, or dyslipidemia, respectively.

Mental distress

The depression module of the Patient Health Questionnaire (PHQ-9)® was used to assess depression symptoms.
Participants indicated e.g., loss of interest or loss of/increased appetite on a four-point scale from 0 (“not at
all”) to 3 (“nearly every day”) concerning the last two weeks. Responses were summarized to a sum score (0-
27). Higher scores indicated higher levels of symptomatology. In the present sample, the PHQ-9 showed good
internal consistency (w=0.83).

Anxiety symptoms were measured using the Generalized Anxiety Disorder Screener (GAD-2) *°. On a four-
point scale from 0 (“not at all”) to 3 (“nearly every day”), participants rated to what extent they were affected
by the feeling of nervousness, anxiety, and the inability to stop/control their worrying over the last two weeks.
Answers were added to a sum score (0-6). Higher scores indicated higher levels of symptomatology. Results of a
large population-based study showed acceptable internal consistency (a=0.82)>.

The short form of the Social Phobia Inventory (mini-SPIN)® was used to assess social phobia symptoms,
capturing e.g., avoiding doing things/speaking to people or fear of being in the centre of attention. The five-point
Likert scale ranges from 0 (“not at all”) to 4 (“extremely”). Answers were summarized to a score (0-12). Higher
scores indicated higher levels of symptomatology. In the present sample, the mini-SPIN showed an acceptable
internal consistency (w=0.78).

Pandemic-related resources and stressors

Pandemic-related resources were rated in a block of seven single items (e.g., more time with family or higher
appreciation) on a 4-point Likert scale from 1 (“does not apply at all”) to 4 (“applies completely”). Answers were
summarized to a score (1-28). Higher scores indicated more pandemic-related resources. Pandemic-related
stressors were rated in a block of ten single items. Participants were asked if and how much they suffered from
several pandemic-related burdens (e.g., fear of infection or loss of social contacts). Response options were 0 (“does
not apply”), 1 (“not at all burdensome”), 2 (“slight”), 3 (“moderate”), 4 (“fairly”) and 5 (“extremely burdensome”).
Stressors were recoded by combining 0 and 1 to indicate 1="no burdens’, 2="slight’, 3="“moderate” and
combining 4 and 5 to indicate 4 =“severe burdens”. Answers were summarized to a sum score (1-40). Higher
scores indicating more pandemic-related stressors. The two item-blocks were developed specifically for the GCS
by the research team. In formulating the items, the research team drew on SOEP Core*! and DynaCORE®,
German studies that also analysed the impact of the pandemic on daily life and mental health.

Before and during the pandemic, social contact was captured by six single items on the kind and frequency
of face-to-face and digital social contact developed specifically for the GCS. The response options ranged from
0 (“never”) to 5 (“daily”). Answers were summarized to a score (0-30). Higher scores indicated more frequently
social contact. The difference in social contact before and during the pandemic was calculated by subtracting the
during-pandemic from the before-pandemic score.

Statistical analysis
Descriptive characteristics of the sample are reported as absolute numbers/percentages for categorical variables
and as means with standard deviations for continuous variables.

Growth mixture models were constructed to identify loneliness trajectories with linear and squared effects
for the time, parameterized as time since T1, and these estimated fixed and random effects for intercepts and
slopes. Models with one to four classes (because models with more classes no longer converged in a reasonable
time) were fitted using the four repeated measures of loneliness. Each model with two or more classes was run
multiple times with varying random start values (100 iterations) to avoid the model identifying local maxima.
The Bayesian information criterion (BIC), the sample size-adjusted Bayesian information criterion (SABIC),
the adjusted Vuong-Lo-Mendell- Rubin likelihood ratio test (VLMR-LRT), and a measure of entropy were used
to determine model fit. After identifying the model with the optimal number of classes, associations between
class membership and sociodemographic, individual, and pandemic-related factors were tested in a multinomial
logistic regression model including the predictors’ interactions with age. To identify factors that are specifically
relevant for older adults, age was dichotomised into two age groups of <65 versus =65 based on the age at T3.
The no loneliness class was the reference category in all multinomial logistic regression models. The coefficients
(logged odds) of the model were converted into interpretable odds ratios by exponential analyses. P-values were
calculated using Wald tests. A factor was considered to be of significance with a two-tailed value of p <0.01. The
goodness of fit of the multinomial logistic regression model was determined by Pseudo-R? statistics (Cox and
Snell, Nagelkerke, McFadden). All calculations were performed using the statistical program R (version 4.2.1,
packages: lemm, tidyLPA, haven, reshape2, dplyr, rlang, naniar, psych, fastdummies, nnet).

Data availability

The datasets analysed during the current study are not publicly available. The written informed consent of the
study participants is not suitable for public access of the data and this concept was not approved by the local data
protection officer and ethics committee. But access to data at the local database in accordance with the ethics
vote is offered upon reasonable request at any time. Interested researchers make their requests of the Principal
Investigator of the GHS (Philipp.Wild@unimedizin-mainz.de).
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