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Loneliness and diurnal cortisol 
levels during COVID‑19 lockdown: 
the roles of living situation, 
relationship status and relationship 
quality
Dora Hopf 1,2*, Ekaterina Schneider1,2, Corina Aguilar‑Raab1,2, Dirk Scheele3, Mitjan Morr4, 
Thomas Klein2, Beate Ditzen1,2,5* & Monika Eckstein1,2,5*

Loneliness and social isolation have become increasing concerns during COVID‑19 lockdown through 
neuroendocrine stress‑reactions, physical and mental health problems. We investigated living 
situation, relationship status and quality as potential moderators for trait and state loneliness and 
salivary cortisol levels (hormonal stress‑responses) in healthy adults during the first lockdown in 
Germany. N = 1242 participants (mean age = 36.32, 78% female) filled out an online questionnaire on 
demographics, trait loneliness and relationship quality. Next, N = 247 (mean age = 32.6, 70% female) 
completed ecological momentary assessment (EMA), collecting twelve saliva samples on 2 days and 
simultaneously reporting their momentary loneliness levels. Divorced/widowed showed highest trait 
loneliness, followed by singles and partnerships. The latter displayed lower momentary loneliness and 
cortisol levels compared to singles. Relationship satisfaction significantly reduced loneliness levels 
in participants with a partner and those who were living apart from their partner reported loneliness 
levels similar to singles living alone. Living alone was associated with higher loneliness levels. 
Hierarchical linear models revealed a significant cross‑level interaction between relationship status 
and momentary loneliness in predicting cortisol. The results imply that widowhood, being single, 
living alone and low relationship quality represent risk factors for loneliness and having a partner 
buffers neuroendocrine stress responses during lockdown.

The recent Corona virus (COVID-19) pandemic has been occupying mental and physical health facilities for 2 
years now. Hard lockdown regulations in almost all countries early during the pandemic (April until June 2020) 
to prevent further spreading of the virus entail increased social isolation. The steady and massive health threat 
from the virus in combination with the missing social buffering effect of everyday social encounters lead to or 
amplified psychosocial problems that could have long-term consequences for mental and physical  health1–4. 
E.g., loneliness, as the subjective and emotional component of social exclusion, is a highly topical and public 
health issue in modern societies, where social isolation and anonymity become increasingly  prevalent5,6. It has 
been previously defined as a psychological aversive state that entails a perceived lack of intimacy or social com-
panionship and the subjective feeling that social relationships are deficient in either quality or  quantity7, which 
forms the basis of recent research on the  topic8. By contrast, social isolation is defined as the objective state of 
being  alone7,9. According to the belongingness-hypothesis, loneliness is rooted in the human need to socially 
belong, or the pervasive drive to form and maintain lasting positive and significant social  relationships10. It has 
been shown that the sense of belonging in early adolescents is mainly achieved through the acceptance by peers, 
whereas in late adolescence and adulthood, it is achieved especially by romantic relationships, marital status 

OPEN

1Institute of Medical Psychology, Heidelberg University Hospital, Heidelberg, Germany. 2Ruprecht-Karls 
University Heidelberg, Heidelberg, Germany. 3Department of Social Neuroscience, Faculty of Psychology, 
Ruhr-University Bochum, Bochum, Germany. 4Section Medical Psychology, Department of Psychiatry, 
University Hospital Bonn, Bonn, Germany. 5These authors jointly supervised this work: Beate Ditzen and Monika 
Eckstein. *email: dora.hopf@med.uni-heidelberg.de; beate.ditzen@med.ui-heidelberg.de; monika.eckstein@
med.uni-heidelberg.de

http://orcid.org/0000-0002-9476-0478
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-022-19224-2&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15076  | https://doi.org/10.1038/s41598-022-19224-2

www.nature.com/scientificreports/

and close  friends11. On the other hand, lacking feelings of belonging are assumed to be associated with loneli-
ness and negative physical and mental health outcomes in a long-term10. Both loneliness and social isolation are 
significantly related to indices of physical and mental health, such as psychosocial  stress12,  depression13, general-
ized  anxiety6, cardiovascular  diseases14, chronic obstructive pulmonary  disease15, and  mortality8,9,16–19. Chronic 
loneliness may hamper the formation of new social relationships by inducing negative cognitive biases such as 
interpersonal  distrust20. Furthermore, loneliness is associated with neuroendocrine parameters, like elevated 
cortisol  levels21–23 and altered cortisol awakening  responses23,24. As one of the main effector hormones of the 
hypothalamus–pituitary–adrenal (HPA) axis, the steroid cortisol is secreted in response to external and internal 
stressors in order to re-establish  homeostasis25. Previous studies suggest that cortisol may serve as a potential 
short-term correlate of loneliness, predicting poor physical or mental health outcomes in the long-term21,22.

According to the social buffering  hypothesis26, social relationships play a beneficial role in physical and 
mental  health26–29. Among the most intense social relationships are romantic relationships, as they serve as the 
primary source of support, fulfilling needs such as intimacy, attachment, and emotional  support30. Supportive 
and affectionate interactions with the partner reduce stress, pain, and psychological distress. They even influence 
the immune system, wound healing or mortality  rates31–35. Being in a relationship has been found to be associ-
ated with lower loneliness levels, compared to never-married, divorced, and widowed  individuals36–38. Especially 
in the middle and higher age, romantic relationships become important buffers for  loneliness39. Additionally, 
romantic relationships directly affect physiological stress responses, such as cortisol secretion. Individuals who 
are in a close relationship, show lower aggregated cortisol levels than  singles40 and affectionate couple interaction 
can reduce cortisol  levels41,42. On the other hand, the loss of a partner, for example due to breakup or death, is 
considered one of the most stressful life events in adulthood, being associated with reduced mental and physical 
health  outcomes43. Divorced and widowed individuals show significantly higher loneliness scores than married 
 individuals44–46. Moreover, partner loss is accompanied by altered HPA axis functioning, resulting in elevated 
cortisol levels and flattened diurnal cortisol  slopes47.

Although being in a relationship protects against feelings of loneliness, couples can also experience higher 
levels of loneliness. As one important factor, relationship quality has been shown to be negatively associated with 
 loneliness48–53. In times of extreme social isolation, relationship quality might become an important moderator, 
especially if couples do not live together and thus are unable to see their partner and potentially have to rely on 
non-physical relationship qualities. Living alone has become increasingly prevalent, with one-person households 
accounting for more than 40% of all households in Scandinavian nations, more than 33% of all households in 
France, Germany, and England; and more than 25% of all households in the United States, Russia, Canada, Spain, 
and  Japan54. In Germany, in the young adult age of 18 to 30 years, more than 30% live without a  partner55. An 
important distinction in this context is between partnerships with and without a common household (the latter 
being called “living apart together”). In general, living alone has been seen as a risk factor for poor physical and 
mental  health54,56. For instance, the living situation predicts mortality  risk57,58 and people who are living alone 
show higher loneliness  levels59. Cross-sectional studies suggest that during the pandemic, being married served 
as a protective factor against  loneliness60, whereas being divorced or widowed increased the risk of  loneliness61. 
Furthermore, living with others has been found to protect against  loneliness62, even when controlling for rela-
tionship  status63 and loneliness during lockdown predicted psychological  distress64. However, it has not been 
investigated yet, whether relationship status and living situation during lockdown affected biological, specifically 
neuroendocrine, health parameters, such as cortisol levels. In previous studies, living alone had been positively 
correlated with cortisol  levels65. Likewise, the buffering effect of living situation and relationship status with 
regard to psychobiological outcomes during stress-exposure (i.e. the world-wide considerable psychological 
stress through COVID-19) has not been examined yet. Previous research suggests that the separation from a 
partner is linked to elevated feelings of loneliness and cortisol levels in  general66–68. In adolescents, significant 
correlations between self-reported loneliness and cortisol awakening responses during COVID-19 lockdown were 
 found69. Nonetheless, moment-to-moment associations of loneliness and cortisol have not been investigated in 
adults yet. Furthermore, it is still elusive if relationship status and living situation moderate these associations. 
Lastly, the effect of psychological variables such as relationship satisfaction, on the association between living 
arrangements and loneliness during lockdown has not yet been addressed.

Study objectives. The purpose of this study was to investigate relationship status and living situation as 
potential moderators for trait and state loneliness as well as momentary cortisol levels during the COVID-19 
pandemic and during lockdown. We aimed to replicate findings about the association between relationship 
status and trait loneliness, showing that being in a relationship is associated with lowest levels of loneliness, fol-
lowed by singlehood and divorce/widowhood (Hypothesis 1). In order to explore state loneliness and cortisol 
in every-day life, we used an ecological momentary assessment (EMA) approach. Secondly, we expected that 
the current living situation and relationship status have an impact on momentary (state) loneliness (Hypothesis 
2) and cortisol levels (Hypothesis 3). Based on previous  studies59–69, we assumed that being in a relationship 
and living with others are associated with lower loneliness and cortisol compared to being single and living 
alone. Additionally, we hypothesized a positive association between momentary (state) loneliness and momen-
tary (state) cortisol levels (Hypothesis 4) and expected the relationship status and living situation to moderate 
this association (Hypothesis 5). Specifically, we hypothesized that being in a relationship and living with others 
buffers the effects of momentary loneliness on cortisol levels. Lastly, we hypothesized that relationship quality 
moderates the association between living situation and momentary (state) loneliness levels in individuals being 
in a relationship (Hypothesis 6). More precisely, we expected that the negative effect of living apart together on 
loneliness is buffered through high relationship quality.
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Methods
Participants. This study was approved by the Heidelberg Medical Faculty’s Ethics Committee (Heidelberg 
University, approval no. S-214/2020) and performed in accordance with the Declaration of Helsinki. All par-
ticipants signed an informed consent and were recruited between April 1st and July 30th 2020 via online media 
and local newspapers. Inclusion criteria were: Fluency in German, minimum age of 18 years and willingness 
to participate voluntarily. In total, 1483 individuals agreed to participate, from which 1054 participants filled 
out the questionnaires of interest (see Fig. 1). The mean age of the participants was M = 36.32 years (SD = 14.75, 
Range = 18; 81), with 77.7% being female (n = 819). Demographic characteristics are displayed in Table 1.

Of the participants in the online survey, 472 showed interest in the EMA with the salivary sampling. Of those 
472 participants, 54% (n = 257) took part in the EMA study. After excluding individuals who did not react to our 
messages and dropouts during data collection (n = 10), the remaining 247 cases were included in the analyses. 
The participants’ mean age was M = 32.6 years (SD = 13.12, Range = 18; 78), with 70% being female (n = 173). 
Demographic characteristics of the EMA study sample are displayed in Table 2.

Measures. Loneliness. To measure trait loneliness in the online survey, we employed the German version 
of the revised 20-item University of California at Los Angeles (UCLA) loneliness  scale70,71. Within our study, the 
scale displayed high internal consistency (Cronbach’s α = .91). Participants are asked to answer, how often they 
felt a certain way during the past two weeks, on a 4-point Likert scale with higher scores indicating more loneli-
ness. Exemplary items are ‘I feel isolated from others.’ or ‘I do not feel alone.’ (negatively scored item). In order 
to assess momentary levels of loneliness in the EMA study, we used a single item measure (“Do you feel lonely at 
the moment?”) with a visual analogue scale (VAS; 0—not at all, to 100—very lonely).

Figure 1.  Flowchart of the recruitment process. Note. Participants were recruited between April 1st and July 
30th 2020 via online media and local newspapers. Inclusion criteria were: Fluency in German, minimum age of 
18 years and willingness to participate voluntarily. In total, 1483 individuals agreed to participate, from which 
1054 participants filled out the questionnaires of interest.
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Salivary cortisol. Saliva samples for determination of cortisol concentrations were collected at the same times 
as EMA. Sampling times were adapted to the individual wake-up time. Samples were taken at six time-points 
on two consecutive days: directly after awakening, 30 min, 45 min, 2½ h and 8 h after awakening and immedi-
ately before going to sleep. Participants stored the samples in their freezer until collected on dry ice and stored 
at − 80 °C until analysis. Analyses were conducted in the biochemical laboratory at Heidelberg University Hos-
pital’s Institute of Medical Psychology using commercial enzyme-linked immunosorbent assay (ELISA, Demed-
itec Diagnostics, Germany) procedures with reported detection limit of .019 ng/mL. Intra- and interassay vari-
ability for cortisol were 2.95% and 7.51% respectively. Log-transformed (ln) momentary as well as mean cortisol 
levels were used as outcome measures.

Relationship quality. Relationship quality was assessed via the short version of the Partnerschaftsfragebogen 
(PFB)72. It consists of 9 items that can be answered on a 4-point Likert scale. In our sample, the internal consist-
ency of the PFB was very good (Cronbach’s α = .85). We used the global PFB score by adding up all items. The 
total score ranges between 0 and 36.

Control variables. For both trait and state loneliness as outcome, we included age and sex as control variables 
(CVs), as they have been previously shown to influence loneliness during the  lockdown73. For momentary cor-
tisol as outcome, CVs were assessed on both the momentary level and the trait level, based on expert consensus 
 guidelines74,75. The following CVs were assessed on a momentary level: sleep duration, sleep quality, sleeping 
problems, sleep medication, forced awakening, brushing teeth, eating behaviour, drinking behaviour, medica-
tion, alcohol consumption, nicotine consumption, caffeine consumption, and physical activity (with respect to 
the last sample), assessment time-point (1 variable for the rise from time-point 1 to 2, and 1 variable for the fall 

Table 1.  Demographic characteristics of study 1 (online survey). This table depicts total and relative sample 
sizes split in different groups (gender, occupation and relationship status) of the Online-Study. Total N = 1054. 
Participants in the singles group are those who were never-married.

Categories n (%)

Gender

Female 819 (77.7)

Male 227 (21.5)

Diverse 4 (.4)

Non-responders 4 (.4)

Occupation

At school/training/college/university 368 (34.9)

Employed/civil servant 502 (47.6)

Self-employed 100 (9.5)

Unemployed 40 (3.8)

Pensioner/housewife/househusband 98 (9.3)

Relationship status

In a relationship 655 (77.7)

Single 329 (31.2)

Divorced/widowed 70 (6.6)

Table 2.  Demographic characteristics of the EMA study. This table depicts total and relative sample sizes split 
in different groups (gender, relationship status, living situation and relationship status depending on living 
situation) of the EMA study. Total N = 247. Participants in the singles group are those who were never-married.

Categories n (%)

Sex
Female 173 (70)

Male 74 (30)

Relationship status

In a relationship 171 (69.2)

Single 71 (28.7)

Missing 5 (2)

Living situation
Living alone 52 (21.5)

Living with others 194 (78.5)

Relationship status × living situation

Single—living alone 26 (10.5)

Single—living with others 45 (18.2)

In a relationship—living alone 26 (10.5)

In a relationship—living with others 70 (28.3)

In a relationship—living with partner 75 (30.4)

Missing 5 (2)
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from time-point 2 to 6), and day (1 vs. 2). Trait level control variables were age, sex, and body mass index (BMI). 
As the momentary level CVs were of a high number and we wanted to reach a somewhat parsimonious model, 
we first determined, which of the theoretically included CVs had an impact on cortisol at all. We thus run an 
initial hierarchical linear regression with momentary cortisol levels as outcome and all CVs as predictors. The 
variables that had no significant association with cortisol levels (p > .05) were excluded from our final analyses. 
Significant CVs for cortisol as outcome were: eating, drinking, alcohol consumption, caffeine and physical activ-
ity (yes/no). As the results of the more parsimonious model and the full model were identical, we decided to 
report on the parsimonious model for easier interpretation. However, both models are included in Appendix B.

Procedure. The study was part of a large-scale longitudinal study that aims to investigate long-term conse-
quences of COVID-19 lockdown on psychobiological health. Results within this paper entail data from time-
point 1 (first lockdown in Germany). The online survey as well as the EMA were both conducted with the 
platform soscisurvey.de and participation was completely anonymous. After completing the online survey, par-
ticipants were asked whether they wanted to take part in the EMA. Those who were interested, were contacted 
via email. The responders received  Salicap® tubes for saliva collection with additional informational documents 
via mail and specific instructions via phone. The assessment of the saliva samples took place between April 9th 
and June 3rd 2020. On two consecutive days, the participants received the respective link via SMS to a short 
online survey including instructions for saliva sampling six times per day. Participants were asked to refrain 
from food or caffeine before they provided three saliva samples which were stored in the freezer. Then, they were 
asked to answer further questions about their sleeping behaviour, consumption behaviour, and physical activity. 
Commitment was constantly monitored online: if the participants have not yet accessed the link 5 min after it 
was sent, they were reminded by phone to do so. After completion of the two sampling days, data were stored on 
an institute-internal data server and saliva samples remained in the participants’ home freezer until collection.

Data processing and statistical analyses. Hypotheses 1–3 focused on between-person effects and only 
included level 2 predictors (relationship status and living situation). Thus, these hypotheses were tested with 
analyses of covariance (ANCOVA). For hypothesis 1, family status (married/in a romantic relationship vs. single 
vs. divorced/widowed) served as independent variable (IV) and UCLA loneliness scores as dependent variable 
(DV). Post-hoc contrasts coding was conducted in order to analyse the linear trend of the means. For hypotheses 
2 and 3, relationship status (single vs. in a relationship) and living situation (alone vs. with others) served as IVs. 
In this step we were interested in overall loneliness and cortisol in every-day life, thus the aggregated momentary 
loneliness and cortisol levels were used as DVs. As the distribution of the cortisol data was positively skewed, we 
natural-log-transformed the data in order to normalize their distribution. In case the assumptions of conducting 
an ANCOVA were violated, we used bootstrapping estimates (n = 1000) in order to achieve more robust  results76. 
To test pairwise differences in momentary loneliness scores between the living situation and relationship status 
groups (in case the main effects were significant), we calculated Tukey Honestly Significant Differences (HSD) 
with Bonferroni-corrected p values adjusted for multiple comparisons. We further calculated partial η2 in order 
to receive the effect sizes, with η2 ≥ .01 indicating a small, η2 ≥ .06 a medium, and η2 ≥ .14 a large effect.

As hypotheses 4 and 5 included a cross-level interaction, we conducted multilevel modelling (MLM) regres-
sion analyses, which enabled us to assess the within- and between-person effects of momentary loneliness on 
momentary cortisol levels. By using MLM we were able to represent the hierarchical structure of the data, which 
was necessary in order to depict the multilevel-predictors. The individual levels of loneliness were centred on the 
person’s mean in order to test the within-person effect on cortisol levels. In order to assess the between-person 
effects, we centred the individuals’ mean loneliness levels on the grand mean. For hypothesis 5, relationship status 
(single vs. in a relationship) and living situation (living alone vs. living with others) were included as dichotomous 
moderators in order to assess their interaction with level 1 loneliness scores (the exact formulas for hypotheses 
4 and 5 are displayed in Appendix A in the supplement). For hypothesis 6, we conducted an ANCOVA with the 
sub-dataset of participants in a relationship, using living situation (alone vs. not alone), grand-mean-centred rela-
tionship quality (PFB) and their interaction as predictors, as well as age and sex as covariates. ANCOVA analyses 
were conducted with SPSS Statistics Version 27 ©, whereas MLM analysis were conducted via R Version 4.0.3.

Results
In the following, we will report results from all hypotheses separately. Descriptive statistics of the outcomes of 
interest are shown in Tables 3 and 4, respectively.

Trait loneliness depending on family status (Hypothesis 1). On average, participants had a loneli-
ness score of M = 38.95 (SD = 10.89; Range = 20–77). There was a significant effect of family status on trait lone-
liness after controlling for sex and age (F(1, 1035) = 26.67, p < .001, η2 = .049). Sex was significantly related to 
self-reported loneliness, with women showing higher loneliness scores than men (F(1, 1035) = 6.39, p = .012, 
η2 = .006). The subsequently planned contrasts revealed a significant linear trend (F(2, 1035) = 26.67, p < .001, 
η2 = .049), indicating that married people/people in a relationship displayed the lowest loneliness scores, fol-
lowed by singles and divorced/widowed individuals.

Association of relationship status and living situation with loneliness in every‑day life (Hypoth‑
esis 2). Participants in the EMA study reported an overall loneliness of M = 27.36 with highly varying scores 
(SD = 20.94).

Results indicate significant associations of both living situation (F(1, 234) = 12.93, p < .001, partial η2 = .05) and 
relationship status (F(1, 234) = 8.57, p = .004, η2 = .04) with mean loneliness levels. People living alone reported 
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significantly higher loneliness than people living with others. Also, individuals who were in a relationship 
reported significantly lower loneliness levels than singles. A third ANCOVA yielded a significant interaction 
between living situation and relationship status on mean loneliness (F(1, 233) = 7.27, p < .001; η2 = .11). Post-
hoc Tukey’s HSD test indicated significant differences for the following pairwise comparisons (see Fig. 2): in a 
relationship living alone versus in a relationship living with partner (p = .016), single living with others versus 
in a relationship living with partner (p = .028), single living alone versus in a relationship living with partner 
(p = .001), in a relationship living alone versus in a relationship living with others (p = .056), and single living 
alone versus in a relationship living with others (p = .005).

Association of relationship status and living situation with cortisol in every‑day life (Hypoth‑
esis 3). Descriptive statistics of the variables of interest are displayed in Table 5. Mean cortisol levels in the 
entire EMA-sample were M = 8.6 ng/mL (SD = 2.22). Results show a significant effect of relationship status on 
mean cortisol levels (F(1, 219) = 4.58, p = .034, partial η2 = .02), with singles having significantly higher mean 
cortisol levels than individuals with a partner. Living situation did not have a significant effect on mean cortisol 
levels (F(1, 219) = .04, p = .840). Furthermore, BMI had a significant effect on cortisol, with higher BMI levels 
predicting higher cortisol levels (F(1, 219) = 15.16, p < .001).

Association of momentary loneliness, relationship status, and living situation with cortisol 
levels (Hypotheses 4 and 5). The Intraclass Correlation Coefficient (ICC) within the empty MLM was 
.007, indicating that .7% of the variance in cortisol levels was accounted by between-person differences and 
99.3% by within-person differences. As 22 cases had missing values on level 2 variables, a total of 225 cases and 
1722 data points were included in the analyses. The random intercept and slopes model (with level 1-loneli-
ness set as random predictor) showed a better fit to the data compared to the random intercepts-only model, 
(χ2(2) = 7.52, p = .020), therefore we report results from this model. There was a non-significant within-person 
effect of self-reported loneliness on cortisol levels (b = .002, t(1487) = 1.34, p = .179). Importantly, we observed a 
significant interaction between relationship status and momentary loneliness levels (b = − .004, t(1487) = − 2.88, 

Table 3.  Means and standard deviations of the UCLA loneliness scale (online survey). This table depicts 
means (M) and standard deviations (SD) of trait loneliness, measured by the UCLA loneliness scale, in the 
different subgroups of the online-study.

Groups

Trait 
loneliness 
(UCLA 
loneliness 
scale)

M SD

Family status

Married/in a relationship 37.2 9.75

Single 41.09 11.91

Divorced/widowed 45.42 12.03

Sex

Male 37.18 10.15

Female 39.33 10.95

Table 4.  Means and standard deviations of momentary loneliness levels (EMA study). This table depicts 
means (M) and standard deviations (SD) of momentary (state) loneliness, measured by a single-item measure 
with a VAS scale (0–100), in the different subgroups of the EMA study.

Groups

State 
loneliness 
(VAS)

M SD

Living situation

Living alone 37.55 23.44

Living with others 24.63 19.42

Relationship status × living situation

Single—living alone 39.29 25.6

Single—living with others 32.32 23.28

In a relationship—living alone 35.74 21.35

In a relationship—living with others 23.09 18.99

In a relationship—living with partner 21.42 15.99



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15076  | https://doi.org/10.1038/s41598-022-19224-2

www.nature.com/scientificreports/

p = .004). Therefore, the association between a person’s momentary loneliness levels and momentary cortisol 
levels was smaller for participants who were in a relationship than for those who were single. Pseudo  R2 for 
this interaction was .1315, showing that the amount of unexplained variance in cortisol levels was reduced by 
13.15%. The interaction between living situation and momentary loneliness levels was not significant (b = .002, 
t(1487) = .96, p = .361). Results of the reduced model (with significant CVs only) and the full model (with all 
CVs) are shown in supplementary Tables 1–4 in Appendix B in the supplements.

Relationship satisfaction as moderator of the associations between living arrangements and 
loneliness (Hypothesis 6). In the subsample of participants who were in a relationship, participants dis-
played self-reported mean relationship quality of M = 20.22 (SD = 4.87; Range = 6–27). ANCOVA revealed a sig-
nificant association between relationship quality and self-reported mean state loneliness levels (F(1, 149) = 5.02, 
p = .03, η2 = .03)). Furthermore, participants who were living alone, showed significantly higher state loneliness 
levels compared to participants who were living with others (F(1, 149) = 9.77, p = .002, η2 = .06). However, the 
interaction between relationship quality and living situation was not significant (F(1, 149) = 1.97, p = .16, η2 = .01), 
indicating that relationship quality did not moderate the association between living situation and loneliness.

Discussion
This study examined the (separate and joint) associations between structural (relationship status and living 
situation), psychological factors (relationship quality) and loneliness and cortisol during COVID-19 lockdown.

All in all, our results provide further evidence for the belongingness-hypothesis, showing that romantic 
relationships, as a source for meaningful interactions and intimacy, as well as living with others protect against 
loneliness and neuroendocrine stress-responses, in this case diurnal cortisol  levels36–38,54,59. Moreover, divorced/
widowed participants showed the highest trait loneliness, followed by singles (never-married). Thus, the loss of 
previously experienced positive relationship aspects such as romantic support, solace, and physical proximity, 

Figure 2.  State loneliness levels (visual analogue scale) as a function of relationship status and living situation in 
the EMA study. Notes. Results of the Tukey’s HSD test assessing differences in mean loneliness levels of the EMA 
sample as a function of relationship status and living situation. ** represents p < .001, * represents p < .05, and # 
represents p < .1. Error bars depict confidence intervals based on the t-distribution.

Table 5.  Means and standard deviations of salivary cortisol levels (EMA study). This table depicts means (M) 
and standard deviations (SD) of momentary cortisol levels, measured by a single-item measure with a VAS 
scale (0–100), in the different subgroups of the EMA study.

Groups

Cortisol (ng/mL)

M SD

Relationship status

In a relationship 8.44 6.13

Single 8.98 6.31

Living situation

Living alone 8.64 2.31

Living with others 8.61 2.19
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may be associated with feelings of loneliness. Furthermore, individuals who were in a relationship and living 
alone (“living apart together”), were lonelier than those who were living with their partner, but did not differ in 
their momentary loneliness levels compared to singles living alone. Being in a relationship and living with others 
was associated with similar levels of loneliness compared to being single and living with others. This indicates 
that, during extreme physical isolation and contact restrictions, having a partner per se does not protect against 
loneliness, but rather living with others becomes an increasingly important buffer for loneliness. As during hard 
lockdown, intimacy and physical closeness are lacking in couples who are living apart, these important stress-
buffering factors in the romantic relationship are suddenly missing, which is experienced as  aversive68. Contrary 
to this finding, Greenfield and Russel found higher loneliness levels in couples who were living apart but with 
 others59. One explanation for these conflicting findings could be that during lockdown, there were no alternatives 
for direct social interactions outside the apartment and thus the co-habitants became an especially important 
substitute for any direct contact with the romantic partner. We further found that higher relationship quality 
predicted lower momentary loneliness levels, which is in line with cognitive approaches to loneliness assuming 
that quality rather than quantity of social relationships buffers short-term psychological burden. However, rela-
tionship quality did not moderate the association between living situation and loneliness. Thus, the protective 
effect of living together during the COVID-19 lockdown was evident irrespectively of the relationship quality. In 
the online survey, female participants reported significantly higher trait loneliness levels than male participants. 
This adds to numerous studies revealing female gender as a risk factor for  loneliness77,78. Interestingly, however, 
recent neuroimaging studies indicate that loneliness-associated neural effects may be more pronounced in high 
lonely men than  women79,80.

Although the results support our hypotheses about the importance of structural and psychological factors for 
self-reported loneliness, there are many other potential psychological mediators explaining these associations. It 
is important to keep in mind that romantic relationships buffer against negative mental and physical health conse-
quences only under certain circumstances, for instance if marital functioning is perceived as  positive33. Moreover, 
social dimensions such as perceived social proximity, knowing that there is someone you can count on, as well 
as actually perceived support, may be important underlying mechanisms influencing psychobiological  health29.

On a neuroendocrine level, being in a relationship buffered momentary cortisol levels and their association 
with loneliness. This is also in line with theoretical and empirical literature indicating that having a romantic 
partner serves as a biological zeitgeber. It has been suggested that social interactions on a regular and high fre-
quent basis help regulating optimal physiological stimulation levels by modulating arousal to be medium high 
and attenuating maladaptive  stress81. These results show us that romantic relationships have a direct impact on 
neuroendocrine stress responses, which in a long-term may have a positive effect on health-related  outcomes21,22. 
Contrary to our hypothesis, living arrangements by themselves neither affected cortisol levels nor moderated 
the association between momentary loneliness and cortisol levels. One reason why these associations were only 
found with relationship status, could be, that there may be operators that are unique in relationships. For instance, 
feelings of  connectedness82,  intimacy41 or affective  touch83 are specific driving factors in romantic relationships. 
As they are not characteristic for other relationships such as co-habitants, they only come into use when romantic 
relationships are investigated.

This study adds to previous research on social  buffering17,26,27,29 in the context of enduring stress and extreme 
physical isolation. As lockdown-related long-term psychological health problems are increasingly revealed, it is 
important to study structural and psychological factors that might influence those consequences. Likewise, short-
term neuroendocrine responses during lockdown could help unravel the neurobiological mechanisms underlying 
detrimental effects of loneliness and social isolation for mental health. Using a psychobiological EMA design, 
we were able to assess not only trait loneliness levels, but also moment-to-moment variations in loneliness and 
salivary cortisol in a naturalistic setting. The every-day life assessments took place in the individuals’ personal 
environments, which yielded highly ecologically valid data. Moreover, as the participants’ current loneliness levels 
were directly assessed, reporting errors due to retrospective assessment could be reduced. In order to represent 
the hierarchical structure of the data, MLM was used, enhancing statistical power of the analyses. Moreover, due 
to the close supervision of the participants, we were able to keep their commitment high and thus collect high-
quality data. Another strength of this study is the wide range of the participants’ age, making the sample more 
representative for every age group. The collection of saliva samples in the participants’ every-day life enabled us 
to integrate psychobiological measures and provide a multi-level view on stress experiences during COVID-19.

This study has several limitations that need to be addressed. First of all, sample sizes differed between relation-
ship subgroups due to recruitment of a convenience sample, reducing statistical power of the analysis and poten-
tially biasing the results. As widowers/widows and divorced individuals are on average older and less technically 
involved than singles, they are more difficult to recruit for an online survey. To address this problem, we analyzed 
the data using bootstrapping and non-parametric test. Both analyses revealed comparable results. Noteworthy, 
sensitivity analyses show that only medium but not small effect sizes could have been reliably detected within 
our sample. Thus, the results should be interpreted with caution. Another limitation is the cross-sectional design 
of the study, which makes it impossible to draw causal conclusions on long-term (mental) health outcomes. Fur-
thermore, there is no baseline assessment of the variables of interest before lockdown, therefore we were not able 
to control for the participants’ pre-lockdown levels of loneliness and cortisol. Thus, our results can only be seen 
as a “snapshot” of the current situation. In addition, the data collection during this specific phase of lockdown 
in which the majority of participants worked from home hampers generalization of our data to other situations.

There are several aspects that could be addressed in future research. Although we found main effects of rela-
tionship status, living situation, and relationship quality, they only explained a small amount of variance in the 
outcomes. This indicates that there are additional predictor and moderator variables influencing the outcomes. 
For example, previous research has shown that level of education of the own partner has an influence on mental 
and physical  health84. Additionally, the stress-buffering effects of close relationships is not restricted to romantic 
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relationships. For example, having meaningful relationships with close friends or  relatives38 could be one pro-
tective factor. In addition, longitudinal assessments with repeated within-person measurements of loneliness 
and cortisol over a longer period of time could be implemented, in order to probe long-term psychological and 
physiological consequences of COVID-19 and strict lockdowns.

All in all, our study reveals further evidence for romantic relationships as a protective factor against trait and 
state loneliness, both on a structural level (alone vs. in a relationship) and a psychological level (relationship 
quality), as well as momentary cortisol levels during the ongoing stress of the pandemic and social isolation. 
Additionally, living with others during lockdown protects against loneliness in every-day life. The fact that 
individuals who were living apart from their partner displayed similar levels of loneliness compared to singles, 
implicates that especially in times of social isolation, the lack of direct physical contact to the partner makes a 
difference when it comes to psychological burden. This joint role of partnership and living situation should be 
taken into account when analysing structural factors for negative mental health outcomes, but also identifying 
resources for resilience. Moreover, it is especially important to consider not only relationship status, but also 
relationship quality as an important psychological aspect of romantic relationships and a buffering factor for 
loneliness in couples, potentially counter-balancing the negative effects of living alone. This is in line with previ-
ous epidemiological research suggesting that rather than being married, it is the satisfaction with the relationship 
(e.g., the amount of support or criticism from a partner), which influences health-related  outcomes85. In the 
context of clinical interventions, the results implicate that especially singles and divorced individuals, women, 
couples with low relationship quality as well as alone living residents (whether single or in a relationship) should 
be offered psychosocial support in order to prevent them from long-term negative health consequences. More 
importantly, on the one hand, individuals who are living apart from their partner, could profit from interven-
tions to enhance their perceived relationship quality, on the other hand, alone living single individuals should 
be offered help in re-establishing meaningful social bonds with their close friends in order to counter-regulate 
their feelings of loneliness. Finally, public health campaigns should address and sensitize the society towards 
loneliness and mental health symptoms in those different groups to empower individuals to actively approach 
social offers and use them as resource.

Data availability
The datasets generated during and/or analysed during the current study are openly available online (https:// doi. 
org/ 10. 11588/ data/ SYVQMM).

Received: 2 March 2022; Accepted: 25 August 2022

References
 1. Pancani, L., Marinucci, M., Aureli, N. & Riva, P. Forced social isolation and mental health: A study on 1006 Italians under COVID-

19 lockdown. Front. Psychol. 12, 663799. https:// doi. org/ 10. 3389/ fpsyg. 2021. 663799 (2021).
 2. Cullen, W., Gulati, G. & Kelly, B. D. Mental health in the COVID-19 pandemic. QJM Int. J. Med. 113, 311–312. https:// doi. org/ 10. 

1093/ qjmed/ hcaa1 10 (2020).
 3. Werner, A. M. et al. The impact of lockdown stress and loneliness during the COVID-19 pandemic on mental health among 

university students in Germany. Sci. Rep. 11, 22637. https:// doi. org/ 10. 1038/ s41598- 021- 02024-5 (2021).
 4. Ochnik, D. et al. Mental health prevalence and predictors among university students in nine countries during the COVID-19 

pandemic: A cross-national study. Sci. Rep. 11, 18644. https:// doi. org/ 10. 1038/ s41598- 021- 97697-3 (2021).
 5. Williams, S. & Braun, B. Loneliness and social isolation—A private problem, a public issue. J. Fam. Consum. Sci. 111, 7–14. https:// 

doi. org/ 10. 14307/ JFCS1 11.1.7 (2019).
 6. Beutel, M. E. et al. Loneliness in the general population: prevalence, determinants and relations to mental health. BMC Psychiatry 

17, 97. https:// doi. org/ 10. 1186/ s12888- 017- 1262-x (2017).
 7. Peplau, L. A. & Perlman, D. In Preventing the Harmful Consequences of Severe and Persistent Loneliness, Chapter 2 (eds Peplau, L. 

A. & Goldston, S. E.) 13–46 (National Institute of Mental Health, 1984).
 8. Luo, Y., Hawkley, L. C., Waite, L. J. & Cacioppo, J. T. Loneliness, health, and mortality in old age: A national longitudinal study. 

Soc. Sci. Med. 74, 907–914. https:// doi. org/ 10. 1016/j. socsc imed. 2011. 11. 028 (2012).
 9. Holt-Lunstad, J., Smith, T. B. & Layton, J. B. Social relationships and mortality risk: A meta-analytic review. PLoS Med. 7, e1000316. 

https:// doi. org/ 10. 1371/ journ al. pmed. 10003 16 (2010).
 10. Baumeister, R. F. & Leary, M. R. The need to belong: Desire for interpersonal attachments as a fundamental human motivation. 

Psychol. Bull. 117, 497 (1995).
 11. Qualter, P. et al. Loneliness across the life span. Perspect. Psychol. Sci. 10, 250–264. https:// doi. org/ 10. 1177/ 17456 91615 568999 

(2015).
 12. Morr, M. et al. Insula reactivity mediates subjective isolation stress in alexithymia. Sci. Rep. 11, 15326. https:// doi. org/ 10. 1038/ 

s41598- 021- 94799-w (2021).
 13. Erzen, E. & Çikrikci, Ö. The effect of loneliness on depression: A meta-analysis. Int. J. Soc. Psychiatry 64, 427–435. https:// doi. org/ 

10. 1177/ 00207 64018 776349 (2018).
 14. Ruwanpathirana, T., Owen, A. & Reid, C. M. Review on cardiovascular risk prediction. Cardiovasc. Ther. 33, 62–70. https:// doi. 

org/ 10. 1111/ 1755- 5922. 12110 (2015).
 15. Barton, C., Effing, T. W. & Cafarella, P. Social support and social networks in COPD: A scoping review. COPD 12, 690–702. https:// 

doi. org/ 10. 3109/ 15412 555. 2015. 10086 91 (2015).
 16. Beller, J. & Wagner, A. Loneliness, social isolation, their synergistic interaction, and mortality. Health Psychol. 37, 808–813. https:// 

doi. org/ 10. 1037/ hea00 00605 (2018).
 17. Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T. & Stephenson, D. Loneliness and social isolation as risk factors for mortality: 

A meta-analytic review. Perspect. Psychol. Sci. 10, 227–237. https:// doi. org/ 10. 1177/ 17456 91614 568352 (2015).
 18. Lennartsson, C., Rehnberg, J. & Dahlberg, L. The association between loneliness, social isolation and all-cause mortality in a 

nationally representative sample of older women and men. Aging Ment. Health https:// doi. org/ 10. 1080/ 13607 863. 2021. 19767 23 
(2021).

 19. Manzoli, L., Villari, P., Pirone, G. M. & Boccia, A. Marital status and mortality in the elderly: A systematic review and meta-analysis. 
Soc. Sci. Med. 64, 77–94. https:// doi. org/ 10. 1016/j. socsc imed. 2006. 08. 031 (2007).

https://doi.org/10.11588/data/SYVQMM
https://doi.org/10.11588/data/SYVQMM
https://doi.org/10.3389/fpsyg.2021.663799
https://doi.org/10.1093/qjmed/hcaa110
https://doi.org/10.1093/qjmed/hcaa110
https://doi.org/10.1038/s41598-021-02024-5
https://doi.org/10.1038/s41598-021-97697-3
https://doi.org/10.14307/JFCS111.1.7
https://doi.org/10.14307/JFCS111.1.7
https://doi.org/10.1186/s12888-017-1262-x
https://doi.org/10.1016/j.socscimed.2011.11.028
https://doi.org/10.1371/journal.pmed.1000316
https://doi.org/10.1177/1745691615568999
https://doi.org/10.1038/s41598-021-94799-w
https://doi.org/10.1038/s41598-021-94799-w
https://doi.org/10.1177/0020764018776349
https://doi.org/10.1177/0020764018776349
https://doi.org/10.1111/1755-5922.12110
https://doi.org/10.1111/1755-5922.12110
https://doi.org/10.3109/15412555.2015.1008691
https://doi.org/10.3109/15412555.2015.1008691
https://doi.org/10.1037/hea0000605
https://doi.org/10.1037/hea0000605
https://doi.org/10.1177/1745691614568352
https://doi.org/10.1080/13607863.2021.1976723
https://doi.org/10.1016/j.socscimed.2006.08.031


10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15076  | https://doi.org/10.1038/s41598-022-19224-2

www.nature.com/scientificreports/

 20. Lieberz, J. et al. Loneliness and the social brain: How perceived social isolation impairs human interactions. Adv. Sci. (Weinh) 8, 
e2102076. https:// doi. org/ 10. 1002/ advs. 20210 2076 (2021).

 21. Steptoe, A., Owen, N., Kunz-Ebrecht, S. R. & Brydon, L. Loneliness and neuroendocrine, cardiovascular, and inflammatory stress 
responses in middle-aged men and women. Psychoneuroendocrinology 29, 593–611. https:// doi. org/ 10. 1016/ S0306- 4530(03) 00086-
6 (2004).

 22. Adam, E. K., Hawkley, L. C., Kudielka, B. M. & Cacioppo, J. T. Day-to-day dynamics of experience–cortisol associations in a 
population-based sample of older adults. Proc. Natl. Acad. Sci. 103, 17058–17063. https:// doi. org/ 10. 1073/ pnas. 06050 53103 (2006).

 23. Lai, J. C. L., Leung, M. O. Y., Lee, D. Y. H., Lam, Y. W. & Berning, K. Loneliness and diurnal salivary cortisol in emerging adults. 
Int. J. Mol. Sci. 19, 1944 (2018).

 24. Doane, L. D. & Adam, E. K. Loneliness and cortisol: Momentary, day-to-day, and trait associations. Psychoneuroendocrinology 35, 
430–441. https:// doi. org/ 10. 1016/j. psyne uen. 2009. 08. 005 (2010).

 25. Aguilera, G. In Handbook of Neuroendocrinology (eds Fink, G. et al.) 175–196 (Academic Press, 2012).
 26. Cohen, S. & McKay, G. In Handbook of Psychology and Health (Volume IV), Chapter 10 (eds Taylor, S. E. et al.) 253–267 (Routledge, 

1984).
 27. Steptoe, A. Stress, social support and cardiovascular activity over the working day. Int. J. Psychophysiol. 37, 299–308. https:// doi. 

org/ 10. 1016/ S0167- 8760(00) 00109-4 (2000).
 28. Burns, C. M., Craft, P. S. & Roder, D. M. Does emotional support influence survival? Findings from a longitudinal study of patients 

with advanced cancer. Support. Care Cancer 13, 295–302. https:// doi. org/ 10. 1007/ s00520- 004- 0722-2 (2005).
 29. Ditzen, B. & Heinrichs, M. Psychobiology of social support: The social dimension of stress buffering. Restor. Neurol. Neurosci. 32, 

149–162. https:// doi. org/ 10. 3233/ RNN- 139008 (2014).
 30. Beach, S. R. H., Fincham, F. D., Katz, J. & Bradbury, T. N. In Handbook of Social Support and the Family (eds Pierce, G. R. et al.) 

43–65 (Springer US, 1996).
 31. Ditzen, B., Eckstein, M., Fischer, M. & Aguilar-Raab, C. Partnerschaft und Gesundheit. Psychotherapeut 64, 482–488. https:// doi. 

org/ 10. 1007/ s00278- 019- 00379-9 (2019).
 32. Kiecolt-Glaser, J. K. Marriage, divorce, and the immune system. Am. Psychol. 73, 1098–1108. https:// doi. org/ 10. 1037/ amp00 00388 

(2018).
 33. Kiecolt-Glaser, J. K. & Newton, T. L. Marriage and health: His and hers. Psychol. Bull. 127, 472–503. https:// doi. org/ 10. 1037/ 0033- 

2909. 127.4. 472 (2001).
 34. Robles, T. F. & Kiecolt-Glaser, J. K. The physiology of marriage: Pathways to health. Physiol. Behav. 79, 409–416. https:// doi. org/ 

10. 1016/ S0031- 9384(03) 00160-4 (2003).
 35. Robles, T. F., Slatcher, R. B., Trombello, J. M. & McGinn, M. M. Marital quality and health: A meta-analytic review. Psychol. Bull. 

140, 140–187. https:// doi. org/ 10. 1037/ a0031 859 (2014).
 36. Štípková, M. Marital status, close social network and loneliness of older adults in the Czech Republic. Ageing Soc. 41, 671–685. 

https:// doi. org/ 10. 1017/ S0144 686X1 90014 42 (2021).
 37. Vozikaki, M., Papadaki, A., Linardakis, M. & Philalithis, A. Loneliness among older European adults: Results from the survey of 

health, aging and retirement in Europe. J. Public Health 26, 613–624. https:// doi. org/ 10. 1007/ s10389- 018- 0916-6 (2018).
 38. Pinquart, M. Loneliness in married, widowed, divorced, and never-married older adults. J. Soc. Pers. Relat. 20, 31–53. https:// doi. 

org/ 10. 1177/ 02654 07503 02010 02 (2003).
 39. Luhmann, M. & Hawkley, L. C. Age differences in loneliness from late adolescence to oldest old age. Dev. Psychol. 52, 943–959. 

https:// doi. org/ 10. 1037/ dev00 00117 (2016).
 40. Chin, B., Murphy, M. L. M., Janicki-Deverts, D. & Cohen, S. Marital status as a predictor of diurnal salivary cortisol levels and 

slopes in a community sample of healthy adults. Psychoneuroendocrinology 78, 68–75. https:// doi. org/ 10. 1016/j. psyne uen. 2017. 
01. 016 (2017).

 41. Ditzen, B. et al. Intimacy as related to cortisol reactivity and recovery in couples undergoing psychosocial stress. Psychosom. Med. 
81, 16–25. https:// doi. org/ 10. 1097/ PSY. 00000 00000 000633 (2019).

 42. Ditzen, B., Hoppmann, C. & Klumb, P. Positive couple interactions and daily cortisol: On the stress-protecting role of intimacy. 
Psychosom. Med. 70, 883–889 (2008).

 43. Carey, I. M. et al. Increased risk of acute cardiovascular events after partner bereavement: A matched cohort study. JAMA Intern. 
Med. 174, 598–605. https:// doi. org/ 10. 1001/ jamai ntern med. 2013. 14558 (2014).

 44. Dahlberg, L., McKee, K. J., Frank, A. & Naseer, M. A. systematic review of longitudinal risk factors for loneliness in older adults. 
Aging Ment. Health 26, 1–25. https:// doi. org/ 10. 1080/ 13607 863. 2021. 18766 38 (2021).

 45. Högnäs, R. S. In Divorce in Europe—New Insights in Trends, Causes and Consequences of Relation Break-Ups, Chapter 7 (ed. Mortel-
mans, D.) 147–165 (Springer Verlag, 2020).

 46. Ben-Zur, H. Loneliness, optimism, and well-being among married, divorced, and widowed individuals. J. Psychol. 146, 23–36. 
https:// doi. org/ 10. 1080/ 00223 980. 2010. 548414 (2012).

 47. Hopf, D., Eckstein, M., Aguilar-Raab, C., Warth, M. & Ditzen, B. Neuroendocrine mechanisms of grief and bereavement: A sys-
tematic review and implications for future interventions. J. Neuroendocrinol. 32, e12887. https:// doi. org/ 10. 1111/ jne. 12887 (2020).

 48. de Jong-Gierveld, J. Developing and testing a model of loneliness. J. Pers. Soc. Psychol. 53, 119–128. https:// doi. org/ 10. 1037/ 0022- 
3514. 53.1. 119 (1987).

 49. Hawkley, L. C. et al. From social structural factors to perceptions of relationship quality and loneliness: The Chicago Health, Aging, 
and social relations study. J. Gerontol. Ser. B 63, S375–S384. https:// doi. org/ 10. 1093/ geronb/ 63.6. S375 (2008).

 50. de Jong Gierveld, J., Broese van Groenou, M., Hoogendoorn, A. W. & Smit, J. H. Quality of marriages in later life and emotional 
and social loneliness. J. Gerontol. Ser. B 64B, 497–506. https:// doi. org/ 10. 1093/ geronb/ gbn043 (2009).

 51. Stokes, J. E. Marital quality and loneliness in later life: A dyadic analysis of older married couples in Ireland. J. Soc. Pers. Relat. 34, 
114–135. https:// doi. org/ 10. 1177/ 02654 07515 626309 (2016).

 52. Stokes, J. E. Two-wave dyadic analysis of marital quality and loneliness in later life: Results from the Irish Longitudinal Study on 
Ageing. Res. Aging 39, 635–656. https:// doi. org/ 10. 1177/ 01640 27515 624224 (2017).

 53. Mund, M. & Johnson, M. D. Lonely me, lonely you: Loneliness and the longitudinal course of relationship satisfaction. J. Happ. 
Stud. 22, 575–597. https:// doi. org/ 10. 1007/ s10902- 020- 00241-9 (2021).

 54. Klinenberg, E. Social isolation, loneliness, and living alone: Identifying the risks for public health. Am. J. Public Health 106, 786–787. 
https:// doi. org/ 10. 2105/ AJPH. 2016. 303166 (2016).

 55. Statistische Ämter des Bundes und der Länder. Zensus 2011: Vielfältiges Deutschland. Retrieved online: https:// www. zensu s2011. 
de/ (2011).

 56. Tamminen, N., Kettunen, T., Martelin, T., Reinikainen, J. & Solin, P. Living alone and positive mental health: A systematic review. 
Syst. Rev. 8, 134. https:// doi. org/ 10. 1186/ s13643- 019- 1057-x (2019).

 57. Tabue Teguo, M. et al. Feelings of loneliness and living alone as predictors of mortality in the elderly: The PAQUID study. Psycho-
som. Med. 78, 904–909. https:// doi. org/ 10. 1097/ psy. 00000 00000 000386 (2016).

 58. Zueras, P., Rutigliano, R. & Trias-Llimós, S. Marital status, living arrangements, and mortality in middle and older age in Europe. 
Int. J. Public Health 65, 627–636. https:// doi. org/ 10. 1007/ s00038- 020- 01371-w (2020).

https://doi.org/10.1002/advs.202102076
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1016/S0306-4530(03)00086-6
https://doi.org/10.1073/pnas.0605053103
https://doi.org/10.1016/j.psyneuen.2009.08.005
https://doi.org/10.1016/S0167-8760(00)00109-4
https://doi.org/10.1016/S0167-8760(00)00109-4
https://doi.org/10.1007/s00520-004-0722-2
https://doi.org/10.3233/RNN-139008
https://doi.org/10.1007/s00278-019-00379-9
https://doi.org/10.1007/s00278-019-00379-9
https://doi.org/10.1037/amp0000388
https://doi.org/10.1037/0033-2909.127.4.472
https://doi.org/10.1037/0033-2909.127.4.472
https://doi.org/10.1016/S0031-9384(03)00160-4
https://doi.org/10.1016/S0031-9384(03)00160-4
https://doi.org/10.1037/a0031859
https://doi.org/10.1017/S0144686X19001442
https://doi.org/10.1007/s10389-018-0916-6
https://doi.org/10.1177/02654075030201002
https://doi.org/10.1177/02654075030201002
https://doi.org/10.1037/dev0000117
https://doi.org/10.1016/j.psyneuen.2017.01.016
https://doi.org/10.1016/j.psyneuen.2017.01.016
https://doi.org/10.1097/PSY.0000000000000633
https://doi.org/10.1001/jamainternmed.2013.14558
https://doi.org/10.1080/13607863.2021.1876638
https://doi.org/10.1080/00223980.2010.548414
https://doi.org/10.1111/jne.12887
https://doi.org/10.1037/0022-3514.53.1.119
https://doi.org/10.1037/0022-3514.53.1.119
https://doi.org/10.1093/geronb/63.6.S375
https://doi.org/10.1093/geronb/gbn043
https://doi.org/10.1177/0265407515626309
https://doi.org/10.1177/0164027515624224
https://doi.org/10.1007/s10902-020-00241-9
https://doi.org/10.2105/AJPH.2016.303166
https://www.zensus2011.de/
https://www.zensus2011.de/
https://doi.org/10.1186/s13643-019-1057-x
https://doi.org/10.1097/psy.0000000000000386
https://doi.org/10.1007/s00038-020-01371-w


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15076  | https://doi.org/10.1038/s41598-022-19224-2

www.nature.com/scientificreports/

 59. Greenfield, E. A. & Russell, D. Identifying living arrangements that heighten risk for loneliness in later life: Evidence From the 
U.S. National Social Life, Health, and Aging Project. J. Appl. Gerontol. 30, 524–534. https:// doi. org/ 10. 1177/ 07334 64810 364985 
(2010).

 60. Groarke, J. M. et al. Loneliness in the UK during the COVID-19 pandemic: Cross-sectional results from the COVID-19 psycho-
logical wellbeing study. PLoS ONE 15, e0239698. https:// doi. org/ 10. 1371/ journ al. pone. 02396 98 (2020).

 61. Yang, F. & Gu, D. Widowhood, widowhood duration, and loneliness among older adults in China. Soc. Sci. Med. 283, 114179. 
https:// doi. org/ 10. 1016/j. socsc imed. 2021. 114179 (2021).

 62. Bu, F., Steptoe, A. & Fancourt, D. Loneliness during a strict lockdown: Trajectories and predictors during the COVID-19 pandemic 
in 38,217 United Kingdom adults. Soc. Sci. Med. 265, 113521. https:// doi. org/ 10. 1016/j. socsc imed. 2020. 113521 (2020).

 63. Ray, C. D. The trajectory and determinants of loneliness during the early months of the COVID-19 pandemic in the United States. 
J. Soc. Pers. Relat. 38, 1920–1938. https:// doi. org/ 10. 1177/ 02654 07521 10165 42 (2021).

 64. Liu, S., Haucke, M. N., Heinzel, S. & Heinz, A. Long-term impact of economic downturn and loneliness on psychological distress: 
Triple crises of COVID-19 pandemic. J. Clin. Med. 10, 4596. https:// doi. org/ 10. 3390/ jcm10 194596 (2021).

 65. Stafford, M., Gardner, M., Kumari, M., Kuh, D. & Ben-Shlomo, Y. Social isolation and diurnal cortisol patterns in an ageing cohort. 
Psychoneuroendocrinology 38, 2737–2745. https:// doi. org/ 10. 1016/j. psyne uen. 2013. 07. 002 (2013).

 66. O’Connor, M.-F. & Sussman, T. J. Developing the yearning in situations of loss scale: Convergent and discriminant validity for 
bereavement, romantic breakup, and homesickness. Death Stud. 38, 450–458. https:// doi. org/ 10. 1080/ 07481 187. 2013. 782928 
(2014).

 67. Field, T. Romantic breakups, heartbreak and bereavement—Romantic breakups. Psychology 2(4), 6. https:// doi. org/ 10. 4236/ psych. 
2011. 24060 (2011).

 68. Diamond, L. M., Hicks, A. M. & Otter-Henderson, K. D. Every time you go away: Changes in affect, behavior, and physiology 
associated with travel-related separations from romantic partners. J. Pers. Soc. Psychol. 95, 385–403. https:// doi. org/ 10. 1037/ 0022- 
3514. 95.2. 385 (2008).

 69. Jopling, E., Rnic, K., Tracy, A. & LeMoult, J. Impact of loneliness on diurnal cortisol in youth. Psychoneuroendocrinology 132, 
105345. https:// doi. org/ 10. 1016/j. psyne uen. 2021. 105345 (2021).

 70. Russell, D., Peplau, L. & Cutrona, C. The Revised UCLA Loneliness Scale: Concurrent and discriminate validity evidence. J. Pers. 
Soc. Psychol. 39, 472–480. https:// doi. org/ 10. 1037/ 0022- 3514. 39.3. 472 (1980).

 71. Schwab, R. In Bericht über den 13. Kongreß für Angewandte Psychologie. Bonn, September Vol. 2 (ed. Schorr, A.) 75–79 (Deutscher 
Psychologen Verlag, 1985).

 72. Hahlweg, K. Fragebogen zur Partnerschaftsdiagnostik (FPD). 2. Auflage (Hogrefe, 2016).
 73. Barreto, M. et al. Loneliness around the world: Age, gender, and cultural differences in loneliness. Pers. Individ. Differ. 169, 110066. 

https:// doi. org/ 10. 1016/j. paid. 2020. 110066 (2021).
 74. Stoffel, M., Neubauer, A. B. & Ditzen, B. How to assess and interpret everyday life salivary cortisol measures: A tutorial on practical 

and statistical considerations. Psychoneuroendocrinology 133, 105391. https:// doi. org/ 10. 1016/j. psyne uen. 2021. 105391 (2021).
 75. Strahler, J., Skoluda, N., Kappert, M. B. & Nater, U. M. Simultaneous measurement of salivary cortisol and alpha-amylase: Applica-

tion and recommendations. Neurosci. Biobehav. Rev. 83, 657–677. https:// doi. org/ 10. 1016/j. neubi orev. 2017. 08. 015 (2017).
 76. Field, A., Miles, G. & Field, Z. In Discovering Statistics Using R, Chapter 11 (eds Field, A. et al.) 462–497 (SAGE Publications Ltd., 

2012).
 77. Wickens, C. M. et al. Loneliness in the COVID-19 pandemic: Associations with age, gender and their interaction. J. Psychiatr. Res. 

136, 103–108. https:// doi. org/ 10. 1016/j. jpsyc hires. 2021. 01. 047 (2021).
 78. Ausín, B., González-Sanguino, C., Castellanos, M. Á. & Muñoz, M. Gender-related differences in the psychological impact of 

confinement as a consequence of COVID-19 in Spain. J. Gender Stud. 30, 29–38. https:// doi. org/ 10. 1080/ 09589 236. 2020. 17997 68 
(2021).

 79. Kiesow, H. et al. 10,000 social brains: Sex differentiation in human brain anatomy. Sci. Adv. 6, eaaz1170. https:// doi. org/ 10. 1126/ 
sciadv. aaz11 70 (2020).

 80. Morr, M. et al. Lonely in the dark: Trauma memory and sex-specific dysregulation of amygdala reactivity to fear signals. Sci. Adv. 
9, 2105336. https:// doi. org/ 10. 1101/ 2021. 11. 16. 468598 (2021).

 81. Sbarra, D. A. & Hazan, C. Coregulation, dysregulation, self-regulation: An integrative analysis and empirical agenda for under-
standing adult attachment, separation, loss, and recovery. Pers. Soc. Psychol. Rev. 12, 141–167. https:// doi. org/ 10. 1177/ 10888 68308 
315702 (2008).

 82. Ermer, A. E. & Proulx, C. M. The association between relationship strain and emotional well-being among older adult couples: 
The moderating role of social connectedness. Aging Ment. Health 26, 1–9. https:// doi. org/ 10. 1080/ 13607 863. 2021. 19107 86 (2021).

 83. von Mohr, M., Krahé, C., Beck, B. & Fotopoulou, A. The social buffering of pain by affective touch: A laser-evoked potential study 
in romantic couples. SCAN 13, 1121–1130. https:// doi. org/ 10. 1093/ scan/ nsy085 (2018).

 84. Stauder, J., Rapp, I. & Klein, T. Couple relationships and health: The role of the individual’s and the partner’s education. Zeitschrift 
für Familienforschung 31, 138–154. https:// doi. org/ 10. 3224/ zff. v31i2. 02 (2019).

 85. Seeman, T. E., Singer, B. H., Ryff, C. D., Dienberg Love, G. & Levy-Storms, L. Social relationships, gender, and allostatic load across 
two age cohorts. Psychosom. Med. 64, 395–406. https:// doi. org/ 10. 1097/ 00006 842- 20020 5000- 00004 (2002).

Acknowledgements
We are deeply grateful for the indescribable support of C. Gäbel, who provided us her programming code for 
the ecological momentary assessment. We further want to thank our research assistants R. Dahlke, M. Fischer, 
L. Fischer, F. Frech, L.-M. Müller, N. Stockburger and J. Zimmer, without whose dedication the successful com-
pletion of the study would not have been possible. Finally, our thanks also go to the participants who made this 
comprehensive data evaluation possible, especially at the everyday level. This study was funded by a grant from 
the German Research Foundation (DFG, grant number SFB 1158) and the German Psychological Society (DGPs, 
Corona Scholarship). For the publication fee we acknowledge financial support by Deutsche Forschungsgemein-
schaft within the funding programme “Open Access Publikationskosten” as well as by Heidelberg University. The 
funding sources did not have any influence on the study design, data collection, analyses or interpretation of the 
data, writing the manuscript, or the decision to submit this paper for publication. The authors have not been paid 
to write this article by a pharmaceutical company or other agency. All authors had full access to all the data in 
the study and had final responsibility for the decision to submit the manuscript for publication.

Author contributions
Conceptualization: D.H., E.S., C.A.R., D.S., M.M., T.K., B.D., M.E. Data curation: D.H., E.S., M.M. Formal analy-
sis: D.H., E.S. Funding acquisition: D.H., E.S., B.D., M.E. Investigation: D.H., E.S., M.M. Methodology: D.H., E.S., 
C.A.R., D.S., M.M., B.D., M.E. Resources: D.H., E.S., C.A.R., D.S., B.D., M.E. Software: D.H., E.S., C.A.R., D.S., 

https://doi.org/10.1177/0733464810364985
https://doi.org/10.1371/journal.pone.0239698
https://doi.org/10.1016/j.socscimed.2021.114179
https://doi.org/10.1016/j.socscimed.2020.113521
https://doi.org/10.1177/02654075211016542
https://doi.org/10.3390/jcm10194596
https://doi.org/10.1016/j.psyneuen.2013.07.002
https://doi.org/10.1080/07481187.2013.782928
https://doi.org/10.4236/psych.2011.24060
https://doi.org/10.4236/psych.2011.24060
https://doi.org/10.1037/0022-3514.95.2.385
https://doi.org/10.1037/0022-3514.95.2.385
https://doi.org/10.1016/j.psyneuen.2021.105345
https://doi.org/10.1037/0022-3514.39.3.472
https://doi.org/10.1016/j.paid.2020.110066
https://doi.org/10.1016/j.psyneuen.2021.105391
https://doi.org/10.1016/j.neubiorev.2017.08.015
https://doi.org/10.1016/j.jpsychires.2021.01.047
https://doi.org/10.1080/09589236.2020.1799768
https://doi.org/10.1126/sciadv.aaz1170
https://doi.org/10.1126/sciadv.aaz1170
https://doi.org/10.1101/2021.11.16.468598
https://doi.org/10.1177/1088868308315702
https://doi.org/10.1177/1088868308315702
https://doi.org/10.1080/13607863.2021.1910786
https://doi.org/10.1093/scan/nsy085
https://doi.org/10.3224/zff.v31i2.02
https://doi.org/10.1097/00006842-200205000-00004


12

Vol:.(1234567890)

Scientific Reports |        (2022) 12:15076  | https://doi.org/10.1038/s41598-022-19224-2

www.nature.com/scientificreports/

B.D., M.E. Supervision: C.A.R., D.S., B.D., M.E. Validation: D.H., E.S., C.A.R., D.S., M.M., B.D., M.E. Visualiza-
tion: D.H., E.S. Writing—original draft: D.H. Writing—review and editing: E.S., C.A.R., D.S., T.K., B.D., M.E. 
The manuscript has been read and approved by all named authors.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study was funded by a grant from the Ger-
man Research Foundation (DFG, grant number SFB 1158) awarded to B. Ditzen and the German Psychological 
Society (DGPs, Corona Scholarship), awarded to D. Hopf and E. Schneider. The funding sources did not have 
any influence on the study design, data collection, analyses or interpretation of the data, writing the manuscript, 
or the decision to submit this paper for publication. The authors have not been paid to write this article by a 
pharmaceutical company or other agency. All authors had full access to all the data in the study and had final 
responsibility for the decision to submit the manuscript for publication.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 19224-2.

Correspondence and requests for materials should be addressed to D.H., B.D. or M.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-19224-2
https://doi.org/10.1038/s41598-022-19224-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Loneliness and diurnal cortisol levels during COVID-19 lockdown: the roles of living situation, relationship status and relationship quality
	Study objectives. 
	Methods
	Participants. 
	Measures. 
	Loneliness. 
	Salivary cortisol. 
	Relationship quality. 
	Control variables. 

	Procedure. 
	Data processing and statistical analyses. 

	Results
	Trait loneliness depending on family status (Hypothesis 1). 
	Association of relationship status and living situation with loneliness in every-day life (Hypothesis 2). 
	Association of relationship status and living situation with cortisol in every-day life (Hypothesis 3). 
	Association of momentary loneliness, relationship status, and living situation with cortisol levels (Hypotheses 4 and 5). 
	Relationship satisfaction as moderator of the associations between living arrangements and loneliness (Hypothesis 6). 

	Discussion
	References
	Acknowledgements


