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Clinical relevance of loneliness
In the treatment of depression:
study protocol for a naturalistic
prospective longitudinal study

Franziska Sonnauer™, Franca L. Fries?, Maksym Druzenko?,
Ulrich W. Kastner?, Christiane Miihle! and Johannes Kornhuber*

Department of Psychiatry and Psychotherapy, Friedrich-Alexander-Universitat Erlangen-Nurnberg
(FAU), Universitatsklinikum Erlangen, Erlangen, Germany, ?Department of Psychiatry, Addiction,
Psychotherapy and Psychosomatic Medicine, Bezirkskliniken Mittelfranken, Erlangen, Germany

Background: Loneliness and depression are widespread and severely debilitating health
conditions. Notably, loneliness and depression are closely intertwined, with individuals
suffering from depression being particularly vulnerable to loneliness and vice versa.
However, little is known regarding the clinical significance of loneliness in the treatment
of depression and the biopsychosocial mechanisms underlying this association.
Methods: This protocol presents a naturalistic longitudinal study on the clinical
significance of loneliness in inpatient and post-inpatient treatment outcomes of
adults with depression. The design includes three main assessment points with
comprehensive diagnostics (including clinical interviews, questionnaires, and
optional biospecimen collection for biomarker and microbiome analyses), as well
as interim assessments and the integration of routine clinical data. The primary
outcomes include depressive symptom severity and perceived loneliness across the
course of treatment and follow-up. Secondary outcomes and covariates are analyzed
to identify other clinically relevant indicators, such as life satisfaction and suicidality,
and to better understand the biopsychosocial interplay between loneliness and
depression. Descriptive and inferential statistical analyses, including (generalized)
linear mixed model analyses and mixed analyses of variance (ANOVA), will be
conducted following both hypothesis-driven and exploratory approaches.
Discussion: By employing a clinical sample and longitudinal design, this study
advances the understanding of the role of loneliness in the treatment and
maintenance of depression. In addition to evaluating primary outcomes, analyses
of secondary outcomes can provide information on shared and distinct
biopsychosocial pathways, thereby identifying potential correlates of mental health
outcomes that may inform future research. Limitations include the possible inflation
of Type | errors in exploratory analyses and potential biases such as selection bias and
cognitive distortions in self-reported data. Nevertheless, this study can provide an
important foundation for subsequent clinical trials and translational research. This
study was prospectively registered at ClinicalTrials.gov on 31%* December 2025 before
patient enrollment (Identifier: NCT07333027, Study Details | NCT07333027 | Lonely in
Depression | ClinicalTrials.gov).

Study Protocol Registration: https://clinicaltrials.gov/study/NCT07333027?
cond=NCT07333027&viewType=Card&rank=1, identifier NCT07333027.
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1 Introduction

Loneliness can be considered among the most pressing health
challenges affecting humans at present. The latest findings of the
World Health Organization (WHO) indicate that loneliness affects
one in six individuals and that, on average, around 100 people
worldwide die every hour due to loneliness-related causes (1).
Loneliness refers to the subjective and aversive experience of
being alone. The frustration of the need for belonging (2) may
exhibit a functional characteristic in the short term (3); however, in
the long term, loneliness can lead to destructive emotional-affective
(4), metabolic, and immunological processes (5). In particular,
chronic loneliness is associated with higher risks of mental (3, 6,
7), cardiovascular (8) and neurodegenerative (9-12) diseases. The
prevalence of loneliness in the general population is estimated at
11.1% in Western European countries and has been observed to be
even higher in lower-income countries (1, 13).

Loneliness coincides with depression in the general population.
A study focused on the general population of older persons in
England revealed that, among people with severe loneliness, 3.3% of
these individuals (vs. 1.1% of individuals with low/moderate lone-
liness) demonstrated clinically relevant depression, and 45.2% (vs.
13% of individuals with low/moderate loneliness) exhibited mea-
surable depressive symptoms (14). Another representative popula-
tion study conducted in Germany revealed that among individuals
who reported depression in a self-assessment using the Patient
Health Questionnaire, 52.6% reported pronounced loneliness,
30.5% reported moderate loneliness, 19.3% reported minimal
loneliness, and only 5.2% reported no loneliness at all (15).
Compared with other health consequences that have been investi-
gated, the associations between loneliness and negative health
outcomes are most apparent with respect to mental health (3). In
conjunction with another meta-analysis conducted by Erzen and
Cikrikei (16), the authors reported moderate effects of loneliness on
depression. Suicidal tendencies and loneliness are also significantly
related (3, 17). The relationship between depression and experi-
ences of loneliness is likely to be bidirectional. However, in non-
clinical study populations, longitudinal studies have suggested
evidence of a relatively stronger predictive influence of loneliness
on depression (18, 19). To our knowledge, there is currently no
reliable data regarding the prevalence and clinical relevance of
loneliness among patients with clinical depression.

The pathophysiological pathways underlying the adverse health
effects of loneliness remain incompletely understood. It is very likely
that the best-described pathophysiological mechanism through
which loneliness is linked to health involves the chronic
overactivation of the hypothalamic-pituitary-adrenal axis (HPA
axis) triggered by psychosocial stress. This activation leads to
increased glucocorticoid release and resistance; subsequently, nu-
merous consequences are induced, including mitochondrial dys-
function and inflammatory dysregulation, hyperglycemia, and
increased vascular resistance (20). At the neurotrophic level, find-
ings suggest that the interaction of loneliness and brain-derived
neurotrophic factor (BDNF) is crucial for neuroplasticity and
problem-focused coping (23, 24). While cortisol is one of several
factors involved in suppressing BDNF expression (25) opposing
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mechanisms that upregulate BDNF expression, such as physical
activity, are also well documented (26). Moreover, loneliness is
bidirectionally associated with sleep disturbances, including day-
time dysfunction such as fatigue, low energy, and sleepiness (21)
and is related to sleep fragmentation (22). Additional mechanisms,
such as poorer health behaviors (e.g., reduced physical activity),
affective and neuronal dysregulation (involving the cognitive con-
trol model) (4, 27, 28), and fewer compensation mechanisms such
as a lack of social support (known as the buffer hypothesis)
culminate in a vicious cycle (20). Importantly, much of the
biological evidence remains correlational and does not permit
causal inferences.

Social support mediates the unfavorable interaction between
loneliness and depression (29) and, according to prospective
studies, is a well-documented protective factor against depression
(30-32). On a neuroendocrine pathway social support appears to
buffer HPA axis dysregulation (33, 34). In addition to these
protective factors, the risk factors for loneliness are closely related
to the risk factors for depressive disorders. Risk factors include both
individual factors (such as living alone, few social contacts, low
socioeconomic status, personality traits, and pre-existing condi-
tions) and the social context, wherein people who are surrounded
by lonely individuals and people situated at the margins of social
network structures are particularly at risk (35, 36). Therefore, these
mechanisms likely interact dynamically and form a biopsychosocial
feedback system in which psychosocial stress, biological
dysregulation, and behavioral factors reinforce each other. The
association between loneliness and depression, as well as general
health, likely arises from this complex interaction.

The pathways between loneliness and health have only been
partially investigated to date, predominantly using samples from the
general population. Initial longitudinal studies have analyzed the
interplay between loneliness, depression, and metabolic outcomes.
Via the use of harmonized cohort data obtained from longitudinal
trials in England, Czechia, and Finland, the authors compared a
healthy control group (CG), a group of individuals with depression
but no loneliness (DEP), and a group of individuals with both
loneliness and depression (DEP+LONE) (37). The measured met-
abolic markers included the blood sugar level, triglyceride level, and
cholesterol level, as well as blood pressure and abdominal circum-
ference. Women in the DEP+LONE group demonstrated signifi-
cantly more metabolic abnormalities at follow-up than women in
the DEP and CG groups (37). This association was not observed for
men; in particular, significantly more abnormalities were observed
in the DEP group than in the CG or DEP+LONE group, although
multimorbidity (measured as the number of comorbid conditions,
such as diabetes or respiratory diseases) was most pronounced in
the DEP+LONE group in both sexes (37). It remains unclear if these
metabolic outcomes are results of poorer health habits or shaped by
HPA axis dysregulation or inflammatory processes.

Furthermore, exploratory studies are focusing on investigating
the role of the microbiota-gut-brain axis as another multifactorial
regulatory system within the context of loneliness. Nguyen and
colleagues (38) have found evidence that loneliness in the general
population is associated with reduced gut microbiome diversity
(also known as alpha diversity), whereas greater microbial diversity
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is typically considered to be beneficial for health. Moreover, findings
on the microbiota-gut-brain axis and depression have been increas-
ingly investigated (39-41). The review of Rosell-Cardona and
colleagues (42) provides an overview of changes in the microbi-
ota-gut-brain axis in people with depression compared to healthy
controls and points to an increased prevalence of pro-inflammatory
bacteria (dysbiosis). While initial findings hint that the composition
of the microbiome may have predictive value in forecasting treat-
ment response to antidepressants (43-46), the exact mechanisms
remain inadequately understood (43). The reproducible conduct
and interpretation of human studies on the microbiota-gut-brain
axis are complicated by various lifestyle influences, particularly diet,
by medication (antidepressants, antibiotics), and additional inter-
individual variation arising from, for example, comorbidities. In
animal models (rats, mice), established paradigms (e.g., sub-chronic
social defeat stress) or fecal transplants are used to investigate
depressive behavior and its bidirectional relationship with the
microbiota-gut-brain axis (41, 42). As a result, some mechanisms
have already been described in greater detail, including the role of
tryptophan metabolism in the gut or the protective regulatory
effects of short-chain fatty acids on neuroplasticity and blood-
brain barrier integrity (42, 47). However — as the differences
between the efficacy of probiotics in animal models and human
trials already suggest — the direct transferability of these findings to
human remains limited, with effects of considerably smaller mag-
nitude observed in human studies. In summary, the microbiota-gut-
brain axis interacts bidirectionally with other relevant pathways of
depression. This encompasses behavioral [e.g., diet, exercise (48)],
neurotrophic, immunological, and endocrine mechanisms.
Although more intensive research is needed to precisely de-
scribe the complex relationships between loneliness, pathophysio-
logical processes, and health outcomes, the literature highlights the
relevance of loneliness for mental health and overall health. In
contrast to the complex effects that loneliness entails, psychometric
assessments are relatively straightforward via established survey
instruments such as the 3-Item UCLA Loneliness Scale (49, 50) or
the 6-Item De Jong Gierveld short scales for emotional and social
loneliness (51, 52). However, the literature demonstrates conflicting
results regarding the cutoff values chosen to differentiate between
existing and nonexistent loneliness. For example, 3-Item UCLA
Loneliness Scale total scores range from 3 to 9, and some authors
have described individuals with a score of > 4 as ‘lonely’ (53),
whereas others have only assumed existing loneliness according to
scores of > 6 (13, 14). The authors of the 6-Item De Jong Gierveld
short scale specified cutoff values (0-1: not lonely; 2-4: moderate
loneliness; and 5-6: severe loneliness); however, for this purpose, a
dichotomization of the previously existing three- or five-point
response scale is performed, resulting in a total score of 0-6
points (54). The measurement of loneliness demonstrates one
additional methodological limitation in that the mentioned instru-
ments do not indicate when loneliness can be considered a ‘chronic’
condition. However, this scenario would be interesting to assess, in
that experiences of loneliness exhibit lifetime consistency that is
comparable to that of personality traits (known as ‘trait-like
features’) (55). This correspondingly indicates that certain people
feel lonelier than others throughout their entire lives. The findings
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from twin and adoption studies on gene-environment interactions
have supported this proposition, with a heritability rate of 37-55%
being reported (56), supporting the notion that loneliness results
from the interaction of individual predispositions and environmen-
tal influences. Regarding the treatment of depression and the
mainly episodic course of the illness, it seems highly important
for patients with depression to be able to better distinguish between
loneliness as a trait-like feature or as a state condition during a
depressive episode.

In summary, with respect to the interplay between loneliness
and depression, people who suffer from depression are at an
increased risk of experiencing loneliness, and loneliness corre-
spondingly represents a predictor of depression. However, the
clinical relevance of loneliness in treating depression remains
largely unexplored.

Several factors contribute to this research gap: first, scientific
literature on the interplay of loneliness and depression refers almost
exclusively to a non-clinical population. The most investigated
subpopulation involves older adults. The frequently used measures
(including the 3-Item UCLA Loneliness Scale and the 6-Item De-
Jong Gierveld Loneliness Scale) have not been subsequently evalu-
ated in a clinical population, thereby indicating that there is no
verified cutoff point for quantifying clinically relevant experiences
of loneliness. Second, the primary analysis design is predominantly
cross-sectional or refers to longitudinal observational cohort stud-
ies; therefore, it does not allow for conclusions to be obtained
regarding individuals’ courses of loneliness and depression. Third,
although both loneliness and depression are uncontroversially
shaped by biopsychosocial influences, little is known about the
shared and non-shared variance of these associations. To under-
stand the interplay between loneliness and depression, it is neces-
sary to further investigate the potential shared mechanisms,
including biological mechanisms (such as hormonal activation of
the HPA axis or health behaviors) and psychosocial constructs
(such as social support or social conditions such as marital status
and social network size).

The main objective of the present study is to examine the
clinical relevance of the interaction between loneliness and depres-
sion in a naturalistic inpatient and aftercare treatment setting. More
specifically, the aim of the study is to explore whether there is a
significant association between experiences of loneliness and the
severity of depressive symptoms over time in a cohort of inpatients.
The secondary objectives of the study include an exploratory
analysis of biopsychosocial factors and mechanisms related to
loneliness and depression. Supplementary Figure 1 in Section 1 of
the Supplementary Material schematically integrates these elements
into a hypothesized, literature-derived framework. Within this
framework, loneliness and related psychosocial characteristics are
positioned as the upstream domain, depressive symptom severity
and other clinical outcomes as the downstream domain, and
neuroendocrine, inflammatory, neurotrophic, microbiota-gut-
brain, and behavioral processes as intermediate mediating mecha-
nisms, with a reciprocal link between loneliness and depression.
The association between loneliness and the course of depressive
symptom severity — assessed with validated instruments at both
recruitment sites — is central to the confirmatory hypotheses,
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whereas the biological mediating mechanisms are addressed only in
an exploratory, hypothesis-generating manner within the bio-
marker/microbiome subsample. This framework is conceptual: as
the study is non-interventional, the planned analyses estimate
associations consistent with the model and do not test the direction
of effects or establish causation.

The primary hypothesis states that loneliness (3-Item UCLA
Loneliness Scale) at admission, the change in loneliness from
admission to discharge, and their interaction (admission x change
in loneliness) will significantly predict depressive symptom severity,
assessed using the Montgomery-Asberg Depression Rating Scale
(MADRYS), in a linear mixed-effects model, tested using an omnibus
likelihood ratio test (¢ = .05). As depression is our main outcome
variable, we will also address this hypothesis for self-report data,
measured with the Patient Health Questionnaire (PHQ-9). The
loneliness scores of the 6-Item De Jong Gierveld Loneliness Scale
will serve for sensitivity analysis to examine the measurement
robustness and construct validity. A more detailed but exploratory
analysis of the fixed and random effects and time-varying loneliness
and depression within the inpatient and follow-up treatment period
will be explored with linear mixed model analysis to 1) examine
whether loneliness has a role in the inpatient therapy effect on
depression symptom severity and its maintenance after discharge,
2) investigate the clinical relevance of chronic loneliness, and 3)
describe the bidirectional relationship between loneliness and
depression at all measures. To evaluate the prognostic value of
baseline loneliness (3-Item UCLA Loneliness Scale) to predict
response at discharge (= 50% reduction in MADRS) and the
prognostic utility of loneliness at discharge to predict relapse (>
10 MADRS points more from discharge to follow-up or > 22
MADRS points at follow-up), receiver operating characteristics
(ROC) will be determined and reported in an exploratory fashion.
Along with the main objective to investigate the clinical relevance of
loneliness and depression, we will test several exploratory hypoth-
eses. Since the duration of inpatient treatment has implications for
the allocation of healthcare resources, we will test whether loneli-
ness at admission and change in loneliness from admission to
discharge are significant predictors of inpatient length of stay after
adjusting for covariates. The secondary objective of the study is to
identify the biopsychosocial processes that shape the interaction
between loneliness and clinical depression. To this end, statistical
analyses of additional clinically relevant outcomes (such as quality
of life and suicidality) as well as interactional effects of potentially
shared psychosocial mechanisms (including social support, social
network, comorbidities, general health and physical activity) will be
conducted. Exploratory analysis of blood, saliva and stool markers
including metabolic, hormonal, immunological, and neurotrophic
factors as well as microbiome diversity will deepen the understand-
ing of pathophysiological processes. We hypothesize that more
depressed and more lonely people will have the most unfavorable
metabolic profile in blood markers (Low-Density-Lipoprotein,
HbAlc), higher levels of inflammation or cellular stress
(sphingolipid metabolism) and less neuroplasticity (BDNF). In
terms of saliva pattern markers, we assume a higher stress response
(cortisol, a-amylase activity) in individuals with more severe
depression and loneliness. For stool markers, it is hypothesized
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that more depressed and lonely people have a less diverse stool
microbiome (alpha-diversity). We hypothesize the changes in
biomarker profile from baseline to discharge from clinic and
baseline to follow-up to be associated with changes in depression

severity and changes in loneliness experience.

2 Methods and analysis
2.1 Study design and setting

To examine the clinical relevance of the interplay between
loneliness and depression, a prospective, noninterventional longi-
tudinal design will be adopted. The study is being conducted at the
University Hospital and the Community Hospital in Erlangen,
Germany. Patients admitted to the hospital with depressive symp-
toms are eligible for screening according to the inclusion and
exclusion criteria. All study procedures — except for the collection
of biosamples, which is limited to the University Hospital — will be
performed at both centers. Three main measurement points (TO,
T1, and T2) and brief interim measurements conducted at two-
week intervals (t0.1 to t0.X and t1.1-t1.5) will be utilized. After
screening and clinical interviews, participants will complete the
baseline measurements (T0). Thereafter, each participant will
adhere to an individual period corresponding to the duration of
that specific patient’s inpatient stay at the clinic until the second
measurement is obtained (T1). The follow-up examination takes
place three months after T1 (see Table 1 for measures and
participant timelines and Supplementary Figure 2 in Section 2
within the Supplementary Material for the study flow chart). The
SPIRIT table was adapted to the non-randomized study design.

2.2 Inclusion and exclusion criteria

To be included in this study, individuals must meet the
following inclusion criteria: (A) inpatient elective or emergency
admission to one of the two psychiatric clinics; (B) age over
18 years; (C) sufficient understanding of spoken and written
German; (D) primary diagnosis of depression according to
ICD-10 (F32 or F33), as diagnosed by a physician or clinical
psychologist in conjunction with the M.ILN.I. Screen [Mini-
International Neuropsychiatric Interview Screen (57)] and
M.IN.L [Mini-International Neuropsychiatric Interview (58-60)]
diagnostic tools; and (E) informed voluntary consent. Diagnoses are
coded according to the International Classification of Diseases
(ICD-10-GM) applicable in Germany, both for psychiatric disor-
ders and for non-psychiatric comorbidities. The M.IN.I, a struc-
tured clinical interview, is based on both the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V) and the ICD-10-
GM. This additional instrument is intended to supplement the
diagnostic process, increase diagnostic certainty, and better char-
acterize suicidality and psychiatric comorbidities, with our focus
particularly on anxiety disorders. The following exclusion criteria
were applied: (a) a current lack of capacity to provide consent (e.g.,
pronounced psychotic symptoms, stuporous depressive syndrome,
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TABLE1 Adapted SPIRIT schedule.

Study period

TIMEPOINT and study  Enrollment  Baseline Length of inpatient Discharge  Duration of 3  Follow-up
procedures treatment months after
(minimum 7 days) discharge
TIMEPOINT —t;to 0 TO + 0 to 7 days to.1> to €tc. tox T1 + 7 days tigtotys T2 + 7 days
ENROLLMENT:
Eligibility screening X

Informed consent

Clinical interview (M.LN.L.
screen and M.LN.I)

ASSESSMENTS:

Outcomes

Clinical interview

Depression - MADRS X X X

Questionnaires

Depression - PHQ-9

Loneliness - 3-Item UCLA

Loneliness - 6-Item DJGLS

State vs. trait - 1 Item

Social support - F-SOZU-14

SR T T I
ST T I R A R
ST T T A R

Social Network Index -
adapted SNI

Health status — SF-12

Quality of life - WHO-5

Social Anxiety - SPIN

WK xR
LR R R
MR R R

Somatic symptom burden -
PHQ-13

Biosampling*

Blood

Saliva

Stool

Other variables

Self-report questionnaire

Personal information (e.g., X X X
height, weight, and
treatment course)

Lifestyle information (e.g., X X X
substance use, physical
activity, and diet)

Routine clinical data

Setting

Comorbidity

]

X X
X X
Inpatient treatment duration X X

Medication X X X

M.LN.L Screen, Mini International Neuropsychiatric Interview Screening Instrument; M.LN.L, Mini International Neuropsychiatric Interview; MADRS, Montgomery and Asberg Depression
Rating Scale; PHQ-9, 9-Item Patient Health Questionnaire; 3-Item UCLA, 3-Item UCLA Loneliness Scale; 6-Item DJGLS, 6-Item De-Jong Gierveld van Tilburg Loneliness Scale; F-SOZU-14,
Fragebogen Zur Sozialen Unterstiitzung, Kurzform; adapted SNI, adapted version of Social Network Indices; SF-12, Short Form 12 Health Survey; WHO-5, World Health Organization-Five
Well-Being Index; SPIN, Social Phobia Inventory; PHQ-13, 13-Item Somatic Symptom Severity Scale of the Patient Health Questionnaire.

"Footnote to Table 1: Biosampling (blood, saliva, stool) is performed at the University Hospital site only.
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and thought constriction to suicidality); (b) previous participation
in the study; (c) pregnancy or breastfeeding; and (d) an inpatient
stay of less than 7 days, even if the patients initially met the
inclusion criteria (post-enrollment exclusion).

2.3 Sample size consideration

Data from previous longitudinal and meta-analytic evidence
examining the association between loneliness and depressive symp-
toms is available for non-clinical populations without any treatment
procedure. While cross-sectional data shows correlations of r = .50
between loneliness and depression (16, 19), effect sizes are noticeably
smaller for longer measuring intervals. For instance, Cacioppo and
colleagues (19) reported standardized regression coefficients of 3
= 0.18 in predicting changes in depressive symptoms due to loneli-
ness over one-year and no significant effect of depressive symptoms
on loneliness. The 2-year cross-lagged analysis of non-clinical data of
the Survey of Health, Ageing and Retirement in Europe (SHARE)
however showed that loneliness only in men was a significant
predictor of depression (two-year-lagged effect B = 0.07), The other
way around depression was a small but significant predictor of
loneliness in both sexes (B = 0.06 for the entire sample, 8 = 0.35
for women, f3 = 0.09 for men) (61). Despite this, these non-clinical
references are hardly comparable to the setting of potential associa-
tions within and after a multimodal inpatient treatment for depres-
sion with an estimated observation period of 4 to 6 months per
participant. Given that the effect sizes of the interaction between
loneliness and depression over time in a clinical population are
currently unknown, the sample size for this study was determined
based on statistical plausibility and considerations of practicability
and the population generalizability of the obtained results. The
theoretical assumptions of our study are that individuals who are
more severely lonely at the start of treatment and individuals who
experience less reduction in their experience of loneliness during
depression inpatient treatment are more likely to have higher levels of
depression across baseline, discharge, and follow-up assessments.
Statistically the primary hypotheses will be tested using a linear
mixed-effects model with depressive symptom severity (MADRS)
and loneliness (3-Item UCLA Loneliness Scale) each assessed at
admission (T0), discharge (T1), and follow-up (T2). The primary
outcome is the severity of depressive symptoms, as assessed using the
MADRS at three time points: at admission (T0), at discharge (T1),
and at the follow-up visit (T2). The null hypothesis states that neither
baseline loneliness (f3;) nor change in loneliness while inpatient
treatment (f3,) nor the interaction effect of both (baseline x change)
(B5) will have an association with the change of depression symptom
severity (see Supplementary Material Section 3 and Supplementary
Figure 3 for the illustration of the primary hypothesis).

As empirical assumptions for the interplay between depression
and loneliness in the inpatient and follow-up depression therapy are
rare, we decided to set a change of 2 points in the MADRS per 1 SD
of loneliness (3-Item UCLA Loneliness Scale) as the minimum
meaningful association that shall be detected via the interaction
(baseline x change) over the inpatient and post-treatment course.
The model tested baseline loneliness and change in loneliness with
at least 1.75 points MADRS as we have no empirical assumptions
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about which association is more significant for this setting, but we
have a theoretical assumption that these single associations are less
significant than their interaction. An omnibus likelihood ratio test
will evaluate these assumptions in a single model, followed by
Holm-Bonferroni corrected single tests to evaluate these three
assumptions. This step will also evaluate the direction of effects
and theoretical plausibility (more loneliness at baseline and less
change in loneliness shall predict higher depressive symptom
severity). The primary analysis of the linear mixed model includes
all three measurement points as a categorial factor. Potential time-
effects will serve as covariates in this model and will be reported
exploratory with no influence on sample size calculation. Studies
examining the clinical course of inpatient depression treatment
measured with the MADRS report partly comparable values of
MADRS at baseline (=~ 30 points) (62-64) and discharge, though
findings remain heterogeneous (65, 66). Model assumptions for this
sample size calculation were therefore based on plausible clinical
values: TO = 30, T1 = 16, T2 = 15 MADRS points, with a constant
standard deviation of SD = 8 across all time points. Between-person
differences in depression symptom severity (MADRS) were consid-
ered with fixed and random slopes, and ICC was set at .50. Power
simulation involved assumptions of approximately 5% missing
completely at random (MCAR) and 10% missing at random
dropout at T2 (MAR). Sample size estimation was performed
with R using the following packages: Ime4, ImerTest, MASS and
tidyr. The simulation for the overall model yielded a statistical
power of > 80% for all three assumptions at n = 172 with 15%
combined dropout rate (MCAR, MAR), resulting in a total of
n = 199. The number of simulations was 500 (nsim = 500) at a
significance level of & = 0.05 for the omnibus likelihood-ratio test,
with Holm-Bonferroni corrected single hypothesis tests. As depres-
sion can lead to cognitive distortion, correlations between loneliness
and depression might be dependent on the measurement point, and
given the insufficient clinical validation of the loneliness measures,
it remains unclear whether the assumptions of a normal distribu-
tion and the assumed level of measurement adequately describe the
interplay between depression and loneliness. Additional statistical
methods are employed in an explorative and descriptive manner
(generalized linear mixed-effects model and mixed analysis of
variance). Power-analysis for mixed ANOVA using G*Power
Version 3.1.9.7, with categorical groups of ‘high” and ‘low’ loneliness
(median-split) when considering an o error of 0.05, a power of 0.9
(1-B error probability) and a correlation value among repeated
measures of 0.5 for the group’s results an estimated sample size of
n = 36 participants assuming a medium effect size (f = 0.25), and
n = 214 participants assuming a small effect size (f = 0.10).

To ensure the external validity of the results, it is important that
both severely lonely depressive patients and less lonely depressive
patients, as well as different disease trajectories and patient charac-
teristics (e.g., age, sex, and number of comorbidities), can be
identified. A sample size of approximately 200 participants is
expected to ensure sufficient heterogeneity. This sample size is
feasible in practice, since even taking into account an inclusion
rate of 50% and a dropout rate of 30% for the primary diagnosis of
depression at the University Hospital and the Community Hospital
in Erlangen, the recruitment potential significantly exceeds the
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target number of cases within an estimated period of no more than
two years.

2.4 Measures
2.4.1 Primary outcomes

To increase the validity of the primary outcome measures and
reduce inherent bias for depression, a clinician-rated instrument
(Montgomery-Asberg Depression Rating Scale or MADRS) and a
self-report instrument (9-Item Patient Health Questionnaire or
PHQ-9) will be employed. However, loneliness is conceptualized
as a fundamentally subjective construct. Therefore, we will use the
two most established scales (the UCLA Loneliness Scale and De
Jong Gierveld van Tilburg Loneliness scales), each in their abbre-
viated form. To capture the characteristics of the social network as a
more objectively accessible domain, an adapted version of the Social
Network Indices measure is used within the assessment battery.
Furthermore, we administer an additional, newly developed single
item intended to capture situational (state) versus enduring (trait)
aspects of loneliness. Neither the adapted German Social Network
Index nor this single item have been psychometrically validated and
therefore cannot be used as established measures. Accordingly, any
analyses involving these measures are strictly exploratory, and are
not interpreted as validated indicators of objective network size or
state versus trait loneliness.

2.4.1.1 Depression

2.4.1.1.1 Montgomery-Asberg Depression Rating Scale
(MADRS)

Core symptoms of depression will be assessed by using the
MADRS (67, 68), which is a widely used semi structured clinician-
rated interview consisting of 10 items (apparent sadness, reported
sadness, inner tension, sleep, appetite, concentration, lassitude,
inability to feel, pessimistic thoughts, and suicidal thoughts). Each
of these items is rated on a scale from 0 to 6, with a sum score
ranging from 0 to 60 points. Higher scores indicate greater severity
of depressive symptoms, with scores of 31 or above suggesting the
presence of severe depressive syndrome (69). The assessment refers
to the preceding seven days and is considered to be suitable for
repeated measurements (68, 70).

2.4.1.1.2 Depression (self-report): 9-Item Patient Health
Questionnaire (PHQ-9)

The PHQ-9 (71, 72) is a self-report measure that is used to
assess depressive symptomatology and is frequently used in both
clinical and non-clinical populations (73, 74). It comprises nine
items reflecting the DSM-IV criteria for major depressive disorder
but remains one of the most frequently used self-report measures.
The PHQ-9 is rated on a four-point Likert scale (0 = not at all, 1 =
on several days, 2 = on more than half of the days, and 3 = nearly
every day). The sum score ranges from 0 to 27 and is used to
evaluate the severity of depressive symptoms. A score of 20 or
higher is indicative of severe depressive syndrome. Moreover, scores
< 4 denote no or minimal symptoms, scores between 5 and 9
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indicate mild symptoms, scores between 10 and 14 indicate mod-
erate symptoms, and scores between 15 and 19 indicate moderately
severe depressive symptoms.

2.4.1.2 Loneliness

2.4.1.2.1 3-Item University of California, Los Angeles (UCLA)
Loneliness Scale (3-Item UCLA)

The 3-Item version (49) is a shortened form of the original 20-
Item UCLA Loneliness Scale (75-77) and demonstrates comparable
main psychometric criteria (50) and thus benefits regarding sec-
ondary test criteria (economy, acceptability). Loneliness is mea-
sured through three items, including (1) feeling a lack of
companionship, (2) feeling left out, and (3) feeling isolated from
others, which are rated on a three-point Likert scale (1 = hardly ever/
never, 2 = some of the time, and 3 = often). The resulting sum score
(range: 3-9) reflects the degree of perceived loneliness, with higher
scores denoting greater loneliness. Cutoff values vary across differ-
ent studies, although thresholds above 4 or 6 points are most
frequently used to classify individuals as Tonely’.

2.4.1.2.2 6-Item De Jong Gierveld van Tilburg Loneliness Scale
(6-Item DJGLS)

The 6-Item short version, similar to the original 11-Item scale
(51), captures two dimensions of loneliness, so-called social and
emotional loneliness, but can also be used as a unidimensional
measure of overall loneliness. Again, the shorter version was found
to have validity and reliability comparable to the longer version
(51). Each of the six statements is rated on a three-point scale (1 =
no, 2 = more or less, and 3 = yes). Before the total score is calculated,
the items are dichotomized, thus resulting in a sum score ranging
from 0 to 6, wherein scores of 0-1 indicate no loneliness, 2-4
indicate moderate loneliness, and 5-6 indicate severe loneliness
(51). The measure demonstrates good reliability and sufficient
content validity (52).

2.4.2 Secondary outcomes

2.4.2.1 Social support: Fragebogen zur sozialen
Unterstutzung, Kurzform (F-SozU-14)

Social support is measured with the F-SozU (78), which is a 14-
item German short form that demonstrates good reliability
(Cronbach’s o = 0.80 or higher) and criterion validity. The
instrument comprises 14 items assessing instrumental, social, and
emotional dimensions of support. Responses are scored on a five-
point Likert scale ranging from 0 (‘does not apply’) to 4 (‘applies
exactly’), with higher total scores indicating higher levels of per-
ceived social support.

2.4.2.2 Social network: adapted social network index
(adapted SNI)

The Social Network Indices measure (79-81) reflects the degree

of social integration or isolation. In the present study, an adapted
and German-translated version was used to capture participants’
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social interaction partners during the prior two weeks. The German
adaption was developed specifically for the present study and
represents a newly compiled version, as no German validated
version is available, awaiting formal validation. Via the use of a
yes/no response format, participants indicated whether they had
personal or telephone contact with each of the following: (1) spouse
or partner, (2) own children, (3) parents or parent-like figures, (4)
other relatives (e.g., siblings, uncles, or aunts), (5) friends, (6)
neighbors, (7) colleagues, (8) people known through voluntary
activities, (9) in-laws (parents, sons, or daughters-in-law), and (10)
members of their social group (e.g., community, congregation, sports,
or music clubs). In line with the structure and logic of validated
English Social Network Indices, higher total scores indicate greater
social connectedness. Because this adapted German version has not
been formally validated, its scores may be subject to measurement
bias (e.g., altered factor structure, item non-equivalence relative to
the original instruments, or ceiling effects). Accordingly, all analyses
involving the adapted Social Network Index are exploratory and
hypothesis-generating, and its results are interpreted descriptively
rather than as validated indicator of social network structure.

2.4.2.3 Health status: short form 12 health survey (SF-12)

The SF-12 (82-84) captures the health-related quality of life and
retains 12 items of the longer SF-36 that represent eight dimensions
of physical and mental well-being. The two composite scores
(including the physical component summary and mental compo-
nent summary) are standardized (M = 50, SD = 10), demonstrate
acceptable Cronbach’s o > 0.80 and have been validated in various
countries and populations. Higher values indicate better health.

2.4.2.4 Quality of life: WHO-five well-being index
(WHO-5)

The World Health Organization Well-Being Index (WHO-5)
(85) is a brief and universally applicable measure of general well-
being over the past two weeks. Each of the five items is positively
phrased (e.g., T have felt calm and relaxed’) and rated on a six-point
Likert scale (0 = at no time, 1 = some of the time, 2 = less than half of
the time, 3 = more than half of the time, 4 = most of the time, and 5 =
all of the time). The total score (0-25) is transformed to a scale
ranging from 0 to 100, with scores <50 indicating diminished
well-being.

2.4.2.5 Social anxiety: social phobia inventory
(SPIN)

The German version of the Social Phobia Inventory (SPIN) (86,
87) is a 17-item self-report measure designed to assess multiple
dimensions of social anxiety, including physiological arousal (e.g.,
‘My heart is racing when I am with other people.’), fear of negative
evaluation (e.g., ‘I am very afraid of being criticized.”), and avoidance
behavior (e.g., ‘I avoid activities in which I am the center of
attention.’). Responses are scored on a five-point Likert scale (0 =
not at all and 4 = extremely), thereby reflecting the extent of distress
associated with each item. The German version also exhibits good
psychometric criteria (Cronbach’s o = 0.94; test-retest r = 0.88).
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2.4.2.6 Somatic symptom burden: 13-item somatic
symptom severity scale of the patient health
questionnaire (PHQ-13)

Somatic symptoms will be assessed by using the German
version of the Patient Health Questionnaire (72, 88). The psycho-
metric validity of the PHQ-13 is comparable to that of the PHQ-15;
however, the former measure enhances usability and gender neu-
trality. Thirteen physical symptoms are scored over the preceding
four weeks, including the degree of associated impairment (0 = not
impaired at all, 1 = slightly impaired, and 2 = severely impaired).

2.4.2.7 Inpatient treatment duration

The number of days from the beginning of inpatient treatment
to the day of discharge from inpatient therapy will be recorded.

2.4.3 Other variables
2.4.3.1 Biosampling

Biological samples (including blood, saliva, and stool samples)
are collected at each assessment point (T0, T1, and T2). Since the
analysis of biological samples is exploratory and for hypothesis-
generating purposes in this study, we strive to reduce method bias
variance by restricting biosampling to the university hospital site to
minimize preanalytical errors and ensure procedural consistency.
Blood sampling is coordinated with routine clinical blood collec-
tions. An additional volume of up to 28.2 ml of venous blood is
collected (2 x 9 ml EDTA tubes, 1 x 2.7 ml EDTA tubes, and 1 x
7.5 ml serum tubes). Routine laboratory analyses, including anal-
yses of metabolic markers such as Low-Density-Lipoprotein, High-
Density-Lipoprotein, and HbAlc, are performed by the Central
Laboratory of the University Hospital Erlangen. The remaining
samples are centrifuged, processed (red blood cell lysis for lympho-
cytes), aliquoted, and stored at -80 °C in the certified biobank (DIN
EN ISO 20387) of the University Hospital Erlangen, which is a
member of the German Biobank Network. To ensure consistency
and comparability of the results of the biochemical analyses, the
time between blood collection and the start of processing in the
certified biobank is less than two hours. Metabolic, immunological,
and hormonal parameters, as well as neurotrophic factors (such as
BDNF) are subsequently analyzed by using commercially available
antibody-based ELISAs and complementary detection techniques.
The activity of enzymes of the sphingolipid metabolism, which are
involved in cellular signaling pathways and crucial for maintaining
cell membrane structure, will be measured with established assays
employing fluorescently labeled substrates (89, 90).

Participants collect saliva samples themselves 30 minutes after
awakening (indicating the cortisol awakening response) and a
maximum of 30 minutes before bedtime to capture the circadian
rhythm of HPA axis activity (91, 92). An evening sample is
considered to be a practical surrogate measure of basal HPA axis
function, whereas a diurnal nadir typically occurs during nocturnal
sleep. All of the saliva samples are collected by using Salivette® (93)
and stored at minimum -20 °C in the central biobank of the
University Hospital Erlangen until further analysis.
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Stool samples are also self-collected by participants by using a
collection kit involving a collection tube with stool stabilizer and a
feces catcher. Stool samples are stored at -80 °C in the central
biobank of the University Hospital Erlangen until subsequent 16S
rRNA-based microbiome analysis.

2.4.3.2 Suicidality

Suicidality will be measured in clinical interview (Montgomery-
Asberg Depression Rating Scale (MADRS), Item No. 10 out of 10
items, rated 0-6, with higher values representing more suicidality)
and self-report (9-Item Patient Health Questionnaire (PHQ-9)
(Item No. 9 out of 9, rated 0-3 with higher scores indicating
more suicidality). Completed suicides are recorded as seri-
ous incidents.

2.4.3.3 Loneliness: 1-Item state vs. trait

Given the absence of an established measure capable of differ-
entiating between enduring (trait) and situational (state) loneliness,
this aspect is captured by using a newly developed single item: Tn
looking back upon my life, I would say that I have felt ... .
Participants respond to this item on a four-point scale (1 =
mostly lonely throughout my life, 2 = lonely from time to time, 3 =
only lonely at present, and 4 = never lonely). Responses of 1 are
intended to represent trait loneliness; options 2 and 3 intend to
represent state loneliness; and option 4 indicates no loneliness. The
item developed for the study has not been validated. The psycho-
metric properties are being examined on an exploratory basis, even
though this study does not meet the methodological requirements
for validating a single-item-scale. Accordingly, results from this
item will not be used to draw conclusions about whether a patient’s
loneliness is of a state or trait nature.

2.4.3.4 Self-reports on personal and lifestyle information

Structured assessments are conducted to obtain demographic
information and potential covariates associated with treatment
outcomes and biomarker levels. The data includes personal char-
acteristics (including sex, age, body weight, height, living situation,
employment status, and marital status) and clinical history of
depression (including familial occurrence, number of previous
episodes, suicide attempts, hospital admissions, and current treat-
ment). Lifestyle variables encompassing substance use (such as
smoking, alcohol, cannabis, caffeine, and other drugs), physical
activity (including aerobic and resistance training), and dietary
habits (including health-conscious diets, yogurt consumption, and
recent antibiotic use) are surveyed.

2.4.3.5 Routine clinical data

Routine clinical data, including number of therapies partici-
pated, treatment setting, medication, and comorbidities, are re-
trieved from hospital records by the study physicians. Routine
clinical data is recorded and classified in a structured manner, for
example, medication is structured by substance classes (SRI/SNRI/
NaSSA(Mirtazapin)/NDRI (Bupropion)/TZA/MAO-I/SARI
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(Trazodon)/Agomelatin/other) and treatment strategy (monother-
apy/augmented therapy and predefined changes in dosing
or substances).

2.5 Data collection

Eligibility screening and clinical diagnostic screening, along
with interviews, are conducted by study physicians, supported by
trained study psychologists. Depression is assessed during a clinical
interview (MADRS) by the patient’s treatment team, which also
determines when the patient will be discharged from the hospital.
All of the self-report assessments are collected by the patients
themselves using the REDCap (94, 95) online survey application.
Biosampling will be exclusively performed among participants
recruited at the University Hospital to ensure methodologically
consistent and rapid processing. Routine clinical data are primarily
extracted from clinical documentation systems and consolidated
prior to analysis (similar to other data sources).

2.6 Statistical analysis

To perform the statistical analysis, IBM SPSS Statistics Version
29 (96) and R (97) are used. To address the primary objective of this
study, which is to examine the clinical relevance of the interplay
between loneliness and depression in an inpatient and post-inpa-
tient treatment setting, a set of statistical approaches is employed.
To address the primary hypothesis, a linear mixed model with
likelihood ratio test will be conducted to test against the null
hypothesis that baseline loneliness, change in loneliness or their
interaction have no additional association with the symptom
severity in the course of depression (TO0, T1, T2). In the primary
linear mixed-effects model, depressive symptom severity (MADRS)
is modeled across the three main assessment points (T0 = admis-
sion, T1 = discharge, T2 = three-month follow-up), with time
entered as a categorical factor. Baseline loneliness at TO (applied
to TO, T1, and T2), the change in loneliness from admission to
discharge (applied to T1 and T2), and their interaction (baseline x
change) are entered as fixed effects, alongside random intercepts
and random slopes capturing individual differences in symptom
level and course. Because the length of inpatient stay differs between
participants, the individual inpatient treatment duration (days from
admission to discharge) is included as a time-related covariate
rather than assuming a fixed interval between TO and T1. The
biweekly interim assessments are not part of the primary model and
are reserved for the exploratory within-/between-person trajectory
analyses described below. The primary test is an omnibus likeli-
hood-ratio test of the null hypothesis that baseline loneliness,
change in loneliness, and their interaction jointly show no associ-
ation with the course of depressive symptom severity; only if this
omnibus test is significant are the three individual coefficients
examined, with Holm-Bonferroni correction. The formal model
specification and the complete list of covariates are provided in the
Supplementary Material (Section 4 and Supplementary Table SI).
All models will be controlled for time-effects (e.g., length of
inpatient treatment duration), measures obtained at the same
timepoint (e.g. explorative analysis of measurement specific asso-
ciations of loneliness and depression), recruitment site, gender and
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age and will be tested for further covariates such as social anxiety
and social support. The primary analysis sample will include all
participants who completed TO and T1 depression severity mea-
sures (MADRS) and loneliness measures (3-Item UCLA). For each
questionnaire, missing individual data points are imputed using
person-mean imputation, provided that no more than 20% of the
data is missing. Participants with an inpatient stay shorter than
seven days (post-enrollment exclusion criterion) are not part of the
primary analysis set, since no discharge assessment (T1) is obtained
for them; where baseline (T0) data are available, they are retained in
the sensitivity analyses of all available data. The extent and pattern
of missing values will be described for all inference statistical
analysis. Given that dropout is likely associated not only with
observed characteristics (MAR) but also with unobserved post-
discharge symptom severity (MNAR), sensitivity analyses will
include pattern-mixture models or selection models to evaluate
the robustness of primary findings under MNAR assumptions. As a
pragmatic benchmark, a worst-case analysis will be performed
assuming that all dropouts at T2 experienced no improvement
(last observation carried forward) or deterioration (fixed offset of +5
MADRS points).

Sensitivity analysis will be performed including all available
participant data (including TO only post-enrollment exclusion
analysis and analysis of cases with missing data at TO/T1), and
further covariates and confounding variables. Additional covariates
as medication, comorbidities, social network size and therapy
participation, among others, are recorded and classified in a
structured manner, for example, medication based on substance
classes and treatment strategy (monotherapy/augmented therapy
and changes in dosing or substances). Loneliness is being explor-
atory evaluated in terms of its significance and clinical relevance as a
potential predictor of the course and change in severity of depres-
sion. For a more differentiated analysis, within-person and between-
person variation will additionally be distinguished in an exploratory
manner — both for depressive symptom severity and its individual
change, and for loneliness and its individual change. The biweekly
interim assessments of loneliness and depression are incorporated
into this exploratory, hypothesis-generating part of the analysis,
which is oriented toward potential intervention targets. It should be
noted that, at the interim time points, loneliness is available from
the 3-Item UCLA Loneliness Scale, whereas depressive symptom
severity is available by self-report only. Accordingly, the PHQ-9 is
administered at the biweekly assessments — and likewise at TO, T1,
and T2 — to capture self-reported depressive symptom severity.

Secondary outcomes (quality of life, suicidality, social support
and others) and biosamples will be analyzed exploratively and
reported descriptively. To account for multiple testing in explora-
tory analysis, p-values will be adjusted using the Benjamini-
Hochberg false discovery rate (FDR) procedure. To evaluate prog-
nostic sensitivity and specificity of loneliness measures loneliness at
the beginning of inpatient treatment and at discharge, cutoff values
for loneliness scores (with 3-Item UCLA and 6-Item DJGLS
Loneliness Scales being considered separately) are assessed explor-
atory by using ROC analysis. The severity of depression symptoms
serves as reference standard for predicting response, which is
defined as > 50% reduction in MADRS scores from baseline (T0)
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to discharge (T1), and depression symptom severity measured with
MADRS at T2 serves as reference standard for predicting relapse
(defined as one or both of the following conditions: > 10 MADRS
points more from discharge to follow-up or = 22 MADRS points at
follow-up measurement), respectively. The exploratory ROC results
are strongly sample-dependent. Because the cutoff values are
derived from the present sample, their predictive value and trans-
ferability are markedly limited; the ROC analysis should therefore
be regarded only as a first attempt at course- and risk-stratification,
the validity of which would need to be confirmed in independent
samples. A detailed descriptive presentation of all the measurement
time points and all variables assessed will be performed, as well as
an exploratory analysis using (generalized) linear mixed models.

3 Discussion

Although loneliness is currently receiving increased attention as
a factor that is relevant to public health, and the fact that people
with depression can be considered a risk group, there have been no
studies to date on the relevance of loneliness to the treatment of
depression. Thus, this naturalistic prospective study provides im-
portant insights into whether and to what extent loneliness is
relevant for the treatment of depression. A variety of self-report
instruments, clinical interviews, routine data, and biosampling
approaches are employed for this purpose. The multimethod and
longitudinal approach reduces measurement method variance;
however, the predominantly exploratory consideration of secondary
outcomes and biosamples also carries the risk of determining
invalid conclusions, which need to be controlled by Benjamini-
Hochberg FDR, covariates or be additionally tested in a subsample
and validated by another subsample (known as split-
sample validation).

Nevertheless, certain other limitations need to be considered.
First, there are methodological difficulties involved in measuring
loneliness. Loneliness is a subjective construct; in the context of
depression, cognitive and affective distortions can occur, thus
indicating that there is a risk that people with severe depression
will demonstrate a more negative assessment. Another methodo-
logical limitation is that the measures used to assess the constructs
of loneliness and depression may lack discriminant validity. An
exploratory factor analysis could highlight such overlaps in a salient
manner. In addition, the adapted German Social Network Index
used in this study has not been formally validated; potential
measurement bias cannot be excluded, and analyses based on this
instrument are therefore exploratory. Interpretation is further
complicated by the differing dimensionality of the instruments
used to measure the construct of loneliness: whereas the 3-Item
UCLA Loneliness Scale is unidimensional, the 6-Item DJGLS is
bidimensional, which may affect how the relationship between
loneliness and depression is understood. Although the scales are
well-established and used in various countries and cultural contexts,
the present sample is probably too small in size to examine cultural
influences on the experience of loneliness or the tendency toward
socially desirable responses, making biases possible. Altered
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response behavior may also occur due to repeated assessments
(which is known as measurement reactivity) (98). These limitations
can only be partially overcome by considering random effects of
depression and loneliness and by varying the frequency of loneli-
ness measurements during the study design phase (involving the
use of the 3-Item UCLA Loneliness Scale every two weeks and the 6-
Item DJGLS at three main measurement points). Self-selection bias
may also be a potential limitation, thus indicating that patients with
specific levels of loneliness or depression are more likely to
participate; moreover, the representativity of the sample in terms
of age or sex may be limited. Where available, reasons for non-
participation will be reported transparently. Second, several analy-
ses are explicitly exploratory and hypothesis-generating rather than
confirmatory. In particular, the ROC-based cutoffs for response and
relapse prediction are derived from the present sample and there-
fore subject to optimism bias; the resulting sensitivity, specificity,
and threshold estimates require external validation before any
clinical use. Likewise, biomarker and microbiome analyses rest on
a site-restricted convenience subsample (biosampling at the
University Hospital only) and are interpreted only as preliminary,
generalizability-limited findings. This subsample may differ sys-
tematically from participants recruited at the community hospital
in terms of illness severity, comorbidity profiles, or sociodemo-
graphic characteristics, as university hospital populations tend to
include more treatment-resistant or complex cases. To mitigate
false-positive results across the exploratory analyses, p-values are
adjusted using the Benjamini-Hochberg false discovery rate, and
key findings are, where feasible, examined by split-sample valida-
tion. To evaluate the comparability of both recruitment sites,
baseline characteristics will be compared descriptively across cen-
ters, and the primary mixed model analyses will include study site as
a covariate. Importantly, the primary hypotheses rely exclusively on
clinical interview and self-report data (MADRS and 3-Item UCLA;
additionally, PHQ-9 and 6-Item DJGLS) that are collected at both
sites, ensuring that the main study objectives are testable indepen-
dently of biomarker availability. Third, despite the longitudinal
design of the study, the primary mixed model analysis of this initial
non-interventional study on the association of loneliness and
depression and their clinical relevance comes with the limitation
of reverse causality.

Given that the study design does not permit definitive causal
conclusions to be determined about the direction of all fixed and
random effects, the findings are still expected to provide valuable
insights and relevant implications. In particular, the following
insights can be obtained (1): a report on whether patients with
different levels of loneliness receive equal benefits from inpatient
multimodal depression treatment; (2) insights into changes in
loneliness during and after depression treatment; (3) important
preliminary findings regarding the shared and distinct
biopsychosocial mechanisms underlying loneliness and depression;
and (4) the relationship of loneliness and depression on to second-
ary outcomes, including quality of life and suicidality.

Should the primary hypotheses be confirmed — that is, if
baseline loneliness, change in loneliness or their interaction is
significantly associated with the level of depressive symptom
severity across the treatment course — this may carry implications
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for clinical practice. First, a brief loneliness screening (requiring less
than two minutes using the 3-Item UCLA Loneliness Scale) might
be considered for integration into routine psychiatric admission
assessments, as it may enable clinicians to identify patients at risk
for poorer treatment outcomes early in the treatment process —
though randomized controlled studies would be needed to deter-
mine whether such screening translates into improved clinical
outcomes. Second, the exploratory distinction between more situ-
ational and more enduring aspects — examined here only descrip-
tively and without a validated state-trait measure — may, if
associated with the course of depressive symptom severity, generate
hypotheses for future interventional studies. Such studies could
evaluate whether loneliness-focused components (e.g., cognitive
restructuring of maladaptive social cognitions or facilitated social
re-engagement during the transition from inpatient to outpatient
care) add value to multimodal depression treatment. Any inference
about modifiability would require an interventional design and lies
beyond the scope of the present observational study. Third, the
finding that loneliness at discharge predicts relapse would under-
score the importance of addressing social connectedness as part of
discharge planning and aftercare, a dimension that is currently
underrepresented in German psychiatric treatment guidelines.

Several design features strengthen the evidential value of this
study. The bicentric recruitment across a university hospital and a
community psychiatric hospital enhances ecological validity by
capturing a broader spectrum of clinical severity, treatment cul-
tures, and patient populations than a single-site design would
permit. The longitudinal design with three main assessment
points and biweekly interim measurements allows for the modeling
of individual symptom trajectories rather than relying on pre-post
comparisons alone. The multimethod approach — combining
clinician-rated interviews (MADRS), validated self-report instru-
ments (PHQ-9, 3-Item UCLA Loneliness Scale and 6-Item DJGLS),
biological sampling, and routine clinical data — reduces shared
method variance and enables triangulation of findings across
measurement modalities. Furthermore, the integration of both
established loneliness scales alongside a newly developed state-
trait item allows for the examination of construct-level questions
that cannot be addressed with a single instrument.

Regarding generalizability, the study population comprises
adults with a primary diagnosis of depression admitted to inpatient
psychiatric care in a German metropolitan area. This setting reflects
the structure of the German psychiatric care system, in which
inpatient treatment typically involves multimodal therapy pro-
grams of several weeks’ duration — a model that differs substan-
tially from shorter inpatient stays common in other healthcare
systems (e.g., the United States or the United Kingdom).
Consequently, the absolute effect sizes observed in this study may
not be directly transferable to outpatient, day-clinic, or primary care
settings, where treatment intensity, social context, and the natural
course of both depression and loneliness may differ considerably.
Similarly, the predominantly German-speaking sample and the use
of German-language instruments limit the cultural generalizability
of the findings, particularly given that the subjective experience and
social determinants of loneliness are shaped by cultural norms
regarding social contact and emotional disclosure. Nevertheless, the
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core research question — whether loneliness is associated with
depression treatment outcomes — is relevant across healthcare
systems, and the present study is intended to provide an empirical
foundation that can be tested for replicability in other clinical
populations and care settings. Therefore, the results may provide
an evidence base and rationale for future clinical trials evaluating
new treatment approaches in future intervention studies addressing
loneliness in depression. Meta-analytic findings indicate that psy-
chological interventions, especially cognitive-behavioral strategies
targeting social cognition, can alleviate loneliness (99), underscor-
ing their potential relevance for therapeutic approaches in depres-
sive disorders. Furthermore, this study will contribute to a better
understanding of the mechanisms linking loneliness
and depression.

4 Ethics and dissemination

This study was approved by the Research Ethics Committee of
Friedrich-Alexander-Universitidt Erlangen-Niirnberg (FAU) by
vote on 19 September 2025 (No. 25-435-B). This study was
developed in accordance with the Declaration of Helsinki.
Informed consent is obtained from all of the individual participants
included in this study. Any amendments affecting the study
population, primary outcomes, or study procedures will be updated
on ClinicalTrials.gov (NCT07333027) in a timely manner and
reported transparently in future publications. Study findings will
be submitted for publication in peer-reviewed journals and pre-
sented at national and international conferences. A summary of
results will be provided to study participants upon request.

Ethics statement

The studies involving humans were approved by Research
Ethics Committee of Friedrich-Alexander-Universitit Erlangen-
Nirnberg (FAU). The studies were conducted in accordance with
the local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

FS: Conceptualization, Formal Analysis, Methodology, Project
administration, Writing - original draft. FF: Conceptualization,
Investigation, Project administration, Writing - review & editing.
MD: Conceptualization, Investigation, Writing — review & editing.

References

1. World Health Organization. From Loneliness to Social Connection: Charting a Path
to Healthier Societies. Report of the WHO Commission on Social Connection. Geneva,
Switzerland: World Health Organization (2025).

Frontiers in Psychiatry

12

10.3389/fpsyt.2026.1827062

UK: Conceptualization, Writing - review & editing. CM:
Conceptualization, Methodology, Project administration, Writing
- review & editing. JK: Conceptualization, Formal Analysis,
Methodology, Supervision, Writing — original draft.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. Language and linguistic style were
refined using DeepL Pro.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2026.
1827062/full#supplementary-material

2. Baumeister RF, Leary MR. The need to belong: desire for interpersonal attachments
as a fundamental human motivation. Psychol Bull. (1995) 117:497-529. doi: 10.4324/
9781351153683-3

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2026.1827062/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2026.1827062/full#supplementary-material
https://doi.org/10.4324/9781351153683-3
https://doi.org/10.4324/9781351153683-3
https://doi.org/10.3389/fpsyt.2026.1827062
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Sonnauer et al.

3. Park C, Majeed A, Gill H, Tamura J, Ho RC, Mansur RB, et al. The effect of
loneliness on distinct health outcomes: a comprehensive review and meta-analysis.
Psychiatry Res. (2020) 294:113514. doi: 10.1016/j.psychres.2020.113514

4. Wong NM, Mabel-Kenzie ST, Lin C, Huang C-M, Liu H-L, Lee S-H, et al. Meta-
analytic evidence for the cognitive control model of loneliness in emotion processing.
Neurosci Biobehav Rev. (2022) 138:104686. doi: 10.1016/j.neubiorev.2022.104686

5. Pourriyahi H, Yazdanpanah N, Saghazadeh A, Rezaei N. Loneliness: an
immunometabolic syndrome. Int J Environ Res Public Health. (2021) 18:12162.
doi: 10.3390/ijerph182212162

6. Taylor HO, Taylor R], Nguyen AW, Chatters L. Social isolation, depression, and
psychological distress among older adults. ] Aging Health. (2018) 30:229-46.
doi: 10.1177/0898264316673511

7. Wickramaratne PJ, Yangchen T, Lepow L, Patra BG, Glicksburg B, Talati A, et al.
Social connectedness as a determinant of mental health: a scoping review. PloS One.
(2022) 17:¢0275004. doi: 10.1371/journal.pone.0275004

8. Valtorta NK, Kanaan M, Gilbody S, Ronzi S, Hanratty B. Loneliness and social
isolation as risk factors for coronary heart disease and stroke: systematic review and
meta-analysis of longitudinal observational studies. Heart. (2016) 102:1009-16.
doi: 10.1136/heartjnl-2015-308790

9. Terracciano A, Luchetti M, Karakose S, Stephan Y, Sutin AR. Loneliness and risk of
Parkinson disease. JAMA Neurol. (2023) 80:1138-44. doi: 10.1001/
jamaneurol.2023.3382

10. Oken BS, Kaplan J, Klee D, Gallegos AM. Contributions of loneliness to cognitive
impairment and dementia in older adults are independent of other risk factors and
Alzheimer's pathology: a narrative review. Front Hum Neurosci. (2024) 18:1380002.
doi: 10.3389/fnhum.2024.1380002

11. Karska J, Pszczotowska M, Gladka A, Leszek J. Correlations between dementia and
loneliness. Int J Mol Sci. (2023) 25:271. doi: 10.3390/ijms25010271

12. Luchetti M, Aschwanden D, Sesker AA, Zhu X, O’Stilleabhain PS, Stephan Y, et al.
A meta-analysis of loneliness and risk of dementia using longitudinal data from
>600,000 individuals. Nat Ment Health. (2024) 2:1350-61. doi: 10.1038/544220-024-
00328-9

13. Surkalim DL, Luo M, Eres R, Gebel K, van Buskirk J, Bauman A, et al. The
prevalence of loneliness across 113 countries: systematic review and meta-analysis.
BM]J. (2022) 376:¢067068. doi: 10.1136/bm;j-2021-067068

14. Steptoe A, Shankar A, Demakakos P, Wardle J. Social isolation, loneliness, and all-
cause mortality in older men and women. Proc Natl Acad Sci USA. (2013) 110:5797—
801. doi: 10.1073/pnas.1219686110

15. Beutel ME, Klein EM, Brahler E, Reiner I, Jinger C, Michal M, et al. Loneliness in
the general population: prevalence, determinants and relations to mental health. BMC
Psychiatry. (2017) 17:97. doi: 10.1186/512888-017-1262-x

16. Erzen E, Cikrikci O. The effect of loneliness on depression: a meta-analysis. Int ]
Soc Psychiatry. (2018) 64:427-35. doi: 10.1177/0020764018776349

17. McClelland H, Evans JJ, Nowland R, Ferguson E, O'Connor RC. Loneliness as a
predictor of suicidal ideation and behaviour: a systematic review and meta-analysis of
prospective studies. ] Affect Disord. (2020) 274:880-96. doi: 10.1016/j.jad.2020.05.004

18. Domeénech-Abella J, Mundé J, Haro JM, Rubio-Valera M. Anxiety, depression,
loneliness and social network in the elderly: longitudinal associations from The Irish
Longitudinal Study on Ageing (TILDA). ] Affect Disord. (2019) 246:82-8. doi: 10.1016/
jjad.2018.12.043

19. Cacioppo JT, Hawkley LC, Thisted RA. Perceived social isolation makes me sad: 5-
year cross-lagged analyses of loneliness and depressive symptomatology in the Chicago
Health, Aging, and Social Relations Study. Psychol Aging. (2010) 25:453-63.
doi: 10.1037/a0017216

20. Ahmed M, Cerda I, Maloof M. Breaking the vicious cycle: the interplay between
loneliness, metabolic illness, and mental health. Front Psychiatry. (2023) 14:1134865.
doi: 10.3389/fpsyt.2023.1134865

21. Hawkley LC, Preacher KJ, Cacioppo JT. Loneliness impairs daytime functioning
but not sleep duration. Health Psychol. (2010) 29:124-9. doi: 10.1037/a0018646

22. Kurina LM, Knutson KL, Hawkley LC, Cacioppo JT, Lauderdale DS, Ober C.
Loneliness is associated with sleep fragmentation in a communal society. Sleep. (2011)
34:1519-26. doi: 10.5665/sleep.1390

23. Bedard M, Woods R, Crump C, Anisman H. Loneliness in relation to depression:
the moderating influence of a polymorphism of the brain derived neurotrophic factor
gene on self-efficacy and coping strategies. Front Psychol. (2017) 8:1224. doi: 10.3389/
fpsyg.2017.01224

24. Dabiri S, Mwendwa DT, Campbell A. Psychological and neurobiological mecha-
nisms involved in the relationship between loneliness and cognitive decline in older
adults. Brain Behav Immun. (2024) 116:10-21. doi: 10.1016/j.bbi.2023.11.034

25. Fries GR, Saldana VA, Finnstein J, Rein T. Molecular pathways of major depressive
disorder converge on the synapse. Mol Psychiatry. (2023) 28:284-97. doi: 10.1038/
$41380-022-01806-1

26. Da Cunha LL, Feter N, Alt R, Rombaldi AJ. Effects of exercise training on
inflammatory, neurotrophic and immunological markers and neurotransmitters in

Frontiers in Psychiatry

13

10.3389/fpsyt.2026.1827062

people with depression: a systematic review and meta-analysis. ] Affect Disord. (2023)
326:73-82. doi: 10.1016/.jad.2023.01.086

27. Shao R, Liu H-L, Huang C-M, Chen Y-L, Gao M, Lee S-H, et al. Loneliness and
depression dissociated on parietal-centered networks in cognitive and resting states.
Psychol Med. (2020) 50:2691-701. doi: 10.1017/S0033291719002782

28. Gao M, Shao R, Huang C-M, Liu H-L, Chen Y-L, Lee S-H, et al. The relationship
between loneliness and working-memory-related frontoparietal network connectivity
in people with major depressive disorder. Behav Brain Res. (2020) 393:112776.
doi: 10.1016/j.bbr.2020.112776

29. Wen Z, Wang H, Liang Q, Liu L, Zhang W, Zhang X. Mediating effect of social
support and resilience between loneliness and depression in older adults: a systematic
review and meta-analytic structural equation modeling. J Affect Disord. (2024) 365:246-
57. doi: 10.1016/j.jad.2024.08.062

30. Cleary JL, Fang Y, Zahodne LB, Bohnert AS, Burmeister M, Sen S. Polygenic risk
and social support in predicting depression under stress. Am ] Psychiatry. (2023)
180:139-45. doi: 10.1176/appi.ajp.21111100

31. Gariépy G, Honkaniemi H, Quesnel-Vallée A. Social support and protection from
depression: systematic review of current findings in Western countries. Br ] Psychiatry.
(2016) 209:284-93. doi: 10.1192/bjp.bp.115.169094

32. Werner-Seidler A, Afzali MH, Chapman C, Sunderland M, Slade T. The relation-
ship between social support networks and depression in the 2007 National Survey of
Mental Health and Well-being. Soc Psychiatry Psychiatr Epidemiol. (2017) 52:1463-73.
doi: 10.1007/s00127-017-1440-7

33. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. Social support and
oxytocin interact to suppress cortisol and subjective responses to psychosocial stress.
Biol Psychiatry. (2003) 54:1389-98. doi: 10.1016/S0006-3223(03)00465-7

34. van der Velpen IF, Feijter M, Raina R, Ozel F, Perry M, Ikram MA, et al.
Psychosocial health modifies associations between HPA-axis function and brain
structure in older age. Psychoneuroendocrinology. (2023) 153:106106. doi: 10.1016/
j.psyneuen.2023.106106

35. Cacioppo JT, Fowler JH, Christakis NA. Alone in the crowd: the structure and
spread of loneliness in a large social network. J Pers Soc Psychol. (2009) 97:977-91.
doi: 10.1037/a0016076

36. Cacioppo JT, Cacioppo S. The growing problem of loneliness. Lancet. (2018)
391:426. doi: 10.1016/S0140-6736(18)30142-9

37. La Torre-Luque A, Lara E, La Fuente J, Rico-Uribe LA, Caballero FF, Lopez-Garcia
P, et al. Metabolic dysregulation in older adults with depression and loneliness: the
ATHLOS study. Psychoneuroendocrinology. (2021) 123:104918. doi: 10.1016/
j.psyneuen.2020.104918

38. Nguyen TT, Zhang X, Wu T-C, Liu ], Le C, Tu XM, et al. Association of loneliness
and wisdom with gut microbial diversity and composition: an exploratory study. Front
Psychiatry. (2021) 12:648475. doi: 10.3389/fpsyt.2021.648475

39. Suda K, Matsuda K. How microbes affect depression: underlying mechanisms via
the gut-brain axis and the modulating role of probiotics. Int ] Mol Sci. (2022) 23:1172.
doi: 10.3390/ijms23031172

40. Reyes-Martinez S, Segura-Real L, Gomez-Garcia AP, Tesoro-Cruz E, Constantino-
Jonapa LA, Amedei A, et al. Neuroinflammation, microbiota-gut-brain axis,
and depression: the vicious circle. J Integr Neurosci. (2023) 22:65. doi: 10.31083/
1jin2203065

41. Yang Z, Li ], Gui X, Shi X, Bao Z, Han H, et al. Updated review of research on the
gut microbiota and their relation to depression in animals and human beings. Mol
Psychiatry. (2020) 25:2759-72. doi: 10.1038/s41380-020-0729-1

42. Rosell-Cardona C, Cryan JF, Clarke G, Kittel-Schneider S. Host-microbiome
relationship in depression: can human induced pluripotent stem cells play a role in
unravelling mechanisms? NPJ Biofilms Microb. (2025) 11:117. doi: 10.1038/s41522-
025-00749-z

43. Xie Y, Zhu H, Yuan Y, Guan X, Xie Q, Dong Z. Baseline gut microbiota profiles
affect treatment response in patients with depression. Front Microbiol. (2024)
15:1429116. doi: 10.3389/fmicb.2024.1429116

44. Fontana A, Manchia M, Panebianco C, Paribello P, Arzedi C, Cossu E, et al.
Exploring the role of gut microbiota in major depressive disorder and in treatment
resistance to antidepressants. Biomedicines. (2020) 8:311. doi: 10.3390/biomedi-
cines8090311

45. Jiang Y, Qu Y, Shi L, Ou M, Du Z, Zhou Z, et al. The role of gut microbiota and
metabolomic pathways in modulating the efficacy of SSRIs for major depressive
disorder. Transl Psychiatry. (2024) 14:493. doi: 10.1038/s41398-024-03208-z

46. Dong Z, Shen X, Hao Y, Li J, Xu H, Yin L, et al. Gut microbiome: a potential
indicator for predicting treatment outcomes in major depressive disorder. Front
Neurosci. (2022) 16:813075. doi: 10.3389/fnins.2022.813075

47. Cao Y, Cheng Y, Pan W, Diao J, Sun L, Meng M. Gut microbiota variations in
depression and anxiety: a systematic review. BMC Psychiatry. (2025) 25:443.
doi: 10.1186/5s12888-025-06871-8

48. Souza P, Araujo Borba L, Castro de Jesus L, Valverde AP, Gil-Mohapel J, Rodrigues
AL. Major depressive disorder and gut microbiota: role of physical exercise. Int ] Mol
Sci. (2023) 24:16870. doi: 10.3390/ijms242316870

frontiersin.org


https://doi.org/10.1016/j.psychres.2020.113514
https://doi.org/10.1016/j.neubiorev.2022.104686
https://doi.org/10.3390/ijerph182212162
https://doi.org/10.1177/0898264316673511
https://doi.org/10.1371/journal.pone.0275004
https://doi.org/10.1136/heartjnl-2015-308790
https://doi.org/10.1001/jamaneurol.2023.3382
https://doi.org/10.1001/jamaneurol.2023.3382
https://doi.org/10.3389/fnhum.2024.1380002
https://doi.org/10.3390/ijms25010271
https://doi.org/10.1038/s44220-024-00328-9
https://doi.org/10.1038/s44220-024-00328-9
https://doi.org/10.1136/bmj-2021-067068
https://doi.org/10.1073/pnas.1219686110
https://doi.org/10.1186/s12888-017-1262-x
https://doi.org/10.1177/0020764018776349
https://doi.org/10.1016/j.jad.2020.05.004
https://doi.org/10.1016/j.jad.2018.12.043
https://doi.org/10.1016/j.jad.2018.12.043
https://doi.org/10.1037/a0017216
https://doi.org/10.3389/fpsyt.2023.1134865
https://doi.org/10.1037/a0018646
https://doi.org/10.5665/sleep.1390
https://doi.org/10.3389/fpsyg.2017.01224
https://doi.org/10.3389/fpsyg.2017.01224
https://doi.org/10.1016/j.bbi.2023.11.034
https://doi.org/10.1038/s41380-022-01806-1
https://doi.org/10.1038/s41380-022-01806-1
https://doi.org/10.1016/j.jad.2023.01.086
https://doi.org/10.1017/S0033291719002782
https://doi.org/10.1016/j.bbr.2020.112776
https://doi.org/10.1016/j.jad.2024.08.062
https://doi.org/10.1176/appi.ajp.21111100
https://doi.org/10.1192/bjp.bp.115.169094
https://doi.org/10.1007/s00127-017-1440-7
https://doi.org/10.1016/S0006-3223(03)00465-7
https://doi.org/10.1016/j.psyneuen.2023.106106
https://doi.org/10.1016/j.psyneuen.2023.106106
https://doi.org/10.1037/a0016076
https://doi.org/10.1016/S0140-6736(18)30142-9
https://doi.org/10.1016/j.psyneuen.2020.104918
https://doi.org/10.1016/j.psyneuen.2020.104918
https://doi.org/10.3389/fpsyt.2021.648475
https://doi.org/10.3390/ijms23031172
https://doi.org/10.31083/j.jin2203065
https://doi.org/10.31083/j.jin2203065
https://doi.org/10.1038/s41380-020-0729-1
https://doi.org/10.1038/s41522-025-00749-z
https://doi.org/10.1038/s41522-025-00749-z
https://doi.org/10.3389/fmicb.2024.1429116
https://doi.org/10.3390/biomedicines8090311
https://doi.org/10.3390/biomedicines8090311
https://doi.org/10.1038/s41398-024-03208-z
https://doi.org/10.3389/fnins.2022.813075
https://doi.org/10.1186/s12888-025-06871-8
https://doi.org/10.3390/ijms242316870
https://doi.org/10.3389/fpsyt.2026.1827062
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Sonnauer et al.

49. Hughes ME, Waite L], Hawkley LC, Cacioppo JT. A short scale for measuring
loneliness in large surveys: results from two population-based studies. Res Aging. (2004)
26:655-72. doi: 10.1177/0164027504268574

50. Gosling CJ, Colle R, Cartigny A, Jollant F, Corruble E, Frajerman A. Measuring
loneliness: a head-to-head psychometric comparison of the 3- and 20-item UCLA
Loneliness Scales. Psychol Med. (2024) 54:1-7. doi: 10.1017/S0033291724002083

51. Jong-Gierveld ], van Tilburg TG. A 6-item scale for overall, emotional, and social
loneliness: Confirmatory tests on survey data. Res Aging. (2006) 28:582-98.
doi: 10.1177/0164027506289723

52. Jong Gierveld ], van Tilburg T. The De Jong Gierveld short scales for emotional and
social loneliness: Tested on data from 7 countries in the UN generations and gender
surveys. Eur ] Ageing. (2010) 7:121-30. doi: 10.1007/s10433-010-0144-6

53. Sun H-L, Zhang Q, Si TL, Bai W, Chen P, Lam MI, et al. Interactive changes in
depression and loneliness symptoms prior to and during the COVID-19 pandemic: A
longitudinal network analysis. Psychiatry Res. (2024) 333:115744. doi: 10.1016/
j.psychres.2024.115744

54. Jong-Gierveld ], van Tilburg TG. Manual of the loneliness scale. In: Methoden En
Technieken. Amsterdam: Vrije Universiteit Amsterdam (1999). doi: 10.17605/0sf.io/
u6gck

55. Mund M, Freuding MM, Mébius K, Horn N, Neyer FJ. The stability and change of
loneliness across the life span: A meta-analysis of longitudinal studies. Pers Soc Psychol
Rev. (2020) 24:24-52. doi: 10.1177/1088868319850738

56. Goossens L, van Roekel E, Verhagen M, Cacioppo JT, Cacioppo S, Maes M, et al.
The genetics of loneliness: Linking evolutionary theory to genome-wide genetics,
epigenetics, and social science. Perspect Psychol Sci. (2015) 10:213-26. doi: 10.1177/
1745691614564878

57. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs ], Weiller E, et al. Mini
International Neuropsychiatric Interview Screen (M.LN.I Screen): Structured diagnostic
interview for DSM-1V and ICD-10 disorders. Tampa, FL, USA: Harm Research Institute,
University of South Florida College of Medicine (2009). Available online at: https://
harmresearch.org/index.php/mini-international-neuropsychiatric-interview-mini/
(Accessed June 30, 2026).

58. Sheehan DV, Lecrubier Y, Harnett-Sheehan K, Janavs J, Weiller E, Bonora LI, et al.
Reliability and validity of the MINI international neuropsychiatric interview (M.LN.L):
according to the SCID-P. Eur Psychiatry. (1997) 12:232-41. doi: 10.1016/S0924-9338
(97)83297-X

59. Sheehan DV, Lecrubier Y, Harnett-Sheehan K, Amorim P, Janavs ], Weiller E, et al.
The Mini International Neuropsychiatric Interview (M.LN.L): The development and
validation of a structured diagnostic psychiatric interview. J Clin Psychiatry. (1998)
59:22-33. doi: 10.1037/t18597-000

60. Lecrubier Y, Sheehan D, Weiller E, Amorim P, Bonora I, Harnett-Sheehan K, et al.
The MINI International Neuropsychiatric Interview (M.IN.L): A short diagnostic
structured interview: Reliability and validity according to the CIDIL. Eur Psychiatry.
(1997) 12:224-31. doi: 10.1016/50924-9338(97)83296-8

61. Maio Nascimento M, Lampraki C, Marques A, Gouveia ER, Adsuar JC, Thle A.
Longitudinal cross-lagged analysis of depression, loneliness, and quality of life in 12
European countries. BMC Public Health. (2024) 24:1986. doi: 10.1186/s12889-024-
19463-0

62. Grofle J, Huppertz C, Roh A, Oertel V, Andresen S, SChade N, et al. Step away
from depression—results from a multicenter randomized clinical trial with a pedom-
eter intervention during and after inpatient treatment of depression. Eur Arch
Psychiatry Clin Neurosci. (2024) 274:709-21. doi: 10.1007/s00406-023-01646-2

63. Erchinger VJ, Craven AR, Ersland L, Oedegaard KJ, Bartz-Johannessen CA,
Hammar A, et al. Electroconvulsive therapy triggers a reversible decrease in brain N-
acetylaspartate. Front Psychiatry. (2023) 14:1155689. doi: 10.3389/fpsyt.2023.1155689

64. Jelovac A, McCaffrey C, Terao M, Shanahan E, Whooley E, McDonagh K, et al.
Serial ketamine infusions as adjunctive therapy to inpatient care for depression: The
KARMA-Dep 2 randomized clinical trial. JAMA Psychiatry. (2025) 82:1216-24.
doi: 10.1001/jamapsychiatry.2025.3019

65. Breznoscakova D, Pallayova M, Izakova L, Kralova M. In-person
psychoeducational intervention to reduce rehospitalizations and improve the clinical
course of major depressive disorder: A non-randomized pilot study. Front Psychiatry.
(2024) 15:1429913. doi: 10.3389/fpsyt.2024.1429913

66. Finner A, Stross T, Ilic J, Stix K, Behrend ML, Payer H, et al. Discrepancies between
self- and clinician-rated depressive symptoms in psychiatric inpatients: Associations
with treatment stage, age, sex and depression severity. J Affect Disord. (2026)
399:121052. doi: 10.1016/j.jad.2025.121052

67. Collegium Internationale Psychiatriae Sclarum (CIPS). Internationale skalen fiir
psychiatrie: montgomery asberg depression scale. (1996).

68. Montgomery SA, Asberg M. A new depression scale designed to be sensitive to
change. Br ] Psychiatry. (1979) 134:382-9. doi: 10.1192/bjp.134.4.382

69. Miiller MJ, Himmerich H, Kienzle B, Szegedi A. Differentiating moderate and
severe depression using the Montgomery-Asberg depression rating scale (MADRS). J
Affect Disord. (2003) 77:255-60. doi: 10.1016/s0165-0327(02)00120-9

70. Schmidtke A, Fleckenstein P, Moises W, Beckmann H. Studies of the reliability and
validity of the German version of the Montgomery-Asberg Depression Rating Scale

Frontiers in Psychiatry

14

10.3389/fpsyt.2026.1827062

(MADRS). Schweizer Archiv fur Neurol und Psychiatr (Zurich Switzerl: 1985). (1988)
139:51-65.

71. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: Validity of a brief depression
severity measure. /] Gen Internal Med. (2001) 16:606-13. doi: 10.1046/j.1525-
1497.2001.016009606.x

72. Lowe B, Spitzer RL, Zipfel S, Herzog W. PHQ-D: Gesundheitsfragebogen fiir
Patienten; Manual Komplettversion und Kurzform. (2002) 2.

73. Sun'Y, Fu Z, Bo Q, Mao Z, Ma X, Wang C. The reliability and validity of PHQ-9 in
patients with major depressive disorder in psychiatric hospital. BMC Psychiatry. (2020)
20:474. doi: 10.1186/s12888-020-02885-6

74. El-Den S, Chen TF, Gan Y-L, Wong E, O’Reilly CL. The psychometric properties of
depression screening tools in primary healthcare settings: A systematic review. J Affect
Disord. (2018) 225:503-22. doi: 10.1016/j.jad.2017.08.060

75. Déring N, Bortz J. Psychometrische einsamkeitsforschung: Deutsche
neukonstruktion der UCLA loneliness scale. Diagnostica. (1993) 39:224-39.

76. Russell DW. UCLA Loneliness Scale (Version 3): Reliability, validity, and factor
structure. J Pers Assess. (1996) 66:20-40. doi: 10.1207/s15327752jpa6601_2

77. Russell D, Peplau LA, Cutrona CE. The revised UCLA Loneliness Scale:
Concurrent and discriminant validity evidence. J Pers Soc Psychol. (1980) 39:472.
doi: 10.1037//0022-3514.39.3.472

78. Fydrich T, Sommer G, Tydecks S, Brdhler E. Fragebogen zur sozialen
unterstiitzung (F-SozU): Normierung der Kurzform (K-14). Z Fr Medizinische
Psychol. (2009) 18:43-8. doi: 10.3233/zmp-2009-18_1_08

79. Cohen S, Doyle W], Skoner DP, Rabin BS, Gwaltney JM Jr. Social ties and
susceptibility to the common cold. JAMA. (1997) 277:1940-4. doi: 10.1001/
jama.1997.03540480040036

80. Berkman LF, Syme SL. Social networks, host resistance, and mortality: A nine-year
follow-up study of Alameda County residents. Am ] Epidemiol. (1979) 109:186-204.
doi: 10.1093/oxfordjournals.aje.al12674

81. Lubben JE. Assessing social networks among elderly populations. Family
Community Health. (1988) 11:42-52. doi: 10.1097/00003727-198811000-00008

82. Ware J, Jr., Kosinski M, Keller SD. A 12-item short-form health survey:
Construction of scales and preliminary tests of reliability and validity. Med Care.
(1996) 34:220-33. doi: 10.1097/00005650-199603000-00003

83. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SE-36).
1. Conceptual framework and item selection. Med Care. (1992) 30:473-83. doi: 10.1037/
t06708-000

84. Drixler K, Morfeld M, Glaesmer H, Brihler E, Wirtz MA. Validation of the Short-
Form-Health-Survey-12 (SE-12 Version 2.0) assessing health-related quality of life in a
normative German sample. Z Psychosom Med Psychother. (2020) 66:272-86.
doi: 10.13109/zptm.2020.66.3.272

85. World Health Organization. The world health organization-five well-being index
(WHO-5). (2024). Available online at: https://www.who.int/publications/m/item/
WHO-UCN-MSD-MHE-2024.01 (Accessed June 30, 2025).

86. Connor KM, Davidson JR, Churchill LE, Sherwood A, Foa E, Weisler RH.
Psychometric properties of the Social Phobia Inventory (SPIN). New self-rating
scale. Br J Psychiatry. (2000) 176:379-86. doi: 10.1192/bjp.176.4.379

87. Sosic Z, Gieler U, Stangier U. Screening for social phobia in medical in- and
outpatients with the German version of the Social Phobia Inventory (SPIN). J Anxiety
Disord. (2008) 22:849-59. doi: 10.1016/j.janxdis.2007.08.011

88. Spitzer RL, Kroenke K, Williams JB, Patient Health Questionnaire Primary Care
Study Group. Validation and utility of a self-report version of PRIME-MD: The PHQ
primary care study. JAMA. (1999) 282:1737-44. doi: 10.1001/jama.282.18.1737

89. Miihle C, Kornhuber J. Assay to measure sphingomyelinase and ceramidase activities
efficiently and safely. ] Chromatogr A. (2017) 1481:137-44. doi: 10.1016/j.chroma.2016.12.033

90. Miihle C, Kornhuber J. Characterization of a neutral sphingomyelinase activity in
human serum and plasma. Int ] Mol Sci. (2023) 24:2467. doi: 10.3390/ijms24032467

91. Clow A, Thorn L, Evans P, Hucklebridge F. The awakening cortisol response:
Methodological issues and significance. Stress. (2004) 7:29-37. doi: 10.1080/
10253890410001667205

92. Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and
the hypothalamic-pituitary-adrenocortical axis in humans. Psychol Bull. (2007) 133:25-
45. doi: 10.1037/0033-2909.133.1.25

93. Sarstedt AG & Co. KG. Salivette — Saliva collection system. In: . Niimbrecht,
Germany (n.). Available online at: https://www.sarstedt.com/fileadmin/user_upload/
99_Broschueren/NEU/156/BRO_25_156_0500_501_NF_Salivette_0525.pdf
(Accessed June 30, 2025).

94. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap) - a metadata-driven methodology and workflow
process for providing translational research informatics support. J BioMed Inf. (2009)
42:377-81. doi: 10.1016/j.jb1.2008.08.010

95. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The
REDCap consortium: Building an international community of software partners. J
BioMed Inf. (2019) 95:103208. doi: 10.1016/j.jbi.2019.103208

frontiersin.org


https://doi.org/10.1177/0164027504268574
https://doi.org/10.1017/S0033291724002083
https://doi.org/10.1177/0164027506289723
https://doi.org/10.1007/s10433-010-0144-6
https://doi.org/10.1016/j.psychres.2024.115744
https://doi.org/10.1016/j.psychres.2024.115744
https://doi.org/10.17605/osf.io/u6gck
https://doi.org/10.17605/osf.io/u6gck
https://doi.org/10.1177/1088868319850738
https://doi.org/10.1177/1745691614564878
https://doi.org/10.1177/1745691614564878
https://harmresearch.org/index.php/mini-international-neuropsychiatric-interview-mini/
https://harmresearch.org/index.php/mini-international-neuropsychiatric-interview-mini/
https://doi.org/10.1016/S0924-9338(97)83297-X
https://doi.org/10.1016/S0924-9338(97)83297-X
https://doi.org/10.1037/t18597-000
https://doi.org/10.1016/S0924-9338(97)83296-8
https://doi.org/10.1186/s12889-024-19463-0
https://doi.org/10.1186/s12889-024-19463-0
https://doi.org/10.1007/s00406-023-01646-2
https://doi.org/10.3389/fpsyt.2023.1155689
https://doi.org/10.1001/jamapsychiatry.2025.3019
https://doi.org/10.3389/fpsyt.2024.1429913
https://doi.org/10.1016/j.jad.2025.121052
https://doi.org/10.1192/bjp.134.4.382
https://doi.org/10.1016/s0165-0327(02)00120-9
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1186/s12888-020-02885-6
https://doi.org/10.1016/j.jad.2017.08.060
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1037//0022-3514.39.3.472
https://doi.org/10.3233/zmp-2009-18_1_08
https://doi.org/10.1001/jama.1997.03540480040036
https://doi.org/10.1001/jama.1997.03540480040036
https://doi.org/10.1093/oxfordjournals.aje.a112674
https://doi.org/10.1097/00003727-198811000-00008
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1037/t06708-000
https://doi.org/10.1037/t06708-000
https://doi.org/10.13109/zptm.2020.66.3.272
https://www.who.int/publications/m/item/WHO-UCN-MSD-MHE-2024.01
https://www.who.int/publications/m/item/WHO-UCN-MSD-MHE-2024.01
https://doi.org/10.1192/bjp.176.4.379
https://doi.org/10.1016/j.janxdis.2007.08.011
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1016/j.chroma.2016.12.033
https://doi.org/10.3390/ijms24032467
https://doi.org/10.1080/10253890410001667205
https://doi.org/10.1080/10253890410001667205
https://doi.org/10.1037/0033-2909.133.1.25
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/NEU/156/BRO_25_156_0500_501_NF_Salivette_0525.pdf
https://www.sarstedt.com/fileadmin/user_upload/99_Broschueren/NEU/156/BRO_25_156_0500_501_NF_Salivette_0525.pdf
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.3389/fpsyt.2026.1827062
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Sonnauer et al.

96. IBM Corp. IBM SPSS statistics for windows, version 29.0. (2022). Available online
at: https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-29 (Accessed
June 30, 2026).

97. R Core Team. R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing (2024). Available online at: https://
www.R-project.org/ (Accessed June 30, 2026).

Frontiers in Psychiatry

15

10.3389/fpsyt.2026.1827062

98. French DP, Sutton S. Reactivity of measurement in health psychology: How much
of a problem is it? What can be done about it? Br ] Health Psychol. (2010) 15:453-68.
doi: 10.1348/135910710X492341

99. Hickin N, Kall A, Shafran R, Sutcliffe S, Manzotti G, Langan D. The effectiveness of
psychological interventions for loneliness: A systematic review and meta-analysis. Clin
Psychol Rev. (2021) 88:102066. doi: 10.1016/j.cpr.2021.102066

frontiersin.org


https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-29
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1348/135910710X492341
https://doi.org/10.1016/j.cpr.2021.102066
https://doi.org/10.3389/fpsyt.2026.1827062
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Clinical relevance of loneliness in the treatment of depression: study protocol for a naturalistic prospective longitudinal study
	1 Introduction
	2 Methods and analysis
	2.1 Study design and setting
	2.2 Inclusion and exclusion criteria
	2.3 Sample size consideration
	2.4 Measures
	2.4.1 Primary outcomes
	2.4.1.1 Depression
	2.4.1.1.1 Montgomery–&Aring;sberg Depression Rating Scale (MADRS)
	2.4.1.1.2 Depression (self-report): 9-Item Patient Health Questionnaire (PHQ-9)

	2.4.1.2 Loneliness
	2.4.1.2.1 3-Item University of California, Los Angeles (UCLA) Loneliness Scale (3-Item UCLA)
	2.4.1.2.2 6-Item De Jong Gierveld van Tilburg Loneliness Scale (6-Item DJGLS)


	2.4.2 Secondary outcomes
	2.4.2.1 Social support: Fragebogen zur sozialen Unterst&uuml;tzung, Kurzform (F-SozU-14)
	2.4.2.2 Social network: adapted social network index (adapted SNI)
	2.4.2.3 Health status: short form 12 health survey (SF-12)
	2.4.2.4 Quality of life: WHO-five well-being index (WHO-5)
	2.4.2.5 Social anxiety: social phobia inventory (SPIN)
	2.4.2.6 Somatic symptom burden: 13-item somatic symptom severity scale of the patient health questionnaire (PHQ-13)
	2.4.2.7 Inpatient treatment duration

	2.4.3 Other variables
	2.4.3.1 Biosampling
	2.4.3.2 Suicidality
	2.4.3.3 Loneliness: 1-Item state vs. trait
	2.4.3.4 Self-reports on personal and lifestyle information
	2.4.3.5 Routine clinical data


	2.5 Data collection
	2.6 Statistical analysis

	3 Discussion
	4 Ethics and dissemination
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


