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Abstract
Purpose The interrelated associations of social relationship factors, depression, and outcomes of surgical patients are yet unex-
plored. The purpose of this study was to investigate whether depressionmediates effects of general social support, loneliness, and
living alone on hospital length of stay (LOS) of 2487 patients from diverse surgical fields.
Method Social relationship factors and depression were assessed prior to surgery. The PROCESS macro for SPSS was used to
conduct three simple mediation models that tested the indirect effects of social relationship factors on LOS mediated through
depression. The models were adjusted for age, gender, preoperative physical health, surgical field, severity of medical comor-
bidity, and extent of surgical procedure.
Results Social support and loneliness had significant indirect effects on LOS that were statistically mediated by preoperative
depression. Lower social support and the feeling of loneliness were considerably related to higher depression which predicted
longer LOS. While social support and loneliness had no direct effects on LOS, there was a small significant direct association of
living alone with shorter LOS.
Conclusion Data suggest that social support and loneliness are indirectly related with surgical outcomes by an association with
depression which in turn is related to worse outcomes.
Trial Registration NCT01357694

Keywords Depression . Length of hospital stay .Mediation analysis . Preoperative . Social support . Surgical

Introduction

There is considerable evidence that factors indicating the qual-
ity and quantity of social relationships are associatedwith both
mental and physical health outcomes [1–12]. Among these
factors, the strongest effects have been documented for per-
ceived social support which can be described as the perceived

availability of social resources that improve an individual’s
coping with stress [1, 3, 11]. Higher levels of perceived social
support are related to lower rates of morbidity and mortality in
a wide range of conditions [1–3, 13–15].

During the last four decades, several theoretical models
were developed to explain how social support might influence
physical health [1, 9–11]. In a comprehensive review article,
Uchino et al. state that a common feature of these models is
that they suggest psychological mechanisms mediating stress-
buffering and health-promoting effects of social support:
BImportantly, major models of social support and health have
postulated psychological mechanisms such as perceived
stress, depression, and positive affect as important pathways
… In fact, we are not aware of a major theoretical model
linking social support to health that does not postulate psycho-
logical mechanisms as potential pathways^ [11, page 950].
Among the suggested mediators, depression is of particular
interest because numerous studies demonstrated that worse
social relationships are related to increased depression [7,
16]. Depression, in turn, has a major negative influence on
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the etiology, development, and course of a variety of medical
diseases through diverse neurobiological mechanisms [17,
18]. Interestingly, recent research found that increased preop-
erative depression is also associated with worse outcomes in
surgical patients [19–23]. Concerning the causality of the re-
lationship between social support and depression, there are
several longitudinal studies showing that higher levels of so-
cial support lead to a decrease of depressive symptoms; how-
ever, in some studies, the association between social support
and depression was bi-directional in terms of depression also
affecting the experience of social support [7, 16, 24].

In surgical patients, the association of social support and out-
comes has been less often studied, and this might also be due to
some uncertainty of which outcome variables might be compa-
rable for different surgical fields [14, 15, 19]. Hospital length of
stay (LOS) is an established indicator of recovery time that can
be used as a valid and robust outcome measure across diverse
surgical fields and procedures, as well as medical diseases [25].
However, there are only five studies that have investigated the
relations between social support and LOS in surgical patients,
four from cardiovascular surgery [26–29], and one from maxil-
lofacial surgery [30]. Three of these investigations showed small
but statistically significant relationships between lower social
support and longer LOS [26, 28, 30], and two showed no signif-
icant associations of social support and LOS [27, 29].

In a recent study of the authors’ research group including
2624 surgical patients, it was found that LOS of patients with
clinically significant depression was longer than LOS of pa-
tients without depression [21]. Importantly, the association of
depression and prolonged LOSwas independent of the impact
of age, gender, and essential somatic factors. So far, there are
no prospective studies that investigate the associations of so-
cial relationship factors, depression, and LOS in large samples
of patients from diverse surgical fields. The study at hand,
which is based on a new data set, aims to investigate how
perceived social support and two social relationship factors
indicating facets of objective and subjective social isolation,
living alone and feeling of loneliness, are related to preopera-
tive depression and LOS in patients from diverse surgical
fields. Living alone and feelings of loneliness are moderately
negatively related to social support; however, these three so-
cial relationship factors have shown to be discrete constructs
associated with both mental and physical health [3–5, 7, 8, 12,
31–35]. Thus, it is worthwhile to investigate to what extent the
three social relationship factors contribute independently from
each other to the prediction of preoperative depression and
LOS. Considering the strong evidence of poor social relation-
ships as risk factors for depression, and given that major the-
oretical models suggest depression as a psychological path-
way through which social support affects physical health, the
question arises as to what extent mediation processes may
play a role within the associations between social relations,
depression, and LOS. The hypotheses of this study were that

the social relationship factors would show indirect effects on
longer LOS that would be statistically mediated by preopera-
tive depression, as well as additional direct effects that would
be independent from the effects of depression and the demo-
graphic and somatic covariates. Concerning the direction
of the associations, it was expected that (1) higher per-
ceived social support would be associated with lower
depression and shorter LOS, (2) living alone and feeling
of loneliness would be associated with higher depres-
sion and longer LOS, and (3) higher depression would
be associated with longer LOS.

Methods

Setting, Study Design, and Patient Sample

This prospective observational study is a part of a research
p ro j ec t inves t iga t ing Br idg ing In t e rven t ion in
Anesthesiology (BRIA) which was approved by the Ethics
Committee of Charité University Medicine Berlin [EA1/014/
11] and registered with ClinicalTrials.gov. [Identifier:
NCT01357694]. The study was conducted according to the
principles expressed in the Declaration of Helsinki. Data were
collected from November 2011 to June 2012, and participants
provided written informed consent for all procedures. The full
details of the setting and assessment instruments are available
elsewhere [36, 37].

Preoperative data were collected within a computer-
assisted psychosocial self-assessment including question-
naires of depression and perceived social support. This assess-
ment was performed before the anesthesiological examination
in the preoperative assessment clinics of the Charité -
Universitätsmedizin Berlin, Campus Charité Mitte and
Campus Virchow Klinikum, Berlin, Germany. Recruitment
of participants was carried out from Monday to Friday be-
tween 9.00 am and 5.00 pm in order to cover the complete
opening hours of the assessment clinics. Six months after the
preoperative assessment, medical data were obtained from the
electronic patient management system of the hospital.

Eligibility criteria were defined as follows. Inclusion
criteria: written informed consent to participate after having
been properly instructed; patient of the preoperative
anesthesiological assessment clinic; age ≥ 18 years.
Exclusion criteria: surgery with an emergency or urgent indi-
cation; inability to attend the preoperative assessment clinic
(bedside visit); insufficient knowledge of German language;
members of the hospital staff; admitted in police custody;
accommodation in an institution by official or court order;
being under guardianship; psychiatric, neurological, or other
conditions associated with limited legal capability, or limited
capability of being properly instructed or giving in-
formed consent. The eligibility criteria were listed in
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the written patient information, and they were assessed
by psychologists via open questions and additional
double-checking of patient files.

Of the 7236 patients assessed for eligibility, 3541 were not
eligible according to inclusion/exclusion criteria, 991 refused
to participate, and data from 217 patients were not avail-
able for data analyses. As a result, data of 2487 patients
were analyzed in this study. Figure 1 shows the details
of the inclusion process.

Measure of Depression

The 7-item depression scale of the Hospital Anxiety and
Depression Scale (HADS) was used to assess depressive
symptoms. The HADS-D is an internationally widely
used and validated self-report scale for depressive symp-
toms in general medical patients [38–40]. Items are rat-
ed on a 4-point Likert scale from 0 to 3, and the sum
score ranges from 0 to 21. In the German test manual, a
cutoff point ≥ 9 is recommended to identify clinically
significant depression [39]. According to a recent me-
ta-analysis, this cutoff point has a sensitivity of 0.751
and a specificity of 0.798 for the criterion standard
Bmajor depressive disorder^ [41]. In the present sample,
the Cronbach alpha of the HADS-D was 0.82, indicat-
ing good reliability.

Measures of Social Relationship Factors

Social support was measured with an eight-item self-report
subscale of the Berlin Social Support Scales (BSSS) [42].
This subscale assesses general emotional and instrumental
perceived social support, and items are rated on a 4-point
Likert scale from 1 to 4. In the present sample, the scale shows
high reliability with a Cronbach alpha of 0.93.

Single-item questions of the preoperative psychosocial
self-assessment measured the two other social relationship
factors, living alone versus living together with at least 1 other
person, and feeling of loneliness. Both items were binary-cod-
ed: not living alone = 0, living alone = 1; not feeling lonely =
0, feeling lonely = 1.

Medical Measures

As an overall indicator for the physical health status, the eval-
uation of patients’ perioperative risk according to the ASA
(American Society of Anesthesiologists) physical status clas-
sification system was used [43, 44]. This evaluation was per-
formed by the anesthesiologists who did the preoperative as-
sessment. The ASA categories comprise healthy patients
(ASA I), patients with mild systemic disease and no functional
limitations (ASA II), patients with severe systemic disease
with definite functional limitation (ASA III), and patients with

Enrolled in preoperative 
computer-assisted self-

assessment n=2,704

Analyzed n=2,487 
(men n=1,328  women n=1,159)

Assessed for eligibility n=7,236

Excluded n=4,532
Not meeting eligibility criteria n=3,541
• Age<18 years n=2,594
• Not fluent in German n=638
• Hospital staff n=10
• Not able/willing to use computer n=204
• Limited legal capability n=2
• No written informed consent n=93
Declined to participate n=991
• Lack of interest n=766
• Organizational / technical reasons n=225

Not applicable for data analyses n=217
• Outpatient surgery n=90
• No surgery n=82
• Discharged against medical advice n=25
• Transferred to other hospital n=16
• Died during hospital stay n=4

Fig. 1 Flowchart of phases of the
clinical trial
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severe systemic disease that is a constant threat to life
(ASA IV). For the present analyses, the four ASA cat-
egories were dichotomized by collapsing ASA I and II,
as well as ASA III and IV.

The surgical field comprises the categories (1) head, neck,
and neurosurgery; (2) abdomino-thoracic surgery; and (3) pe-
ripheral surgery [20, 21, 45, 46].

The severity of medical comorbidity was assessed with the
Charlson Comorbidity Index (CCI, [47]) which is a widely
used weighted classification system of comorbidity to mea-
sure cumulative burden of disease in clinical outcome re-
search. According to the coding algorithm of Quan et al.
[48], data of the hospital’s electronic patient management sys-
tem were screened for ICD-10 codes indicating the 19 CCI
comorbidities. The CCI was calculated taking both major and
secondary diagnoses into account. For data analyses, raw
scores were transformed to four comorbidity grades according
to Charlson et al. [47]: (0) Bnone^: 0 points; (1) Blow^: 1–2
points; (2) Bmoderate^: 3–4 points; and (3) Bhigh^: ≥ 5 points.

To quantify the extent of the specific surgical procedures
that patients underwent, the 4-point item Boperative severity^
of the POSSUM scoring system (Physiological and Operative
Severity Score for the enUmeration of Mortality and
Morbidity) was applied [49, 50]. Based on previously pub-
lished classification schemes, the specific surgical proce-
dures were assigned to one of the four severity grades
(minor = 1; moderate = 2; major = 4; major+ = 8). For
this classification, the standardized German codes of
surgical procedures were used [51].

Outcome LOS was measured in days by subtracting the
date of admission to hospital from the date of discharge
from hospital.

Statistical Analyses

The primary objective of this study was to examine to which
extent preoperative depression mediated relations between the
three social relationship factors and LOS. The PROCESS
macro for SPSS [52, 53] was used to conduct three simple
mediation analyses based on two multiple linear regression
models. Categorical covariates with more than two categories
were dummy coded before the inclusion into the regression
model. The outcome variable BLOS (days)^ measured the
number of days of hospital stay. Because it was essentially
positively skewed (skewness = 4.81), a transformed variable
BLn LOS (days)^ was calculated by taking the natural loga-
rithm of the original variable BLOS (days)^ [54]. This trans-
formed outcome variable had a skewness of 0.48 which was
acceptable for entering it as the dependent variable in the
linear regression models.

The first step of the mediation analyses was based on a
multiple linear regression model predicting depression as

measured with the continuous HADS-D sum score. The mod-
el included simultaneously the three relationship factors social
support, living alone, and feeling of loneliness. It was addi-
tionally adjusted for the covariates age, gender, preoperative
physical health, surgical field, severity of medical comorbid-
ity, and extent of surgical procedure, because these variables
have been demonstrated to be important demographic and
medical factors predicting LOS of surgical patients [20, 21].
In a next step, the HADS-D sum score was included in the
predictor variables, and LOS was predicted within a second
multiple linear regression model. Thus, the three mediation
models were simultaneously adjusted for all of the three social
relationship factors and the abovementioned demographic and
medical covariates.

Figure 2 shows a graphical depiction of mediation analysis
in form of a path diagram. The path c demonstrates a simple
relationship between an independent variable X and a depen-
dent variable Y. The paths a, b, and c′ demonstrate the ele-
ments of a mediated relationship; they illustrate the different
direct effects of the independent variable X and the mediator
M. The coefficient a refers to the prediction of the mediator
variable (M; here depression) by the independent variable (X;
here perceived social support, living alone, feeling of loneli-
ness), and the coefficient b refers to the prediction of the de-
pendent variable (Y; here Ln LOS) by the mediator variableM.
The coefficient c′ refers to the prediction of the dependent
variable Y by the independent variable X. Both coefficients b
and c′ are based on regression models that are adjusted for
both the independent variable (X) and the mediator variable
(M), whereas the coefficient c in the upper path of Fig. 1,
called the total effect of X, refers to the prediction of Y by X
in a model that is not adjusted for the mediator variable. The
indirect effects of each of the three social relationship factors
on LOS were expressed as the products of the unstandardized

M

X Y

a

c‘

b

Mediated relationship:
Indirect effect: a*b

X Y
c

Simple relationship

Fig. 2 Graphical illustration of mediation analysis. Path c: simple
relationship between independent variable X and dependent variable Y.
Path a: prediction of mediator variable (M) by independent variable (X).
Path b: prediction of dependent variable (Y) by the mediator variable (M).
Path c′: prediction of dependent variable Y by the independent variable X
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ordinary least square (OLS) regression coefficients a × b. The
indirect effects were testedwith a bias-corrected bootstrapping
approach based on 5000 bootstrap samples [52]. An indirect
effect was considered statistically significant when the 95%
bootstrap confidence intervals of the product a × b did not
include 0. According to Hayes and Rockwood (2017), con-
temporary mediation analysis goes without the once applied
criteria of former causal step models of mediation; in particu-
lar, it does not require the a path, b path, or c path (i.e., total
effect) to be statistically significant [52, page 43]. Following a
suggestion of Hayes [52, page 185f.], the effect sizes of a × b
were estimated by the partially standardized effect abps with
95% bootstrap confidence intervals. In models with one or
more covariates, abps expresses the indirect effect relative to
the standard error of the estimate (SDy+) of the dependent
variable Y, with the definition abps = ab/SDy+ [55].

Descriptive results were expressed as relative frequencies
in percent, mean, and standard deviation, as well as median
and range of the 25th to 75th percentiles (interquartile range
[IQR]). Bivariate correlations were tested using Pearson’s cor-
relation analyses. The comparison of LOS of groups with and
without clinically significant depression were performed with
the Mann-Whitney U test. For all statistical tests except the
bootstrapping method, a two-tailed p value ≤ 0.05 was con-
sidered statistically significant.

Results

Sample Characteristics and Bivariate Relationships
Among the Variables Under Study

Demographic, medical, and psychological characteristics of
the included 2487 study participants are summarized in
Tables 1 and 2. Perceived social support, loneliness, and de-
pression showed moderate bivariate inter-correlations, where-
as the correlations between living alone and the other social
relationship factors and depression, as well as between depres-
sion and the LOS variables were small; the social relationship
factors and both the original and the transformed LOS vari-
ables were weakly correlated (Table 2). A comparison of pa-
tients with clinically significant depression (n = 359) and
those without depression (n = 2128) showed that LOS was
significantly longer in patients with depression (Md = 4,
IQR = 2 to 6 versus Md = 3, IQR = 2 to 5; p < 0.001).

Simple Mediation Analyses

The results of the multiple linear regression models for the
prediction of the mediator variable depression and the depen-
dent variable LOS are demonstrated in Table 3. Figures 3, 4,
and 5 show the results of three simple mediation models test-
ing the indirect effects of the social relationship factors on

LOS mediated through depression. The direct effects are indi-
cated by the unstandardized OLS regression coefficients a, b,
and c′; the indirect effects are indicated by the product of a × b.

Social support and loneliness had significant indirect ef-
fects on LOS. The indirect effect of social support resulted
in a negative product of ab of − 0.046 (SE = 0.012; CI95 [−
0.070, − 0.023]; abps = − 0.080 CI95 [− 0.121, − 0.040])
(Fig. 3). Patients with higher perceived social support had
lower depression which was associated with shorter LOS.
Feeling of loneliness exhibited a significant positive indirect
effect ab of 0.044 (SE = 0.012; CI95 [0.023, 0.070]; abps =
0.077; CI95 [0.040, 0.120]) (Fig. 4). Patients who felt lonely
had stronger depression which was associated with longer
LOS. Finally, the indirect effect of living alone was not sig-
nificant, with ab of − 0.002 (SE = 0.002; CI95 [− 0.007,
0.002]; abps = − 0.003 CI95 [− 0.012, 0.004]) (Fig. 5).

There were no significant independent direct effects (c′) of
social support and loneliness on LOS (Table 3). However,
living alone had a small but significant independent direct
effect with a negative direction indicating that patients who
lived alone had shorter LOS (c′ = − 0.052; SE = 0.027; p =
0.050). The total effects of social support, loneliness, and

Table 1 Sample characteristics (N = 2487)

Number or mean % or SD

Age (Years) 47.53 15.82

Male 1328 53.4

Physical health (ASA Classification)a

ASA I, II 2132 85.7

ASA III, IV 355 14.3

Surgical field

Neuro-, head and neck surgery 668 26.9

Abdomino-thoracic surgery 932 37.5

Peripheral surgery 887 35.7

Medical comorbidity (CCI)b

0 Bnone^ 1642 66.0

1 Blow^ 519 20.9

2 Bmoderate^ 168 6.8

3 Bhigh^ 158 6.4

Extent of surgical procedure (POSSUM operative severity item)c

1 Bminor^ 912 36.7

2 Bmoderate^ 837 33.7

4 Bmajor^ 547 22.0

8 Bmajor+^ 191 7.7

a ASA classification (American Society of Anesthesiologists); ASA I, II:
healthy patients (ASA I), and patients with mild systemic disease, no
functional limitations (ASA II); ASA III, IV: patients with severe system-
ic disease with definite functional limitation (ASA III) and patients with
severe systemic disease that is a constant threat to life (ASA IV). b CCI
(Charlson Comorbidity Index). c POSSUM (Physiological and Operative
Severity Score for the enUmeration of Mortality and Morbidity), item
operative severity
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living alone were c = − 0.038 (SE = 0.026; p = 0.136), c = −
0.009 (SE = 0.044; p = 0.845), and c = − 0.054 (SE = 0.027;
p = 0.043), respectively.

Discussion

In this study of patients from diverse surgical fields, perceived
social support and feeling of loneliness showed significant
indirect effects on LOS that were mediated by preoperative
depression. In mediation models which were adjusted for the
three investigated social relationship factors and for relevant
demographic and medical covariates, lower social support,
and the feeling of loneliness were significantly related to
higher depression which predicted longer LOS. The indirect
effect of living alone was not significant. While social support
and feeling of loneliness had no direct effects on LOS, there
was, contrary to the authors’ hypotheses, a small direct asso-
ciation of living alone being related to shorter LOS.

Although there are no established rules of thumb to label
the effect size abps as small, medium, or high [52, page 184–
193], the indirect effects of social support and feeling of lone-
liness seem to be small. Interestingly, the bivariate inter-
correlations of social support, depression, and LOS of this
study are of similar and sometimes even greater magnitude
compared with the corresponding correlations found in two
landmark studies on social support, depression, and LOS of
patients who underwent cardiovascular surgery [26, 27].
Indeed, a comprehensive systematic review of previous re-
search suggests that associations of psychosocial factors and
surgical outcome parameters do not have large effects but
consist of manifold andmultiply-determined relations of mod-
erate and small effect size [19].

The results of the study at hand are consistent with previous
studies that found substantial associations of social support
and loneliness with depression and other indicators of mental

distress [7, 8, 16, 31, 35]. Living alone had weak associations
with the other social relationship factors and depression, as
well as a small, but significant direct association with shorter
LOS. These findings reflect previous findings suggesting that
living alone is an equivocal indicator of social isolation [3, 4].
Living alone can indeed be both a risk factor and, under cer-
tain circumstances, also a protective factor for mental and
physical health. Most importantly, some people living alone
may have other resources of social connectedness with signif-
icant others, e.g., close and supportive relations with friends
and family members without the need of living together. As a
result, findings of associations of living alone and health out-
comes are varying and less robust compared to the respective
findings concerning subjective ratings of social support and
loneliness [3, 4, 33].

To the authors’ knowledge, there are no previous investi-
gations of whether preoperative depression mediates indirect
effects of social relationship factors on LOS of surgical pa-
tients. However, there are investigations of the direct effects of
depression and social relationship factors on surgical out-
comes. The current finding that preoperative depression pre-
dicts longer LOS can be regarded as a replication of recent
findings in two different large samples of surgical patients [20,
21], and it is comparable to the results of previous investiga-
tions of small patient samples from specific surgical fields
[e.g., 26, 27, 56–59]. Concerning the lack of a direct associa-
tion between higher social support and lower LOS, data of the
study at hand are inconsistent with the findings of Contrada et
al. [26], Kulik et al. [28], and Krohne et al. [30], but compa-
rable results have been found by two other investigations from
cardiovascular surgery [27, 29]. Interestingly, similar to the
study at hand, these two studies investigated general perceived
social support which refers to the relatively stable, generalized
experience of emotional and instrumental support that is per-
formed by significant others [9]. This source of support is,
however, under normal circumstances not directly available

Table 2 Correlations between social relationship factors, depression, and prolonged LOS (N = 2487)

Number or
mean

% or SD Perceived social
support

Living alone Loneliness Depression Clin. sign. depression LOS, days

Perceived social supporta 3.70 0.49

Living aloneb 658 26.5 − 0.14***

Lonelinessc 232 9.3 − 0.37*** 0.17***

Depressiond 4.36 3.72 − 0.49*** 0.08*** 0.38***

Clinically sign. depressiond 359 14.4 − 0.42*** 0.10*** 0.33*** 0.78***

LOS, days 4.57 4.83 − 0.04 − 0.02 − 0.02 0.10*** 0.08***

Ln LOS, dayse 1.22 0.72 − 0.01 − 0.05* − 0.04* 0.11*** 0.08*** 0.83***

***p < 0.001, **p < 0.01, *p < 0.05
a BSSS (Berlin Social Support Scales), subscale perceived social support with higher scores indicating higher social support (range: 1–4). b Living alone
(no = 0, yes = 1). c Loneliness (no = 0, yes = 1). d HADS-D (Hospital Anxiety and Depression Scale), subscale depression with higher scores indicating
higher depression (range: 0–21); clinically significant depression according to HADS-D sum score cutoff ≥ 9. e The transformed variable Ln LOS (days)
was calculated by taking the natural logarithm of the original variable LOS (days)
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in the perioperative setting. Kulik et al. [28] and Krohne et al.
[30], instead, did not investigate general social support but
context-specific social support during the hospital stay and
within the surgical setting. Kulik et al. measured actually re-
ceived social support that spouses performed by visiting their
husbands after the surgery [28], and Krohne et al. developed a
questionnaire that assessed perceived social support regarding
the stressful situation of the forthcoming surgery [30]. Both of
their studies found significant associations between social
support and LOS of surgical patients.

To summarize, the extent to which social relationship
factors are directly associated with surgical outcomes
seems to be far from clear. In their extensive review of
psychosocial factors and surgical outcomes, Rosenberger
et al. examined 11 studies that investigated the prediction
of 16 diverse surgical outcomes by social support, social
isolation, and social activity. The authors found that only
four out of 16 outcomes were predicted by social

relationship factors [19]. Following a suggestion of
Rosenberger et al. [19], one might assume that general
perceived social support and the feeling of belonging and
connectedness (as the opposite of loneliness) are only
weakly directly related to short-term surgical outcomes,
although they are significantly associated with long-term
health outcomes and mortality. Psychological distress
like depression, in turn, seems to be substantially predic-
tive for both surgical short-term outcomes and general
long-term health outcomes [17–23, 60]. Social relation-
ship factors have proven to be substantial risk factors for
depression [6–8, 16, 24], and major theoretical models
suggest the decrease of depression as a possible pathway
through which higher social support has a positive influ-
ence on physical health [1, 9–11]. Thus, it is plausible to
suggest that the association of social support and loneli-
ness with surgical outcomes is predominantly indirect by
mediation of depression.

Table 3 Multiple linear regression models for the prediction of the mediator variable depression (R2 = 0.30, F = 75.61 [df: 14; 2472]) and the
dependent variable Ln LOS (R2 = 0.37, F = 97.89 [df: 15; 2471]), N = 2487 surgical patients

Depression (M) Ln LOS (Y)

Coefficient (SE) t p Coefficient (SE) t p

Depressiona – – – 0.015 (0.004) 4.036 < 0.001

Social supportb − 3.093 (0.138) − 22.381 < 0.001 0.008 (0.028) 0.293 0.769

Feeling of lonelinessc 2.954 (0.236) 12.495 < 0.001 − 0.053 (0.045) − 1.173 0.241

Living aloned − 0.120 (0.145) − 0.825 0.409 − 0.052 (0.027) − 1.964 0.050

Age 0.002 (0.005) 0.403 0.687 0.005 (0.001) 5.465 < 0.001

Gendere 0.237 (0.130) 1.824 0.068 − 0.052 (0.024) − 2.183 0.029

Physical health (ASA classification)f 0.185 (0.197) 0.938 0.348 0.042 (0.036) 1.164 0.245

Surgical field

Neuro-, head and neck surgery (reference) – – – – – –

Abdomino-thoracic surgery − 0.016 (0.171) − 0.091 0.928 0.036 (0.032) 1.153 0.249

Peripheral surgery − 0.024 (0.176) − 0.137 0.891 0.209 (0.032) 6.472 < 0.001

Medical comorbidity (CCI)g

0 Bnone^ (reference) – – – – – –

1 Blow^ 0.503 (0.177) 2.837 0.005 0.211 (0.033) 6.483 < 0.001

2 Bmoderate^ 0.371 (0.278) 1.337 0.182 0.325 (0.051) 6.374 < 0.001

3 Bhigh^ 1.009 (0.281) 3.589 < 0.001 0.618 (0.052) 11.923 < 0.001

Extent of surgical procedure (POSSUM item)h

1 Bminor^ (reference) – – – – – –

2 Bmoderate^ − 0.043 (0.163) − 0.263 0.793 0.296 (0.030) 9.859 < 0.001

4 Bmajor^ 0.480 (0.170) 2.817 0.005 0.650 (0.031) 20.720 < 0.001

8 Bmajor+^ 0.441 (0.261) 1.691 0.091 1.099 (0.048) 22.899 < 0.001

aHADS-D (Hospital Anxiety and Depression Scale), subscale depression with higher scores indicating higher depression (range: 0–21). b BSSS (Berlin
Social Support Scales), subscale perceived social support with higher scores indicating higher social support (range: 1–4). c Not feeling lonely (0) versus
feeling lonely (1). d Not living alone (0) versus living alone (1). e Men (0) versus women (1). f ASA classification (American Society of
Anesthesiologists); ASA I, II (0) versus ASA III, VII (1); ASA I: healthy patients; ASA II: patients with mild systemic disease, no functional limitations;
ASA III: patients with severe systemic disease with definite functional limitation; ASA IV: patients with severe systemic disease that is a constant threat
to life. g CCI (Charlson Comorbidity Index). h POSSUM (Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity),
item operative severity
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Limitations and Future Directions

This study assessed perceived social support, loneliness, and
living alone in surgical patients. Despite the ambiguity of liv-
ing alone, these variables are established social relationship
factors, and in previous research, they showed substantial ef-
fects in predicting general health outcomes and mortality
[1–13, 16, 24]. However, the applied social relationship mea-
sures do not explicitly refer to the context of the hospital stay,
and as a consequence, it is not clear how the patients experi-
enced the quality of their social relations during the perioper-
ative and postoperative period. Although previous research
showed that single-item measures and established loneliness
questionnaires correlate substantially [8, 61], it cannot be
ruled out that the use of a single-item measure of loneliness
may have limited the results of this study. It should also be
kept in mind that in this study, social relationship factors and

depression were both assessed preoperatively at the same
time. Hence, based on this data, no conclusions can be drawn
concerning the causality of the relationship between social
support, loneliness, and depression, and as a consequence,
from a methodologically strict perspective, the indirect effects
of these social relationship factors on LOS should be seen as
statistically mediated by preoperative depression.
Furthermore, LOS is an outcome indicator that can reliably
be assessed in a large sample of patients from diverse surgical
fields. Although LOS is a valid and robust multiply-
determined indicator of recovery time [25], the assessment
of additional outcomes would have contributed to evaluate
the predictive ability of social relationship factors in the sur-
gical setting, e.g., postoperative complications, as well as sub-
jective patient ratings of postoperative pain and quality of life.
Finally, depressive symptoms were measured with the HADS-
D, a standardized, validated, and widely used depression

Depression
(M)

Feeling of 
loneliness (X)

Ln LOS
(Y)

a=2.954***;  SE=0.236

c‘=-0.053;  SE=0.045

b=0.015***;  SE=0.004

Indirect effect: ab = 0.044, SE=0.012; CI95 (0.023, 0.070)

Fig. 4 Mediation model of the effect of feeling of loneliness (X) on Ln
LOS (Y) through depression (M); N = 2487. The regression model
includes the independent variable feeling of loneliness, and the
covariates social support, living alone, age, gender, physical health
(ASA classification), surgical field, medical comorbidity (CCI), and
extent of surgical procedure (POSSUM operative severity item). X

independent variable; M mediator; Y dependent variable; a, b, and c′
unstandardized OLS regression coefficients; Ln LOS log-transformed
length of hospital stay (days); SE standard error; CI95 95% bootstrap
confidence interval of the product a × b; *p < 0.05; **p < 0.01; ***p <
0.001

Depression
(M)

Social support
(X)

Ln LOS
(Y)

a=-3.093***;  SE=0.138

c‘=0.008;  SE=0.028

b=0.015***;  SE=0.004

Indirect effect: ab = -0.046, SE=0.012; CI95 (-0.070, -0.023)

Fig. 3 Mediation model of the effect of social support (X) on Ln LOS (Y)
through depression (M); N = 2487. The regression model includes the
independent variable social support and the covariates living alone,
feeling of loneliness, age, gender, physical health (ASA classification),
surgical field, medical comorbidity (CCI), and extent of surgical

procedure (POSSUM operative severity item). X independent variable;
M mediator; Y dependent variable; a, b, and c′ unstandardized OLS
regression coefficients; Ln LOS log-transformed length of hospital stay
(days); SE standard error; CI95 95% bootstrap confidence interval of the
product a × b; *p < 0.05; **p < 0.01; ***p < 0.001
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questionnaire. Whereas the HADS can correctly identify clin-
ically significant depression, it cannot establish diagnoses of
mood disorders according to ICD-10 or DSM-5.

Taken together, future studies that aim to investigate the
associations between social relationships, depression, and sur-
gical outcomes should also include factors that measure social
relationships within the context of the hospital stay.
Additionally, it would be of interest to assess further outcomes
that may be more sensitive to the influence of psychosocial
factors and that may have interesting mediator or moderator
effects including both medical and patient self-report data.
Future studies should also establish temporal precedence of
the assessment times such that the measurement of the inde-
pendent variables precedes the measurement of the mediator,
which precedes the measurement of the outcomes. Given the
clear empirical evidence for a moderate association be-
tween self-reported depressive symptomatology and
LOS in surgical patients, prospective investigations
would be important that compare the predictive ability
of self-reported depressive symptomatology and clinical
diagnoses of depressive disorders.

Implications and Conclusions

The study at hand may contribute to the understanding
of the complex and, in many aspects, yet unexplored
relationships of psychosocial factors and surgical out-
comes by providing the first findings on significant in-
direct effects of general social support and loneliness on
LOS. The results suggest that social support and loneli-
ness are not directly, but indirectly related with short-
term surgical outcomes by an association with depres-
sion which in turn is related to worse medical out-
comes. This finding may add to the development and
investigation of empirically supported approaches that

aim to decrease psychological distress by explicitly im-
proving of social relationships [31]. Depression seems
to be pivotal for understanding the associations between
psychosocial factors and surgical outcomes [60], empha-
sizing the need to integrate proactive psychological
treatment programs in acute medical settings including
anesthesiology and surgery [25]. A possible approach to
make use of the positive effects of social relationships
in these settings would be to involve the patients’ sig-
nificant other people to a stronger degree. They are the
major sources of general social support in the daily life
of the patients, and thus, they may exert this function
also effectively in acute medical settings.
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Depression
(M)

Living alone 
(X)

Ln LOS
(Y)
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b=0.015***;  SE=0.004
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surgical field, medical comorbidity (CCI), and extent of surgical

procedure (POSSUM operative severity item). X independent variable;
M mediator; Y dependent variable; a, b, and c′ unstandardized OLS
regression coefficients; Ln LOS log-transformed length of hospital stay
(days); SE standard error; CI95 95% bootstrap confidence interval of the
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