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Abstract

Background In the older population, depression, loneliness, and quality of life are closely related, significantly influ-
encing health status. This paper aimed (1) to investigate autoregressive and cross-lagged associations over 2 years
between depression, loneliness, and quality of life, and (2) to examine sex-related differences in the 2-year associa-
tions between depression, loneliness, and quality of life in a large sample of European citizens aged > 50 years.

Methods This is a longitudinal analysis. We included 7.456 individuals (70.89 + 7.64 years; (4.268 females) who
responded to waves 7 (2017) and 8 (2019) of the SHARE project. The variables analyzed in both waves were depres-
sion, loneliness, and quality of life.

Results Comparatively, females indicated higher depression and loneliness scores than males and a lower percep-
tion of quality of life. Autoregressive associations pointed that past depression, loneliness, and quality of life predicted
their future episodes 2 years later (p <0.001). The cross-lagged analysis of males showed positive and significant bidi-
rectional associations between depression and loneliness 2 years later. Females also showed a positive and significant
association between depression and loneliness, but loneliness was not associated with depression 2 years later. In
turn, previous high levels of quality of life had a protective role in late depression and loneliness up to 2 years.

Conclusions This study highlighted the need to simultaneously assess and manage depression, loneliness, and qual-
ity of life in the older European population. It is suggested that sex-specific policies can be created, including social
support, in order to reduce depression and loneliness, and promote quality of life.
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Introduction

Aging is responsible for a series of bio-psycho-functional
changes that can affect the physical and mental health of
older adults [1]. Among the most common mental health
issues depression affects a large number of the older pop-
ulation [2, 3]. It is estimated that by 2030 the number of
depressed older adults worldwide will increase to 1.4 bil-
lion [4]. Depression is related to adverse health problems
that increase the risk of morbidity and mortality [5]. In
turn, when it comes to sex differences, females are twice
more likely to report symptoms of depression [6]. How-
ever, the disparity between males and females, as well as
its conclusions remain inconsistent [7].

During aging, the individual is also faced with life
transitions that can lead to feelings of loneliness [8].
Recent review studies with meta-analyses estimated the
prevalence of loneliness in older adults in high-income
countries at 27.6% [9], reaching rates of 18.7% to 24.2%
in eastern European countries [10]. Loneliness is a mul-
tidimensional phenomenon that can change depending
on life events or transitions over time [11]. Specifically,
loneliness can be expressed in two forms, situational or
chronic [12]. Situational loneliness refers to feeling lonely
in a specific context or after the loss of important social
partners and for a specific period of time, as for instance,
during the COVID-19 confinement period. In the case
of older adult individuals, issues such as the reduction of
social networks due to the death of a spouse or friends
and the change in life routine caused by retirement are
factors that can lead them to experience situational lone-
liness. Chronic loneliness, however, is a more stable form
of loneliness that develops over a long period of time and
stems from the inability of the person to create and main-
tain satisfying social networks. Moreover, both forms of
loneliness have been found to be related to an increase
risk for all-cause mortality [12].

Notably, both loneliness and depression can affect men-
tal health, leading to changes in quality of life (QoL) [13,
14]. As QoL reflects wellbeing and satisfaction with mul-
tiple dimensions of everyday life, including physical, psy-
chological, social aspects [15], loneliness and depression
have been found to relate to lower levels of QoL in later
life [16]. Specifically, investigations with older aged indi-
viduals have indicated that there is a significant mediating
effect of loneliness on the relationship between depres-
sion and QoL [17], as well as a mediating effect of depres-
sion on the relationship between loneliness and QoL [16].
These findings point out that it is unclear whether QoL
decreases as a direct consequence of either loneliness
or depression and suggest a potential bidirectionality
between loneliness and depression, drawing the attention
for the need to longitudinally investigate the potential
links between these constructs. The prototype model of
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loneliness proposed by Horowitz [18] suggested that it is
more common for a lonely individual to report depres-
sion than for a depressed person to report loneliness.
However, empirical findings regarding the relationship
between loneliness and depression report a bidirectional
effect. The Taiwan Longitudinal Study on Aging (TLSA)
showed a significant bidirectional relationship between
loneliness and depression through a 14-year follow-up
study [19]. In a 12-year population-based cohort study of
Americans (50 years and older), higher loneliness scores
at baseline were associated with higher depression symp-
tomatology scores [20]. In turn, the Irish Longitudinal
Study on Aging (TILDA) revealed a bidirectional asso-
ciation between feeling lonely and suffering from anxiety
and major depression disorder two years later. Moreo-
ver, recent genetically-informed evidence supports the
bidirectionality of loneliness and depression [21]. Finally,
although there is overlap in common characteristics
between loneliness and depression, they are distinct phe-
nomena [22]. A potential factor that may explain the bidi-
rectionality between the two constructs and their effect
on QoL may be sex. A current study revealed that high
levels of loneliness, at a given time, related to an accel-
erated increase in depressive symptomatology two weeks
later in older Austrian females, but not in males [23].
In the USA, a positive and significant association was
found between depression and loneliness for females, but
not for males [24]. However, little is known, and a more
fine-grained analysis is needed regarding the moderat-
ing effect of sex on the relationship between loneliness,
depression and QoL longitudinally. Thus, to contribute
to these important issues, our study aimed (1) to inves-
tigate autoregressive and cross-lagged associations over
2 years between depression, loneliness, and QoL, and (2)
to examine sex-related differences in the 2-year associa-
tions between depression, loneliness, and QoL in a large
sample of European citizens aged > 50 years.

Methods

Data source and study sample

Data are drawn from the European interdisciplinary lon-
gitudinal Survey on Health, Aging and Retirement in
Europe (SHARE) [25] (www.share-project.org). SHARE
is made up of 28 countries, including Israel. It provides
researchers with data on the lives of Europeans 50 years
and over to understand differences in European aging
trajectories. Data were collected with face-to-face inter-
views using a computer (CAPI) directly in the partici-
pants’ homes. We extracted data from the Wave 7 (2017)
and Wave 8 (2020) of SHARE. In waves 7 and 8 of the
SHARE dataset there were 76,493 and 46,500 partici-
pants, respectively, aged 50 and over. Due to possible
memory problems during the interviews (risk of bias),
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participants with Alzheimer’s disease, dementia and
senility were excluded, which corresponded to 586 par-
ticipants in wave 7 and 1.014 individuals in wave 8. In a
second step, we excluded in both waves participants who
had missing data (refusal to respond or not responding)
regarding the covariates and main variables of interest in
the study (depression, loneliness, quality of life), result-
ing in wave 7 and wave 8 in 65,226 and 38,030 partici-
pants, respectively. Finally, 10,681 and 7,456 individuals
were eligible in wave 7 and wave 8, respectively. However,
for the analyses we only included those with complete
data at follow-up, which corresponded to 7,456 partici-
pants. Due to the exclusion of participants with missing
data, from the 28 countries present in the SHARE survey,
analyses were reduced to 12 countries: Austria, Belgium,
Czech Republic, Denmark, France, Germany, Greece,
Italy, Poland, Spain, Sweden and Switzerland. It is worth
noting that due to the COVID-19 outbreak, wave 8 was
suspended in March 2020 with 70% of the data collected.
The SHARE protocol was approved by the University
of Mannheim Ethics Committee and the Max-Planck
Society for the Advancement of Science Ethics Commit-
tee. The procedures followed the guidelines and ethical
standards of the Declaration of Helsinki.

Measures

Depression

The 12-item EURO-D scale developed and validated was
used to assess and cross-nationally compare depression
symptoms in Europe [26]. Their questions referred to the
last month about the presence or absence of depression
based on 12 domains: depressed mood, pessimism, sui-
cidal tendency, guilt, sleep, interest, irritability, appetite,
fatigue, concentration, pleasure and crying. The scale’s
scoring system is zero (not present) or 1 (present), result-
ing in a total score of 0-12. The higher the score, the
greater the indication of depression symptoms. The diag-
nosis of clinically significant depression was based on the
dichotomous system of the EURO-D study centers: ideal
cut-off point >4 points [27, 28]. The scale was considered
adequately internally consistent (Cronbach=0.72) with
center-specific values ranging from 0.65 in Dublin to 0.83
in Finland.

Loneliness

Participants completed the three-item version of the
Revised UCLA Loneliness Scale [29]. Scale scores
range from 3 to 9 (higher values indicate greater loneli-
ness). Our study used the total scale score and a binary
measure based on previous studies [30, 31]. Thus, clas-
sified the first, second and third quartiles as non-lonely,
while individuals in the fourth quartile formed the
solitary group. The scale has good internal consistency
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(Cronbach=0.82), with the ability to assess general feel-
ings of loneliness both in face-to-face and telephone
interviews.

Quality of life

The CASP-12 scale was used to assess QoL, which is a
shorter version of CASP-19 [32]. It has 12 items, assessed
on a four-point Likert scale (1=never to 4=often). The
score ranges from 12 to 48: the higher the CASP-12 score,
the better the perception of QoL. The 12-item shortened
version of the CASP has stronger measurement proper-
ties (Cronbach =0.87) than the original CASP-19 meas-
ure and is recommended for applications.

Covariates

Six self-reported variables were included in the analysis
as confounding factors (i.e., age, marital status, years of
education, Body Mass Index [BMI], comorbidities, and
level of moderate physical activity [MPA]). Age, in years,
was assumed to be a confounder, as depression and lone-
liness are expected to possibly increase with aging [33,
34], while QoL reduces [35]. Marital status was classified
into five categories (i.e., married and living with spouse,
registered partnership, married and not living with
spouse, never married, divorced, widowed). Education
was classified based on the International Type Classifi-
cation of Education (ISCED) [36]. The levels were aggre-
gated into three categories: (1) ISCED 0-1: no education
or low level, (2) ISCED 2-4: intermediate education level,
and (3) ISCED 5-6: higher level. BMI was included as a
control variable due to the negative association revealed
by investigations between obesity and QoL [27] and posi-
tive association between obesity and depression [37]. In
turn, due to stigmatization, obesity can lead to feelings of
loneliness or social isolation [28]. For BMI, participants
reported height and weight, after which BMI was calcu-
lated using the equation: weight in kg/m?. Categorization
was as follows: underweight (< 18.5), normal weight (18.5
to 24.9), overweight (25 to 29.9) and obesity (>30) [38].
Comorbidities were obtained through a medical report
(last 12 months) and we analyzed the number of chronic
diseases. The literature considers this measure being reli-
able for categorizing general health status [39]. The group
of chronic diseases collected was: diabetes, hypertension,
heart disease, cholesterol, rheumatoid arthritis, osteo-
arthritis, morbid obesity, cancer, lung disease, kidney
disease, and neurological diseases. The physical activity
(PA) level was established through an interview, consid-
ering the following question: “We would like to know the
type and amount of physical activity you practice daily.
How often do you perform physical activities that require
a lot of physical effort, such as sports, heavy household
chores, or a job that requires physical labor?” Afterwards,
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the different levels of PA were established by a specific
question: MPA =activities that required a moderate level
of energy. The response options were: (1) more than
once a week, (2) once a week, (3) up to 3 times a month
and (4) almost never or never. For analysis, the last two
response options were grouped into “less than once a
week” [40]. PA was included as a control variable because
both moderate to vigorous levels of PA and a low level of
PA can influence the mental health status of older adults
[41]. Consequently, regular exercise is recommended in
the treatment of depression and promotion of QoL [42],
favoring social exchanges, preventing feelings of loneli-
ness during aging [43]. The control of covariates was per-
formed in W-7 (year 2017).

Statistical analysis

Descriptive statistics (means, frequencies, percentages)
for the entire sample were calculated at the baseline
(W-7, year 2017). Next, bidirectional temporal associa-
tions between depression, loneliness, and QoL were pro-
cessed using a cross-lagged panel design (Fig. 1).

The modelling strategy is useful for causality effects
over time between two or more variables in a unidi-
rectional and bidirectional manner [44]. The analysis
included autoregressive effects [45], represented with
coefficient values obtained by regressing measurements
at a point in time (£) on the same measurement at a point
in time in the past (t—1). The analysis totaled three paths
(al, a2, a3). In parallel, we processed cross-lagged analy-
ses to examine a variable’s reciprocal influence at an ear-
lier time (£ — 1) on another variable at a later time (¢). This

Age

Marital status

Education

BMI

Comorbidities

MPA

QoL al
(T1) st

DEP a2
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procedure totaled six lagged trajectories (b1, b2, b3, b4,
b5, b6). Thus, if a path from time £—1 over time ¢ was
significant (p <0.05), this variable was a predictor. There-
fore, the previous variable influenced the next variable,
which also influenced the previous variable (bidirectional
effect). We calculated two models: Model 1 included the
entire sample and was controlled at W-7 for covariate
confounders (i.e., age, marital status, years of education,
Body Mass Index (BMI), comorbidities, MPA). Model
2 compared males versus females and was equally con-
trolled in W-7 for covariates (i.e., age, marital status,
years of education, Body Mass Index (BMI), comorbidi-
ties, MPA). Furthermore, in Model 2, we tested for sig-
nificant differences in autoregressive and cross-lagged
relationships in males vs. females: the procedure included
a series of multigroup analyses with restrictions [46]. The
procedures consisted of separate constraints for each of
the three autoregressive paths, as well as constraints for
the six cross-lagged paths. This procedure can employ
standard errors for path coefficients, as well as pairwise
comparisons for identical models based on different sam-
ples [47]. For all analyses, we estimated standardized
coefficients.

The quality of fit was performed using the follow-
ing indices and defined values: relative chi-square (x*/
df), Normed Fit Index (NFI;>0.90), Comparative Fit
Index (CFI;>0.90), Tucker—The Lewis (TLI;>0.90) [48],
the relative fit index (RFI;>0.90), the incremental fit
index (IFL;>0.90), the standard root mean square resid-
ual (SRMR;<0.08) and the Root Mean Square Error of
Approximation (RMSEA;<0.08) [49], including 90%

el ed

QoL
(T2)

b1

e2 b2 5
b3

DEP

() (T2)

b4

e3 e6
bS/ 6

LON a3
(T1)

LON
(T2)

Fig. 1 Conceptual cross-lagged path model for depression, loneliness, and QoL over 2 years. Note: DEP, depression; QoL, quality of life; LON,
loneliness; T1, year 2017; T2, year 2020; age, marital status, education, BMI, comorbidities, and MAP indicate covariates; al, a2, a3, b1, b2, b3, b4, b5,
b6 indicate path analysis labels; e1, €2, and e3 indicated the initial association between variables while controlling for covariates, and e4, e5, and e6
indicated the final association between variables while controlling for covariates
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confidence interval [50]. All analyses were processed by
IBM-SPSS (IBM Corp., Armonk, NY, USA) version 22.0
and an added SPSS module specific for structural equa-
tion modeling: Analysis of Moment Structures (AMOS).
In all tests, we considered a two-tailed p-value<0.05 to
be statistically significant.

Results

A total of 7.456 individuals (70.89 +7.64 years) partici-
pated in the study (Table 1). Of these, 57.2% were females.
The prevalent age groups were 60—69 (44%) and 70-79
(38.5%). The vast majority were classified as married and
living with their spouse (34%), indicated 1 to 4 years of
education (73.9%), were overweight (43.6%), had 1 to 3
chronic conditions (65 0.5%), and had MPA more than
once a week (71.4%). The average QoL was 37.48 £ 6.30,
the vast majority did not reveal loneliness (76.5%) and
were not depressed (78.8%).

Results for analysis of autoregressive and cross-lagged
effects goodness of fit indices

Model 1 [x*/df=20,973, p<0.001] and Model 2 [x*/
df=22,531, p<0.001] fit the data well (Table 2). The anal-
yses revealed a good overall fit in both models: RMSEA
(0.038 to 0.052), SRMR (0.022 to 0.023), NFI (0.983 to
0.985), RFI (0.937 to 0.944), IFI (0.984 to 0.985), TLI
(0.942 to 0.947), and CFI (0.984 to 0.985).

Autoregressive effects

Model 1, for the whole sample (Table 3), showed autore-
gressive effects of QoL, depression, and loneliness with Ss
of 0.67, 0.51, and 0.49, respectively (all p<0.001). Model
2, focusing on males (Table 3), attested autoregressive
effects for QoL, depression, and loneliness with fs of
0.65, 0.47, and 0.46, respectively (all p<0.001). In turn,
Model 2 for females (Table 3) showed higher autoregres-
sive effects compared to males for QoL, depression and
loneliness with fs of 0.69, 0.51, and 0.50, respectively (all
p<0.001).

Cross-lagged effects

Analysis for entire population

In Model 1, we analyzed the entire sample (Table 3),
all autoregressive relationships indicated significant
results (all p<0.001). QoL at Time 1 negatively predicted
depression at Time 2 (f=—0.13) and loneliness at Time
2 (8=—0.16). depression at Time 1 negatively predicted
QoL at Time 2 (5=—0.05). On the other hand, depres-
sion at Time 1 positively predicted loneliness at Time
2 (5=0.06). Loneliness at Time 1 negatively predicted
QoL at Time 2 (=—0.07). On the other hand, loneli-
ness at Time 1 positively predicted depression at Time 2
(B=0.05).
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Table 1 Baseline characteristics of the study sample (wave 7;

n=7.456)
Variable n (%) Mean+SD
Age (years) 70.89+7.64
50-59 245 (3.3)
60-69 3.282 (44.0)
70-79 2.869 (38.5)
80-89 982 (13.2)
90-99 78 (1.0)
Sex
Male 3.188 (42.8)
Female 4.268 (57.2)
Marital status
Married: living with spouse 2535 (34.0)
Registered partnership 1.193 (16.0)
Married: not living with spouse 1.380 (18.5)
Never married 648 (8.7)
Divorced 514 (6.9)
Widowed 1.185 (15.9)
Education
None 207 (2.8)
1-4 years 5511 (73.9)
5-12 years 1.700 (22.8)
>12 years 38 (0.5)
BMI 26.95+4.40
Underweight 72 (1.0)
Normal 2.536 (34.0)
Overweight 3.251 (43.6)
Obese 1.597 (21.4)
Chronic disease
0 1.406 (18.9)
1-3 4.881 (65.5)
4-6 1.091 (14.6)
7-9 75 (1.0)
10-12 3 0.1
MPA 2.57+0.73
<Once week 1.065 (14.3)
Once week 1.070 (14.4)
>0Once week 5321 (71.4)
QoL 3748+6.30
LON 3.90+1.36
Yes 1.750 (23.5)
No 5.706 (76.5)
DEP 219+2.16
Yes 1.727 (23.2)
No 5729 (76.8)

BMI Body Mass Index, MPA Moderate physical activity, DEP Depression, QoL
Quality of life, LON Loneliness, SD Standard deviation

Analysis for males
In Model 2 for males (see Fig. 2 for better visualization),
cross-lagged relationships indicated significant results (all
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Table 2 Results for autoregressive and cross-lagged models, based on goodness of fit indices

Goodness of fit index RMSEA SRMR NFI IFI TLI CFI

Suggested value <0.08 90% CI <0.08 >0.90 >0.90 >0.90
X?/df

Model 1 20,973 0.052 (0.047,0.056) 0.023 0.985 0.944 0.985 0.947 0.985

Model 2 11,531 0.038 (0.033;0.042) 0.022 0.983 0.937 0.984 0.942 0.984

Model 2 presents the adjustment for comparison between males and females

RMSEA root-mean-square error of approximation, SRMR Standardized root-mean-square residual, NFI Normed fit index, RF/ Relative fit index, IFl Incremental fit index,

TLI Tucker-Lewis fit index, CFl Comparative fit index

Table 3 Autoregressive and cross-lagged effects for depression, loneliness, and quality of life

Path Model 1 Model 2 Multigroup analysis
Total Males Females
(n=7.456) (n=3.188) (n=4.268)
Autoregres- B p B p B p p
sive
(@)
T1QoL—T2 067 <0.001 0.65 <0.001 0.69 <0.001 0.059
QoL
(@)
T1 DEP—T2 051 <0.001 047 <0.001 0.51 <0.001 0.732
DEP
(as)
T1LON—T2 049 <0.001 0.46 <0.001 0.50 <0.001 0.647
LON
Cross-lagged
(by)
T1 -0.13 <0.001 -0.08 <0.001 -0.11 <0.001 0.031
QoL —T2 DEP
(by)
T -0.16 <0.001 -0.13 <0.001 -0.19 <0.001 <0.001
QoL —T2 LON
(bs)
T1 -0.05 <0.001 -0.08 <0.001 -0.28 0017 <0.001
DEP—T2 QoL
(by)
T1 0.06 <0.001 0.09 <0.001 035 0011 0.002
DEP—T2 LON
(bs)
T -0.07 <0.001 -0.06 <0.001 -0.08 <0.001 0.629
LON—T2 QoL
(be)
T1 0.05 <0.001 0.07 <0.001 0.28 0.064 0.045
LON—T2 DEP

B: Standardized values; a,, a,, a3, b;, b,, by, by, bs, bg: indicate path analysis labels; p <0.05

DEP Depression, QoL Quality of life, LON Loneliness; Model 1 and 2 controlled by covariates (age, marital status, years of education, BMI, comorbidities, MPA)

p<0.001). QoL at Time 1 negatively predicted depression at
Time 2 (f=—0.08) and QoL at Time 1 also negatively pre-
dicted loneliness at Time 2 (=—0.13). Depression at Time
1 negatively predicted QoL at Time 2 (§=—0.08). On the

other hand, depression at Time 1 positively predicted lone-
liness at Time 2 (8=0.09). Loneliness at Time 1 negatively
predicted QoL at Time 2 (=—0.06). However, loneliness at
Time 1 positively predicted depression at Time 2 (5=0.07).
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Fig. 2 Cross-lagged path model for males. Note: DEP, depression; Qol, quality of life; LON, loneliness; T1, year 2017; T2, year 2020; age, marital status,
education, BMI, comorbidities, and MAP indicate covariates; e1, e2, and e3 indicated the initial association between variables while controlling
for covariates, and e4, e5, and e6 indicated the final association between variables while controlling for covariates; **p < 0.001

Analysis for females

In Model 2 for females (see Fig. 3 for better visu-
alization), only loneliness at Time 1 did not predict
depression at Time 2 (8=0.28; p=0.064). The other
cross-lagged relationships indicated significant results
(all p<0.001). QoL at Time 1 negatively predicted
depression at Time 2 (§=—0.11) and also QoL at Time
1 predicted loneliness at Time 2 (5=—0.19). Depres-
sion at Time 1 negatively and significantly predicted

QoL at Time 2 (5 =—0.28). On the other hand, depres-
sion at Time 1 positively predicted loneliness at Time 2
(8=0.35). Finally, loneliness at Time 1 negatively pre-
dicted QoL at Time 2 (8=—0.08).

Multigroup differences according to sex

The autoregressive paths did not show significant effects
(p>0.50) (see Table 3). Regarding the cross-lagged analy-
sis, no significant difference was found for the effect of

Fig. 3 Cross-lagged path model for females. Note: DEP, depression; Qol, quality of life; LON, loneliness; T1, year 2017; T2, year 2020; age,
marital status, education, BMI, comorbidities, and MAP indicate covariates; e1, 2, and e3 indicated the initial association between variables
while controlling for covariates, and e4, e5, and e6 indicated the final association between variables while controlling for covariates; ™

not significant; *p <0.01; **p < 0.001
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loneliness Time 1 on QoL Time 2 (p=0.629). All other
paths were significant (p < 0.50).

Discussion

This study aimed to investigate autoregressive and
cross-lagged associations over 2 years between depres-
sion, loneliness, and QoL, as well as to examine sex-
related differences in the 2-year associations between
depression, loneliness, and QoL in a large sample of
European citizens aged>50 years. In line with previ-
ous studies, we found in both measurement times that
females had a greater feeling of depression and loneli-
ness than males [51, 52] and QoL decreased over 2 years
for both sexes [15].

The main analysis showed significant autoregressive
associations for both sexes. The findings confirmed that
past depression, loneliness, and QoL predicted their
future episodes 2 years later [19, 53, 54]. Autoregressive
multigroup analyses indicated no significant differences
between sexes, suggesting that the temporal potentiat-
ing effect was equal for males and females. Cross-lagged
analysis revealed interesting results. Males showed posi-
tive and significant bidirectional associations between
depression and loneliness, indicating that each of these
variables in 2017 predicted an increase in the other in
2019 [54, 55]. Females indicated a positive and significant
association of depression with loneliness 2 years later. On
the other hand, although the loneliness coefficient for
females was higher than for males, females did not show
a significant association between loneliness and depres-
sion 2 years later. The finding contradicts review and
meta-analysis studies that revealed loneliness as a pre-
cursor to future depression [9, 10].

This result may suggest that, compared to males,
other factors should be taken into account to explain the
impact of loneliness on female future mental adjustment.
Our findings have implications as they highlight the value
of testing across and within sex the explanatory power of
psychological and behavioral adjustment variables in the
association between loneliness, depression, and QoL. In
this context, it would also be interesting to deepen the
understanding of the genetic vulnerability of each sex, the
impact of stressful events, as well as the roles that males
and females play in the family and society [56]. It is worth
highlighting that the combination between the retire-
ment period and the series of underlying factors of aging
tend to, regardless of sex, trigger emotional changes,
making older adults more vulnerable to depressive disor-
ders and voluntary exclusion from social exchanges [57].
Traditionally, females roles are more sensitive and linked
to reflection, internal experiences of care, and emotional
adaptability, while male value self-protection, emotional
stability, instrumentality, as well as adjustments that lead
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to self-expansion and self-affirmation [56]. Thus, under-
standing these factors can contribute to the creation of
strategies and monitoring of mental health during aging.

To our knowledge, our study is the first study to pro-
vide longitudinal information on the roles of depres-
sion, loneliness, QoL in the European adult population,
differentiated by sex. Therefore, the greatest magni-
tude explained by the analyses occurred in the depres-
sion predictor concerning loneliness. Comparatively,
the females path was superior, explaining 35% of the
variance, while the males path explained 9%. The results
confirmed the differentiating role of depression accord-
ing to the sexes, highlighting the prevalence in females
[58, 59]. It is worth noting that the effect of depression
on loneliness over 2 years was considerably stronger
than the effect of loneliness on depression over the same
period. One possible explanation is that over a short
period of time, the effect of loneliness on depression may
disappear, whereas the reverse effect may remain con-
stant for up to 3 or 4 years [19].

Regarding QoL, for both sexes, negative and signifi-
cant bidirectional relationships were found between
depression and QoL over 2 years. These results were in
line with previous studies that highlighted in older adults
the negative impacts of depression symptomatology on
the perception of QoL and well-being [60, 61]. Thus, it is
possible that, over the course of 2 years, a lack of inter-
personal relationships and social support affected QoL
[13]. In old age, due to a range of demographic char-
acteristics (i.e. income, sex, housing), including health
(i.e. comorbidities, illnesses, medications) and social
(i.e. loneliness, social networks, death of spouse) issues,
the perception of QoL tends to decrease [62]. Our find-
ings showed also that previous high levels of QoL had
a protective role in late depression and loneliness up to
2 years. A possible explanation is that QoL consists of
a multifactorial and situational subjective construction
involving physical, functional, social, environmental, and
emotional perceptions [63]. Therefore, the greater the
perception of this multifactorial scale, the greater the
chances that fewer depression and loneliness will be pre-
sent. Moreover, our findings were in line with a current
longitudinal study carried out with data from SHARE,
which revealed lower QoL scores for females and higher
depression than males [61].

Finally, multigroup cross-lagged analyses (male vs.
female) showed significant differences for all paths,
except for loneliness Time 1 over QoL Time 2. This result
suggests that males and females did not differ in relation
to the negative role that the feeling of loneliness played
on QoL 2 years later, and corroborated the negative effect
that loneliness and depression have on the QoL of the
older population [16, 17].
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Strengths, limitations, and future directions

Among the strengths of this study is the time frame that
associated information from 2 years. Second, there is
the cross-national sample size and information set from
12 European countries. Third, the results suggested that
previous high levels of QoL had a protective role in late
depression and loneliness up to 2 years. Thus, the pro-
motion of QoL proved to be a possible contributing
strategy to mental illnesses in the older population [16].
Fourth, the data presented were collected using highly
reliable and globally recognized scales. Furthermore, to
our knowledge, this is the first study that tested temporal
and bidirectional associations between depression, lone-
liness, and QoL in the European population aged>50
years based on data from the SHARE survey from 2017
and 2019, bringing to light information differentiated by
sex. On the other hand, the study has limitations: First, it
is possible that potential covariates that were not present
in the SHARE survey that affect depression, loneliness,
and QoL may have generated biases in the interpretation
of the results. Secondly, our results clarified the tempo-
ral relationship between the variables studied, but not
the cause and effect between them. Third, self-reported
information may have generated discrepancies between
what participants believed they were doing or feeling
and what they reported or felt. Fourth, our results can-
not be generalized to populations outside the Euro-
pean continent. Fifth, we acknowledge that some of the
cross-lagged effects observed are relatively small. This
suggests that aging is complex and driven by many mul-
tifaceted mechanisms, which we unfortunately cannot
address entirely in the present study. Future longitudi-
nal research is needed to further scrutinize the pattern
of results observed. Sixth, it must be taken into account
that over the 2-year period, study participants may have
experienced a series of situations capable of influencing
their mental state. Therefore, these events may have gen-
erated fluctuations in depression, loneliness, and mainly
in QoL, consequently influencing the autoregressive or
cross-lagged effects. Seventh, there is a recommendation
to use three or more waves to provide a powerful analysis
[64]. Therefore, the inclusion of two measurement points
(2017-2019) may not have allowed us to effectively test
reciprocal associations, as well as the direction of rela-
tionships. Finally, gender is not measured in SHARE, and
thus, we were not able to include it in our analysis.

Our findings indicate practical implications. Cross-
lagged analyses showed that high previous QoL scores
reduced depression and loneliness symptoms 2 years
later. Therefore, the finding suggested creating strategies
that seek to promote the QoL of the European older adult
population. Our findings suggested that there is unequal
directionality of the effects of loneliness and depression
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over 2 years between older males and females. Conse-
quently, the information offers practical implications for
being aware of the problem of depression among lonely
individuals. Therefore, it is suggested to simultaneously
assess loneliness, depression, and QoL. We also suggest
that future studies explore our results, deepening the
analyses by marital status, country or region of Europe,
income, education and if they are not born in Europe, it
would be interesting to include the country of birth.

Conclusion

The results of the present study shed light on important
insights into 2-year longitudinal associations between
depression, loneliness, and QoL in a large sample of older
adults from 12 European countries. Females indicated
higher depression and loneliness scores than males and
a low score of QoL. Multigroup autoregressive analyses
indicated no significant differences between sexes. In the
cross-lagged analysis, males showed significant positive
bidirectional associations between depression and loneli-
ness 2 years later. On the other hand, female previous lone-
liness was not significantly associated with later depression.
Finally, we found that in both sexes, previous levels of QoL
played a protective role in both depression and loneliness
after 2 years. These observed sex differences may reflect
underlying gendered factors, highlighting the importance
of considering gender dynamics in future research.
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