
International Psychogeriatrics xxx (xxxx) xxx 

Contents lists available at ScienceDirect 

International Psychogeriatrics 

journal homepage: www.sciencedirect.com/journal/inpsyc 

Original Research Article 

The role of functional dependence in depressive symptoms among 
centenarians: Findings from the SWISS100 study 
Carla Gomes da Rochaa,b,c,⁎, Daniela S. Joppd,e, Adar Hoffmand,e, Justine Falciolaf,  
Stefano Cavallig, François R. Herrmannf, Christina Röckeh,i,j, Henk Verlooc, Olga Ribeirok,  
Armin von Guntena 

a Service of Old Age Psychiatry, Lausanne University Hospital and University of Lausanne, Site de Cery, Prilly, Lausanne, Switzerland 
b Institute of Biomedical Sciences Abel Salazar, University of Porto, Porto, Portugal 
c School of Health Sciences, HES-SO Valais-Wallis, Sion, Switzerland 
d Institute of Psychology, University of Lausanne, Lausanne, Switzerland 
e Swiss Centre of Expertise in Life Course Research (LIVES), University of Lausanne, Lausanne, Switzerland 
f Department of Rehabilitation and Geriatrics, Faculty of Medicine, Geneva University Hospitals and University of Geneva, Geneva, Switzerland 
g Centre of Competence on Ageing, University of Applied Sciences and Arts of Southern Switzerland, Manno, Switzerland 
h University Research Priority Program (URPP) ’Dynamics of Healthy Aging’, University of Zurich, Zurich, Switzerland 
i UZH Healthy Longevity Center, University of Zurich, Zurich, Switzerland 
j Center for Gerontology, University of Zurich, Zurich, Switzerland 
k Nursing School of Porto (ESEP) and RISE-Health, Porto, Portugal  

A R T I C L E  I N F O   

Keywords: 
Centenarians 
Depressive symptoms 
Functional dependence 
Mental health 
Swiss Centenarian Study 

A B S T R A C T   

Objective: To analyse the prevalence of depressive symptoms in centenarians, identify their predictors, and 
explore the role of functional dependence as a contributing factor. 
Design setting, and participants: Cross-sectional baseline data from the Swiss Centenarian Study (n = 102), in
cluding community-dwelling and institutionalised participants with complete data on depressive symptoms and 
functional capacity. 
Measurements: Functional capacity was assessed using the Older Americans Resources and Services 
Multidimensional Functional Assessment Questionnaire. Depressive symptoms were measured with the Geriatric 
Depression Scale – Short Form. Group differences were analysed using Chi-squared tests; relationships were 
examined with correlations. Multiple linear regressions identified predictors. Mediation analysis explored the 
interplay between functional capacity, living situation, and depressive symptoms. 
Results: Functional capacity varied, with basic activities of daily living generally better preserved than instru
mental activities. Almost one-fourth of participants screened positive for possible clinical depression, which was 
significantly more common among institutionalised centenarians (p  <  .05). Health conditions, anxiety, and 
lower functional capacity were significant predictors of depressive symptoms and together explained 24.7 % of 
the variance, with anxiety being the strongest predictor followed by health conditions and functional capacity. 
Mediation analysis showed that functional capacity mediated the relationship between living situation and 
depressive symptoms, highlighting its critical role in mental health. 
Conclusions: A significant proportion of centenarians screened positive for depression, underscoring the need for 
greater attention to depressive symptoms and systematic screening. Targeted interventions promoting functional 
independence may play an important role to prevent depression, and strategies are needed to encourage in
stitutionalised very old individuals to re-develop and maintain a certain level of independence.   

Introduction 

The world population of centenarians is increasing at an un
precedented rate, from an estimated 96,000 in 1990 to 588,000 by 

2024, with projections indicating exponential growth to 3.2 million by 
2050 [51,62,63]. In Europe, the centenarian population is expected to 
increase from 176,000 in 2024 to 694,000 by 2050 [63]. In Switzer
land, this demographic trend is reflected by an approximate doubling of 
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centenarians every decade from 1950 to 2010, reaching 2086 by 2023  
[43]. This remarkable growth is attributed to increased life expectancy 
due to better living conditions, healthcare, lifestyle and individual ro
bustness [41,67]. With one of the highest life expectancies glob
ally—82.2 years for men and 85.8 years for women—Switzerland faces 
significant challenges in adapting its healthcare system to meet the 
needs of a growing ageing population [42]. A key challenge is the in
creasing duration of morbidity, as healthy life expectancy is not keeping 
pace with overall life expectancy [55]. 

In other words, unfortunately, longevity is often accompanied by 
the onset or exacerbation of multiple health issues [27]. While various 
studies have been conducted worldwide to better understand the un
ique characteristics of centenarians, research has primarily focused on 
physical health. Little is known about their mental health [9,28] and its 
potential antecedents and impact on critical aspects of daily life. 
However, an increase in the prevalence of mental health issues among 
older adults has been reported by the World Health Organization [68], 
with depression ranking at the top of the list. Although this psycho
pathological condition is not a normal aspect of ageing, even in very 
advanced age, it often remains underdiagnosed and undertreated  
[19,68]. Depression has devastating consequences that affect in
dividuals biologically, psychologically, and socially. Clinically, its ad
verse effects include functional dependence, an increased risk of falls 
and fractures, malnutrition, exacerbation of chronic health conditions, 
frailty, higher susceptibility to neurocognitive disorders, heightened 
burden on informal caregivers, healthcare professionals, and healthcare 
systems, and premature death [22,46,9]. More specifically, functional 
dependence can be both a consequence of depression and a contributing 
factor to its development. Independence plays a vital role in life, par
ticularly in older age, when individuals are more vulnerable in the 
context of transitions, which tend to accumulate in later life. Older 
adults undergoing a health/illness transition (e.g., stroke, Parkinson’s 
disease) and/or a situational transition (e.g., widowhood, in
stitutionalisation) that may directly or indirectly lead to functional 
dependence are at greater risk of experiencing a more difficult transi
tion process [38]. If they are unable to redefine meaning, adjust ex
pectations, restructure daily routines, and develop new skills, this risk is 
further heightened, much in line with the Model of Selection, Optimi
zation and Compensation that posits such adjustment strategies as key 
aspects of successful adaptation to changes in resources across the adult 
lifespan and ageing [4]. Consequently, depending on their physical, 
psychological, and social resources to confront challenges—particularly 
resource losses—and adapt, older individuals may either maintain good 
mental health or manifest depressive symptoms [17,54]. 

Numerous studies have examined the relationship between func
tional dependence and depressive symptomatology in older adults. 
However, only few have focused on centenarians. Recent evidence re
garding this age group has identified significant associations between 
these two phenomena, with some researchers reporting higher pre
valence rates of depressive symptoms among centenarians with de
pendence in activities of daily living and, conversely, higher prevalence 
rates of dependence in these activities among those with depressive 
symptoms [28,58]. Furthermore, functional dependence and depressive 
symptoms may act as mutual predictive factors [11,28,48,58,59], un
derscoring their bidirectional relationship. Nevertheless, other studies 
did not find significant associations [10,37]. These divergencies high
light the need for more research to provide additional evidence on this 
issue. 

A study conducted among nonagenarians and centenarians living in 
Swiss nursing homes [36] revealed that depressive symptoms were the 
most prevalent neuropsychiatric symptoms (e.g., apathy, anxiety, ir
ritability, sleep disorders), as measured by the Neuropsychiatric In
ventory [30]. This finding underscores the importance of understanding 
whether factors beyond functional dependence, such as the living en
vironment, also contribute to the development of depressive symptoms 
in centenarians. Other contributors may include physical health, 

particularly multimorbidity, which has been suggested as a correlate of 
depressive symptoms [28], and gender, given well-documented differ
ences in depression occurrence in women and men of all ages. Recent 
national statistics on potential depression revealed that, in 2022, the 
prevalence among individuals aged 75 and older was around 8 % 
higher in women (35 % vs. 27 %) [40]. This pattern suggests a gender 
effect on mental health in older age, which may also extend to cen
tenarians. 

Overall, the population of centenarians has been understudied in 
Switzerland, with their actual needs remaining largely unexplored. 
The Swiss Centenarian Study (SWISS100): Vulnerability and Resilience 
at Age 100 was developed to address this research gap. One of its 
main objectives is to identify vulnerability in its various forms, along 
with its predictors and consequences, including in the domains of 
mental and functional health [18,26]. Thus, this work is part of the 
broader SWISS100 project and aims to advance the understanding of 
depressive symptoms in centenarians by analysing their prevalence, 
identifying key predictors, and examining the role of functional de
pendence as a contributing factor. Specifically, we seek to: (i) Ana
lyse the prevalence and characteristics of depressive symptoms in 
centenarians, focusing on variations by gender and living situation; 
(ii) Identify key predictors of depressive symptoms, including func
tional dependence and physical health; and (iii) Examine the re
lationship between functional dependence and depressive symptoms, 
including potential mediating factors. 

Methods 

Study design and participants 

This study employed a cross-sectional design using a sample drawn 
from the broader longitudinal SWISS100 study [26]. The recruitment 
strategy for SWISS100 involved obtaining the contact information of all 
individuals born in 1922 or earlier and residing in the Swiss cantons of 
Geneva, Vaud, Bern, Basel-City, Zurich, and Ticino from the Federal 
Statistical Office. From this initial eligible population, centenarians 
were contacted in random order and invited to participate in the study 
(n = 1114) via mail and follow-up phone calls, with no exclusion cri
teria applied. Of these, 277 individuals agreed to participate. The pri
mary reasons for declining participation included lack of interest, 
finding the study too stressful and health or cognitive issues. 

For the present work, we selected participants from the SWISS100 
baseline sample who had complete data on depressive symptoms and 
functional capacity (n = 102). As no exclusion criteria were applied, 
different versions of questionnaires were designed to best match the 
cognitive capacities of participants, based on their scores on the shor
tened Mini-Mental State Examination (MMSE; maximum score: 21 
points) [16,24]. Participation levels were categorized as follows: 'total 
proxy replacement' (shortened MMSE total score: 0 –5 points), 'low- 
capacity participation' (6–9 points), 'intermediate-capacity participa
tion' (10–14 points), and 'full-capacity participation' (15–21 points). As 
prior work had shown that the cognitive capacity of individuals with 
reduced MMSE scores was too low for reliable answers on longer 
questionnaires with items using Likert-like response scales [32], only 
individuals with the capacity to provide reliable self-report were pre
sented with such self-report questionnaires. Consequently, only parti
cipants with 'intermediate-capacity' or 'full-capacity' participation levels 
had complete data on depressive symptoms. Comparisons between 
those included in the analysis and those entirely replaced by proxies or 
who participated at the 'low-capacity participation' level (with only a 
reduced number of depression items) revealed that the participants 
contributing to the actual study were less likely to be institutionalised, 
and more likely to have a better cognitive status (ps < .05), in line with 
the sample selection. However, no statistically significant differences 
were found between the groups regarding age, marital status, educa
tional level, or depressive symptoms (ps ≥.05). 
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Data were collected through face-to-face interviews conducted be
tween September 2022 and December 2023, using interviewer-ad
ministered questionnaires. 

Measures 

Sociodemographic characteristics 
Information was gathered on participants' age, gender, marital 

status, living situation (e.g., private residence or institution), and edu
cation level. 

Physical health 
Physical health measures included a single item on subjective 

health, assessed using the question 'In general, how would you rate your 
overall health?'; responses were recorded using a five-point Likert-type 
scale (1 = 'poor', 2 = 'fair', 3 = 'good', 4 = 'very good', 5 = 'excellent'). 

Health conditions were reported using a predefined list of medical 
conditions, including cardiovascular, metabolic, hepatic, renal, urinary, 
reproductive, gastrointestinal, respiratory, musculoskeletal, sensory, 
neurological, and oncological disorders. The total number of health 
conditions was calculated by summing all reported issues resulting in a 
total count (max. 26). 

Physical pain or discomfort was evaluated with the question 'In 
general, how often do you suffer from physical pain, aches, soreness, or 
discomfort?'; responses were also recorded on a five-point Likert-type 
scale (1 = 'never', 2 = 'seldom', 3 = 'sometimes', 4 = 'often', 5 = 
'always'). 

Functional health 
Functional capacity was assessed using the Older Americans 

Resources and Services (OARS) Multidimensional Functional 
Assessment Questionnaire [15]. This instrument evaluates participants' 
levels of independence in performing seven basic activities of daily 
living (ADLs), including eating, bathing / showering, and transferring, 
as well as seven instrumental activities of daily living (IADLs), such as 
using the telephone, shopping for essentials, and medication manage
ment. Each activity was rated on a three-point scale: 0 = 'unable 
without help', 1 = 'some help needed', and 2 = 'can do without help'. 
The scores for ADLs and IADLs were summed separately, resulting in 
total scores ranging from 0 to 14 for each domain, with higher scores 
indicating greater functional capacity. An overall functional capacity 
score was calculated as the sum of the ADLs and IADLs total scores, 
which ranged from 0 to 28. 

Cognition 
Cognitive status was assessed using the shortened Mini-Mental State 

Examination (MMSE) [16], which includes items less likely to be af
fected by sensory impairments commonly observed in centenarians  
[24], and has been employed in previous studies involving centenarians  
[1,28,47]. This version evaluates orientation (range: 0–10 points), re
gistration (range: 0–3 points), attention (range: 0–5 points), and recall 
(range: 0–3 points), resulting in a total maximum score of 21 points. 

Mental health 
Depressive symptoms were measured using the 15-item Geriatric 

Depression Scale – Short Form (GDS-15) [56]. Items on the GDS-15 
were scored as 1 = 'yes' and 0 = 'no', except for items 1, 5, 7, 11, and 
13 (see Table 1), which were reverse-scored (i.e., 1 = 'no' and 0 = 
'yes'). The scores were summed (range: 0–15), with higher totals in
dicating a higher number of depressive symptoms (e.g., feelings of 
emptiness, hopelessness, and worthlessness). A total score greater than 
5 was used as the cutoff to indicate a 'positive screening' result [21], 
suggesting possible clinical depression. 

Symptoms of anxiety were assessed using the 5-item Geriatric 
Anxiety Inventory - Short Form (GAI-SF) [7]. Items on the GAI-SF were 
scored as 1 = 'yes' and 0 = 'no'. The total score was obtained by 

summing the responses (range: 0–5), with higher scores indicating a 
greater frequency of anxiety symptoms (e.g., worry and nervousness). 

Data analysis 

Descriptive statistics were used to characterize the sample in terms 
of sociodemographics, physical health, functional capacity, cognition, 
and mental health. Means, standard deviations, minimum, and max
imum values were reported for continuous variables, and frequency 
distributions with percentages for dichotomous or count variables. To 
compare prevalences between groups (gender: men vs. women; living 
situation: private vs. institution) regarding a positive screening for 
depressive symptoms (GDS-15 total score > 5 points), Chi-squared (χ²) 
tests were performed. Relationships between continuous variables were 
analyzed using Pearson correlations; for dichotomous variables, point- 
biserial correlations were calculated. To examine whether specific 
variables explained unique variance in depressive symptomatology, we 
conducted a stepwise regression analysis. Predictors were entered into 
the model in sequential steps to assess their incremental contribution to 
explaining variance in depressive symptoms (GDS-15 score). To avoid 
overparameterizing the model while ensuring potentially relevant 
predictors were retained, only variables that correlated with depressive 
symptoms at p  <  .20 were included in the regression, ensuring an 
acceptable case-to-predictor ratio. This significance threshold is con
sidered appropriate in exploratory analyses to avoid prematurely ex
cluding variables that could have predictive value [6]. For all analyses, 
statistical significance was set at p  <  .05. All statistical analyses were 
performed using IBM SPSS Statistics software, version 29.0 [25]. 

To better understand the interplay between functional capacity, 
living situation and depressive symptoms, a simple mediation analysis, 
following a regression-based approach, was conducted using the 
PROCESS macro for SPSS, version 4.2 [23]. A bootstrap sampling 
method (5000 samples) was employed to estimate indirect effects and 
calculate bias-corrected 95 % confidence intervals. 

Ethical considerations 

The SWISS100 study was approved by the Cantonal Ethics Committees 
for Research on Human Beings (Project 2021–02509). Participants re
ceived detailed information about the study via an information sheet and a 
phone call with the research team. The information covered the study's 
aim, procedures, potential risks and benefits, data confidentiality and data 
protection, the voluntary nature of participation, withdrawal rights, in
structions for participation, and contact details for the research team. 
Participants who agreed to participate provided written informed consent. 
All data were coded and securely stored on password-protected institu
tional servers, in compliance with Swiss data protection regulations. 
Participants received a symbolic gift valued at 20 Swiss francs in appre
ciation of their time and efforts. 

Results 

Sociodemographic characteristics 

Most participants were women, widowed, and community-dwelling. 
Regarding educational level, the 'high school/vocational high school' 
category was the most often represented, with few participants holding 
a university degree (Table 1). 

Subjective and Physical health 

Most participants rated their subjective health positively, despite 
experiencing a high burden of multimorbidity, with two-thirds re
porting six or more health conditions. This suggests a notable level of 
resilience. While a substantial proportion never experienced physical 
pain or discomfort, nearly one in five reported frequent pain (Table 1). 
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Table 1 
Sociodemographic and health characteristics of the sample (n = 102).       

n (%) M (SD) Min - Max  

Sociodemographics    
Age   101.61 (1.16) 100 – 106 
Gender (females)  72 (70.6)   
Marital status    

Single  6 (5.9)   
Married  10 (9.8)   
Separated / divorced  4 (3.9)   
Widowed  82 (80.4)   

Living situation    
Private  69 (67.6)   
Institution  33 (32.4)   

Education    
Primary school / Middle school  28 (27.4)   
Basic professional training / apprenticeship  28 (27.5)   
High school / Vocational high school  33 (32.3)   
University  13 (12.7)   

Physical health    
Subjective healtha   3.17 (0.88) 1 – 5 

Poor / Fair  19 (18.6)   
Good /Very good / Excellent  83 (81.4)   

Number of health conditionsb   7.05 (2.54) 2 – 12 
2 −5  32 (31.4)   
6 −9  47 (46.1)   
10 −12  23 (22.5)   

Physical pain or discomfortc   2.33 (1.34) 1 – 5 
Never  38 (37.3)   
Seldom / Sometimes  45 (44.1)   
Often / Always  19 (18.6)   

Functional capacity    
ADLs (OARS)   10.09 (3.66) 0 – 14 

Independence  20 (19.6)   
Dependence in 1 ADL  14 (13.7)   
Dependence in 2 to 3 ADLs  38 (37.2)   
Dependence in 4 to 6 ADLs  23 (22.5)   
Total dependence  7 (6.9)   

IADLs (OARS)   5.80 (4.53) 0 – 14 
Independence  6 (5.9)   
Dependence in 1 IADL  4 (3.9)   
Dependence in 2 to 3 IADLs  21 (20.5)   
Dependence in 4 to 6 IADLs  40 (39.2)   
Total dependence  31 (30.4)   

Overall functional capacity (ADLs and IADLs)   15.89 (7.58) 1 – 28 
Cognition    

Cognitive statusd (shortened MMSE)   16.82 (3.09) 9 – 21 
Mental health    

Anxiety symptoms (GAI-SF)   1.19 (1.29) 0 – 5 
Depressive symptoms (GDS−15)e   3.89 (2.64) 0 – 11 

Are you basically satisfied with your life?f  94 (92.2)   
Have you dropped many of your activities and interests?  73 (71.6)   
Do you feel that your life is empty?  16 (15.7)   
Do you often get bored?  12 (11.8)   
Are you in good spirits most of the time?f  94 (92.2)   
Are you afraid that something bad is going to happen to you?  23 (22.5)   
Do you feel happy most of the time?f  92 (90.2)   
Do you often feel helpless?  22 (21.6)   
Do you prefer to stay at home, rather than going out and doing new things?  66 (64.7)   
Do you feel you have more problems with memory than most?  20 (19.6)   
Do you think it is wonderful to be alive now?f  73 (71.6)   
Do you feel pretty worthless the way you are now?  36 (35.3)   
Do you feel full of energy?f  60 (58.8)   
Do you feel that your situation is hopeless?  9 (8.8)   
Do you think that most people are better off than you are?  16 (15.7)   

ADLs = Basic Activities of Daily Living (eating; dressing and undressing; grooming (taking care of own appearance); transferring (getting in and out of bed); walking; bathing 
or showering; using the toilet, including continence); IADLs = Instrumental Activities of Daily Living (using the telephone; managing transportation (getting to places out of 
walking distance); shopping for essentials; preparing meals; managing housekeeping; managing medications; handling finances); MMSE = Mini-Mental State Examination – 
shortened (max. 21 points); GAI-SF = Geriatric Anxiety Inventory – Short Form (max. 5 points); GDS-15 = Geriatric Depression Scale – Short Form (max. 15 points).  

a Item used: 'In general, how would you rate your overall health?'; answering options: 1 = poor to 5 = excellent.  
b Health conditions were assessed using a list of 26 conditions.  
c Item used: 'In general, how often do you suffer from physical pain, aches, soreness or discomfort?'; answering options: 1 = never to 5 = always.  
d Cognitive status: shortened Mini-Mental State Examination (max. 21 points; [24]). Typically, participants with a score ≥ 10 were included in the analysis. 

However, one participant with a score of 9 was included due to their demonstrated ability to engage beyond the assessed level.  
e For each GDS-15 item, the reported values correspond to the 'yes' responses.  
f Items reversed for the calculation of the total GDS-15 score.  
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Functional capacity 

Approximately one-fifth of the sample achieved the highest ADL 
score of 14 points (n = 20, 19.6 %), while only one participant had the 
lowest score of 0 points (n = 1, 1.4 %). For IADLs, only 4.9 % (n = 5) 
achieved the highest score of 14 points, whereas 17.6 % (n = 18) 
presented the lowest score of 0 points. IADLs were considerably more 
impaired compared to ADLs, with mean scores of 5.80 (SD = 4.53) and 
10.09 (SD = 3.66), respectively (Table 1). The ADL more often reported 
as difficult ('unable without help') was bathing or showering (45.5 %), 
with difficulties in other ADLs reported by approximately 3 % to 17 % 
of the sample. Regarding IADLs, the activities most often reported as 
difficult ('unable without help') were managing transportation (65 %), 
handling finances (62 %), and shopping for essentials (59 %). Difficulty 
with other IADLs was reported by approximately 30 % to 45 % of the 
sample. 

Cognition and mental health 

Participants showed mild cognitive impairment on average, based 
on the shortened MMSE. Anxiety symptoms were relatively low, while 
depressive symptoms were higher. The most commonly reported de
pressive indicators included dropping activities and interests, pre
ference for staying at home, and feelings of low energy and worth
lessness. Despite these concerns, most participants reported being 
satisfied with their life, in good spirits, and happy most of the time 
(Table 1). Using a GDS-15 cut-off score of >  5 points to indicate a 
positive screening [21,70], 22.5 % of participants (n = 23) screened 
positive for potential depression. Among these, 73.9 % (n = 17) were 
women, and 52.2 % (n = 12) were institutionalised. No statistically 
significant difference was observed between genders in terms of posi
tive or negative screening (p  >  .05). However, a statistically sig
nificant difference was identified based on living situation (p  <  .05), 
indicating that individuals living in institutions were more likely to 
screen positive on the GDS-15 compared to those living in private re
sidences. 

Predictors of depressive symptoms 

We examined potential predictors of depressive symptomatology, 
starting with a correlational analysis of the main variables (Table 2). 
Depressive symptoms (GDS-15) were statistically significantly posi
tively correlated with institutionalisation (r = 0.20; p  <  .05), wi
dowhood (r = 0.21; p  <  .05), higher number of health conditions 
(r = 0.28; p  <  .05), and symptoms of anxiety (GAI-SF) (r = 0.28; 
p  <  .05). Additionally, they were significantly negatively correlated 
with subjective health (r = −0.14; p  <  .20), ADL (r = −0.31; 
p  <  .05), IADL (r = −0.30; p  <  .05), and overall functional capacity 
(ADLs and IADLs combined) (r = −0.33; p  <  .001). In contrast, age 
(p  >  .60), gender (p  >  .85), education (p  >  .95), physical pain or 
discomfort (p  >  .25), and cognition (p  >  .75) were not correlated 
with depressive symptoms. 

In the regression analysis, we included only the variables which we 
considered relevant based on the described theoretical considerations. 
However, to avoid overparameterizing the regression model, we in
cluded only variables as predictors which correlated at least at p  <  .20 
with depressive symptoms (i.e., living situation, widowed, subjective 
health, health conditions, anxiety, and functional capacity; it is of note 
that most correlations were significant at p  <  .05 level; the smallest 
link existed for subjective health with r = −.14 and p = .169, which 
we maintained given its importance found in prior depression studies). 
To prevent multicollinearity due to the strong relationship between 
ADL and IADL, only the composite score 'overall functional capacity' 
was used as an indicator of functional health. Given that we were in
terested in the role of the specific predictors in relation to each other, 
we conducted a stepwise regression analysis, summarized in Table 3. 

The findings indicated that while living situation initially emerged as a 
significant predictor of depressive symptoms (GDS-15 score) (step 1; 
p  <  .05), it became non-significant when additional variables were 
included (steps 2, 3, and 4; p  >  .05). In the complete model, depicted 
at final step 4, number of health conditions, symptoms of anxiety, and 
overall functional capacity emerged as significant predictors (ps 
<  .05). Thus, the complete model was statistically significant (F(6, 95) 
= 5.18, p  <  .001) and explained 24.7 % of the variance in depressive 
symptomatology (R² = 0.247; Table 3). Symptoms of anxiety were the 
strongest predictor, explaining 4.4 % of the unique variance, followed 
by the number of health conditions (3.7 %), and overall functional 
capacity (3.2 %). 

We then conducted a mediation analysis to better understand the 
role of the living situation in the occurrence of depressive symptoms. 
Although living situation emerged as a predictor of depressive symp
toms only before controlling for other variables in the regression ana
lysis, the mediation analysis confirmed its relevance. Thus, the overall 
functional capacity significantly mediated the relationship between 
living situation and depressive symptoms. Living in an institution was 
associated with significantly lower functional capacity (B = −7.90, SE 
= 1.40, p  <  .001), which, in turn, predicted higher depressive 
symptoms (B = −.11, SE =.04, p = .006) (Fig. 1). The indirect effect 
of living situation on depressive symptoms through functional capacity 
was significant (B =.84, SE =.39, 95 % CI [.19, 1.69], whereas the 
direct effect of living situation on depressive symptoms became non- 
significant (B =.26, SE =.61, p = .670) when considering functional 
capacity. These results suggest that when functional capacity is in
cluded in the model, the direct relationship between living situation 
and depressive symptoms is weak and not significantly detectable in 
our sample. Considering the ratio of the indirect effect to the total effect 
as suggested by Wen and Fan [66], results indicate that the indirect 
effect represented an important proportion of the total effect (i.e., P(m) 
= ab/c = .84/1.1 = .76). Thus, the proportion of the indirect effect 
relative to the total effect indicated that overall functional capacity 
explained 76 % of the effect of living situation on depressive symptoms. 
Additionally, considering the ratio of the indirect effect relative to the 
direct effect as another indicator of effect size, the indirect effect was 
three times larger in magnitude than the direct effect (i.e., ab/c′ =.84/ 
.26 = 3.23). 

In addition to overall functional capacity, we tested whether the 
number of health conditions could also mediate the relationship be
tween living situation and depressive symptoms. However, these ana
lyses showed non-significant results. The indirect effect was small (B = 
−.02, SE =.17, 95 % CI [−.37,.30]), and the confidence interval in
cluded zero, indicating that the mediation effect was not statistically 
significant. This suggests that, in contrast to overall functional capacity, 
health conditions per se do not mediate the relationship between living 
situation and depressive symptoms in this sample. 

Discussion 

The overall goal of this study was to analyse the prevalence of de
pressive symptoms among centenarians living in Switzerland, to iden
tify key predictors, and to examine the specific role of functional de
pendence. The findings showed that over 20 % of the studied 
centenarians had depressive symptoms worth considering, with in
stitutionalised individuals more likely to screen positive. Although 
living situation was initially a significant predictor, its effect became 
non-significant after controlling for other variables, whereas the 
number of health conditions, anxiety symptoms, and functional capa
city remained significant. Further mediation analysis revealed that 
living situation indirectly influenced depressive symptoms through 
overall functional capacity. 

Considering overall depressive symptomatology, participants re
ported an average of four GDS-15 depressive symptoms, which lies 
below the threshold considered as clinically relevant. This contrasts 
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with recent studies conducted in China, where the pathological 
threshold of the GDS-15 was exceeded in centenarians [69,71]. Com
pared to a European study—culturally closer to Switzerland—that ex
cluded centenarians with cognitive impairment and reported averages 
within the normal range, the mean score in our study was observed to 
be even lower overall [60]. 

Nevertheless, it is crucial to highlight that nearly a fourth of the 
sample screened positive for possible clinical depression, which is a 
point of concern in the context of mental health for those affecte
d—even though these numbers also indicated that most centenarians 
showed no heightened depressive symptoms. These findings on cen
tenarians living in Switzerland align with the general trend observed 
among older adults aged 65 and above living in the country in 2017, 
where the prevalence of potential depression was estimated between 
20 % and 28 % [40]. These rates increased with age, reaching 27 % to 
35 % for individuals aged 75 and older. At that, since 2012 depressive 
symptoms are becoming increasingly prevalent among older adults in 
Switzerland. Whether this is also the case for centenarians is not clear. 
A systematic review highlighted considerable variation in prevalence 
rates for potential depression across studies and continents, ranging 
from 12.8 % in Italy to 65 % in the United States for near-centenarians 

and centenarians [9]. These differences may be attributed to cultural 
factors and methodological variations in study design (e.g., different 
measurement tools, sub-population sampling). 

Despite this prevalence, interpreting depressive symptoms in cen
tenarians remains complex, as some screening items may overlap with 
underlying health conditions, such as sensory impairments, frailty or 
loss of autonomy. Distinguishing depressive features from adaptations 
to age-related constraints remains challenging (e.g., having dropped 
many of their activities and interests or preferring to stay at home rather 
than going out and doing new things), likely contributing to the under- 
identification of depressive symptoms in older and very old adults  
[33,52]. 

In addition, depressive symptomatology can show overlaps with 
dementia symptomatology, as both conditions can involve memory 
impairment, reduced motivation and psychomotor retardation, adding 
another layer of complexity [14]. Apart from dementia, other medical 
conditions (e.g., thyroid dysfunction, Parkinson’s disease, stroke, 
medication side effects) may resemble or exacerbate depressive symp
toms due to the presence of fatigue, apathy, functional dependence, 
memory impairment, and disturbances in mood and sleep  
[34,35,44,65,8]. 

Table 3 
Stepwise linear regression model predicting depressive symptoms (n = 102).         

Depressive symptoms (GDS-15)   

B Beta p R2 change R2 adjusted  

Step 1    0.038* 0.029* 
Living situation (0 = priv, 1 = inst)  1.10  0.20  0.048*   

Step 2    0.036 0.056 
Living situation (0 = priv, 1 = inst)  1.02  0.18  0.065   
Widowhood (0 = no, 1 = yes)  1.27  0.19  0.051   

Step 3    0.140** 0.174** 
Living situation (0 = priv, 1 = inst)  0.81  0.14  0.122   
Widowhood (0 = no, 1 = yes)  1.32  0.20  0.034*   
Subjective health  −0.23  −0.08  0.423   
Number of health conditions  0.24  0.23  0.013*   
Anxiety (GAI-SF)  0.50  0.25  0.012*   

Step 4    0.032* 0.199* 
Living situation (0 = priv, 1 = inst)  0.24  0.04  0.688   
Widowhood (0 = no, 1 = yes)  1.20  0.18  0.051   
Subjective health  −0.27  −0.09  0.340   
Number of health conditions  0.21  0.20  0.033*   
Anxiety symptoms (GAI-SF)  0.46  0.22  0.021*   
Overall functional capacity (ADLs/IADLs)  −0.07  −0.21  0.048*   
R2 TOTAL     0.247** 

Note: Model at step 4 represents the complete model, including all predictors; it explains the most variance in depressive symptoms. Values of the F-tests are as 
follows: Model including step 1: F(1, 100) = 3.99, p  <  .05; Model including step 1 and 2: F(2, 99) = 3.99, p  <  .05; Model including step 1, 2, and 3: F(5, 96) 
= 5.25, p  <  .001; Model including all steps [complete model]: F(6, 95) = 5.18, p  <  .001). 
GDS-15 = Geriatric Depression Scale – Short Form. Living situation: priv = private, inst = institution. GAI-SF = Geriatric Anxiety Inventory – Short Form; ADLs 
= Basic Activities of Daily Living; IADLs = Instrumental Activities of Daily Living.  

* p  <  .05;  
** p  < .001  

Fig. 1. Simple mediation diagram. Path coefficients a, b, c and c′ represent unstandardized regression weights, with standard errors shown in parentheses. The c 
coefficient reflects the total effect of living situation on depressive symptoms (statistically significant), while the c′ coefficient indicates the direct effect of living 
situation on depressive symptoms after accounting for the mediator–overall functional capacity (not statistically significant). 
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Given the diagnostic complexity of depressive states in very ad
vanced age, these overlapping symptoms underscore the need for a 
comprehensive assessment, requiring greater clinical vigilance to dis
tinguish depressive features from other conditions or age-related 
adaptations in order to ensure an accurate differential diagnosis. 

To lay the groundwork for addressing these complexities, recent 
research has sought to identify the most relevant depressive signs and 
symptoms in individuals aged 95 and older [20]. The findings highlight 
the necessity of a multidimensional approach to depression screening in 
the oldest-old, emphasizing the importance of developing more tailored 
screening strategies. Additionally, symptom duration, frequency, and 
severity should be carefully considered in depression assessment for 
this age group. As an initial step toward improving depression eva
luation in centenarians, the potential need for a dedicated screening 
tool to optimize mental health care has also been suggested to address 
current shortcomings. Given these diagnostic challenges, it is also im
portant to consider broader health factors that may contribute to de
pressive symptoms. In our sample, the number of health conditions, 
anxiety symptoms, and overall functional capacity predicted depressive 
symptoms. The study participants presented poor objective health, 
averaging seven health conditions per individual—higher than reported 
in previous studies [1,10,28,45]. This discrepancy likely stems from the 
inclusion of prevalent age-related sensory and mobility issues in this 
study. Nevertheless, health issues can substantially affect mental 
health, underscoring their role as predictors of depressive symptoms. 
Pain was significantly associated with depression in older adults [13], 
and its prevalence in our sample appeared higher than previously re
ported [27]. Furthermore, anxiety symptoms emerged as the strongest 
predictor of depressive symptoms, indicating a close relationship be
tween these mental health issues in our study participants. This was 
expected, as anxiety and depression are psychiatric conditions that have 
been shown to be positively correlated in previous centenarian research  
[50]. Anxiety may reduce an individual’s coping capacity and con
tribute to the development or exacerbation of depressive symptoms. 
While anxiety and depression frequently co-occur in adults, their spe
cific co-existence in centenarians remains under-investigated, although 
anxiety may be an integral aspect of late-life depression and sig
nificantly associated with physical health as centenarians with two or 
more diseases were approximately five times more likely to experience 
clinical anxiety [49]. This supports the role of both physical health 
(number of health conditions) and anxiety as predictors of depressive 
symptoms in our sample. 

Functional capacity emerged as a key predictor of depressive 
symptoms. While participants demonstrated quite high levels of in
dependence in performing ADLs, their ability to manage IADLs was 
lower, a pattern consistent with findings from recent European studies 
on centenarians [1,5,60]. Individuals tend to maintain the ability to 
perform the basic ADLs independently for a longer period, as IADLs 
require higher levels of physical and cognitive functioning, which are 
more susceptible to decline with age. Moreover, the finding that in
stitutionalised centenarians were more likely to screen positive for 
depression compared to those living in private residences highlights the 
potential impact of living environments in dealing with age-related 
losses and eventually on mental health [29,37]. This difference may be 
attributable to factors such as reduced social interactions, dependency- 
support behaviours in institutions that may contribute to learned de
pendence, or the psychological burden associated with in
stitutionalisation [3]. However, although previous research has linked 
institutionalisation to poorer mental health outcomes, including de
pressive symptoms [12], our findings suggest that depressive symptoms 
are primarily associated with the higher levels of functional impair
ments observed among institutionalized individuals rather than the 
living environment per se. Although our mediation model suggests that 
functional capacity plays a key role in the relationship between living 
situation and depressive symptoms, functional decline is commonly a 
major factor leading to institutionalisation. This raises the possibility 

that institutionalisation itself could contribute to depressive symptoms 
beyond functional dependence. Prior research has suggested that in
stitutional care settings may introduce psychosocial stressors, such as 
reduced independence and social engagement, potentially exacerbating 
depressive symptoms [31,53]. For instance, institutionalised older 
adults may experience a reduced sense of control over daily routines 
and fewer opportunities for social participation, both of which have 
been linked to increased psychological distress and loneliness [57,64]. 
However, our results align with previous findings, which reported that 
when controlling for other factors, including functional capacity, living 
in an institution was not a significant predictor of depressive symptoms  
[61]. While institutionalisation may have an independent psychological 
impact, our findings suggest that the higher burden of functional de
pendence observed among institutionalised individuals accounts for 
most of the observed differences in depressive symptoms. In Switzer
land, institutionalised older adults aged 85 and older tend to exhibit 
high levels of dependence, with nearly one-third requiring assistance 
with ADLs and three-quarters with IADLs [39], and these proportions 
could be even higher among centenarians [12,28]. Therefore, depres
sive symptoms in institutionalised centenarians are likely to result 
primarily from their high levels of functional dependence, which ne
cessitates institutional care to meet their daily support needs, rather 
than from institutionalisation itself. Thus, preventing functional decline 
or enhancing functional capacity by fostering independence to the 
largest degree possible, especially in institutionalised centenarians, 
appears to be a key strategy for achieving better mental health out
comes in this population. Indeed, care environments may inadvertently 
follow a ‘dependency-support script’, where caregivers might unin
tentionally reinforce dependent behaviours while placing less emphasis 
on promoting independent ones [2]. Interventions designed to shift 
these scripts—by fostering ‘independence-supporting’ behaviour
s—have provided evidence of increased independent actions among 
institutionalised individuals. Consequently, providing targeted training 
and ongoing support to care teams in implementing such interventions 
could contribute to preserving or even enhancing residents' functional 
health, with potential benefits for their mental well-being. 

Limitations 

Although our findings help reduce the research gap regarding 
mental and functional health in centenarians in Switzerland, this study 
has several limitations. First, the selected participants represent only a 
subsample of the larger SWISS100 study, specifically those with higher 
cognitive function, and may therefore not fully represent the entire 
sample. Second, the relatively small sample size in this study may have 
limited statistical power, reducing the ability to detect relevant but less 
strong predictors of depressive symptomatology. Additionally, it lim
ited the number of predictors that could be included in the regression 
model. However, considering the complexity of recruiting this specific 
age group, our sample size is comparable or larger to that of other 
studies on centenarians. Third, our regression analysis was guided by 
theoretical considerations as well as statistical selection criteria. Still, 
we acknowledge that selecting specific predictors based on bivariate 
correlations with p  <  .20 may introduce a risk of Type I error due to 
multiple testing. While this approach was chosen to retain potentially 
meaningful predictors in an understudied context, some associations 
may have emerged by chance. Fourth, we used a cross-sectional design, 
which cannot fully capture the dynamics between depressive symptoms 
and functional dependence that would instead benefit from longitudinal 
analysis to better understand their progression over time. Centenarians, 
particularly those who are more frail, may experience temporary 
functional decline (e.g., following hospitalization, a fall, or an acute 
illness). Such events can impact mental health, but once the acute issue 
is resolved and, if their usual level of independence is regained, de
pressive symptoms associated with functional dependence may de
crease or even disappear, as often observed after critical life events, but 
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mostly studied in younger ages. Therefore, future research on these 
phenomena should consider analysing longitudinal data of old and very 
old individuals. 

Conclusions 

Although the centenarians in our sample, on average, were free of 
marked indicators of depression, reported high levels of subjective 
health and had relatively preserved cognitive function, nearly one- 
quarter screened positive for possible depression. This finding under
scores that depressive symptoms among centenarians living in 
Switzerland are not the norm, but are also not uncommon and warrant 
attention. Functional dependence is a significant and potentially mod
ifiable predictor of depressive symptoms, particularly in in
stitutionalised individuals. This underscores the importance of sys
tematic screening and continuous monitoring of depressive 
symptomatology, as well as the need for implementation of targeted 
individual and structural interventions that promote functional in
dependence in the very old—which may play a key role in preventing 
depression. Exploring ways to encourage this population, especially 
those who are insitutionalised, to re-develop and maintain a certain 
level of functional independence is essential. While optimising institu
tional care environments to better support independence remains cru
cial, efforts to maintain functional capacity before institutionalisation, 
through appropriate support in community settings, may also play an 
important role in reducing the risk of depressive symptoms. 
Interdisciplinary collaboration among healthcare professionals—in
cluding nurses, geriatricians, old age psychiatrists and psychologists, 
physical therapists, and activity coordinators—may be crucial in de
veloping and implementing effective strategies to address this im
portant issue. 
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