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Data Set for Home Care instruments and supplemen-
tary tests). Assessments were conducted at desig-
nated centres, with home visits arranged for individu-
als unable to travel. The final sample included 319 
community-dwelling adults aged ≥ 80  years (mean 
age 85.4 ± 4.8 years; 67.1% women). Network analy-
sis suggested clustered relationships among vitality, 
psychological, and cognitive domains, whereas sen-
sory domains appeared more peripheral. Hearing and 
vision were associated with locomotion, while their 
association with cognition appeared to be mediated 
by locomotion. In Cox proportional hazards models, 
higher locomotion scores were independently asso-
ciated with lower mortality at 4  years [hazard ratio 
(HR) 0.86, 95% CI 0.80–0.93] and 7 years (HR 0.87, 
95% CI 0.81–0.92). Each 10-point increase in IC 

Abstract  Intrinsic capacity (IC) is a key construct 
within the healthy ageing framework. However, the 
correlations among IC domains and their associa-
tion with health outcomes in very old adults remain 
unclear. This study aimed to characterise the relation-
ships among IC domains using network analysis and 
to examine their association with mortality in commu-
nity-dwelling octogenarians from the Invecchiamento 
e Longevità nel Sirente (ilSIRENTE) cohort. IC was 
calculated as a summary score rescaled to a 0–100 
range across locomotion, cognition, vitality, psycho-
logical capacity, and sensory function, derived from 
routine home-based geriatric assessments (Minimum 
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was associated with lower mortality at 4  years (HR 
0.67, 95% CI 0.58–0.77) and 7 years (HR 0.68, 95% 
CI 0.61–0.77). Among very old adults, locomotion 
emerged as a central functional domain linking sen-
sory function, cognition, and survival within the IC 
framework. IC measures derived from routine assess-
ments may provide a pragmatic approach for risk 
stratification and targeted interventions to promote 
healthy ageing.

Keywords  Intrinsic capacity · Older adults · 
Mobility · Cognitive function · Mortality

Introduction

Ageing is associated with progressive declines across 
multiple systems, leading to increased vulnerability to 
disability, dependence, and adverse health outcomes 
[1]. In advanced age, mobility limitations affect more 
than one third of adults aged 70 years and over half 
of those aged 80 years or older [2]. Cognitive impair-
ment is also common, affecting approximately 27% 
of octogenarians and more than 40% of adults aged 
85 years or older [3]. Despite these shared risks, tra-
jectories of functional decline in very old age remain 
highly heterogeneous, with substantial variability 
across domains [4].

To better capture this complexity, the World 
Health Organisation (WHO) introduced the concept 
of intrinsic capacity (IC), defined as the compos-
ite of an individual’s physical and mental capacities 
[5]. IC is operationalised through five core domains: 
cognition, psychological capacity, locomotion, vital-
ity, and sensory function (hearing and vision). Within 
the WHO healthy ageing framework, IC reflects func-
tional reserve and the ability to maintain health and 
independence in later life [5–8].

Although IC domains are conceptually distinct, 
they rarely deteriorate independently. Cross-sectional 
studies indicate that impairments in two or more 
domains coexist in over 50% of adults aged 80 years 
or older [9]. Importantly, decline across domains 
does not necessarily occur in parallel, and impair-
ment in one domain may influence others through 
shared functional and physiological pathways [10]. 
Nevertheless, most existing studies have exam-
ined IC domains separately or have relied on aggre-
gate scores, limiting insight into domain-specific 

interrelationships and potentially obscuring the 
underlying structural organisation of IC [11]. In addi-
tion, evidence specifically focusing on very old popu-
lations remains limited. This population is of particu-
lar interest because the accumulation of impairments 
across multiple domains, combined with survivor 
effects and heterogeneous ageing trajectories, may 
result in distinct patterns of inter-domain relation-
ships and differential risk of adverse outcomes com-
pared with younger older adults [12, 13].

Network analysis offers a methodological frame-
work to conceptualise IC as an interconnected system 
rather than a set of independent domains [10, 14]. 
Within this context, network approaches may provide 
a complementary, systems-level perspective on IC 
by describing patterns of inter-domain connectivity, 
although their application in this field remains rela-
tively limited and largely exploratory.

The aims of this study were threefold: (1) to char-
acterise the inter-domain relationships of IC using 
network analysis in a prospective cohort of commu-
nity-dwelling octogenarians from the Aging and Lon-
gevity in the Sirente Geographic Area (ilSIRENTE) 
study; (2) to examine associations of sensory and psy-
chological domains with locomotion and cognition 
using regression models and exploratory mediation 
analyses informed by the network findings; and (3) 
to evaluate the association between IC and all-cause 
mortality using both an unweighted IC summary 
score and a network-weighted IC score. By integrat-
ing exploratory network modelling with conventional 
regression and survival analyses, we aimed to gener-
ate hypotheses on the structural organisation of IC 
and its potential clinical relevance in very old adults.

Methods

Study design and population

This is a prospective cohort study using data from the 
ilSIRENTE study, a population-based observational 
study of community-dwelling adults aged 80 years or 
older living in the Sirente area (Abruzzo, Italy). Par-
ticipants underwent standardised home-based clinical 
and functional assessments [15]. The cohort included 
all residents born before January 1 st, 1924, and living 
in the thirteen municipalities of the Sirente area at the 
time of recruitment. Participants were followed for up 
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to 20  years, with mortality status assessed at multi-
ple follow-up waves through December 2023. Of 429 
eligible individuals, 65 declined participation, result-
ing in an initial sample of 364 participants. For the 
present analyses, 319 participants with complete data 
on IC domains were included (Fig. 1). The study was 
conducted in accordance with the Declaration of Hel-
sinki. The study protocol was approved by the Eth-
ics Committee of the Università Cattolica del Sacro 
Cuore, and written informed consent was obtained 
from all participants or their legal representatives.

Data collection

Baseline assessments were performed between 
December 2003 and September 2004 through stand-
ardised home-based evaluations using the Minimum 
Data Set for Home Care (MDS–HC), which collects 
information on sociodemographic characteristics, 

physical and cognitive function, clinical diagnoses, 
symptoms, and medication use [16]. Assessments 
were conducted at designated centres in each munici-
pality, with home visits arranged for individuals una-
ble to travel due to health or logistical constraints. All 
assessments were conducted by trained physicians 
involved in the study using structured face-to-face 
interviews and performance-based tests. Additional 
information on lifestyle behaviours and physical per-
formance was obtained through supplementary ques-
tionnaires and tests.

Current smoking was defined as self-reported 
tobacco use at least once per week during the year 
preceding baseline. Excessive alcohol intake was 
defined as consumption of more than 500  mL of 
wine per day or an equivalent amount of alcohol. 
Clinical diagnoses were derived from Section J of 
the MDS–HC and confirmed by study physicians 
through participant interviews, medical records, 

Fig. 1   Flowchart of sample 
selection
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and physical examination. Physical activity was 
defined as engagement in moderate-intensity lei-
sure or occupational activity for at least two hours 
per week during the previous year [17]. Body mass 
index (BMI) was calculated as weight in kilograms 
divided by height in meters squared (kg/m2). Func-
tional status was evaluated using MDS-derived 
scales for basic (ADL) and instrumental activities 
of daily living (IADL), both ranging from 0 (com-
plete independence) to 7 (complete dependence) 
[18, 19].

Assessment of intrinsic capacity

IC was operationalised as a summary score including 
locomotion, cognition, vitality, psychological capac-
ity, and sensory function (Supplementary Table S1). 
Locomotion was assessed using the Short Physi-
cal Performance Battery (SPPB), which evaluates 
standing balance, 4-m gait speed, and repeated chair 
stands, with scores ranging from 0 to 12 and higher 
values indicating better performance [20]. Cognition 
was evaluated using the Cognitive Performance Scale 
(CPS), derived from five MDS–HC items assess-
ing cognitive status, with scores ranging from 0 (no 
impairment) to 6 (severe impairment) [21]. Vital-
ity was assessed using the Mini Nutritional Assess-
ment–Short Form (MNA-SF), with scores ranging 
from 0 to 14, where higher values indicate better 
nutritional status [22]. Psychological capacity was 
assessed using the MDS Depression Rating Scale 
(MDS–DRS), ranging from 0 to 14, with higher 
scores indicating greater depressive symptom burden 
[23]. Sensory function was assessed using MDS–HC 
items evaluating hearing (Section C, item C1) and 
vision (Section D, item D1). Hearing was rated on a 
4-level scale ranging from 0 (hears adequately) to 3 
(highly impaired), while vision was rated on a 5-level 
scale ranging from 0 (adequate vision) to 4 (severely 
impaired). Higher scores indicate worse sensory 
function [24]. Psychological, sensory, and cognitive 
domains were reverse-scored to ensure consistency in 
the direction of the IC domains.

To ensure comparability across domains, all scores 
were rescaled to a 0–100 range, with higher values 
indicating better capacity. The overall IC score was 
calculated as the mean of the five normalised domain 
scores [25–27].

Statistical analysis

Continuous variables are presented as means 
(standard deviations) and categorical variables as 
counts and percentages. Correlations among IC 
domains were examined using partial correlation 
network analysis. Domain scores were residual-
ised for relevant covariates (age, sex, years of edu-
cation, physical activity, and number of chronic 
diseases) prior to network estimation to reduce 
confounding and better capture domain-specific 
associations. A Gaussian graphical model was esti-
mated using graphical LASSO regularisation with 
model selection based on the Extended Bayesian 
Information Criterion (EBICglasso). This regu-
larisation approach was selected to reduce the risk 
of overfitting and improve the stability of network 
estimation in moderate sample sizes [28]. Edges 
represent partial correlations between domains 
after conditioning on all other nodes, with edge 
thickness reflecting association strength. Partial 
correlations were interpreted as strong (≥ 0.40), 
moderate (0.25–0.39), weak (0.10–0.24), or neg-
ligible (< 0.10) [29]. To further assess the robust-
ness of the network structure, sensitivity analy-
ses were conducted using different EBIC tuning 
parameters (γ = 0.25, 0.50, and 0.75). Strength cen-
trality was calculated as the sum of absolute edge 
weights connected to each node. Multivariable 
linear regression models examined associations of 
sensory and psychological domains with locomo-
tion and cognition. The selection of regression 
models was informed by the network analysis, with 
a focus on domain pairs showing stronger correla-
tions. Domain scores were modelled per 10-point 
increase to enhance interpretability, and interaction 
terms between sensory and psychological domains 
were tested. Results are reported as regression 
coefficients (β) with 95% confidence intervals (CI). 
Exploratory mediation analyses assessed whether 
locomotion mediated the association between sen-
sory function and cognition using nonparametric 
bootstrapping with 2000 resamples. All-cause mor-
tality was assessed at 4 and 7  years of follow-up. 
Cox proportional hazards models examined asso-
ciations between IC and mortality, analysing IC 
both as a continuous total score and as individual 
domains entered simultaneously in multivariable 
models, allowing estimation of their independent 
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associations with mortality while accounting for 
inter-domain correlations and facilitating compari-
son of their relative contributions. Hazard ratios 
(HRs) with 95% confidence intervals (CI) were 
expressed per 10-point increase. Models were 
adjusted for age and sex (Model 1), and addition-
ally for years of education and number of chronic 
diseases (Model 2). Covariates were selected a 
priori based on their established relationships with 
both IC and mortality in older adults, as well as 
to account for key demographic and clinical con-
founders. Proportional hazards assumptions were 
assessed using Schoenfeld residuals. In exploratory 
analyses, a centrality-weighted IC score was con-
structed by weighting each domain according to its 
strength centrality from the network analysis, with 
weights normalised to sum to one (Supplementary 
Table S2). Model performance was compared using 
the Akaike Information Criterion and Harrell’s C 
index for all-cause mortality. All analyses were 
performed using R version 4.5.2. Mediation analy-
sis was conducted using the “mediation” package 
[30]. All tests were two-sided with statistical sig-
nificance set at p < 0.05.

Results

Study population

After exclusion of 45 participants with missing data 
on IC domains, 319 individuals were included in the 
analysis. Excluded participants were older (mean age 
88.9 vs 85.4  years, p < 0.001) and had higher ADL 
(4.71 vs 0.99, p < 0.001) and IADL scores (5.76 vs 
2.68, p < 0.001). Dementia was more frequent among 
excluded participants (37.8% vs 6.0%, p < 0.001), and 
they were taking more medications (4.16 vs 3.18, 
p = 0.006). No significant differences were observed 
for sex, education, body mass index, or most chronic 
conditions (Supplementary Table S3).

Baseline characteristics are shown in Table  1. 
Mean age was 85.4 (4.8) years and 67.1% of partici-
pants were women. Approximately one third lived 
alone and nearly two thirds reported being physically 
active. Mean ADL and IADL scores were 1.0 (2.0) 
and 2.7 (2.4), and the mean SPPB score was 7.0 (3.6). 
Mean CPS and MDS–DRS scores were 0.8 (1.4) and 
1.4 (2.1), respectively. Mean BMI was 25.8 (4.4) kg/

m2 and mean MNA-SF score was 12.4 (1.9). Severe 
hearing and vision impairment were present in 45.8% 
and 58.8% of participants, respectively. The mean IC 

Table 1   Characteristics of the study population

Data are reported as means (standard deviations) and absolute 
numbers (%) for continuous and categorical variables, respec-
tively. Physical activity was defined as self-reported engage-
ment in moderate-intensity leisure or occupational activi-
ties for at least two hours per week during the previous year. 
Abbreviations: BMI body mass index, CPS cognitive perfor-
mance scale, MDS Minimum Data Set, MDS − DRS Minimum 
Data Set − Depression Rating Scale, SPPB short physical per-
formance battery

Total sample (N = 319)

Age, years 85.4 (4.8)
Sex, female 214 (67.1%)
Education, years 5.1 (1.7)
Living alone 101 (31.7%)
Alcohol abuse 40 (12.5%)
Smoking 8 (2.5%)
Physically active 204 (63.9%)
ADL score (MDS-based, 0–7) 1.0 (2.0)
IADL score (MDS-based, 0–7) 2.7 (2.4)
BMI, kg/m2 25.8 (4.4)
MNA − SF total score (0–14) 12.4 (1.9)
SPPB summary score (0–12) 7.0 (3.6)
CPS score (0–6) 0.8 (1.4)
MDS − DRS score (0–14) 1.4 (2.1)
Hearing impairment
Absent 6 (1.9%)
Mild/moderate 167 (52.4%)
Severe 146 (45.8%)
Vision impairment
Absent 11 (3.4%)
Mild/moderate 120 (37.6%)
Severe 188 (58.8%)
Intrinsic capacity score (0–100) 80.5 (14.2)
Coronary heart disease 37 (11.6%)
Chronic heart failure 16 (5.0%)
Dementia 19 (5.9%)
Diabetes 66 (20.7%)
Chronic obstructive pulmonary 

disease
44 (13.9%)

Parkinson disease 5 (1.6%)
Cancer 16 (5.0%)
Depression 82 (25.7%)
Number of chronic diseases 2.1 (1.3)
Number of medications 3.2 (2.2)
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score was 80.5 (14.2). Participants had a mean of 2.1 
(1.3) chronic diseases and were taking a mean of 3.2 
(2.2) medications.

Correlations among intrinsic capacity domains

Network analysis (Fig.  2) identified several non-
zero partial correlations among IC domains. Vital-
ity showed moderate positive correlations with the 

psychological (r = 0.50) and cognitive domains 
(r = 0.44), whereas a negative association was 
observed between cognitive and psychological 
domains (r = − 0.29). Locomotion was positively 
associated with vitality (r = 0.27) and showed weaker 
associations with cognition (r = 0.15) and vision 
(r = 0.15). All reported edges correspond to non-zero 
partial correlations retained by the EBICglasso model 
(γ = 0.50). Similar network structures were observed 

Fig. 2   Adjusted partial correlation network of intrinsic capac-
ity domains. Edges represent partial correlation coefficients 
estimated from domain scores residualised for age, sex, years 
of education, physical activity, and number of chronic condi-

tions. Edge thickness is proportional to the strength of the 
association, while blue and orange edges indicate positive and 
negative correlations, respectively. Only edges with an abso-
lute value ≥ 0.10 are displayed
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using alternative tuning parameters (γ = 0.25 and 
γ = 0.75).

Associations of sensory and psychological domains 
with locomotion and cognition

In multivariable linear regression models with loco-
motion as the outcome (Table 2A), higher hearing and 
vision domain scores were independently associated 
with better locomotion in the fully adjusted model 
(hearing: β = 0.49; 95% CI, 0.10 to 0.88; p = 0.014; 
vision: β = 0.43; 95% CI, 0.09 to 0.77; p = 0.013 per 
10-point increase). The psychological domain was 
not associated with locomotion, and no significant 
interaction between vision and hearing domains was 
observed. Older age, female sex, and a higher number 
of chronic diseases were associated with lower loco-
motion scores. In models with cognition as the out-
come (Table 2B), sensory and psychological domains 

were not significantly associated with cognitive per-
formance after adjustment, although a borderline 
association was observed for hearing (β = 0.41; 95% 
CI, − 0.01 to 0.84; p = 0.059).

Exploratory mediation analysis of sensory function, 
locomotion, and cognition

In exploratory mediation analyses (Supplemen-
tary Figure  S1), locomotion partially mediated the 
association between sensory function and cogni-
tion. The indirect effect was statistically significant 
(ACME = 0.12; 95% CI, 0.06 to 0.19; p < 0.001), 
and the direct effect also remained significant 
(ADE = 0.16; 95% CI, 0.01 to 0.31; p = 0.037). The 
total effect was significant (0.28; 95% CI, 0.12 to 
0.44; p = 0.001). The estimated proportion mediated 
was 0.42 (95% CI, 0.22 to 0.90; p = 0.001).

Table 2   Multivariable associations of sensory and psychological domains with locomotion and cognition

*  Indicates statistical significance (p < 0.05)
Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, education, and number of chronic diseases. Regression coefficients 
(β) are reported per 10-point increase in intrinsic capacity domain scores. Abbreviation: CI confidence interval

A) Outcome: locomotion Unadjusted Model 1 Model 2
β (95% CI) p β (95% CI) p β (95% CI) p

Intercept −4.10 (− 7.08; − 1.12) 0.007* 6.46 (− 1.92; 14.9) 0.132 11.6 (2.97; 20.2) 0.009*
Vision domain 0.50 (0.16; 0.83) 0.004* 0.46 (0.11; 0.81) 0.011* 0.43 (0.09; 0.77) 0.013*
Hearing domain 0.66 (0.29; 1.03)  < 0.001* 0.55 (0.15; 0.95) 0.008* 0.49 (0.10; 0.88) 0.014*
Psychological domain 0.40 (0.19; 0.62)  < 0.001* 0.31 (0.10; 0.53) 0.005* 0.13 (− 0.10; 0.36) 0.258
Vision × Hearing  − 0.04 (− 0.09; 0.00) 0.057  − 0.04 (− 0.08; 0.01) 0.127  − 0.03 (− 0.08; 0.01) 0.142
Age (per year)  − 0.10 (− 0.17; − 0.02) 0.016*  − 0.12 (− 0.20; − 0.05) 0.002*
Female sex  − 1.26 (− 1.89; − 0.63)  < 0.001*  − 1.27 (− 1.88; − 0.66)  < 0.001*
Education 0.07 (− 0.07; 0.21) 0.326
Number of chronic 

diseases
 − 0.47 (− 0.72; − 0.22)  < 0.001*

B) Outcome: cognition Unadjusted Model 1 Model 2
β (95% CI) p β (95% CI) p β (95% CI) p

Intercept 4.83 (1.44; 8.22) 0.006* 7.95 (0.14; 15.7) 0.047* 12.2 (4.26; 20.1) 0.003*
Vision domain 0.29 (− 0.12; 0.69) 0.167 0.26 (− 0.15; 0.68) 0.215 0.25 (− 0.17; 0.66) 0.244
Hearing domain 0.49 (0.08; 0.90) 0.019* 0.45 (0.02; 0.87) 0.042* 0.41 (− 0.01; 0.84) 0.059
Psychological domain  − 0.02 (− 0.17; 0.12) 0.757  − 0.01 (− 0.16; 0.15) 0.933  − 0.14 (− 0.33; 0.05) 0.146
Vision × Hearing  − 0.03 (− 0.08; 0.02) 0.217  − 0.03 (− 0.08; 0.02) 0.264  − 0.03 (− 0.08; 0.02) 0.287
Age (per year)  − 0.03 (− 0.11; 0.04) 0.335  − 0.06 (− 0.13; 0.01) 0.104
Female sex 0.11 (− 0.48; 0.70) 0.715 0.07 (− 0.52; 0.65) 0.824
Education 0.00 (− 0.12; 0.12) 0.971
Number of chronic 

diseases
 − 0.36 (− 0.60; − 0.11) 0.005*
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Survival analysis for 4‑year and 7‑year mortality

During follow-up, 117 deaths occurred within 4 years 
and 181 within 7 years. Higher IC, modelled as a con-
tinuous score, was associated with lower all-cause 
mortality at both time points. When IC domains were 
entered simultaneously, locomotion was the only 
domain independently associated with mortality. 
In fully adjusted models, higher locomotion scores 
were associated with lower mortality at 4 years (HR 
0.86, 95% CI 0.80 to 0.93; p < 0.001) and 7 years (HR 
0.87, 95% CI 0.81 to 0.92; p < 0.001) (Table 3). Other 
domains were not independently associated with mor-
tality. Each 10-point increase in IC was associated 
with lower mortality at 4 years (HR 0.67, 95% CI 0.58 
to 0.77; p < 0.001) and 7 years (HR 0.68, 95% CI 0.61 
to 0.77; p < 0.001). The network centrality-weighted 
IC score showed similar predictive performance com-
pared with the unweighted score (ΔAIC ≤ 2; Supple-
mentary Table S4).

Discussion

In this population-based cohort of community-dwell-
ing adults aged 80 years and older, IC showed a struc-
tured pattern of correlated domains. Vitality, psy-
chological, and cognitive domains formed a closely 
connected cluster, whereas sensory domains were 
more weakly integrated. Sensory function was associ-
ated with locomotion but not cognition, and media-
tion analyses suggested that locomotion may partly 
account for the link between sensory function and 
cognitive performance. Higher overall IC was associ-
ated with lower all-cause mortality at 4 and 7 years, 
with locomotion emerging as the only domain inde-
pendently associated with survival. Network-derived 
weighting of IC domains did not improve mortality 
prediction compared with a simple unweighted score.

Our findings are consistent with the conceptuali-
sation of IC as an interconnected system of func-
tional domains rather than a set of independent 
components. The WHO defines IC as the compos-
ite of an individual’s physical and mental capaci-
ties, emphasising interactions among locomotion, 
cognition, vitality, psychological, and sensory 
domains [31, 32]. Previous studies using structural 
equation modelling (SEM) and large longitudinal 
cohorts have similarly shown that IC domains form 

an interrelated multidimensional construct associ-
ated with functional decline and disability [33–35]. 
Network analysis should be interpreted as a com-
plementary approach to describe patterns of inter-
domain connectivity rather than to infer structural 
relationships.

Our network analysis identified structured inter-
domain relationships even among very old adults. In 
particular, vitality, psychological function, and cogni-
tion showed strong internal connections, suggesting 
closely linked biological and behavioural processes 
in advanced age. This pattern is consistent with evi-
dence from large real-world and longitudinal studies 
showing that IC domains cluster into multidomain 
profiles associated with different levels of frailty 
and functional limitation [36]. In particular, data 
from the ICOPE-Care program, including more than 
20,000 community-dwelling older adults, identified 
distinct clusters of IC impairment, such as combina-
tions of cognitive, locomotor, and sensory deficits, as 
well as clusters involving psychological and vitality 
domains, each associated with progressively higher 
levels of frailty and limitations in activities of daily 
living [36, 37]. Similarly, longitudinal analyses from 
the 10/66 study have demonstrated that IC domains 
evolve in structured patterns over time, with specific 
trajectories of deterioration associated with markedly 
increased risks of frailty, disability, and mortality 
[37].

In this context, our observations extend prior 
network-based findings indicating that multidomain 
impairments frequently co-occur and that inter-
domain connectivity increases with ageing and wors-
ening health status [10, 14]. In very old populations, 
higher network density suggests greater interdepend-
ence among domains, reflecting tighter coupling of 
functional systems rather than stronger individual 
associations [14]. In parallel, epidemiological studies 
have shown that associations between physical and 
cognitive domains strengthen with age, with stronger 
coupling observed in older age groups and robust 
correlations between trajectories of decline over 
time [38, 39]. These findings are further supported 
by large population-based studies demonstrating 
increased heterogeneity and variability in IC after the 
age of 60, alongside progressive decline across multi-
ple domains [40, 41]. This body of evidence provides 
a framework to interpret the more tightly intercon-
nected domain structure observed in our cohort.
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From a clinical perspective, the identification of 
multidomain patterns may support risk stratification 
and guide more integrated approaches to assess-
ment and care. Co-occurring impairments across 
domains suggest that interventions targeting a single 

domain may be insufficient, whereas multidomain 
strategies combining physical, cognitive, and psy-
chosocial components may be more appropriate 
in individuals with clustered impairments, in line 
with the Integrated Care for Older People (ICOPE) 

Table 3   Cox proportional hazards models for 4-year and 7-year all-cause mortality according to intrinsic capacity, modeled as a 
total score and as individual domains, in community-dwelling octogenarians

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, education, and number of chronic diseases. HRs (95% CIs) are 
expressed per 10-point increase. Abbreviation: CI confidence interval, HR hazard ratio

A) Timepoint: 4 years Unadjusted Model 1 Model 2
HR (95% CI) p HR (95% CI) p HR (95% CI) p

Exposure: Total intrinsic capacity
Intrinsic capacity score 0.65 (0.58, 0.73)  < 0.001 0.66 (0.59, 0.75)  < 0.001 0.67 (0.58, 0.77)  < 0.001
Age (per year) 1.04 (1.01; 1.08) 0.014 1.04 (1.00; 1.08) 0.031
Female sex 0.65 (0.44; 0.95) 0.026 0.63 (0.42; 0.92) 0.018
Education 0.93 (0.83; 1.05) 0.265
Number of chronic diseases 1.01 (0.86; 1.17) 0.926
Exposure: Intrinsic capacity domains
Cognition 0.93 (0.86, 1.01) 0.078 0.95 (0.87, 1.03) 0.201 0.95 (0.87, 1.03) 0.201
Psychological 1.16 (1.00; 1.36) 0.057 1.13 (0.96; 1.32) 0.128 1.13 (0.96; 1.32) 0.128
Locomotion 0.86 (0.80; 0.93)  < 0.001 0.86 (0.80; 0.93)  < 0.001 0.86 (0.80; 0.93)  < 0.001
Vitality 0.87 (0.73; 1.05) 0.145 0.85 (0.70; 1.02) 0.082 0.85 (0.70; 1.02) 0.082
Vision 0.99 (0.92; 1.07) 0.885 1.01 (0.94; 1.09) 0.792 1.01 (0.94; 1.09) 0.792
Hearing 0.95 (0.88; 1.02) 0.132 0.97 (0.90; 1.04) 0.420 0.97 (0.90; 1.04) 0.420
Age (per year) 1.04 (1.00; 1.07) 0.056 1.04 (1.00; 1.08) 0.034
Female sex 0.61 (0.41; 0.92) 0.019 0.61 (0.40; 0.92) 0.019
Education 0.92 (0.81; 1.04) 0.199
Number of chronic diseases 1.11 (0.94; 1.31) 0.216
B) Timepoint: 7 years Unadjusted Model 1 Model 2

HR (95% CI) p HR (95% CI) p HR (95% CI) p
Exposure: Total intrinsic capacity
Intrinsic capacity score 0.68 (0.61, 0.75)  < 0.001 0.69 (0.62, 0.77)  < 0.001 0.68 (0.61, 0.77)  < 0.001
Age (per year) 1.06 (1.03, 1.10)  < 0.001 1.06 (1.03, 1.09)  < 0.001
Female sex 0.57 (0.42, 0.77)  < 0.001 0.55 (0.40, 0.75)  < 0.001
Education 0.95 (0.87, 1.04) 0.284
Number of chronic diseases 0.97 (0.85, 1.10) 0.599
Exposure: Intrinsic capacity domains
Cognition 0.93 (0.87, 0.99) 0.026 0.94 (0.88, 1.01) 0.092 0.95 (0.89, 1.02) 0.130
Psychological 1.16 (1.02, 1.32) 0.024 1.11 (0.97, 1.26) 0.122 1.14 (0.98, 1.31) 0.089
Locomotion 0.87 (0.82, 0.93)  < 0.001 0.86 (0.81, 0.92)  < 0.001 0.87 (0.81, 0.92)  < 0.001
Vitality 0.91 (0.78, 1.06) 0.214 0.89 (0.76, 1.04) 0.157 0.88 (0.75, 1.03) 0.118
Vision 0.98 (0.92, 1.05) 0.595 1.00 (0.94, 1.07) 0.992 1.00 (0.94, 1.06) 0.946
Hearing 0.94 (0.89, 1.00) 0.037 0.97 (0.92, 1.03) 0.396 0.98 (0.93, 1.04) 0.566
Age (per year) 1.05 (1.02, 1.09)  < 0.001 1.06 (1.02, 1.09)  < 0.001
Female sex 0.54 (0.39, 0.76)  < 0.001 0.54 (0.38, 0.75)  < 0.001
Education 0.95 (0.86, 1.04) 0.238
Number of chronic diseases 1.04 (0.91, 1.20) 0.552
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framework and its real-life implementations [42, 
43]. Future research should further explore how spe-
cific combinations of IC domain impairments can be 
used to guide personalised multidomain interven-
tions and optimise functional outcomes in very old 
populations.

Importantly, the network-informed analyses were 
used to generate hypotheses that were subsequently 
examined using more conventional approaches. 
In particular, the potential central role of locomo-
tion within the IC structure was supported by both 
regression and survival analyses. This approach links 
exploratory modelling with clinically interpretable 
results, allowing identification of relevant pathways 
while preserving analytical transparency. Consistent 
with this, our findings also indicate that meaningful 
information on the prognostic relevance of IC can 
be obtained using simple domain-based measures 
derived from routine clinical assessments, in line with 
recent evidence from large real-world cohorts sup-
porting the use of pragmatic IC metrics [44]. While 
more complex statistical models such as SEM may 
provide additional insight into the latent structure of 
IC, simpler metrics may represent a pragmatic alter-
native, particularly in settings with limited sample 
size or resources. Accordingly, the network findings 
should be interpreted as descriptive of conditional 
associations rather than indicative of causal or struc-
tural relationships.

Another notable finding is the potential pathway 
linking sensory function, locomotion, and cognitive 
performance. Although sensory domains appeared 
relatively peripheral within the IC network, both 
hearing and vision were independently associated 
with locomotion in multivariable models, and media-
tion analyses suggested that locomotion may partly 
account for the association between sensory func-
tion and cognition. The estimated proportion medi-
ated was 42%, although with a relatively wide con-
fidence interval, supporting a cautious interpretation 
consistent with partial mediation. Nonetheless, our 
results suggest that sensory, mobility, and cognitive 
domains may interact through structured functional 
relationships rather than representing isolated com-
ponents of ageing. Previous epidemiological stud-
ies consistently report associations between sensory 
impairments and both mobility limitations and cogni-
tive decline in older adults [45–49]. Proposed mecha-
nisms include reduced physical activity, decreased 

social engagement, and shared neurodegenerative 
or vascular pathways [48, 50]. In addition, sensory 
impairments may influence balance, gait, and inter-
action with the environment, potentially contribut-
ing to reduced mobility, which has been consistently 
associated with cognitive decline [51–56]. Within the 
sensorimotor integration framework, mobility perfor-
mance reflects the integration of sensory inputs with 
motor and cognitive processes [46, 57–59]. Although 
causal interpretations cannot be inferred from cross-
sectional data, locomotion may represent a func-
tional pathway through which sensory deficits influ-
ence cognitive vulnerability. Longitudinal studies are 
needed to clarify the temporal dynamics among these 
domains within the broader IC construct.

The negative partial correlation between cognitive 
and psychological domains warrants careful interpre-
tation. In this cohort of community-dwelling older 
adults with relatively low prevalence of overt cog-
nitive impairment and depression, this finding may 
reflect a combination of measurement and population-
related factors rather than a direct inverse relationship 
between the two domains. First, self-reported psy-
chological measures may be influenced by reduced 
awareness of cognitive deficits, even in the absence of 
overt dementia, potentially leading to an underestima-
tion of depressive or anxiety symptoms in individu-
als with lower cognitive performance [60, 61]. Sec-
ond, cross-sectional associations may not capture the 
dynamic and bidirectional relationships between cog-
nition and psychological health, which are known to 
evolve over time and may manifest differently across 
stages of ageing [62, 63]. Third, in relatively healthy 
populations, limited variability and potential floor 
effects in both cognitive impairment and psychologi-
cal distress may attenuate or distort expected associa-
tions [64, 65]. Finally, neuropsychiatric symptoms in 
older adults, particularly in the context of cognitive 
impairment, may not fully overlap with depressive 
symptomatology as captured by standard depression 
scales, and may require more specific instruments for 
accurate assessment [66, 67]. Similarly, the lack of 
an independent association between sensory domains 
and cognition in fully adjusted models may reflect a 
combination of methodological and biological fac-
tors. The use of brief MDS–HC sensory items, which 
may have limited accuracy compared with objec-
tive measures, could attenuate observed associations 
[68, 69]. In addition, collinearity between sensory 
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function, locomotion, and other IC domains, as well 
as the inclusion of locomotion in the fully adjusted 
models, may have reduced the apparent independent 
effect of sensory domains. Consistent with existing 
literature, the relationship between sensory impair-
ment and cognition may be largely mediated through 
intermediate pathways such as mobility, physical 
activity, and social engagement, which may be more 
evident in longitudinal rather than cross-sectional 
analyses [70–73].

When domains were considered simultaneously, 
locomotion was the only IC domain independently 
associated with mortality at both follow-up time 
points. This finding is consistent with evidence show-
ing that mobility measures such as gait speed and the 
SPPB are strong predictors of mortality and adverse 
outcomes in older adults [74, 75]. Physical perfor-
mance reflects the integrated function of multiple 
physiological systems and may represent an indicator 
of overall physiological integrity and biological age-
ing [76, 77]. Within the IC framework, locomotion 
may represent a central domain linking multiple com-
ponents of IC with survival and may serve as a prag-
matic marker of overall functional reserve in very old 
age. Future research should aim to identify more sen-
sitive markers of locomotor function, as traditional 
mobility tests may show ceiling effects in younger or 
higher-functioning populations [78–80]. Emerging 
digital biomarkers from wearable sensors, including 
activity fragmentation or lower-limb muscle power, 
may offer promising tools for earlier detection and 
monitoring of functional decline [78, 81].

These observations align with the conceptual 
framework of IC proposed by the WHO within the 
ICOPE strategy [43, 82]. In this model, preserving 
IC represents a central objective of health systems, 
shifting the focus from the identification of deficits 
toward the maintenance of functional abilities across 
multiple domains. Within this perspective, locomo-
tion may represent a pragmatic entry point for IC-
based assessment and intervention. Mobility-targeted 
interventions, including structured physical activity 
programmes, fall prevention strategies, and reha-
bilitation, have consistently been shown to improve 
physical performance and functional independence 
in older adults [83, 84]. At the same time, the lack 
of added predictive value of network-weighted IC 
scores suggests that simpler approaches based on 
normalised domain measures may be sufficient for 

clinical applications. Characterising trajectories of IC 
over time may help identify individuals with stable, 
declining, or improving profiles and inform preven-
tive strategies before the onset of disability.

Several limitations should be acknowledged 
when interpreting the results of the present study. 
First, the observational design prevents causal infer-
ence, and the mediation analyses should therefore be 
interpreted as exploratory. Second, although IC was 
operationalised according to established approaches, 
different measurement models for IC remain under 
discussion in the literature. In addition, some degree 
of overlap between IC domains cannot be excluded, 
as certain components, particularly within the vital-
ity domain, may capture aspects related to mobility 
and neuropsychological status. While all domains 
were derived from validated instruments commonly 
used in geriatric clinical practice and research, this 
potential overlap may reflect the complexity of the 
IC construct, which has been operationalised using 
different approaches across studies, including latent 
variable models [11]. Third, participants excluded 
because of missing data were older and more cog-
nitively impaired, which may limit generalisabil-
ity of our results to frailer populations. Fourth, the 
relatively moderate sample size may limit the stabil-
ity and reproducibility of more complex analytical 
approaches, including network estimation, despite 
the use of regularisation techniques. Therefore, find-
ings from the network and mediation analyses should 
be interpreted as exploratory and require confirma-
tion in larger cohorts. Finally, the network analy-
sis reflects cross-sectional relationships among IC 
domains at baseline and cannot capture dynamic 
changes in these relationships over time. Future stud-
ies should investigate longitudinal changes in IC 
domain correlations and their association with trajec-
tories of functional decline, resilience, and clinical 
outcomes.

Conclusion

In conclusion, IC in very old adults appears to func-
tion as an interconnected system of domains rather 
than a set of independent capacities. Within this 
system, locomotion emerged as a central functional 
domain linking sensory function, cognitive vulner-
ability, and survival. These findings support the 
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potential importance of mobility as both a marker 
and a target for interventions aimed at preserving 
IC and promoting healthy ageing in advanced age, 
while requiring confirmation in larger and longitu-
dinal studies.
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