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Abstract

With a rapidly aging population, accurately predicting rehabilitation outcomes in older adults is increasingly important. As
the impact of age on recovery trajectories in geriatric rehabilitation remains unclear, we conducted a retrospective obser-
vational study to evaluate the effect of older age on improvements in rehabilitation functional outcomes. We included 158
patients (median age: 84 years; IQR: 77.0-88.0) admitted in 2024 to a geriatric rehabilitation unit. Functional status was
assessed at admission and discharge using the Modified Barthel Index (autonomy), Hendrich II Fall Risk Model (fall risk),
and Tinetti Scale (balance and gait). Patients were stratified into age tertiles and compared using the Kruskal-Wallis and
Mann—Whitney U tests. Multivariable linear regression models evaluated the independent associations of age, sex, and frailty
index with functional outcomes. Comparisons of changes in functional outcomes between the youngest (T1) and oldest
(T3) age tertiles were performed using the Mann—Whitney U test. Older age was associated with worse baseline functional
status, reflected by lower Barthel and Tinetti scores and higher Hendrich II scores. However, in multivariable models, frailty
index—but not chronological age—was the strongest independent predictor of all functional outcomes, including Barthel
(f=—89.9, p<0.001), Tinetti (= —39.9, p<0.001), and Hendrich II (f=6.8, p <0.001). Both younger and older patients
achieved significant functional gains, particularly in mobility, whereas improvements in autonomy and fall risk were more
limited among the oldest individuals. In conclusion, chronological age was associated with poorer baseline performance
but did not impair motor recovery. Frailty, rather than age itself, emerged as the key determinant of rehabilitation outcomes.
These findings underscore the importance of integrating standardized frailty assessments to guide rehabilitation strategies
and promote equitable access to multidisciplinary rehabilitation for older adults.
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Introduction older patients—particularly those admitted to internal medi-

cine wards—often experience a decline in functional auton-
The global demographic shift toward population aging has ~ omy during acute illness, which can prolong length of stay,
intensified the need for effective strategies to predict and  delay discharge, and increase the risk of institutionalization
monitor rehabilitation outcomes in older adults. Hospitalized  and readmission [1]. These functional losses, frequently
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superimposed on frailty and multimorbidity, highlight the
importance of identifying early predictors of recovery poten-
tial and tailoring rehabilitation interventions accordingly [2,
3].

Standardized clinical scales are widely used in geriatric
rehabilitation to evaluate key dimensions of patient function.
The Modified Barthel Index measures autonomy in activi-
ties of daily living and has shown robust validity, reliability,
and interpretability in older populations [4-6]. The Hendrich
II Fall Risk Model, validated in acute and subacute care
settings, offers a sensitive and specific tool for predicting
falls in hospitalized older adults [7, 8]. The Tinetti Scale,
also known as performance-oriented mobility assessment, is
designed to measure balance and gait function, providing a
reliable assessment of mobility [9, 10]. With advancing age,
impairments in gait and balance become increasingly preva-
lent—affecting an estimated 10% of adults aged 60—-69 and
over 60% of those aged 80 and older [11]. Although these
impairments significantly contribute to decreased quality
of life, loss of autonomy, and higher fall-related morbidity
and mortality [12], evidence indicates that hospital-based
geriatric rehabilitation can effectively reduce mortality, the
risk of institutionalization, and functional deterioration [13].

Despite the recognized role of chronological age in driv-
ing frailty and reduced physiological reserve, its specific
influence on recovery trajectories during inpatient rehabili-
tation remains poorly defined. Emerging evidence suggests
that age alone may not be the dominant factor in predicting
functional gains, and that baseline status, comorbidities, and
cognitive reserve could play more decisive roles [14—16].
Yet, current data are inconsistent, and the extent to which
age influences key rehabilitation outcomes across functional
domains—such as mobility, autonomy, and fall risk—has not
been fully clarified.

This study addresses this knowledge gap by examining
the relationship between age and three commonly used
geriatric assessment scales—the Modified Barthel Index,
Hendrich II Fall Risk Model, and Tinetti Scale—at both
admission and discharge in a cohort of hospitalized older
adults undergoing rehabilitation. Specifically, we aimed
to determine whether age is associated with differences in
baseline functional status and in the magnitude of functional
recovery.

Methods

Patient cohort

This retrospective cohort study included all 159 patients
admitted between January 1 and December 31, 2024,

to the Cardiorespiratory Rehabilitation Unit of the Pio
Albergo Trivulzio Geriatric Hospital in Milan. One patient
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was excluded because the length of stay was zero, as she
was transferred back to the referring hospital on the day
of admission due to severe cognitive impairment, which
precluded rehabilitation. The final study population there-
fore consisted of 158 patients. Patients were referred from
acute care wards following cardiologic, pneumologic,
or neuromotor events, such as heart failure, respiratory
failure, pneumonia, or fractures in patients with cardio-
pulmonary comorbidities. Upon admission, all patients
underwent a comprehensive multidimensional geriatric
assessment, based on which an individualized rehabilita-
tion program was initiated.

Rehabilitation sessions were conducted daily and
included interventions aimed at reducing dyspnea and mus-
cular fatigue, promoting thoracic re-expansion, facilitating
bronchial secretion clearance, and reassessing respiratory
function through instrumental evaluations. Motor rehabili-
tation focused on muscle strengthening, balance, and gait
recovery. As part of routine clinical practice, the following
standardized geriatric assessments were administered at both
admission and discharge: the Tinetti Scale, which assesses
balance and gait performance [9]; the Hendrich II Fall Risk
Model, which identifies fall risk in hospitalized older adults
using variables such as confusion, depression, and impaired
mobility [7]; and the Modified Barthel Index, which quanti-
fies independence in basic activities of daily living such as
feeding, bathing, and ambulation [4].

Frailty index assessment

Frailty was assessed using a deficit accumulation frailty
index (FI), developed according to the methodology pro-
posed by Rockwood and colleagues and operationalized fol-
lowing the framework of Theou et al. [17]. The index was
built using 63 variables routinely collected at admission,
covering multiple domains relevant to geriatric vulnerabil-
ity. These included functional abilities (such as continence,
transfers, mobility, and personal care), comorbidities involv-
ing major organ systems (including cardiovascular, respira-
tory, renal, hepatic, neurological, musculoskeletal, and endo-
crine), cognitive function, nutritional status, polypharmacy,
and selected laboratory parameters such as hematocrit and
serum albumin. Each variable was coded as either “deficit
present” or “deficit absent,” and the FI was calculated by
dividing the number of present deficits by the total number
of considered variables. This yielded a score ranging from
0 (no deficits) to 1 (all deficits present), with higher scores
indicating greater frailty. The FI was treated as a continuous
variable in the statistical analyses and used as an adjustment
covariate to account for biological vulnerability beyond
chronological age.
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Ethical approval and informed consent

Ethical approval for this retrospective study (#PATO001)
was obtained from the Ethics Committee of the Univer-
sity of Milan on July 8, 2025. Since this was a retrospec-
tive study based on routinely collected clinical data, indi-
vidual informed consent was not required. All data were
anonymized at the source, and no information allowing
patient identification was collected. The study was conducted
in accordance with the ethical principles of the Declaration
of Helsinki and all applicable regulatory requirements.

Statistical analyses

Descriptive statistics are reported as medians with interquar-
tile ranges (IQR) for continuous variables and as frequen-
cies and percentages for categorical variables. Comparisons
across age tertiles (T1-age, T2-age, T3-age) were performed
using the Kruskal-Wallis test for continuous variables and
the Chi-square test for categorical variables. Multivariable
linear regression models were built including age, sex, and
frailty index as independent variables and Barthel Index,
Hendrich II Fall Risk Model, and Tinetti Scale as dependent
variables. Additional models tested the role of comorbidity
burden (CIRS-IC) and cognitive function (MMSE) as inde-
pendent variables.

To evaluate age-related differences in functional sta-
tus and rehabilitation outcomes, patients in the youngest
(T1-age) and oldest (T3-age) tertiles were compared. Base-
line scores and changes from admission to discharge (delta
scores) were analyzed using the nonparametric Mann—Whit-
ney U test. For comparisons at admission, the Modified Bar-
thel and Hendrich II scores were available for 42 patients
in the T1-age group and 44 in the T3-age group, while the
Tinetti Scale score was available for 30 patients in T1-age
and 28 in T3-age. Scores at discharge—and thus the calcu-
lation of the delta score—were available for 34 patients in
each group for the Modified Barthel score, for 24 patients in
T1-age and 31 in T3-age for the Hendrich II score, and for
34 patients in T1-age and 37 in T3-age for the Tinetti Scale.
In a secondary analysis, the Tinetti Scale score was further
subdivided into its balance and gait components, with 27
patients in T1-age and 23 in T3-age included in each sub-
scale analysis.

We also evaluated whether baseline functional scores pre-
dicted post-rehabilitation outcomes using linear regression
models with Barthel Index, Hendrich II Fall Risk Model,
and Tinetti Scale at admission (TO) as predictors and the
corresponding discharge scores (T1) as outcomes. The lin-
earity assumption for continuous predictors was verified
through visual inspection of residual plots and comparison
of linear and LOESS regression curves. Results are reported
as regression coefficients () with 95% confidence intervals

(CI) and p values. Statistical significance was denoted as fol-
lows: *p <0.05; **p <0.01; ***p <0.001; ****p <0.0001.
All analyses were performed using R statistical software
(version 4.4.0).

Results
Impact of age on baseline functional status

Among the 158 geriatric patients admitted to the rehabilita-
tion unit, the median age was 84 years (IQR 77-88), with
a predominance of female patients (70.8%). The median
length of stay was 40 days (IQR 22—67). For comparative
analyses, patients were stratified into age tertiles: the young-
est group (T1-age) included individuals aged <77 years, the
intermediate group (T2-age) those aged 78-87 years, and the
oldest group (T3-age) those aged >88 years. Demographic
and clinical characteristics according to age tertiles are pre-
sented in Table 1.

Female sex was more prevalent in older age groups.
Cognitive function, assessed with the MMSE, progres-
sively declined with age (median 26.0 in T1 vs. 23.4 in
T3; p=0.0095), and BRASS scores increased, indicating
greater discharge complexity (median 19.0 in T1 vs. 23.0 in
T3; p<0.0001). Comorbidity burden (CIRS-IC and CIRS-
IS) and frailty index did not significantly differ across age
groups, as well as the frailty index (median 0.6 in T1 vs. 0.7
in T3; p=0.1007). Functional status at admission worsened
with increasing age, with higher Hendrich II scores (median
4.01in T1 vs. 5.0 in T3; p=0.0360), lower Barthel Index
scores (median 32.0 in T1 vs. 16.0 in T3; p=0.0002), and
lower Tinetti Scale scores (median 11.0in T1 vs. 5.0 in T3;
p=0.0544). Polypharmacy (defined as the use of >5 drugs)
was highly prevalent and comparable across age groups.

Sex stratification of the patient population showed that
females were significantly older (median 84 vs 79 years,
p=0.0045) and exhibited higher frailty index scores (0.7 vs
0.6, p=0.0165). Women also showed lower Barthel Index
and Tinetti Scale scores, indicating reduced functional
autonomy and mobility (p =0.0052 and p=0.0035, respec-
tively). No sex differences were observed in MMSE, CIRS-
IC, CIRS-IS, or Hendrich II scores (Supplementary Table 1).

Association of age with baseline functional
parameters

To better understand the impact of chronological age on
functional status at admission, we examined its independent
association with performance scores after adjusting for sex
and frailty index. In multivariable linear regression models
adjusted for sex and frailty index, age was independently
associated with Barthel scores (= —0.65 per year; 95%
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Table 1. Patient characteristics stratified by age tertiles

Variable N T1-age T2-age T3-age p-value
FM (%) 158 33/26 (55.9%-44.1%) 39/8 (83.0%-17.0%) 40/12 (76.9%—-23.1%) 0.0049
Age in years, median [IQR] 158 76.0[71.0-78.0] 84.0[82.0-85.0] 90.0[88.0-92.0] <0.0001
Length of stay, median [IQR] 158 35.0[20.5-58.5] 42.0[31.0-69.0] 43.0[31.0-76.5] 0.0536
MMSE score, median [IQR] 120 26.0[23.0-29.0] 24.1[21.0-27.0] 23.4[19.6-25.0] 0.0095
BRASS, median [IQR] 156 19.0[15.0-21.0] 22.0[20.0-24.0] 23.0[21.0-25.0] <0.0001
CIRS IC, median [IQR] 152 2.1[1.9-2.3] 2.1[1.9-2.2] 2.0[1.9-2.3] 0.7263
CIRS IS, median [IQR] 152 5.0[4.0-7.0] 6.0[5.0-7.0] 5.0[3.5-6.0] 0.3500
Hendrich II score, median [IQR] 158 4.0[2.0-6.0] 5.0[4.0-7.0] 5.0[4.0-7.0] 0.0360
Barthel Index, median [IQR] 158 32.0[15.5.-64.5] 19.0[13.5-25.5] 16.0[7.5-30.0] 0.0002
Tinetti scale, median [IQR] 152 11.0[2.0-17.5] 8.0[0.2-12.8] 5.0[0.0-10.5] 0.0544
Polypharmacy (>5 drugs, %) 97 30 (96.8%) 32 (97.0%) 32 (97.0%) 1.0000
Frailty Index 158 0.6[0.4-0.7] 0.7[0.6-0.7] 0.7[0.6-0.8] 0.1007

MMSE Mini-Mental State Examination, BRASS Blaylock Risk Assessment Screening Score, CIRS-IC Cumulative Illness Rating Scale—Index

of Comorbidity, CIRS-IS Cumulative Illness Rating Scale—Index of Severity

CI-0.93 to—0.36; p<0.001), but not with Tinetti or Hen-
drich scores. Frailty index showed a strong and consistent
association with all functional outcomes: Tinetti (= —39.9,
p <0.001), Barthel (= —89.9, p<0.001), and Hendrich
(#=6.8, p<0.001). Sex was not significantly associated with
any functional score (Table 2).

When comorbidity burden (CIRS-IC) was included as an
independent variable in the model, with frailty index and sex
as covariates, it was significantly associated only with Tinetti
scores (f=8.51,95% CI15.73-11.30, p=1.9x 107®), indicat-
ing that higher comorbidity burden predicted poorer balance
and gait performance (Supplementary Table 2). Cognitive
function (MMSE), entered as an independent variable with
the same covariates, was not significantly associated with
any of the functional outcomes (Supplementary Table 3).

Impact of age on rehabilitation outcomes
To evaluate whether age influenced rehabilitation trajecto-

ries, we compared functional outcomes between the young-
est (T1-age) and oldest (T3-age) tertiles. As expected, the

T3-age group showed significantly worse baseline scores
across all domains (Fig. 1A—C, upper panels), confirming
that advanced age was associated with higher functional
impairment, increased fall risk, and reduced autonomy and
mobility at admission.

Analysis of score changes from admission to dis-
charge revealed age-dependent responses to rehabilita-
tion (Fig. 1A-C, lower panels). At discharge, Hendrich II
scores remained elevated in the T3-age group compared
to T1-age patients, indicating a persistently high fall risk
despite the completion of rehabilitation (Fig. 1A, lower
panel). Although Modified Barthel Index scores improved
in both groups, the magnitude of improvement was signifi-
cantly smaller in the T3-age group, suggesting more limited
recovery of functional autonomy (Fig. 1B, lower panel). In
contrast, Tinetti Scale scores improved substantially and to
a similar extent in both age groups, indicating that mobility
is responsive to rehabilitation regardless of age (Fig. 1C,
lower panel). To further assess the impact of age on motor
recovery, we analyzed the two subcomponents of the Tinetti
Scale: balance and gait. At admission, patients in the T3-age

Table 2. Multivariable linear

: . gt Outcome Term Estimate () 95% CI p-value

regression analysis evaluating

the association between age, Tinetti scale Age -0.023 [-0.114, 0.068] 0.616

sex, and frailty index and Sex 0.342 [=1.244, 1.927] 0.671

functional outcomes (Tinetti : : T :

scale, Barthel Index, and Frailty index —39.876 [—44.194, —35.557] 1.04e-39

Hendrich II score) at hospital Barthel Index Age —-0.647 [—0.933, 0.360] 1.60e-05

admission Sex 2.17 [—2.827,7.167] 0.392
Frailty index —89.901 [-103.515, —76.288] 2.18e-26

Hendrich II score Age 0.017 [—0.035, 0.068] 0.526

Sex 0.337 [-0.560, 1.234] 0.459
Frailty index 6.827 [4.383,9.271] 1.48e-07
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Fig. 1 Geriatric assessment scores at hospital admission and changes
during rehabilitation by age tertiles. Panels A—C (upper): Baseline
scores at admission for the Hendrich Fall Risk Model (A), Barthel
Index (B), and Tinetti Scale, sum of balance and gait, (C) in the
youngest (T1-age) and oldest (T3-age) tertiles. Panels A—C (lower):

group exhibited significantly lower scores in both domains
compared to those in the T1-age group, with a median
balance score of 5 versus 8.5 and a median gait score of
2 versus 7.5, respectively, indicating marked impairment,
particularly in gait function (Supplementary Fig. 1A, B).
By discharge, both balance and gait scores improved sig-
nificantly in both groups. Notably, the improvement in gait
performance was particularly pronounced, with a median
delta of 3.8 in T1-age and 4.5 in T3-age, suggesting that age
did not limit the capacity for gait recovery.

Baseline functional scores predict
post-rehabilitation outcomes

Baseline functional scores (at admission) were tested as
predictors of post-rehabilitation outcomes (Supplemen-
tary Table 4). Higher Tinetti scores at admission were

Tl -z'lge T'3-age

T1-age T3-age

changes in scores from admission to discharge (Delta score=dis-
charge—admission) for each assessment tool in the Tl-age and
T3-age groups. Each dot represents an individual patient. Horizon-
tal dashed lines indicate no change following rehabilitation. p values
were calculated using the Mann—Whitney U test

significantly associated with higher scores at discharge
($=0.58, 95% CI 0.45-0.71, p=5.6x10"15). Similarly,
higher Barthel Index scores at baseline strongly predicted
better functional recovery (f=0.87, 95% CI 0.68-1.06,
p=5.3x10""). Baseline Hendrich II scores were also signif-
icantly associated with post-rehabilitation scores, although
with a weaker effect size (f=0.31, 95% CI 0.08-0.54,
p=0.0095). These findings highlight the central role of base-
line functional status in predicting rehabilitation outcomes.

Assessing malnutrition as a determinant of fall risk

By the end of the rehabilitation program, the risk of falls—as
measured by the Hendrich II score—remained significantly
higher in the older cohort. To investigate potential contribu-
tors to this persistent vulnerability, we examined whether
malnutrition could explain the incomplete recovery of fall
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risk. Nutritional status at admission was assessed using
the Malnutrition Universal Screening Tool (MUST) [18].
Results were comparable between age groups: only three
patients in each group had a MUST score >2, indicating high
risk of malnutrition (Supplementary Fig. 2). These findings
suggest that malnutrition alone is unlikely to explain the
sustained fall risk observed in the oldest patients.

Discussion

This study demonstrates that while older age is associated
with poorer baseline functional status, it does not signifi-
cantly limit motor recovery following hospital rehabilita-
tion. In contrast, frailty emerged as the strongest and most
consistent determinant of functional outcomes. Specifically,
the frailty index showed robust associations with all func-
tional scores, whereas chronological age was independently
associated only with the Barthel Index and had no significant
effect on Tinetti or Hendrich II scores. These findings indi-
cate that biological vulnerability, captured by frailty, rather
than chronological age per se, better explains the variability
in rehabilitation trajectories among older adults. Notably,
patients in the oldest age tertile achieved similar gains in
Tinetti scores compared to younger individuals, highlight-
ing a preserved capacity for motor recovery with advancing
age. This challenges age-based assumptions and supports
an inclusive approach to rehabilitation that prioritizes indi-
vidualized assessment over age as a criterion for access to
care. The World Health Organization has emphasized the
need to combat ageism to ensure equitable access to care
and improve the health of older populations [19, 20]. The
concept of frailty provides a more accurate framework to
stratify patients and predict rehabilitation potential. Frailty
reflects reduced physiological reserve and increased vulner-
ability to stressors, and has been consistently shown to be a
stronger predictor of adverse outcomes than chronological
age [21], [22, 23]. Tools such as the Fried phenotype [24] or
Rockwood’s frailty index [25] provide validated approaches
for frailty assessment and may be particularly useful in reha-
bilitation settings to guide treatment intensity, resource allo-
cation, and discharge planning.

Despite substantial improvements in mobility across all
age groups, recovery of functional autonomy and fall risk
was more limited in older patients. The Barthel Index and
Hendrich II score improved less than the Tinetti Scale,
particularly in the oldest age group. This likely reflects
the multidimensional nature of these outcomes. The Bar-
thel Index includes domains such as feeding, hygiene,
and sphincter control that are influenced by cognitive,
emotional, and social factors—not only motor function.
Similarly, the Hendrich II score incorporates age-related
factors such as confusion, incontinence, sedative use, and
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impaired mobility [26-29], which are less responsive to
physical rehabilitation alone. Moreover, the Hendrich II
score does not account for extrinsic fall risk factors—such
as environmental hazards, lighting, or footwear—which
may also contribute to persistent vulnerability.

We also explored the potential contribution of malnutri-
tion, a key driver of frailty and functional decline. Nutri-
tional status at admission, assessed using the MUST tool,
was similar across age groups, suggesting that malnutri-
tion alone does not explain the reduced improvement in
fall risk among older patients. Malnutrition is a clinical
marker often associated with sarcopenia [30]. However,
specific assessments of sarcopenia (e.g., muscle mass or
strength) were not available in this cohort. Sarcopenia,
defined as the loss of muscle mass and function, is a major
determinant of disability in older adults and should be
routinely assessed alongside nutritional status for a more
comprehensive evaluation [30].

The strong predictive value of baseline functional
scores for post-rehabilitation outcomes underscores the
importance of early assessment upon admission. Patients
with better functional status at baseline achieved greater
improvements at discharge, emphasizing the role of early
mobilization and prevention of pre-hospital functional
decline to optimize rehabilitation outcomes.

This study has several limitations. First, its retrospec-
tive and single-center design may limit the generalizability
of findings. Second, adherence to the rehabilitation pro-
gram was not systematically recorded, preventing evalua-
tion of its impact on outcomes. Third, the assessment tools
used, although standardized and widely validated, may not
fully capture the complexity of functional trajectories in
older adults. For example, the Hendrich II Fall Risk Model
may underestimate the contribution of extrinsic factors,
while the Barthel Index may not capture improvements in
non-motor domains. Finally, the lack of sarcopenia meas-
ures is another limitation.

Taken together, these findings highlight the impor-
tance of a multidimensional and individualized approach
to geriatric rehabilitation. Frailty—not chronological
age—should guide clinical decision-making, resource
allocation, and rehabilitation goals. Interventions should
address not only mobility but also cognitive, nutritional,
pharmacological, and environmental factors influenc-
ing functional decline and fall risk [31]. In this context,
the Tinetti Scale emerged as the most sensitive indicator
of motor improvement, while the Barthel and Hendrich
scales captured broader and more complex domains of
autonomy and vulnerability. These results align with the
WHO ICOPE framework, which emphasizes maintaining
intrinsic capacity and addressing frailty to promote healthy
aging and functional independence [31].
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Conclusions

This study demonstrates that chronological age alone is not
a limiting factor for rehabilitation outcomes in older adults.
Although older patients present with greater functional
impairment at admission, their potential for motor recovery
remains substantial, particularly with respect to mobility. In
contrast, frailty emerged as a stronger determinant of func-
tional outcomes than age per se, underscoring the need to
move beyond age-based decision-making.

These findings highlight the importance of integrating
standardized frailty assessments into clinical practice to
better identify patients at risk of poorer outcomes and to
tailor rehabilitation strategies accordingly. Future prospec-
tive, multicenter studies with comprehensive adjustment for
clinical covariates are needed to validate and extend these
observations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-025-04219-4.
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