
RESEARCH

Aging Clinical and Experimental Research          (2025) 37:297 
https://doi.org/10.1007/s40520-025-03178-2

Introduction

Frailty is crucial to understanding our ageing population 
because it identifies individuals at risk for a broad range of 
adverse outcomes [1]. Frailty transition occurring though 
acute illness is not often quantified, and very few studies 
have prospectively incorporated community and hospitali-
sation information.

In community-dwelling samples, frailty typically devel-
ops over years and is associated with several factors (e.g., 
age, sex, comorbidities, cognitive function) [2, 3]. In this set-
ting, hospitalisation appears strongly associated with wors-
ening frailty. In hospital cohort studies, frailty is prevalent 
in several populations [4–6]. Individuals who previously 
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Abstract
Background  Hospitals pose a high risk for frailty to develop or accelerate. Still, few community-based cohort studies fol-
low patients before, during, and after hospitalisation. We investigated the degree of immobility during hospitalisation and its 
impact on subsequent frailty.
Methods  In a prospective population-based cohort of individuals aged ≥ 70 from a London UK borough, we performed com-
prehensive community assessments at baseline and after two years. At each hospitalisation, we measured daily mobility and 
other clinical variables. Acute immobility burden, a summative level of poor mobility for all hospitalisations, was calculated 
for each participant and operationalized as low/high based on the population median. A frailty index was calculated for all 
participants during baseline and follow-up assessments. We estimated the effect of these exposures on follow-up frailty index 
scores using linear regression.
Results  We included 1177 participants. Those admitted (N = 114) were assessed over 1999 bed-days. The degree of baseline 
frailty had the largest association with subsequent frailty. However, a high immobility burden during hospitalisation was 
consistently related to additional increases in frailty (low burden: β = 0.02 per unit increase in FI (95%CI: -0.002-0.04), high 
burden: β = 0.07, (95%CI: 0.041-0.10)). Immobility burden remained associated with subsequent frailty even when limit-
ing the analysis to: those who were independently mobile; the first seven days of hospitalisation; and accounting for illness 
severity. High immobility burden was prognostic of subsequent death.
Conclusions  The degree of immobility during hospitalisation, a potentially modifiable risk factor, may determine whether 
hospitalisation contributes to increasing frailty.
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were fit have been found to have a notable burden of frailty 
following hospitalisation. At its inception, the DELPHC 
study was unique in being a population-based cohort that 
followed people through each day of hospitalisation and 
ascertained relevant health information on individuals liv-
ing with various degrees of fitness/frailty. Because hospital-
isation is a potent risk factor for frailty, we considered what 
types of hospitalisations were associated with developing or 
accelerating frailty. Higher acuity hospitalisations present a 
potential risk from both a theoretical and observational per-
spective. For instance, in patients admitted to critical care 
units, frailty is an essential marker for adverse outcomes, 
and the development of frailty is common in previously 
robust patients [7]. 

Although older patients often present acutely with 
reduced mobility or delirium, rather than dyspnoea, fever or 
pain, these core presentations do not generally feature in our 
reification of acute illness [8, 9]. The degree to which inpa-
tients are impaired when they move, whether independently 
or through assessment, is associated with adverse outcomes 
[10–12]. Older inpatients with deteriorating mobility on the 
first days of admission for acute illness have an expected 
mortality of 70% at one-month [13]. Further, the degree of 
immobility can indicate delirium in patients with demen-
tia [14] and is a marker of delirium severity [15]. Increased 
hospital mobilisation is linked to shorter lengths of stay and 
functional independence [16, 17]. 

Although mobility is a distinct and measurable entity, 
cross-sectionally, mobility is a significant component of 
frailty when patients are clinically stable. During acute ill-
ness, however, mobility, as a measure of function, appears 
to depend on both baseline frailty status and the nature 
and severity of acute illness [18, 19]. Here, we investigate 
over two years whether cumulative immobility (immobil-
ity burden) during hospitalisation is associated with subse-
quent frailty in order to distinguish between ‘at-risk’ and 
‘safe’ hospital admissions on a community population level. 
We hypothesized that the burden of hospitalised immobil-
ity would demarcate at-risk admissions for subsequent 
increased frailty.

Methods

Study design and participants

The Delirium and Population Health Informatics Cohort 
(DELPHIC) study [20, 21] is a prospective population-
based sample initiated in March 2017 in the borough of 
Camden (London, UK). Eligible participants were Cam-
den residents aged ≥ 70 years. Participants were excluded 
if they had severe hearing impairment or aphasia, were in 

the terminal phase of illness (expected life expectancy of 
< 6 months), or could not speak English sufficiently well 
to undertake a cognitive assessment. Participants were pri-
marily enrolled via general practitioner lists (80%) or, to 
include a greater range of cognitive impairment and frailty, 
from memory clinics (10%) and recent hospital discharges 
(10%). DELPHIC’s primary outcome was detecting a mean-
ingful change in cognitive testing at a two-year follow-up. 
The protocol received approval from an NHS Research 
Ethics Committee (16/LO/1217) and the Health Research 
Authority (IRAS 164446).

Baseline health assessments were performed in the com-
munity by telephone or home visit, with identical follow-up 
two years later. Participants admitted to hospital were auto-
matically flagged to be seen daily (excluding public holi-
days and weekends) by a trained clinical researcher. Several 
health variables were assessed daily in hospital, including 
mobility, cognition, and physiological measures. Individu-
als, or their nominated proxies, gave consent or agreement 
to participate. Death notification was from the NHS Spine, a 
statutory register for all deaths in England, and were cross-
referenced with local hospital electronic records systems 
(last update 21st June 2021).

Measures

Frailty was measured at baseline and follow-up using a 
frailty index (FI) [21, 22] (Supplementary Table 1). This 
previously published FI, created using a standard process 
to ensure validity [23]was modified to exclude mobility 
deficits. We did this to avoid collinearity with immobility 
burden, a relevant exposure in this study. The same items in 
both the baseline and follow-up frailty indices were used.

Mobility was assessed using the Hierarchical Assessment 
of Balance and Mobility (HABAM). The HABAM mea-
sures the highest daily attained performance in balance (21 
points), transfers (18 points), and mobility (28 points), oper-
ating as an integrated measure of mobility. The HABAM 
was ascertained prospectively daily during hospitalisation. 
The mobility measured is functional, not intensity-based. 
Immobility was defined using the inverse of the HABAM, 
where higher scores indicate poorer mobility [24, 25]. 

We used the National Early Warning Score (NEWS, ver-
sion 1) which is a composite scoring system that uses physi-
ological measurements to assess and monitor acute illness 
severity in hospitalised patients [26]. NEWS, a standard 
assessment tool mandated to be used at least daily by the 
NHS for all acute inpatient units, adds clinically abnormal 
indices (heart rate, blood pressure, respiratory rate, oxygen 
saturation, supplemental oxygen requirements, alertness), 
giving a score from 0 to 20. The index of multiple depriva-
tion (2019) is an ecological measure of overall deprivation 
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using 37 separate indicators across seven domains (income, 
employment, health, crime, education, barriers to services, 
and living environment). It is used throughout England and 
represents population sizes between 1200 and 3000 people 
[27]. 

Statistical analysis

Outcome measure

Frailty A frailty index was used to quantify baseline (expo-
sure) and follow-up (outcome). Assuming an alpha of 
0.05, a sample size of at least 82 hospitalisations would be 
required to detect the effect of immobility on mortality with 
a power of 80%. [28].

Exposures

Immobility burden We quantified the total immobility bur-
den during hospitalisation, measuring duration and sever-
ity, by summing daily immobility scores across inpatient 
assessments. This was additive across multiple admissions 
to include all immobility in the hospital during the two 
years of study enrollment. No mobility measurements were 
included following any transfer to subacute care units. No 
metrics were available on days individuals were waiting 
before transfer to subacute care.

Notionally, a low or high immobility burden could dif-
ferentiate the type of hospital admission. As the HABAM 
had no established method to measure cumulative mobility 
burden during hospitalisation, we implemented the metric 
as follows: participants who were not hospitalised had no 
hospital immobility burden. Otherwise, for each participant, 
we calculated immobility burden by summing their daily 
HABAM scores across all hospital admissions. Hospitalised 
immobility burden was then dichotomised as high or low, 
based on the median score.

Missing data

In keeping with previous analyses, missing hospitalisation 
data during weekends and public holidays were assumed 
to be missing at random. Mobility data were forward and 
backfilled for weekends (Friday carried over to Saturday 
and data on Sunday from Monday) and public holidays for 
up to four days [21]. 

Models

Frailty: We used linear regression to estimate the frailty 
index after two years in the study, adjusted by age, sex 

and baseline frailty). The main exposure was hospitalised 
immobility burden level (none/low/high) during the course 
of the 2-year study. Sensitivity analysis included excluding 
any participants with elective admissions, using immobil-
ity burden (continuous), mobility burden limited by the first 
7 days of hospitalisation, correcting for baseline mobility 
status (mobility component of the Barthel Index), index 
of multiple deprivation and National Early Warning Score 
and only including those who were independently mobile at 
baseline assessment.

Additional analysis: Differences in baseline and follow-
up mobility are reported to check for meaningful changes 
in mobility throughout the study that might be explained by 
immobility while not hospitalised.

We used R (4.0.2), Python (3.7.6) and Stata (17.0) for all 
analyses.

Results

A total of 1177 participants were included in this analysis. 
Ninety-three participants of the original cohort study died 
before their 2-year follow-up; others were lost to attrition 
(n = 199) (Fig.  1). Higher immobility burden had higher 
study mortalty (53.6%, 19.4% and 2.7% for high, low and 
no hospital immobility burden respectively). Those not 
included in the final analysis were older, frailer at baseline, 
and had more limitations in their activities of daily liv-
ing and mobility dependence at enrollment. Most people 
remained in the community without incident hospitalisation 
during the study period (n = 1063). The 114 hospitalised 
participants experienced 167 hospitalisations. Admitted 
participants tended to be older and frailer (Table 1). During 
the study period, there were 1,999 person-days of inpatient 
assessment.

In those admitted to hospital, the immobility score had a 
median of 50 (IQR 40 to 56) out of 67 possible points. This 
would be clinically equivalent to a participant being able 
to sit up in bed independently, maintain this statically and 
require one person to assist with transfers out of bed. The 
median hospitalised immobility burden during the 2-year 
study duration was 145. This would be the equivalent of 
a participant being a full lift and unable to position them-
selves in bed for just over two days of hospitalisation in 
the intervening two years of the study, but less in-hospital 
immobility if spread over more days, acutely ill in hospital. 
The proportion of the population who were independently 
mobile during the baseline and two-year follow-up assess-
ment was 99% and 96%, 99% and 93%, and 92% and 79% 
in the nonhospitalised, admissions with low burden of hos-
pital immobility, and admissions with high burden of hospi-
tal immobility groups, respectively.
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frailty index score or 2.24 deficts to the deficit burden. In 
our model, hospitalisations with high immobility burdens 
have the same effect size regarding frailty progression as 
does an additional 20 years of ageing. This was consistent 
across sensitivity analyses – when accounting for baseline 

For the level of frailty at follow-up, high immobility 
burden was associated with worse FI scores (low burden: 
β = 0.018, 95%CI: -0.002-0.038 and high burden: β = 0.069, 
95%CI: 0.041–0.097) (Table 2). Interpreted, a high immo-
bility burden would contribute an additional 0.07 to the 

Table 1  Baseline characteristics of the study population
Overall Not Hospitalised Low Hospital Immobility High Hospital Immobility

n 1177 1063 75 39
Age, mean (SD) 78.1 (5.7) 77.9 (5.6) 78.7 (5.6) 82.8 (6.3)
Female, n (%) 682 (57.9) 617 (58.0) 42 (56.0) 23 (59.0)
Barthel index, median [Q1,Q3] 17.0 [17.0,17.0] 17.0 [17.0,17.0] 17.0 [17.0,17.0] 17.0 [15.5,17.0]
Index of Multiple Deprevation, n (%)
  First decile 249 (21.4) 232 (22.1) 11 (14.7) 6 (15.4)
  Second decile 252 (21.6) 228 (21.7) 18 (24.0) 6 (15.4)
  Third decile 241 (20.7) 223 (21.2) 10 (13.3) 8 (20.5)
  Fourth decile 203 (17.4) 176 (16.8) 17 (22.7) 10 (25.6)
  Fifth decile 219 (18.8) 191 (18.2) 19 (25.3) 9 (23.1)
Frailty Index, median [Q1,Q3] 0.12 [0.06,0.21] 0.12 [0.06,0.19] 0.19 [0.12,0.28] 0.28 [0.19,0.41]
Baseline Mobility (Barthel), median [Q1,Q3] 3.0 [3.0,3.0] 3.0 [3.0,3.0] 3.0 [3.0,3.0] 3.0 [3.0,3.0]
Mean NEWS Score, median [Q1,Q3] N/A N/A 0.5 [0.0,1.5] 0.9 [0.5,1.5]

Fig. 1  Cohort derivation from the delirium and population health informatics cohort (DELPHIC)
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delirium, change in mobility tracks the overall course of 
recovery [15]. We note too that poor hospital mobility is 
potentially modifiable [30–32]. 

Our analyses are subject to certain limitations. Immo-
bility during all hospital admissions were included in the 
analysis of which approximately 12 appeared to be elective 
surgical admissions as opposed to acute medical/surgical ill-
ness. Our study focuses on change within a hospital episode 
as the primary setting for capturing acute illness. This poten-
tial immortality bias may have had little impact, consider-
ing the minimal change in those independently mobilizing 
in the non-hospitalised group during the 2-year follow-up. 
This representative community study is a single population 
group and may not be externally generalisable. Our chosen 
operationalised exposure has been validated (HABAM), but 
no current studies have operationalized hospitalised immo-
bility burden as an integrative measure using the HABAM. 
Further validation will be required. We also recognise that 
immobility over time is less clinically translatable than a 
single-point measurement. Despite these, these data are the 
first to discriminate, in a population-based study, hospitali-
sation risks by immobility to subsequent frailty.

Unsurprisingly, baseline frailty was the most significant 
risk factor for frailty in two years. Usually, deficit accumu-
lation is somewhere in the 3–4% per year from previous 
studies, depending on the population [33]. Here, we identi-
fied that only high levels of in-hospital immobility resulted 
in an increased frailty burden. We propose three potential 
explanations provided our results are valid. First is that some 
hospitalisations are not harmful for frailty development and 
this is particularly marked not necessary by illness severity, 
but rather low levels of immobility during hospitalisation. 
A second possible explanation is that there is a potential 

mobility, removing individuals who were not independently 
mobile at baseline, removing individuals who had any elec-
tive admissions, only for immobility measured in the first 7 
days of hospital admission, and the index of multiple depri-
vations (Supplemental Table 2). Likewise, mean NEWS, 
being admitted (the combined individuals with low and high 
immobility) was also associated with subsequent frailty. 
After adjusting for immobility and NEWS, only a high level 
of immobility during hospitalisation appeared to be related 
to subsequent frailty. The two-year increase in FI for the 
non-hospitalised sample was 0.02, whereas the average 
increase in those with high immobility was 0.07 (Fig. 2).

Discussion

In this population-based prospective cohort, over two years 
of observation, higher immobility during hospitalisation 
was associated with higher degrees of frailty. This effect 
was not apparent in individuals with minimal hospitalised 
immobility. A low level of immobility was not associated 
with a subsequently increased frailty burden, potentially 
suggesting that regardless of pre-hospitalisation frailty, not 
all hospital admissions in older adults increase frailty.

Despite this seemingly straightforward result, very few 
clinical acute care inpatient environments track or trigger 
medical concerns when mobility remains low. Also, con-
trary to some teaching, not all hospital admissions appear 
harmful to frail older patients [29]. True to our understand-
ing of frailty, frailty is associated with adverse outcomes; 
however, when experiencing an adverse outcome (hospi-
talisation), mobility may appear to track outcomes. This is 
also consistent with the observation that, in patients with 

Table 2  Linear regression for follow-up frailty. Baseline frailty index for the purpose of the analysis was multiplied by 10. Participants admitted 
were dichotomized into low and high at the median hospitalised immobility burden score of 145. Age was normalized from the minimum enroll-
ment age (70 years old). NEWS is the National early warning score version 1 mean for all inpatient days
Model 1

Coefficient 95% CI P Value
Frailty Index (per 10% increase) 0.072 0.067 0.077 < 0.001
Age (per year) 0.003 0.002 0.004 < 0.001
Women (reference to men) -0.009 -0.019 0.001 0.064
No Hospitalised Immobility [ref] - - -
  Low Hospitalised Immobility 0.018 -0.002 0.038 0.083
  High Hospitalised immobility 0.069 0.041 0.097 < 0.001
Model 2

Coefficient 95% CI P Value
Frailty Index (per 10% increase) 0.072 0.067 0.077 < 0.001
Age (per year) 0.003 0.002 0.004 < 0.001
Women (reference to men) -0.010 -0.019 0 0.053
No Hospitalised Immobility [ref] - - -
  Low Hospitalised Immobility 0.007 -0.018 0.031 0.584
  High Hospitalised immobility 0.057 0.026 0.089 < 0.001
NEWS score 0.011 -0.003 0.026 0.131
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with relatively good mobility during a hospitalisation are 
likely to survive and not compound frailty.

Note sure what this text pertains to: 1510 enrolled1177 
with Follow-up199 Lost to Follow up41 No frailty index93 
DiedLow Hospital ImmobilityBurden75 IncludedHigh 
Hospital Immobility Burden39 IncludedNo Hospital 
Immobility Burden1063 Included.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​5​2​0​-​0​
2​5​-​0​3​1​7​8​-​2.
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and edited the manuscript. AT, SDS, and DD had access to and could 
verify all the data at all times. DD and KR supervised the project. 
The corresponding author had full access to all the data and the final 
responsibility to submit for publication.

dose response to immobility during hospitalisation, and 
simply, we have too few numbers of hospitalised patients 
to determine whether or not low levels of immobility lead 
to future frailty within two years. Another intriguing idea, 
which is relatively well understood in clinical experience 
but with relatively low data evidence, is that immobility is a 
marker for illness severity, much more specific to frail older 
individuals than traditional physiological markers of illness 
severity.

Potential implications of these results could be important 
for decision-making and care planning at the time of presen-
tation to hospital, before presentation to hospital and during 
hospital stay, bearing in mind that, yes, hospitalisations can 
be harmful for frail older individuals with respect to mor-
tality and frailty. Still, not all hospitalisations appear to be 
harmful in this way from the community-dwelling sample. 
Additionally, many frailer, older individuals are focused on 
avoiding age-related health deficits and accumulation, asso-
ciated disability, as it might be more of a concern than death. 
As such, this would support the idea that older individuals 

Fig. 2  Frailty Index distributions at baseline and follow-up, by degree 
of inpatient immobility. The median frailty level significantly shifts to 
the right (more frail) in the case of a high level of immobility burden 

during hospitalisation. Low hospital immobility burden appears to not 
lead to an increasing burden of frailty over a 2 year period
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