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Abstract

Introduction: Hospital-associated deconditioning (HAD) or post-hospital syndrome
is well recognized as reduced functional performance after an acute hospitalization.
Recommendations for the management of HAD are still lacking, partly due to a poor
understanding of the underlying processes. We aimed to review existing data on
risk factors, pathophysiology, measurement tools, and potential interventions.
Materials and methods: We conducted a systematic review from bibliographical
databases in English, Spanish and French with keywords such as ‘post-hospitaliza-
tion syndrome’ or ‘deconditioning’. We selected studies that included people aged
60 years or older. Three researchers independently selected articles and assessed
their quality.

Results: From 4421 articles initially retrieved, we included 94 studies. Most were
related to risk factors, trajectories and measures, and focused on the physical as-
pects of deconditioning. Risk factors for HAD included age, nutritional status,
mobility, and pre-admission functional status, but also cognitive impairment and
depression. Regarding interventions, almost all studies were devoted to physical
rehabilitation and environmental modifications. Only one study focused on cogni-
tive stimulation.

Discussion: In the last decade, studies on HAD have mostly focused on the physical
domain. However, neurological changes may also play a role in the pathophysiology
of HAD. Beyond physical interventions, cognitive rehabilitation and neurological
interventions should also be evaluated to improve deconditioning prevention and

treatment in the hospital setting.
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Key points

1 | INTRODUCTION

Hospital-associated deconditioning (HAD) or post-hospital syndrome
is a state of poor functional performance after an acute hospitaliza-
tion. In a study of hospitalized community-dwelling older people at
6 months after discharge, 43% needed continuing help with medi-
cations, 24% were still unable to walk a quarter of a mile, and 45%
were still unable to drive.? The overall prevalence of HAD across
studies has been estimated to be around 30%.% A cumulative meta-
analysis showed no significant change in prevalence over time,?
despite significant changes in standards of care. HAD is a strong risk
factor for mortality, re-hospitalization, and institutionalization in the
following year.*®> Moreover, HAD is associated with high costs;
responsible for an estimated 58.5 Billion in healthcare spending in
the United States in 2019, approximately 8.3% of total annual
medical spending that year.® To improve overall quality of life and
reduce healthcare spending, targeted prevention and intervention
strategies are needed.”

Numerous predictors of HAD have been described, associated
with either patient-related factors or aspects of the hospital
setting.®? Interventional studies on HAD are mainly focused on
motor rehabilitation, and primarily carried out during the inpatient
phase, with few studies centered on later recovery.lo'11 Hence, the
optimal post-acute rehabilitation program for patients with HAD is
still unknown.'? Moreover, recommendations for the management of
HAD, focusing on prevention and guiding interventions, are still
lacking. Our aim was to undertake a systematic review on HAD in the
acute hospital setting and provide a practical overview aimed at

frontline health professionals.

2 | MATERIAL AND METHODS

We conducted a systematic review of existing literature in December
2020 following the Preferred Reporting Items for Systematic review
and Meta-Analysis (PRISMA) guidelines'®* and the PRISMA-S
(extension to the PRISMA Statement for Reporting Literature
Searches in Systematic Reviews).'*

2.1 | Selection criteria

We included original articles, theses or gray literature related to

HAD (i.e., poor functional performance after an acute hospitalization)

e Many studies have been devoted to HAD in the last decade, with some consistent findings.
e Most studies have focused on the physical dimensions of HAD.

e Few mechanistic and intervention studies have been conducted.

e The cognitive and psychological dimensions of HAD remain understudied.

e A consensus definition of HAD and a clear research agenda are needed.

in people older than 60 years old, without any restriction on publi-
cation date. The exclusion criteria were: reviews, case-reports,
commentaries, conferences abstracts, qualitative studies, animal
studies, participants younger than 60 years old, and studies focused

on recovery from a specific pathology (e.g., stroke).

2.2 | Selection strategy

The following bibliographical databases were searched: EMBASE,
Medline, CINAHL, Web of Science, Bio Medical Central, Latin
American and Caribbean Health Literature (Lilacs), Scientific Elec-
tronic Library online (Scielo), EM Premium for additional French ar-
ticles, and Google Scholar for gray literature.

The following keywords were used: hospital-associated decline,
hospital-associated deconditioning, functional decline, post-hospital
syndrome. The detailed search strategy is in Appendix 1 in the sup-
porting Information.

After removing duplicates, the selection of articles was carried
out in two stages. First, we reviewed article titles and abstracts. An
independent three-person review system was implemented and dis-
crepancies were discussed until consensus was reached among the
reviewers. The second stage consisted of reviewing the full text of
the selected articles. The articles deemed to meet our inclusion
criteria following this second stage full text review were included in

the final sample.

2.3 | Data extraction

We extracted key study characteristics including the authors' names,
country, publication date, type of study, measures, participant char-
acteristics and outcomes. We grouped studies according to their
main focus: mechanisms, measures, interventions, trajectories and
risk factors associated with HAD.

2.4 | Risk of bias

Prior to conducting this systematic review, a formal protocol was
developed and agreed by the research team. There were no de-
viations from the original protocol and all studies meeting our in-
clusion criteria were incorporated. However, publication bias remains

a possible limitation because data from statistically significant studies
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are more likely to be published than those reporting negative find-
ings. In addition, the quality of the evidence included was moderate,

which may be a further source of bias in our review.

2.5 | Quality assessment

The Strengthening the Reporting of Observational studies in Epide-
miology (STROBE) guidelines were used to assess the quality of the
observational studies, and the Consolidated Standards of Reporting
Trials (CONSORT) for clinical trials. We considered studies to be of low
methodological quality when they fulfilled less than 75% of the criteria.

3 | RESULTS

Figure 1 shows the flowchart of included studies. Our initial search of
the databasesidentified 4421 articles. After applying exclusion criteria,
we reviewed the full text of 279 articles. This led to the final inclusion of
94 studies. We classified the included studies into five categories
according to their focus: risk factors (42), trajectories (15), underlying
mechanisms (12), potential measures or predictive tools (22), and
intervention studies (13). Sixteen articles focused on multiple aspects

(e.g., risk factors and mechanisms, or trajectories and risk factors).

3.1 | Quality assessment

Half of included studies were considered to be of high methodo-
logical quality (see Appendix 2 in the Supporting Information S2).

The geographical distribution of the studies is shown in

Figure 2. Most studies were conducted in the United States and

Europe.
3.2 | Risk factors
3.2.1 | General characteristics

Forty-two studies addressed HAD risk factors. The mean age was
75 years (ranging from 69 to 87 years). In general, studies included a
higher proportion of women (56%-71%), with only four studies

including a majority of men.

3.2.2 | Methodological aspects

There were 20 cohort studies (prospective and retrospective) and 20
cross-sectional studies. Two studies used secondary data from pre-
vious prospective cohort designs (post-hoc and secondary analysis),
and one was designed as a longitudinal survey. The sample size was
greater than 1000 participants in 8 studies, and between 100 and
700 in 34 studies. The main statistical techniques employed for the
data analysis were bivariate comparisons and multivariate logistic
regression.

In 22 studies, the endpoint was the degree of basic activities of
daily living (ADL) impairment at discharge. Ten studies evaluated
performance in instrumental ADLs (IADLs) after discharge; 8 studies
evaluated cognitive performance and 2 studies evaluated institu-

tionalization rate.

[ Included ] [ Eligibility ] [ Screening ][ Idenﬂﬂcaﬂon]

Risk factors n=42

Records identified through database
searching
(n=4421)

]

Records after duplicates removed
(n=2364)

l

Records screened by title and abstract
(n=2364)

Records excluded
(n=2085)

Full text assessed for eligibility
(0=279)

94 studies included

{ Measures n=22
- -

185 excluded

« 100 Unrelated topic

¢ 15 Reviews

« 15 Opinion statements or letters
¢ 26 Congress abstracts

« 14 Wrong populations

« 15 other languages

*: 16 studies focused on more than one theme

{ Trajectories n=15 J Interventions n=13 Mechanisms n=12

FIGURE 1 Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) Flow chart

*
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3.2.3 | Main outcomes

Eighteen studies mentioned sociodemographic factors>®>~%°; 10
mentioned factors related to the hospital stay®162580-3¢, 24

mentioned comorbidities as risk factors®?:15:16:23-26.30,32,33,.37-48,
and 10 related to physiological
reserve.?26:30:3237,39.4049-51 The jndividual factors identified are

summarized in Figure 3.

discussed factors

3.3 | Trajectories

3.3.1 | General characteristics

Fifteen studies discussed HAD trajectories. The age across
studies ranged from 67 to 80 years. Gender was almost equally
distributed, with a slight majority of women (from 45% to 64%).

One study was only focused on older community dwelling
women.>2

3.3.2 | Methodological aspects

All studies either had a prospective cohort design or reported a
retrospective analysis from secondary data. Based on the STROBE
checklist, one third of these studies were considered to be of high
quality (see Appendix 2 in the Supporting Information S2). Sample
size ranged from 104 to 2963 participants. Each study was conducted
in a single site although many included different hospital areas/
wards. The statistical techniques most frequently employed for data
analysis were bivariate comparisons and multivariate logistic
regression. The assessment time was highly heterogeneous, ranging
from immediately following admission, to discharge, to 3 months or
more than 3 years following discharge.

'Q
2Q

o-RP

17 7
Q

FIGURE 2 Geographic distribution of included articles

*Age: >65 years
*Socioeconomic factors
(poverty, lower incomes)
+Female gender
*Dwelling place (nursing
home)

Sociodemographic 18/42

: Articles
42.9%

Comorbidities
24/42 Articles
57.1%

«Cognitive Impairment

*Worse functional status at
admisssion

+Acute renal failure

+Vision impairment

+Polypharmacy (use of protom
pump inhibitors or psychotropic
medications)

sLength of hospitalization

*Use of bladder catheter

+Use of mechanical constraints
+Lack of mobilization

*General medicine wards

Related to hospital stay
10/42 Articles
23.8%

J/ Physiological Reserve /

10/42 Articles
23.8%

*Hypoalbuminemia and poor
nutritional status

*Hypoxia

+Higher delirium severity scores

*Low HRQOL* score at
admission

*Decrease in SPMSQ** score
from admission to discharge

FIGURE 3 Risk factors associated with hospital-associated deconditioning

'Q

*Heath related quality of life
**Short Portable Mental Status Questionnaire
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3.3.3 | Main outcomes

One study reported a 30% risk of functional decline after discharge;
18% when measured by ADL at 3 months after discharge, and 40%
when measured by IADL.>® Despite the heterogeneity of measure-
ment tools and assessment times, the results were similar over
time.>? Helvik and collaborators evaluated disability at 1-year
follow up, finding a higher rate of readmission and 30% of pa-
tients in whom disability had increased at discharge.>* Those who
recovered to their previous status seemed to need up to 3 months
to do so.

A study performed in Spain showed that 57.7% of patients had
functional decline in the first 24 h after admission and 32.6% at
discharge.>* The rate of readmission was 30% in the following
3 months. Another study showed that the loss of function before
hospital was the main factor associated with HAD.?” Similarly, a
study from Asia reported a similar frequency of functional decline of
32% 6 months after discharge.”®

Another study found any hospitalization to be associated with
decreased gait speed (—0.04 m/s) and higher odds of new limitations
in mobility or ADLs.>® Multiple hospitalizations within a year were
associated with gait speed decline (-0.06 m/s) and greater odds of
new limitations in mobility or ADLs. Rehospitalization was the main
risk factor for functional decline in this study. One further study
provided an original approach to the relationship between inter-
vening events and nine possible transitions®” with illnesses and in-

juries leading to hospitalization strongly associated with worsening

Hospitalization

- Allostatic overload
- Bed rest

- Cognitive
maladaptative schema
- Vascular remodeling

Hospitalization

functional ability for nearly all transitions between states of no
disability, mild disability, and severe disability.

3.4 | Mechanisms

3.4.1 | General characteristics

Twelve papers addressed HAD mechanisms. All studies but one were
published after 2010. The age across studies ranged from 55 to
87 years old. Women were more represented in these studies (from
60% to 75%). Two studies recruited participants from two different

countries.”®>?

3.4.2 | Methodological aspects

All studies were observational. More than half were considered of
high quality (Supporting Information S2). The sample size ranged
from 12 to 2963 participants.

3.4.3 | Main outcomes
An overview of mechanisms from selected studies is summarized in
Figure 4, which suggests the combined effects of hospitalization-

related factors and individual vulnerability factors.

Individual condition

- Age related change
- Diminished reserve
- Frailty

- Cognitive decline
- Sarcopenia

- Chronic HPA axis
dysfunction

Age-related changes

FIGURE 4 Mechanisms of hospital-associated deconditioning: combination of hospitalization factors and individual vulnerability. HAD,

Hospital-associated deconditioning; HPA, hypothalamic-pituitary-adrenal
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3.4.4 | Mechanisms related to the hospitalization
Allostatic overload

Potential deconditioning factors included frequent sleep disruption,
frightening sounds, painful stimuli, mobility restrictions, and poor
nutrition, all of which could be deleterious on allostasis.>® Allostasis is
based on a balance between the hypothalamic-pituitary-adrenal
(HPA) axis and the autonomic nervous system.®® The notion of re-
petitive stressors might also explain why the length of hospitalization
is often cited among risk factors predisposing to HAD.>#¢?

Bed rest

Bed rest was cited as one of the most frequent deconditioning factors
during hospitalization. Some studies commented that patients'
mobility could be greatly reduced because of medical devices, such as
urinary catheters and continuous intravenous infusions. Some com-
mented that patients may also be hesitant to leave the room to avoid
missing a diagnostic procedure or an unscheduled physician's visit.

In an observational study, 24-h accelerometer data were
collected from admission to discharge.? The median time spent
walking was only 7 min per day. Time spent walking was higher in the
group with better balance and walking score at admission. The au-
thors reported that older patients were highly inactive during hos-
pitalization due to their own condition, but hospitalization prolonged
their inactive time, potentially leading to deconditioning.

One pilot study with a small sample of patients evidenced the
considerable amount of time that patients spent being alone,® when
they were not physically nor cognitively stimulated. In this light, the
deconditioning effects of bedrest could be explained from both the

physical and cognitive perspectives.

Maladaptive cognitive perception

An early study noted that 36% of hospitalized older patients had high
levels of anxiety and depression®*; and 1 month after discharge, half
of them remained anxious and depressed. The nosocomial-based
psychological distress may lead to a vicious circle to maladaptive
cognitive schema. This schema does not follow a unigue trajectory. In
a prospective study, four cognitive change patterns were observed:
the worsening then improving group; the low continuous group; the

start high and decline group; and the start low and decline group.®®

3.4.5 | Mechanisms related to the person
The baseline homeostatic capacity and overall physiological reserve
of a patient may be a factor in an individual patient's susceptibility to

deconditioning.

Age-related physiologic changes

Aging is associated with a decline in organ function in all body
systems.®® Organ-system decline leads to a reduction in overall
functional reserve and limits an individual's capacity to respond to

acute stressors. The changes are both structural and functional. In

the central nervous system, brain volume decreases, as well as
blood brain barrier permeability. In the body composition, structure
changes with fatty infiltrations, muscle loss and strength loss, and
function changes with a decline of balance and postural control.®”
Aging is also associated with higher basal cortisol levels, progressive
loss of hypothalamic sensitivity through loss of glucocorticoid re-
ceptors in the central nervous system, decreased diurnal variation
of cortisol, and a blunted negative feedback at the level of the HPA

axis.

Frailty and geriatric syndromes

Although predictable changes to physiologic function occur with
aging, age alone is not a sufficient predictor of a patient's risk for
HAD.>’ Frailty is a state of reduced physiologic reserve beyond what
would be expected with normal aging. Frailty accentuated the asso-
ciation of hospitalization with functional decline.”>” During a hospi-
talization, geriatric syndromes (e.g., falls, incontinence, pressure
ulcers) range from 8% to 50%.2° People with at least one geriatric
syndrome were three times less likely to make a complete functional

recovery.

Sarcopenia

Sarcopenia is defined as reduced skeletal muscle mass and/or func-
tion. Sarcopenic individuals are at risk for HAD because skeletal
muscle is an important reservoir of aminoacids during periods of
stress and hospitalization often leads to reduced nutritional intake.*°
Malnourished patients had a lower Barthel Index score than those at
risk for malnutrition. Chronic disease-related malnutrition, oral
intake, and parenteral nutrition accentuated this association.

Cognitive decline

The serum level of the calcium binding protein S100B among older
patients hospitalized for hip fracture did not differ between partici-
pants with and without delirium.®® Hence, previous cognitive decline
seemed to be a more preponderant factor for delirium than potential
cerebral damage caused by peri-operative stress.®” The CSF bio-
markers for Ab1-42, tau, and hyperphosphorylated tau were not
significantly different in participants who did and did not develop
delirium.”® In contrast, prior cognitive decline was significantly

related to delirium.

Chronic pre-operative HPA axis dysfunction

Similarly to the preponderant role of a premorbid cognitive impair-
ment, Manou-Stathopoulou et al. proposed a shifting paradigm for
the peri-operative stress to the importance of a pre-operative
chronic stress.”? This could be partly explained by a chronic HPA
axis dysfunction in older people, which may be accentuated among
frail older people. Inflammation biomarkers were higher in partici-
pants with delirium, but were not related to prior cognitive impair-
ment.>? From the same cohort, anticholinergic activity was also
measured, regardless of their premorbid cognitive state,*® but there
was no significant relationship between CSF anticholinergic level and

delirium.
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3.5 | Measures

3.5.1 | General characteristics

Twenty-two papers addressed HAD measures. Five were conducted

72776 and four in Italy.”” 8 Most papers were published

in Belgium
between 2010 and 2020 although some early works were published
in the 1990s in the United States.®' The mean age was 80 years old.

In 17 studies, there was a majority of women.

3.5.2 | Methodological aspects

Twenty-one studies were observational prospective cohort studies
and only one was a cross-sectional study.8? The smallest sample size
was 70 and the largest 746.8%%4 Only 7 out of 22 studies achieved
high quality score (Appendix 2 in Supporting Information S2).

Thirteen studies focused on the evaluation of multiple clinical
predictors of HAD.2%737757880818385-87 Thage studies aimed to
determine if certain assessment tools, such as the Short Physical
Performance Battery (SPPB),”” the MNA’? or SHERPA,® among
others, were useful to identify patients at risk of HAD. Eight studies
tested the predictive power of different biological biomarkers, from
blood tests to muscle strength.”2828488-91 Only one study focused
on cognitive function as a predictor of HAD.>?

There was great variability regarding outcomes. Many studies
included some measure of functional status based on ADL or IADL.
Some studies included death as an outcome, as well as rehospitali-
zation, length of stay or incidence of delirium. Time for evaluation of
functional decline was also very heterogeneous. Later evaluations
tended to be based on patient recall or telephone interviews.

3.5.3 | Main outcomes

Most predictive tools evaluated were able to predict functional
decline during hospitalization. Among biomarkers, levels of IL-6 and
IGF1 on admission, combined with SHERPA score could predict
disability 3 months after discharge.”?> Dipstick proteinuria also
seemed to be a good biomarker of future HAD.82 Dynapenia, balance,
low handgrip strength and general muscular strength were also re-
ported to be predictors of functional decline after hospitaliza-
tion.288? |nterestingly, handgrip strength and general muscular
power seemed to be predictors of HAD only in men.”? The SHERPA
score (Score Hospitalier d'Evaluation du Risque de Perte d'Autono-
mie), first published ten years ago’® was re-evaluated in one of the
studies which found no predictive ability.”® The Blaylock Risk
Assessment Screening Score (BRASS) index, on the other hand, was
useful to predict post-hospitalization outcome.®° Decline in SPMSQ
during hospitalization also seemed able to predict decline 3 months
after discharge.®? Finally, walking less than 900 steps during hospi-
talization could also predict functional decline.”! Many of the

reviewed papers found clinical characteristics that, combined, may

suggest a higher risk of functional decline. These characteristics
included age, gender, number of comorbidities and functional status
before admission and at the time of discharge, among others. One of
the studies built a new screening tool (HARP) based on these char-
acteristics.8? Figure 5 provides a summary of the predictive tools for
HAD identified through the literature review.

3.6 | Interventions

3.6.1 | General characteristics

Thirteen studies addressed interventions for HAD. Most studies
were conducted in Australia, the United States of America or Spain
after 2010. The mean age was 82 years old and only two studies

included more men than women.

3.6.2 | Methodological aspects
Most studies were designed as clinical trials or post-hoc analysis of
other datasets. Two of the designs were described as quasi-

|93,94

experimenta and one described an intervention outside a clin-

ical trial.”® The focus of the studies was on multicomponent in-

949697 and physical therapy and exercise.”> One study

terventions
combined physical exercise and testosterone administration.”® There
was one study evaluating the effect of occupational therapy.”® Four
studies were experimental single-blind randomized controlled trials
(three multicenter and 1 single-center).”®71°? The fifth study by
Cohen et al. was quasi-experimental with a two-group pre- and post-
design.1°2

One of the studies focused on cognitive function measured by
the 6-m dual-task Gait Velocity Test (GVT) and MMSE.? The most
frequently used endpoint was ADL. Other endpoints utilized were
death,’®® changes in cognitive and mood status, quality of life,
handgrip strength and readmission at 3 months after discharge.'?
The main statistical techniques employed for data analyses were

-

( Subject characteristics

Hospitalization events
Sex Diagnosis
Age Function at discharge

Education Symptom severity
Anthropometrics
Skin integrity
Limb circumference

Depressive symptoms
Decline in SPMSQ

l Steps per day
Red flags
Pre-hospitalization status

Previous need for assistance in IADLs

Incontinence

Biological markers

Creatinine levels

Previous need for assistance travelling
Use of walking device

Functional balance Dipstick proteinuria

Mobility
K Gait speed j

FIGURE 5 Predictive tools or clinical features for HAD
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bivariate comparisons, multivariate logistic regression and linear
mixed models. Studies were generally of good quality (Appendix 2 in
Supporting Information S2).

3.6.3 | Main outcomes

Four studies reported that interventions were effective. In the
WALK-FOR intervention, decline in basic ADLs occurred in 33% of
subjects in the control group versus 23% in the intervention
group.’°? Martinez-Velilla et al. found that treatment in a compre-
hensive geriatric assessment unit was independently associated with
lower risk of decline in ADLs, compared to a general medical unit.'®°
On the other hand, Timmer et al. found that activities pacing in
addition to typical occupational therapy during inpatient rehabilita-
tion did not show benefits in the post-hospitalization management of
daily activities after returning home.'® However, two studies found

D23,94

no effect of this kind of intervention on HA and one RCT even

found that subjects in the intervention group had a worse outcome.

4 | DISCUSSION

In this systematic review, we scoped the existing research on HAD in
the acute hospital setting. The most frequently addressed topics
were risk factors, measures, and trajectories. Interventions and
mechanisms were much less frequently reported. The heterogeneity
of our findings reflects the lack of a standard HAD definition, as well
as a lack of consensus on the timeframe for evaluating premorbid
factors and outcomes measured.

HAD leads to a significant increase in disability and dependency
after hospitalization. Although deconditioning can happen at any age,
the complex physiological changes that follow a period of inactivity are
particularly frequent and potentially harmful in older people.1°4105

Risk factors seemed to be a common field of study in HAD.
Despite the large sample size, most studies had a cross-sectional
design, making it inappropriate to draw conclusions regarding cau-
sality. In our review, we grouped risk factors into four categories
(social, comorbidities, features of hospital stay and physiological
reserve), and within each category some factors are clinically modi-
fiable, and some are not. Potential benefits of our evidence synthesis
are that an overall awareness of these risks may facilitate more
individualized clinical assessments; and from a research perspective,
allow future intervention studies to tackle specific aspects whilst
controlling for others.

Overtime, the trajectory of functional decline remained roughly
similar. Most studies showed an early hospital readmission rate of
around 30%. Others found a very early functional decline that started
just after admission. One particularly important and convergent
finding from these studies is that recovery, if it happens, may take
several months.

In our review, only a few studies focused on evaluating patho-

physiological mechanisms. The impact on allostasis exerted by the

multiple stressors experienced during hospitalization may cause an
increase in total cortisol concentration, serum norepinephrine, and
immune-suppressing inflammatory cytokines such as IL-10 and
Transforming Growth Factor B.1°¢ These modifications may in turn
affect multiple organs, including cardiovascular system, immune
system, cognition, and lead to overall functional decline.'®® During an
acute hospitalization, older adults spend approximately 83% of their
hospital stay in bed and 12% of their time in a chair.2%5%°7 This re-
view extensively outlined the different physiological changes trig-
gered by bed rest.'®® The hemostatic system shifted toward
hypocoagulability during bed rest,'°® modified postural control,
altered joint coordination, and loss of balance. Muscle strength may
decrease due to changes in the functional properties of the central
nervous system, such as a loss of proprioceptive and cutaneous
sensations.'°® Young healthy participants in a simulated prolonged
bed rest situation showed modified sympathetic neural pathways,
with longer central synaptic delay.**°

Chang et al. framed three propositions in a nosocomial based
psychological stress model for hospitalization'**: (1) a prolonged
increased inflammatory response and a sustained upregulation; (2)
fear, anxiety and an elevated sense of vulnerability, distress and
helplessness, (3) the combination of the increased physiologic de-
mands and psychological stress contributing to a transient state of
physical and psychological deconditioning, and a vicious circle to
maladaptive cognitive schema. However, as Wilson et al. extensively
reviewed, hospital-acquired sarcopenia may have more complex
pathophysiological mechanisms, including complex interactions be-
tween aging, immunosenescence, frailty and sarcopenia.''?

Our findings suggest that HAD and frailty are intimately related,
affecting a similar range of body systems (musculoskeletal, respira-
tory, urinary), daily functions (sleep cycle, mobility) and cognitive
abilities.?*3

Possibly due to the multifactorial pathophysiology of HAD, a
comprehensive geriatric assessment unit seemed to be more effec-
tive than a conventional acute medical hospitalization unit in its
prevention. This would suggest the need to implement interdisci-
plinary working and multidisciplinary geriatric assessment in all
hospital departments.

Regarding interventions, studies were scarce and highlighted the
need for more research. A recent meta-analysis focused on different
interventions to reduce HAD.*** The authors showed that enhanced
inpatient programs reduced the risk of declining ADL ability by 4% at
discharge, reduced nursing home residence by 8% at one to 3 months
post-discharge and reduced 1-month mortality by 23%. However, the
level of evidence remains low and it is important to design robust

clinical trials with clear target populations.

4.1 | Review limitations and strengths
While we reviewed studies in three common languages, review ar-
ticles published in some other major languages such as German or

Chinese, were not included. As in any review, the limitations imposed
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by the search terms may have led to the exclusion of some relevant
studies. However, we used a variety of sources and databases from
non-English speaking areas as well. Our review also has the advan-
tage of addressing overall aspects of HAD, whereas existing reviews
have generally focused on just one aspect of HAD.*311* The aim of
this review was to be all-encompassing, to narratively outline the
current evidence and highlight the main research gaps.

5 | CONCLUSIONS

This systematic review identifies important steps in the clinical
management of HAD and keys areas for future research. A
consensus definition of HAD and a clear research agenda are ur-
gently needed. The current variability on risk assessments, body
systems evaluated, time frames and outcomes mean that there is
still ample scope for future key advances in the understanding and
management of this severe condition, which is often overlooked
during hospitalization and may have devastating consequences,
both for individuals and health and social care systems. Until now,
studies on interventions have mainly focused on musculoskeletal
aspects of the condition and physical rehabilitation. We suggest a
more holistic clinical and research focus including cognitive and
psychological aspects, as well as hospital structure and systems
modifications.

As part of a roadmap for clinical practice and future research, we
propose that HAD in older people should be screened as a functional
decline from pre-admission baseline until at least 1 year after
discharge. We also propose the objective capture of function at the
point of admission and on discharge, in order to be able to model the
magnitude of acute illness-related functional loss and the amount of
functional recovery during hospitalization. We propose that the
measurement of function does not only include ADLs/mobility/
disability but also cognitive and mood-related variables (e.g.
exhaustion, anxiety, depression, psychological wellbeing).

In terms of optimal care planning to reduce HAD, prevention may
be the most important step. It would be important to be able to
systematically and swiftly identify patients at high-risk with a reliable
tool. In addition, hospitalization-related stress should be reduced to a
minimum. Simple measures could be implemented such as promoting
improved nutrition, improving the hospital environment, improving
communication with staff and loved ones, and promoting activities
and arts/creative engagement.

Allied health therapies should be involved as soon as possible for
high-risk patients as part of a comprehensive geriatric assessment,
which may also include nurses, social workers, and psychiatry of old
age, as needed. Care plans should be focused on an individual's goals
and preferences and clearly communicated, to empower patients,
promote autonomy and reduce anxiety and uncertainty.

Clinical units caring for vulnerable older people should have
access to research funding and expertise and have enough time to
engage in complex research. Mixed quantitative-qualitative meth-

odologies with robust patient and public involvement (PPI) strategies

would be particularly rewarding in this area. Research efforts should
be focused on complex, multifaceted interventions including mobility

and cognitive stimulation programs.
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