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Introduction

Aging has been clearly associated with muscle strength 
decline and decreased physical performance (1) which 
aggravates the ability to perform daily tasks, increases the 
risk of falls, reduces quality of life and increases the risk of 
mortality (2–4), adverse health outcomes, common in the long-
term care setting (5, 6). 

The number of dependent older adults worldwide is 
projected to rise from 350 million in 2010 to 488 million in 
2030 and 614 million in 2050 (7) and this growth will influence 
the number of nursing home (NH) residents (8).

Performance-based measures of physical performance are 
a useful tool for identifying older adults at risk for functional 
decline and death (9-13) and have become an important 
component of geriatric assessment (14, 15). 

However, although many trials have focused on different 
types of interventions for improving physical performance in 
NH residents (8, 16–29), very few information is available 
regarding the “natural evolution” of physical performance in 
this particular context. Knowing this evolution in NH residents 
may be useful for informing the development of well-powered 
studies.

The aim of this review was gather the evidence on the 
natural evolution of physical performance (ie, changes over 
time) in elderly people living in NHs.

Methods

Search Strategy
One author performed the database search in PubMed on 

May 2018. Database searches were performed in PubMed. 
Keyword combinations for different categories were used. The 
search terms to select papers evaluating physical performance 
were “physical performance” OR SPPB OR “short physical 
performance battery” OR “performance based”. For the 
population target we used “elder*” OR “older adults” OR 
“older adult”. “Nursing homes” OR “nursing home” OR 
“institutionalized” OR “long term care facility” OR “long term 
care facilities” were the keywords used to select the context we 
wanted to assess. 

MeSH terms “longitudinal study” and study protocol 
“randomized controlled trial” where also added to the search.

An article (24), identified through other sources, was added 
to the review.

A total of ninety-four articles was found. All articles 
identified by the search strategy were screened for eligibility. 
Afterwards, the full-text of potentially eligible studies were 
assessed for finally determining eligibility and, then, proceeded 
to data extraction. A flow diagram of the literature search and 
selection process, along with the number of the studies at each 
stage, is shown in figure 1.
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Figure 1
Flowchart of literature review

Inclusion and Exclusion Criteria
We included studies performed among NH residents aged ≥ 

60 years old, in which physical performance was objectively 
measured. 

Observational longitudinal studies were eligible. For 
feasibility reasons (most studies retrieved in the electronic 
search were interventional studies), clinical trials were 
accepted; however, in order to avoid intervention bias and 
clearly evaluate the natural evolution of physical function, we 
only abstracted and examined data from subjects who did not 
received any kind of intervention aimed at improving physical 
performance, in particular exercise training.

To observe changes in time, participants must have received 
at least one post-baseline assessment and the measures or their 
overtime change had to have been reported in the original 
articles. We did not require a limit in the follow-up length. 

Data Extraction
One author extracted the main demographic characteristics 

(sample size, age of participants, gender) of each study, time of 
further assessments, and information on the performance-based 
physical measures.

Outcome Measures
The main outcomes considered for physical performance 

were upper and lower limb strength, balance (static and 
dynamic), endurance, locomotion, and flexibility. Also, 
we included studies that assessed physical performance 
with battery tests, such as Short Physical Performance 
Battery (SPPB), Physical disability Index (PDI) or Physical 
Performance Test (PPT). The outcomes were evaluated over 
time through the difference of each battery test result at baseline 
and follow-up as percentage per month.

Results

A total of seventeen studies were eligible for review 
according to the inclusion/exclusion criteria. All the studies 
were published in the last 15 years, except for one study, 
published in 1994 (17). Seventy-seven of the ninety-four 
articles retrieved were excluded for the following reasons: 
cross-sectional study without follow-up, no control groups, 
study protocols, did not evaluate physical performance, were 
not directed to nursing home people or only to a specific 
subpopulation of nursing home residents suffering an acute 
event (eg, NH residents with hip fractures) or received 
intervention that had been proven to affect the results. 

Study Characteristics
An overview of the study characteristics is provided in Table 

1. The mean age varied from 78.3 to 88 years old across studies. 
Most of the subjects were female with a percentage variable 
from 49% to 100% and sample size ranged between 9 and 123. 
The follow-up period varied from 3 to 18 months.

Fourteen studies were randomized controlled trials (RCTs), 
other three studies were non-randomized trials (18, 30) and a 
longitudinal observational study (2).

Intervention Characteristics
In nine RCTs (8, 19–25, 28), two non-randomized control 

trials (18, 30) and one longitudinal observational study with 
an 18 months follow-up (2), subjects received ordinary care 
and continued to participate to the usual activities offered 
by the nursing home. In two RCTs (19, 25) and in one non-
randomized study design (18), control group activity was not 
specified; we assumed these studies used a usual care approach. 
In the other RCT studies, individuals in the control group did 
not participate to physical activities but took part to social 
activities (such as therapeutic music meditation or arts and 
crafts) (16) or received friendly visit (17) or participated to 
activities including cognitive tasks (such as memory training) 
and coordinative tasks (such as manual dexterity) (29), or 
recreational activities (drawing, painting, doing puzzles, 
playing cards) (26). In one randomized double-blind, placebo-
controlled, dose response study (27), control group received a 
placebo (containing dextrin, cellulose, sucrose fatty acid esters, 
shellac, caramel, L-arginine, glycerin).

Upper limb strength 
Upper limb strength was assessed in nine studies (2, 8, 18, 

20, 21, 25, 27-29) (Table 3). The most used test to assess upper 
limb strength was hand grip strength (HGS) (2, 8, 18, 20, 21, 
25, 27-29). Other tests used were pinch strength (18), arm curl 
strength (8, 21, 29). Upper limb strength declined in eleven 
tests (2, 8, 18, 20, 21, 27–29), on average by 3.4% per month 
(range 0.1%-4.8%), and six (8, 18, 20, 21, 29) of these were 
statistically significant. 
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Table 4
Results

Upper Limb Strength HGS (Kg)

Pinch strength (kg)

ACT n°

ALT n°

BBS (Kg)

Lower limb Strength CST (s)

CST (n°)

Muscle isometric strength 6 lower limb (N)

Lower extremities strength with peak torque (N/
kg)

Quadriceps femoris strength (kg)

Static Balance BBS

Standing one leg

Lower limb strength
The chair stand test was the most common test used in all 

of the studies. In four studies it declined (2, 8, 19, 23), on 
average by 3.5% per month (0.6%-6.7%), of which one (8) 
was statistically significant. In two studies (21, 25, 28), chair 
stand test seemed to increase but results were not statistically 
significant. 

Other tests used in the studies evaluated muscular isometric 
lower limb strength (21, 30) and one study assessed muscle 
strength with isokinetic peak torque (29). In two of these 
studies, strength of some lower extremities muscular groups 
seemed to improve at follow-up and, being statistically 
significant in one study (29). 

Static balance
The most used tool to assess balance was the Berg Balance 

Scale (BBS) which declined in all studies (8, 19, 20, 26, 28). 
Studies using other tests to measure balance (Standing Balance 
Test, One Leg Standing Balance, Abnormal One Leg Balance) 
mostly tended to decline but no one of these were statistically 
significant (2, 24, 27). The average decline of BBS was 2% per 
month (0.3%-6.3%).

Dynamic balance 
The most used test was timed up-and-go test (TUG) which 

has been adopted in seven studies (8, 20, 23, 25-27, 30). In all 
the studies it tended to decline and three of these results where 
statistically significant (8, 20, 25). The average decline of TUG 
was 2.8% (0.7%-6.2%).

In one study (24), the get up-and-go test was used and 
showed a tendency for improvement.

Endurance 
Four studies measured endurance with the 6-minute walking 

test. In three of these it tended to decline (8, 20, 27) but no 

results where statistically significant. The decline of 6-minute 
walking test was on average 1.8% (0.1%-4.3%). 

Mobility
Mobility was mostly assessed by gait speed (2, 8, 16, 21, 

24, 25, 29). Three studies showed a tendency to decline (2, 
8, 25) and two of these results were statistically significant 
(8, 25). The average decline was 2.1% (0.9%-2.8%). In other 
four studies gait speed improved (16, 21, 24, 29) but only two 
studies (24, 29) showed results statistically significant. Other 
studies evaluated mobility also by fast gait speed (8), walking/
wheelchair propulsion (19, 28), walking/wheelchair propulsion 
maximum speed (19, 28). All tests showed a tendency to 
decline except in one study (28) where walking/wheelchair 
propulsion improved but it was not statistically significant.

Battery of tests
The most used tool of overall evaluation of physical 

performance was SPPB. In all the five studies who adopted 
SPPB (2, 8, 16, 25, 30), it tended to decrease. In two studies 
(8, 25) this worsening was statistically significant. The average 
decline of SPPB over time was 2.8% (0.8%-4.2%). Other 
batteries of test performed to assess physical performance 
were the Physical Performance Test (22, 26) and the Physical 
Disability Index (17). Both tended to decline over time. 

Discussion

In this review of seventeen studies, we showed that 
performance-based physical tests declined over time, in 
particular for gait speed, upper limb strength, chair stand-and-
sit test, static and dynamic balance. 

These are expected results since it is known that older adults 
are one of the least physically active (31) and most sedentary 
(32, 33) population groups (34) and residents in long-term care 
facilities are even more sedentary than community-dwelling 
older adults (34, 35). In addition, the prevalence of comorbidity, 
frailty and sarcopenia is greater in nursing homes (36, 37); 
all of them constituting conditions that can impair physical 
function. Despite this logic finding, this review was the first to 
have quantified objectively measured (using several different 
tests) physical declines in the NH population. This information 
is useful for better planning interventions targeting physical 
function in the very old and vulnerable population of NH 
residents.

However, apparently controversial results of increases in 
physical performance tests in some studies (8, 16, 21, 24, 
25, 27–30) were observed. In fact, most of studies had, as an 
inclusion criterion, the ability to stand up and walk for at least a 
few meters independently and to perform the required physical 
performance tests, which, in some cases, led to the exclusion of 
subjects with severe cognitive impairment and advanced cardio-
pulmonary comorbidities (an important portion of the NH 
population). Excluding the most vulnerable subjects may have 
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impacted our findings, constituting a possible explanation for 
the discrepancy in some results of some studies (21, 24, 27-30).

Another reason for this discrepancy could be the higher 
prevalence of women in the studies; it has been found that 
women have lower insulin-stimulated muscle protein synthesis 
which could partly explain a slower decline of muscle mass 
compared to men (29, 38). It is also noteworthy to mention 
that some studies with an active control had implemented new 
activities that were not the ordinary activities offered by the 
NHs. For example, new social activities (16), friendly visits 
(17), cognitive and coordinative activities (29) and recreational 
activities (26). These changes of the daily habits may have 
indirectly improved physical performance, which has been 
shown in a recent study (16).  

Several studies have shown that cognitive activities, for 
example, can lead to global physical improvements (39-41). 

The strength of this paper is to focus on the change of 
physical performance over time in institutionalized people 
while previous studies mostly focused on interventions aimed to 
improve physical performance more than examine its “natural 
trend”. 

However, this review has also some limits. First of all, the 
population considered in most of the studies in our review do 
not exactly reflect the population present in nursing homes, 
which includes people with many comorbidities, not considered 
in the studies. Moreover, as already previously explained, there 
are active controls who received different activities which could 
interfere with the results.

This novel review brings new data and information about 
the “natural history” of physical performance. A decline has 
been observed in the main tests and we can have quantitative 
data about their decrease. However, the observation took place 
in a variable period of time in the various studies and relatively 
short (most of it lasted 3-6 months). Obtaining data from large-
scale observational study with long follow-up and several time-
point waves of data collection would allow us to better know 
the natural evolution of several physical components. This can 
lead to planning better and more targeted interventions and, 
moreover, some evidence points out that new and engaging 
social activities could indirectly improve some aspects of 
physical performance. Further research is needed to determine 
exercise recommendations in this population.
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