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Objective: While sarcopenia and frailty may lead to gait and balance impairments, their impact on these parameters is not well understood. To assess 
the relationship of some gait and balance parameters with sarcopenia and frailty in community-dwelling elderly people. 

Materials and Methods: Observational cross-sectional study of community-dwelling people ≥70 years old. Frailty and sarcopenia were defined 
according to Fried criteria and the criteria of the European Working Group on Sarcopenia in Older People, respectively. Balance and gait assessments 
included the single-leg stand test, static posturography using a force platform and static and dynamic baropodometric studies of pressures from 
the soles of the feet. 

Results: Sixty-two patients (mean age=78 years; 50% women) were recruited, 21% and 14% of whom were frail and with sarcopenia, respectively. 
Poor muscle strength, sarcopenia and frailty were associated with incapacity to stand on one foot for 5 seconds but not with instrumental balance 
assessments. Poor muscle strength and frailty were associated with longer support time, longer double support time, shorter gait and slower gait 
but were not associated with gait cadence. After adjusting for age and other possible confounders, the effect of frailty, but not the effect of poor 
muscle strength, on gait parameters disappeared. Frailty and falls were associated with a crude odds ratio of 3.4 (p=0.083). 

Conclusion: Poor muscle strength and frailty are associated with incipient balance disorders (indicating an increased risk of falls), and with gait 
adaptations.
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Abstract

Introduction
Walking is a typical aspect of daily living and probably 
the human activity with the highest impact on individual 
functional autonomy. This complex motor behaviour involves 
approximately 1000 muscles, 200 bones, 100 joints and the 
interaction of the motor, sensory and cognitive systems (1). In 
aged populations, walking performance decreases mainly due to 
muscle strength loss and adaptations such as shorter gait and 
greater gait width, which may define a senile walking pattern 
(2). The prevalence of gait alterations increases with age; 
while 15% of people aged 60 years present abnormal walking 
characteristics, this percentage increases to 80% in people aged 
85 years and older (3). The postural system integrates afferent 
information from the ears, eyes and joints in the central nervous 
system (CNS) to elaborate a motor response that maintains body 

balance and avoids both standing and walking falls. Changes 
in the CNS, vestibular, visual and attention dysfunctions and 
loss of muscle strength with age have all been associated with 
balance impairments in aged populations (2,4,5). These gait and 
balance impairments may have severe consequences, including 
falls, fractures, immobility, disability or institutionalization, and 
may also indicate underlying diseases (6).

Loss of muscle mass and strength are closely associated with 
exhaustion, poor physical activity and slower gait speed, all of 
which are components of the frailty syndrome (7). Frailty has 
been defined as a state of increased vulnerability to stressors 
due to age-related declines in physiological reserves across 
neuromuscular, metabolic and immune systems (8). Balance 
and gait impairments may be an expression of frailty given the 
characteristic muscular weakness associated with this geriatric 
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syndrome. Sarcopenia and frailty are suspected to play a role 
in the development of gait and balance impairments, but their 
impact on specific parameters is not well understood.

The aim of this study was to assess the relationship between 
certain gait/balance parameters and sarcopenia and frailty in 
community-dwelling elderly patients.

Materials and Methods

Design and Population

An observational cross-sectional study was performed. Study 
population included community-dwelling patients aged 70 
years and older. Participants that fulfilled all selection criteria 
and gave their informed consent in writing were recruited from 
outpatients visiting the Hospital of Mataró (Barcelona, Spain) 
from January 2013 to January 2014. Candidates were excluded 
if they had anyone of the following clinical conditions: life 
expectancy less than 3 months, dementia, severe psychiatric 
disorders or an inability to stand and walk. This was considered a 
pilot study that sought to recruit 60 subjects. The study protocol 
was approved by the Local Ethics Committee (exp. CEIC CSdM 
49/13).

Sarcopenia and Frailty Definitions

Patients were classified as frail if they met three or more 
of the following five criteria (7): unintentional weight loss, 
exhaustion, low physical activity, slow walking speed and poor 
grip strength. Sarcopenia was defined according to European 
Working Group on Sarcopenia in Older People [EWGSOP) 
criteria (9): a decrease in muscle mass (< mean-1  standard 
deviation of the reference population] accompanied by 
a decrease in walking speed (≤0.8  m/s) or in muscle grip 
strength (17  kg for women and 30  kg for men). Muscle 
mass was assessed by bioimpedance analysis (Bioelectrical 
Impedance Analyser, EFG3 Electofluidgraph, Akern SRL), 
which determines fat mass, lean mass and muscle mass in 
kilogrammes and as a percentage of total body weight. Used 
as a measure of muscle strength was hand grip, assessed by a 
handheld JAMA dynamometer. Of three measurements made 
for each participant the highest value was used for this study. 
Patients were also asked directly about the numbers of falls 
experienced by them in the last 3 months. 

Balance and Gait Assessments

The one-legged standing (OLS) test was used to assess whether 
a patient was capable of standing on one foot without help 
for 5 seconds. Static posturography was assessed using a force 
platform (Accugait, AMTI), which records displacement of the 
centre of pressures of the human body on the X, Y and Z axes. 
Postural balance was measured, while the subject stood on the 
platform, as the sweep area (SA) from the centre of pressures 

(in cm2), for both eyes open and eyes closed (Romberg test). A 
baropodometric study assessed static and dynamic pressures 
of the soles of the feet (measured in N/cm2), and gait and 
its different sub phases were evaluated, at speeds that were 
comfortable for the patients, using a baropodometric 
tape (Servís Medical, model WinFDM-T). The main static 
baropodometry measurements, expressed as percentages, were 
support with the left foot, support with the right foot, total 
support time, support by the forefoot and support by the 
hindfoot. The main dynamic baropodometry measurements 
included the following gait cycle values: support phase 
duration (seconds), step duration (seconds), step length (cm), 
cadence (steps/second) and walking speed (meters/second).

Other Study Variables

Other factors included age, sex, comorbidities (arthrosis, 
diabetes, ischemic heart disease, heart failure, stroke, chronic 
obstructive pulmonary disease -COPD-, chronic kidney failure, 
chronic liver disease, Parkinson disease, depression, etc.), chronic 
medication, functional capacity assessed using the Barthel 
index, timed up-and-go test, previous falls and gait speed. 
Information on comorbidities and medication was obtained 
from each patient’s electronic medical record, and all other 
information was obtained directly from the patient by trained 
healthcare professionals. 

Statistics

Continuous variables were described using means and standard 
deviations (SDs) and categorical variables were described using 
percentages. Comparisons between groups (frail vs non-frail, 
sarcopenic vs non-sarcopenic, and poor vs adequate muscle 
strength according to EWGSOP cut-off points) were made using 
the X2 test or Fisher’s exact test for categorical variables and the 
t-test or Mann-Whitney U test for numerical variables. Linear 
and logistic regression analyses assessed the effect of frailty 
and poor muscle strength on balance and gait parameters. 
Multivariate linear and logistic analyses were used to adjust 
the effect of frailty or poor muscle strength for age and other 
possible confounders (related with either frailty or poor muscle 
strength) on the corresponding dependent variable. Statistical 
significance was established as p<0.05.

Results
Recruited were 62 patients: 31 men and 31 women, mean age 
77.9 (SD 7.5) years. These were classified as frail (n=13; 21.0%), 
pre-frail (n=26; 41.9%), and robust (n=23; 37.1%) and nine 
(14.5%) of them met criteria for a sarcopenia diagnosis. The 
main characteristics of the study sample are summarized in 
Table 1.

Sarcopenia was associated with age, stroke, body mass index, 
weight loss and poor physical exercise. On comparing patients 
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with and without sarcopenia, no significant differences were 
observed for balance parameters, except for the capacity to 
stand on one foot for 5 seconds (33.3 % vs 73.6%; p=0.012), 
nor were significant differences found for gait parameters, 
except for higher hindfoot pressure in both the right foot 
(17.0 vs 30.7 N/cm2; p=0.010) and left foot (17.9 vs 31.1 N/
cm2; p=0.015). Among sarcopenic subjects, 77% were fallers, 
while this percentage was 53% in non-sarcopenic ones 
(p=0.275).

Frailty was associated with age, comorbidities such as COPD 
and heart failure, the use of psychiatric drugs and poor 
physical exercise. Table 2 compares the main balance and 
gait characteristics for frail and non-frail patients and for 

patients with poor and adequate muscle strength (according 
to EWGSOP criteria). Regarding balance parameters, although 
no significant differences were observed in SA between the 
frailty and muscle strength groups, significant differences 
were observed in the capacity to stand on one foot for 5 
seconds. Regarding gait parameters, frailty and poor muscle 
strength were both associated with longer support time on 
both feet, longer double support, shorter gait length and 
slower gait speed, but not with gait cadence. The association 
of frailty with gait parameters disappeared once adjustments 
were made for age and other possible confounders, but the 
association of poor muscle strength persisted after adjustments 
(see Table 3). Although frailty and falls were associated with 
both a crude and adjusted odds ratio (OR) >3, this relationship 
did not achieve statistical significance. 

Discussion
Our findings indicate that poor muscle strength and frailty 
are associated with some altered balance and gait parameters, 
especially capacity to stand on one foot for 5 seconds, support 
time when walking, gait length and gait speed. However, 
differences in fall prevalence between frail and non-frail 
patients and between patients with poor and adequate muscle 
strength were not statistically significant.

Regarding balance, poor muscle strength, sarcopenia and 
frailty were all associated with incapacity to stand on one foot 
for 5 seconds. However, there were no significant associations 
between these clinical conditions and instrumental 
assessments of balance obtained by posturography. This 
apparent disagreement between clinical and instrumental 
assessments of balance—which has also been reported by 
other authors (10,11)—would seem to indicate that elderly 
patients with sarcopenia or frailty syndrome may be able to 
maintain balance in the usual two-foot standing position but 
may have difficulties to maintain balance in more complex 
situations—including walking—that require balancing on 
a single foot. The fact that frailty was strongly related to 
the OLS test even when adjusted for age would point to 
incipient balance impairment and an increased risk of falls. 
This adjusted relationship was not statistically significant in 
the case of poor muscle strength, which can be considered 
an incipient phase in frailty. Balance is a complex body 
function influenced by multiple factors (neurological, visual, 
vestibular and muscular), and its preservation is essential 
to prevent falls (2). The cross-sectional design of our 
study does not allow causal relationships to be established 
between frailty and balance impairment, both closely 
related and mutually influenced. Some authors suggest that 
the OLS test could be used as a practical marker of frailty 
in community-dwelling elderly people (12). We are the 
opinion that balance impairment is a consequence of frailty, 
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Table 1. Main sample characteristics
Age in years, mean (SD) 78.1 (7.4)

Sex (% women) 50%

Comorbidities

Anxiety 24.2%

Depression 32.3%

Cancer 12.9%

Chronic renal failure 9.7%

Chronic liver disease 1.6%

Arthrosis or rheumatism 72.6%

Chronic bronchitis or COPD 17.7%

Asthma 3.2%

Diabetes 24.2%

Hypertension 54.8%

Stroke 9.7%

Ischemic heart disease 14.5%

Heart failure 24.2%

Cardiac arrhythmias 25.8%

Cataracts 53.2%

Deafness 29.0%

Dizziness 11.3%

Fallers 21.0%

Falls (n) 0.41 (0.88)

Outdoor walking device users 37.1%

Outdoor life 91.9%

Outdoor walking (min/day) 34.8 (29.7)

Barthel index 96.9 (9.34)

Body mass index

Men 28.0 (5.3)

Women 28.9 (5.9)

Hand grip (kg)

Men 28.9 (8.3)

Women 17.2 (6.0)

COPD: Chronic obstructive pulmonary disease, SD: Standard deviation
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but this is a hypothesis that requires support from further 
longitudinal and prospective research. If balance impairment 
is a consequence of frailty, then preventing frailty would be 
a useful way to avoid balance impairment, falls and their 
consequences.

In relation to gait parameters, sarcopenia was only associated 
with higher hindfoot pressure. As far as we are aware, this is 
the first time this association has been described and this—
possibly casual—finding is not easy to interpret. However, 
it may point to a relative decrease in take-off force by the 
contralateral forefoot in patients with sarcopenia. As for 
poor muscle strength and frailty, in our study these were 
consistently associated with different temporal and spatial 
gait parameters. In frail patients, support time for both feet 

and double support time were longer and single-foot balance 
time was shorter. These results, which corroborate those 
reported by other authors (13-15), point to a compensatory 
mechanism aimed at ensuring walking stability and safety. 
Age itself is also reported to produce similar effects (16). When 
the effect of frailty on support time was adjusted for age, the 
effect was very close to statistical significance. Other authors 
have reported other compensatory mechanisms in spatial 
gait parameters in frail patients, including an increase in the 
support base and in gait width (14,17). Our analysis of spatial 
gait parameters pointed to a shorter gait in frail patients 
and in patients with poor muscle strength. Few studies have 
established a direct relationship between frailty and gait 
length, but our finding is consistent with other reported 
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Table 2. Main balance and walking characteristics for frail and non-frail patients and for patients with poor and adequate muscle 
strength

Frailty Poor muscle strength*

Yes (n=13) No (n=49) p Yes (n=32) No (n=30) p

Balance

Sweep area (cm2) Romberg open eyes 4.07 (2.93) 2.78 (2.09) 0.114 3.11 (2.39) 2.96 (2.27) 0.588

Sweep area (cm2) Romberg closed eyes 6.82 (6.09) 4.69 (7.09) 0.068 5.55 (7.87) 4.66 (5.86) 0.569

Unable to stand on 1 foot for 5 seconds (%) 10 (76.9%) 10 (20.4%) <0.001 14 (43.8%) 6 (20.0%) 0.046

Walking (baropodometric study)

% of support time (right foot) 74.7 (2.7) 72.0 (3.1) 0.025 73.6 (3.2) 71.2 (2.8) 0.007

% of support time (left foot) 75.2 (3.2) 71.7 (3.4) 0.017 73.5 (3.4) 71.1 (3.4) 0.013

Gait cadence (step/min) 90.6 (19.5) 92.4 (19.0) 0.944 88.4 (17.6) 95.6 (19.6) 0.212

Gait length (cm) 35.4 (9.1) 49.1 (13.8) 0.008 42.1 (11.5) 51.9 (14.7) 0.010

Gait speed (m/s) 0.25 (0) 0.37 (0.25) 0.002 0.30 (0.08) 0.40 (0.11) 0.001

Falls in the previous 3 months

Fallers (%) 10 (76.9%) 24 (49.9%) 0.072 19 (59.4%) 15 (50.0%) 0.459

* hand grip: women <18 kg and men <30 kg

Table 3. Effect of frailty and poor muscle strength on falls, balance parameters and walking parameters (bivariate and multivariate 
analyses)

Frailty Poor muscle strength*

Linear regression analysis Unadjusted beta (p) Adjusted beta (p) Unadjusted beta (p) Adjusted beta (p)

Sweep area (cm2) Romberg open eyes 1.28 (0.085) - 0.156 (0.794) -0.65d (0.321)

Sweep area (cm2) Romberg closed eyes 2.13 (0.343) -2.11a (0.349) 0.881 (0.623) -1.33a (0.429)

Gait cadence (step/min) -1.75 (0.811) -2.30b (0.772) -7.11 (0.161) -7.68b (0.145)

Gait length (cm) -13.7 (0.009) -9.13a (0.096) -9.75 (0.008) -7.21a (0.051)

Gait speed (m/s) -0.12 (0.005) -0.07a (0.100) -0.10 (<0.001) -0.07a (0.007)

% of support time (right foot) 2.75 (0.024) 2.31c (0.059) 2.41 (0.004) 2.13c (0.012)

% of support time (left foot) 3.42 (0.011) 2.10a (0.121) 2.41 (0.010) 1.59a (0.081)

Logistic regression analysis Unadjusted OR (p) Adjusted OR (p) Unadjusted OR (p) Adjusted OR (p)

Unable to stand on 1 foot for 5 seconds 12.5 (0.001) 6.41b (0.022) 3.12 (0.050) 1.84b (0.345)

Faller 3.47 (0.083) 3.12a (0.152) 1.46 (0.459) 1.25b (0.682)

* hand grip: women <18 kg; men <30 kg; aadjusted for age and use of psychiatric drugs; badjusted for age; cadjusted for use of psychiatric drugs; dadjusted for age and hours of 
physical exercise/week
OR: Odds ratio
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results on differences in gait length between fallers and non-
fallers (6,15). A systematic review, moreover, indicates that 
decreased gait length is a typical feature of ageing (1). Even 
after adjustment for age, we observed a clinically relevant 
and statistically significant association between frailty and 
gait length.

Our study also showed that frailty was associated with previous 
falls, for a crude OR=3.5 (p=0.083) and an adjusted OR=3.1 
(p=0.152). The magnitude of the association and its nearness to 
statistical significance would suggest that the lack of statistical 
significance is due to low statistical power resulting from a 
small sample size. Several studies have investigated frailty as a 
risk factor for falls, reporting diverse and not always conclusive 
results. A meta-analysis that pooled the results of 11 prospective 
studies concluded that frailty is a significant predictor of future 
falls among community-dwelling older people, especially men; 
and an observational study in 324 community-dwelling elderly 
people pointed to a strong relationship between muscle strength 
and falls in both men and women (18,19). However, in our study 
poor muscle strength was not found to be associated with falls, 
whether because of a lack of statistical power or because of the 
strength cut-off point used.

Study Limitations

Regarding limitations of our study, the first one, as already 
mentioned, is the small sample size, which compromises 
the power to detect statistically significant relationships or 
differences between groups. Secondly, we cannot assume that 
the study sample is representative of the general population 
aged 70 years and older because only outpatients were 
recruited. Although this lack of representativeness did not allow 
sarcopenia or frailty prevalence to be established, it did allow a 
comparison of balance and gait parameters between sarcopenia 
and frailty groups. Thirdly, the sarcopenia and frailty groups 
were not homogeneous in terms of age, a factor associated 
with balance and gait parameters. The multivariate analysis was 
accordingly adjusted for age as a possible confounder. Finally, 
the cross-sectional design did not allow causal relationships to 
be established between sarcopenia and frailty on the one hand, 
and on the other hand, balance, gait and falls, in relation to 
which we suggest that prospective studies are required. 

Conclusion
Poor muscle strength and frailty are associated with incipient 
balance disorders and with walking adaptations aimed at 
gaining stability that result in slower gait. While these findings 
would suggest that poor muscle strength and frailty are risk 
factors for falls in aged populations, further prospective and 
well-powered studies are necessary to provide more conclusive 
evidence.
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