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Test (TUG) and the Geriatric Depression Scale (GDS), respectively.

Results: Of the participants, 5% were sarcopenic, 32.8% were frail, and 29.4% had
abnormal exercise capacity (6MWT < 82% pred). According to multivariate linear
regression analysis, the model consisting of sarcopenia, frailty, TUG and GDS was
explained 53% of the variation in 6MWT (R=0.73, R?=0.53, p <0.001), and all
variables except GDS were independent predictors of exercise capacity (p < 0.05).
Sarcopenia was the strongest predictor of 6MWT (B =-79.76, p = 0.011). The model
including sarcopenia, TUG, frailty, and GDS provided 29% prediction of abnormal
exercise capacity (Nagelkerke R?=29.7, p < 0.001), while TUG was the sole signifi-
cant predictor in the model (Odd Ratio:1.32, p <0.002), according to logistic
regression analysis.

Conclusions: This study indicates that changes in exercise capacity are more influ-
enced by the presence of sarcopenia, and that poor TUG performance is the greatest

risk factor for the impaired exercise capacity.
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1 | INTRODUCTION

Exercise capacity is an essential measure of health and longevity in
community-dwelling elderly people, as it reflects the functional re-
serves of several physiological systems.! A decline in exercise
capacity is associated with aging and can be influenced by various
diseases or conditions, including hypertension, frailty, cardiovascular
disease, pain, diabetes mellitus, and nutritional status.™#

Exercise capacity, the highest level of physical performance older
adults can endure, is commonly viewed as a key indicator of reha-
bilitation progress.! Skeletal muscles are necessary for optimal
physical performance.> However, activity levels and functional aer-
obic capacity both drop steadily with age.® Furthermore, physiolog-
ical changes that occur such as motor unit loss, fiber type changes,
muscle fiber atrophy, and decreased neuromuscular activation with
aging can all have an impact on movement speed and strength,
resulting in diminished physical performance.>” A longitudinal
observational study found an 11% decline in 6 min walking distance
(6MWD), a test that measures exercise capacity, in healthy older
individuals after 3 years of follow-up.8 Another study showed that
low physical performance is independently linked to exercise capacity
in elderly individuals with heart failure.”

Many geriatric syndromes associated with physical perform-
ance have been identified in the older adults.®1°"12 Skeletal muscle
mass loss, also known as sarcopenia, is one of the common age-
related geriatric syndromes that can lead to decreased muscle
performance.’© Frailty is linked to diminished functional reserves,
leading to lower ability to adjust to external or internal stressors.*?
In addition, psychosocial factors such as depression also reduce
physical performance in older adults. A study reported that
depressive symptoms and frailty were associated with 6MWD
results.?? Balance dysfunction, another geriatric syndrome seen
with aging, causes an increased risk of falling and impaired func-
tionality.® These geriatric syndromes may affect exercise capacity in
older adults.

Determination of factors affecting exercise capacity in older
adults is important to identify individuals at higher risk of disability,
negative outcomes like institutionalization, falls, and hospitalization
and for effective rehabilitation approaches. There are limited studies
in the literature about geriatric syndromes that affect exercise
capacity in older adults.**® Frailty, sarcopenia, postural balance, and
depression can predict exercise capacity in older adults. The research
aims to respond to the following question: (a) which geriatric syn-
drome is more effective on exercise capacity in older adults? and (b)

what are the risk factors for abnormal exercise capacity?

2 | METHODS

2.1 | Study design and participants

This cross-sectional study was carried out at Physical Therapy and
Rehabilitation outpatient clinic of Giresun Training and Research
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Hospital. This study was conducted in line with the Helsinki Decla-
ration and the STROBE statement and was approved by the local
hospital ethics committee (Approval number: 25.12.2023/07). All
participants provided written informed consent.

The inclusion criteria were being 65 years of age or older, living
in community dwelling, having cognitive skills for communication, and
volunteering to participate in the study. Exclusion criteria were
having an orthopaedic, neurological, and/or cardiopulmonary prob-
lem that prevents participation in the exercise test; and being

hospitalized patients.

2.2 | Outcome measures

Participants' age, gender, education level, marital status, perceived
income status and body mass index were recorded. Comorbidities
were evaluated with the Charlson Comorbidity Index (CCI).'* Poly-
pharmacy was defined as the use of five or more concurrent, distinct
prescription drugs in older adults. All assessment was performed by a

physiotherapist with eleven years of experience.

2.3 | Exercise capacity

The 6-min walk test (6MWT) was utilised to determine participant
exercise capacity. The test was performed in a 30-metre corridor
according to American Thoracic Society guidelines.'®> The distance
walked in 6 minutes (m) was recorded and, also percentage of pre-
dicted values (6MWD%) using Enright et al. regression equation.'®
Older adults with 6MWD < 82% of predicted were defined as having
abnormal exercise capacity.!” The 6MWT is a valid assessment tool

for exercise capacity in older adults.

2.4 | Balance performance

The Timed Up-and-Go (TUG) test was utilised to assess balance
performance. For the TUG test, a person is required to get up from a
chair, move 3 metres as quickly as possible, turn around a cone, walk
back, and sit down. The time began with the instructor's “Go” com-
mand and concluded when the person returned to their starting
position.’® The balance test was performed at least half an hour

following the exercise capacity assessment.

2.5 | Depressive symptoms

The Geriatric Depression Scale (GDS-30) is a self-administered
questionnaire that evaluates the participant's mood. The question-
naire consists of 30 items, each scored with one point, resulting in a
total score of 30. A score of 0-11 indicates no depression, 11-14
indicates “probable depression,” while 214 indicates “definite

depression”.*?
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2.6 | Sarcopenia

Sarcopenia was defined using the “European Working Group on
Sarcopenia in Older People2” (EWGSOP2) criteria. Sarcopenia was
classified based on EWGSOP2 recommendations as probable
sarcopenia (low muscle strength), confirmed sarcopenia (low
muscle quantity/quality and low muscle strength), and severe
sarcopenia (low muscle strength, quantity/quality, and physical
performance).

Fat-free mass (FFM) was evaluated with bioimpedance analysis (BIA)
on a Tanita BC 532 model body analysis monitor. The formula for cal-
culating total skeletal muscle mass (SMM) is: SMM (kg) = FFM * 0.566.%°
Skeletal muscle mass index (SMMI) (kg/m?) was calculated by dividing
the absolute total SMM by the square of height. Low SMMI was cate-
gorised by taking the cut-off values determined for the Turkish popula-
tion (<9.2 kg/m? in men and <7.4 kg/m2 in women).?*

A validated technique was used to measure muscle strength using
a Jamar hand dynamometer (BASELINE; Elmsford, New York, USA) for
handgrip strength. Patients were instructed to sit with their elbow at
90° and their wrist in neutral posture during measurement.?? The test
was performed three times unilaterally on the dominant side.

Results are presented as the best of three values. The EWGSOP2
cut-off criteria of 35 kg for men and 20 kg for women were used.?!

The participants walked 4 metres at their normal speed during
physical performance. The cut-off criterion of 0.8 m/s was chosen for

both genders.®

2.7 | Frailty

Unintentional weight loss, self-reported weariness, limited physical
activity, slow gait speed, and weakness were the five criteria that
Fried et al. established for the diagnosis of frailty syndrome. People
were categorised as frail if they had three or more of these factors,
and prefrail if they had one or two.?*

2.8 | Sample size and statistical analysis

The sample size was calculated with the G-Power 3.1 programme
(Universitat Dusseldorf, Germany). Using multiple regression analysis,
it was determined that minimum of 85 participants to obtain an effect
with 80% power, at 95% confidence interval, and a medium effect
size of 0.15 (f%).

Statistical analysis was conducted with SPSS 22.0 (IBM Corp.,
Armonk, NY, USA). Chi-square test or Fisher's exact test were used to
compare categorical variables, which are presented as frequencies
(percentages). The student T-test was utilised to compare continuous
variables that were reported as mean + standard deviation. To ana-
lyze the relationship between SMMI, handgrip strength, gait speed,
Fried score, TUG, GDS, and exercise capacity, the Pearson correlation
coefficient was utilised. Correlation coefficients were assessed
as weak (0.1-0.49), moderate (0.5-0.69) and strong (0.7-0.89)
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correlations.?> To determine the 6MWD predictors, two multi-
variate linear regression models were constructed. In the first model,
age, sex, confirmed sarcopenia, frailty, TUG and GDS were used as
independent variables, and 6MWD was used as the dependent var-
iable. In the second model, only changeable variables (confirmed
sarcopenia, frailty, TUG and GDS) were added as independent vari-
ables for prediction of 6MWD. To determine the factors influencing
abnormal exercise capacity, univariate and multivariate logistic
regression analyses were carried out. For multivariate logistic
regression analysis, two models were created with the same variables
as multivariate linear regression analysis. For all analyses, statistical
significance was defined as p < 0.05.

3 | RESULTS

A total of 147 community-dwelling older participants were evaluated.
For 28 participants, sarcopenia data were missing. As a result, 119
participants (43 female, 76 male) were included in the analysis. The
sociodemographic characteristics of participants are presented in
Table 1.

Of the participants, 29.4% (23.7% female, 39.5% male) had
abnormal exercise capacity. The sarcopenia and frailty prevalences
among all participants were 5% and 32.8%, respectively. The body
composition, exercise capacity, balance, physical function, sarcopenia,

and frailty status of participants are shown in Table 2.

TABLE 1 Sociodemographic characteristics of
participants (n=119).

Characteristic Mean (SD)/n (%)

Age 69.84 (8.65)
Gender
Female 43 (36.1)
Male 76 (63.9)
Marital status
Married 83 (69.7)
Widowed or divorced 36 (30.3)
Length of education
Illiterate 6 (5)
1-8 years 60 (50.5)
>8 years 53 (44.5)
Income
Low 49 (41.2)
Moderate 43 (36.1)
Good 27 (22.7)
Charlson comorbidity score >3 59 (49.6)
Polypharmacy 68 (57.1)
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TABLE 2 Body composition, exercise capacity, balance, physical
function, sarcopenia and frailty status of participants.
Variables Overall (n=119) Female (h=43) Male (n=76)
BMI (kg/m?) 29.02+4.57 30.68 £5.60 28.08 £3.59
SMM/height? 10.84 +1.67 10.06 £1.13 11.28+1.76
(kg/m?)
Handgrip (kg) 27.82+11.87 18.30+10.81 33.20+8.67
Gait speed (m/s) 1.12+0.28 1.01+0.27 1.19+0.28

6MWD (m) 405.39+103.11 342.15+115.66 441.17+75.13
% 6MWD 88.92+19.30 87.19 £23.94 89.90 £16.20
Abnormal 35 (29.4) 18 (23.7) 17 (39.5)
exercise
capacity
TUG (s) 9.98 +4.40 12.54+6.12 8.53+1.88
GDS (0-30) 8.65+4.35 8.58+4.65 8.68+4.20
Sarcopenia status
Sarcopenia 6 (5) 0 (0) 6(7.9)
Probable 68 (57.1) 25 (58.1) 43 (56.6)
sarcopenia
Non- 45 (37.8) 18 (41.9) 27 (35.5)
sarcopenia
Frailty status
Frail 39 (32.8) 30 (69.8) 9 (11.8)
Prefrail 49 (41.1) 12 (27.9) 37 (48.7)
Robust 31 (26.1) 1(2.3) 30 (39.5)

Note: Data are presented as mean + standard deviation or n (%).
Abbreviations: BMI, body mass index; GDS, geriatric depression scale;
SMM, skeletal muscle mass; TUG, timed up and go; 6MWD, 6-min walk
distance.

The comparisons of demographics, exercise capacity, sarcopenia,
and frailty status between participants with abnormal and normal
exercise capacity are presented in Table 3. There were significant
differences in handgrip strength, gait speed, TUG, and frailty status
between participants with normal and abnormal exercise capacity
(p < 0.05). Sarcopenia status and GDS score were similar between the
groups (p > 0.05).

The relationships of 6MWD with sarcopenia components, Fried
score, and GDS are shown in Figure 1. The 6MWD for all participants
moderately correlated with handgrip strength (r=0.56,
p <0.001) and Fried score (r=0.550, p <0.001) and strongly corre-
lated with gait speed (r=0.750, p <0.001). GDS score (r=0.005,
p =0.56) and SMMI (kg/m2, r =0.170, p = 0.065) were not correlated
with 6MWD.

According to multivariate linear regression analysis, model 1

was

explained 57% of the variance in exercise capacity. Sarcopenia
(B=-80.00, p=0.010), female gender (B=-35.78, p=0.038), TUG
(B = -11.50, p<0.001), and age (B=-2.52, p=0.042) were inde-
pendent predictors of 6MWD. Model 2 explained 53% of the
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TABLE 3 Comparison of demographic, exercise capacity,
sarcopenia, and frailty status between participants with abnormal
and normal exercise capacity.

Abnormal exercise  Normal exercise

Variables capacity (n =35) capacity (n = 84) p value
Age 72.34+11.24 68.80+7.12 0.091
Female gender 17 (48.6) 26 (31.0) 0.054
BMI (kg/m?) 29.95+£5.85 28.63+3.90 0.154
SMM/height? 10.69 +1.95 10.90+1.54 0.533
(kg/m?)
Handgrip (kg) 23.97 £15.24 29.42+9.83 0.022
Gait speed (m/s) 0.87+0.19 1.23+0.25 <0.001
6MWD (m) 300.78 +99.21 448.98 + 67.42 <0.001
%6MWD 67.53+11.80 97.84+14.11 <0.001
TUG (s) 12.92+6.38 8.75+2.38 <0.001
GDS (0-30) 8.91+4.90 8.54+4.13 0.668
Sarcopenia status

Sarcopenia 2 (5.7) 4 (4.8) 0.795

Probable 21 (60.0) 47 (56.0)

sarcopenia

Non- 12 (34.3) 33(39.3)

sarcopenia
Frailty status

Frail 19 (54.3) 20 (23.8) 0.003

Prefrail 12 (34.3) 37 (44.0)

Robust 4 (11.4) 27 (32.1)

Note: Data are presented as mean + standard deviation or n (%).

Abbreviations: BMI, body mass index; GDS, geriatric depression scale;
SMM, skeletal muscle mass; TUG, timed up and go; 6MWD, six-minute
walk distance.

variance in exercise capacity. In this model, sarcopenia (8 =-79.76,
p=0.011), frailty (B=-39.52, p=0.022) and TUG (B=-14.07,
p < 0.001) were independent determinants for 6MWD (Table 4).

Results of multivariate logistic regression analysis of factors
associated with abnormal exercise capacity (6MWT <82% pred)
showed that TUG was the only significant variable (p<0.05) for
abnormal exercise capacity in both model 1 (consisting of age, female
gender, GDS, sarcopenia, frailty) and model 2 (consisting of TUG,
GDS, sarcopenia and frailty) (Table 5).

4 | DISCUSSION

In the current study, 5% of community-dwelling elderly people were
sarcopenic and 32.8% were frail. According to multiple linear
regression analysis, sarcopenia, frailty, and TUG score were associ-
ated with exercise capacity, and sarcopenia was the strongest pre-
dictor of 6MWD among the variables. Additionally, 29.4% of all



DURDU T AL. — - 50f 9
Journalof Evaluationin Clinical Practice
20,00 ,
v - r=0.75
r=017 200 0<0.001 ‘.
. p=0.06
18,00 L
1,50 <
.
16,00 .
-3
s - @ 1,00 .
g 1400 % - “il,
72 o . 8 . .
. e J L e .o
- F,e * . .
1200 T, 50 N
. LI ’. ..
A -, %
. XN Tl
10,00 e s oo .0 .
. DT REN
- ..
. o H . 00+
O . !
800— 1 1 1 I 1 1
' . 100,00 200,00 300,00 400,00 500,00 600,00
T T T T T T 6MWD
100,00 200,00 300,00 400,00 500,00 600,00
6MWD
4 o es ee seee o seee e - e e
80007 oss r=-0.55
p<0.001 . - p<0.001
50,00 3 . CRC T - .
. , .
g 40,00 . - ' -t g
E .. -'. z:— .. . . LR
4 . - .
2 30001 ct o4 ::'{:jﬂ" . g
£ 20,00 ¢ CRAIEY .. 1 © o seece me soeme o
] . . .
. L4 . .
10,00 . e . .
. o, o0 . * S miee wm e weee
. M T T T T T T
00 100,00 200,00 300,00 400,00 500,00 600,00
10000 20000 300,00 400,00 500,00 600,00 6MWD
6MWD
40,00 257 .
. r=-696 r=-0.05
p<0.001 p=0.56 .
20 . i
30,00 .
.
.e . -
* 15+ . .
. 7] .. . *
S 2000 : 8 . o e
= i . coe o o .
) o e 107 Tl et
. -~ .. * . o . e
0,00 tole e, . o oo “«cme o tem
10,00 . . . o4t
LT ."-’?:%' s 5 . . L.
. . . . -
o« o .
00 o
T T T T T T T T T T T T
10000 20000 30000 40000  S0000 600,00 100,00 200,00 300,00 400,00 500,00 600,00
6MWD 6MWD

FIGURE 1 Association between 6MWD and GDS, fried score and sarcopenia criteria. GDS, geriatric depression scale; SMMI, skeletal muscle

mass index; TUG, timed up and go.

participants exhibited abnormal exercise capacity. Participants with
abnormal exercise capacity had higher frailty rates and lower balance
scores. Nonetheless, those with normal and abnormal exercise
capacity were not different in terms of sarcopenia status and GDS
score. Only the TUG score was a significant risk factor for abnormal
exercise capacity prediction.

Sarcopenia and frailty are two geriatric syndromes related to
adverse outcomes in older people, such as mortality, disability, and
reduced quality of life.!* Sarcopenia is based on physical disorders
characterised by progressive declines in muscle mass and strength
with aging. Frailty is a problem with prevalence rising with age and is

defined as a reduction in physiological reserve that affects multiple
systems.!! The muscular deterioration that occurs in sarcopenia may
be a risk factor for frailty; while weight loss and sedentary lifestyle
known to cause frailty may also predispose a person to sarcopenia.?®
These syndromes are linked to conditions that might impact exercise
capacity, such as reduced mobility, falls, and physical function.?%2%
Consistent with this knowledge, the current study clearly demon-
strated for the first time that sarcopenia and frailty were associated
with exercise capacity in community-dwelling elderly people.
Another common symptom related to adverse outcomes in the

elderly is impairments in balance control, which requires multi-system
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TABLE 4 Multiple linear regression analysis of factors associated
with 6-min walk distance.

B P R R? AR?

Unadjusted Model (Univariate analysis)

Age, years -7.08 <0.001 0.59 0.35 0.34

Female gender -99.02 <0.001 046 0.21 0.20

TUG (s) -16.31 <0.001 0.9 048 0.48

GDS (0-30) -1.26 0.565 0.05 0.003 -0.006

Sarcopenia (yes) -64.48 0.136 0.13 0.01 0.01

Frailty (yes) -105.32 <0.001 048 0.23 0.22
Adjusted Model 1 <0.001 0.75 0.57 0.54

Constant 729.51  <0.001

Age, years -2.52 0.042

Female gender -35.78 0.038

TUG (s) -11.50 <0.001

GDS (0-30) -1.85 0.239

Sarcopenia (yes) -80.00 0.010

Frailty (yes) 1.22 0.953
Adjusted Model 2 <0.001 0.73 053 0.51

Constant 569.52  <0.001

TUG (s) -14.07  <0.001

GDS (0-30) -0.73 0.614

Sarcopenia (yes) -79.76 0.011

Frailty (yes) -39.52 0.022

Abbreviations: GDS, geriatric depression scale; TUG, timed up and go.

integration, particularly of the visual, vestibular, somatosensory, and
musculoskeletal systems.?” The association between exercise
capacity and balance was the subject of few studies in the literature;
however, the findings are controversial. According to a study, there
was no relationship between exercise capacity and balance per-
formance in independent older adults.'® Contrary to this, another
study suggested that Berg balance score was strongly associated with
incremental shuttle walk test (ISWT) performance.?® According to the
current study, exercise capacity and balance performance were
associated, and the TUG score was an independent predictor of ex-
ercise capacity assessed with the 6MWT.

In the current study, multiple linear regression analysis results
showed that sarcopenia was the strongest predictor of exercise
capacity. This may be explained by the fact that the sarcopenia defi-
nition criteria are more closely related to physical disorders.?* In skeletal
muscles, sarcopenia leads to various cellular, metabolic, vascular, and
inflammatory alterations such as raised oxidative stress, reduced motor
units, muscle capillarity, and mitochondrial compartment.5le In addition,
these alterations are among the reasons for exercise intolerance.”
Parallelly, low muscle capillarization was shown to be associated with

the presence and severity of sarcopenia in older adults.?? Similar to our
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TABLE 5 Logistic regression analysis of factors associated with
abnormal exercise capacity (6MWD < 82% pred).
Variable OR 95% ClI p value
Unadjusted model (Univariate regression)
Age (years) 1.04 1.01-1.09 0.044
Female (yes) 2.01 0.93-4.72 0.071
TUG 1.35 1.16-1.56 <0.001
GDS 1.02 0.93-1.11 0.665
Sarcopenia (yes) 1.21 0.21-6.94 0.829
Frailty (yes) 3.80 1.65-8.74 0.002
Adjusted Model1 (Nagelkerke R? = 36.00)
Age (years) 0.86 0.78-0.96 0.007
Female (yes) 0.71 0.19-2.66 0.619
TUG 1.65 1.27-2.14 <0.001
GDS 0.96 0.86-1.08 0.573
Sarcopenia (yes) 1.72 0.21-13.74 0.605
Frailty (yes) 3.72 0.84-16.45 0.082
Adjusted Model 2 (Nagelkerke R? = 29.7)
TUG 1.32 1.11-1.58 0.002
GDS 1.02 0.92-1.13 0.614
Sarcopenia (yes) 1.31 0.20-8.67 0.774
Frailty (yes) 1.20 0.39-3.71 0.740

Abbreviations: GDS, geriatric depression scale; TUG, timed up and go;
6MWD, six-minute walk distance.

findings, sarcopenia was revealed to be an independent predictor of
exercise capacity in patients with pulmonary hypertension and
community-dwelling older men**° However, contrary to this
research,*3° skeletal muscle mass was not associated with exercise
capacity in our analysis. The mean SMMI in this study was lower than
ours, but our SMMI value was consistent with the findings of research
conducted in the geriatric population in Turkey.?!

The reduction in exercise capacity is one of the major physio-
logical changes that occur with aging. There was a longitudinal
decrease in maximum aerobic capacity in both genders in the 60s,
and although the rate of decline varies over the age range, it was over
20% per decade after the age of 70.° A study conducted in
community-dwelling elderly people over 80 years of age reported
that 39.3% of participants had peak oxygen uptake below the mor-
tality predicted cut-off of 80%.3! According to another study that
involved 157 adults over 60, 20.38% of the participants had low
exercise capacity (ISWT <80% predicted).’® In the current study,
29.4% of participants exhibited
(6MWD < %80 predicted).

Gait speed, which is considered a vital sign of functional

abnormal exercise capacity

mobility,32 was reported to be related to aerobic capacity in elderly
individuals.>®> Age-related declines in aerobic capacity lead to
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insufficiency in meeting the energy required to walk at a usual speed.
This suggests that lower preferred walking speed is a compensatory
mechanism for lower aerobic capacity in older people.®* In parallel,
gait speed was strongly correlated with 6MWD and was significantly
reduced in older people with abnormal exercise capacity in the cur-
rent study.

Handgrip strength is a frequently used physical fitness test in the
elderly population, and there are correlations between handgrip
strength and other physical fitness factors such as gait speed and
disability.3” It is hypothesised that other physical fitness parameters
will decline in correlation with a decline in handgrip strength.®®
Additionally, research conducted with home-dwelling middle-older
adults and patients with chronic obstructive pulmonary disease
showed a correlation between handgrip strength and exercise
capacity assessed by 6MWD.?*37 Consistently, the current study
showed that handgrip strength was lower in our abnormal exercise
capacity group and there was a strong relationship between handgrip
strength and 6MWD in community-dwelling elderly people. The
result can be explained by the fact that decreased skeletal muscle
strength clearly affects 6MWD performance.*®

Sarcopenia and frailty may be the cause of physical dysfunction,
as well as also representing the consequences of permanent
disruption of homoeostasis in the disability situation. In the setting of
disability, sarcopenia is more associated with the effects of cachexia,
whereas frailty is mainly influenced by the disorder that leads to
disability.2® In our study, frailty increased the risk of abnormal
exercise capacity 3.8 times, whereas sarcopenia was not a determi-
nant of abnormal exercise capacity. This situation, in parallel with
the above suggestion, may be related to the fact that none of our
participants was cachectic.

TUG, a valid tool to assess balance in the elderly, is also used to
test lower extremity mobility and performance to estimate the risk of
falls.*® In community-dwelling elderly people with mobility limitations
without significant cardiovascular or respiratory disease, MWD was
found to be weakly correlated with submaximal aerobic capacity but
was strongly associated with lower extremity physical performance.
In this population, lower extremity physical performance was also a
predictor of 6MWD.*® Another study conducted with community-
dwelling elderly people found that (MWD = 554 + 95 m) heart rate
variability (HR%), forced expiratory volume in one second (FEV,), lean
muscle %, and lower extremity performance were independent pre-
dictors of 6MWD in elderly males. That study also found that in older
women (6MWD =525 + 65 m), HR%, appendicular lean mass, FEV4
and age were independent predictors of 6MWD.* These findings
indicate that whereas the factors related to aerobic capacity were
independent predictors of overall 6MWD performance, lower ex-
tremity performance was a predictor of 6MWD in situations with
disabilities. In parallel, only TUG was an independent predictor in the
model constructed for abnormal exercise capacity, even though
sarcopenia, frailty, and TUG were independent predictors for overall
6MWD performance in our study.

Depression is another health issue for the aging process.’

Research findings about the relationship between depression and
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exercise capacity vary in community-dwelling elderly people. In a
study evaluating exercise capacity with the 2-min walk test (2MWT),
the GDS score was found to be closely related with 2MWT per-
formance.*?> However, another study revealed that depression was
not a significant variable in explaining the change in 6MWD, similar
to our result.*° Further investigation into how depression affects

exercise capacity is required.

4.1 | Limitation

As a limitation, only TUG was employed to assess balance perform-
ance, which was variable. It is unclear whether the significant TUG
score represents lower extremity physical performance or balance.
Hence, assessing balance in multiple dimensions —possibly with a
posturography device— will clarify our results. Given this, when
interpreting our results, the expression TUG score was chosen

instead of balance performance.

5 | CONCLUSION

To the best of our knowledge, this is the first study to describe the
determinants of overall exercise capacity and abnormal exercise
capacity in community-dwelling elderly people. Our findings indicate
that sarcopenia, frailty, and TUG performance were independent
predictors of 6MWD and that 53% of the variance in 6MWD was
explained by the model comprising these factors. While the TUG
score and frailty status differ significantly between older adults with
normal and abnormal exercise capacity, the sarcopenia and depres-
sion status were similar. The model comprising TUG, GDS, sarcope-
nia, and frailty variables explained 29% of the variance in exercise
capacity, and among the model components, only the TUG score was
revealed to be a significant risk factor for the prediction of abnormal
exercise capacity in this population.

ACKNOWLEDGEMENTS
The funders played no role in the design, conduct, or reporting of this

study.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Habibe Durdu ‘= http://orcid.org/0000-0003-0716-1109
REFERENCES

1. Georgiopoulou VV, Kalogeropoulos AP, Chowdhury R, et al. Exercise
capacity, heart failure risk, and mortality in older adults: the health


http://orcid.org/0000-0003-0716-1109

2o | wi LEY- I

10.

11.
12.

13.

14.
15.
16.
17.
18.

19.

20.

ABC study. Am J Prev Med. 2017;52(2):144-153. doi:10.1016/j.
amepre.2016.08.041

Parker R, Bergman E, Mntambo A, Stubbs S, Wills M. Levels of
physical activity in people with chronic pain. S Afr J Physiother.
2017;73(1):323. doi:10.4102/sajp.v73i1.323

Nylen ES, Kokkinos P, Myers J, Faselis C. Prognostic effect of exercise
capacity on mortality in older adults with diabetes mellitus. J Am Geriatr
Soc. 2010;58(10):1850-1854. doi:10.1111/j.1532-5415.2010.03068.x
Boo SH, Joo MC, Lee JM, Kim SC, Yu YM, Kim MS. Association
between skeletal muscle mass and cardiorespiratory fitness in
community-dwelling elderly men. Aging Clin Exp Res. 2019;31(1):
49-57. doi:10.1007/s40520-018-0987-9

Tieland M, Trouwborst |, Clark BC. Skeletal muscle performance and
ageing. J Cachexia Sarcopenia Muscle. 2018;9(1):3-19. doi:10.1002/
jcsm.12238

Fleg JL, Morrell CH, Bos AG, et al. Accelerated longitudinal decline
of aerobic capacity in healthy older adults. Circulation. 2005;112(5):
674-682. doi:10.1161/circulationaha.105.545459

Reid KF, Fielding RA. Skeletal muscle power: a critical determinant
of physical functioning in older adults. Exerc Spotr Sci Rev.
2012;40(1):4-12. doi:10.1097/JES.0b013e31823b5f13

Lima GA, Vilaca KHC, Lima NKC, Moriguti JC, Ferriolli E. Balance and
aerobic capacity of independent elderly: a longitudinal cohort study.
Rev Bras Fis. 2011;15(4):272-277.

Saka K, Konishi M, Kagiyama N, et al. Impact of physical perform-
ance on exercise capacity in older patients with heart failure with
reduced and preserved ejection fraction. Exp  Geront.
2021;156:111626. doi:10.1016/j.exger.2021.111626

Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and
physical frailty: two sides of the same coin. Front Aging Neurosci.
2014;6:192. doi:10.3389/fnagi.2014.00192

Picca A, Coelho-Junior HJ, Calvani R, Marzetti E, Vetrano DL. Bio-
markers shared by frailty and sarcopenia in older adults: a systematic
review and meta-analysis. Ageing Res Rev. 2022;73:101530. doi:10.
1016/j.arr.2021.101530

Kitagaki K, Murata S, Tsuboi Y, Isa T, Ono R. Relationship between
exercise capacity and depressive symptoms in community-dwelling
older adults. Arch Gerontol Geriat. 2020;89:104084. doi:10.1016/j.
archger.2020.104084

Hayashi D, Gongalves CG, Parreira RB, et al. Postural balance and
physical activity in daily life (PADL) in physically independent older
adults with different levels of aerobic exercise capacity. Arch
Gerontol Geriat. 2012;55(2):480-485. doi:10.1016/j.archger.2012.
04.009

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40(5):373-383. doi:10.
1016/0021-9681(87)90171-8

ATS statement: guidelines for the six-minute walk test. Am J Respir Crit
Care Med. 2002;166(1):111-117. doi:10.1164/ajrccm.166.1.at1102
Enright PL, McBurnie MA, Bittner V, et al. The 6-min walk test: a
quick measure of functional status in elderly adults. Chest.
2003;123(2):387-398. doi:10.1378/chest.123.2.387

Troosters T, Gosselink R, Decramer M. Six minute walking distance
in healthy elderly subjects. Eur Respir J. 1999;14(2):270-274. doi:10.
1034/j.1399-3003.1999.14b06.x

Nightingale CJ, Mitchell SN, Butterfield SA. Validation of the timed up
and go test for assessing balance variables in adults aged 65 and older.
J Aging Phys Act. 2019;27(2):230-233. doi:10.1123/japa.2018-0049
Yesavage JA, Brink TL, Rose TL, et al. Development and validation of
a geriatric depression screening scale: a preliminary report.
J Psychiatr Res. 1982;17(1):37-49. https://doi.org/10.1016/0022-
3956(82)90033-4

Bahat G, Tufan A, Kilic C, et al. Cut-off points for height, weight and
body mass index adjusted bioimpedance analysis measurements of

Journalof Evaluationin Clinical Practm@

DURDU T AL.

International Journal of Public Health Policy and Health Servi earch

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

muscle mass with use of different threshold definitions. The Aging
Male. 2020;23(5):382-387. doi:10.1080/13685538.2018.1499081
Bahat G, Tufan A, Tufan F, et al. Cut-off points to identify sarcopenia
according to European Working Group on Sarcopenia in Older
People (EWGSOP) definition. Clin Nutr. 2016;35(6):1557-1563.
doi:10.1016/j.cInu.2016.02.002

Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL.
Hand grip strength: age and gender stratified normative data in a
population-based study. BMC Res Notes. 2011;4(1). https://doi.org/
10.1186/1756-0500-4-127

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised Eur-
opean consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. doi:10.1093/ageing/afy169

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):
M146-M157. doi:10.1093/gerona/56.3.m146

Schober P, Boer C, Schwarte LA. Correlation cefficients: appropriate
use and interpretation. Anesth & Analg. 2018;126(5):1763-1768.
https://doi.org/10.1213/ane.0000000000002864

Landi F, Cherubini A, Cesari M, et al. Sarcopenia and frailty: from
theoretical approach into clinical practice. Eur Geriatr Med.
2016;7(3):197-200. doi:10.1016/j.eurger.2015.12.015

Sturnieks DL, St George R, Lord SR. Balance disorders in the elderly.
Clin Neurophysiol. 2008;38(6):467-478. doi:10.1016/j.neucli.2008.
09.001

Spagnuolo DL, Jiirgensen SP, Iwama AM, Dourado VZ. Walking for
the assessment of balance in healthy subjects older than 40 years.
Gerontology. 2010;56(5):467-473. doi:10.1159/000275686

Prior SJ, Ryan AS, Blumenthal JB, Watson JM, Katzel LI,
Goldberg AP. Sarcopenia is associated with lower skeletal muscle
capillarization and exercise capacity in older adults. J Gerontol A Biol
Sci Med Sci. 2016;71(8):1096-1101. doi:10.1093/gerona/glw017
Nakayama M, Konishi M, Sugano T, et al. Association between
sarcopenia and exercise capacity in patients with pulmonary
hypertension without left heart disease. Int J Cardiol. 2023;387:
131115. doi:10.1016/j.ijcard.2023.06.006

Braga F, Milani M, Fachetti A, et al. Peak oxygen uptake after the
80s as a survival predictor. Eur Geriatr Med. 2024;15:807-815.
doi:10.1007/s41999-024-00949-4

Mehmet H, Robinson SR, Yang AWH. Assessment of gait speed in
older adults. J Geriatr Phys Ther. 2020;43(1):42-52. doi:10.1519/jpt.
0000000000000224

Richardson CA, Glynn NW, Ferrucci LG, Mackey DC. Walking en-
ergetics, fatigability, and fatigue in older adults: the study of energy
and aging pilot. J Gerontol A Biol Sci Med Sci. 2015;70(4):487-494.
doi:10.1093/gerona/glul46

Schrack JA, Simonsick EM, Chaves PHM, Ferrucci L. The role of
energetic cost in the age-related slowing of gait speed. J Am Geriatr Soc.
2012;60(10):1811-1816. doi:10.1111/j.1532-5415.2012.04153.x

Pan P-J, Hsu N-W, Lee M-J, Lin Y-Y, Tsai C-C, Lin W-S. Physical
fitness and its correlation with handgrip strength in active
community-dwelling older adults. Sci Rep. 2022;12(1):17227. doi:10.
1038/s41598-022-21736-w

Kyomoto Y, Asai K, Yamada K, et al. Handgrip strength measurement in
patients with chronic obstructive pulmonary disease: possible predictor
of exercise capacity. Respir Investig. 2019;57(5):499-505.

Zhang Q, Lu H, Pan S, Lin Y, Zhou K, Wang L. 6BMWT performance
and its correlations with VO2 and handgrip strength in home-
dwelling mid-aged and older Chinese. Int J Environ Res Public Health.
2017;14(5):473. doi:10.3390/ijerph14050473

Bean JF, Kiely DK, Leveille SG, et al. The 6-Minute walk test in Mobility-
Limited elders: what is being measured? J Gerontol A Biol Sci Med Sci.
2002;57(11):M751-M756. doi:10.1093/gerona/57.11.M751
Montgomery G, McPhee J, Pdasuke M, et al. Determinants of per-
formance in the timed up-and-go and six-minute walk tests in young


https://doi.org/10.1016/j.amepre.2016.08.041
https://doi.org/10.1016/j.amepre.2016.08.041
https://doi.org/10.4102/sajp.v73i1.323
https://doi.org/10.1111/j.1532-5415.2010.03068.x
https://doi.org/10.1007/s40520-018-0987-9
https://doi.org/10.1002/jcsm.12238
https://doi.org/10.1002/jcsm.12238
https://doi.org/10.1161/circulationaha.105.545459
https://doi.org/10.1097/JES.0b013e31823b5f13
https://doi.org/10.1016/j.exger.2021.111626
https://doi.org/10.3389/fnagi.2014.00192
https://doi.org/10.1016/j.arr.2021.101530
https://doi.org/10.1016/j.arr.2021.101530
https://doi.org/10.1016/j.archger.2020.104084
https://doi.org/10.1016/j.archger.2020.104084
https://doi.org/10.1016/j.archger.2012.04.009
https://doi.org/10.1016/j.archger.2012.04.009
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1378/chest.123.2.387
https://doi.org/10.1034/j.1399-3003.1999.14b06.x
https://doi.org/10.1034/j.1399-3003.1999.14b06.x
https://doi.org/10.1123/japa.2018-0049
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1016/0022-3956(82)90033-4
https://doi.org/10.1080/13685538.2018.1499081
https://doi.org/10.1016/j.clnu.2016.02.002
https://doi.org/10.1186/1756-0500-4-127
https://doi.org/10.1186/1756-0500-4-127
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1213/ane.0000000000002864
https://doi.org/10.1016/j.eurger.2015.12.015
https://doi.org/10.1016/j.neucli.2008.09.001
https://doi.org/10.1016/j.neucli.2008.09.001
https://doi.org/10.1159/000275686
https://doi.org/10.1093/gerona/glw017
https://doi.org/10.1016/j.ijcard.2023.06.006
https://doi.org/10.1007/s41999-024-00949-4
https://doi.org/10.1519/jpt.0000000000000224
https://doi.org/10.1519/jpt.0000000000000224
https://doi.org/10.1093/gerona/glu146
https://doi.org/10.1111/j.1532-5415.2012.04153.x
https://doi.org/10.1038/s41598-022-21736-w
https://doi.org/10.1038/s41598-022-21736-w
https://doi.org/10.3390/ijerph14050473
https://doi.org/10.1093/gerona/57.11.M751

DURDU T AL.

40.

and old healthy adults. J Clin Med. 2020;9(5):1561. doi:10.3390/
jcm9051561

Pfeifer LO, Helal L, Oliveira NL, Umpierre D. Correlates of functional
physical capacity in physically active older adults: a conceptual-
framework-based cross-sectional analysis of social determinants of
health and clinical parameters. Aging Clin Exp Res. 2023;35(1):
127-136. doi:10.1007/s40520-022-02274-x

International Journal of Public Health Policy and Health Services Research

Journalof Evaluationin Clinical Practice E_Wl LEY_m

How to cite this article: Durdu H, Sahin UK, Karagoz AD,
Kulakli F. Determination of factors affecting exercise capacity
in community-dwelling elderly people. J Eval Clin Pract.
2024;31:€14197. doi:10.1111/jep.14197


https://doi.org/10.3390/jcm9051561
https://doi.org/10.3390/jcm9051561
https://doi.org/10.1007/s40520-022-02274-x
https://doi.org/10.1111/jep.14197

	Determination of factors affecting exercise capacity in community-dwelling elderly people
	1 INTRODUCTION
	2 METHODS
	2.1 Study design and participants
	2.2 Outcome measures
	2.3 Exercise capacity
	2.4 Balance performance
	2.5 Depressive symptoms
	2.6 Sarcopenia
	2.7 Frailty
	2.8 Sample size and statistical analysis

	3 RESULTS
	4 DISCUSSION
	4.1 Limitation

	5 CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES




