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Background: The Short Physical Performance Battery (SPPB) is an assessment tool with
good prognostic value in COPD. It includes the following: standing balance, 4 m gait speed
test (4AMGS), and the timed five-repetition sit-to-stand test (5STS). The specific differences
in determinants between these three tasks have not been adequately characterized in COPD
patients. We aimed to identify health-related, functional, and psychological determinants of
each SPPB test.

Methods: We conducted a cross-sectional analysis of 137 patients with stable COPD. Patients
performed the SPPB, quadriceps muscle strength (QMS), exercise tolerance test (6-min walk test
[6MWT])), and pulmonary function; and health-related and psychological factors, physical activity,
the COPD assessment test (CAT), body mass index, age, and depression were assessed.
Results: Separate multivariable regression models predicting the 4MGS, 5STS, and balance
test results described 31%, 39.1%, and 12.1% of the variance for each test, respectively. QMS
was negatively associated with all three tests. The 6MWT was negatively associated with the
4MGS and 5STS. Depression and age were positively associated with 4MGS scores, whereas
CAT and age were positively associated with 5STS scores.

Conclusion: The three SPPB tests did not provide equivalent information regarding a COPD
patient’s status. The SSTS was associated with health status factors, while the 4MGS was
associated with psychological factors.

Keywords: COPD, muscle strength, gait speed, 6-min walk test, depression

Introduction

The Short Physical Performance Battery (SPPB) is one of the most commonly used
tools for measuring physical performance in various populations, including patients
with COPD.!* The SPPB comprises three functional tasks: a hierarchical standing
balance task, assessment of a short walk at normal speed with the 4 m gait speed test
(4MGS), and evaluation of ability to stand from a chair with the five-repetition sit-to-
stand test (SSTS). SPPB scores can describe a hierarchy, from high-level functioning
to severe deterioration of lower extremity function, with higher scores indicating
better lower body function.*

Low SPPB scores in elderly people have a strong predictive value for a wide range
of health consequences, including disability in activities of daily living (ADL),>
mobility loss,” disability,>® hospitalization,” duration of hospital stay,'” admission
to nursing facilities,® and death.'™' In COPD patients, the SPPB summary score is
useful for predicting disability.!*!¢ Scores on the 4MGS and 5STS alone can also
predict'™!" poor exercise capacity®® and mortality*' in COPD patients. Changes over
time in these tests also show predictive ability.?* In particular, reduced gait speed over
time in cases of severe COPD may herald short-term mortality.?>?3 For these reasons,
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screening adults through the 4MGS, the SSTS, or the SPPB
has been regarded in many clinical settings. What is less clear
is when one should use each individual test of the SPPB or
the whole of SPPB. In a previous study, we did comparisons
between the three tests for the purpose of establishing validity
and highlighting their similarities as measures that could
identify patients with mobility limitations."” However, to
our knowledge, no study has compared these three types of
functional tests with respect to the types of physiological
and psychosocial factors that may be associated with each
measure in COPD patients.

Some authors have investigated why some COPD patients
perform poorly on this battery* or on the 4MGS.* Quadri-
ceps muscle strength (QMS) and exercise capacity are report-
edly two of the more important determinants of the SPPB
summary score.* Exercise capacity is also cited as a relevant
determinant of normal gait speed in cases of COPD.?° The
4MGS score is reportedly associated with age and cognitive
dysfunction (ie, depression).”® Thus, the 4MGS appears to
be an integrative test that reflects both the functional and
psychosocial capabilities of patients with COPD.?

It is not yet known whether the three SPPB domains are
influenced by similar factors or if each test has different deter-
minants. Moreover, while some factors have been identified
as relevant for the 4MGS score,” the importance of QMS
for the 4MGS remains to be elucidated. The present study
aimed to identify the determinants of each test of the SPPB
when conducted in patients with clinically stable COPD.
We hypothesized that similar functional and health-related
factors would be associated with the 4MGS and 5STS tests,
but that gait speed would additionally be associated with
psychological factors, such as depression. We also hypoth-
esized that the balance test would only be associated with
functional factors related to neuromusculoskeletal systems,
such as QMS.

Methods
Study design and participants

We performed a controlled cross-sectional study of patients
with stable COPD who were prospectively recruited from an
outpatient pulmonary service at Meseguer Hospital, Murcia,
Spain. All study participants provided written informed
consent, and the study protocol was approved by the insti-
tutional review board of the hospital called “Comité Etico
de Investigacion Clinica del Hospital General Universitario
José Maria Morales Meseguer” (EST-35/13).

Inclusion criteria were COPD diagnosis, a ratio of forced
expiratory volume in 1 s (FEV )/forced vital capacity that

was <70% of the predicted value, and age of 40—80 years.
COPD diagnosis and the disease severity stage were based
on the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines.?® Patients were excluded if they
had an unstable cardiac condition within 4 months prior to
the study, cognitive deterioration, or limited walking ability.
Based on patient health examinations, we identified a con-
secutive sample of eligible patients during a 1-year period.
Potential participants were assessed for eligibility criteria
by a pulmonary physician. Our study sample included
137 patients.

Measures

All participants were asked to perform the SPPB. The par-
ticipants also underwent tests to evaluate potential functional
(quadriceps strength, exercise tolerance, and pulmonary
function), health-related (dyspnea, health status, body mass
index [BMI], and age), and psychological factors (pres-
ence of depression symptoms). These factors were selected
for evaluation based on the available literature and their
clinical associations with the SPPB summary score or any
of its domains.?**"** Data reported in this article were col-
lected from the same subjects as part of a previously pub-
lished study.®

Physical performance tests

Patients performed the SPPB subscale tests following the
protocols of the National Institute on Aging.* For the 4AMGS
test, tape was used to mark out 4 m on a flat unobstructed
course within a clinical assessment room. Prior to starting the
test, the participants viewed a demonstration of the walk but
did not perform a practice walk themselves. The participant
was positioned with their toes just touching the start line.
Timing began when the participant first started moving and
was stopped when the participant’s first foot completely
crossed the 4 m line. Timing lower than 4.8 s was considered
no impairment.

In the 5STS test, we measured the time taken to complete
five repetitions of the sit-to-stand maneuver. All sit-to-stand
maneuvers were performed in a chair without an armrest,
with a height of 43 cm and a depth 0f47.5 cm. Timing began
when the subject’s back left the backrest and stopped once
the back touched the backrest for the fifth time. Timing lower
than 11.2 s was considered no impairment.

Finally, the standing balance measurement required that
participants maintain three stances for 10 s each: side-by-side,
semitandem, and tandem. The possible scores ranged from
0 (null balance) to 4 (no balance impairment).
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Functional factors

QMS was measured with a dynamometer, following reliable
and valid methods.?”’ Exercise tolerance was measured using
the 6-min walk test (6MWT), which was performed on a
flat, straight, indoor, 30 m walking course, supervised by
well-trained hospital staff following the ATS guidelines.?
Flow-volume spirometry was assessed using a MasterScope
spirometer, software version 4.6 (Jaeger GmbH, Wurz-
burg, Germany) following the guidelines of the European
Respiratory Society.?’ The percentage of predicted pulmo-
nary function values was calculated using predictive equa-
tions derived from Castellsagué et al.*°

Health-related and psychological factors
Dyspnea was measured using the modified Medical Research
Council (mMRC) dyspnea score’! and health status with the
COPD assessment test (CAT).>> A CAT score of =10 and
an mMRC of =2 are considered clinically poor.**3* Physical
activity was measured using the Spanish Short Version of
the Minnesota Leisure Time Physical Activity Questionnaire
(VREM).* Height and weight were evaluated using a cali-
brated scale and stadiometer. BMI was calculated as mass
(kg)/height (m)*. Presence of depressive symptoms was
assessed using the depression scale of the Hospital Anxiety
and Depression Scale (HADS).?* The HADS score can range
from 0 to 21 points. Here, we used binary categories, applying
an accepted cutoff of 8/21 for depression.*®

Statistical analysis

All analyses were performed using the SPSS statistical
software program, version 19.0 (IBM SPSS, Chicago, IL,
USA). We calculated descriptive statistics — including
frequencies and proportions for categorical variables, and
mean values and SDs for continuous variables. Univariate
and multivariate regression models were used to assess
associations between the evaluated factors and each SPPB
test. We created linear models for tests measured in seconds
(4MGS and 5STS), and logistic regression models to identify
impairment in the balance test (score <4). In univariate analy-
ses, associations were tested for significant relationships with
each SPPB test. All models were produced using the enter
method. The variables that showed a statistically significant
association (P<<0.10) with the 4MGS and 5STS scores were
entered in a stepwise multivariate linear model, whereas those
associated with the balance test were entered in a forward
logistic regression model. All methods used a criterion of
P<0.05 for model inclusion. Sample size calculation was
based on the general rule that 15 subjects per predictor are

needed for a reliable equation.’” We recruited a minimum of
120 participants, assuming a maximum of eight predictors.

Results

Among the 147 initially enrolled patients with COPD, 10 did
not meet the inclusion criteria. Therefore, a total of 137 patients
were included. Three values were missing at baseline (2.18%),
only for the GSMWT. Table 1 presents patient characteristics.
The mean participant age was 66.9 years and 87.6% were
male. The average times to perform the 4MGS and 5SST
were 4.742.7 s and 14.243.2 s, respectively. The mean
balance subscale score was 3.710.7, and 29 patients (21.2%)
showed balance impairment (score <4).

As a result of the univariate analyses, a total of six sig-
nificant variables (age, QMS, 6MWT, CAT, dyspnea, and
HADS) were entered in the multivariate models of the 4AMGS
and the 5STS as well, but only four variables were retained
in each final model (Table 2).

The multivariable models predicting performance on the
4MGS and the 5STS were statistically significant (P<<0.05),
describing 31% and 39.1% of the variance (R?), respectively
(Table 2). The 4MGS score was negatively associated with
QMS and exercise tolerance test result, which described
2.4% and 5.2% of the variance (partial R?), respectively. On
the other hand, the 4MGS score was positively associated with
age and presence of depression symptoms, which described
4.9% and 3.2% of the variance, respectively. The 5STS score

Table | Descriptive characteristics

Descriptive characteristics Mean £ SD or  Range
number (%)
Health-related
Age (years) 66.918.3 46-80
Dyspnea (mMRC) =2 49 (35.8) N/A
BMI 28.9+45.1 16.7-46
Physical activity (METs/14 days) 4,206.8+5,285.6  0-27,389.9
COPD assessment (CAT score) 14.19+7.32 1-39
Functional status
Pulmonary function (FEV, %) 50.2t16.5 17-102
Exercise tolerance (6MWT, m) 349.1184.7 54-570
Quadriceps strength (kg) 31.3745.74 17.9—44.9
Psychological status
HADS score (depression scale) =8 26 (19) N/A
SPPB subscales
5STS test (in seconds) 14.2+3.2 6.9-28.5
4MGS test (in seconds) 4.7£2.7 2.5-33
Balance test 3.740.7 04

Abbreviations: mMRC, modified Medical Research Council Dyspnea Scale;
BMI, body mass index; METs, metabolic energy turnover; CAT, COPD assessment
test; FEV , forced expiratory volume in | s; 6MWT, 6-min walk test; HADS, Hospital
Anxiety and Depression Scale; 5STS, five-repetition sit-to-stand; 4MGS, 4 m
gait speed; SPPB, Short Physical Performance Battery; N/A, not applicable.
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Table 2 Final multivariable linear regression models

Functional Independent variable Estimate Standard B P-value Model R? Partial R?

measure error standardized

4MGS Age (years) 0.033 0.011 0.247 0.003 0.310 0.049
Exercise tolerance (6MWT, m) —0.003 0.001 —0.260 0.002 0.052
Quadriceps strength (kg) —-0.032 0.015 -0.172 0.034 0.024
HADS >8 (depression scale) 0.515 0.213 0.183 0.017 0.032

58TS Age (years) 0.084 0.031 0.218 0.007 0.391 0.040
CAT score 0.134 0.036 0.279 0.000 0.073
Exercise tolerance (6MWT, m) —-0.010 0.003 —0.263 0.002 0.056
Quadriceps strength (kg) -0.140 0.043 -0.251 0.001 0.056

Abbreviations: 6MWT, 6-min walk test; HADS, Hospital Anxiety and Depression Scale; CAT, COPD assessment test; 5STS, five-repetition sit-to-stand; 4MGS,

4 m gait speed.

was negatively associated with QMS and exercise tolerance
test result, which both described 5.6% of the variance.
The 5STS score was positively associated with age (4.0%
of the variance) and with CAT score, which described the
highest percentage of the variance (7.3%).

A total of four significant variables (age, QMS, 6MWT,
and CAT) were entered in the multivariate model for the
balance test, but only QMS was retained in the final model.
This final model explained 12.1% of the variance (Nagelkerke
R? squared) and was significant: »* (1, N=137) =10.71,
P<0.001. The QMS showed an odds ratio of 0.88 (95% con-
fidence interval =0.81 to 0.95), indicating that every 1-unit
increase in QMS is related to a 12% decrease (1 to 0.88) in
the odds of having balance impairment (score <4).

Discussion
Our present results revealed important similarities and
differences between the three domains of the SPPB with
respect to the factors associated with each test. Quadriceps
strength was associated with all three dimensions of the SPPB,
as was expected for a battery measuring lower-extremity
function.?**® Numerous geriatrics studies have previously
demonstrated the relevance of quadriceps strength in the three
domains.***° Quadriceps strength is associated with deficits in
balance*' and gait speed* and has been described as extremely
important for performing the movement required to enable
functionally limited elders to arise from a chair.3*4
Notably, exercise tolerance was an important determinant
of two SPPB components: gait speed and sit-to-stand ability.
These findings are consistent with prior study results.?> The
non-significant relationship between 6SMWT and the balance
component of the SPPB may be explained by the fact that
successful balance maintenance is a complex skill that also
relies on other determinants, such as the integration and coor-
dination of musculoskeletal systems (ie, biomechanics, range
of motion, and flexibility) and neural systems (ie, motor,
sensory, and higher-level premotor processes).*'*

Exercise tolerance and QMS showed similar impor-
tance to 5STS determinants (eg, similar B coefficient and
R? partial). In contrast, although quadriceps strength was a
determinant of 4MGS results, exercise tolerance had greater
relevance: 3=—0.263 versus 3 =—0.251. While the sit-to-stand
test clearly requires quadriceps strength,?' our data suggest
that walking 4 m is more closely related to exercise tolerance
than to muscle strength properties, which may explain why
it appears that the 4MGS would make a better alternative
to 6(MWT.»

Pulmonary function measured by FEV | was not associ-
ated with any domain of the SPPB. The finding that pulmo-
nary function was unrelated to the balance test is consistent
with the results reported by Eisner et al** and in other studies
of balance in COPD,* reinforcing that pulmonary function is
not a determinant of balance deficits. However, our findings
that pulmonary function was unrelated to the 4MGS and
5STS tests contradict the results reported by Eisner et al,*
which showed associations between FEV, and the scores
of these two tests. However, Eisner et al* used qualitative
subscores (range of 0—4) of the tests, which likely mediated
the influence of FEV . Supporting this possible explanation,
a previous study evaluating determinants of gait speed in
meters per second also concluded that FEV | is not a relevant
determinant of this test.?

Interestingly, health status measured by CAT was associ-
ated with the 5STS but not with the other two SPPB tests,
supporting the concept that the SSTS is a better screening
tool for poor health status. One possible reason is that the
sit-to-stand test poses greater ventilatory demands.?! While
other proxy constructs of health status (eg, quality of life
and physical mobility) have been related to the sit-to-stand
test, to our knowledge, this is the first study to find an asso-
ciation between 5STS and health status measured by the
CAT in COPD. Surprisingly, the multivariable model showed
that dyspnea was not associated with any SPPB domain,
which is in contrast to previous findings.?**'#! It is possible
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that statistical significance was not achieved in the present
study due to the adjustments made for confounding variables
included in the multivariable models. For example, Karpman
et al?* did not evaluate the influence of other measures of
health status, such as CAT or QMS, which likely mediated
the influence of dyspnea on gait speed.

Our results also showed that depression had a significant
influence on gait speed, but not on the other SPPB tests,
possibly reflecting the more complex construct of gait speed.?
Other authors have investigated the relationships of gait speed
with mood and cognitive function.?’ However, the pres-
ently observed significant multivariate association between
psychological status and gait speed in COPD is novel.

Limitations

Our present investigation was conducted among patients
recruited during health examinations at an outpatient pulmo-
nary service, and only cross-sectional strategies were used to
study the construct of each subscale. Futures studies should
prospectively consider these associations and should include
a broader range of locations. Additionally, our analyses of the
balance test results were stratified according to a clinically
relevant cutoff (balance impairment), which was not derived
from previous studies. Finally, few patients in our study
showed balance impairments (score <4). However, this
does not pose a major problem regarding the validity of the
presently tested logistic models using balance as a dependent
variable, because the general rule of 10 events per predictor
variable can be relaxed when that number is close to 10.4

Implications for practice and research

Our present findings provide empirical evidence suggesting
that tests of the SPPB do not provide equivalent informa-
tion regarding the status of a COPD patient. The observed
similarities and differences between tests have a variety of
implications in various situations in which one test might
be selected. For example, if a clinician wants a screening
tool to detect poor health status in COPD patients, the SSTS
would appear to be the most suitable test. If a test is needed
to assess outcome measures following an intervention aimed
at improving psychological status, the 4AMGS would be an
exceptionally good choice. On the other hand, if an interven-
tion relates to exercise tolerance and/or QMS, the SSTS test
may be a more suitable functional outcome tool.

Conclusion

Our present results show that the three tests of the SPPB do
not provide equivalent information regarding the status of a
COPD patient and broaden our understanding of the role of

the SPPB. Musculoskeletal functional factors were negatively
associated with all tests. The 5STS was associated with
health status factors, while the 4MGS was associated with
psychological factors. Knowledge of these differences will
be helpful to clinicians and researchers when considering
the use of each test.
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