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Objectives: To investigate the relationship between the Short Physical Performance
Battery (SPPB) and the Study of Osteoporotic Fractures (SOF) index.

Methods:We present data from a cross-sectional survey conducted in Cameroon. Frailty
was defined as an SOF index > 0. The sensitivity and specificity of the SPPB were
investigated. Principal component analysis (PCA) was performed to assess the
contribution of each subtest of the SPPB to the relationship with the SOF.

Results: Among 403 people included (49.6% women), average age of 67.1 (±6.2) years,
35.7% were frail according to the SOF. After determining the best SPPB threshold for
diagnosing frailty (threshold = 9, Se = 88.9%, Sp = 74.9%), 47.9% were frail according to
the SPPB. The first dimension of PCA explained 55.8% of the variability in the data. Among
the subtests of the SPPB, the chair stand test item was the component most associated
with the SOF index.

Conclusion:Despite the overlap between the SOF and the SPPB, our results suggest that
a negative result on the five chair-stands test alone would be sufficient to suspect physical
frailty.
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INTRODUCTION

Frailty is a geriatric condition characterized by an increased vulnerability to external stressors [1].
This state increases risk of occurrence of adverse health conditions, such as falls, disability,
dependence, nursing home admission, hospitalization, and death [2]. Many measurement tools
have been developed since the 1990 to assess or measure frailty in older adults. Some of them are used
in population-based studies as screening tools, while others are more suitable and effective for the
screening and/or diagnosis of frailty in the clinical setting [1]. Several operational definitions of
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frailty exist [1, 3, 4]. The Study of Osteoporotic Fractures SOF
index [5] is one of the most promising instruments for the
assessment of frailty across healthcare settings, including
among community-dwellers [6]. The SOF index is associated
with adverse health events [6, 7]. It is easy and quick (less than
5 min) to perform, and is useful both for screening purposes in
population-based studies, and for the diagnosis of frailty in the
clinical setting [1]. The SOF essentially captures the physical
dimension of frailty.

The Short Physical Performance Battery (SPPB) first described
in 1994 [8] is a widely used test for measuring functional status
and physical performance [8–12], particularly lower limb
function. It is a composite comprising three sub-tests, namely,
the balance test, the gait speed test and the chair stand test. As
with the SOF index, low SPPB scores are predictive of various
health events, including falls, limitations in the activities of daily
living, disability, admission and readmission to hospital [13]. A
recent review reported an association between lower SPPB scores
and higher mortality risk [12]. The SPPB is also used in the
assessment of sarcopenia, especially in the community context
[14–16].

In Africa, few studies have used the SPPB to assess physical
frailty, even though it is now well established that physical frailty
is a geriatric syndrome whose main cause is sarcopenia, a
pathology linked to loss of muscle mass and strength [11,
17–20]. To the best of our knowledge, no study in Africa has
evaluated the SPPB compared to the SOF. Despite the likely risk
of overlap, we feel it is important to determine the relationship
between SPPB and SOF, and to identify which component of
SPPB is most associated with frailty (as assessed by the SOF) in
clinical practice among persons aged over 55 years in Cameroon.
Considering that the component of the SPPB contribute to the
total score of the SPPB, each component probably has a different
weight, especially in clinical practice. Determining the
contribution of each component could help clinicians to better
identify the frailty syndrome. Similarly, a component with a high
weighting could also be leveraged to improve knowledge among
patients and their families, in order to propose pre-diagnosis
at home.

The aim of this study was to explore the relationship between
the SOF index and the SPPB (accuracy diagnostic of SPPB) as a
screening tool for physical frailty in a population of older people
from sub-Saharan Africa (SSA), and secondly, to identify which
component of the SPPB is most associated with the SOF index.

METHODS

Between 1st January and 31st May 2019, a cross-sectional study
was conducted among the general population in the city of
Douala in Cameroon. Any person aged 55 years and over who
was a member of a mutual health insurance company (MUPAC),
able to stand up without support, and able to walk 4 m was
eligible. Participants with severe health problems, including
neurological disorders and blindness were excluded. The
details of the survey procedures have previously been
described elsewhere [16].

Assessment of SPPB
The SPPB is a battery comprising three tests, each scored from
0 to 4 [8]. The first is the gait speed test, which assesses the time
taken to walk 4 m. The second is the chair stand test, in which the
participant is asked to perform five chair-stands as quickly as
possible, without using the arms, and the time taken to do the five
chair-stands is recorded. The last component of the SPPB is the
balance test, in which the participant’s ability to stand with their
feet in each of three positions (side-by-side stand, semi-tandem
stand and tandem stand) is assessed. Each position must be
maintained for at least 10 s. The less time required, the better
the physical performance. The overall score (SPPB) also follows
the same interpretation rule.

Assessment of Frailty Status: The SOF Index
Frailty status was assessed using the SOF index [21], which
comprises three items, each scored from 0 to 3. The first is
self-reported involuntary weight loss—the participant meets the
criterion for weight loss if they lost >5% of their body weight in
last 2–3 years without intent to lose weight. The second item is a
chair stand test, which assess the participant’s ability to get up
from a chair 5 times without using their arms. The participant
meets the chair-stand criterion is they fail to get up successfully all
5 times. The third items is reduced energy level, corresponding to
a participant who replies “No” to the question “Do you feel full of
energy?”. Higher SOF scores correspond to greater frailty. For the
purposes of this study, participants with an SOF index ≥1 were
considered frail.

This study was approved by the Ethics Committee of the
Université des Montagnes (Bangangté-Cameroon) under the
number N°2019/049/UdM/CIE. Written informed consent was
obtained from all participants before inclusion in the study.

The full procedures for performing and scoring the SPPB
and SOF index are given in the Supplementary Files S1, S2.
All participants performed both tests. However, the SPPB and
the SOF index were performed at a distance (2 days) from
each other in order to avoid bias in the results due to test
repetition.

Statistical Analysis
Descriptive analysis of the socio-demographic and clinical
characteristics of the study population was performed.
Quantitative data are presented as medians and interquartiles
and categorical variables are presented as number and percentage.
To explore the relationship between the SPPB and the SOF index,
several analyses were conducted. First, we calculated the
correlation coefficient between the SOF index and the SPPB,
and between the SOF index and each sub-test of the SPPB.
Second, to plot a Receiver Operating Characteristic (ROC)
curve between the SPPB and the SOF index, several different
thresholds of the SPPB were tested. For each threshold tested, the
rate of true and false positives in relation to the SOF index was
recorded. The area under the ROC curve was estimated (AUC).
Third, based on the most discriminant threshold of the SPPB, we
calculated the Kappa coefficient for agreement between the SPPB
and the SOF (both considered as categorical variables) with the
associated confidence interval. The Landis and Koch
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classification [22] was used to characterize agreement as poor,
slight, fair, moderate, substantial or almost perfect.

Principal component analysis (PCA) was performed between
the subtests of the SPPB and the SOF. Active variables used to
perform PCA were: balance test, gait speed test, chair stand test
and SOF frailty index. The overall SPPB score, age and sex were
used as supplementary observations. PCA was performed after
data were centered or normalized. A study of the variables and
individuals was carried out after PCA had been performed.
p-values < 0.05 were considered statistically significant. All
analyses were performed using the software R version 4.0.3.

RESULTS

Study Population Characteristics
The median age of the study population was 67 years, and 49.6%
were female. The median score of the different subtests of the
SPPB was 3, while the median total SPPB score was 10.0 (8.0,
11.0). The median SOF score was 0.0 (0.0, 1.0) and 144 (35.7%)
participants had a score ≥ 1, and were considered to have physical
frailty. The other socio-demographic and clinical characteristics
of our population are presented in Supplementary Table S1.

Relationship Between SPPB and SOF
Correlation Between the Two Methods
The Spearman correlation coefficients for the correlations between
the SPPB, its subtests, and the SOF index are presented in Table 1.
The SOF and SPPB were strongly negatively correlated (r = −0.68).
The three components of the SPPB were significantly negatively
correlated with the SOF index, but of these three components, only
the correlation between the SOF index and the chair stand test (−0.67)
was as strong as the correlation between the SOF and the SPPB.

ROC Curve and AUC
Different thresholds for the SPPB were tested, and the resulting
ROC curve for the relation between the SPPB and SOF is shown
in Figure 1. A selection of thresholds with their associated
diagnostic performance is presented in Supplementary Table
S2. An SPPB score of 9 was the cut-off that best discriminated
impaired from non-impaired participants (Youden index = 0.64).
The area under the ROC curve (AUC) was 0.82.

Agreement Between the Two Methods
To calculate the agreement between the SPPB and the SOF index,
the threshold of 9 was used, as per the previous analysis; 193
(47.9%) participants had an SPPB score ≤ 9. Table 2 shows the
distribution of patients according to each of the two assessment
methods (SPPB and SOF). The Kappa coefficient was 0.60 [95%
CI: 0.52–0.67], p < 0.001, corresponding to moderate agreement
between the SPPB and the SOF for frailty screening.

Principal Component Analysis (PCA)
Description of the Dimensions
Supplementary Figure S1 shows the different dimensions
derived from the PCA and the percentage of inertia. The first
two dimensions explained 77% of the total variability, i.e., 77% of
the information in the data was summarized by the first plane of

TABLE 1 | Correlation between the study of osteoporotic fractures index and the
subtests of the short physical performance battery, Douala, Cameroon. 2019.

Variables Spearman’s correlation coefficient p-value

Total SPPB −0.68 <0.001
Balance test −0.33 <0.001
Gait speed test −0.39 <0.001
Chair stand test −0.67 <0.001

SPPB, short physical performance battery.

FIGURE 1 | Receiver operating characteristic curve for the short physical performance battery and the study of osteoporotic fractures index, Douala, Cameroon.
2019.
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the PCA. Note that a plane is made up of two consecutive
dimensions. Thus, dimension 1 and dimension 2 form the first
plane, while dimension 3 and 4 form the second plane, and so on.

Study of Variables
All variables were associated with dimension 1. The correlation
coefficient was greater than |0.5| for all, except age
(correlation = −0.248) (Supplementary Table S3). From
Supplementary Table S3 and Figure 2, it can be seen that the
subtests of the SPPB, as well as the overall SPPB score were
positively correlated with the first dimension, while the SOF
index was negatively correlated with this dimension. From
Figure 2, it can be seen that the SOF index, the balance test,
the chair stand test and the SPPB are well represented by the PCA
in the first plane, unlike age, which is not well represented.

Second plane (dimensions 3 and 4): Gait speed was the best
represented variable on the second plane, mainly by the third
dimension (Supplementary Figure S2), with which it was
positively correlated (correlation coefficient = 0.71).

Quality of Projection of Variables in the Plane. Apart from age,
all variables were well represented in the first plane. Table 3
shows the quality of representation (Cos2) of each variable on the
first two dimensions and therefore in the foreground. The balance
test is the best represented variable in the main PCA plane, in
particular by the second dimension. The chair stand test, the
overall SOF index and the SPPB were mostly represented by the
main dimension of the PCA.

Contribution of the Variables to the First and Second Main
Dimensions. The main contributor to the creation of dimension

1 was the SOF, although its contribution was not very large (ctr =
34.018), followed by the chair stand test (ctr = 30.382). The
contributions of the other variables to the creation of the different
PCA dimensions are presented in Table 3.

Qualitative Variable: Sex. About 6.7% (correlation ratio R2 =
0.067) of the variability of the coordinates of individuals on the
first dimension was explained by the variable “sex”. The barycenter
ofmen is located on the right of the graph, while that of women is on
the left (Figure 3). In other words, compared to women, men more
often had a higher score on the SPPB and its components.
Supplementary Table S4 presents the quality of presentation of
eachmodality of the sex variable, as well as the associated v.tests. The
v.test values indicate that on dimension 1, the coordinates of the sex
category are significantly different from zero.

Study of Individuals
The SPPB, gait speed test, balance test and chair stand test
variables were all positively related to dimension 1. Individuals
on the right side of the graph had high values for these tests, while
individuals on the left had lower scores. Conversely, individuals
on the left of the graph had a high SOF index while those on the
right had a lower SOF score (Figure 3).

Dimension 2 was highly correlated with the balance test (r =
0.82). Individuals on the upper part of the graph had higher
scores on the balance test while those on the lower part of the
graph had lower scores on this test (Figure 3).

Supplementary Figure S3 displays the individuals graph,
showing a selection of individuals whose representation quality
is > 0.8. The qualitative variable “sex” is also represented by the
barycenters for each sex (male/female). Figure 3 shows the graph of
individuals with ellipses. Individuals are colored by sex. The ellipse
for men is shifted slightly to the right compared to that of women,
which supports the fact that men often had a higher overall score on
the SPPB than women, and conversely a lower SOF score than
women. This slight difference between women and men is only
significant on dimension 1 of the PCA due to the value of the v.test.

DISCUSSION

Prevalence of Frailty and the Value of the
SOF Index as a Screening Tool
According to WHO and the World Bank, despite being on an
upward trend, life expectancy in Cameroon was only 58 years

FIGURE 2 | Representation of variables in the first plane by principal
component analysis, Douala, Cameroon. 2019.

TABLE 2 | Agreement between classification on the short physical performance
battery (using a cut-off = 9) and the study of osteoporotic fractures index,
Douala, Cameroon. 2019.

SOF Total

Frail Robust

SPPB Frail 128 65 193
Robust 16 194 210
Total 144 259 406

SOF, study of osteoporotic fractures index; SPPB, short physical performance battery.

Int J Public Health | Owned by SSPH+ | Published by Frontiers August 2023 | Volume 68 | Article 16059004

Metanmo et al. Physical Frailty and Older People in Cameroon



at birth in 2019 [23, 24]. This low value justifies why in
Cameroon, as in other SSA countries, people are considered
to be “old” relatively earlier than their Caucasian counterparts.
The median age (67 years) found in our sample is therefore not
exceptional in this part of the world and could be
representative of older people in Cameroon. The prevalence
of physical frailty assessed using the SOF index (35.7%),
despite our selection criteria, could be an argument in favor
of this representativeness. The SOF index is a validated tool in
the assessment of physical frailty and is widely used in the
literature in many fields of application [6, 25–27]. One
diagnostic study reported that the SOF index was of good
value for diagnosing frailty (specificity = 99.5%); it is

therefore more valuable as a diagnostic tool than as a
screening tool [28].

The Relationship Between SOF Index and
SPPB
The best SPPB cut-off for assessing frailty in this populationwas nine
points. Indeed, this cut-off had the best Youden index (0.64), and an
AUC of 0.82, for sensitivity and specificity of 88.9% and 74.9%,
respectively. Our results are in agreement with several studies that
have used a cut-off of 9 in the SPPB to differentiate frail from robust
people [18, 29, 30]. However, other cut-off values can be found
depending on purpose of performing the SPPB. For example, one

TABLE 3 | Quality of projection and contribution of the variables to the construction of the first plane, Douala, Cameroun. 2019.

Variables Cos2 Contribution

Active variables

Dimension 1 Dimension 2 1st plane Dimension 1 Dimension 2
Balance test 0.306 0.677 0.983 13.649 80.707
Gait speed test 0.492 0.008 0.5 21.951 0.993
Chair stand test 0.681 0.146 0.827 30.382 17.402
SOF 0.762 0.008 0.77 34.018 0.898

Supplementary variables

SPPB 0.932 0.002 0.934
Age 0.062 0.004 0.066

SOF, study of osteoporotic fractures index; SPPB, short physical performance battery.

FIGURE 3 | Graph of individuals grouped by sex, Douala, Cameroon. 2019.
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study reported that an SPPB score ≤8 was the best cut-off when the
objective was to determine frailty, while the optimal threshold
was ≤10 when the objective was to determine onset of the frailty
process (pre-frailty) [20]. Another recent study found that using a
threshold of≤7, sensitivity and specificity were very similar (0.80 and
0.83, respectively) [17]. One of the common reasons for these
differences in results could be the wide variability of reference
tests in the diagnosis of frailty. Indeed, in this study, frailty was
determined using the Cardiovascular Health Study (CHS)
phenotype (phenotype model), 26- and 34-item frailty index
(deficit accumulation model) [17]. Their survey was conducted in
a general population (like ours) and the gender distribution was
similar (54.8% were female in their study) [17]. Conversely, the
higher age (76 ± 6.8 years) in their population could explain the
discrepancies between our two populations.

In addition to the reference test, the difference between our
results and other reports in the literature may be due to other
factors such as socio-economic level. For example, in a
multicenter diagnostic study evaluating the physical
performance of the SPPB (with a threshold of 9) in the
diagnosis of frailty using the Fried phenotype (i.e., weight loss,
exhaustion, weakness, mobility limitation and low physical
activity) as a reference, the SPPB had better diagnostic
performance (Se = 92%, Sp = 80%) in a population in Canada
and worse diagnostic performance (Se = 81%, Sp = 52%) in a
population in Brazil [18]. The authors underlined that the SPPB
discriminated frailty better among older people with a higher
socio-economic level.

The correlations found between the SPPB (and its subtests)
and the SOF index remain mathematical and require careful
interpretation. A measure of agreement using the Kappa index is
more clinically relevant. The agreement between the SPPB and
the SOF index was moderate (according to the Landis and Koch
classification) and significant for a threshold ≤9 on the SPPB. The
ability of the SPPB to classify participants as frail or robust is
therefore not a matter of chance. To the best of our knowledge,
few studies in the literature have explored the agreement between
the SPPB and diagnostic tools for frailty. Our study therefore
provides the first results of this agreement in a population
from SSA.

The majority of studies that have assessed the relevance of
using the SPPB in frailty have been diagnostic accuracy studies,
limited to the assessment of the diagnostic performance of the
SPPB [17–20, 31]. By using PCA, our study not only enables us to
explore this relationship from another point of view, but also
provides additional insights. Although the total SPPB score was
not an active variable in the PCA, the first dimension of the PCA
appeared to be the SPPB, with a very strong correlation (0.96)
observed between the SPPB and the first dimension. In other
words, studying the different correlations between the variables
and the first dimension (which is the main dimension of the PCA)
amounts to studying the correlations between these variables and
the total score of the SPPB.

The SPPB and the SOF Index Overlap
Indeed, both these tests contain the chair stand test item. The
objective of this sub-test is different in the SPPB, which measures

the time taken to do the five chair-stands, as compared to the
SOF, where the ability to do the five chair-stands is assessed in a
binary (yes/no) manner, regardless of the time taken. However,
both assessment methods involve stimulation of the osteo-motor
system.

As expected in our study, the subtest of the SPPB that was
most strongly correlated with the first dimension was the chair
stand test, and the SOF index was highly correlated with this same
dimension. However, this observation provides new information
beyond the simple overlap that exists between the SOF and the
SPPB. Indeed, this result suggests that in the assessment of
physical frailty, the chair stand test is of high value in this
population, although our study population was younger. The
PCA was used to synthesize the information from our
403 patients and dimension 1 had the largest share in this
synthesis. Dimension 1 almost represents the SPPB, while the
SOF and the chair stand test (as a subtest of the SPPB) are highly
correlated with it. In other words, the information coming from
these 403 individuals is best explained (or summarized) by the
chair stand test. A low score on this test (regardless of the context
in which it is performed) may be an early warning of physical
frailty in a young-aged patient. Our study is not the first to make
this observation or to conclude that the SPPB is useful for the
early detection of frailty [10, 18]. Indeed, in a previous study, a
low SPPB score was observed in patients with normal gait speed
and according to the authors, their results suggested that the
physical performance battery may detect early signs of frailty even
before the onset of gait slowing [10].

The gait speed test is considered to be a good predictor of
health status in the elderly. Indeed, one study showed that usual
gait speed of less than 1 m/s identifies persons at high risk of
health-related outcomes in well-functioning older people [32].
Another study found that gait speed alone was useful in
estimating the risk of disability in community-based
populations [9]. These results are different from what was
observed in our population, where the test most correlated
with frailty was the chair stand test. The populations in the
previous studies were older than ours, and it has been suggested
that walking speed impairments may occur late in the disability
process [10]. Furthermore, the effect of age in the disability
process is well established. We therefore hypothesize that the
chair stand test has more diagnostic value in the early
identification (i.e., in the young-older person who is still
walking normally) of the disability process.

In short, the chair stand test alone could be proposed to
clinicians in routine practice as a means to detect the onset of
physical frailty in individuals from the age of 55. This test is
simple to perform, and can also be proposed to patients’ families
for even earlier screening. Like Cameroon, sub-Saharan African
countries (or more generally developing countries) face a number
of challenges, such as lower life expectancy (lower than in
developed countries), less well developed healthcare systems
(fewer efficient screening tools and healthcare personnel, for
example), and sometimes precarious sanitary conditions. The
chair stand test is simple to implement, and can be carried out by
any general practitioner. It is not very time-consuming, and
suitable for use as part of a routine consultation. It is
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inexpensive, requiring only a chair, and can be used for the early
detection of frailty. The chair stand test is therefore an excellent
alternative for the screening and exploration of frailty in these
countries.

A more recent study performed PCA only with the three
subtests of the SPPB, to investigate the contribution of each
subtest to the overall score [11]. The authors found that all sub-
tests contributed more or less equally to the overall score, with a
slightly greater contribution from the balance test. These results
cannot really be considered different from ours because of the
active variables included in the PCA. Indeed, our PCA was
constructed on four scores including the SOF index score and
therefore the information is certainly on the subtests of the SPPB
but related to frailty. In this PCA, moreover, the balance test is
better represented, more strongly correlated, and contributed
above all to the construction of the second dimension. It
therefore probably measures something else in this population.

When considering frailty in the elderly, the notions of age and
gender are two determining factors [33, 34]. The PCA also
explored the role of gender in frailty. In our population, men
appeared to have better physical performance than women,
particularly with regard to the chair stand test, although this
difference seems minimal.

Our study has some limitations. First, it was a cross-
sectional study and the results deserve to be consolidated by
longitudinal studies. The choice of the reference test (SOF
index), which is known to overlap with the SPPB, could also be
considered as a limitation. However, this choice enabled us to
highlight the important role of the subtest at the origin of this
overlap. Finally, we do not have the scores for each sub-test of
the SOF index, as we did for the SPPB. This would have
enabled us to better explore these two tests, particularly to
observe differences and the impact that the two methods of
doing the chair stand test may have. Conversely, some
strengths of our study can be noted. First, this is the first
time that a study of this type has been conducted in a

population from SSA, and sample size is relatively large.
Second, exploring the relationship between frailty and SPPB
test scores via PCA enabled a different approach to the value of
each subtest in screening/diagnosing frailty.

Conclusion
In conclusion, the SPPB could be a valid tool for the identification
of frailty in older people in SSA. Our results suggest that in a
young geriatric population, a low score on the chair stand test
could be an early warning sign of failing health, even when the
scores of the other subtests and the overall SPPB score appear to
be good. This test alone could be offered both in routine clinical
practice and to families for early detection of frailty. However,
these hypotheses need to be tested through longitudinal studies.
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