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Abstract: Frailty is at the core of geriatric syndromes that are characterized by multiple morbidities and mobility limitations.
The purpose of this case-control study was to assess the frailty scale and muscle mass on the acute phase in hospitalized elderly
patients with community-acquired pneumonia (CAP). Thirty-two elderly patients, aged 75 years or older, who were
hospitalized with CAP, and 32 control patients hospitalized without CAP were recruited. Frailty scale and muscle mass were
assessed using the Reported Edmonton Frail Scale (REFS) and rectus femoris (RF) thickness by ultrasound, respectively.
There was a significant increase in the frequency of frailty among CAP patients (50%), compared with control patients (22%).
Frailty scale correlated inversely with RF thickness and activity status. Based upon the piece-wise linear regression analysis
between REFS and RF thickness decreased rapidly with the pre-frailty status among CAP patients. Elderly patients with CAP
exhibit a significant impairment of activity status with frailty due to decreased thickness of RF prior to admission.
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1. Introduction

Community-acquired pneumonia (CAP) is a frequent
cause of hospitalization and death among the elderly [1].
CAP rates in the elderly are rising as a consequence of the
overall increase of the elderly population [2]. The incidence
of hospitalized CAP is much higher among elderly patients
[3].

Frailty is at the core of geriatric syndromes, which are
characterized by disability of morbidity and functional status
[4, 5]. Elderly patients with poor function status, such as
frailty, are characterized by a higher risk of developing
chronic lower respiratory tract disease [6], and CAP [7, 8].
Furthermore, frailty was associated with recurrent admission
for pneumonia [9] and poorer outcomes [10] among elderly

patients with CAP.

Major factors leading to frailty include sarcopenia, which
is the loss of skeletal muscle mass that can accompany aging,
and a decline in executive function. Sarcopenia begins in the
fourth decade of life and accelerates after approximately 75
years of age [11]. According to the criteria for sarcopenia
established by the European Working Group on Sarcopenia
in Older People (EWGSOP), affected subjects exhibit three
components, low muscle mass, reduced muscle strength and
low physical performance [12]. While the typical "gold
standard" for assessing muscle mass has been the use of dual
energy X-ray absorptiometry, magnetic resonance imaging
(MRI) and computerized tomography (CT) have also been
used as supplementary tools; however, these processes are
very expensive and generally require the subjects to exhibit a
mobility-intact state.
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Gait speed and walking abilities, which are among the
components of sarcopenia, may be used as clinical indicators
of frailty in the elderly [13, 14]. As it has been reported that
decreasing thigh muscle is one of predictors of gait speed
decline [15], assessment of rectus femoris (RF) thickness is
considered to be useful for detecting physical frailty,
substitute for gait speed in the mobility-intact state. We
hypothesized that the assessment of muscle mass would be a
useful tool to detect the pre-frailty status in the frailty time-
window, which is the time between good performance and
disability, in elderly patients hospitalized with CAP. The aim
of this case-control study was to investigate the potential
association between frailty scale and muscle mass. In this
study, patients were enrolled following emergency hospital
admission. As the validity and reliability of measurement of
the RF muscle diameter using B-mode diagnostic ultrasound
(US) in the assessment of muscle mass has been reported
[16], we assessed muscle mass by this means in the immobile
state.

2. Method
2.1. Study Protocol

In this case-control study, 32 patients with community-
acquired pneumonia (CAP) and 32 sex- and age-matched
control patients without CAP were enrolled from August
2012 to June 2013. All patients aged 75 years or older who
were hospitalized in respiratory medicine and internal
medicine wards at Yonago Medical Centre were screened
within 24 hours of admission to determine the frailty scale,
muscle mass, activity status of life, and nutritional status.
Sex- and age-matched control subjects without CAP were
randomly selected in the wards, based on the same inclusion
and exclusion criteria. All patients with and without CAP
were not disabled (i.e. required no personal assistance) with
respect to active walking prior to admission.

As congestive heart failure [17], depression [17], and
anemia [18] have been reported as risk factors for frailty,
these patients were excluded from this study. Exclusion
criteria also included cancer, inability to be interviewed, a
past medical history of CAP, or unwillingness to provide
informed consent. The study protocol was approved by the
ethics committee of Yonago Medical Centre. Signed
informed consent was provided by each patient, their next of
kin or other surrogates for individuals with cognitive
impairment after being informed orally by telephone.

The decision for hospital admission due to CAP was based
on the score of the CURB-65 (Confusion, Urea nitrogen,
Respiratory rate, Blood pressure, at the age of 65 years and
older), and a score of 2 or more according to the British
Thoracic Society guideline [19].

2.2. Assessment on Admission

2.2.1. Frailty Scale
Frailty was defined according to the Reported Edmonton
Frail Scale (REFS) [20]. The REFS is a scale that assesses

frailty in acute inpatients among the elderly, and evaluates
nine domains: cognition, general health status, functional
independence, social support, medication use, nutrition,
mood, continence and functional performance, through the
examination of 11 items. The maximum score is 18,
representing the highest level of frailty. For this analysis, the
scores are: 0-7, “not frail”; 8-18, “frail”.

2.2.2. Muscle Mass

Considering the need for emergency hospital admission
and the immobile state, assessment of muscle mass was
determined by measuring the thickness of the rectus femoris
(RF) wusing ultrasonography. All measurements were
performed by a single experienced investigator (K. T.). RF
diameter was measured by B-mode ultrasonography using a
wall tracking ultrasound system (Fukuda Denshi, model
4500) and a 5 MHz transducer (FUT-L104). The left thigh
was examined as our patients had no history of bone fracture
at the left extremity. The transducer was placed 15 cm above
the superior border of the patella following the midline of the
anterior surface of the thigh with liberal use of contact gel
and minimal pressure to avoid compression of the muscle
[21]. Five consecutive images were taken and the average
thickness was used as the RF thickness. The vertical
thickness of the RF muscle was measured on the inner edge
of the muscle (Figure 1). Loss of muscle mass <10 mm of the
RF thickness was considered to be thin muscle, based upon
previous reports that demonstrated the 10 mm cutoff as 2SD
below the mean of thickness of the RF in the same age
bracket [22].

Figure 1. Ultrasonographic images showing the muscle thickness of the
rectus femoris (RF) muscle indicating the axial (4) and vertical thickness

(B).

2.2.3. Activity and Nutritional Status

We determined the activity status using the Eastern
Cooperative Oncology Group (ECOG) performance status
[23], which was assigned as follows: grade 0; fully active,
grade 1; restricted in physically strenuous activity but
ambulatory and able to carry out work of a light or sedentary
nature, grade 2; ambulatory and capable of all self-care, but
unable to carry out any work activities, up to and more than
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50% of their waking hours, grade 3; capable of only limited
self-care, confined to a bed or chair for more than 50% of
their waking hours, grade 4; completely disabled.

We assessed the nutritional status using the quick and
easily administered mini nutritional assessment test-short
form (MNA-SF) [24]. The maximum MNA-SF score is 14
points, with a score < 7 points indicating malnutrition, 8—11
points indicating a risk of malnutrition and 12-14 points
indicating that the person has a normal nutritional status.

2.2.4. Clinical Data

Clinical data obtained from the patients' charts included
biochemical measurements relevant to nutritional status, i.c.,
albumin, total lymphocyte count (TLC), hemoglobin, WBC
and total cholesterol. The tests were performed at the central
chemistry lab of Yonago Medical Centre using standard
methods.

2.3. Statistical Analysis

Figure 2. Piece-wise linear regression of the Reported Edmonton Frail
Scale (REFS) and RF thickness and that of the REFS in elderly patients with
(4) and without CAP (B).

Data were abstracted from the patients' hospital files and
computer records. Normality for continuous variables was
determined using the Kolmogorov-Smirnov test. As the
variables were not normally distributed, differences of

continuous variables between the groups were analyzed using
the Mann-Whitney U test, whereas categorical variables were
analyzed using the y2 test (or Fisher's exact test for small
proportions). As frailty is present in the elderly general
populations in up to 20% of 75 year old or more [18], we
based our sample size calculations on the assumption that
frailty would be present in 20% more of the elderly patients
with CAP than the control patients. Under this assumption, a
sample of 30 pairs of elderly patients with CAP and controls
would be sufficient to detect a difference of this magnitude in
the frequency of both groups. To investigate whether there
were any associations between frailty scales, muscle mass,
and undernutrition, Spearman's non-parametric rank
correlation coefficient was calculated. The scatterplots of the
REFS and RF thickness show that these correlations were not
best fit by a single straight line (Figure 2). The trend of the
points was “steeper” for lower values of REFS and “flatter”
for higher values of REFS. Thus, the model selected to
describe the linear relationship between the REFS and RF
thickness was a “segmented” line [25]. Statistical analyses
were performed using SPSS software version 19.0 (SPSS
Inc., Chicago, Ill., USA). P-values less than 0.05 were
considered to indicate statistical significance.

3. Results

Table 1. Patient characteristics stratified by frailty status.

Patients with

elderly CAP Controls  P-value*
N 32 32
Age, years' 83.3+5.1 82.5+44 055
Women, %} 47 56 0.45
Activity status of life’ 34+1.1 2.7+0.8 0.003
BMI, kg/m*' 202+3.8 205+3.6 0.78
Calf thickness, cm' 26.9+3.7 26.8+39 092
MNA-SF score’ 8.8+3.4 93+28  0.70
RF thickness, mm' 3.8+2.4 5.5 £2.1 0.0004
Albumin, g/dL' 3.1£0.6 3.1+0.7 0.96
REFS 72433 55+£29 0.01
% Frail 50 22 0.02
Residence? 0.65
Resides with family 16 18
Spouse 7 8
Resides alone 5 5
Nursing home 4 1
Co-morbid disease 043
None 8 12
Dementia 5 5
Osteoarthropathia 4 2
Cardiovascular disease 4 3
Diabetes mellitus 3 4
Cerebral vascular disease 4 6
Post-fracture 2 1
COPD 2 1
Other 2 1

All variables are reported as the median (quartile of percentile). *P-value for
differences between CAP and non-CAP patients. T indicates Mann-Whitney
rank-sum analysis. I indicates chi-squared test. Abbreviations: BMI, body
mass index; MNA-SF, mini nutritional assessment test-short form; REFS,
Reported Edmonton Frail Scale; RF, rectus femoris.
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The baseline characteristics of the patients in both groups
are shown in Table 1. Of 32 patients with gender- and age-
matched control patients, 18 patients had urinary tract
infections, two had transient ischemic attack (TIA), 11 were
tested for solitary pulmonary nodules, and one for iliopsoas
abscess. Table 1 shows significantly lower activity status of
life, lower RF thickness, and higher score of frailty among
the elderly patients with CAP compared with controls. There
were no significant differences in nutritional status according
to the MNA-SF criteria (P = 0.70), BMI, or biochemical
measurements including albumin, TLC, hemoglobin and total
cholesterol between the two groups.

For these analyses, ‘non-frail’ was defined as REFS 0-7
and ‘frail’ was defined as REFS §-18.

Among elderly patients with CAP, 50% were identified as
being frail according to REFS. On the other hand, seven of
32 patients (22%) without CAP were frail. The frail patients
with CAP had a significantly lower RF thickness (2.6 +1.2
mm) compared with the non-frail patients with CAP (4.2 +
2.1 mm) (P = 0.03).

Of 32 elderly patients with CAP, 25 patients exhibited
scores of 2 and seven exhibited scores of 3 for the CURB-65.
In determining Spearman's correlation coefficient in patients
with CAP, RF thickness was associated inversely with both
the REFS (rho = -0.42, P = 0.02) and the activity score of
life (tho = -0.42, P = 0.02). The REFS was associated
positively with frailty MNA-SF (rho = -0.43, P = 0.02) and
the activity status of life (tho =-0.38, P = 0.002). There was
no association between CURB-65 and the other factors
including REFS, activity status of life, and RF thickness.

As the association between the REFS and RF thickness
exhibited a piece-wise line (Figure 2), we analyzed this
association using segmented regression analysis. In the
scatterplots, we found an REFS threshold of 8 points by
linear piecewise regression modeling of RF thickness and the
trend of the points was “steeper” for lower values of REFS
and “flatter” for higher values of REFS in elderly patients
with CAP.

4. Conclusions

Frailty is a major determinant of adverse health outcomes,
such as functional limitations and disability in dwelling
populations, as well as in those with diseases, such as CAP. In
this study, half of the elderly patients hospitalized with CAP
exhibited frailty upon admission. In the pre-status of ‘frail’,
muscle thickness and activity status of life were associated
inversely with the Reported Edmonton Frail Scale (REFS).

Elderly patients fail to thrive due to impaired physical
function, malnutrition, depression, and cognitive impairment.
Our result for the prevalence of frailty in control patients was
consistent with the report by Castell and colleagues [26]
demonstrated that it was 19.1% in persons age 75 and older,
based on population-based cohorts. Elderly patients with
impairment of physical performance are characterized by a
higher risk of developing CAP [7, 8]. Our results, which
demonstrated that half of the elderly patients hospitalized

with CAP exhibited frailty, imply that frailty might be a key
to the development of pneumonia in the elderly with low
performance status.

Frailty can manifest as several phenotypes [4], one of
which, physical frailty, is typified by low muscle mass and
low physical performance, which could be assessed using
gait speed and muscle strength. Gait speed is easily
measured, clinically interpretable, and 1is potentially
modifiable. It has been reported that detection of walking
speed < 0.8 m/s is a single approach to the diagnosis of
frailty in the primary care setting [26]. As, in this study, we
considered emergency hospital admission and an immobile
state as the real-world clinical situation, it is not possible to
estimate gait speed in this situation; thus, we assessed RF
thickness and activity status of life substitute for gait speed
and muscle strength, as indicators of one component of
physical frailty. Our study has demonstrated that the frailty
scale correlated inversely with RF thickness and activity
status of life. Furthermore, before proceeding to ‘frail’,
which was defined as an REFS < 7, muscle thickness
correlated inversely with the frailty scale. RF thickness may
be a marker of a high-risk group for whom interventions
might be beneficial in preventing further functional decline.

There are several limitations to the current study. Firstly,
the subjects were a select population of hospitalized elderly
patients with CAP, and sample size is too small to
demonstrate that frailty is one of risk factors for CAP. Future
investigation of these points will be necessary in a larger size.
Secondly, depressive status was not assessed in detail.
Depression is the most common cause of unintentional
weight loss and undernutrition in the elderly [27]. Thirdly,
we measured RF thickness to assess physical functional
impairment. In order to assess this, three components, weak
muscle strength, slow gait speed, and poor balance [28]
should be measured. However, in the situation of the
mobility-intact state, the method for detecting physical
functional impairment could be limited.

In accelerated aging, it was necessary to estimate the
frailty time-window and to prevent disability. Assessment for
physical frailty using activity status of life and RF thickness
might contribute to predict hospitalized CAP. Future
investigation of these factors in the preclinical detection of
early manifestations leading to frailty will be useful as
predictors of disability, i.e., in elderly CAP wusing
retrospective analysis.
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