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PREDICTORS OF DECREASED SKELETAL MUSCLE MASS
IN COMMUNITY-DWELLING OLDER ADULTS

N. Shiraishi', Y. Suzuki®, T. Hirose?, S. Jeong®, T. Shimada*, K. Okada®, M. Kuzuya®

Abstract: Objective: To date, the actual prevalence of Skeletal muscle mass (SMM) loss by rigorous definition and its related factors
have not been sufficiently surveyed in the community. We therefore examined the factors related to the reductions of skeletal
muscle mass (SMM) in older adults. Design: Case-control study. Subjects: One hundred twenty four community-dwelling older
adults aged =65 years participated. Measurements: Reductions of SMM were assessed by measuring difference between SMM at
baseline and SMM 1 year later, by which participants were divided into three groups. Variables of the first tertile group, who had
the greatest decrease in SMM, were compared with those of the second/third tertile groups. Variables included hight, weight,
body mass index (BMI), maximal knee extension strength, grip strength, lower and upper muscle quality (UMQ), 5-m walking
time (WT), timed up and go (TUG), food frequency questionnaire, mini nutritional assessment short form (MNA-SF), basic health
checklist. A logistic regression analysis and classification and regression trees (CART) were used for multivariate analysis in order
to extract variables that predicted reductions of SMM. Results: Significant differences were observed for age, SMM, UMQ, TUG,
and WT between the first tertile and the second/third tertile groups, The CART analysis indicated that vitamin D intake UMQ
and 5-m WT predicted significant decrease in SMM. Conclusion: The present study suggested a possibility that future reductions of
SMM could be predicted by simple indices that may contribute to early detection of individuals at risk of developing sarcopenia in

old age.
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Introduction

With unprecedentedly rapid increase of aged
population (1), how older people maintain both physical
and mental capacities had become a matter of global
concern in aged societies worldwide. It has been
believed that activities of daily living (ADL) capabilities
decrease with age especially among those aged 75 years
or older, approximately 20%-30% of which are frail
individuals requiring some kind of support in their
daily lives (2). The number of older individuals aged
65 years or older who require care or support provided
within the long-term nursing care insurance system was
4.378 million in the fiscal year 2007, which accounted
for 15.9% of entire aged populationand was an increase
of 1.501 million compared with the figure reported in
the fiscal year 2001 (3). In view of prophylaxis, early
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detection of individuals at risk of developing geriatric
syndromes, such as falls, incontinence, malnutrition,
degraded lifestyles, depression, and dementia, are
considered important for maintaining quality of life
and reducing social security costs for older population.
According to the comprehensive survey of living
conditions implemented nationwide, a decline in
muscle strength and muscle mass leading to muscular
weakening accounted for the cause of requiring support
and care in approximately 30% and 20% of entire cases,
respectively, indicating that musculoskeletal disorders
are the leading cause of requiring care and support
(4). The global burden of disease study conducted by
the World Health Organization in 2010 reported that
musculoskeletal disorders are the main factor affecting
the number of years lived with disability (5). Therefore,
the establishment of preventive measures against lifestyle
degradation associated with musculoskeletal decline is an
urgent issue worldwide.

Changes in body composition associated with aging
are known to be deeply involved in lifestyle degradation
in older individuals, and decreased skeletal muscle
mass (SMM) in particular is associated with physical
dysfunction and disabilities (6-9). SMM decreases 0.47%
per year in men and 0.37% per year in women, and by
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the age of 75 years, this decrease rises to 0.80%—0.98%
per year in men and 0.64%-0.70% per year in women
(10). Thus, decreased SMM associated with aging, also
known as sarcopenia, has attracted attention as a likely
cause of various future disorders. The European Working
Group on Sarcopenia in Older People (EWGSOP) (11)
and the Society on Sarcopenia, Cachexia and Wasting
Disorders (12) have both introduced diagnostic criteria
for sarcopenia. Each criterion includes decreased SMM
as an essential criterion, with muscular weakness
and decreased physical performance also as included
as important criteria for diagnosing sarcopenia. The
detection of marked muscular weakness and decreased
physical performance is easy if the decrease in SMM
has already progressed but is not always sufficient
for early detection and prevention. A new index that
predicts decreases in SMM earlier was developed to
enable early detection and intervention before sarcopenia
develops. Most of recent prospective studies on frail
older individuals with sarcopenia have examined the
course of the disease over a relatively long period of time
from the baseline survey (13, 14). However, from the
perspective of prevention and early detection, it may also
be important to predict SMM decreases over a relatively
short period of time. Therefore, the aim of this study was
to elucidate SMM decreases and related factors over a
relatively shorter period of time.

Methods

Subjects

A total of 387 elderly individuals aged 65 years or
older who were residents of the city of Yokkaichi, Mie
Prefecture, and the city of Nagoya and Handa, Aichi
Prefecture, participated in the present study. Of these,
124 participated in continuous data collection in 2010 and
2011 (male = 35, mean age = 75.6 £ 6.1 years; female = 89,
mean age = 74.8 + 6.3 years).

The purpose of the study was explained to all the
participants before obtaining written informed consent.

Anthropometric and muscle mass measurements

Height was measured to the nearest 0.1 cm using a
stadiometer, and weight was measured to the nearest 0.1
kg (Inbody230, BioSpace Co., Ltd.). To adjust for clothing,
the final value was the measured value minus 1 kg. Body
Mass Index (BMI) was calculated by dividing weight
by height squared. Maximal knee extension strength
was measured using a hand-held dynamometer (uTas-
1; ANIMA Ltd.) for those who were able to lift the foot
independently. During testing, participants sat on a hard
chair with the knee and hip joints at 90° of flexion and
were strongly encouraged to exhibit the greatest possible
force. To ensure the knee joint was at 90°, a belt fitted
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with a strain gauge-type pressure sensor was placed on
the distal portion of the subject’s leg and fixed to the rear
legs of the chair. Measurements were performed with
the non-dominant leg; the isometric extension strength
was measured twice for more than 3 s. The strength
was measured as a peak force and expressed as the
kilograms of force the examiner had to apply to break
the isometric contraction. The best result of the two trials
was used in the analyses, unless only one result was
available. The dynamometer was placed proximal to
the ankle joint. Grip strength was measured using a
Smedley Hand Dynamometer with the upper extremity
hanging naturally at the side of the body; the proximal
interphalangeal joint of the index finger was adjusted to
90°. These measurements were conducted twice for both
the left and right sides, and the result of the maximum
value (to the nearest 0.1 kg) was used. Walking time (WT)
was measured with a stopwatch and recorded accurate to
0.1 s; the test measured the time it took to walk 5 m after
a 3-m run-up on a flat surface. A single measurement was
taken for walking speed. The Timed Up and Go (TUG)
test involved rising from a chair, walking 3 m, turning
around, walking back to the chair, and sitting down.
The starting posture involved leaning back slightly on
the chair’s backrest with the hands placed on the thighs.
The TUG test is one of the most frequently used tests
of balance and gait and is often used to assess fall risk
in older people. The time to complete the TUG test was
measured in seconds at each participant’s usual pace.
The 0-m point was the front legs of the chair, and the 3-m
point was the center of a cone. Researchers measured
the time from when the subject’s body began to move
until their backside came in contact with the chair again.
Subjects were free to go around the cone in their own
way, and the smallest (fastest time) of the two measured
values was used. Measurements were taken with a
stopwatch accurate to 0.1 s. Walking speed was at the
subject’s usual speed .

To estimate the energy and nutrient intake of each
subject during the previous 1-2 months, all subjects
were interviewed by experienced dietitians with the
Excel Eiyo-kun (nutrition) Food Frequency Questionnaire
based on food groups (FFQg, Ver 2.0) using Japanese
food composition tables, which is based on 29 food
groups and 10 types of cooking. This questionnaire was
developed by Takahashi (15) and is based on Japanese
data. Its validity is comparable with dietary record
methods, and other reports of dietary surveys have
already used this questionnaire (16, 17).

Nutritional states were assessed using albumin levels
and the Mini Nutritional Assessment Short Form (MNA-
SF). A basic health checklist for those over 65 years old
was used to assess lifestyle. In the checklist, any lifestyle
degradation, decreased motor ability, malnutrition,
decreased oral condition, seclusion, forgetfulness, and
emotions were assessed.

Site-specific SMM was measured with an impedance
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measurement device (Inbody230, BioSpace Co., Ltd.)
using two different frequencies (20 Hz and 100 Hz) and a
tetrapolar 8-point tactile electrode system. Muscle quality
was assessed by calculating the upper extremity muscle
quality (UMQ), where right grip strength was divided by
right upper extremity muscle mass, and lower extremity
muscle quality (LMQ), where right knee extension
strength was divided by right lower extremity muscle
mass.

Analysis

Study variables were analyzed by calculating the
difference between SMM at baseline and SMM 1 year
later. Participants were divided into three groups based
on SMM difference. The first tertile group, which had
the greatest decrease in SMM, was compared with the
second/third tertile group. Comparisons at baseline
were conducted using the unpaired t-test for quantitative
variables and the chi-squared test for nominal variables.
To extract the factors related with a significant decrease
in SMM, a logistic regression analysis and Classification
and Regression Trees (CART) were used for multivariate
analysis. SPSS Version 19.0 (IBM Corp, USA) was used
for statistical processing, and a p level of < .05 was
considered to show statistical significance throughout
analyses.

This study was carried out in compliance with the
Declaration of Helsinki under the approval of the
Bioethics Review Board of the Nagoya University
Graduate School of Medicine. The purpose of the study
was explained to each participant individually at the time
of recruitment, and the individuals gave written consent
to participate. Sufficient caution was paid to having an
examiner present to prevent the older individuals from
falling during examinations.

Results

Tables 1 and 2 show the basic characteristics of
subjects. Table 3 shows the comparisons of ages,
body composition, SMM, UMQ, LMQ, grip strength,
leg torque, TUG, and WT between the first tertile and
second/third tertile groups. In the first tertile and
second/third tertile groups, significant differences
were observed for age (77.7 £ 5.8 years and 73.6 + 6.0
years, respectively), SMM (31.9 + 6.4 and 30.4 + 6.4,
respectively), UMQ (12.4 + 2.6 and 14.1 £+ 2.5,
respectively), TUG (9.8 + 2.7 and 8.1 + 2.3, respectively),
and WT (4.8 £ 9.1 and 4.2 £ 0.9, respectively). No
significant differences were observed for BMI, LMQ, grip
strength, leg torque, or the levels of protein, vitamin A,
vitamin D, or albumin. However, a small effect size was
observed for SMM (r = 0.11) and vitamin D intake (r =
0.16).

Table 4 shows the results for gender, the basic
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checklist, and the MNA-SF at baseline for the first
tertile and second/third tertile groups. No significant
differences were observed for any of the items. A small
effect size was observed for gender (® = 0.16), seclusion
(® = 0.16), forgetfulness (® = 0.11), drop in mood (P =
0.13), and the MNA-SF (® = 0.15).

Table 1
Subject characteristics at baseline (scale)

n=124(Male:35,Female89) mean SD
Age 75,0 (6,2)
BMI 22,5 (G2)
Waist(cm) 83,4 (8,8)
SMM(Kg) 30,7 (6,5)
UMQ(Kg/Kg) 13,7 27)
LMQ(Nm/Kg) 36,6 (12,4)
Handgrip Strength(Kg) 24,6 (6,3)
Leg torque(Nm) 187,8 (72,4)
TUG(sec) 8,7 (2,5)
WT(sec) 4,4 (1,0)
Total energy(Kcal) 1992,8 (502,4)
Protein(g) 74,1 (27,7)
VitaminA(ug) 613,7 (267,8)
VitaminD(pg) 10,3 6,7)
Albumin(g/dL) 4,1 0,3)

BMI,Body Mass Index; SMM, Skeletal Muscle mass; UMQ,Upper Extremity
Muscle Quality; LMQ,Lower Extremity Muscle Quality; TUG,Time up and Go;
WT, 5m walking Time; Total energy, Protein,VitaminA,VitaminD culculate from
FFQg

Table 5 shows correlations between variables. Because
significantly higher correlation was found between WT
and TUG as expected (r = 0.79), these variables were not
input simultaneously in the logistic regression analysis
due to predicted collinearity. Table 6 shows the results of
the logistic regression analysis. UMQ (odds = 0.82, 0.81)
was chosen as a significant variable in both models, and
age (odds = 1.08) was chosen as a significant variable in
model 2.

Figure 1 shows the CART decision tree. The percentage
of correct answers among subjects was 78.2% (95%
confidence interval, 77.4%-79.0%), which were classified
into four terminal nodes. Vitamin D, UMQ, and WT
were chosen as factors for a significant decrease in SMM.
In the present model, vitamin D was the first choice in
the first tier, and 6.05 g was the limit where the results
branched into two groups. In the group where vitamin D
intake exceeded 6.05 g, the second tier results branched
depending on the UMQ; at the third tier, results branched
depending on 5-m walking time (4.33 s).
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Table 2
Subject characteristics at baseline (categories)

to issues with instrumental ADLs. According to Fried
(22), older individuals gradually become weaker in a
cyclic fashion: the total amount of energy is reduced due
to a decrease in physical activity and decreased appetite

n=124 - D1,
leads to malnutrition, which in turn leads to decreased
Disease SMM. The consequent reduction in muscle strength and
circulatory disease 55 aerobic exercise capacity lowers walking function and
metabolic disease 36 results in limited activity. Furthermore, decreased SMM
musculoskeletal disorders 0 lowers basal rnetabphsm and accelerates the decr.ease in
total energy. Seclusion, forgetfulness, and depression are
nervous disease 10 . . ..
linked to reduced physical activity and may be the cause
digestive disease 6 of decreased SMM.
others 11
Basic health check list Figure 1
# lifestyle degradation 15 (12,1%) Factors associated with dfec.reased SMM in the form of a
decision tree
# decreased motor ability 16 (12,9%)
# malnutrition 3 (24%) Community-dwelling older people
# decreased oral condition 22 17,7%) n=124
# seclusion 6 (4,9%) Category 5 n
# forgetfullness 62 (50,0%) L 66.1 82
1 339 42
# depression moods 40 (32,3%) 100 124
T
MNA-SF <61u Vltar:nln D ISR
## Malnourished or At risk of malnourished 32 (25,8%)
Disease allow multiple answers; MNA-SF,  mini nutritional assessment Eateuoly % n Category % n
short-form; # Calculated from the basic checklist for those over 65 years old; 0 40.0 8 0 71.2 74
## Calculated from MNA-SF 1 60.0 12 1 28.8 30
100 20 839 104
I
. . umQ
Discussion <13.4Kg/Kg | >13.4 Kg/Kg
Decreased SMM as a result of aging is unavoidable Calegory % L Calegoy % i
d i iated with phvsical dvsf H d 0 522 24 0 86.2 50
and is associated with physical dysfunction an 1 478 22 ] 12.8 P
disabilities (9). In our comparison of the first tertile, 37.1__ 46 371 46
which had the greatest decrease in SMM, and the SmIWT
second/third tertile groups, significant differences =4.3sec | >4.3 sec
were observed for age, UMQ, TUG, and 5-m WT. A
small effect size was observed for SMM and vitamin D. C‘“'?"“’ 8": - ’;? C"";g"“’ 2";0 n -
Although no significant differences were observed for 1 190 4 3 720 18
items from the basic checklist assessing daily functional 16.9 21 202 25

status, a small effect size was observed for seclusion,
dementia, and emotions. The results are in keeping
with a report by Baumgartner et al (18) showing that
in males, decreased SMM associated with aging was
related to the occurrence of falls in the past year, the
use of a walker or cane, decreased balance function,
and instrumental ADL limitations, while in females it
was related to instrumental ADL limitations. Factors
related to these findings include gender, age, menopause,
height, weight, BMI, amount of body fat, physical
activity, carotenoids, vitamin D, amino acid branched
chains, and protein intake, all of which are known to
be multiple risk factors (19-21). In the present study, no
significant difference was observed for instrumental
ADLs in community-dwelling older individuals leading
independent lives. However, symptoms of seclusion,
forgetfulness, and depression may have appeared prior
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Category 1 is the first tertile and Category 0 is the second/third tertile; Dependent
variable (1= first tertile, 0 = second/ third tertile); Independent variables; age, SMM,
UMQ, VitaminD, seclusion, forgetfulness, depression moods,WT, TUG; UMQ,
Upper Extremity Muscle Quality; WT, 5m Walking Time

Many previous studies investigating the relevant
factors associated with decline in SMM and motor ability
have used logistic regression analyses and multiple
regression analyses (9-13). These analyses are useful
indicators for assessing the effect of independent factors
and excluding the effect of other factors. However, these
regression analyses have the following drawbacks: (1) the
assumption of a linear relationship between dependent
variables and explanatory variables, (2) chosen variables
can be influenced by the presence of multicollinearity,
(3) complicated prediction formulas making clinical
application difficult, and (4) data with missing values
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Table 3
Comparison of the amount of SMM change at baseline between the first tertile and second / third tertile groups
(scale)
the first tertile second/third tertile p value effect size
(ASMM<= -1.00) (ASMM=-0.99-0.20)

Age™ # 77,7 £58 73,6 + 6,0 ,000 31
BMI 2,5+34 25431 913 01
SMM(Kg)t 31,9464 30,4+ 6,4 211 1
UMQ(Kg/Kg)*+ 12,4426 14,1425 ,000 32
LMQ(Nm/Kg) 36,1+ 11,5 36,8+129 771 03
Handgrip Strength(Kg) 24,1+6,1 24,9 + 6,5 ,535 ,06
Leg torque(Nm) 187,1£69,9 188,1 + 74,0 ,945 ,01
TUG(sec)™# 9,8+2,7 81423 ,000 33
WT(sec)"+ 48+ ,9 4249 ,001 31
Total energy(Kcal) 1934,0 + 622,3 2014,0 +457,5 ,578 ,07
Protein(g) 71,7 £37,2 75,0 23,5 724 08
VitaminA (ug) 576,7 +329,4 627,9 +242,8 495 ,09
VitaminD(ug)t+ 8,6+73 109+6,3 210 16
Albumin(g /dL) 4143 4143 ,952 01

* p=<0.05 **p<00.01; t-test; t small effect size, 0.1<effect size<0.3; ¥ medium effect size, 0.3<effect size<0.5; WT, 5m walking Time; Total energy, Protein,VitaminA,VitaminD

culculate from FFQg

Table 4
Comparison of the amount of SMM change at baseline
between the first tertile and second / third tertile groups

(categories)
P D Odds
value
Basic health check list
Female/Male 0,1 -0,16 049(0,2-1,1)
Lifestyle degratiion Y/N 0,6 0,05 1,35(0,4-4,1)
decrease motor ability Y/N 1,0 -0,02 4,61 (1,5-14,5)
malnutrition Y/N 1,0 0,00 0,98(0,1-11,1)
decrease oral condition Y/N 0,6 -0,07  0,69(0,2-1,9)
seclusion t Y/N 0,1 0,16 4,44 (0,8 -25,4)
forgetfullness t Y/N 0,3 0,11 1,60(0,7-0,2)
depression moods t Y/N 0,2 0,13 1,74 (0,8 - 3,8)
MNA-SF
Malnourished or At risk Y/N 0,1 0,15 2,17 (0,8 - 5,6)

of malnourished t

chi-squared test; T small effect size, 0.1=0<0.3

Table 5
Correlations between age, UMQ, Up and Go, and 5m WT

Age UMQ TUG WT
Age 1 -0,21* 0,54** 0,57**
UMQ (Kg/Kg) 1 0,47 -0,35**
TUG(sec) 1 0,79**
WT(sec) 1

* p<0.05; ** p<0.01; UMQ,Upper Extremity Muscle Quality; TUG, Time up and Go;
WT, 5m walking Time

Table 6
Factors associated with decreased SMM

Odds 95% CI P
Age 1,08 0,99-1,18 0,07
Model1 UMQ(Kg/Kg)* 0,82 0,68-0,97 0,02
WT(sec) 1,32 0,79 -2,22 0,29
Age* 1,08 1,00-1,17 0,05
Model 2 UMQ(Kg/Kg)* 0,81 0,67 -0,98 0,03
TUG(sec) 1,10 0,89-1,36 0,38

Dependent variable (1= first tertile, 0 = second/third tertile); Independent
variable; age, SMM, UMQ, VitaminD, seclusion, forgetfulness, depression
moods,WT or TUG; * p<0.05; UMQ, Upper Extremity Muscle Quality; WT, 5m
walking Time; TUG, Time Up and Go

being useless in the analyses. Decision tree analyses
align factors hierarchically in order from the factor most
strongly related to the dependent variable; thus, the
relationship between each factor is easy to interpret.
Moreover, unlike logistic regression or multiple
regression analysis, multicollinearity between variables
theoretically has no influence on the results in the present
analysis (23, 24). Decreased muscle strength, decreased
SMM, and physical dysfunction associated with aging
have a nonlinear relationship (25, 26); therefore, it is valid
to use a decision tree analysis. In the present decision
tree analysis, vitamin D, UMQ, and WTwere extracted
as factors related with decreased SMM. According to
a study on muscle tissue collected during a series of
surgeries for proximal femoral fractures, type II muscle
fibers, which are often found in fast muscle, had
atrophied in the vitamin D-deficient group as compared
with the vitamin D-sufficient group; the diameter of the
type II fibers was significantly correlated with serum
vitamin D levels (27). Given the identified distribution
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of vitamin D receptors in skeletal muscles, vitamin D
deficiency can be a factor of decreased muscle mass
and strength. Selective atrophy of type II fibers with
large muscle output, expansion of small diameter type
I fibers (28), and a decrease in the number of motor
units are observed in skeletal muscle as a result of aging
(20). During the process of aging, interactions between
muscles and motor neurons via neuromuscular synapses
can be attenuated, thus leading to muscular weakness
(29). The quality of muscle, assessed by muscle strength
per unit weight, is believed to decline as a result of
these factors. In addition to muscle strength and SMM,
the quality of muscle deserves mention as an important
variable for predicting decreased SMM. A previous
study comparing the relationship between walking and
SMM reported that decreased SMM was associated with
walking function (30). Because factors in the decision
tree are chosen in the order from the factor most strongly
affected by the dependent variable, walking function
is the next affected factor after vitamin D intake and
UMQ. When a decrease was observed in UMQ, decreased
walking function was found to increase the risk of
decreased SMM.

The variables extracted as factors related to decreased
SMM in the present study were chosen from items in
a previous study (20) therefore considered valid. By
adopting a decision tree in the present analysis, we were
able to visually comprehend the extent of involvement
and correlation between decreased SMM and each
variable. We believe that the present index is appropriate
for practical use in clinical settings. However, as this
study was an observational study, older individuals
who maintained relatively higher awareness about one’s
own health served as samples, leading to unavoidable
selection bias. Moreover, activities such as work and
hobbies and social circumstances such as family structure
were not included in the study items. While estimates
for daily vitamin D intake being taken from the food
frequency questionnaire, actual serum vitamin D levels
were not measured.

Conclusion

The results indicated that vitamin D intake, UMQ,
and WT are related with decreased SMM in community-
dwelling older individuals. As aforementioned,
decreased SMM associated with aging is unavoidable.
However, we believe that the present study provided
an evidence suggesting individuals at risk of
developing decreased SMM can be screened by simple
anthropometric or clinical surrogates before they
progress to sarcopenia .Thus establishing validity of
such surrogate markers may contribute to increasing the
disability-adjusted life expectancy by early interventional
approaches.

Conflicts of Interest: The authors declare no financial conflicts of interest.
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