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Abstract

Aim: The objective of this study was to examine relationships between intramuscular

fat and muscle strength or degree of gait independence and to clarify characteristics of

intramuscular fat in dependent elderly women.

Methods: Twenty-five dependent elderly women (dependent group), twenty-two frail

elderly women (frail group), and twenty-two healthy elderly women (healthy group)

were participated in this study. The dependent elderly could not walk with or without

assistance. The frail elderly could walk independently and had the presence of three or

more of the following five components: slowness, weakness, weight loss, exhaustion,

and low physical activity. Outcome measures were quadriceps intramuscular fat (echo

intensity) measured with ultrasonography and quadriceps muscle strength of the

dependent, frail, and healthy groups and degree of gait independence (gait score of

functional independence measure) in the dependent and frail groups.

Results: The echo intensity in the dependent group was significantly negatively

correlated with the muscle strength and gait score of functional independence measure

(correlation coefficients = - 0.635 and - 0.344, respectively). Furthermore, the echo

intensity in the dependent group was significantly higher than that in the healthy group.

There was no significant difference between the echo intensity in the dependent and



frail groups.

Conclusions: Our results suggest that there are negative relationships between

intramuscular fat and muscle strength or degree of gait independence in dependent

elderly women. In addition, intramuscular fat of these persons are greater increase than

that of healthy elderly.

Keywords

degree of gait independence, dependent elderly, echo intensity, intramuscular fat,

muscle strength.



TEXT
Introduction

Decrease of muscle mass, muscle strength, and physical performance with
aging have known as sarcopenia.' In addition, recent studies have reported that increase
of intramuscular fat occurs with aging,? *# and these phenomena are associated with
decreasing muscle strength, gait speed, and gait endurance.? >® The results of major
longitudinal study suggested that decrease of quadriceps muscle strength with aging is
attributed to increasing intramuscular fat.’ Furthermore, Lang et al*® reported that
intramuscular fat is greater contributed independently to the risk of hip fracture than
other factors including muscle mass, muscle strength, and physical function.
Considering these knowledge, decreasing intramuscular fat is needed for improving
muscle strength, balance, and gait ability in elderly.

Muscle strength training increases muscle mass and decreases intramuscular fat
of healthy elderly.!! Recently, frailty has been defined as a clinical syndrome which
three or more of the following five components are presented: slowness, weakness,
weight loss, exhaustion, and low physical activity and leads to increasing adverse
outcomes such as falling, hospitalization, and mortality.'> Cadore et al*® examined

muscle strength training effects in frail elderly who could walk independently and was



defined based on Fried's criteria.'? Consequently, similar to healthy elderly, they
confirmed that muscle strength training is effective method for improving intramuscular
fat and muscle mass in frail elderly.!* Conversely, in a clinical setting, physical therapist
often intervene to dependent elderly result from deterioration of frailty.}* Ikezoe et al'*
reported that quadriceps muscle mass of dependent elderly who were not able to walk
independently was less than that of elderly who able to walk independently. However,
they have not measured the intramuscular fat of dependent elderly. Taken together,
whether there are relationships between intramuscular fat and muscle strength or degree
of gait independence in dependent elderly remains unclear. Furthermore, characteristics
of intramuscular fat in dependent elderly compared with healthy and frail elderly have
not yet been revealed. We speculate that intramuscular fat in dependent elderly is
greater increase than that of frail and healthy elderly and increase of intramuscular fat in
dependent elderly is correlate with decrease of muscle strength and gait independence.
Previous studies reported that prevalence of malnutrition is 49-67 % in elderly
patients requiring rehabilitation,'® and that preventing weight loss (i.e. maintenance of
nutrition) is play an important role for improving activities of daily living.'® Recent
report® revealed that body mass index (BMI) is negatively associated with intramuscular

fat in healthy elderly women. Therefore, identifying the relationship between



intramuscular fat and BMI in dependent elderly is highly important.
The objective of this study was to examine relationships between intramuscular
fat and muscle strength, degree of gait independence, and BMI and to clarify

characteristics of intramuscular fat in dependent elderly women.

Methods
Participants

Twenty-five dependent elderly women (dependent group), twenty-two frail
elderly women (frail group), and twenty-two healthy elderly women (healthy group)
participated in this study. All participants were community-dwelling and were recruited
using advertisements. The dependent elderly who was not able to walk independently
(defined as Functional independence measure [FIM] gait score 5 and under). The frail
elderly who could walk independently (defined as FIM gait score 6 or 7) and was
defined based on Fried's criteria.’? Potential participants who had dementia and
neurological disorders were excluded. Each participant provided their written informed

consent. The study protocol was approved by the Ethics Committee of X University.

Study design



10

Cross-sectional study was used in this study.

Outcome measure

Outcome measures were quadriceps intramuscular fat and muscle mass

measured with ultrasonography and quadriceps muscle strength of the dependent, frail,

and healthy groups, and degree of gait independence in the dependent and frail groups.

Intramuscular fat and muscle mass measurement

Transverse ultrasound images (Figure 1) were acquired with a B-mode

ultrasound imaging devise (Nanomaxx, SonoSite japan, Tokyo, Japan) and liner-array

probe (L25n/ 13 - 6 MHz) (Nanomaxx, SonoSite japan, Tokyo, Japan). Water soluble

transmission gel was applied to the skin surface and the probe was pressed lightly

against the skin to avoid deformation of the muscle. The ultrasound images were filmed

by the same investigator. The intramuscular fat and muscle mass of the quadriceps were

assessed from echo intensity and muscle thickness. Regions of interest which including

as much muscle as possible but avoiding bone and surrounding fascia were selected for

measuring the echo intensity. The echo intensities were determined by computer-

assisted 8-bit gray-scale analysis. The mean echo intensity of the regions was expressed
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as a value between 0 (black) and 255 (white). High echo intensity represents the

increase of intramuscular fat.!”

The quadriceps echo intensity was calculated as the
mean echo intensity of the four individual quadriceps muscles.” 8 The muscle thickness
was determined as the distance between adipose tissue-muscle interface for vastus
lateralis, rectus femoris, and vastus medialis and as bone-muscle interface for vastus
intermedius. The quadriceps muscle thickness was obtained as the sun of the four
individual quadriceps portions.”® The echo intensities and muscle thicknesses were
determined using Image J 1.49 software (National Institute of Health, USA).”-® The
participants were placed in a supine position with the lower limbs relaxed. The images
from vastus lateralis, rectus femoris, vastus intermedius, and vastus medialis were
obtained at 30 % of the distance between the anterior superior iliac spine and the
proximal end of the patella. The ultrasound images acquired from the right leg.'®> We
have confirmed that there were no significant differences in the echo intensity and
muscle thickness between right and left quadriceps in the twenty healthy elderly women
(age 75.8 £ 7.9 years). Intraclass correlation coefficient of the echo intensity and muscle

thickness measurement in the eight dependent elderly women (age 86.3 £ 6.3 years),

using measurements taken 2 weeks apart, were 0.907 and 0.934, respectively.
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Muscle strength measurement

The maximal isometric strength of quadriceps on the right leg was measured

with a handheld dynamometer (micro FET2) (Hoggan Health Industries, Salt Lake,

USA). This muscle strength measurement was done in a sitting position with a knee

flexion at 90 degree and handheld dynamometer was placed distal to the knee joint. The

muscle strength (N) was measured 2 times. A maximal value was obtained and torque

was calculated by multiplying strength (N) by lever arm (m).

Degree of gait independence measurement
The degree of gait independence in the dependent and frail groups were
assessed with the FIM gait score. Good validity and reliability of FIM gait score have

been warranted by the previous studies.!®2°

Statistical analysis

Statistical analyses were done using SPSS statistics version 23 (IBM SPSS

Japan, Tokyo, Japan). Normally distributed variables were checked with Shapiro-Wilk

test. Pearson product-moment correlation test was used to determine correlation

between the echo intensity or muscle thickness and the muscle strength or BMI in the
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dependent group. Regarding correlation between the echo intensity or muscle thickness

and the FIM gait score in the dependent group, we examined using Kendall correlation

test. Stepwise regression analysis was used to determine the relative contribution of the

echo intensity and muscle thickness of the dependent group in the muscle strength and

FIM gait score. To compare the echo intensity, muscle thickness, muscle strength, and

characteristics (age, height, weight, and BMI) in the dependent, frail, and healthy

groups, one-way analysis of variance were done. If main effect was observed, we did

Tukey test so as to investigate whether there were significant differences between the

dependent, frail, and healthy group. When significant differences were present in the

Tukey test, 95 % confidence intervals (CI) were calculated. With respect to comparing

the FIM gait score between the dependent and frail groups, we did Mann-Whitney U

test. Statistics significance was set at p < 0.05.

Results

The echo intensity in the dependent group was significantly negatively

correlated with the muscle strength (correlation coefficients = - 0.635, p = 0.001)

(Figure 2), FIM gait score (correlation coefficients = - 0.344, p = 0.03) (Figure 2), and

BMI (correlation coefficients = - 0.608, p = 0.001). Also, the muscle thickness in the
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dependent group was significantly positively associated with the muscle strength
(correlation coefficients = 0.613, p = 0.001), FIM gait score (correlation coefficients =
0.524, p=10.001), and BMI (correlation coefficients = 0.669, p < 0.001). In the results
of the stepwise regression analyses, the echo intensity was significantly associated with
the muscle strength (standard partial regression coefficient = - 0.635, p = 0.001), when
compared with the muscle thickness (standard partial regression coefficient = 0.293, p =
0.283) (R?= 0.403). Conversely, the muscle thickness was significantly associated with
the FIM gait score (standard partial regression coefficient = 0.634, p = 0.001), when
compared with the echo intensity (standard partial regression coefficient = - 0.047, p =
0.865) (R?=0.402).

Table 1 and 2 shows the characteristics, echo intensity, muscle thickness, and
muscle strength of the dependent, frail, and healthy groups. There were no significant
main effects for all characteristics values (Table 1). In the echo intensity, muscle
thickness, and muscle strength, significant main effects were observed (Table 2). The
results of the Tukey test, the echo intensity of the dependent and frail groups was
significantly higher than that of the healthy group (difference between the dependent
and healthy group = 95% CI 2.8 to 24.0, difference between the frail and healthy group

=95% CI 0.1 to 21.9). There was no significant difference between the echo intensity in
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the dependent and frail groups. In the muscle thickness and muscle strength, these

valuables of the dependent group were significantly lower than those of the healthy

group (difference in the muscle thickness = 95% CI - 0.4 to - 1.6 cm, difference in the

muscle strength = 95% CI - 11.4to - 30.0 Nm). No significant differences were observed

between the muscle thickness and muscle strength of the dependent and frail groups.

There was no significant difference between the muscle thickness in the frail and

healthy groups. The muscle strength of the frail group was significantly lower than that

of the healthy group (difference in the muscle strength = 95% CI - 2.8 to - 22.1 cm).

The FIM gait score of the dependent group was significantly lower than that of the frail

group (4.0 = 1.4 versus 6.5 + 0.5 score).

Discussion

There was negative relationship between the intramuscular fat and muscle

strength, and the intramuscular fat was more contribute to the muscle strength compared

with the muscle mass in the dependent elderly. Then, negative relationship between the

intramuscular fat and degree of gait independence was observed in the dependent

elderly. However, this relationship was smaller than that of between the muscle mass

and degree of gait independence. The intramuscular fat of the dependent elderly was
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greater increase than that of the healthy elderly. Considering these results, decreasing
intramuscular fat of the dependent elderly may improve the muscle strength and degree
of gait independence. Moreover, the intramuscular fat of the dependent elderly was
negatively correlated with the BMI. Preventing weight loss (i.e. maintenance of
nutrition) may be important approach for maintaining intramuscular fat in dependent
elderly.

Consistent with the result of the longitudinal study’ which examined in healthy
elderly, in this study, the intramuscular fat of the dependent elderly was stronger
correlates with the muscle strength than the muscle mass. In contrast, the intramuscular
fat contributing to the degree of gait independence was less than the muscle mass. Lang
et al'® reported that intramuscular fat is associated to risk of hip fracture compared with
muscle strength and muscle mass. Based on these results, intramuscular fat may
correlate with fall closely, and then assist of gait may compensate the decrease of
balance ability correlating fall.

There were no significant differences in the intramuscular fat, muscle mass,
and muscle strength between the dependent and frail elderly. However, the degree of
gait independence in the dependent elderly was significantly lower than that of the frail

elderly. The previous study?! has indicated that muscle strength training improves
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muscle strength of lower limbs in frail elderly but not timed up and go test and gait
speed. Moreover, Cadore et al*® reported that muscle strength, balance, and gait training
interventions improves muscle strength of lower limbs and timed up and go test in frail
elderly. Considering these results, balance training is needed for improving gait ability
in frail elderly.!® In fact, the previous study?? has suggested that balance training
improves not only berg balance scale but also dynamic gait index in frail elderly. In
other word, balance ability is closely associated with gait ability in frail elderly. Then,
the decreasing the degree of gait independence in the dependent elderly compared with
the frail elderly may be attributed to the decrease of the balance ability. On the other
hand, the condition of the intramuscular fat, muscle mass, and muscle strength in the
dependent elderly were worse than these of the healthy elderly. These results suggest
that improving the intramuscular fat, muscle mass, and muscle strength are needed for
improving the degree of gait independence in the dependent elderly.

Results comparing the intramuscular fat and muscle mass between the frail and
healthy elderly, the intramuscular fat of the frail elderly was greater increase than that of
the healthy elderly, although there was no difference in the muscle mass. These results
were concordance with the previous study which examined the differences of the

intramuscular fat and muscle mass between the hip osteoarthritis patients and healthy
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persons.>*Therefore, the intramuscular fat may be early affected of the motor
dysfunction compared with the muscle mass. In other words, early intervention for
improving intramuscular fat may be more important than intervention for muscle mass
in frail elderly.

Muscle strength training using machine with moderate load (40-60% of 1
repetition maximum) is useful in decrease intramuscular fat in frail elderly,'® however

1>* examined the

doing machine training is difficult for dependent elderly. Fukumoto et a
effects of high-velocity (concentric phase of each repetition as rapidly as possible and
returned to the initial position eccentrically in 3 s) and low-velocity (both the concentric
and eccentric phases in 3 s) muscle strength training with an elastic band on
intramuscular fat and muscle mass in hip osteoarthritis patients. As a result, the
intramuscular fat of gluteus maximus in the high-velocity muscle strength training
group was larger decrease than that in the low-velocity muscle strength training group,
but muscle mass did not change in the both groups. These results suggest that high-
velocity muscle strength training with low load efficiently decreases intramuscular fat
and intramuscular fat of dependent elderly who cannot use training machine.

This study has four limitations. First, we used an ultrasonography for assessing

the intramuscular fat and muscle mass. Although measurement accuracy of
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intramuscular fat and muscle mass in magnetic resonance imaging (MRI) and computed
tomography are better than these of ultrasonography, ultrasonography has advantage
points in noninvasive, easily accessible, and cost. Also, measurement validity of
intramuscular fat and muscle mass of ultrasonography has proven by previous studies
using muscle biopsy'” 2> and MR1.2% 27 Secondly, all participants were women in this
study. Previous study has confirmed that increase rate of intramuscular fat in man is
larger than that in woman.’ Furthermore, effect of muscle strength training on muscle
mass in frail elderly man was larger than that in frail elderly woman.?® Based on these
knowledges, whether results of this study which obtained from woman adapts to man
remains unclear. Thirdly, we cannot mention causal relationship between decreasing
intramuscular fat and improving muscle strength and degree of gait independence,
because this study was cross-sectional design. From now on, further studies will be
needed for revealing this causal. Finally, echo intensity is fluctuated by scanning

conditions,?®*°

and therefore we are not able to show the cut-off point of the echo
intensity.
Considering there were relationships between intramuscular fat and muscle

strength or degree of gait independence in the dependent elderly women, increase and

decrease of intramuscular fat may become the index for low or high muscle strength and
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degree of gait independence in these populations. In addition, intramuscular fat of

dependent elderly women is higher than that of healthy elderly women, and this result

may indicate that decreasing intramuscular fat is important for improving muscle

strength and degree of gait independence in dependent elderly women.
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Fioure legends

Figure 1. Representative ultrasound image.

Figure 2. Relationships between the echo intensity and muscle strength or functional

independence measure (FIM) gait score in the dependent group.



Tablel. Characteristics of participants of the dependent, frail, and healthy groups.

Dependent group Frail group Healthy group Main effect
(n=25) (n=22) (n=22)
p value
Age (year) 83.4+78 81.4+5.0 81.9+22 0.427
Height (cm) 1424+ 23.4 148171 1489+ 4.0 0.260
Weight (kg) 48.3+9.0 52.6 +15.9 49.7+71 0.422
BMI" (kg/m?) 227+4.38 238+6.1 224426 0.567

"Body mass index

Data are shown as mean + standard deviation.



Table2. Quadriceps echo intensity, muscle thichness, and muscle strength of the dependent, frail, and healthy groups.

Dependent group Frail group Healthy group Main effect
(n=25) (n=22) (n=22)
p value
Echo intensity (untitle) 82.9+16.4™ 80.6+12.2" 69.5+16.1 p<0.01
Muscle thickness (cm) 3.0+09" 35+0.8 40+0.9 p <0.01
Muscle strength (Nm) 31.8+145™ 40.1+13.5™ 525+11.8 p <0.01

*

p < 0.05, p < 0.01 (Significant differences compared with the Healthy group; based on Tukey test)

Data are shown as mean + standard deviation.
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