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Low muscle mass impairs fat utilization during light-intensity
exercise in Chinese men
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Background: Age-related loss of the muscle mass is linked to obesity and diabetes because the muscle is
the major site for fat oxidation which is influenced by exercise. We aimed to explore the association between
fat oxidation rates (FORs) and exercise intensity during age-related muscle loss.
Methods: A total of 224 healthy Chinese men aged 23–92 years were recruited. Fat and lean tissue masses
were measured by DXA. The subjects were also tested using graded incremental exercise with an increased
intensity of 10 W until maximal fat oxidation rate (Fatmax) was achieved. Real-time contribution (%) of fat to
total energy expenditure were determined using indirect calorimetry.
Results: We found that appendicular skeletal muscle mass/weight (ASM/Wt) decreased during ageing and
positively correlated with FORs during low-intensity exercise. In multiple linear regression models, FORs
was positively related with ASM/Wt (β =0.446, P=0.0091) but negatively associated with exercise intensity
(β =−0.573, P<0.0001), whereas fat oxidation rate did not show any association with age. Moreover, there was
a significantly negative correlation between ASM/Wt and Fatmax.
Conclusions: Our findings highlight the importance of muscle mass in fat utilization during low-intensity
exercise. A higher exercise intensity indicated by Fat max is recommended for improving fat oxidation in
Chinese men with decreased muscle mass.
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Introduction
Skeletal muscle comprises about 40% of total body mass
in a healthy-weight individual (1). Ageing is associated
with body composition changes, with increased visceral fat
and reduced muscle mass (2). Sarcopenia is defined as the
loss of muscle mass and strength due to the ageing, and is
associated with insulin resistance and metabolic syndrome.
The changes in skeletal muscle are especially important
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because muscle is the major site for substrate utilization (3).
Previous studies have indicated that skeletal muscle and the
heart consume around 30% of resting energy consumption
and almost 100% of increased energy during exercise (4).
Moreover, carbohydrate (CHO) and fat provide the vast
majority of fuel required by skeletal muscle (5).
The ageing muscle is characterized by fat infiltration (6).
Thus, the accumulation of lipids within the muscles is an
important factor leading to insulin resistance (7).
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A research on obesity men showed that the exercise
eliciting the maximal fat oxidation but not high-intensity
interval training reduced insulin resistance significantly (8).
In addition, previous studies have reported that fat oxidation
rates (FORs) which predominantly contribute to energy
expenditure is influenced by several factors, such as muscle
mass, activity state, exercise intensity, exercise mode and
nutrition (9,10).
Exercise has been explored as one of the most important
factor influencing fat utilization. In general, the fractional
contribution of CHO to the fuel supply is small at low
intensity and rises with the exercise intensity increase (11),
whereas FORs reaches its peak at moderate exercise intensities
normally ranging between 55% and 65% of maximal oxygen
uptake (12). The exercise intensity, at which ‘maximal fat
oxidation rate’ (Fatmax) occurs, has been defined as Fatmax
intensity. Thus, the Fatmax intensity would maximize the
beneficial effects of exercise. According to the published data,
muscle fatty acid oxidative capacity is a determinant of whole
body fat oxidation during physical activities (13). However,
the implied relationship between FORs and exercise intensity
during ageing has still not been clearly investigated.
Therefore, we chose healthy men of various ages who did
not suffer from metabolism disorders to assess fat oxidation,
as determined using a cycle-ergometer during graded
incremental exercise, and muscle mass tested by DXA. The
purpose of this study was to identify the association between
FORs and exercise intensity in the context of age-related
muscle loss. The results of this study will contribute to the
development of an effective exercise regimen for elderly
men to achieve Fatmax. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/apm-20-611).
Methods

incremental exercise test. The remaining were either lost
on follow-up, did not provide consent or were unable to
tolerate the exercise intensity experiment. Fasting levels of
glycated hemoglobin, cholesterol, triglycerides, low-density
lipoprotein, and high-density lipoprotein were obtained.
Biochemical analysis
After overnight fasting, blood samples of participants were
obtained and centrifuged at 4.0 ℃ for 10 min at 1,000 rpm
and subsequently analyzed. Plasma glucose was determined
using the YSI 2300 STAT Plus glucose oxidase assay (Yellow
Springs Instruments, Yellow Springs, OH, USA). Serum
insulin was measured using a radioimmunoassay (EMD
Millipore, Billerica, MA, USA). Serum triglycerides (TG)
and cholesterol were analyzed using enzymatic methods
with an automated platform (Roche Modular Diagnostics,
Indianapolis, IN, USA). Serum triiodothyronine (FT3),
thyroxine (FT4), and thyroid stimulating hormone
(TSH) levels were measured using the Abbott AxSYM
Immunoassay system (Abbott Laboratories, Abbott Park,
IL, USA) with intra- and inter-assay coefficients of variation
of <10% for all measurements.
Measurement of body composition
Total and regional (trunk, android, gynoid, limbs) fat
and lean tissue masses were measured using a Hologic
Discovery A (Hologic Inc., Bedford, MA, USA) and
analyzed by Encore Software 11. Trunk fat and lean masses
were designated from the pelvis cut (lower boundary) to the
neck cut (upper boundary). Appendicular skeletal muscle
mass (ASM) was calculated as the sum of the muscle masses
of the arms and legs.

Subjects

Measuring rest energy expenditure (REE) by indirect
calorimetry (IC)

The clinical study was approved by the Ethics Committee of
the First Affiliated Hospital of Nanjing Medical University,
Jiangsu, China (No.2019-SR-481), in accordance with
the Declaration of Helsinki (as revised in 2013). Written
informed consents were obtained from all participants.
Subjects were excluded if they were weight unstable (gained
>2.0 kg in the previous 6 months), or had chronic disease
(e.g., renal, hepatic, pulmonic, cardiovascular disease or
cancer). Ultimately, 224 healthy Chinese men, aged 23–92
years, were recruited for this study. 121 were given a graded

The participants visited the metabolic laboratory between
07:00 am and 11:00 am after a 12 h fast and abstaining from
any form of physical activity (other than walking) prior
to completing a ventilated, open-circuit IC measurement
(Quark PFT Ergo, COSMED SRL, Rome, Italy). The
principle of IC is derived from the fact that the human body
burns available sources of fuel using oxygen while producing
CO2. Only stable measurements for at least 20 minutes
were considered acceptable. Oxygen consumption and CO2
production were measured and the respiratory quotient (RQ)
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and REE calculated using the VCO2-based Weir equation
(REE =5.534×VCO2×1440) (14). To ensure quality control
between participants and technicians, gas analyzers were
calibrated to <0.1% standard gas and flow rate and volume
were calibrated to ≤3% error.
Graded exercise protocol and energy expenditure
The experimental trial was performed in the morning after
a minimum 10-h overnight fast. All subjects were asked to
refrain from exercise, alcohol, smoking, and caffeine for the
24 h period preceding the test. After a 15-min seated resting
period, the subjects were seated on the cycle-ergometer
and given a graded incremental test. After a standardized
5.0-min warmup at a 0.0-Watts (W), the intensity was
increased by 10 W (10 W-20 W-30 W-40 W-50 W-...)
every 5 min until the exercise heart rates of the subjects
achieved 70% of the age-predicted maximum (220-age),
which was defined as hard-intensity exercise. The real-time
energy consumption, respective contribution (%) of fat to
total energy expenditure were determined using indirect
calorimetry (Quark PFT Ergo, COSMED SRL, Rome,
Italy). Fatmax intensity is the exercise intensity that causes
the highest rate of fat oxidation, which is usually considered
to occur at 45–60% of peak maximal oxygen uptake,
defined as moderate intensity with 50–69% of maximal
heart rate; therefore, after incremental exercise, Fatmax can
be determined using the real-time fat oxidation reporting
system of indirect calorimetry.
Statistical analysis
Descriptive data for the subject characteristics were
presented as mean ± standard deviation (SD). The association
between fat oxidation rates, Fatmax and age, appendicular
skeletal muscle mass/Weight (ASM/Wt), total fat mass were
determined using Pearson correlation analysis. Multiple
linear regression models were further applied for fat oxidation
rates analyses, using Age, Exercise intensity and ASM/Wt
data. All statistical analyses were performed using IBM SPSS
Statistics for Windows (Version 20, IBM Corp, Armonk, NY,
USA) and P<0.05 was considered statistically significant.
Results
Skeletal muscle mass decreased during ageing
A total of 224 healthy Chinese men were included in the
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analysis, with data obtained from the baseline visit of a
clinical trial. Skeletal muscle is a metabolically active tissue
that is critical to maintaining whole-body homeostasis.
Recent study reported that ASM/Wt was related with insulin
resistance (15), and ASM/Wt was the more appropriate index
for sarcopenia (16). Pearson correlation analysis showed that
ASM/Wt was negatively correlated with the age (r =−0.260,
P<0.0001) (Table 1, Figure S1). In addition, as shown in Table
1, ASM/Wt was negatively associated with WHR (r =−0.206,
P=0.004) and total fat mass (r =−0.409, P<0.0001). ASM/Wt
showed a positive relationship with TG (r =0.137, P=0.04) and
negative relationship with fasting insulin (r =−0.228, P=0.018).
However, there was no statistical association between ASM/
Wt and fasting glucose, HDL-C, HAc1%, 25(OH)VD and
thyroid function including FT3, FT4 and TSH.
Increased ASM/Wt improves fat oxidation rate during
low-intensity exercise
Age-related muscle loss is associated with metabolic
syndrome and muscle is the major site for fat utilization.
Thus, we performed correlation analysis between ASM/
Wt and fat oxidation rate during an exercise intensity of
10–50 W. The results showed a significantly positive
correlation between ASM/Wt and fat oxidation rates during
low-intensity exercise (10 W: r =0.252, P=0.008 and 20 W:
r =0.199, P=0.039; Figure 1A,B), while there was no
correlation during moderate exercise (30–50 W: P>0.05,
Figure 1C,D,E).
No relation between ASM/Wt and fat oxidation rate in the
resting state
Resting energy expenditure (REE) is defined as the amount
of calories required by the body at rest during a 24 h period
and represents 70% to 80% of the calories used by the
body. Pearson correlation analysis revealed no correlation
between ASM/Wt and REE (Figure S2A, Supporting
information). Moreover, there was no significant association
between ASM/Wt and fat oxidation rate (Figure S2B).
Analyses of Fat oxidation rate on Age, ASM/Wt and
exercise intensity
Considering that ageing is associated with impaired muscle
mass and quality, we further performed correlation analysis
between age and fat oxidation rate during an exercise
intensity of 10–50 W. The results showed a significantly

Ann Palliat Med 2020;9(4):1453-1461 | http://dx.doi.org/10.21037/apm-20-611

Chen et al. Low muscle mass impairs fat utilization

1456
Table 1 Pearson’s correlation between ASM/Wt and clinical parameters
Clinical parameters

ASM/Wt (224, 29.79±2.82)

N

Values

Age, y

224

58.45±12.51

−0.260

<0.0001

Height, m

224

171.72±6.15

0.710

0.289

WHR

193

0.95±0.07

−0.206

0.004

Total fat mass, kg

224

20.18±4.60

−0.409

<0.0001

Fasting glucose, mM

218

6.70±5.33

0.036

0.597

Fasting insulin, pM

122

76.14±54.66

−0.228

0.018

TG, mM

224

2.12±1.98

0.137

0.04

HDL-C, mM

224

1.12±0.26

0.105

0.118

HAc1%

215

6.44±1.39

−0.003

0.963

FT3, pM

214

4.71±0.66

0.125

0.068

FT4, pM

213

16.67±2.17

−0.046

0.501

TSH, mIU/L

213

2.50±1.58

0.055

0.427

25(OH)VD, mM

137

46.12±19.10

−0.147

0.087

Albumin, g/L

223

43.22±4.82

0.100

0.137

Urinary cortisol, nM

172

614.00±342.36

0.024

0.759

Cortisol, nM

206

329.96±120.18

−0.009

0.896

r

P

ASM/Wt, appendicular skeletal muscle mass/weight; WHR, waist to hip ratio; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
HAc1%, glycated hemoglobin; FT3, triiodothyronine; FT4, thyroxine; TSH, thyroid stimulating hormone; 25(OH)VD, 25 hydroxyvitamin D.
Variables are expressed as mean ± SD. r correlation coefficient. P<0.05 indicates statistically significant difference.

negative correlation between fat oxidation rate and age
during low-intensity exercise (10 W: r=−0.178, P=0.077
Figure 2A; 20 W: r=−0.202, P=0.045 Figure 2B), but not
during moderate exercise (30–50 W Figure 2C,D,E).
Given the significant relationship between age, ASM/
Wt, exercise intensity and fat oxidation rate, we further
performed multiple linear regression analysis (Table 2).
Fat oxidation rate was positively correlated with ASM/Wt
(β =0.446, P=0.0091) but inversely associated with Exercise
intensity (β =0.573, P<0.0001), while fat oxidation rate did
not show any association with age. Taken together, these
results highlight the significance of muscle mass of Chinese
men in fat utilization during light-intensity exercise.
The Chinese men with decreased muscle mass need a
higher exercise intensity for Fatmax
The subjects were tested using a graded exercise protocol
with the intensity being steadily ramped from no load
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(0.0 W) to an increase of 10 W every 5 min until reaching
Fatmax and the correlation between Fatmax and body parameters
was determined. The results showed significantly positive
correlations of Fat max with BMI and total fat (r =0.459,
P<0.0001 and r =0.348, P=0.0002, respectively; Figure 3A,B),
but a negative correlation between Fat max and ASM/Wt
(r =−0.244, P=0.011; Figure 3C).
Discussion
Lean muscle mass accounts for about 50% of total body
weight in young adults, but decreases to only 25% of total
body weight in old people aged 75–80 years (17). Evidence
from our data also indicated that ASM/Wt was negatively
correlated with the age. Moreover, we found that legs lean
masses decreased much more than arms lean masses during
ageing, consistent with previous observations (18).
Skeletal muscle is a metabolically active tissue that is
critical to maintaining whole-body homeostasis. It has
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Figure 1 Correlation between appendicular skeletal muscle/Weight (ASM/Wt) mass and fat oxidation rate during exercise. Regression line
for ASM/Wt and fat oxidation rate during graded incremental exercise intensity from 10 to 50 W. Pearson r and P values are labeled in the
top right corner of each graph.
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Figure 2 Correlation between age and fat oxidation rate during exercise. Regression line for age and fat oxidation rate during graded
incremental exercise intensity from 10 to 50 W. Pearson r and P values are labeled in the top right corner of each graph.
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Table 2 Multiple linear regression analyses of fat oxidation rates on age, exercise intensity and appendicular lean skeletal/weight (ASM/Wt)
Standardized β

Variables

Stand error

t

6.881

7.39

<0.0001

−0.123

0.081

−1.52

0.1301

0.446

0.170

2.62

0.0091

−0.573

0.046

−12.52

<0.0001

Intercept
Age (year)
ASM/Wt (%)
Exercise intensity (Watts)

P

Adjustment for Age, Exercise intensity and ASM/Wt. β standardized coefficient. P<0.05 indicates statistically significant difference.

r=0.459
P<0.0001
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Figure 3 Correlation between body components and maximal fat oxidation rate (Fatmax). (A,B,C) Regression line for body mass index (BMI),
total fat mass, appendicular lean skeletal/weight (ASM/Wt) and age and Fatmax.

been well established that older people have a lower rest
energy expenditure (REE) which is decreased by about 30%
between the ages of 20 and 70 years (19,20). Some studies
have shown that more muscle mass increases REE (21), but
other studies have opposite finding, for example, a study
did not demonstrate a low REE in Duchenne Muscular
Dystrophy (DMD) males (22). Our present study showed
that REE decreased during ageing, but we observed no
correlation between ASM/Wt and REE. This might be due
to other determinants of REE, such as fat mass, food intake
and physical activity habit, which are not considered in this
study. It is also possible that skeletal muscle mass plays more
important role in the energy expenditure during exercise
training than in the resting state.
Moreover, skeletal muscle is the major site for substrate
utilization especially during exercise. Carbohydrate (CHO)
and fat provide around 90% of the fuel for skeletal muscle
during contraction activity (23). Several studies have shown
that the oxidation of lipid contributes significantly to overall
energy needs with most of the energy requirements of
muscle being obtained via fatty acid oxidative (FAO) (24,25).
Fat deposit of muscle has been thought as a strong risk
factor of heart disease, type 2 diabetes, and the metabolic
syndrome. Furthermore, regular physical activity prevents
both the age-associated loss of muscle strength and increase
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in muscle fat infiltration in older adults (26). Although
the mechanisms of muscle loss induced insulin resistance
are complex, an inability to oxidize lipids appears to be an
important factor (27). An increased capacity to oxidize fat
during exercise in patients with T2DM can reduce their
dependence on glucose as a source of energy. In addition,
increased fat oxidation through physical activity improves
insulin sensitivity (28). In our study, we found no statistical
association between ASM/Wt and fat oxidation rate and
CHO rate when people are in a state of rest. Nevertheless,
we found a significantly positive correlation between ASM/
Wt and fat oxidation rates during low-intensity exercise
(10 W and 20 W), indicating that individuals with more
muscle mass have an increased capacity to oxidize fat during
low-intensity exercise.
In our study, we found that fat oxidation rates do not
vary with age. However, we found a significant correlation
of fat oxidation rate with muscle mass. This indicates that
ageing itself does not affect fat oxidation, but loss of muscle
mass during the ageing process does. It is thus important
that elderly individuals maintain or increase muscle mass
through lifestyle changes such as increased physical activity
or better nutrition. Larger muscle mass will lead to higher
fat oxidation rates, which will reduce comorbidities and
improve quality of life.
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Fatmax intensity is the exercise intensity that causes the
highest rate of fat oxidation. Therefore, after incremental
exercise, Fat max can be determined using the real-time
fat oxidation reporting system of indirect calorimetry.
Previous studies have demonstrated that Fatmax intensity is
variable among individuals (29,30). For example, A research
reported that Fatmax intensity was higher in obese individuals
than in lean controls (31). The exercise intensity for Fatmax
was significantly lower in the T2DM group than the control
group (32). Another novel finding of this study was that
most of the subjects achieved the Fatmax during a workload
of 10–20 W and there was a strong positive correlation
between body fat mass and Fatmax intensity in contrast to
a significant negative correlation between muscle mass
and Fatmax intensity. These findings suggest that Chinese
men with decreased muscle mass might need more intense
exercise to achieve Fatmax.
As the muscle is important for blood glucose homeostasis
and increase insulin sensitivity, diabetes and hyperlipidemia
are more common in older than in younger individuals.
Thus, we examined the relationship of ASM/Wt with
multiple clinical variables of glucose and lipid metabolism.
We demonstrated that fasting insulin decreased with higher
ASM/Wt, suggesting insulin resistance in subjects with loss
of skeletal muscle mass. Although strong evidence indicates
that individuals with muscle loss have increased risk of
insulin resistance, the relationship between muscle loss and
lipid metabolism requires further elucidation. For example,
several studies indicated a negative association between
muscle loss and lipid metabolism biochemical markers
(33,34). However, our data showed that the triglycerides
level was significantly lower in people with muscle loss.
One possible explanation is that not all adipose tissues
are metabolically equivalent (35), thus the older people
with lighter body weight and without abdominal obesity
may contribute to the decline of triglycerides. Meanwhile,
ASM/Wt was found to be positively related with FT3.
There is increasing evidence that thyroid hormones play a
role in muscle loss process (36), for example, in one study
hyperthyroid mice exhibited higher muscle fatigue (37).
The large age range required for this study holds
specific limitations. For example, there was large variability
in parameters such as fasting insulin and cortisol levels
between participants. Furthermore, older individuals have
different activity levels and dietary habits to their younger
counterparts. The study could have been improved if we
had acquired data on activity levels and dietary habits, and
standardized accordingly. Finally, our study population is
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small. With a larger population, direct comparisons within
age brackets can be made, increasing the applicability of our
findings.
In conclusion, our findings highlight the importance
of muscle mass in fat utilization during low-intensity
exercise. A higher exercise intensity indicated by Fat max is
recommended for improving fat oxidation in Chinese men
with decreased muscle mass. These results could be useful
when considering an exercise regimen to improve health in
elderly men.
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Supplementary

A

B

Figure S1 Pearson’s correlation between age and appendicular skeletal muscle mass/weight (ASW/Wt) and lean mass. (A) age correction
with ASM/Wt. (B) age correction with Lean mass (arms and legs).

A

B

C

D

Figure S2 Pearson’s correlation between rest energy expenditure (REE) and age and relation with appendicular skeletal muscle mass/weight
(ASW/Wt) during a rest state. (A) age correlation with REE. (B,C,D) ASW/Wt correction with REE, cho oxidation rate and fat oxidation
rate

