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ABSTRACT

Context: Diabetes mellitus (DM) in the elderly is followed by the incidence of sarcopenia, one of which is a decrease in muscle mass. Hyperglycemia and
decreased nitric oxide (NO) levels in the elderly will affect the degradation and regeneration of skeletal muscle, thereby affecting muscle mass.

Aims: To determine the effect of NO and HbAlc levels on muscle mass in elderly with DM.

Methods: This is a cross-sectional study using purposive sampling techniques, and from the sample size formula, we get 30 elderlies with DM who visited
the Geriatric Clinic. We take the serum for NO and HbA1lc assays and muscle mass measurements by DXA. We used SPSS 22 for statistical analysis using
the Shapiro-Wilk test for data normality, correlation analysis, and multiple linear regression with a significance value of p<0.05.

Results: The BMI of subjects varied, with low average handgrip strength and normal TUG results. NO levels have a positive and significant effect on muscle
mass, with a significant degree of 5 percent (p=0.003). HbAlc negatively and significantly affects muscle mass (p=0.04). The multiple correlation test
results showed that NO and HbA1c significantly affected muscle mass (p=0.001).

Conclusion: There was a positive effect of nitric oxide levels on muscle mass in the elderly with diabetes mellitus. If NO levels increase, it promotes muscle
mass growth, conversely, if NO levels decrease, it will reduce muscle mass in the elderly with DM.
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INTRODUCTION

Globally, the elderly population is predicted to
continue to increase over time. Likewise, in Indonesia, the
elderly population is estimated to increase more than the
elderly population worldwide (Kementerian Kesehatan,
2016). Based on population projection data, it is estimated
that in 2017, there were 23.66 million elderly people in
Indonesia, or around 9.03%, and that there was an
increase in the number of elderly people in 2020 to reach
27.08 million. In 2025, it will reach 33.69 million; in 2030,
40.95 million; and in 2035, 48.19 million (Kementerian
Kesehatan, 2017). For many elderly people in Indonesia,
the future brings positive and negative impacts. A
positive impact can be obtained if the elderly population
is healthy, active, and productive. On the other hand, the
large number of the elderly population becomes a burden
if the elderly have a decline in health, which increases
health service costs, a decrease in income/income, an
increase in disability, the absence of social support, and
an environment that is not friendly to the elderly
population (Kementerian Kesehatan, 2017).

There is an increasing prevalence of diabetes mellitus
over time. WHO estimates that in 2000, the number of

people with diabetes over the age of 20 was 150 million
people, and in the next 25 years, by 2025, that number will
have risen to 300 million. From the cumulative diabetes
patients, it is said that 50% are over 60 years old
(Perkumpulan Endokrinologi Indonesia, 2015). Diabetes
in the elderly can be a complex disease and can be
exacerbated by polypharmacy and other diabetes-related
diseases such as neuropathy, diabetic foot disease, stroke,
cognitive disabilities, disabilities, and nutritional
problems, which all contribute to the risk of
hypoglycemia, the tendency to be treated at the hospital
and significantly reduced life expectancy (Perkumpulan
Endokrinologi Indonesia, 2015).

Sarcopenia is a condition that can occur in healthy
older people. The prevalence of sarcopenia in America
and Europe is around 5-13% at the age of 60-70 years and
11-50% at the age above 80 years. In Asia, the prevalence
of sarcopenia is 8-22% in women and 6%-23% in men. In
the pathophysiology of sarcopenia, muscle mass plays an
important role (Setiati, 2013). The decrease in muscle
mass starts at the age of 40-50 years and accelerates about
0.6% each following year. Decreasing muscle mass at this
rate usually does not have a bad effect, but when the
muscles are not used in a painful condition, there will be
adverse effects on the patient. Low muscle mass arises
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with the interaction of the peripheral and central nervous
systems, hormonal, nutritional status, and
immunological and physical activity deficiency. At the
molecular level, muscle mass decreases due to a
disproportionate decrease in muscle protein synthesis
rate and/or an increase in muscle protein breakdown.
The neuropathic process is most influential because it is
responsible for the degeneration of the alpha motor
nerves that supply the muscle fibers and cause loss of
motor units (Narici and Maffulli, 2010).

In type 2 diabetes mellitus, there is insulin resistance
and an increase in advanced glycation end products
(AGEs), which triggers inflammation and increases
oxidative stress, resulting in microvascular and
macrovascular complications. This disrupts normal cell
function and results in cell death, which, concerning
skeletal muscle, will cause loss of skeletal muscle, muscle
strength, and function and result in sarcopenia.
(Mesinovic et al., 2019a).

The effect of hyperglycemia in DM patients causes a
decrease in the level of nitric oxide synthase (NOS),
which participates in the production of nitric oxide (NO),
where NO works to inhibit blood vessel muscle cell
growth, reduces inflammatory reactions by inhibiting the
expression of adhesion molecules, inhibiting the activity
of pro-inflammatory cytokines as tumor necrosing factor-
alpha (TNF-a), and monocyte chemoattractant protein-1
(MCP-1), decreases the binding of monocytes or
macrophages with blood vessel walls also inhibits the
platelet adhesion process and results in progressive
atherosclerosis (Mesinovic et al., 2019b). Besides, reduced
NO levels were associated with decreased skeletal muscle
mass in the body. NO plays a role in the nitrosylation
process of calpain protein, in which calpain cleaves the
myofibrils that break down muscle.

Previous research by Kalyani et al. (2015) showed that
in people with diabetes, muscle strength and quality of
activity significantly decreased at higher HbAlc levels
with aging, whereas muscle mass was not affected by
HbA1lc levels. Another study showed that the skeletal
muscle index significantly decreased in people with type
2 diabetes (Kim et al, 2010). Ozturk et al. (2017)
conducted a comparison of muscle mass before and after
the administration of anti-diabetes therapy, and there
was a significant increase in muscle mass in the group of
patients with well-controlled blood sugar levels. In this
study, muscle mass was measured using bioelectrical
impedance analysis. So far, no research has been done on
the effect of NO and HbA1c levels, whose levels often
vary in DM sufferers. Based on the facts described above,
researchers should be encouraged to determine the effect
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of NO and HbAlc on muscle mass in the elderly with
diabetes. This study is an attempt to see the clinical
implications of the factors that influence sarcopenia,
especially in its prevention and management.

METHODOLOGY

Subjects

This study used a cross-sectional study design, using
purposive sampling techniques, and from the sample size
formula, 30 elderly patients with DM who were routinely
controlled at the Geriatric Clinic at Dr. Moewardi Hospital
every month were evaluated. Data were collected at the
Geriatric Outpatient Clinic and Radiology Installation at
Moewardi Hospital in November 2020-December 2020.
The inclusion criteria included age =60 years, suffering
from DM or diagnosed with DM during control according
to Perkeni criteria, 2015, and being willing to sign an
informed consent for the study. Subjects were excluded if
they found obesity with BMI>35, long-term steroid use
because steroid affects glucose metabolism, malignancy,
stage 3-5 chronic renal failure, chronic liver disease,
dementia, and consumption of multivitamins and
minerals. Subjects who met the inclusion criteria then
underwent a body composition examination using Dual
Energy Xray Absorptiometry (DEXA/DXA), taking blood
samples to check levels of NO and HbAlc. Measurements
of body mass index (BMI), time up and go test (TUG test),
and handgrip strength were also used as basic data for
subjects. The criteria for classifying muscle mass were
based on the Asian Working Group on Sarcopenia
(AWGS).

Statistical analysis

Statistical analysis was performed using SPSS 22 for
Windows, with multiple linear regression tests to see the
effect of NO and HbAlc levels on muscle mass with a
significance value of p<0.05.

RESULTS AND DISCUSSION

In general, the age of the research subjects ranged from
64 years to 76 years, with an average age of 68 years and a
standard deviation of 3 years (68 * 3 years). The BMI of
patients in the sample group for the normal muscle mass
category ranged from 18.72 kg/m? to 30.13 kg/m? with an
average of 24.90 kg/m? and a standard deviation of 3.09
kg/m? (24.90 + 3.09 kg/m?). Meanwhile, patients in the
decreased muscle mass category had BMI values ranging
from 19.30 kg/m? to 30.63 kg/m? with an average of 24.35
kg/m? with a standard deviation of 3.21 kg/m? (24.35 +
3.21 kg/m?).

J Pharm Pharmacogn Res (2024) 12(suppl. 1): S18


http://jppres.com/

Putri et al.

The value of the TUG test in patients with normal
muscle mass category ranged from 8.40 seconds to 17.78
seconds with a mean of 12.78 seconds and a standard
deviation of 2.97 seconds (12.78 = 2.97 seconds).
Meanwhile, patients with decreased muscle mass
category had TUG test values ranging from 8.95 seconds
to 22.15 seconds with an average of 13.82 seconds and a
standard deviation of 3.89 seconds (13.82 + 3.89 seconds).
Handgrip strength values in patients with normal muscle
mass categories ranged from 8.00 kg to 32.00 kg with an
average of 17.59 kg and a standard deviation of 7.59 kg
(17.59 £ 7.59 kg). Meanwhile, patients with a decreased
muscle mass category had Handgrip values ranging from
3.00 kg to 27.00 kg with an average of 15.07 kg and a
standard deviation of 6.35 kg (15.07 £ 6.35 kg).

The results of data normality testing using the Shapiro-
Wilk test showed that the variables age, BMI, TUG test,
and Handgrip strength had normal distribution data in
both the normal muscle mass category and the decreased
muscle mass category. The results of the homogeneity test
showed that all the characteristic variables tended to be
the same or not different between the sample group with
the normal muscle mass category and the sample group
with the decreased muscle mass category; in other words,
all the quantitative research characteristic variables were
homogeneous.

In this study, the majority of subjects had female
gender, namely as many as 21 patients or 70%, and the
rest, nine patients, had male gender or 30%. The
homogeneity test of the gender variable was carried out
by using the chi-square statistical test. The results showed
that the patient gender variable was homogeneous
between the patients with the normal muscle mass
category and the patient group with the decreased muscle
mass category. The results of the normality test are
attached in Table 1.

Nitric oxide and HbAlc on muscle mass in elderly with diabetes mellitus

In the sample group, patients with normal muscle
mass had NO values ranging from 20.11 umol/L to 45.65
umol/L with an average of 37.84 umol/L and a standard
deviation of 730 pmol/L (37.84 + 7.30 umol/L).
Meanwhile, in the sample group, patients with decreased
muscle mass had NO values between 10.17 umol/L to
20.93 pmol/L with an average of 16.26 pmol/L and a
standard deviation of 3.65 umol/L (16, 26 + 3.65 umol/L).
In the normal muscle mass sample group, HbAlc values
ranged from 5.70% to 11.20%, with an average of 7.18%
and a standard deviation of 1.93% (718 = 1.93).
Meanwhile, the decreased muscle mass group had an
HbA1lc value between 5.80% and 12.10%, with an average
of 8.91% and a standard deviation of 2.14% (8.91 + 2.14).
The muscle mass of the subjects ranged from 4.90 kg/m?
to 7.40 kg/m? with a mean value of 6.00 kg/m? and a
standard deviation of 0.85 kg/m? (6.00 + 0.85 kg/m?). The
normality test of NO, HbAlc, and muscle mass variables
found that NO and muscle mass variables had normal
data distribution, while HbAlc variables had abnormal
data distribution. Thus, the correlation coefficient
between NO and HbAlc, each with muscle mass
variables, can be calculated using Pearson Product
Moment Correlation Analysis.

The calculation of the Pearson product-moment
correlation between the NO variable and the muscle mass
variable obtained the correlation coefficient r=0.649 and
p=0.001, which means there is a positive and significant
relationship at the significance level of 5% (p<0.05)
between the two variables. Meanwhile, the calculation of
the Pearson product-moment correlation between the
HbA1lc variable and muscle mass obtained a correlation
coefficient value of r=-0.558 and p=0.001, which means
that there is a negative and significant relationship at the
significance level of 5% (p<0.05) between the two
variables (Table 2).

Table 1. Description and results of the homogeneity analysis of subject characteristics based on the patient's muscle mass category.

Muscle mass

Statistical analysis

Variables Normal Decrease
Mean/n Std Dev/% Mean/n Std Dev/% t/ X2 P value

Age (years old) 69 4 68 2 0.304 0.763
Sex 0.408 0.523

Male 4 25.00 5 35.70

Female 12 75.00 9 64.30
BMI (kg/m?) 24.90 3.09 24.35 3.21 0.471 0.641
TUG Test (second) 12.78 2.97 13.82 3.89 -0,831 0.413
Handgrip (kg) 17.59 7.59 15.07 6.35 0.979 0.336
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Table 2. Results of the bivariate correlation test for NO and HbA1c variables with muscle mass.

Correlation result

Variables

r Probability
NO with muscle mass 0.649 0.001**
HbA1lc with muscle mass -0.558 0.001**

Table 3. Multiple linear regression analysis of the effect of NO and HbA1lc variables on muscle mass.

Variables B t/F Probability
a 6.074 9.120 0.001**

NO 0.034 3.267 0.003**
HbAlc -0.128 -2.160 0.040*

R 0.711 13.831 0.001**

R? 0.469

Multiple linear regression analysis was processed to
obtain the regression equation using the Ordinary Least
Square (OLS) approach, and the results are attached in
Table 3.

In multiple linear regression analysis, it is found that
the NO variable has a regression coefficient of B1=0.034
with a probability of p=0.003. This means that the NO
variable has a positive and significant effect on muscle
mass with a significant degree of 5% (p<0.01). These
statistical tests indicate that NO levels play a role in
muscle mass, where an increase in NO levels will trigger
an increase in muscle mass.

These results are in line with the research of Koh and
Tidball (2000), which states that NO can inhibit calpain-
mediated proteolysis of skeletal muscle cells. A similar
study by Samengo et al. (2012) stated that the reduction in
NOS in skeletal muscle increases the incidence of
sarcopenia due to the reduced S-nitrosylation process in
calpain protein, resulting in myofibril degradation.

Wang et al. (2015) suggested similar results that the
presence of skeletal muscle NOS would inhibit age-related
changes in muscle. The related mechanism is that the
presence of NOS will inhibit the increase in M?2a
macrophages associated with fibrosis in aging muscles. In
the aging process, there is an increase in pro-inflammatory
cytokines such as TNF-a, IFN-y which are activators of
pro-inflammatory M1 macrophages. In response to these
cytokines, there will be overactivation of M2a
macrophages, which are anti-inflammatory and will later
trigger fibrosis in muscle cells.

http://jppres.com

A literature review by Tidball and Wehling-Henricks
(2014) states that a defect in NO production will interfere
with the metabolism and growth of muscles. NO
produced from NOS activation can stimulate muscle
growth and regeneration through several mechanisms.
NO can diffuse out of the muscle fibers to activate matrix
metalloproteinase 2 (MMP2), which breaks down the
protein matrix and triggers the release of hepatocyte
growth factor (HGF), which binds to c-met receptors in
satellite cells and activates satellite cells to differentiate.

NO can also react with histone deacetylases (HDACs),
especially HDAC2, and inhibit its activity, thereby
eliminating the suppressive effect of HDAC2 on miRNA
expression that regulates transcription activity in muscle
fibers. Another study conducted by Leiter et al. (2012) in
mice suggested the important role of NO in increasing
muscle mass, as evidenced by an increase in the diameter
of muscle fibers, an increase in sarcolemma integrity, and
an increase in the amount of muscle vascularization.
These results are supported by other studies that prove
that giving arginase inhibitors will increase the
availability of L-arginine as a NO ingredient, which will
help maintain muscle mass (Pandya, 2019).

The results of multiple linear regression analysis show
that the HbAlc variable has a regression coefficient of
B2=-0.128 with a probability of p=0.040, which means that
the HbAlc variable has a negative and significant effect on
muscle mass with a significant degree of 5% (p<0.05).
These results indicate that HbAlc levels affect muscle
mass, where an increase in HbAlc levels will lead to a
decrease in muscle mass. Increased levels of HbAlc are
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associated with hyperglycemia or more severe insulin
resistance in people with diabetes mellitus.

Similar results were revealed by previous studies,
showing a significant increase in muscle mass in a group
of patients with well-controlled blood sugar levels, and in
hyperglycemia conditions, muscle mass tended to remain
low (Ozturk et al., 2017). Another study by Leenders et al.
(2013) showed similar results, namely hyperglycemia in
type 2 DM patients resulted in a decrease in muscle mass,
muscle strength, and functional capacity along with the
aging process.

Park et al. (2009) presented the results of a study that
were in line with the results of this study, that the elderly
who have diabetes mellitus tend to lose muscle mass faster
than the elderly without diabetes mellitus. Factors that are
considered to play a role include a decrease in IGF-1 in
conditions of hyperglycemia or insulin resistance, which
functions to stimulate satellite cell activation in the basal
lamina and differentiation of muscle cells and inhibits the
degradation of muscle-building proteins by the ubiquitin-
proteasome and autophagy-lysosome pathways (O'Neill,
2015). Research conducted by Kim et al. (2010) supports
the results of this study that diabetes mellitus
independently affects sarcopenia. The recent mechanism
investigated regarding the effect of hyperglycemia on the
loss of muscle mass is that hyperglycemia will trigger
overexpression of the WWP1 gene, which encodes the
ubiquitin E3 protein, and the KLF15 gene, which encodes
the muscle breakdown pathway. These two genes interact
in the WWP1/KLF15 pathway (Hirata et al., 2019).

The results obtained in this study are quite different
from those of Kalyani et al. (2014), who state that
hyperglycemia is associated with a decrease in muscle
strength with age, even though muscle mass is not
affected by hyperglycemia conditions. This discrepancy
could be due to the influence of other factors, such as the
type of diabetes medication used or the length of suffering
from diabetes in the study subjects.

The multiple correlation coefficient of R=0.711 with a
calculated F value of 13.831 and a probability of p=0.001
means that the NO and HbAlc variables together
significantly affect muscle mass with a significant degree
of 5% (p<0.05).

Continuous hyperglycemia causes fatigue and
malfunction from NOS, which also promotes a decrease in
NO production (Kutsyk et al., 2017). The presence of

oxidative stress in hyperglycemia triggers the
accumulation of AGEs and poly (ADP-ribose)
polymerase, which invokes an increase in
http://jppres.com
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dimethylarginine levels and reduces the availability of 1-
arginine needed for NO synthesis (Ghosh, 2011).

CONCLUSION

There was a positive effect of NO levels on muscle
mass in the elderly with DM. If NO levels increase, it will
increase muscle mass; conversely, if NO levels decrease,
it will tend to reduce muscle mass in the elderly with DM.
Also, there was a negative effect of HbAlc on muscle
mass in the elderly with diabetes mellitus. If HbAlc
increases, it will tend to decrease muscle mass;
conversely, if HbAlc levels decrease, it will lead to
increased muscle mass in the elderly with DM. NO and
HbA1c levels affect muscle mass in the elderly with DM,
which can play a role as part of the predictor factors for
muscle mass, especially in the elderly with diabetes
mellitus.
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