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Abstract

Background: Sarcopenia is a disorder causing age-related loss of muscle mass. Its multifaceted nature has been linked to an increased risk of
disability and mortality. Equally, obesity is a well-known risk factor for a host of disorders. A combination of sarcopenia and obesity in elderly
diabetics can synergistically lead to increased insulin resistance and risk of metabolic syndrome. This study aimed to identify the association
between sarcopenia and obesity in elderly diabetic patients by a cost-effective anthropometric method. Methods: A case-control study was
conducted from January 2016 to April 2016 at Dr. B. R. Ambedkar Medical College in Bangalore. Height, weight, mid-arm circumference, and
triceps skin fold thickness of 112 diabetic patients and 131 healthy adults were measured. Descriptive statistical analysis and multiple linear
regression analysis were carried out. Results: 26.8% of male and 76.8% of female diabetic patients were obese (body mass index >25 kg/m?).
Incidence of sarcopenia (muscle mass one standard deviation smaller than healthy reference population, cut-off value for diabetic males
being <9.79 kg/m? and for diabetic females <8.53 kg/m?) were 12.5% in male diabetic patients and 5.4% in female diabetic patients. Conclusion:
Sarcopenia and obesity are co-morbid illnesses which can cause functional and metabolic impairments in elderly diabetic patients. There
exists a moderate association between muscle mass and body mass index. Loss of muscle strength (dynapenia), rather than loss of muscle

mass (sarcopenia), is closely associated with disabilities in these patients.
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Introduction

“Successful ageing”—a capacity to maintain quality of life,
health, and independence in later years of life—is a challenging
issue. In order to minimize disability and chronic ailments, it is
imperative to identify lifestyle, health, and social factors that
would impact functional ability of elderly individuals.' One of
the most common health disorders affecting elderly individuals
is diabetes mellitus. Diabetes and its complications take a ma-
jor toll on the quality of life in elderly patients, with increased
risk of cardiovascular mortality and health care costs of the
society.? In 2015, 415 million people (male: 215.2 million, fema-
le: 199.5 million) aged 20-79 years were diabetic according to
International Diabetic Federation (IDF) (Available from: http://
www.diabetesatlas.org/component/attachments/?task=down-
load&id=116, updated 2015; cited 2016 Aug 20). In 2007, India
had the largest number of diabetics, at about 40.9 million (15%
of the global diabetics).> This number is expected to go up
to 69.9 million by 2025 (Available from: http://clinicalestabli-
shments.nic.in/WriteReadData/58.pdf, updated 2008; cited 2016
Aug 20).

Most striking changes in elderly diabetic patients are obesity
and decreased skeletal muscle mass.' Reduction in skeletal
muscle mass is termed “sarcopenia”, which comes from Greek
words “sarx”, for flesh, and “penia”, for loss.> The molecular
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basis for the effects of sarcopenia is that skeletal muscle is one
of the primary sites for glucose uptake and storage, and myoki-
nes secreted by skeletal muscle counteract the metabolic and
pro-inflammatory effects of adipocytes. The combined effect
of sarcopenia and obesity can increase the risk of developing
metabolic and cardiovascular diseases.

Many methods are available for the evaluation of sarcopenia,
such as computed tomography, magnetic resonance imaging,
dual energy X-ray absorptiometry, prediction using total body
potassium, and creatinine excretion. These methods are expen-
sive, and anthropometry is a cost-effective alternative method
to estimate sarcopenia and obesity with considerable accura-
cy.> A previous study comparing these methods has proven
anthropometry to be an easy and inexpensive method.® The
need for the present study was to examine if an anthropometri-
cal association exists between sarcopenia and obesity. Muscle
mass and body mass indices were measured with parameters
such as height, weight, corrected arm muscle area, and triceps
skinfold thickness to identify the association between sarcope-
nia and obesity.

Methods
Ethics Statement
Written informed consent was obtained from all the partici-
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pants (elderly diabetic patients and healthy adult group). Pro-
tocol was approved by Institutional Ethical Committee of Dr.
B.R. Ambedkar Medical College, Bangalore prior to initiation of
the study. The study procedures were carried out in accordance
with the principles of Declaration of Helsinki.

Study Design and Population

An observational, case-control study was carried out from Fe-
bruary 2016 to March 2016. Pilot study was done on 21 elderly
diabetic patients and 25 normal subjects to determine the sam-
ple size. The sample included 112 diabetic patients (56 males
and 56 females) aged >60 years with an existing diagnosis of
type 1 or type 2 diabetes mellitus. To estimate cut off values of
sarcopenia (which is defined as muscle mass one standard de-
viation less than those of normal young subjects), 131 normal
subjects (56 males and 75 females) aged 17 to 58 years were
considered. Age-matched control groups were not considered
for this study.

Diabetic patients with history of renal disorder, liver disorder,
cancer, organ failure and those who had previously undergone
limb amputation were excluded. In normal subjects, history
of diabetes, stroke, coronary artery disease, cancer, liver cirr-
hosis, hypertension, and organ failure were ruled out. In both
the case and control groups, history of smoking and alcohol
consumption were elicited, and individuals with such history
were excluded.

Based on the history of diabetes and age, the participants were
stratified into case (i.e. those with diabetes and age >60) and
control groups (i.e. those without history of diabetes and aged
<60), taking into consideration the exclusion criteria for both
groups.

Anthropometric Measurements and Statistical Analysis

Anthropometric measurements of height, weight, mid-arm cir-
cumference and triceps skin fold thickness were taken based
on the following methods: (1) weight was measured to the
nearest 0.1 kg in light clothes without footwear, using a digital
scale; (2) standing height was measured using a height scale
fixed to the wall and was measured to the nearest 0.1 cm; (3) a
point midway between the tip of acromion process of scapula
and olecranon process was marked with the participant's arm
flexed at 90°, and this point was used to calculate mid-arm

circumference to the nearest 0.1 cm; and (4) triceps skin fold
thickness was measured over the same point on the posterior
aspect of arm over the triceps muscle using a Holtain caliper
to the nearest 0.1 cm.?

Body mass index was calculated by dividing weight (kg) with
the square of height (in meters), and obesity was defined as
body mass index >25 kg/m? in our study population.® The mid-
arm circumference (MAC) and triceps skin fold thickness (TSF)
were used to calculate the corrected arm muscle area (CAMA)
using the formula: CAMA = [MAC — (rt x TSF)]/am — BA (BA is
correction for bone area, which is 10 cm? for males and 6.5 cm?
for females).® Muscle mass was calculated with corrected arm
muscle area and triceps skin fold thickness using the formula:
muscle mass (kg) = height x (0.0264 + 0.0029 x CAMA).®

Sarcopenia was defined as muscle mass more than one stan-
dard deviation below the mean of the young reference popu-
lation (cut off values were <9.79 kg/m? for diabetic males and
<8.53 kg/m? for diabetic females). SPSS software version 21 was
used for statistical analysis. Descriptive statistical analysis was
done to calculate geometric means and standard deviations for
variables such as age, body height, body weight, body mass in-
dex, mid-arm circumference, triceps skin fold thickness, correc-
ted arm muscle area and muscle mass of normal and elderly
diabetic patients. Multiple linear regression analysis was done
to obtain the relationship between the dependent variables
(body mass index and muscle mass) and the three indepen-
dent variables age, height and weight. ANOVA test was admi-
nistered to find out the breakdown of variance between groups
(normal males, normal females, diabetic males and diabetic
females) in parameters like muscle mass and body mass index.

Results

131 non-diabetic participants and 112 elderly diabetic patients
contributed to the anthropometric data. The mean (with standard
deviation) age, height, weight, body mass index, mid-arm circum-
ference, triceps skin fold thickness, corrected arm muscle area
and muscle mass for both the case and control groups are pre-
sented in Table 1.

Out of 112 elderly diabetic patients, 8.9% patients had sarcopenia
(male: 12.5%; female: 5.4%). The prevalence of obesity among el-
derly diabetic patients were 26.8% for males and 76.8% for fema-

Table 1. Characteristics of Normal Participants and Elderly Diabetic Patients at 95% Confidence Interval

Male Female
Characteristics Normal participants Diabetic patients Normal participants Diabetic patients

(n = 56) (n = 56) (n=75) (n = 56)
Age (years) 29.8 1.4 66.2 1.1 29.4 + 1.2 64.8 £ 0.8
Body height (m) 1.72 +0.01 1.66 + 0.01 1.57 + 0.01 1.50 + 0.01
Body weight (kg) 69.06 + 1.85 69.10 + 1.78 58.33 + 1.49 65.35 + 1.96
Body mass index, kg/m? 23.28 + 0.59 25.23 + 0.64 23.76 + 0.66 28.80 + 0.76
Mid-arm circumference (cm) 29.1 £ 0.5 28.0 £ 0.5 27.1 £0.5 28.3 £ 0.5
Triceps skinfold thickness (cm) 3.5+ 0.1 2.5 + 0.1 3.2 +0.1 2.9 0.1
Corrected arm muscle area (cm?) 16.95 + 0.83 23.28 + 1.34 17.55  0.91 23.36 + 1.29
Muscle mass (kg) 13.02 + 0.43 15.60 + 0.68 12.14 + 0.42 13.95  0.55

Values are means =+ standard deviations.
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les. The correlation coefficients between muscle mass and body
mass index were 0.38 in male diabetic patients and 0.58 in female
diabetic patients.

Multiple linear regression analysis was performed to identify pre-
dictors of muscle mass, with muscle mass being the dependent
variable and predictors being age, height and weight. The R* value
indicated that 67% of the variance in muscle mass was explained
by variance in the three predictor variables. B values indicated
that weight had greater influence on muscle mass (B = 0.605) than
age (B = 0.216).

Discussion

We compared the association of muscle mass and body mass
index in elderly diabetic patients (male and female patients
aged >60 years) with normal participants aged 17-58 years who
had no history of diabetes mellitus. In normoglycemic indivi-
duals, corrected arm muscle area and triceps skin fold thick-
ness correlated positively with body mass index, suggestive
of their role in the magnitude of body mass index. In elderly
diabetic individuals, triceps skin fold thickness was more clo-
sely related to body mass index than muscle mass. We found
an average association between obesity and sarcopenia in the
participants with diabetes mellitus.

Skeletal muscle composition estimated using upper arm an-
thropometry is a key diagnostic method for identifying geriatric
syndromes associated with sarcopenia.” Among various anthro-
pometric methods available to determine sarcopenia, a sim-
ple formula “fat-free muscle mass index = fat-free mass (kg)/
height> (m?)” was proposed in 2013, with sarcopenia defined
as two standard deviations less than young adult reference
population.® With dual energy X-ray absorptiometric technique,
muscle mass can be estimated by the formula “skeletal muscle
mass index = appendicular skeletal muscle mass (kg)/height?
(m?)”, with sarcopenia defined as values lower than 7.36 kg/
m? for men and 5.81 kg/m? for women.™ Based on the fact
that sarcopenia and obesity act synergistically on metabolic
and functional impairments in elderly, the formula “appendi-
cular muscle mass/body weight” was used to define sarcopenic
obesity.""'> However, Bret in 1997 proposed that upper body
fat distribution heightens the risk for insulin resistance and
metabolic syndrome.™ This is the basis for the calculation of
muscle mass using Heymsfield formula with parameters such
as corrected arm muscle area and triceps skin fold thickness
in the present study.®

The possible association of muscle mass and body mass index
can be explained by their interaction at molecular level. Age-re-
lated muscle wasting leads to reduced physical activity and
induces accumulation of visceral fat. Increase in abdominal fat
particularly may release pro-inflammatory cytokines, tumor ne-
crosis factor-a. (TNF-o.) and leptin. This causes fatty infiltration
in the muscle tissue and contributes to loss of muscle mass.
Thus, obesity can hasten the process of reduction of muscle
mass." In earlier studies, leg muscle mass has been conside-
red to be an important determinant of central arterial stiffness.
Increase in the muscle mass can increase the requirement of
blood supply resulting in higher cardiac output and stroke vo-
lume. This can contribute to larger size adaptation of arteries.’
Insulin resistance in diabetic individuals with sarcopenia can

be attributed to greater lipolytic activity of centrally located
adipocytes. Portal venous elevation of fatty acids decreases
the hepatic insulin extraction and promotes the synthesis of
apolipoprotein-B and lipoproteins. Obesity and sarcopenia can
thus result in hyperinsulinemia.® A cross-sectional study of
lean young Indian men showed that muscle metabolism signi-
ficantly correlated with glucose disposal rate. This was sugges-
tive of the fact that muscle is an important location for glucose
disposal and therefore insulin sensitivity."

A study in Korean population conducted in 2009-2010 has
shown that sarcopenia may be an early predictor for insulin re-
sistance, diabetes mellitus and metabolic syndrome.™ A similar
study conducted among elderly Korean adults in 2008-2010 re-
vealed that there was a strong association between hyperten-
sion and sarcopenia.’ The risk of hypertension was found to
be four-fold higher in diabetic patients with sarcopenic obesity.
Note, however, that heavy alcohol consumption and smoking
had to be taken into account while assessing the relationship
between sarcopenia and hypertension.” In addition, a Japa-
nese study has proven that physical activity of moderate in-
tensity (>15-20 minutes/day) maintained muscle mass beyond
sarcopenia threshold.

In the present study, muscle mass showed an average rela-
tionship with body mass index in diabetic patients. Several
prior studies have indicated that lower muscle mass has a
greater influence on insulin sensitivity in diabetic patients than
fat distribution.””? In addition, earlier studies on the combined
effects of obesity and lower muscle mass in older persons on
physical functioning have suggested that older patients with
sarcopenic obesity had two-fold greater risk of developing ins-
trumental activities of daily living disability than those without
sarcopenic obesity."

Bedside estimation of muscle mass by anthropometry has pro-
ven to be of prognostic and therapeutic value. A screening
method using anthropometric prediction equation can be a
cost-effective diagnostic tool for determining sarcopenia in el-
derly individuals in primary health care settings. Such scree-
ning programs followed by confirmatory diagnosis of sarcope-
nia with dual energy X-ray absorptiometry would be beneficial
to support early treatment of diabetes mellitus.?

Cautions must be taken in the assessment of muscle mass,
as anthropometrical muscle mass could change independently
from muscle composition, especially in cases of protein energy
malnutrition. In severe protein energy malnutrition, the water
content increase per gram of wet muscle tissue, masking to
some extent losses of muscle functional protein.®

The present study provides baseline data of muscle mass of
community-based elderly diabetic population in Bangalore,
India. The accuracy and reliability of the findings are limited
by the potential errors in the anthropometric measurements.
Highly trained observers and frequent measurements are re-
quired for diagnostic accuracy, for there could be individual
variability in the measurement of triceps skin fold thickness
and mid-arm circumference area. There is also a need to deve-
lop a non-invasive anthropometric method to determine mus-
cle mass index with desirable diagnostic accuracy which could
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serve as a screening tool for measuring muscle strength rather
than muscle mass.

In conclusion, there was a positive correlation between muscle
mass and body mass index in elderly diabetic patients. The
prevalence of obesity in elderly diabetic patients were 76.8%
and 26.8% among female and male patients, respectively. Our
study concurs with earlier studies which have proven that
muscle strength, rather than muscle mass, is beneficial for
establishing relationship between muscle mass and body mass
index. Further studies are needed to establish the relationship
between muscle strength and body mass index.
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