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BACKGROUND/AIMS
Prediabetes is one of the causes of sarcopenia. In addition to the absence of a definite formula to make the diagnosis of sarcopenia, 
there are also limitations in assessing the muscle mass in obese subjects. The aim of the present study was to evaluate the prevalence of 
sarcopenia using different formulas in patients with prediabetes.

MATERIAL and METHODS
Participants with prediabetes who visited the obesity outpatient clinic between 2013 and 2015 were retrospectively evaluated. Muscle 
mass ratio (MMR) was calculated as the percentage of total muscle mass divided by body weight, whereas skeletal muscle index (SMI) 
was calculated as the total muscle mass divided by the square of the height. In addition, the percentage of appendicular lean mass 
(ALM) divided by body weight, the ratio of ALM divided by the square of the height, and the ratio of ALM divided by body mass index 
(BMI) were also evaluated.

RESULTS
A total of 524 patients with prediabetes were enrolled into the study. The prevalence of sarcopenia in female patients was 60 (18.13%) 
using MMR, whereas no sarcopenia was detected using ALM/BMI ratio, SMI, and ALM/height2. Sarcopenia was detected in 63 (32.64%) 
male patients using MMR, in 17 (8.81%) using ALM/BMI ratio, and in 1 (0.52%) using each of SMI and ALM/height2.

CONCLUSION
The prevalence of sarcopenia varies even using ALM/BMI ratio and MMR, which are recommended for evaluation of muscle mass 
particularly in obese patients with prediabetes. New formulas need to be developed for evaluation of muscle mass to prevent the 
concealment of sarcopenia in middle-aged patients with prediabetes.
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INTRODUCTION
Insulin resistance plays a significant role in the etiopathogenesis of sarcopenia, which is defined as age-related pro-
gressive loss of muscle mass and muscle strength (1-3). It is estimated that sarcopenic obesity will increasingly gain im-
portance in the next decade due to the increasing prevalence of obesity, which is one of the most important risk factors 
of insulin resistance (3, 4). Although previous studies about sarcopenia have usually been conducted with elder people, 
thinking that the loss of muscle mass starts after the third decade, the diagnosis of sarcopenia might be underestimated 
in middle-aged people (3, 5). In addition, there are limitations regarding the evaluation of muscle mass in obese partici-
pants due to high body mass index (BMI) and fat percentage (6-8). Another difficulty in diagnosing sarcopenia is the use 
of many formulas for evaluation of muscle mass and, accordingly, the variety of the prevalence of sarcopenia (1, 5). While 
some studies use extremity muscle mass to evaluate sarcopenia, others use total muscle mass (5). Nevertheless, some 
formulas calculate the ratio of muscle mass to body weight, whereas other formulas calculate the ratio of muscle mass to 
height (5). The aim of the present study was to evaluate the prevalence of sarcopenia using different formulas in patients 
with prediabetes.
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MATERIAL and METHODS
The present study was conducted with data derived from the 
project entitled “Evaluation of muscle mass in obesity, predia-
betes, and diabetes mellitus by different equations used for 
diagnosis of sarcopenia.” Participants with prediabetes aged 
18–65 years who visited the Kartal Dr Lütfi Kırdar Training and 
Research Hospital obesity outpatient clinic between 2013 and 
2015 were retrospectively evaluated. In the present study, partic-
ipants with fasting plasma glucose (FPG) of 100–125 mg/dL, gly-
cated hemoglobin of 5.7%–6.4%, or 2-hour plasma glucose level 
of 140–199 mg/dL on a 75-gram oral glucose tolerance test were 
considered as prediabetics (9). The study was approved by the 
ethics committee of Kartal Dr Lütfi Kırdar Training and Research 
Hospital (approval no.: 89513307/1009/537-118).

Measurement methods: After a 12-hour fasting period, all par-
ticipants were evaluated by a bioelectrical impedance analy-
sis (BIA) device (GAIA 359 PLUS; Jawon Medical, Korea; 2011) 
with regard to height, body weight, the sum of appendicular 
lean masses (ALMs) of the four limbs, impedance, and fat per-
centage. Thereafter, BMI was calculated as body weight in ki-
lograms divided by the square of the height in meters, and total 
body mass was calculated using the formula: [(height2 (cm)/
BIA resistance×0.401)+(gender×3.825)+(age×−0.071)]+5.102 (10). 
A skeletal muscle index (SMI), which is calculated as the total 
muscle mass divided by the square of the height in meters, of 
≤5.75 kg/m2 is considered as severe sarcopenia and 5.76–6.75 
kg/m2 is considered as mild sarcopenia in female patients, 
whereas an SMI of ≤8.50 kg/m2 is considered as severe sarco-
penia and 8.51–10.75 kg/m2 is considered as mild sarcopenia in 
male patients (11). Muscle mass ratio (MMR) is the percentage 
of total muscle mass divided by body weight, where <22.1% is 
defined as severe sarcopenia and 22.1%–27.6% is defined as mild 
sarcopenia in female patients and <31.5% is defined as severe 
sarcopenia and 31.5%–37.0% is defined as mild sarcopenia in 
male patients (12). With regard to the other formulas used for 
diagnosis of sarcopenia, the cut-off value for ALM/BMI ratio 
is considered to be 0.512 in female patients and 0.789 in male 
patients, and the cut-off value for ALM/height2 ratio is consid-
ered to be 5.45 kg/m2 in female patients and 7.26 kg/m2 in male 
patients (13, 14). Moreover, FPG of participants was measured 
by hexokinase method, whereas fasting insulin level was mea-
sured by chemiluminescent immunoassay; thereafter, homeo-
static model assessment of insulin resistance (HOMA-IR) was 
calculated using the formula: FPG (mg/dL)×fasting insulin (µU/
mL)/405 (15).

Exclusion criteria: Patients with type 1 diabetes mellitus, hyper-
thyroidism, chronic renal failure, chronic liver failure, and docu-
mented neuromuscular disease and pregnant women were ex-
cluded from the study. In addition, participants >65 years were 
also excluded as aging is a risk factor for sarcopenia.

Sample size: The sample size was calculated using the preva-
lence of 50%, margin error of 5%, confidence level of 95%, and 
missing data of 20%. The target sample size was determined as 
461 patients.

Statistical Analysis
Data were performed by Statistical Package for the Social Sci-
ences version 22.0 program (IBM Corp.; Armonk, NY, USA).De-
scriptive statistics were presented as frequency, percentage, 
mean±standard deviation, and median (minimum–maximum). 
Student’s t-test was used for normally distributed continuous 
variables. Mann–Whitney U test was used for comparison of 
continuous variables with non-normal distribution. Pearson’s 
correlation test was used to assess the linear association be-
tween two variables. A p value of <0.05 was considered as sig-
nificant for all results.

RESULTS
Of 524 participants with prediabetes, 331 (63.17%) were female. 
The mean HOMA-IR levels were 4.67 (0.78–22.77) in female and 
5.53 (1.50–35.38) in male patients (p<0.001). Distributions of age 
and bioimpedance measurements among genders are summa-
rized in Table 1.
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TABLE 1. Distribution of age and bioimpedance measurements 
among genders 

	 Female (n=331)	 Male (n=193)	 p*

Age (year)			   0.416

BMI (kg/m2)	 41.35±11.54	 40.47±12.27	 0.013

Total muscle mass (kg)	 38.80±5.71	 37.49±5.82	 <0.001

ALM (kg)	 29.44±4.20	 43.43±6.35	 <0.001

SMI (kg/m2)	 26.52±4.26	 35.55±6.34	 <0.001

ALM/height2 (kg/m2)	 11.76±1.48	 14.51±1.82	 <0.001

MMR (%)	 10.61±1.68	 11.85±1.75	 <0.001

ALM/BMI	 30.57±3.26	 39.15±4.92	 <0.001

Fat percentage (%)	 0.686±0.077	 0.953±0.133	 <0.001

	 41.22±3.43	 33.28±5.43

ALM: appendicular lean mass; BMI: body mass index; MMR: muscle 
mass ratio; SMI: skeletal muscle index 
*Student t-test 
All data are presented as mean±standard deviation

TABLE 2. The frequency of sarcopenia among genders according to 
the formulas used for diagnosis of sarcopenia 

	 Female (n=331) n (%)	 Male (n=193) n (%)

ALM/height2 (kg/m2)		

Normal	 331 (100)	 192 (99.48)

Sarcopenia	 0 (0.00)	 1 (0.52)

ALM/BMI		

Normal	 331 (100)	 176 (91.19)

Sarcopenia	 0 (0.00)	 17 (8.81)

SMI (kg/m2)		

Normal	 331 (100)	 192 (99.48)

Mild sarcopenia	 0 (0.00)	 1 (0.52)

Severe sarcopenia	 0 (0.00)	 0 (0.00)

MMR (%)		

Normal	 271 (81.87)	 130 (67.36)

Mild sarcopenia	 59 (17.83)	 52 (26.94)

Severe sarcopenia	 1 (0.30)	 11 (5.70)

ALM: appendicular lean mass; BMI: body mass index; MMR: muscle 
mass ratio; SMI: skeletal muscle index



Sarcopenia was found in 60 (18.13%) female patients using MMR, 
whereas no sarcopenia was detected using SMI. Sarcopenia 
was detected in 63 (32.64%) male patients using MMR and in 
1 (0.52%) male patient using SMI. The frequency of sarcopenia 
among genders according to the formulas used for diagnosis of 
sarcopenia is summarized in Table 2.

There was no significant difference between participants with-
out and with sarcopenia of each gender with regard to age, 
HOMA-IR, and BMI values when sarcopenia was assessed 
using SMI, ALM/BMI ratio, and ALM/height2 (p>0.05). Partic-
ipants without and with sarcopenia with regard to age, HO-
MA-IR, and BMI values by using MMR are summarized in Table 
3. Additionally, a significant relationship was observed between 
age and MMR in both genders (r=−0.148, p=0.040 for female and 
r=−0.156, p=0.004 for male).

DISCUSSION
The present study aimed to evaluate the prevalence of sarcope-
nia in patients with prediabetes using different formulas. While 
the prevalence of sarcopenia in female patients was 18.13% us-
ing MMR, no sarcopenia was determined using SMI, ALM/BMI 
ratio, and ALM/height2. In male patients, the prevalence of sar-
copenia was 32.64% using MMR, 0.52% using SMI, 8.81% using 
ALM/BMI ratio, and 0.52% using ALM/height2.

Previous studies about sarcopenia are usually being conducted 
in elder people, and various formulas are used to make the di-
agnosis (5). In a previous study, the prevalence of sarcopenia in 
female patients was determined as 23.6% using MMR and 2.8% 
using SMI (16). In another study, the prevalence of sarcopenia in 
40–59-year-old female patients was 2.5% using ALM/height2 

and 4.2% using MMR (4). The prevalence of sarcopenia in elder 
women was found to be 18.9% using ALM/BMI ratio, which is one 
of the formulas established in recent years to assess muscle mass 
(13). In the present study, MMR found mild sarcopenia in 17.83% 
and severe sarcopenia in 0.30% of female patients, whereas SMI, 
ALM/BMI, and ALM/height2 determined no sarcopenia. In pre-
vious studies evaluating the prevalence of sarcopenia in male 
patients, it was 0.0%–56.7% using ALM/height2 and 23.6%–68.0% 
using SMI (5, 17). In a previous study, the prevalence of sarcope-
nia in 40–59-year-old male patients was found to be 2.8% us-
ing ALM/height2 and 1.4% using MMR (4). In another study, the 
prevalence of sarcopenia in male patients was determined to 
be 12.5% using MMR and 3.6% using SMI (16). Furthermore, the 
prevalence of sarcopenia in elder male patients was found to 
be 28.5% using ALM/BMI ratio, which is another formula (13). In 
the present study, MMR revealed mild sarcopenia in 26.94% and 

severe sarcopenia in 5.70% of male participants. Nevertheless, 
the prevalence of sarcopenia was found to be 0.52% using SMI 
and ALM/height2 and 8.81% using ALM/BMI ratio. In the pres-
ent study, the reason for low prevalence of sarcopenia detect-
ed using SMI and ALM/height2 in both genders might be due 
to higher BMI level than in the literature. ALM/height2 shows a 
strong correlation with BMI; therefore, it does not appear to be 
an appropriate method for assessment of sarcopenia in obese 
participants (4). Total muscle mass or ALM after adjusted to BMI, 
fat mass, and height is recommended for evaluation of muscle 
mass in obese participants (4, 5). ALM/BMI ratio, which was de-
veloped for obese participants, determined lower prevalence of 
sarcopenia in each gender as compared with the literature. This 
might be due to young and middle-aged participants of the pres-
ent study, which is different from other studies. The loss of muscle 
mass begins from nearly 40 years old and becomes apparent 
from 60 years old (5). In the present study, a higher prevalence of 
sarcopenia determined using MMR as compared with a popu-
lation-based study conducted in patients with similar age might 
be due to the prediabetic study population of the present study, 
which is a risk factor for sarcopenia (4).

Although male patients have higher muscle mass, the loss of 
muscle mass with aging is also higher in male patients (2). While 
some studies performed in older people found the prevalence of 
sarcopenia to be higher in female patients using MMR, a previ-
ous study found it to be higher in male patients (12, 16, 18). In ad-
dition, the prevalence of sarcopenia using SMI and ALM/BMI 
ratio was usually higher in male than in female patients (5, 11, 13, 
16-18). In the present study, there was no difference between the 
genders with regard to the prevalence of sarcopenia using SMI 
and ALM/height2; however, the prevalence of sarcopenia was 
found to be higher in male patients using MMR and ALM/BMI. 
This might have resulted from higher HOMA-IR in male patients, 
which is an indicator of insulin resistance (1, 15).

Being one of the rare studies evaluating the prevalence of sar-
copenia in patients with prediabetes is the strength of the pres-
ent study. One of the limitations of the present study was the 
fact that the duration of prediabetes among the study partic-
ipants was unknown, and the other limitation is the use of the 
BIA method to assess particularly ALM. Although dual energy 
X-ray absorptiometry (DEXA) or magnetic resonance imaging 
is recommended for measurement of muscle mass, BIA is pre-
ferred because it is a practical, portable and low-cost method 
(10). There are formulas established to assess total muscle mass 
using BIA; however, previous studies usually prefer DEXA for 
measurement of ALM (5, 10, 13, 17).
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TABLE 3. Participants without and with sarcopenia with regard to age, HOMA-IR, and BMI values by using MMR 

	 Female (n=331)	 Male (n=193)

	 Non-sarcopenic	 Sarcopenic	 p	 Non-sarcopenic	 Sarcopenic	 p

Age (year)	 41.10±11.36	 42.50±12.33	 0.423*	 42.64±12.13	 37.29±12.26	 0.025*

BMI (kg/m2)	 37.56±4.80	 44.37±6.21	 <0.001*	 35.39±4.71	 42.11±6.18	 <0.001*

HOMA-IR	 4.67 (0.78–22.77)	 4.65 (1.96–18.85)	 0.625†	 5.13 (1.5–35.38)	 7.43 (2.47–26.89)	 0.003†

BMI: body mass index; MMR: muscle mass ratio; HOMA-IR: homeostatic model assessment of insulin resistance 
*Student t-test 
†Mann–Whitney U test 
All data are presented as mean±standard deviation or median (minimum–maximum), where appropriate
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In conclusion, the prevalence of sarcopenia in female partici-
pants with prediabetes was 18.13% using MMR, whereas no sar-
copenia in female participants was found using SMI, ALM/BMI 
ratio, and ALM/height2. The prevalence of sarcopenia in male 
participants was 32.64% using MMR, 0.52% using SMI, 8.81% us-
ing ALM/BMI ratio, and 0.52% using ALM/height2. The preva-
lence of sarcopenia shows wide variations even using ALM/
BMI ratio and MMR, which are recommended for assessment of 
muscle mass particularly in obese participants. As prediabetes 
and insulin resistance are significant risk factors for sarcopenia, 
new formulas are required to be developed for assessing mus-
cle mass in young and middle-aged obese participants with 
prediabetes to eliminate the concealment of sarcopenia.
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