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Aims. Sarcopenia is a common condition in older individuals, especially in the elderly with type 2 diabetes mellitus (T2DM). The
aim of the present study was to examine the risk factors for sarcopenia in elderly individuals with T2DM and the effects of
metformin. Methods. A total of 1732 elderly with T2DM were recruited to this cross-sectional observational study, and we
analyzed the data using logistic regression analyses. Skeletal muscle mass, grip strength, and usual gait speed were measured to
diagnose sarcopenia according to the criteria of the Asian Working Group for Sarcopenia, combined with expert consensus on
sarcopenia in China. Results. The overall prevalence of sarcopenia was 10.37% of the participants. In the multivariate analysis,
sex, age, educational level, and BMI were risk factors for sarcopenia, with women more likely to develop sarcopenia relative to
men (OR = 2:539, 95% CI = 1:475–4.371; P < 0:05). We observed that sarcopenia increased with age and decreased with
increasing BMI and educational level (P < 0:05). Participants who took metformin alone or combined with other drugs
exhibited a lower risk for sarcopenia than those who took no medication (OR = 0:510, 95% CI = 0:288–0.904 and OR = 0:398,
95% CI = 0:225–0.702, respectively; P < 0:05). Conclusions. We showed that being female and at an older age, lower educational
level, and lower BMI were risk factors for sarcopenia in elderly T2DM and that metformin acted as a protective agent against
sarcopenia in these patients.

1. Introduction

One of themost pressing problems facingmankind today is the
aging of the general population, particularly in terms of quality-
of-life issues. As a result of population aging, sarcopenia has
also become a worldwide social issue [1]. Sarcopenia is a com-
mon disorder in elderly populations and is characterized by
age-related loss of muscle mass, reduced muscle strength,
and/or low physical performance that contributes to functional
decline, disability, frailty, and falls [2–4]. In 1989, Rosenberg
first introduced the term “sarcopenia” to refer to age-related
loss of skeletal muscle mass and volume [5]. Muscle mass
accounts for 75% of body cell mass and 45% of body mass
[5, 6]; but once individuals reach the age of 50, they tend to
lose 1%–2% of their muscle mass per year [2]. The prevalence

of sarcopenia as reported in the literature varies considerably,
ranging from 1% to 29% in community-dwelling populations
to 14%–33% in long-term care populations [7].

China now leads the world in terms of the size of its aging
population. Since 1980, the number of people over 60 has
grown by an average of 3.2% annually, and currently, the
proportion of those 60 years of age and older in China is
17.3% of the total population. In 2017, China became the
only country in the world to have more than 200 million
elderly [8], and sarcopenia and its associated comorbidities
constitute a major health issue for the rapidly aging Chinese
population. It was reported that the prevalence of sarcopenia
in people aged 60 and older is 10.6% (11.3% in men and 9.8%
in women) [9]. In 1069 suburban-dwelling Chinese aged ≥60
years using the Asian Working Group for Sarcopenia
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(AWGS) definition, the prevalence of sarcopenia was
9.3%—with 6.4% in men and 11.5% in women [10]. In a
study population of 887 urban and rural community-
dwelling elderly adults aged 60 or older in western China,
the prevalence of sarcopenia was 9.8% (women, 12.0%;
men, 6.7%) [11].

Diabetes mellitus (DM), a chronic metabolic disease, has
reached epidemic status; and it now poses one of the major
threats to human health in the 21st century. In 2017, the
International Diabetes Federation (IDF) estimated that 425
million individuals worldwide were suffering from DM, and
it is expected that the number will rise to 629 million by
2045 [12]. Approximately 90% of these individuals have type
2 diabetes mellitus (T2DM) [13], with the highest prevalence
observed in older adults [14]. Because of advancements in the
management of DM and DM comorbidities, life expectancy
in DM patients has been extended, and this has led to an
increase in the number of older individuals with DM. More
importantly, it has recently been reported that elderly
patients with diabetes are at an increased risk for sarcopenia
[15]. Diabetes, which is associated with reduced muscle
strength and poor muscle quality, may be considered an
“accelerated aging process” that intensifies age-related sarco-
penia [16]. Sarcopenia then impairs activities of daily living
and increases the risk of mortality in elderly adults with
diabetes [17, 18]. Although the underlying reason for DM
often coexisting with sarcopenia has not been fully
elucidated, several lines of evidence have shown that some
mechanisms subserving sarcopenia are closely associated
with DM pathophysiology [17]. As diabetes is a known risk
factor for sarcopenia, screening and diagnosis in diabetic
older individuals appear to be a step in the right direction.

Metformin lowers blood glucose levels by sensitizing the
liver to the effects of insulin, thus suppressing hepatic glucose
output. According to updated guidelines, metformin is
considered a first-line treatment, including treatment of the
elderly [19]. It has been reported that metformin exerts
positive effects on muscle mass and strength [20–23],
although other studies have suggested that metformin was
ineffective [24–27]. Whether metformin exerts positive or
negative effects with respect to sarcopenia is unknown, and
only a few studies have focused on the risk factors for sarco-
penia in elderly T2DM patients. Therefore, the aims of the
present study were to estimate the prevalence and risk factors
associated with sarcopenia in elderly T2DM in China and
also to investigate the effects of metformin on sarcopenia in
this specific population. This trial was registered at the China
Clinical Trial Center (ChiCTR-ERC-17011100).

2. Methods

2.1. Study Design and Participants. We used the United
Nations (UN) guideline of 60+ years to define the elderly
population [28], and the source population consisted of nine
community residences in Shenyang, Liaoning, which is
located in northeastern China. The inclusion criteria for this
cross-sectional study were patients over 60 years of age with
type 2 diabetes and those who were physically active and
agreed to participate. The participant groups were treated

with either diet alone (control), oral hypoglycemic agents
alone, or a combination of both oral hypoglycemic agents
and insulin injections. Participants were excluded from the
study if they exhibited the following: (i) a history of stroke,
(ii) carpal tunnel syndrome, (iii) severe hip or knee osteoar-
thritis, (iv) inability to perform the handgrip strength test
or 4-meter walking test, or (v) if they lacked complete data.
As no one in our study used thiazolidinedione or sodium-
glucose cotransporter 2 (SGLT2) inhibitors and fewer than
10 people used glucagon-like peptide 1 receptor agonist
(GLP-1) inhibitors and dipeptidyl peptidase 4 (DPP4) inhib-
itors, we excluded them for statistical purposes. Finally, 1427
patients with type 2 diabetes were selected from the overall
population between May 2017 and August 2019 (Figure 1).
All of the participants provided written consent after being
informed regarding the use of their personal information
and of their benefits, medical programs, and confidentiality
agreements. For illiterate participants, we obtained written
informed consent from their relatives. All of the procedures
were conducted in accordance with ethical standards. The
study was approved by the Ethics Committee of China
Medical University (Shenyang, China, AF-SOP-07-1. 0-01).

2.2. Study Consent and Measurement. Data were collected
during a single visit to the clinic by endocrinologists and
trained nurses from a face-to-face interview that entailed a
standard questionnaire, as reported previously [8]. Data on
demographic characteristics, such as name, sex, age, educa-
tional level attained, and marriage status; previous medical
history, including hypertension, diabetes, kidney disease, or
other health problems; and lifestyle factors, such as smoking,
drinking, and diet, were obtained by interview with a
standardized questionnaire. The total cohort was divided
into a nonsmoking group, a smoking group, and a
smoking-cessation group with respect to smoking status.
Alcohol imbibition over the previous year was based upon
drinking at least twice a week, with an average alcohol
consumption of 40 g during one drinking session. Patients
were then divided into a nondrinking group, a drinking
group, and a drinking-cessation group. Educational level
was divided into primary school or below, middle school,
and high school or above. Exercise was divided into regular
exercise, occasional exercise, and no exercise.

Physical examinations included weight, height, waist
circumference, hip circumference, and blood pressure. Body
weight was measured using digital scales to the nearest
0.1 kg, and height was assessed to the nearest 0.1 cm using a
wall-mounted stadiometer; both measurements were
procured while the participants were fasting and wearing
light clothes and were without socks or shoes. We then
calculated the body mass index (BMI, kg/m2). Waist circum-
ference (WC) was measured as follows. The feet were
separated by 30–40 cm (approximately the width of the
shoulders), and a soft ruler was used to measure the circum-
ference of the body at the midpoint of the connecting line
between the anterior superior iliac crest and the 12th costal
margin. Hip circumference (HC) was measured around the
widest portion of the pelvis. Both WC and HC were
determined using the same measuring tape, and the soft ruler
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was applied to the skin without compression. We use a
standardized automatic electronic sphygmomanometer
(HEM7200; Omron Healthcare, Kyoto, Japan) to measure
blood pressure (BP) three times at 3min intervals followed
by at least 5min of rest. The mean of the three BP measure-
ments was then calculated and used for all analyses. The
participants were seated with their arms supported at the
level of their hearts throughout these measurements. Blood
samples were taken before breakfast in the morning and after
an 8–12-hour overnight fast. Fasting blood glucose (FBG),
glycosylated hemoglobin (HbA1c), total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol (HDL-C),
total protein (TP), albumin (Alb), and hemoglobin (HB)
were measured in all of the subjects.

2.3. Definition of Sarcopenia

2.3.1. Measurement of Skeletal Muscle Mass. Dual-energy X-
ray absorptiometry (DEXA), magnetic resonance imaging
(MRI), computed tomography (CT), and bioimpedance
analysis (BIA) are recommended by AWGS for measuring
muscle mass. However, these sophisticated medical instru-
ments are rarely available in communities of northeastern
China, and they are too expensive to be used for screening
sarcopenia. Therefore, we decided to apply weight and body
fat measures for estimating muscle mass because of the low
cost and ease of application. We used a V. Body HBF-701

(Omron Healthcare, Kyoto, Japan)—which is also a muscle
rate analyzer—for the evaluation of body composition, we
obtained the data for body weight (kg), body fat mass rate
(%), body muscle rate (%), and appendicular muscle mass
(%). Muscle mass was defined as the weight multiplied by
the whole-body muscle rate. To calculate the cutoff values
for muscle mass, we selected a reference group of young
participants aged 18–40 years who had completed the
measures (141 males and 150 females). Low muscle mass
was defined as muscle mass values less than double the
standard deviation of the normal population. In our study,
the cutoff value used to define low muscle mass was
16.30 kg for males and 11.88kg for females.

2.3.2. Measurement of Muscle Strength (Handgrip Strength).
Handgrip strength (HS) was measured to the nearest 0.1 kg
using a handheld dynamometer based on strain-gauge
sensors (WCS-100; Yilian Inc., Shanghai, China). The
measurement for each subject was performed on both arms
and repeated three times, and the highest value for either
hand was then used for the analyses [29]. Combined with
the recommendations of the AWGS [3] and expert consensus
on sarcopenia in China [30], a low HS was defined as <25 kg
for men and <18 kg for women.

2.3.3. Measurement of Physical Performance. According to
the AWGS2014 [3] and expert consensus on sarcopenia in
China [30], physical performance was assessed using usual

Total sample
(n = 1732)

Men (n = 654); women (n = 1078)

Analyzed sample
(n = 1427)

Men (n = 535); women (n = 892)

No sarcopenia
(n = 761)

Men (n = 372); women (n = 380)

No sarcopenia
(n = 518)

Men (n = 132); women (n = 386)

Sarcopenia
(n = 148)

Men (n = 31); women (n = 117)

(n = 1237)
Men (n = 464); women (n = 773)

(n = 190)
Men (n = 71); women (n = 119)

(n = 476)
Men (n = 92); women (n = 384)

Walking speed
>0.8 m/s

Muscle mass
Men: >16.30 Kg

Women: >11.88 Kg

Grip strength
Men: >25 Kg

Women: >18 Kg

Yes No

No

Excluded sample
(n = 305)

Men (n = 119); women (n = 186)

Figure 1: Flow chart of sarcopenia screening and assessment
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gait speed (GS). In order to measure usual GS, the partici-
pants were asked to walk a 20m course at their usual speed.
To perform this, the subjects were required to start their foot
movements when the timing commenced and stop when one
foot contacted the ground after completely crossing the 20m
mark. Low physical performance was defined as a usual GS of
less than 0.8m/s.

2.3.4. Diagnosis of Sarcopenia.As our study and data process-
ing commenced prior to AWGS2019 [4], our diagnosis was
still in accordance with the standards set by the AWGS2014
[3], combined with expert consensus on sarcopenia in China
[30], and it was defined as a presentation of both low muscle
mass and function (strength or performance). Low physical
performance was defined as gait speed < 0:8m/s, and low
muscle strength was defined as a handgrip strength < 25 kg
in men and <18 kg in women. Low muscle mass was defined
when the muscle mass values were less than double the
standard deviation for the normal population. For this study,
we defined the cutoff value for lowmuscle mass as 16.30 kg in
men and 11.88 kg in women.

3. Statistical Analysis

Epidate was used to build the database, and we performed
statistical analyses on the sarcopenic and nonsarcopenic
groups. We used multiple imputation—based on the Markov
chain Monte Carlo method in the SAS MI procedure—to
account for missing data. Continuous variables are presented
as means ± 1 standard deviation (SD), and categorical are
presented as frequencies (%). The statistical significance of
the differences between groups was assessed using a chi-
squared test for categorical variables and a two-sample t
-test for continuous variables. Multivariate logistic regression
analyses were used to calculate the odds ratios (ORs) and
95% confidence intervals (CIs) for the effects of several
factors on the presence of sarcopenia. Our statistical analyses
were performed using SAS Version 9.4 (SAS Institute, Cary,
NC) and two-sided tests. A P value < 0.05 was considered
to be significant.

4. Results

In the present study, a total of 1732 participants with T2DM
were screened: 654 men and 1078 women. Of the total, 305
participants were excluded for either incomplete data or for
using GLP-1 agonists and/or DPP4 inhibitors. We thus ulti-
mately analyzed 1427 participants, of which 535 were men
and 892 were women (Figure 1).

The clinical characteristics of our study population are
summarized in Table 1, with sarcopenia present in 10.37%
(148/1427) of the participants. A chi-squared test showed
that the prevalence of sarcopenia varied greatly by sex
(P < 0:001): in men, it was 5.79%, while in women, it was
13.11%. When the prevalence of sarcopenia was evaluated
by age group, it significantly increased with age—from
6.51% in the 60- to 69-year-old group to 27.67% for those
>80 years of age (P < 0:001). As BMI and educational level
increased, the incidence of sarcopenia decreased commensu-

rately (P < 0:001). Although sarcopenia was associated with
alcohol intake, we showed that its incidence was relatively
low in persons with alcohol intake. With the increase in
TC, the prevalence of sarcopenia increased, whereas the
relationship between TG and sarcopenia was inversely pro-
portional. As for hypoglycemic drug use, the prevalence of
sarcopenia among those who did not take any hypoglycemic
drugs was 17.12%, whereas the prevalence of the metformin-
only group and the metformin combined group was 8.1%
and 6.67%, respectively (P < 0:001). There were no signifi-
cant differences between nonsarcopenic and sarcopenic
groups when further subdivided for smoking, exercise, HB,
presence of hypertension, TP, Alb, HDL-C, LDL-C, FBG, or
HbA1c (P > 0:05, Table 1).

Table 2 shows the factors involved in the diagnosis of
sarcopenia. Grip strength, usual gait speed, and muscle mass
were lower in the sarcopenic group relative to the nonsarco-
penic group in both men and women (P < 0:001), except for
usual gait speed in men (P < 0:05).

The results of the multivariate logistic regression analyses
are detailed in Table 3. Being female and older age were
obvious risk factors for sarcopenia, whereas education,
BMI, and hypoglycemic drugs (both metformin alone or
combined with other drugs) were protective factors for
sarcopenia. Participants taking metformin alone or with
other drugs exhibited a lower risk of sarcopenia compared
to those taking no medication (adjustedOR = 0:510, 95%
CI = 0:288–0.904; OR = 0:398, 95% CI = 0:225–0.702,
respectively; P < 0:05), whereas alcohol use, TC, and TG were
not associated with the presence of sarcopenia.

5. Discussion

To the best of our knowledge, this is the first study aimed at
detecting the risk factors for sarcopenia in elderly T2DM
patients and also at detecting the effects of metformin on
the condition according to the AWGS criteria, combined
with expert consensus on sarcopenia in China.

There are notable differences in the reported prevalence
of sarcopenia, which may be affected by the study and
reference populations [31], and even when the AWGS
criteria are used, the prevalence still varies. A study from
Japan suggested that the prevalence of sarcopenia among
community-dwelling older adults aged 65–89 years was
21.8% in men and 22.1% in women [32], while another
Japanese study suggested that it was 9.6% and 7.7%, respec-
tively [33]. In China, the prevalence of sarcopenia in individ-
uals aged 60 and over is 10.6% (11.3% in men and 9.8% in
women) [9], and its prevalence among elderly men and
women in Taiwan was 9.3% and 4.1%, respectively [34].
Investigators from Hong Kong showed that the prevalence
of sarcopenia among elderly male community dwellers was
9.4% [35]. Other research has also shown that older adults
with T2DM have an accelerated loss in muscle mass and
strength compared with adults without diabetes [18, 36]
and that the prevalence of sarcopenia in patients with diabe-
tes was significantly higher than in nondiabetic subjects. A
Singapore study showed that the prevalence of sarcopenia
in older, community-dwelling patients with T2DM was
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Table 1: Univariate analysis of baseline characteristics in elderly sarcopenia vs. nonsarcopenia subjects.

Parameter Total (N = 1427) Nonsarcopenia (N = 1279) Sarcopenia (N = 148) P value

Gender <0.0001
Men 535 (37.5) 504 (39.4) 31 (20.9)

Women 892 (62.5) 775 (60.6) 117 (79.1)

Age <0.0001
60-69 875 (61.3) 818 (64.0) 57 (38.5)

70-79 440 (30.8) 380 (29.7) 60 (40.5)

80- 112 (7.8) 81 (6.3) 31 (20.9)

Education <0.0001
Primary and below 204 (14.3) 155 (12.1) 49 (33.1)

Middle school 994 (69.7) 912 (71.3) 82 (55.4)

College and above 229 (16.0) 212 (16.6) 17 (11.5)

BMI <0.0001
<24 562 (39.4) 446 (34.9) 116 (78.4)

24~28 634 (44.4) 608 (47.5) 26 (17.6)

≥28 231 (16.2) 225 (17.6) 6 (4.1)

Smoking 0.1272

Never 1158 (81.1) 1029 (80.5) 129 (87.2)

Current 213 (14.9) 197 (15.4) 16 (10.8)

Former 56 (3.9) 53 (4.1) 3 (2.0)

Alcohol use 0.0236

Never 1088 (76.2) 962 (75.2) 126 (85.1)

Current 319 (22.4) 299 (23.4) 20 (13.5)

Former 20 (1.4) 18 (1.4) 2 (1.4)

Exercise 0.8551

Regular exercise 1093 (76.6) 980 (76.6) 113 (76.4)

Occasional exercise 47 (3.3) 41 (3.2) 6 (4.1)

No exercise 287 (20.1) 258 (20.2) 29 (19.6)

Hypertension 0.2715

No 803 (56.3) 726 (56.8) 77 (52.0)

Yes 624 (43.7) 553 (43.2) 71 (48.0)

HB 0.197

<120 (110 female) 43 (3.0) 36 (2.8) 7 (4.7)

≥120 (110 female) 1384 (97.0) 1243 (97.2) 141 (95.3)

TP 0.0642∗

<66 29 (2.0) 29 (2.3) 0(0)

≥66 1398 (98.0) 1250 (97.7) 148 (100)

Alb 0.4957∗∗

<38 4 (0.3) 4 (0.3) 0(0)

≥38 1423 (99.7) 1275 (99.7) 148 (100)

TC 0.0255

<4.14 282 (19.8) 263 (20.6) 19 (12.8)

≥4.14 1145 (80.2) 1016 (79.4) 129 (87.2)

TG 0.0027

<1.7 799 (56.0) 699 (54.7) 100 (67.6)

≥1.7 628 (44.0) 580 (45.3) 48 (32.4)

HDL-C 0.3102

<0.9 (1.0 female) 161 (11.3) 148 (11.6) 13 (8.8)

≥0.9 (1.0 female) 1266 (88.7) 1131 (88.4) 135 (91.2)
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27.4% [37], and another from China depicted a significantly
higher prevalence of sarcopenia in T2DM patients relative
to healthy controls (14.8% vs. 11.2%, P = 0:035) [29]. From
our study, we concluded that sarcopenia was present in
10.37% of all of the participants, with 5.79% in men and
13.11% in women. The prevalence of sarcopenia in our study
was relatively lower than in the aforementioned study—prima-
rily reflected in the prevalence in men—which may be related
to the criteria we adopted for the diagnosis of sarcopenia.
Although our study was also based on AWGS criteria, we com-
bined those with expert consensus on sarcopenia in China, and
our diagnosis of handgrip strength < 25kg in men—which was
different from the AWGS criterion of <26kg—may have led to
a lower prevalence of sarcopenia in males.

The prevalence of sarcopenia increases with age [31],
and our research also reflected this characteristic. The prev-
alence of sarcopenia in individuals who are 60–69 years of
age was 6.51%, 13.63% for those 70–79, and 27.67% for those

over 80—which was consistent with several other studies
[10, 37, 38].

Sarcopenia is also related to sex of the individual, but its
impact on the prevalence of sarcopenia differs among studies.
Some studies showed a higher prevalence among men [9, 34,
39], whereas others depicted a higher prevalence among
women [10, 11]. We concluded from our work that the prev-
alence for women was higher than for men (13.11% vs. 5.79%,
respectively), which may have been due to the different
diagnostic criteria used for men and women. Another reason
may be the nature of Chinese culture. In China, men usually
go out for shopping and do other outside activities, while
women do more housework at home. Men are relatively more
active than women.

Although the prevalence of obesity in combination with
sarcopenia is increasing in older adults [40], the authors of
one study have suggested that the greater muscle mass of
overweight and obese older adults does not confer a

Table 1: Continued.

Parameter Total (N = 1427) Nonsarcopenia (N = 1279) Sarcopenia (N = 148) P value

LDL-C 0.9296

<2.6 439 (30.8) 393 (30.7) 46 (31.1)

≥2.6 988 (69.2) 886 (69.3) 102 (68.9)

FBG 0.5597

<7 606 (42.5) 547 (42.8) 59 (39.9)

7~11.1 689 (48.3) 617 (48.2) 72 (48.6)

≥11.1 132 (9.3) 115 (9.0) 17 (11.5)

HbA1c 0.6718

<7 822 (57.6) 741 (57.9) 81 (54.7)

7~9 446 (31.3) 395 (30.9) 51 (34.5)

≥9 159 (11.1) 143 (11.2) 16 (10.8)

Hypoglycemic drugs <0.0001
No medication 333 (23.3) 276 (21.6) 57 (38.5)

Non-metformin 480 (33.6) 434 (33.9) 46 (31.1)

Metformin only 284 (19.9) 261 (20.4) 23 (15.5)

Combination of metformin and other drugs 330 (23.1) 308 (24.1) 22 (14.9)
∗Fisher’s exact test. ∗∗Continuity Adj. chi-square. BMI: body mass index; HB: hemoglobin; TP: total protein; Alb: albumin; TC: total cholesterol; TG:
triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; FBG: fasting blood glucose; HbA1c: glycated
hemoglobin.

Table 2: Factors for diagnosis of sarcopenia.

Variables Total Nonsarcopenia Sarcopenia P value

Grip strength

Men 30:9 ± 8:0 31:4 ± 7:8 22:2 ± 5:5 <0.0001
Women 17:8 ± 5:5 18:5 ± 5:3 12:8 ± 3:9 <0.0001
Usual gait speed

Men 1:1 ± 0:3 1:1 ± 0:3 0:9 ± 0:4 0.0147

Women 1:1 ± 0:3 1:1 ± 0:3 1:0 ± 0:3 <0.0001
Muscle mass

Men 20:4 ± 4:2 20:8 ± 4:1 14:5 ± 1:7 <0.0001
Women 14:6 ± 3:4 15:1 ± 3:3 10:7 ± 1:0 <0.0001
Data are presented as mean ± standard deviation. Comparison of nonsarcopenia and sarcopenia. SMI: skeletal muscle mass index.
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functional advantage [41] although other studies have shown
that BMI was found to be negatively associated with sarcope-
nia [38, 42]. We also concluded that BMI was negatively cor-
related with sarcopenia; that is, the prevalence of sarcopenia
decreased as BMI increased. This suggested to us that weight
may exert a protective effect against sarcopenia.

We also studied the relationship between educational
level and sarcopenia and found that the higher the educa-
tional level, the lower the prevalence of sarcopenia. This is
consistent with some studies [43, 44]. However, some other
investigations disagreed with this conclusion [39, 45],
possibly because the composition of their study participants
differed from ours. Also, another reason may be that the
higher the education level, the relatively higher the income.
This ensures a reasonable and healthy diet. At the same time,
these people have high health awareness and can do regular
physical exercises. Alcohol has been reported to be another
risk factor for sarcopenia [10], but we observed no correla-
tion between alcohol and smoking with sarcopenia, and this
was consistent with the conclusions of a previous study
[42]. Regarding the relationships between blood glucose or
blood pressure and sarcopenia, Mesinovic et al. asserted that
any associations between augmented fasting glucose and
components of sarcopenia were nonsignificant, as was the
association between high blood pressure and sarcopenia
[41]. Another study showed that the incidence of sarcopenia
in bothmen and women was not associated with HbA1c [38].
Collectively, these findings were consistent with ours, as we

concluded that the prevalence of sarcopenia was not associ-
ated with FBG, HbA1c, or blood pressure. Although the
decline in motor ability associated with age was the principal
factor related to sarcopenia in the elderly [46], we did not
find a correlation between exercise and sarcopenia—and this
may have to do with the fact that our study only included
individuals who were able to walk without assistance.

Metformin, as a first-line hypoglycemic drug, also plays
an important role in improving sarcopenia [20–23, 47]. A
study from Iran showed that of 51 individuals newly
diagnosed with T2DM and placed on 1000mg of metformin
twice daily for six months, the drug postponed the appear-
ance of sarcopenia—especially in women with T2DM who
were at higher risk for the loss of skeletal muscle mass [47].
Another study showed that subjects with risk factors for
T2DM who received 850mg of metformin twice a day for
two months had a diminution in fat weight and an elevation
in lean weight [21]. In the Osteoporotic Fractures in Men
(MrOS) study, 151 diabetics were treated with insulin
sensitizers, and 111 diabetics were treated without insulin
sensitizers over 3:5 ± 0:7 years of follow-up. The study
revealed that diabetic men on metformin or metformin
coupled with thiazolidinediones demonstrated a significantly
attenuated loss of total or appendicular lean mass relative to
men with untreated diabetes or diabetes treated without
insulin sensitizers [22]. Other studies, however, suggested
that metformin might negatively impact mitochondrial func-
tion in skeletal muscle [26, 27]. In our study, we found that in

Table 3: The results of multivariate analysis of influencing factors of sarcopenia in subjects.

Variables Reference OR 95% CI P value

Gender

Women Men 2.539 1.475~4.371 0.0008

Age

70-79 60-69 2.186 1.420~3.365 0.0004

80- 5.191 2.792~9.651 <0.0001
Education

Middle school Primary and below 0.408 0.249~0.669 0.0004

College and above 0.360 0.182~0.711 0.0033

BMI

24-28 <24 0.145 0.090~0.233 <0.0001
≥28 0.075 0.031~0.181 <0.0001
Alcohol use

Current Never 1.088 0.592~2.001 0.7850

Former 1.078 0.198~5.863 0.9311

TC

≥4.14 <4.14 1.657 0.949~2.892 0.0759

TG

≥1.7 <1.7 0.672 0.442~1.020 0.0620

Hypoglycemic drugs

Non-metformin No medication 0.452 0.283~0.721 0.0009

Metformin only 0.510 0.288~0.904 0.0211

Combination of metformin and other drugs 0.398 0.225~0.702 0.0015

BMI: body mass index; TC: total cholesterol; TG: triglyceride; CI: confidence interval.
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the elderly with T2DM, those on metformin (regardless of
whether it was metformin alone or combined with other oral
hypoglycemic drugs and insulin) manifested a reduced risk
for sarcopenia relative to those patients on no medication.
However, we did not find any differences in our endpoints
between metformin and other hypoglycemic drugs.

Several strengths and limitations should be taken into
account when considering the results of this study. This study
has a number of strengths. We are the first to establish the
risk factors for sarcopenia in elderly patients with T2DM
and also the first to evaluate the effects of metformin on this
condition—combining the AWGS criteria with expert
consensus on sarcopenia in China. Second, this study was
conducted on a relatively large sample of well-characterized,
urban-dwelling elderly men and women living in a defined
geographic area. Third, both sarcopenic and nonsarcopenic
patients were recruited by the same research assistant from
the same population and from the same source to reduce
confounding bias. Fourth, the diagnostic guidelines that we
used for sarcopenia were according to the AWGS criteria in
combination with expert consensus on sarcopenia in China,
which are more suitable for the Chinese population. Despite
extensive efforts to curb them, there were also a number of
limitations to our study. First, this study used a cross-
sectional design, so it was not possible to determine causal
relationships. Second, all of the participants in the present
study were physically active; we did not include participants
who demonstrated a history of stroke, carpal tunnel
syndrome, and severe hip or knee osteoarthritis or were
unable to perform a handgrip strength test or the 4-meter
walking test. Because of this, our results might in fact under-
estimate the prevalence of sarcopenia. Third, although
DEXA, magnetic resonance imaging, computed tomography,
or BIA are recommended for measuring muscle mass by the
AWGS, we used a muscle-rate analyzer for the evaluation of
body composition. Fourth, although one aim of our study
was to investigate the effects of metformin on sarcopenia,
other hypoglycemic drugs in our study included sulfonylur-
eas/glinides, alpha-glucosidase inhibitors, and insulin, and
these were not specifically subcategorized, even though they
might also have elicited protective effects against sarcopenia.

In summary, we examined the prevalence of sarcopenia
and determined several associated factors in an elderly
population with T2DM. We also assessed the effect of
metformin on the sarcopenic condition using the AWGS
definition, combined with expert consensus on sarcopenia
in China. We found that being female, older age, lower
educational level, and lower BMI were risk factors for sarco-
penia in elderly diabetic patients and that metformin acted as
a protective factor against sarcopenia in our patients. Our
study also showed that other hypoglycemic drugs (sulfony-
lureas/glinides, alpha-glucosidase inhibitors, and insulin)
might exert a protective effect on sarcopenia.
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