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ABSTRACT
Introduction Since the ratio of creatinine to cystatin C 
(Cre/CysC) can reflect muscle volume, it has been proven 
to be a predictor of sarcopenia in patients with or without 
diabetes. Here, we investigated the predictive value of 
Cre/CysC for the skeletal muscle composition and its 
correlations with glucose disposal ability and diabetic 
complications in patients with type 2 diabetes.
Research design and methods The skeletal muscle 
index (SMI) and mean skeletal muscle attenuation (MMA) 
values of 193 patients with type 2 diabetes were obtained 
through analyses of CT images at the lumbar 3 level.
Results Serum Cre/CysC was significantly correlated 
with both the SMI (r=0.375, p<0.001) and MMA (r=0.378, 
p<0.001). Multiple stepwise linear regression analysis 
demonstrated that Cre/CysC was the only biochemical 
predictor of the SMI (β=0.48 (95% CI 0.02 to 0.94)) and 
MMA (β=0.57 (95% CI 0.14 to 1.01)). Furthermore, the 
fat mass index (FMI) was significantly associated with 
the MMA (r=−0.481, p<0.001) but not the SMI (r=0.101, 
p=0.164). In the diabetic complications analysis, Cre/CysC 
was significantly lower in patients with cardiovascular 
disease (95% CI (−1.47 to –0.22), p=0.008) and lower 
extremity arterial disease (95% CI (−1.44 to –0.29), 
p=0.004). Moreover, in the 100 g steamed bun test, Cre/
CysC was significantly correlated with glucose levels at 60 
min (r=−0.162, p=0.045), 120 min (r=−0.287, p<0.001) 
and 180 min (r=−0.313, p<0.001).
Conclusions Cre/CysC may be a valuable predictor of 
skeletal muscle composition in type 2 diabetes. Patients 
with a higher Cre/CysC may have a better ability to 
dispose of postprandial glucose and are at a lower risk of 
macrovascular disease.

BACKGROUND
Type 2 diabetes mellitus is a group of meta-
bolic disorders characterized by hypergly-
cemia due to impaired insulin secretion and 
increased insulin resistance.1 In addition 
to common diabetic complications, vascu-
lopathy and the accumulation of advanced 
glycation end- products can impair muscle 
mass and function, leading to sarcopenia.2 

A recent systematic review including 1832 
patients with type 2 diabetes and 4694 eugly-
cemic subjects demonstrated that patients 
with type 2 diabetes have a higher risk of 
sarcopenia (OR: 1.55 (95% CI 1.25 to 1.91)). 
Considering its heavy impact on quality of life 
and increased risk of fracture, disability and 
mortality, sarcopenia is emerging as a third 
category of diabetic complication.3 4

Sarcopenia is defined as the presence of 
both low muscle mass and reduced muscle 
function (strength or performance).5 Several 
imaging modalities can be used to assess 

Significance of this study

What is already known about this subject?
 ► The ratio of creatinine to cystatin C (Cre/CysC) can 
reflect muscle mass and has been proven to be a 
predictor of sarcopenia. However, patients with type 
2 diabetes mainly present reduced muscle perfor-
mance and strength, which correlates with lower 
muscle density.

What are the new findings?
 ► Cre/CysC was an independent predictor of both 
muscle mass and muscle density in patients with 
type 2 diabetes.

 ► Cre/CysC was significantly lower in patients with 
cardiovascular disease and lower extremity arterial 
disease.

 ► Cre/CysC was negatively correlated with the level of 
postprandial glucose.

How might these results change the focus of 
research or clinical practice?

 ► This study suggests that patients with type 2 dia-
betes with higher Cre/CysC values may have bet-
ter muscle compositions and abilities to dispose of 
postprandial glucose and lower risks of macrovas-
cular disease.
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muscle mass and achieve the diagnosis of sarcopenia.5 6 
Among these methods, magnetic resonance and CT are 
considered gold standards for the non- invasive assess-
ment of muscle mass.7 In addition to muscle volume, 
CT can also assess muscle density because increased fat 
infiltration into muscle results in lower CT attenuation; 
in other words, higher CT attenuation indicates higher 
muscle density.8 However, in addition to the high cost, the 
equipment is not immediately accessible in primary care, 
and radiological technicians are required to operate it.

The ratio of creatinine to cystatin C (Cre/CysC) was 
first reported as a surrogate marker of muscle mass in 
2013.9 On this basis, Cre/CysC has been proven to be 
an accurate and inexpensive predictor of sarcopenia 
in patients with chronic obstructive pulmonary disease, 
non- dialysis chronic kidney disease and diabetes.10–12 
However, unlike other diseases, patients with type 2 
diabetes mainly present reduced muscle performance 
and strength, which correlate with muscle density, but 
have no difference in muscle mass.13 14 A recent study 
showed that individuals with lower CT attenuation 
are associated with a higher risk of incident diabetes 
mellitus.15 Additionally, the muscles of obese subjects 
with diabetes mellitus show significantly lower CT atten-
uation than those of obese subjects with normal glucose 
tolerance.16 These studies indicated that muscle density 
plays an important role in the occurrence and develop-
ment of diabetes. In the present study, we hypothesize 
that in addition to muscle mass, the Cre/CysC ratio can 
predict muscle density in patients with type 2 diabetes. 
Both muscle mass and muscle density were evaluated by 
CT scans. Considering that skeletal muscle is the main 
consumer of glucose as well as the association between 
sarcopenia and diabetic complications, we also evaluated 

the correlation of Cre/CysC with glucose disposal ability 
and diabetic complications.

METHODS
Study patients
Type 2 diabetes patients hospitalized in the Department 
of Endocrinology, Affiliated Hospital of Jining Medical 
University, between January 2017 and December 2020 
who underwent CT scans including the center plane of 
the third lumbar vertebra on axial images and had blood 
analyses determining creatinine and cystatin C levels 
were included in this study. The exclusion criteria were 
as follows: (1) patients missing anthropometric measures 
such as height and weight; (2) patients with malignant 
tumours, abnormal thyroid function, or stage V diabetic 
nephropathy; and (3) patients who were receiving hemo-
dialysis or immunosuppressive drugs. Due to the retro-
spective nature of the study and the anonymity of the 
data, the requirement for informed consent was waived.

Laboratory measurements and complications assessment
All biochemical and immune indexes were measured 
at our hospital laboratory. Creatinine (mg/dL) was 
measured by the sarcosine oxidase method (Diacegene, 
Sichuan, China), and cystatin C was measured with a 
particle- enhanced turbidimetric assay (Zybio, Chongqing, 
China). The Cre/CysC ratio was calculated by dividing 
serum creatinine (mg/L) by serum cystatin C (mg/L). 
Patients underwent a 100 g steamed bun test, which is 
generally used as a simulation test to observe postpran-
dial changes in blood glucose, islet function, and other 
biochemical indicators17 18 when they had good glucose 
control after intensive insulin therapy. Diabetic complica-
tions were assessed systematically according to the guide-
lines for the prevention and control of type 2 diabetes 
in China.19 20 The method of the 100 g steamed bun test 
and the diagnostic criteria for diabetic complications are 
shown in the online supplemental material.

Body composition measurements
Two authors identified axial CT images at the L3 level 
in which the spinous process and the two transverse 
processes could be visualized. Image analysis included 
the skeletal muscle index (SMI), mean skeletal muscle 
attenuation (MMA) and fat mass index (FMI). Slice- O- 
Matic software (V.5.0, TomoVision, Montreal, Quebec, 
Canada) was used for image analysis by setting attenua-
tion thresholds from −29 to 150 Hounsfield units (HU) 
for skeletal muscle, −150 to −30 HU for visceral adipose 
tissue and −190 to −30 HU for intramuscular/subcuta-
neous adipose tissue.21 Each type of tissue found in each 
L3 CT image was then shaded with a different colour, 
corresponding to these thresholds. Data outputs for the 
area in cm2 and the CT attenuation of each tissue type in 
each CT image were collected and used to calculate the 
SMI, MMA and FMI. The SMI, reflecting muscle mass, 
was calculated by normalizing the L3 cross- sectional skel-
etal muscle area in cm2 by height in m2.21 22 The MMA, 

Figure 1 CT image analysis at the lumbar 3 level using 
Slice- O- Matic software. Red: muscle; blue: subcutaneous 
adipose tissue; yellow: visceral adipose tissue; green: 
intermuscular adipose tissue; grey: unprocessed CT image. 
BMI, body mass index; FMI, fat mass index; MMA, mean 
skeletal muscle attenuation; SMI, skeletal muscle index.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2021-002430 on 3 N

ovem
ber 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjdrc-2021-002430
http://drc.bmj.com/


3BMJ Open Diab Res Care 2021;9:e002430. doi:10.1136/bmjdrc-2021-002430

Clinical care/Education/Nutrition

reflecting muscle density, was shown as the CT attenua-
tion of L3 cross- sectional skeletal muscle in HU and auto-
matically calculated by the software.22 The FMI was first 
proposed by VanItallie et al as an indicator of nutritional 
status and calculated by normalizing fat mass in kg by 
height in m2.21 23 24

Statistical analysis
Continuous variables are summarized using the median 
and IQR if not normally distributed and the mean±SD 
if normally distributed. Categorical variables are summa-
rized as the frequency count and per cent. These variables 
between the two groups were compared by an indepen-
dent samples t- test or the Mann- Whitney U test. Categor-
ical variables were analyzed by the χ2 test. Univariable 
correlations between variables were assessed by Pearson’s 

correlation coefficients. Multiple stepwise linear regres-
sion analysis was used to identify independent factors. 
Statistical analysis was performed using SPSS software 
(V.26.0). A p value less than 0.05 was considered statisti-
cally significant.

RESULTS
A total of 254 diabetic patients with axial CT images at 
the L3 level were found in the hospital management 
system. After screening the discharge diagnosis, patient 
state and biochemical information, 193 type 2 diabetes 
patients were included in the present study (see online 
supplemental figure 1). The SMI and MMA evaluated 
skeletal composition from different angles. Patients 
with similar muscle masses may have different muscle 

Table 1 Characteristics of patients included in this study

Characteristic Total (n=193) Male (n=114) Female (n=79) P value

Age (years) 55.45±11.73 53.25±12.29 58.62±10.13 0.002

Duration (months) 84(24,132) 72(12,123) 96(36,144) 0.091

BMI (kg/m2) 26.08±3.42 26.66±3.07 25.25±3.73 0.005

WHR 0.94±0.06 0.95±0.05 0.92±0.06 0.001

Creatinine (mg/L) 6.76±1.91 7.53±1.78 5.65±1.50 <0.01

Cystatin C (mg/L) 0.98±0.33 1.01±0.34 0.93±0.31 0.129

Cre/CysC 7.26±2.06 7.86±2.07 6.38±1.71 <0.01

Albumin (g/L) 42.53±4.62 42.97±4.41 41.90±4.87 0.115

BUN (mmol/L) 5.47±1.52 5.60±1.55 5.30±1.47 0.177

TG (mmol/L) 1.45 (0.98,2.12) 1.52 (1.16,2.27） 1.23 (0.83,1.84） 0.004

TCH (mmol/L) 4.54±1.15 4.36±1.14 4.80±1.13 0.009

HDL (mmol/L) 1.11±0.29 1.03±0.25 1.22±0.31 <0.001

LDL (mmol/L) 2.63±0.86 2.47±0.82 2.86±0.87 0.002

HbA1c (%) 8.65±1.90 8.51±1.89 8.85±1.92 0.231

FBG (mmol/L) 7.24±2.28 6.91±1.95 7.72±2.63 0.021

FCP (ng/mL) 2.22±0.94 2.36±0.89 2.02±0.97 0.02

HOMA2 %B 79.29±44.05 87.89±44.76 66.96±40.20 0.002

HOMA2 %S 66.35±34.08 62.20±29.53 72.30±39.17 0.059

HOMA2 IR 1.83±0.82 1.89±0.77 1.74±0.88 0.248

Hypertension (%) 89 (46.11) 54 (47.37) 35 (44.30) 0.675

CV disease (%) 59 (30.57) 29 (25.44) 30 (37.97) 0.063

DPN (%) 147 (76.17) 87 (76.32) 60 (75.95) 0.953

LEAD (%) 109 (56.48) 63 (55.26) 46 (58.23) 0.683

DN (%) 82 (42.49) 47 (41.23) 35 (44.30) 0.671

DR (%) 44 (22.80) 23 (20.18) 21 (26.58) 0.297

SMI (cm2/m2) 47.80±8.71 52.59±6.81 40.87±6.11 <0.001

MMA (HU) 37.11±6.82 39.14±5.95 34.17±6.96 <0.001

FMI (kg/m2) 8.63±1.82 8.36±1.72 9.01±1.89 0.014

BMI, body mass index; BUN, blood urea nitrogen; Cre/CysC, creatinine- to- cystatin C ratio; CV, cardiovascular; DN, diabetic nephropathy; 
DPN, diabetic peripheral neuropathy; DR, diabetic retinopathy; FBG, fasting blood glucose; FCP, fasting C peptide; FMI, fat mass index; 
HbA1c, hemoglobin A1C; HDL, high- density lipoproteins; HOMA2, homeostasis model assessment; IR, Insulin resistance; LDL, low- density 
lipoproteins; LEAD, lower extremity arterial disease; MMA, mean skeletal muscle attenuation; SMI, skeletal muscle index; TCH, total 
cholesterol; TG, triglycerides; WHR, waist–hip ratio.
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densities. As shown in figure 1, patient A had a similar 
SMI to patient B but a much higher MMA. In addi-
tion, patients with similar muscle densities may have 
different muscle masses. As shown in the same figure, 
patient C had a similar MMA to patient D but a much 
higher SMI.

Patient characteristics
The patient characteristics are presented in table 1. A 
total of 114 male patients and 79 female patients with a 
mean age of 55.45 years were enrolled in this study. Male 
patients had higher serum creatinine levels, Cre/CysC 
ratios, and SMI and MMA values than female patients.

Correlations of the SMI and MMA with clinical factors
The correlations between the SMI and MMA and clinical 
factors are shown in online supplemental table 1. Both 
the SMI and MMA were significantly associated with the 
Cre/CysC ratio (SMI: r=0.375, p<0.001; MMA: r=0.378, 
p<0.001). Serum creatinine was associated with the SMI 
(r=0.382, p<0.001) but was not associated with the MMA 
(r=0.132, p=0.067). Serum cystatin was not associated 
with the SMI (r=−0.046, p=0.524) but was associated with 
MMA (r=−0.234, p=0.010). The scatter diagram of serum 
creatinine and cystatin C and their ratio with the SMI 
and MMA are shown in figure 2. Notably, the BMI and 
waist–hip ratio (WHR) were positively correlated with 
the SMI (BMI: r=0.505, p<0.001; WHR: r=0.286, p<0.001) 
but negatively correlated with the MMA (BMI: r=−0.178, 
p=0.013; WHR: r=−0.149, p=0.045). Furthermore, the 
FMI was significantly associated with the MMA (r=−0.481, 
p<0.001) but not with the SMI (r=0.101, p=0.164). 
Multiple stepwise linear regression analyses of variables 
related to the SMI and MMA are listed in table 2. After 
adjusting for confounding factors, Cre/CysC was the only 
biochemical predictor of the SMI (β=0.48, (95% CI 0.02 
to 0.94)) and MMA (β=0.57 (95% CI 0.14 to 1.01)).

Since sex has a significant impact on the SMI and 
MMA, subgroup analyses were performed in the correla-
tion (online supplemental table 1) and multiple stepwise 

Figure 2 Scatter diagram of creatinine and cystatin C and their ratio Cre/CysC with the SMI and MMA. Cre/CysC, creatinine 
to cystatin C ratio; SMI, skeletal muscle index; MMA, mean skeletal muscle attenuation.

Table 2 Multiple stepwise linear regression analysis of 
factors associated with the SMI and MMA

Variable Beta (95% CI) P value

SMI

  Male 9.06 (7.18 to 10.95) <0.001

  BMI 1.00 (0.75 to 1.26) <0.001

  Age −0.10 (−0.18 to 0.02) 0.012

  Cre/CysC 0.48 (0.02 to 0.94) 0.042

MMA

  Male 3.68 (1.89 to 5.47) <0.001

  BMI −0.48 (−0.72 to to 0.24) <0.001

  Age −0.21 (−0.28 to 0.13) <0.001

  Cre/CysC 0.57 (0.14 to 1.01) 0.011

Adopted factors: sex, age, BMI, WHR, Cre/CysC, creatinine, 
albumin, high- density lipoproteins, HOMA2 %B, HOMA2 %S, 
fasting blood glucose and fasting C peptide for the SMI; sex, age, 
duration, BMI, WHR, Cre/CysC, cystatin C, albumin, triglycerides, 
high- density lipoproteins, low- density lipoproteins, hypertension, 
cardiovascular disease and diabetic nephropathy for the MMA. 
R2=0.788 for the SMI and 0.612 for the MMA.
BMI, body mass index; Cre/CysC, creatinine- to- cystatin C ratio; 
HOMA2, homeostasis model assessment; MMA, mean skeletal 
muscle attenuation; SMI, skeletal muscle index; WHR, waist–hip 
ratio.
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linear regression (online supplemental table 2) anal-
yses. The Cre/CysC ratio was significantly associated 
with both the SMI and MMA in males (SMI: r=0.234, 
p=0.012; MMA: r=0.337, p<0.001) and only significantly 
associated with the MMA in females (r=0.223, p=0.048). 
In the multiple stepwise linear regression analyses, Cre/
CysC was an independent predictor of the MMA in males 
(β=0.60 (95% CI 0.11 to 1.09)).

Correlation of Cre/CysC with diabetic complications, glucose 
and C peptide
Considering the predictive value of Cre/CysC in muscle 
composition, its correlation with diabetic complications, 
glucose and C peptide was further evaluated. The details 
are listed in table 3. In the diabetic complications anal-
ysis, Cre/CysC was significantly lower in patients with 
cardiovascular disease (95% CI (−1.47 to –0.22), p=0.008) 
and lower extremity arterial disease (95% CI (−1.44 to 
–0.29), p=0.004). Moreover, in the 100 g steamed bun 
test, Cre/CysC was significantly correlated with glucose 
levels at 60 min (r=−0.162, p=0.045), 120 min (r=−0.287, 
p<0.001) and 180 min (r=−0.313, p<0.001). Multiple step-
wise linear regression analyses of diabetic complications 
and glucose were further performed (the details are 
listed in online supplemental table 3). After adjusting 
for confounding factors, Cre/CysC was an independent 
predictor of the glucose level at 120 min (β=−0.23 (95% 
CI −0.41 to −0.05)) and 180 min (β = −0.31 (95% CI −0.51 
to −0.11)).

DISCUSSION
Creatinine originates from skeletal muscle and is affected 
by renal function, while cystatin C, which is another 
serum marker of renal function, is a cysteine proteinase 
inhibitor that functions as a housekeeping protein 
excreted by all nucleated cells.25–27 Therefore, the ratio 
of Cre/CysC corrected for renal function can reflect the 
total muscle volume in the body. However, muscle func-
tion, another key diagnostic element of sarcopenia, is 
correlated with muscle density rather than muscle size. 
Moreover, patients with diabetes mainly present with 

reduced muscle performance and strength. To date, no 
study has evaluated the predictive value of Cre/CysC for 
muscle density.

This study first reported that Cre/CysC is an indepen-
dent predictor of both the SMI and MMA. The predictive 
function of Cre/CysC for the MMA may be one of the 
main principles of Cre/CysC predicting sarcopenia in 
patients with type 2 diabetes. This result is also consistent 
with a previous study showing that Cre/CysC predicts 
muscle strength in patients with non- dialysis requiring 
chronic kidney disease.12 Moreover, both the SMI and 
MMA are independent predictors of the outcome in crit-
ically ill patients.22 Therefore, Cre/CysC has also been 
proven to be a predictor of outcomes in patients treated 
in the ICU.28 29 Based on the above evidence, Cre/CysC 
could be regarded as a more comprehensive indicator of 
skeletal muscle composition and thereby predict sarco-
penia, muscle strength and the outcome of patients with 
critical illness.

In the subgroup analysis, Cre/CysC ratio was not 
significantly associated with SMI in females and was not 
an independent predictor for SMI in males and SMI and 
MMA in females. However, a tendency of positive correla-
tion between Cre/CysC and SMI emerged in females in 
spite of without significance. The predicting abilities of 
Cre/CysC in different genders may be also concealed by 
the small patients’ number, especially in females. There-
fore, large sample studies are required to further clarify 
the predictive value of Cre/CysC for muscle composition 
in different genders.

In addition to Cre/CysC, anthropometric characteris-
tics, including sex, age and BMI, are independent predic-
tors of the SMI and MMA. It is easy to understand that 
SMI and MMA values are higher in male patients than in 
female patients and decrease gradually with increasing 
age. Since overnutrition and lack of physical exercise are 
major inducers of type two diabetes, obesity, dyslipidemia 
and abnormal fat distribution are common comorbidi-
ties in these patients. This study indicated that BMI and 
WHR are positively correlated with the SMI but negatively 
correlated with MMA. Moreover, the FMI was negatively 

Table 3 Correlation of Cre/CysC with diabetic complications, glucose and C peptide

Complications CV disease DPN LEAD DN DR

95% CI −1.47 to –0.22 −1.06 to 0.31 −1.44 to –0.29 −0.73 to 0.45 −1.24 to 0.15

P value 0.008 0.283 0.004 0.639 0.123

Glucose 0 min 30 min 60 min 120 min 180 min

  r −0.121 −0.146 −0.162 −0.287 −0.313

  P value 0.109 0.071 0.045 <0.001 <0.001

C peptide 0 min 30 min 60 min 120 min 180 min

  r −0.006 −0.004 0.046 0.106 0.086

  P value 0.942 0.959 0.575 0.191 0.287

Correlations are shown with the coefficient r or 95% Cl of the mean difference between the patients with complications and without.
Cre/CysC, creatinine to cystatin C ratio; CV, cardiovascular; DN, diabetic nephropathy; DPN, diabetic peripheral neuropathy; DR, diabetic 
retinopathy; LEAD, lower- extremity arterial disease.
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correlated with the MMA, even on controlling for the 
factor of age (r=−0.428, p<0.01). These results further 
demonstrated the adverse impact of obesity and fat tissue 
infiltration on muscle density.

Considering that skeletal muscle is the main consumer of 
glucose and the main target of insulin activity,30 this study 
further evaluated the correlation between Cre/CysC and 
the 100 g steamed bun test results. Our research showed 
that Cre/CysC is negatively correlated with postprandial 
blood glucose but has no correlation with C peptide release. 
Multiple stepwise linear regression analyses further demon-
strated that Cre/CysC was an independent predictor of 
glucose at 120 min and 180 min. Interestingly, unlike the 
SMI, Cre/CysC did not show a correlation with homeostasis 
model assessment (HOMA2) indexes. The possible reason 
is that Cre/CysC is a comprehensive marker reflecting the 
SMI but also the MMA. Moreover, both creatinine and 
cystatin C showed correlations with these indexes in the 
same direction (positive or negative); therefore, the associ-
ation of their ratio with HOMA2 indexes was partially coun-
teracted. Nevertheless, these results indicate that patients 
with high levels of Cre/CysC may have better postprandial 
glucose disposal abilities, even though they showed no 
differences in pancreatic function and insulin sensitivity. 
The present study did not show a correlation between Cre/
CysC and hemoglobin A1C (HbA1c), which is consistent 
with previous epidemiological studies showing that HbA1c 
is not associated with sarcopenia in individuals with type 2 
diabetes.3 However, a relationship between glucose control 
and sarcopenia cannot be completely excluded. Our study 
indicates that postprandial glucose disposal ability may 
decrease in type 2 diabetes patients with sarcopenia.

There are some indications that low muscle mass 
and reduced function could be associated with diabetic 
complications.3 The present study has shown that Cre/
CysC is negatively correlated with macrovascular diseases, 
including cardiovascular disease and lower extremity arte-
rial disease, and this might be attributed to the impact of 
cystatin C. This study also showed that cystatin C is posi-
tively correlated with cardiovascular disease and lower 
extremity arterial disease (r=0.211, p=0.003 and r=0.164, 
p=0.023, respectively; data not shown). This is consistent 
with previous clinical studies indicating that cystatin C is 
positively associated with heart and peripheral arterial 
disease.31–35 Studies have also indicated that cystatin C 
increases in human obesity and is positively associated 
with body fat mass.36–38 However, in mechanistic studies, 
cystatin C was severely reduced in atherosclerotic lesions, 
and the absence of cystatin C resulted in larger plaque 
areas and increased obesity- associated adipose tissue 
inflammation and dysfunction.39–41 Therefore, cystatin C 
appears to be a protective factor that is stimulated to slow 
the progression of atherosclerosis and fat infiltration.

In adults, the normal range of cystatin C is 0.51–0.98 
mg/L, which is independent of sex and age.42 The normal 
range of creatinine for males is 0.6–1.2 mg/dL, and for 
females, it is 0.5–1.1 mg/dL.43 Therefore, the ratio of 
Cre/CysC should be near 10. Some studies provided Cre/

CysC values near 1 or 100 because they calculated the 
Cre/CysC ratio with different formulas, including Cre/
CysC ratio=[(serum creatinine {mg/dl}/serum cystatin C 
{mg/l})×100] or (serum creatinine {mg/dl}/serum cystatin 
C {mg/l}).10–12 44–46 With more attention given to the ratio 
of Cre/CysC, a recognized and accepted formula should be 
proposed by an official institute.

Our study has some limitations. First, the Cre/CysC 
should be regarded as a supplementary indicator in 
predicting SMI and MMA because of the relative small 
coefficient r values and wide CIs. Second, the predicting 
abilities of Cre/CysC for muscle compositions in different 
genders need further clarification. Third, we did not 
assess muscle function (eg, handgrip strength and gait 
speed), which has recently been advised by the European 
Working Group on Sarcopenia in Older People as one 
of the referred criteria for severe sarcopenia.14 Fourth, 
as this was a retrospective study, we did not repeatedly 
assess the muscle composition and Cre/CysC; therefore, 
the predictive value of changes in Cre/CysC for muscle 
composition over time is unknown. Finally, this is a single- 
center study with a small sample population and large 
sample studies are needed to validate the findings in the 
present study and to verify the prognostic value of Cre/
CysC for diabetic complications.

CONCLUSIONS
In conclusion, the present study indicated that the ratio of 
Cre/CysC may be a valuable predictor of skeletal muscle 
composition in type 2 diabetes. Additionally, patients with 
a higher Cre/CysC may have a better ability to dispose of 
postprandial glucose and are at a lower risk of macrovas-
cular disease.
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