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Abstract: The incidence of type 2 diabetes mellitus is rapidly increasing, with many complications 

pressured on the health care system. Complications of diabetes due to chronic hyperglycemia related to 

other metabolic disorders, causing damage to the microvascular system. Among them, damaged kidney 

vessels lead to impair the renal function as diabetic nephropathy is the most common cause of end-stage 

renal disease. Measurement of glomerular filtration rate (GFR) is an important parameter in assessing 

renal function. In Vietnam’s hospital, serum creatinine is the biomarker mostly used to assess GFR. 

However, this biomarker is affected many factors such as gender, age, ... Many studies showed that 

serum Cystatin C is another biomarker that can detect early decline in GFR, less affected by other 

factors. Therefore, we conducted this study to explore serum cystatin C and creatinine levels in patients 

with type 2 diabetes and initially compare GFR in applying formulas of CKD.EPI 2012 and age and sex 

factors with these two biomarkers on those patient groups. The prospective, descriptive, cross-sectional 

study was performed on 50 patients with type 2 diabetes. Serum Cystatin C, serum creatinine test was 

performed and GFR was estimated by CKD.EPI 2012 equation. The results showed that the average 

serum Cystatin C level of the study group was 0.87 ± 0.24 mg/L that expressed no difference between 

two genders, and significant difference between age groups. Whereas, the average serum creatinine level 

of the study group was 81.30 ± 19.70 µmol/L, significant difference between male and female but not 

difference between age groups. In patients with GFR <60 mL/min/1.73m2, serum creatinine and cystatin 

C levels were higher than normal but there was no difference with the upper limit in the normal reference 

range of the two indications. 
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1. Introduction 

Nowadays, the incidence of diabetes is 

rapidly increasing. According to the statistics of 

the World Federation of Diabetes (2017), there 

are more than 400 million people with diabetes. 

It is estimated that by 2045 this number will 

increase by 1.1%, equivalent to over 600 million 

people. Vietnam is one of the top countries with 

an estimated incidence of 2/1000 people in 2017 

and an increase of 3.5/1000 people by 2045 [1]. 

In particular, type 2 diabetes accounts for more 

than 90% of diabetic patients [2]. Progressive 

diabetes causes many serious complications, 

major threats to health as well as the quality of 

life of patients. Complications of diabetes due to 

chronic hyperglycemia associated with other 

metabolic disorders, causing damage to the small 

blood vessel. Microvascular complications of 

diabetes include diabetic nephropathy, 

neuropathy and retinopathy. In particular, kidney 

damage is a common complication with the rate 

of 25.6% to 33.1% in Vietnam [3, 4]. Diabetic 

nephropathy causes renal structural 

abnormalities such as hypertrophy of the 

kidneys, an increase in basement membrane 

thickness, hyaline of kidney’s vessels [5]. The 

functional alterations include a decrease in GFR, 

proteinuria, loss of kidney function [6]. GFR is 

the critical renal function. In clinical practice, 

estimating GFR using formulas base on serum 

creatinine is the most widely used method to 

assess kidney function [7]. In recent years, many 

studies show the disadvantages of using serum 

creatinine to measure GFR, this indicator has 

poor sensitivity among mild renal dysfunctional 

patients and it can be affected by other factors 

such as age, gender, BMI, race, etc. [8, 9]. 

Therefore, many studies have been conducted to 

evaluate GFR better, and cystatin C is one of the 

biomarkers recommended by the American 

Kidney Association to evaluate and classify 

chronic kidney disease [10]. Cystatin C is a 

substance produced at a constant rate by most 

cells with a nucleus, a low molecular weight 

protein with M = 13,359 kDa [11]. Cystatin C is 

normally filtered freely through the glomerulus 

and reabsorbed and metabolized in the renal 

tubule and the renal glomeruli freely filtered it. 

The renal tubules don’t excrete and only an 

extremely small amount of cystatin C is excreted 

in the kidneys [7]. Therefore, the serum 

concentration of cystatin C is valuable to assess 

GFR and is not affected by factors such as diet, 

nutritional status, inflammatory state or other 

malignant diseases. Cystatin C in healthy adult 

ranges between 0.4-1.2 mg/L for both men and 

women [12, 13]. There are many different GFR 

equations, Inker et al (2012) applied the equation 

to estimate GFR for 1119 subjects in 5 different 

studies and showed the GFR value of the 

combined formula between serum cystatin C and 

creatinine are more accurate and reliable [8]. 

In Vietnam, there have not been many 

studies evaluating the GFR based on serum 

creatinine and serum cystatin C indicators, so we 

conducted this study to identify some factors 

such as age and gender related to serum cystatin 

C and serum creatinine concentrations as well as 

initial compare the GFR using the equation of 

CKD.EPI2012 of these two biomarkers in type 2 

diabetic patients. 

2. Materials and methods 

Subjects of study: Type 2 diabetes out-patients 

treatment at the General Department of Internal 

Medicine – E Hospital. The CKD-EPI 2012 

equations were used to calculate eGFR [14]. 

Two groups of patients were classified based on 

eGFR including eGFR<60 mL/min/1,73m2 and 

eGFR>60 mL/min/1,73m2. 

Selection criteria: The patient has been 

diagnosed with type 2 diabetes (According to the 

Guidelines of the American Diabetes 

Association 2018) [15]; Full clinical information 

(age, gender), subclinical information (serum 

creatinine concentration, serum cystatin C 

concentration, serum glucose concentration) and 

voluntary participation in the study. 

Exclusion criteria: The patients have one of 

the following criteria: acute illness; are treating 

thyroid diseases, taking thyroid medication in 

the last 6 months or being treated for 

corticosteroids; 
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Time and place of study: The study was 

carried out from August 2018 to January 2019, 

data were collected from the Department of 

Biochemistry and Department of General 

Internal Medicine - E. Hospital. 

Study methods: prospective, descriptive, 

cross-sectional study 

Patients were examined and blood sampling 

for biochemical test. Serum Creatinine tests used 

Jaffee method with Olympus reagent 

(Germany), and serum Cystatin C test used 

turbidity measurements with Dialab reagent 

(Austria), both were performed on AU680 

(Beckman Coulter, American) at the Department 

of Biochemistry of E. Hospital 

Reference interval of two indicators [12,13]: 

Serum Creatinine: man 74-110 µmol/L 

                           woman: 58-96 µmol/L 

Serum Cystatin C: 0.4-1.2 mg/L 

Statistical analysis: Data were analyzed by 

SPSS 22.0 software (IBM, American). Analysis 

of variance (ANOVA); Chi-square tests (χ2) and 

Pearson correlation were applied to the 

corresponding cases, Student’s t-test was used to 

compare the means between two groups. P-value 

of less than 0.05 was considered as a statistically 

significant difference. 

3. Results  

Serum cystatin C and serum creatinine level  

The results of serum cystatin C and serum 

creatinine level in two gender groups were 

showed in table 1: 

Table 1. Serum cystatin C and serum Creatinine levels in two genders 

Indicator 
Man 

(�̅� ± SD) 

Woman 

(�̅� ± SD) 

Mean for all 

(�̅� ± SD) 
p 

Serum Cystatin C (mg/L) 0.92 ± 0.25 0.83 ± 0.23 0.87 ± 0.24 0.199 

Serum Creatinine (mmol/L) 92.00 ± 19.36 74.23 ± 16.79 81.30 ± 19.70 0.01 

     
 

Men had higher serum creatinine levels than 

women, while there was no difference in serum 

cystatin C level in both genders. This is similar 

to the study of Weinert LS et al. (2010). This 

study performed on 97 healthy volunteers aged 

18-40 years, 44% are men, the result showed that 

gender had no effect on serum cystatin C level 

while there was a clear difference in creatinine 

levels in two genders (p = 0.001) [16]. In 

Vietnam, the study of Nguyen Thi Ly and Tran 

Thi Chi Mai (2012) on 90 patients with type 2 

diabetes also showed no difference in cystatin C 

levels in both sexes [17]. Research on 3 groups 

of patients: with diabetes, thyroid and 

cardiovascular disease of Musaimi (2019) also 

found no difference in cystatin C concentration 

in both sexes. This research also showed that 

cystatin C is a useful biomarker for these 

diseases [18]. 

Relationship between serum creatinine, 

serum cystatin C level and age 

Table 2. Serum Cystatin C and Creatinine levels in age groups 

 Age group <60 61-70 >70 p 

Serum cystatin C level (mg/L) 

(�̅� ± SD) 
0.701±0.089 0.847±0.191 1.046±0.286 <0.001 

Serum creatinine 

level (µmol/L) 

(�̅� ± SD) 

Man 
n=5 

75.700±16.177 

n=9 

96.867±20.729 

n=6 

98.217±13.131 
0.088 

Woman 
n=8 

69.975±9.218 

n=13 

69.146±7.829 

n=9 

85.378±25.603 
0.053 
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Many studies showed that aging increases 

kidney problems [19,20]. To analyze the 

relationship between age and serum cystatin C 

levels, we divided our patients into three age 

groups: <60, 61 - 70, >70-year-old. In each age 

group, we analyzed the concentration of serum 

cystatin C and serum creatinine, the results were 

shown in Table 2. 

The results showed that serum Cystatin C 

levels increased with age (p<0.001) and serum 

creatinine levels wasn’t different between age 

groups (p = 0.088 in man, p = 0.053 in woman). 

The patients in our study were more than 40 

years old. In this age, the physiological function 

tended to decrease, the ability to filter Cystatin C 

decreased, leading to an increase in serum 

Cystatin C level. This occurs because the 

kidneys also suffer from aging damage - a 

natural biological process [19]. Vascular disease 

affects the blood vessels in the kidneys, the loss 

of nephrons and the gradual decline of the 

cellular functions. All of these reasons can lead 

to renal tubular damage, decrease of GFR and 

increase the concentration of cystatin C in the 

blood. 

Many studies showed that with age, there is 

a reduce in size and number of nephrons, 

changing tubulointerstitial and increasing 

glomerulosclerosis [20]. Thus, the increase of 

serum cystatin C concentration with age may be 

the result of physiological decrease GFR. 

With increasing age, there is the decrease in 

the function of kidney so that serum creatinine 

level increases. Other way, increasing age also 

decrease in muscle mass which also reduces the 

creatinine production. Thus, when the age 

increases, serum creatinine level usually does 

not respond timely with the degree of 

impairment kidney function [21]. After 

analyzing the relationship between these two 

indicators and age, we found that cystatin C was 

more valuable than creatinine in assessing the 

degree of renal physiological impairment with 

age. 

Classification serum creatinine level and 

serum cystatin C levels by the three CKD-EPI 

equations 

According to the classification of KDIGO, 

the GFR below 60 mL/min/1.73m2 is considered 

as reducing and kidney start to be damaged [14]. 

Classification the patients by GFR, we had the 

results of serum creatinine level and serum 

cystatin C level in table 3. 

Table 3. Serum cystatin C level and serum creatinine level classify according to the equation GFRCre, GFRcys, 
GFRcys-cre 

Indicator GFR group Classify 

according to the 

equation GFRcre 

Classify 

according to the 

equation GFRcys 

Classify 

according to the 

equation GFRcys-

cre 

p 

Serum cystatin C 

level 

(mg/L) 

(�̅� ± SD) 

GFR<60 

mL/min/1,73m2 

(n=8) 

1.178±0.247 

(n=8) 

1.287±0.213 

(n=7) 

1.295±0.231 

0.542 

GFR>60 

mL/min/1,73m2 

(n=42) 

0.809±0.193 

(n=42) 

0.789±0.146 

(n=43) 

0.799±0.159 

0.849 

Serum 

creatinine 

level 

(µmol/L) 

(�̅� ± SD) 

Man 

GFR<60 

mL/min/1,73m2 

(n=3) 

125.133±14.425 

(n=4) 

115.225±20.299 

(n=3) 

120.200±21.669 

0.801 

GFR>60 

mL/min/1,73m2 

(n=17) 

86.129±13.286 

(n=16) 

86.169±14.565 

(n=17) 

87.000±14.513 

0.980 

Woman 

GFR<60 

mL/min/1,73m2 

(n=5) 

99.560±27.603 

(n=4) 

103.225±30.435 

(n=4) 

100.800±31.711 

0.983 

GFR>60 

mL/min/1,73m2 

(n=25) 

69.172±7.299 

(n=26) 

69.777±7.788 

(n=26) 

70.150±8.718 

0.907 
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Patients with GFR <60 mL/min/1.73m2 had 

higher serum creatinine and serum cystatin C 

levels than the remaining patients and higher 

than the upper limit normal. If the GFR number 

was low, the kidney function was not well. 

Reducing the capacity of glomerular filtration 

make many substances stagnate so the 

concentration of these substances in blood 

increases. Thus, the concentration of serum 

creatinine and serum cystatin C were high in the 

lower GFR group. This result agreed with the 

result of Oddoze et al. (2001) [22].  

Table 3 showed that serum cystatin C level 

in patients with GFR<60mL/min/1.73m2 was not 

different when calculated by 3 GFR equations. 

The results were similar with patients with 

GFR> 60mL/min/1.73m2 and with serum 

creatinine level in two groups of GFR. Besides, 

we found that patients with GFR <60 

mL/min/1.73m2 had the serum creatinine level and 

serum cystatin C levels higher than the normal 

reference range of these two indicators. 

Serum creatinine level and serum cystatin 

C level in patients with GFR <60mL 

/min/1.73m2 compared with normal reference 

range 

There was no difference in serum creatinine 

levels and serum cystatin C levels using 3 

equations. Thus, we chose to compare these two 

markers with the upper limit of each indicator in 

patients with GFR<60mL/min/1.73m2 when 

using the GFRcys-cre equation (The equation 

that uses both of these indicators). The results 

were shown in Table 4. 

Table 4. Comparison serum cystatin C and serum creatinine levels with reference upper range in patients with 

GFR <60mL/min/1.73m2 according to GFRcys-cre equation 

Indicators 
Mean 

(�̅� ± SD) 

Upper limit of 

normal  
p 

Serum cystatin C level (mg/L) 1.295 ± 0.231 1.2 mg/L 0.318 

Serum creatinine 

level (µmol/L) 

Man 120.200 ± 21.669 110 µmol/L 0.501 

Woman 100.800 ± 31.711 96 µmol/L 0.782 

From the results of Table 4, we found that in 

the group patients with GFR <60 

mL/min/1.73m2 according to GFRcys-cre equation, 

serum cystatin C and serum creatinine levels 

increased but has no significant difference with 

the upper limit of the normal reference range of 

these two indices. Thus, we have not found a 

difference in the changes in serum cystatin C and 

creatinine levels in patients with GFR 

<60mL/min/1,73m2. This result was in line with 

the study of Oddoze et al. (2001). These authors 

also identified that serum cystatin C did not 

outperform serum creatinine methods to detect 

kidney damage [22]. A limitation in our study is 

that we only research on diabetic patients with a 

small number of patients, the results may not 

apply to patients with kidney damage due to 

other causes. 

4. Discussion 

Serum cystatin C and serum Creatinine 

levels in two genders 

Men had higher serum creatinine levels than 

women, while there was no difference in serum 

cystatin C level in both genders. This is similar 

to the study of Weinert LS et al. (2010). This 

study performed on 97 healthy volunteers aged 

18-40 years, 44% are men, the result showed that 

gender had no effect on serum cystatin C level 

while there was a clear difference in creatinine 

levels in two genders (p = 0.001) [16]. In 

Vietnam, the study of Nguyen Thi Ly and Tran 

Thi Chi Mai (2012) on 90 patients with type 2 

diabetes also showed no difference in cystatin C 

levels in both sexes [17]. Research on 3 groups 

of patients: with diabetes, thyroid and 

cardiovascular disease of O.Al Musaimi (2019) 

also found no difference in cystatin C 
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concentration in both sexes. This research also 

showed that cystatin C is a useful biomarker for 

these diseases [18]. 

Relationship between serum creatinine, 

serum cystatin C level and age 

The patients in our study were more than 40 

years old. In this age, the physiological function 

tended to decrease, the ability to filter Cystatin C 

decreased, leading to an increase in serum 

Cystatin C level. This occurs because the 

kidneys also suffer from aging damage - a 

natural biological process [19]. Vascular disease 

affects the blood vessels in the kidneys, the loss 

of nephrons and the gradual decline of the 

cellular functions. All of these reasons can lead 

to renal tubular damage, decrease of GFR and 

increase the concentration of cystatin C in the 

blood. 

Many studies showed that with age, there is 

a reduce in size and number of nephrons, 

changing tubulointerstitial and increasing 

glomerulosclerosis [20]. Thus, the increase of 

serum cystatin C concentration with age may be 

the result of physiological decrease GFR. 

With increasing age, there is the decrease in 

the function of kidney so that serum creatinine 

level increases. Other way, increasing age also 

decrease in muscle mass which also reduces the 

creatinine production. Thus, when the age 

increases, serum creatinine level usually does 

not respond timely with the degree of 

impairment kidney function [21]. After 

analyzing the relationship between these two 

indicators and age, we found that cystatin C was 

more valuable than creatinine in assessing the 

degree of renal physiological impairment with 

age. 

Classification serum creatinine level and 

serum cystatin C levels by the three CKD-EPI 

equations 

Patients with GFR <60 mL/min/1.73m2 had 

higher serum creatinine and serum cystatin C 

levels than the remaining patients and higher 

than the upper limit normal. If the GFR number 

is low, the kidney function is not well. Reducing 

the capacity of glomerular filtration make many 

substances stagnate so the concentration of these 

substances in blood increases. Thus, the 

concentration of serum creatinine and serum 

cystatin C are high in the lower GFR group. This 

result is similar to the result of Oddoze et al. 

(2001) [22].  

Table 4 shows that serum cystatin C level in 

patients with GFR<60mL/min/1.73m2 is not 

different when calculated by 3 GFR equations. 

The results were similar with patients with 

GFR> 60mL/min/1.73m2 and with serum 

creatinine level in two groups of GFR. Besides, 

we found that patients with GFR <60 

mL/min/1.73m2 had the serum creatinine level 

and serum cystatin C levels higher than the 

normal reference range of these two indicators 

Serum creatinine level and serum cystatin 

C level in patients with GFR <60mL 

/min/1.73m2 compared with normal reference 

range 

From the results of Table 5, we found that in 

the group patients with GFR <60 

mL/min/1.73m2 according to GFRcys-cre equation, 

serum cystatin C and serum creatinine levels 

increased but has no significant difference with 

the upper limit of the normal reference range of 

these two indices. Thus, we have not found a 

difference in the changes in serum cystatin C and 

creatinine levels in patients with GFR 

<60mL/min/1,73m2. This result is similar to the 

study of Oddoze et al. (2001). These authors also 

identified that serum cystatin C did not 

outperform serum creatinine methods to detect 

kidney damage [22]. A limitation in our study is 

that we only research on diabetic patients with a 

small number of patients, the results may not 

apply to patients with kidney damage due to 

other causes. 

5. Conclusions 

Serum Cystatin C level in our patients 

depended on age where serum creatinine level 

depended on gender. Serum cystatin C was more 

valuable than serum creatinine in assessing the 

degree of renal physiological impairment with 
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age. Calculation of GRF based on serum cystatin 

C level or serum creatinine level or combine of 

both was not significant different in this study. 
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