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Background: The ratio of estimated glomerular filtration rate (eGFR) based on cystatin C and creatinine (eGFRcystatin C/eGFRcreatinine 
ratio) is related to accumulating atherosclerosis-promoting proteins and increased mortality in several cohorts.
Methods: We assessed whether the eGFRcystatin C/eGFRcreatinine ratio is a predictor of arterial stiffness and sub-clinical atherosclerosis 
in type 2 diabetes mellitus (T2DM) patients, who were followed up during 2008 to 2016. GFR was estimated using an equation 
based on cystatin C and creatinine. 
Results: A total of 860 patients were stratified according to their eGFRcystatin C/eGFRcreatinine ratio (i.e., <0.9, 0.9–1.1 [a reference 
group], and >1.1). Intima-media thickness was comparable among the groups; however, presence of carotid plaque was frequent 
in the <0.9 group (<0.9 group, 38.3%; 0.9–1.1 group, 21.6% vs. >1.1 group, 17.2%, P<0.001). Brachial-ankle pulse wave velocity 
(baPWV) was faster in the <0.9 group (<0.9 group, 1,656.3±333.0 cm/sec; 0.9–1.1 group, 1,550.5±294.8 cm/sec vs. >1.1 group, 
1,494.0±252.2 cm/sec, P<0.001). On comparing the <0.9 group with the 0.9–1.1 group, the multivariate-adjusted odds ratios of 
prevalence of high baPWV and carotid plaque were 2.54 (P=0.007) and 1.95 (P=0.042), respectively. Cox regression analysis 
demonstrated near or over 3-fold higher risks of the prevalence of high baPWV and carotid plaque in the <0.9 group without 
chronic kidney disease (CKD). 
Conclusion: We concluded that eGFRcystatin C/eGFRcreatinine ratio <0.9 was related to an increased risk of high baPWV and carotid 
plaque in T2DM patients, especially, those without CKD. Careful monitoring of cardiovascular disease is needed for T2DM pa-
tients with low eGFRcystatin C/eGFRcreatinine ratio.
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the leading 
cause of morbidity and mortality in patients with type 2 diabe-
tes mellitus (T2DM) and the largest contributor to the direct 
and indirect healthcare costs associated with the illness. It is 
important to construct a scientifically validated approach to 
identify individuals at high risk for ASCVD [1]. Improving 
ASCVD risk prediction beyond its current state is important, 

especially in individuals with T2DM, for primary illness pre-
vention. In all patients with T2DM, cardiovascular risk factors 
should be systematically assessed, at least every 12 months. 
These risk factors include hypertension, age, obesity, dyslipid-
emia, and chronic kidney disease (CKD) [1,2]. An estimated 
glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 is a 
well-known risk factor for both new and recurrent ASCVD in 
the general population and in people with existing cardiovas-
cular risk factors [3-6]. 
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The glomerular filtration rate (GFR) is the most preferable 
indicator of kidney function [7]. The assessment of GFR is 
fundamental in the diagnosis and monitoring of CKD. The 
eGFR is usually calculated with equations based on serum cre-
atinine levels. Creatinine is a 0.1 kDa molecule produced in the 
muscle from the precursor molecule creatine. However, chang-
es in muscle mass may limit the accuracy of serum creatinine 
as marker of renal function. Cystatin C is a 13.3 kDa molecular 
weight protein that is independent of muscle mass and less in-
fluenced by exogenous factors, e.g., age, sex, and dietary pro-
tein intake [8]. Cystatin C provides an alternative measure of 
eGFR, and is a superior predictor of risk for end-stage renal 
disease when compared to serum creatinine [9-11]. The Na-
tional Institute for Health and Care Excellence guidelines for 
the diagnosis of CKD recommends the cystatin C-based equa-
tions for estimation of GFR in patients with CKD stage 3a and 
no proteinuria.

Several equations have been introduced to conveniently 
evaluate kidney function in clinical practice, including eGFR. 
As its predictive power for ASCVD may differ according to the 
equations used to determine the eGFR, choosing a better eGFR 
equation for ASCVD risk assessment in patients with T2DM is 
still debated. Grubb et al. [12] recently proposed a new hypoth-
esis. It is based on differences in the glomerular filtration of 
small molecules (<0.2 kDa), e.g., water and creatinine, vs. me-
dium-sized molecules (5 to 40 kDa), e.g., cystatin C and beta-2 
microglobulin, over the glomerular filtration barrier, intro-
duced as the “shrunken pore syndrome” (SPS) [12,13]. In addi-
tion to decreased pore size, thickening of the glomerular basal 
membrane, which is a major pathological change in early dia-
betic kidney disease (DKD), also contributes to lowering the 
eGFRcystatin C/eGFRcreatinine ratio [14]. SPS is characterized by a 
difference in renal filtration between cystatin C and creatinine, 
resulting in a low eGFRcystatin C/eGFRcreatinine ratio. Emerging data 
demonstrates a high risk for morbidity and mortality in AS-
CVD for patients with SPS [15,16]. 

This led us to hypothesize that the eGFRcystatin C/eGFRcreatinine 
ratio can be used to assess the risk for ASCVD in patients with 
T2DM. Thus, in this retrospective observational study, we as-
sessed whether the eGFRcystatin C/eGFRcreatinine ratio can be used 
to predict arterial stiffness and sub-clinical atherosclerosis as 
indicators of pre-clinical ASCVD, namely brachial-ankle pulse 
wave velocity (baPWV) and carotid plaque, in patients with 
T2DM. 

METHODS

Subjects and design
This was a retrospective observational study conducted in a 
tertiary hospital. The participants of this study were enrolled 
from 2008 to 2016 at the Pusan National University Yangsan 
Hospital Outpatient Clinic of Endocrinology and Metabolism. 
The inclusion criteria were as follows: (1) individuals aged 20 
to 79 years; (2) individuals with T2DM; (3) individuals who 
underwent measurement of intima-media thickness (IMT) 
and baPWV with cystatin C. Exclusion criteria were (1) preex-
isting cardiovascular disease; (2) individual with type 1 or oth-
er type of diabetes mellitus; (3) individual with dialysis or ab-
normal thyroid function. Approval for this study was granted 
by the Pusan National University Yangsan Hospital Ethics Re-
view Board (No.05-2022-080) prior to data collection. In-
formed consent was not required for this retrospective study. 
The included patients were stratified into three subgroups ac-
cording to the eGFRcystatin C/eGFRcreatinine ratio. Hypertension 
was defined as systolic blood pressure (SBP) ≥140 mm Hg 
and/or diastolic blood pressure ≥90 mm Hg or a history of 
treatment for hypertension. Body mass index (BMI) was cal-
culated as the weight in kilograms divided by the height in me-
ters squared (kg/m2).

Carotid intima-media thickness and brachial-ankle pulse 
wave velocity
Atherosclerosis is a progressive disease, which has a long sub-
clinical phase reached to emerging cardiovascular events. Ca-
rotid IMT is a good surrogate marker of atherosclerotic bur-
den, used to identify a sub-clinical atherosclerosis [17]. It was 
assessed by a high-resolution B-mode ultrasound (Philips, 
Bothell, WA, USA) of the left and right common carotid arter-
ies in patients with the supine position. Carotid IMT was mea-
sured as the distance between the luminal intimal interface 
and the medial adventitial interface. The mean IMT was calcu-
lated as the average of each 3-point IMT in both common ca-
rotid arteries. Carotid plaque was defined as localized IMT 
≥1.5 mm at either the left or right common carotid artery. All 
carotid ultrasounds were performed by physicians trained in 
ultrasonography at hospitals. PWV is a robust index of arterial 
stiffness, the rigidity of the arterial walls and an independent 
predictor of cardiovascular risk [18,19]. A high baPWV was 
defined as greater than 1,550 cm/sec, being associated with a 
high cumulative incidence of ASCVD [20]. The baPWV and 
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ankle-brachial index (ABI) were measured on both sides using 
an automatic waveform analyzer (VP-2000, Colin Co., Koma-
ki, Japan). All individuals were examined after resting in a su-
pine position for at least 5 minutes. We calculated the baPWV 
as the mean of the right and left baPWV values as markers of 
arterial stiffness. To obtain ABIs, a pneumatic cuff was placed 
around the ankle and both arms to measure the arterial pres-
sure. ABI is calculated as the ratio of ankle SBP to the highest 
right and left brachial SBP, which is an indicator of atheroscle-
rosis [21]. The lowest value obtained was the ABI for the indi-
vidual. According to the recommendations of the American 
College of Cardiology/American Heart Association Task Force 
on Practice Guidelines, an estimated 10-year ASCVD risk 
score was calculated using the new pooled cohort risk assess-
ment equations [22]. 

Laboratory assays
Blood pressure and heart rate were measured using an auto-
mated technique in a seated position after resting for at least 10 
minutes. Blood specimens were obtained from subjects in the 
morning after an overnight fast and stored at –70°C after col-
lection. We estimated the GFR based on creatinine from the 
revised Lund-Malmö GFR equation (LM revised) and cystatin 
C from the Caucasian, Asian, pediatric, and adult cohorts 
equation (CAPA) [23,24]. Data on the traditional risk factors 
for ASCVD, including hypertension, smoking, and obesity, 
were also obtained from the clinical records of each subject. 
Serum cystatin C levels were measured using the latex aggluti-
nation test (Modular P800, Roche Diagnostics, Indianapolis, 
IN, USA), and serum creatinine levels (modified Jaffe’s kinetic 
assay) were measured using an auto-analyzer and an enzymat-
ic colorimetric method (Hitachi 7600, Hitachi Ltd., Tokyo, Ja-
pan). Toshiba TBA-c16000 (Toshiba, Tokyo, Japan) was used 
to quantify fasting serum glucose and lipid levels i.e., triglycer-
ides, total cholesterol, high-density lipoprotein (HDL) choles-
terol, and low-density lipoprotein cholesterol. All biochemical 
assays were performed by technicians at the hospital laborato-
ry. GFR was estimated using the CAPA [24] and LM revised 
[23]:

CAPA=130×cystatin−1.069×age−0.117–7
Revised Lund Malmö creatinine=eX−0158×age+0.438×ln(age)

F�emale sex with creatinine <150 μmol/L (<1.7 mg/dL): 
X=2.50+0.0121×(150–creatinine)

F�emale sex with creatinine ≥150 μmol/L (≥1.7 mg/dL): 
X=2.50–0.926×ln(creatinine/150)

M�ale sex with creatinine <180 μmol/L (<2.0 mg/dL): 
X=2.56–0.00968×(180–creatinine)

M�ale sex with creatinine ≥180 μmol/L (≥2.0 mg/dL): 
X=2.56–0.926×ln(creatinine/180)

Statistical analysis
To evaluate the association of each potential risk factor with the 
outcomes of interest, we initially categorized the eGFRcystatin C/
eGFRcreatinine ratios into one of three groups: <0.9, 0.9–1.1, and 
>1.1. The 0.9–1.1 group of eGFRcystatin C/eGFRcreatinine ratio is a 
reference group, in which the subject has comparable eGFR 
between creatinine-based and cystatin C-based equations. 
Continuous numerical data were expressed as mean±standard 
deviation, while categorical data were described as percentag-
es. We compared IMT, baPWV, and carotid plaque burden be-
tween patient groups stratified according to eGFRcystatin C/eGFR-
creatinine ratio using analysis of variance (ANOVA) with post hoc 
chi-squared testing, as appropriate. Pearson correlation coeffi-
cients were calculated to examine the linear relationships be-
tween the eGFRcystatin C/eGFRcreatinine ratio and cardiovascular 
risk factors. Univariate linear regression analysis and stepwise 
multivariable regression analysis were performed to detect in-
dependent relationships between IMT, baPWV, carotid plaque, 
and the categorized eGFRcystatin C/eGFRcreatinine ratio. Model 1 
was adjusted for age, sex, BMI, hypertension, duration of 
T2DM, and HbA1c; Model 2 was Model 1 with further adjust-
ment for pulse pressure, antiplatelet therapy, IMT, ABI, total 
cholesterol, HDL-cholesterol, and uric acid. Finally, we used a 
Cox proportional-hazards regression model to study indepen-
dent predictors, including the eGFRcystatin C/eGFRcreatinine ratio, 
carotid plaque, and arterial stiffness. Statistically significance 
was set at a two-sided P<0.05. Data management was per-
formed using the SPSS statistical software version 18 (SPSS 
Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of enrolled subjects according to 
the eGFRcystatin C/eGFRcreatinine ratio
A total of 860 patients with T2DM (447 men) were included in 
the current study. Baseline characteristics of the enrolled sub-
jects according to the eGFRcystatin C/eGFRcreatinine ratio are shown 
in Table 1. The eGFRcystatin C and eGFRcreatinine levels differed by 
less than±10% (i.e., 0.9 eGFRcreatinine ≤eGFRcystatin C ≤1.1 eGFR-
creatinine) for 176 (20.5%) patients, while 81 (9.4%) patients had 
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an eGFRcystatin C <90% of the eGFRcreatinine. The patients with an 
eGFRcystatin C/eGFRcreatinine ratio <0.9 were significantly older 
compared to the rest of subjects (59.1±9.5 years, P< 0.001). 
IMT was similar among the groups. However, the presence of 
carotid plaque was significantly more frequent in the <0.9 
group (<0.9 group, 38.3%, 0.9–1.1 group, 21.6% vs. >1.1 
group, 17.2%, P<0.001) and baPWV was significantly faster 
in the <0.9 group (<0.9 group, 1,656.3±333.0 cm/sec, 0.9–
1.1 group, 1,550.5±294.8 cm/sec vs. >1.1 group, 1,494.0± 
252.2 cm/sec, P<0.001). The eGFR calculated using the 

CAPA based on cystatin C was higher with the eGFRcystatin C/
eGFRcreatinine ratio, but eGFR using the LM revised based on 
creatinine showed no difference among the groups. Supple-
mentary Table 1 shows the baseline characteristics of the en-
rolled subjects according to cystatin C tertiles.

The relationship of the eGFRcystatin C/eGFRcreatinine ratio with 
cardiovascular risk factors
The prevalence of high baPWV (≥1,550 cm/sec) and carotid 
plaque decreased in parallel with the eGFRcystatin C/eGFRcreatinine 

Table 1. The baseline demographic and clinical characteristics of enrolled subjects according to eGFRcystatin C/eGFRcreatinine ratio

Variable Total (n=860) <0.9 (n=81) 0.9–1.1 (n=176) >1.1 (n=603) P value

Age, yr 55.2±9.3 59.1±9.5 56.7±9.5 54.3±9 <0.001

Male sex 447 (52) 32 (39.5) 83 (47.2) 332 (55.1) 0.011

DM duration, yr 10.9±7.0 10.0±7.9 10.8±8.4 11.0±6.4 0.411

Hypertension 418 (48.6) 43 (53.1) 92 (52.3) 283 (46.9) 0.321

Smoker 133 (4.4) 11 (13.6) 23 (13.1) 99 (16.4) 0.623

Anti-platelet medication 348 (40.5) 27 (33.3) 55 (31.3) 266 (44.1) 0.003

Lipid-lowering agent 787 (91.5) 77 (95.1) 152 (86.4) 558 (92.5) 0.017

Body mass index, kg/m2 24.8±3.5 24.9±3.8 25.0±3.8 24.7±3.3 0.444

Systolic blood pressure, mm Hg 118.8±10.8 120.4±12.6 120.7±12.3 118.0±9.9 0.004

Diastolic blood pressure, mm Hg 73.7±8.5 72.0±7.8 73.8±8.3 74.0±9.3 0.149

Ankle-brachial index 1.11±0.08 1.08±0.10 1.10±0.10 1.11±0.08 0.001

Intima-media thickness, mm 0.693±0.204 0.679±0.121 0.685±0.137 0.697±0.190 0.55

Presence of carotid plaque 173 (20.1) 31 (38.3) 38 (21.6) 104 (17.2) <0.001

Pulse-wave velocity, cm/sec 1,520.8±273.9 1,656.3±333.0 1,550.5±294.8 1,494.0±252.2 <0.001

HbA1c, % 8.1±2.0 7.9±1.8 7.8±1.9 8.2±2.1 0.064

Total cholesterol, mg/dL 191.3±39.3 184.6±38.9 184.8±39.0 194.1±39.2 0.006

Triglyceride, mg/dL 187.3±147.6 184.0±113.5 185.3±138.0 188.3±154.3 0.951

HDL-cholesterol, mg/dL 47.9±11.8 46.7±11.4 45.3±11.6 48.7±11.7 0.002

LDL-cholesterol, mg/dL 113.5±34.2 105.3±37.4 109.8±34.1 115.7±33.6 0.010

Creatinine, mg/dL 0.9±0.3 0.8±0.3 0.9±0.5 0.9±0.3 0.165

Uric acid, mg/dL 4.94±1.52 5.47±1.56 5.20±1.55 4.79±1.48 <0.001

Cystatin C, mg/L 0.867±0.361 1.320±0.538 1.038±0.416 0.757±0.222 <0.001

10-Year ASCVD risk, % 15.1±11.2 16.7±12.5 15.5±11.6 14.8±10.8 0.297

eGFR

   CAPA, mL/min/1.73 m2 99.0±31.8 60.0±19.3 78.3±19.8 110.3±28.6 <0.001

   LM revised, mL/min/1.73 m2 77.1±17.1 78.9±21.3 78.0±19.2 76.6±15.7 0.372

Values are presented as mean±standard deviation or number (%).
eGFR, estimated glomerular filtration rate; DM, diabetes mellitus; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; ASCVD, atherosclerotic cardiovascular disease; CAPA, Caucasian, Asian, pediatric, and adult cohorts equation; LM, Lund-
Malmö equation.
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ratio, with the highest prevalence in the eGFRcystatin C/eGFRcreatinine 
ratio <0.9 group (Fig. 1). This trend did not differ between 
men and women (data not shown). Subjects in the higher cys-
tatin C tertile had a higher prevalence of high baPWV and ca-
rotid plaque (Fig. 2). The correlations of other cardiovascular 
risk factors with the eGFRcystatin C/eGFRcreatinine ratio or cystatin C 
are summarized in Table 2. The eGFRcystatin C/eGFRcreatinine ratio 
was significantly correlated with HbA1c (r=0.145, P<0.001), 
baPWV (r=–0.155, P<0.001), pulse pressure (r=–0.149, P< 
0.001), uric acid (r=–0.175, P<0.001), and the calculated 10-
year ASCVD risk (r=–0.081, P<0.001). Cystatin C was signifi-
cantly correlated with IMT (r=0.114, P=0.001), baPWV (r= 
0.355, P<0.001), pulse pressure (r=0.241, P<0.001), uric acid 
(r=0.414, P<0.001), and the calculated 10-year ASCVD risk 
(r=0.365, P<0.001). ABI showed no correlation with either 
cystatin C or the eGFRcystatin C/eGFRcreatinine ratio. 

The association of the eGFRcystatin C/eGFRcreatinine ratio with 
baPWV and carotid plaque
The associations of the eGFRcystatin C/eGFRcreatinine ratio with high 
baPWV and carotid plaque are shown in Table 3. The eGFRcystatin C/
eGFRcreatinine ratio <0.9 group had an increased risk for high 
baPWV compared to 0.9–1.1 group (odds ratio [OR], 2.34; 
95% confidence interval [CI], 1.34 to 4.03). This group had a 
significantly higher prevalence of high baPWV after adjusting 
for other cardiovascular risk factors (OR, 2.54; 95% CI, 1.29 to 
5.01). The eGFRcystatin C/eGFRcreatinine ratio >1.1 group tended to 
have a lower OR for high baPWV, but this difference was not 
statistically significant (OR, 0.82; 95% CI, 0.54 to 1.26). Supple-
mentary Table 2 shows the association of tertile of cystatin C 
with high baPWV and carotid plaque. Cystatin C tertile was 
also significantly associated with the prevalence of high baP-
WV, but after adjustment of other risk factors, only the 3rd ter-
tile of cystatin C showed a significant and independent associ-

Fig. 1. The prevalence of (A) brachial-ankle pulse wave velocity ≥1,550 cm/sec and (B) carotid plaque according to estimated glo-
merular filtration rate (eGFR)cystatin C/eGFRcreatinine ratio. aP<0.001, bP<0.01.

Fig. 2. The prevalence of (A) brachial-ankle pulse wave velocity ≥1,550 cm/sec and (B) carotid plaque according to tertile of 
cystatin C. aP<0.001, bP<0.01, cP<0.05.
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ation (OR, 1.89; 95% CI, 1.15 to 3.11). The prevalence of carot-
id plaque showed a high OR in eGFRcystatin C/eGFRcreatinine ratio 
<0.9 group compared to 0.9–1.1 group (OR, 2.25; 95% CI, 1.23 
to 4.00). After adjusting for other cardiovascular risk factors, 
they still had a significantly higher prevalence of carotid plaque 
(OR, 1.95; 95% CI, 1.02 to 3.71). The tertile of cystatin C was 
significantly associated with the prevalence of carotid plaque, 
but this association disappeared after adjustment for other risk 
factors. These results indicated that the eGFRcystatin C/eGFRcreati-

nine ratio was a predictor of arterial stiffness and carotid plaque 
independent of conventional risk factors, and the highest ter-
tile of cystatin C was only associated with arterial stiffness and 
not carotid plaque. 

In the final Cox proportional hazards multivariable regres-
sion models, the eGFRcystatin C/eGFRcreatinine ratio was indepen-
dently associated with baPWV and carotid plaque after adjust-
ment for other cardiovascular risk factors (Fig. 3). The eGFRcys-

tatin C/eGFRcreatinine ratio <0.9 group showed significantly high 
cumulative hazard of both high baPWV and carotid plaque. To 
clarify the association of the eGFRcystatin C/eGFRcreatinine ratio with 
high baPWV and carotid plaque, we classified the subjects 

with or without CKD, which was defined by eGFR based on 
CAPA <60 mL/min/1.73 m2 or moderately increased albu-
minuria (≥30 mg/g) with reference to Kidney Disease: Im-
proving Global Outcomes (KDIGO) [25]. Table 4 shows the 
results of Cox regression analysis for the association of the eG-
FRcystatin C/eGFRcreatinine ratio with high baPWV and carotid 
plaque depending on CKD status. This association was promi-
nent in subjects without CKD and weak in subjects with CKD.

DISCUSSION

This study investigated the association of eGFRcystatin C/eGFRcre-

atinine ratio with arterial stiffness, and sub-clinical atherosclero-
sis in patients with T2DM. In total, 81 (9.4%) patients had an 
eGFRcystatin C/eGFRcreatinine ratio <0.9. Both an eGFRcystatin C/eG-
FRcreatinine ratio <0.9 and the 3rd tertile of cystatin C remained 
significant predictors of arterial stiffness after risk factors ad-
justment. For carotid plaque, only eGFRcystatin C/eGFRcreatinine ra-
tio <0.9 remained as a valid predictor after multivariable ad-
justment. In the final Cox regression analysis, an eGFRcystatin C/
eGFRcreatinine ratio <0.9 was a significant risk factor for arterial 
stiffness and carotid plaque and this was prominent in T2DM 
patients without CKD. These findings suggest that a lower eG-
FRcystatin C/eGFRcreatinine ratio represents a new potential surro-
gate marker for arterial stiffness and sub-clinical atherosclero-

Table 2. The correlation of other cardiovascular risk factors 
with cystatin C or eGFRcystatin C/eGFRcreatinine ratio

Variable
Cystatin Ca eGFRcystatin C/

eGFRcreatinine ratio

r P value r P value

Age 0.374 <0.001 –0.231 <0.001

Cystatin Ca 1.000 - –0.674 <0.001

Creatininea 0.527 <0.001 0.184 <0.001

HbA1c –0.086 0.012 0.145 <0.001

Total cholesterola –0.080 0.019 0.080 0.019

Triglyceridea 0.101 0.003 –0.019 0.575

HDL-cholesterola –0.172 <0.001 0.111 0.001

Intima-media thickness 0.114 0.001 –0.021 0.541

Ankle-brachial index –0.047 0.166 0.063 0.065

baPWV 0.355 <0.001 –0.155 <0.001

Pulse pressure 0.241 <0.001 –0.149 <0.001

Uric acid 0.414 <0.001 –0.175 <0.001

Calculated ASCVD risk 0.365 <0.001 –0.081 <0.001

eGFR, estimated glomerular filtration rate; HbA1c, glycosylated he-
moglobin; HDL, high-density lipoprotein; baPWV, brachial-ankle 
pulse wave velocity; ASCVD, atherosclerotic cardiovascular disease. 
aData were transformed logarithmically to a normal distribution: cys-
tatin C, creatinine, total cholesterol, and HDL-cholesterol.

Table 3. The associations of eGFRcystatin C/eGFRcreatinine ratio with 
baPWV ≥1,550 cm/sec and carotid plaque 

eGFRcystatin C/ 
eGFRcreatinine ratio

OR (95% CI)

<0.9 0.9–1.1 
(Reference) >1.1

baPWV ≥1,550 cm/sec

   Unadjusted 2.34 (1.34–4.03) 1 0.72 (0.51–1.01)

   Model 1 2.44 (1.28–4.66) 1 0.83 (0.55–1.25)

   Model 2 2.54 (1.29–5.01) 1 0.82 (0.54–1.26)

Carotid plaque

   Unadjusted 2.25 (1.23–4.00) 1 0.76 (0.50–1.15)

   Model 1 2.12 (1.13–3.98) 1 0.85 (0.54–1.33)

   Model 2 1.95 (1.02–3.71) 1 0.90 (0.56–1.44)

Model 1: adjusted for age, sex, body mass index, hypertension, dura-
tion of diabetes, and glycosylated hemoglobin; Model 2: adjusted for 
Model 1+pulse pressure, antiplatelet therapy, intima-media thickness, 
ankle-brachial index, total cholesterol, high-density lipoprotein cho-
lesterol, and uric acid. 
eGFR, estimated glomerular filtration rate; baPWV, brachial-ankle 
pulse wave velocity; OR, odds ratio; CI, confidence interval.
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sis in patients with T2DM, especially those without CKD.
The careful monitoring of cardiovascular risk is important in 

patients with T2DM. CKD is strongly associated with an in-
creased risk for cardiovascular mortality, both among individ-
uals with T2DM and in the general population [26-30]. Many 
studies have shown an increased cardiovascular risk beginning 
at stage 3 CKD, but some studies have reported the ASCVD 
risk to elevate in patients with milder renal impairment [10]. 
Mild-to-moderately low eGFR shows association with cardio-
vascular mortality, which is above the threshold of 60 mL/
min/1.73 m2 for the detection of CKD [31]. Our study demon-
strated that the eGFRcystatin C/eGFRcreatinine ratio showed a good 
association with a high baPWV and an increased frequency of 
carotid artery plaque, especially in diabetic patients with pre-
served eGFR. In addition to albuminuria, a good predictor of 
cardiovascular risk in diabetic patients [28,32], these findings 
suggest that the eGFRcystatin C/eGFRcreatinine ratio can be used to 
determine the risk for adverse cardiovascular outcomes above 
and beyond what is possible using that eGFR alone in patients 
with diabetes, particularly those without CKD. 

There are some pathophysiological mechanisms that can ex-
plain the relationship between the eGFRcystatin C/eGFRcreatinine ra-
tio and ASCVD risk. Recently, a Swedish research group re-
ported that patients with eGFRcystatin C ≤60% of eGFRcreatinine had 
higher serum levels of β2-microglobulin and beta-trace pro-

tein than those with similar eGFRcystatin C and eGFRcreatinine levels 
[12]. The molecular weights of these proteins were similar to 
those of cystatin C, but significantly higher than those of creat-
inine. Thus, Grubb et al. [12] suggested a reduction in the pore 
diameter of the glomerular basement membrane (GBM) as 
SPS. This condition assessed by the eGFRcystatin C/eGFRcreatinine 
ratio was reported to be associated with increased mortality in 
a healthy elderly population and in patients who underwent 
cardiac surgery [15,33]. Serum levels of atherosclerosis-pro-
moting proteins are significantly higher in patients with SPS 
compared to unaffected controls [34]. Since proteins with mo-
lecular weight less than approximately 20 kDa in molecular 
mass are primarily excreted via glomerular filtration, a reduc-
tion in their GFR would result in a simultaneous increase in 
their plasma levels [35]. It is not clear what causes the differ-
ence in the glomerular filtration of medium-sized proteins 
such as cystatin C and β2-microglobulin, among others, and 
the mechanism underlying their relationship to cardiovascular 
mortality. However, in DKD, thickening of the GBM is a 
pathophysiological hallmark, and a thicker GBM can interfere 
with the diffusion of medium-sized proteins. Oberg et al. [14] 
reported that the average GBM thickness was strongly inverse-
ly correlated with the eGFRcystatin C/eGFRcreatinine ratio, providing 
clinical and theoretical support for the association between 
thickening of the glomerular filter and lower eGFRcystatin C/eG-

Fig. 3. Graphs of Cox proportional hazards regression models showing the cumulative hazard function for (A) brachial-ankle pulse 
wave velocity ≥1,550 cm/sec and (B) carotid plaque according to estimated glomerular filtration rate (eGFR)cystatin C/eGFRcreatinine ratio. 
T2DM, type 2 diabetes mellitus.
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FRcreatinine ratio in DKD. All of our study subjects had T2DM, 
and those with a lower eGFRcystatin C/eGFRcreatinine ratio showed a 
higher prevalence of arterial stiffness and carotid plaque, par-
ticularly in the preserved eGFR group. Therefore, a low eGFR-
cystatin C/eGFRcreatinine ratio could be a marker of glomerular filter 
thickening and an increase in the diffusion length of medium-
sized molecules during the early stage of DKD. This marker 

could be helpful in determining the cardiovascular risk in pa-
tients with early stage of DKD.

Grubb et al. [12] suggested to define SPS as eGFRcystatin C 
≤60% of the eGFRcreatinine. Both eGFRcystatin C and eGFRcreatinine, 
which are highly correlated with measured GFR, should be 
similar in healthy populations. Herou et al. [15] demonstrated 
that mortality following elective cardiac surgery increased with 

Table 4. Cox proportional hazards multivariable models for the association between eGFRcystatin C/eGFRcreatinine ratio and preva-
lence of baPWV ≥1,550 cm/sec and carotid plaque

eGFRcystatin C/eGFRcreatinine ratio
HR (95% CI)

<0.9 0.9–1.1 (Reference) >1.1

baPWV ≥1,550 cm/sec

   Total subjects

      Eventsa 51 (63.0) 74 (42.0) 206 (34.2)

      Model 1 1.55 (1.08–2.23) 1 1.03 (0.78–1.35)

      Model 2 1.60 (1.11–2.30) 1 0.99 (0.74–1.32)

   Subjects without CKD

      Eventsa 14 (45.2) 34 (32.4) 106 (29.9)

      Model 1 2.38 (1.26–4.50) 1 0.97 (0.65–1.45)

      Model 2 2.97 (1.53–5.74) 1 1.00 (0.65–1.54)

   Subjects with CKD

      Eventsa 37 (74.0) 40 (56.3) 100 (40.3)

      Model 1 1.60 (1.01–2.54) 1 1.05 (0.71–1.55)

      Model 2 1.44 (0.90–2.30) 1 0.96 (0.64–1.44)

Carotid plaque

   Total subjects

      Eventsb 31 (38.3) 38 (21.6) 104 (17.2)

      Model 1 1.78 (1.09–2.88) 1 0.90 (0.61–1.32)

      Model 2 1.77 (1.07–2.91) 1 0.88 (0.59–1.32)

   Subjects without CKD

      Eventsb 8 (25.8) 16 (15.2) 3 (14.9)

      Model 1 3.50 (1.47–8.36) 1 0.78 (0.44–1.38)

      Model 2 4.58 (1.81–11.60) 1 0.75 (0.40–1.39)

   Subjects with CKD

      Eventsb 23 (46.0) 22 (31.0) 51 (20.6)

      Model 1 1.71 (0.94–3.13) 1 0.90 (0.53–1.53)

      Model 2 1.65 (0.89–3.07) 1 0.92 (0.53–1.61)

Values are presented as number (%). Model 1: adjusted for age, sex, body mass index, hypertension, duration of diabetes, and glycosylated he-
moglobin; Model 2: adjusted for Model 1+pulse pressure, antiplatelet therapy, intima-media thickness, ankle-brachial index, total cholesterol, 
high-density lipoprotein cholesterol, and uric acid.
eGFR, estimated glomerular filtration rate; baPWV, brachial-ankle pulse wave velocity; HR, hazard ratio; CI, confidence interval; CKD, chronic 
kidney disease.
a“Events” is the number of individuals who have baPWV ≥1,550 cm/sec, b“Events” is the number of individuals who have carotid plaque.
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decreasing eGFRcystatin C/eGFRcreatinine ratio, which was increased 
already when the ratio decreased from 1.0 to 0.9. Thus, we 
compared patients with eGFRcystatin C/eGFRcreatinine ratio <0.9 to 
patients with 0.9–1.1 as the reference group. Patients with eG-
FRcystatin C/eGFRcreatinine ratio >1.1 group had a trend of lower 
risk of arterial stiffness and carotid plaque prevalence com-
pared to the reference group, but the difference was not statisti-
cally significant. The proper cut-off level for SPS is not definite 
and could be associated with ethnicity or comorbidities, such 
as T2DM. In patients with T2DM, even eGFRcystatin C/eGFRcreati-

nine ratio <0.9 was helpful in evaluating sub-clinical atheroscle-
rosis or arterial stiffness, particularly in patients with preserved 
eGFR. Further studies might provide more insight into the op-
timal cut-off level of the eGFRcystatin C/eGFRcreatinine ratio.

This study has several limitations. First, we have differently 
set the cut-off value of the SPS suggested by the Swedish group. 
The prevalence of an eGFRcystatin C/eGFRcreatinine ratio ≤0.6 was 
too low across previous studies [33]. In this study, only 12 
(1.4%) patients had an eGFRcystatin C/eGFRcreatinine ratio ≤0.6. 
Therefore, we used a reference group with an eGFRcystatin C/eG-
FRcreatinine ratio of 0.9–1.1, and compared it to groups with ratios 
<0.9, and >1.1, respectively. As mentioned above, this cut-off 
value needs to be validated to reflect SPS or the risk of ASCVD. 
Second, there was no diuretic usage data in this study. Diuret-
ics have been shown to thicken GBM, possibly resulting in di-
uretic resistance [36]. However, studies that investigated the 
association between SPS and mortality in heart failure patients 
reported that SPS was independently associated with an in-
creased risk of death even after adjustment for diuretic resis-
tance [16]. Finally, although we attempted to adjust for a het-
erogeneous and clinically relevant panel of cardiovascular risk 
factors, the possibility that residual confounding factors may 
have influenced the outcome of the analysis cannot be exclud-
ed. Nevertheless, our study has several strengths. There are 
data available on urinary albumin excretion, which could have 
been used as an alternative prognostic marker. We also investi-
gated the role of cystatin C, stratified by tertiles, which has 
been reported as a predictor of ASCVD in specific patient 
groups [37-41]. 

In conclusion, our findings suggest that the eGFRcystatin C/eG-
FRcreatinine ratio can be a predictor for arterial stiffness and sub-
clinical atherosclerosis in diabetic patients with preserved 
eGFR. This study shows, for the first time, a relationship be-
tween a low eGFRcystatin C/eGFRcreatinine ratio and cardiovascular 
risk in patients with T2DM. Further studies are needed to in-

vestigate the results in population-based cohorts and experi-
mental settings to reveal the pathophysiological mechanisms 
as a basis for potential interventions.
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