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Background: Recent studies have correlated serum cystatin C (CysC) with vascular complications, but few studies have investi-
gated this correlation in diabetes patients without nephropathy. This study aimed to evaluate if higher serum CysC levels increase 
the risk for vascular complications in type 2 diabetes mellitus patients with normal renal function or mild renal impairment. 
Methods: A total of 806 consecutive patients with type 2 diabetes mellitus who were admitted to the diabetes center of Soonchun-
hyang University Hospital for blood glucose control were retrospectively reviewed. Patients with nephropathy were excluded. 
Subjects were categorized into quartiles of serum CysC levels (Q1, ≤0.65 mg/L; Q2, 0.66 to 0.79 mg/L; Q3, 0.80 to 0.94 mg/L; and 
Q4, ≥0.95 mg/L).
Results: The proportion of patients with diabetic retinopathy (DR) (P for trend <0.001), coronary heart disease (CHD) (P for 
trend <0.001), and stroke (P for trend <0.001) increased across the serum CysC quartiles. After adjustment for confounding fac-
tors, the highest serum CysC level remained a significant risk factor for DR (odds ratio [OR], 1.929; 95% confidence interval [CI], 
1.007 to 4.144; P=0.040). Compared with Q1, a significant positive association was observed between serum CysC and CHD in 
Q2 (OR, 7.321; 95% CI, 1.114 to 48.114; P=0.012), Q3 (OR, 6.027; 95% CI, 0.952 to 38.161; P=0.020), and Q4 (OR, 8.122; 95% 
CI, 1.258 to 52.453; P=0.007). No associations were observed between CysC and stroke after additional adjustment for confound-
ing variables. 
Conclusion: Serum CysC levels are independently associated with DR and CHD, suggesting that CysC may be useful for identi-
fying type 2 diabetes mellitus patients without nephropathy who are at high risk for vascular complications. 
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INTRODUCTION

Due to the increasing incidence of aging and obesity, diabetes 
incidence has been steadily increasing for the past three de-
cades [1]. Diabetes is a leading cause of mortality and morbidi-
ty from vascular complications worldwide. The risk for vascu-
lar complications may be reduced with early detection, when 
irreversible changes are not present and a suitable treatment 
can be effective. Identification of patients at greatest risk for di-

abetes complications may prevent or slow down progression 
more effectively.

Cystatin C (CysC), a potent inhibitor of lysosomal and ex-
tracellular cysteine proteinases [2], is suggested to be a more 
reliable surrogate marker than serum creatinine for detecting 
early decrease in renal function in diabetes patients [3]. In-
creased cysteine protease expression and decreased CysC ex-
pression in human atherosclerotic lesions suggest the involve-
ment of cysteine proteases in atherogenesis [4]. Thus, in-
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creased CysC concentrations may promote inhibition of cyste-
ine proteases that contribute to the development of atheroscle-
rosis and vascular complications of diabetes [5].

Recent studies have reported that CysC is independently as-
sociated with microvascular complications such as diabetic 
retinopathy (DR) in type 2 diabetes mellitus patients [6,7]. 
Moreover, CysC has been recognized as an independent pre-
dictor of all-cause mortality, cardiovascular events, incident 
heart failure, and future secondary cardiovascular events in 
patients with coronary heart disease (CHD) [8,9]. A recent 
study has shown that high CysC levels are associated with 
CHD in type 2 diabetes mellitus patients [10]. Serum CysC is 
also reported to be independently associated with cerebral ar-
tery stenosis in ischemic stroke patients [11]. However, few 
studies have evaluated the relationship between CysC and vas-
cular complications in type 2 diabetes mellitus patients. Fur-
thermore, previous studies enrolled subjects with a broad 
range of renal function; thus, the association between CysC 
and vascular complications might have been affected by con-
founding related to the presence of nephropathy.

This study aimed to evaluate if higher serum CysC levels in-
crease the risk for vascular complications in type 2 diabetes 
mellitus patients with normal renal function or mild renal im-
pairment.

METHODS

Study population
This study retrospectively reviewed 806 consecutive patients 
with type 2 diabetes mellitus who were admitted for blood glu-
cose control at the diabetes center of Soonchunhyang Univer-
sity Hospital between March 2010 and February 2016. Patients 
with an estimated glomerular filtration rate using the chronic 
kidney disease-epidemiology collaboration (CKD-EPI) equa-
tion <60 mL/min/1.73 m2, 24-hour urine albumin excretion 
rate ≥30 mg/day and/or serum creatinine >1.3 mg/dL were 
excluded. Patients who had no data for body mass index 
(BMI), and/or serum CysC levels were also excluded. Finally, 
601 subjects were eligible for analysis in this study. All subjects 
were categorized into quartiles of serum CysC levels (Q1, 
≤0.65 mg/L; Q2, 0.66 to 0.79 mg/L; Q3, 0.80 to 0.94 mg/L; and 
Q4, ≥0.95 mg/L).

The patients’ anthropometric data, laboratory test results, 
and coded answers to self-reported questionnaires were stored 
in electronic medical records. Informed consent for this study 

was waived by the Institutional Review Board because we only 
accessed the database for analysis purposes and did not access 
personal identifying information. The study protocol was ap-
proved by the Institutional Review Board of Soonchunhyang 
University Hospital (IRB No 2017-09-001).

Clinical and laboratory measurements
Clinical variables for each patient were obtained from medical 
records: gender, age, smoking, BMI, systolic blood pressure 
(BP), diastolic BP, presence of DR, duration of diabetes, use of 
medications (anti-hypertensive drugs and lipid-lowering 
agents), hypertension (BP ≥140/90 mm Hg and/or on anti-hy-
pertensive drugs), history of CHD, and previous stroke.

Smoking status was evaluated using a questionnaire com-
pleted during an interview and patients were defined as never 
smokers, former smokers, or current smokers.

Height and weight were measured while subjects were wear-
ing light clothing without shoes. BMI was calculated as weight 
in kilograms divided by square of height in meters (kg/m2). BP 
was measured using an automatic manometer with partici-
pants in a seated position after 5 minutes of quiet rest.

After overnight fasting, blood samples were drawn from the 
antecubital vein into vacuum tubes and subsequently analyzed 
at a central, certified laboratory in Soonchunhyang University 
Hospital. Serum CysC level was assessed using a particle-en-
hanced immunoturbidimetric assay with a Cobas 8000 c702 
analyzer (Roche Diagnostics, Basel, Switzerland). Blood glu-
cose concentration was determined using a non-enzymatic 
method. Glycosylated hemoglobin (HbA1c) was measured us-
ing an immunoturbidimetric assay with a Cobas Integra 800 
automatic analyzer (Roche Diagnostics) with a reference value 
range of 4.4% to 6.4%. HbA1c measurements were standard-
ized to the reference method in the Diabetes Control and Com-
plications Trial (DCCT) and according to the National Glyco-
hemoglobin Standardization Program (NGSP) standards.

Diabetic retinopathy
Presence of retinopathy was evaluated by ophthalmoscopic ex-
amination through fundoscopic examination and slit-lamp 
microscopic examination and patients were classified as hav-
ing no DR, nonproliferative diabetic retinopathy (NPDR), and 
proliferative diabetic retinopathy (PDR) [12].

Definition of CHD
CHD was defined as a history of myocardial infarction or an-
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gina based on physician-entered data in electronic medical re-
cords, or a history of inpatient treatment in our hospital.

Definition of stroke
Stroke was defined as the presence of neurologic deficits due to 
ischemic stroke not known to be secondary to brain trauma, 
tumor, infection, or other cause, based on physician-entered 
data in electronic medical records.

Statistical analysis
The patients’ age, BMI, systolic BP, diastolic BP, fasting blood 
glucose, HbA1c, and duration of diabetes were expressed as 
medians (interquartile range), and differences between groups 
were compared using the Kruskal-Wallis test. Group compari-
sons of categorical variables were performed using the chi-
square test or, for small cell values, Fisher’s exact test. Results of 
categorical data were summarized using frequencies and per-

cent values. We used P for trend to explore the differences 
among the patient proportion with DR, CHD, and stroke ac-
cording to CysC category. Multivariate logistic regression was 
conducted to estimate odds ratios (OR) with 95% confidence 
intervals (CI) for the risk of vascular complications. All P val-
ues and 95% CI for OR were corrected by Bonferroni’s method 
due to multiple testing. All statistical analyses were performed 
using SPSS Statistics version 14.0 (SPSS Inc., Chicago, IL, 
USA). A P value of less than 0.05 was considered statistically 
significant.

RESULTS

Comparison of type 2 diabetes mellitus characteristics 
according to serum CysC levels
Patient characteristics according to serum CysC quartiles are 
presented in Table 1. As the serum CysC quartile increased, 

Table 1. Clinical and biochemical characteristics of type 2 diabetes mellitus patients with normal renal function or mild renal im-
pairment according to serum cystatin C quartiles

Variable

Serum cystatin C quartiles

P valueQ1 
(≤0.65 mg/L) 

(n=150)

Q2 
(0.66–0.79 mg/L) 

(n=128)

Q3 
(0.80–0.94 mg/L) 

(n=173)

Q4 
(≥0.95 mg/L) 

(n=150)

Male sex 85 (57) 68 (53) 87 (50) 57 (38) 0.008

Age, yr 54.0 (64.0–60.0) 54.0 (44.5–60.0) 62.0 (52.0–73.0) 73.0 (66.3–78.0) <0.001

Smoking (current/former/never), % 28/13/59 30/10/60 22/19/59 15/17/68 0.026

BMI, kg/m2 24.2 (21.5–27.3) 25.7 (23.1–28.8) 24.2 (21.9–27.4) 25.1 (22.6–27.6) 0.365

Systolic BP, mm Hg 124 (117–139) 130 (118–141) 135 (124–145) 135 (122–149) <0.001

Diastolic BP, mm Hg 77 (69–84) 78 (69–84) 75 (69–83) 72 (64–79) 0.001

Fasting glucose, mg/dL 211 (173–252) 178 (143–227) 155 (130–217) 170 (126–242) <0.001

HbA1c, % 10.5 (9.7–12.3) 10.3 (9.0–11.4) 9.4 (7.9–10.8) 9.9 (8.4–11.4) <0.001

Diabetic retinopathy
   NPDR
   PDR

38 (25)
29 (19)

9 (6)

35 (27)
32 (25)

3 (2)

62 (36)
50 (29)
12 (7)

76 (51)
64 (43)
12 (8)

<0.001

Duration of diabetes, yr 4.0 (0.0–10.0) 4.5 (0.0–12.3) 8.5 (1.0–16.0) 11.5 (3.3–20.0) <0.001

Antihypertensive treatment 57 (38) 45 (35) 92 (53) 114 (76) <0.001

Lipid-lowering medication 97 (65) 78 (61) 120 (69) 111 (74) 0.101

Hypertension 78 (52) 61 (48) 112 (65) 131 (87) <0.001

History of coronary heart disease 2 (1) 12 (9) 23 (13) 37 (25) <0.001

Previous stroke 3 (2) 4 (3) 13 (8) 20 (13) <0.001

Values are presented as number (%) or median (interquartile range). Demographic and biochemical characteristics were compared using chi-
square test for categorical variables and Kruskal-Wallis test for continuous variables.
BMI, body mass index; BP, blood pressure; HbA1c, glycosylated hemoglobin; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative 
diabetic retinopathy.
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the proportion of males decreased and patients were more 
likely to be former or never smokers. Positive associations be-
tween serum CysC quartiles and age, systolic BP, frequency of 
DR, duration of diabetes, use of antihypertensive drug, history 

of CHD, and previous stroke were observed. Diastolic BP, fast-
ing glucose, and HbA1c levels were significantly different 
among the groups, but we could not find linear relationships in 
an increase or a decrease. No significant differences existed be-

Fig. 1. Proportion of patients with vascular complications according to cystatin C quartiles. DR, diabetic retinopathy; CHD, coro-
nary heart disease.
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 DR (P for trend <0.001)  CHD (P for trend <0.001)  Stroke (P for trend <0.001)

Table 2. Odds ratio and 95% confidence intervals for the risk of diabetes complications based on serum cystatin C quartiles

Cystatin C quartiles

Q1
(≤0.65 mg/L)

(n=150)

Q2
(0.66–0.79 mg/L)

(n=128)

Q3
(0.80–0.94 mg/L)

(n=173)

Q4
(≥0.95 mg/L)

(n=150)

Diabetic retinopathy 38 (25) 35 (27) 62 (36) 76 (51)

   Unadjusted 1 1.109 (0.578–2.218) 1.646 (1.003–2.959)c 3.027 (1.671–5.482)a

   Model 1 1 1.065 (0.552–2.055) 1.469 (0.794–2.719) 2.406 (1.216–4.760)a

   Model 2 1 0.983 (0.483–2.002) 1.314 (0.668–2.585) 1.929 (1.007–4.144)c

Coronary heart disease 2 (1) 12 (9) 23 (13) 37 (25)

   Unadjusted 1 7.655 (1.208–48.527)b 11.347 (1.911–67.358)a 24.230 (4.176–140.574)a

   Model 1 1 6.749 (1.056–43.138)c 7.522 (1.233–45.902)b 11.649 (1.874–72.401)b

   Model 3 1 7.321 (1.114–48.114)c 6.027 (0.952–38.161)c 8.122 (1.258–52.453)b

Stroke 3 (2) 4 (3) 13 (8) 20 (13)

   Unadjusted 1 1.581 (0.250–10.012) 3.981 (0.843–18.811)c 7.538 (1.673–33.967)b

   Model 1 1 1.366 (0.212–8.789) 2.398 (0.477–12.048) 3.197 (0.614–16.652)

   Model 4 1 1.103 (0.164–7.427) 1.454 (0.264–8.011) 1.756 (0.309–9.967)

Values are presented as number (%). Model 1, adjusted for gender (male, female) and age (years); Model 2, adjusted for gender (male, female), 
age (years), smoking (current, former, never), body mass index (BMI, kg/m2), glycosylated hemoglobin (HbA1c, %), duration of diabetes 
(years), hypertension (no, yes), history of coronary heart disease (no, yes), and previous stroke (no, yes); Model 3, adjusted for gender (male, fe-
male), age (years), smoking (current, former, never), BMI (kg/m2), HbA1c (%), duration of diabetes (years), hypertension (no, yes), diabetic ret-
inopathy (no, yes), and previous stroke (no, yes); Model 4, adjusted for gender (male, female), age (years), smoking (current, former, never), 
BMI (kg/m2), HbA1c (%), duration of diabetes (years), hypertension (no, yes), diabetic retinopathy (no, yes), and history of coronary heart dis-
ease (no, yes). Odds ratio (OR) and 95% confidence interval (CI) for development of metabolic syndrome were estimated using logistic regres-
sion models. All P values and 95% CI for OR were corrected by Bonferroni’s method due to multiple testing.
aP<0.001, b0.001≤P<0.01, c0.01≤P<0.05.
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tween serum CysC quartiles and BMI, and use of lipid-lower-
ing medication.

Risk for vascular complications in type 2 diabetes mellitus 
patients
The proportion of patients with DR (P for trend <0.001), CHD 
(P for trend <0.001), and stroke (P for trend <0.001) increased 
across the serum CysC quartiles (Fig. 1). After adjustment for 
gender, age, smoking, BMI, HbA1c, duration of diabetes, hy-
pertension, history of CHD, and previous stroke (Table 2), the 
highest serum CysC level remained a significant risk factor for 
DR (OR, 1.929; 95% CI, 1.030 to 3.614; P=0.040). Compared 
with Q1, a significant positive association was observed be-
tween serum CysC and CHD in Q2 (OR, 7.321; 95% CI, 1.560 
to 34.361; P=0.012), Q3 (OR, 6.027; 95% CI, 1.324 to 27.435; 
P=0.020), and Q4 (OR, 8.122; 95% CI, 1.755 to 37.577; 
P=0.007) in model 3. The OR of stroke significantly increased 
as the CysC quartile increased. However, no associations were 
observed after additional adjustment for confounding vari-
ables including gender, age, smoking, BMI, HbA1c, duration 
of diabetes, hypertension, DR and history of CHD.

DISCUSSION

This study demonstrated that higher serum CysC levels were 
positively associated with the frequency of DR, CHD and 
stroke in type 2 diabetes mellitus patients with normal renal 
function or mild renal impairment. Moreover, serum CysC 
was independently predictive of DR and CHD even after ad-
justment for potential confounders.

Recent cross-sectional studies have reported that high serum 
CysC levels correlated with microvascular complications in 
type 2 diabetes mellitus patients [6,7]. He et al. [6] demonstrat-
ed that serum CysC levels were associated with the severity of 
DR and could predict sight-threatening DR. Wong et al. [7] re-
vealed that serum CysC in type 2 diabetes mellitus correlated 
positively with moderate DR. Our observations of positive as-
sociations between serum CysC and DR in type 2 diabetes 
mellitus are also consistent with the results of previous studies 
[6,7]. Although the exact mechanisms underlying the associa-
tion between CysC and DR are not clear, several mechanisms 
have been suggested. CysC is secreted by the retinal pigment 
epithelium and may contribute to the development of macular 
degeneration [13], which could explain the association be-
tween serum CysC and DR. CysC may also play a direct role in 

DR by promoting vascular endothelial growth factor driven 
angiogenesis [14]. Additionally, CysC was assumed to be in-
volved in arterial wall remodeling, vessel integrity, neovascu-
larization, inflammation, and neuronal degeneration [6].

In patients with CHD, CysC has been recognized as an inde-
pendent predictor of all-cause mortality, cardiovascular events, 
incident heart failure, and future secondary cardiovascular 
events [8,9]. More recently, Triki et al. [10] reported that serum 
CysC level above 1.10 mg/L was associated with an increased 
risk for CHD in diabetes patients. However, they enrolled sub-
jects with a broad range of renal function; hence, the associa-
tion between CysC and CHD might have been affected by 
confounding related to the presence of renal impairment. In 
our study, we investigated whether serum CysC is associated 
with CHD in type 2 diabetes mellitus patients without ne-
phropathy. The results showed that the proportion of patients 
with CHD increased across the CysC quartile categories and 
higher serum CysC levels were strongly correlated with CHD 
independent of traditional risk factors. Several underlying 
mechanisms may be involved in the probability that CysC pre-
dict macrovascular complications. An imbalance between cys-
teine protease and CysC in atherosclerotic lesions occurs dur-
ing atherogenesis [4]. Increased CysC concentrations may 
contribute to plaque vulnerability and progression of athero-
sclerosis by regulating inflammation [5,15]. Regarding stroke 
in macrovascular complications, a recent study reported that 
increased CysC levels were associated with cerebral artery ste-
nosis in ischemic stroke patients [11]. In our study, we found 
that higher CysC levels were significantly associated with 
stroke in type 2 diabetes mellitus patients with normal renal 
function or mild renal impairment. However, no significant 
differences were observed in the risk for stroke according to 
CysC levels after additional adjustment for confounding fac-
tors. Therefore, future investigations on the relationships be-
tween CysC and stroke are necessary.

This study has some limitations. First, we used a cross-sec-
tional design and therefore could not determine a causal link 
between CysC and the risk for diabetic complications. Second, 
history of CHD and previous stroke were defined based on 
physician-entered data in electronic medical record. Therefore, 
we could not rule out the possibility that the actual prevalence 
of CHD or stroke was underestimated.

In conclusion, our study revealed relationships between se-
rum CysC levels and DR, CHD, and stroke in type 2 diabetes 
mellitus patients with normal renal function or mild renal im-
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pairment. More importantly, a higher serum CysC level indi-
cated an increased risk for DR and CHD. These findings sug-
gest that CysC might be useful for identifying individuals at 
high risk for vascular complications among type 2 diabetes 
mellitus patients without nephropathy. Further research on the 
potential mechanisms underlying the relationships between 
CysC and vascular complications may help to prevent or slow 
down progression and to explore new treatment strategies for 
diabetes complications. 
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