
 Rev Esp Cardiol. 2010;63(4):415-22  415

Cystatin C and Cardiovascular Risk in the General Population
Javier Cepeda,a Salvador Tranche-Iparraguirre,b Rafael Marín-Iranzo,c Eloy Fernández-Rodríguez,d 
Alba Riesgo-García,c Juan García-Casas,e and Eduardo Hevia-Rodríguezf

aServicio de Análisis Clínicos, Hospital Santos Reyes, Sanidad de Castilla y León (SACYL), Aranda de 

Duero, Burgos, Spain 
bCentro de Salud El Cristo, Servicio de Salud del Principado de Asturias (SESPA), Oviedo, Asturias, Spain 
cUnidad de Hipertensión, Hospital Universitario Central de Asturias, SESPA, Oviedo, Asturias, Spain 
dServicio de Análisis Clínicos, Hospital de Cabueñes, SESPA, Gijón, Asturias, Spain 
eDepartamento de Medicina Preventiva y Salud Pública, Universidad de Oviedo, Asturias, Spain 
fCentro de Salud Cabañaquinta, SESPA, Mieres, Asturias, Spain

ORIGINAL ARTICLE

This study was funded in part by a grant from semFYC  
(Sociedad Española de Medicina Familiar y Comunitaria). 
 
Correspondence: Dr. J. Cepeda Piorno. 
Hospital Santos Reyes. 
Avda. Ruperta Baraya, 6. 09400 Aranda de Duero. Burgos. España. 
E-mail: j_cepeda_p@hotmail.com 
 
Received March 28, 2009. 
Accepted for publication November 30, 2009.

Introduction and objectives. Cystatin C has been 

proposed as a novel marker of renal function and as a 

predictor of cardiovascular risk in the elderly. The aim 

of this study was to determine the prevalence of an 

elevated cystatin C level in the general population and its 

relationship with cardiovascular risk factors and disease.

Methods. This descriptive epidemiologic cross- 

sectional study involved a simple randomized sample of 

individuals aged >49 years from the general population, 

and was based on personal health records. From the final 

selection of 415 individuals, 359 underwent cystatin C 

measurement using an immunonephelometric assay. The 

cut-point used was that recommended for the method in 

adults.

Results. Of the 359 individuals (mean [standard 

deviation] age, 64 [10] years; 63.5% female) studied, 

17.3% (95% confidence interval [CI], 13.4–21.2%) had 

an elevated cystatin C level. The mean level was 0.81 

(0.21) mg/L, and increased with age. Elevation of the 

cystatin C level was associated with: older age (P<.0001); 

high measures of systolic blood pressure (P<.0001), 

hemoglobin A1c (P=.031), triglycerides (P=.019), 

homocysteine (P<.0001), C-reactive protein (P=.015), 

fibrinogen (P=.006), and microalbuminuria (P=.001); and a 

low high-density lipoprotein cholesterol level (P=.021) and 

estimated glomerular filtration rate (P<.0001). Associated 

cardiovascular diseases included coronary heart disease 

(P=.013) and heart failure (P=.038). The main factors 

independently associated with an elevated cystatin C level 

were diabetes (odds ratio [OR] =5.37), male sex (OR=4.91), 

and decreased glomerular filtration (OR=0.83).

Conclusions. The prevalence of an elevated cystatin 

C level in the general population was found to be high 

and was associated with the presence of classical 

cardiovascular risk factors such as diabetes, hypertension 

and chronic renal disease, along with higher levels of 

C-reactive protein, homocysteine and fibrinogen.

Key words: Cystatin C. Estimated glomerular filtration 

rate. Chronic kidney disease. Cardiovascular risk. 

Cardiovascular disease.

Cistatina C y riesgo cardiovascular  
en población general

Introducción y objetivos. Las determinaciones de 

cistatina C se han propuesto como nuevo marcador de 

la función renal y predictor del riesgo cardiovascular en 

ancianos. Nuestro objetivo fue conocer la prevalencia de 

individuos con cistatina C elevada en población general y 

su asociación con factores de riesgo y enfermedad car-

diovascular.

Métodos. Estudio epidemiológico descriptivo transver-

sal por muestreo aleatorio simple en población general 

mayor de 49 años, obtenido de la base de tarjeta sanita-

ria individual. Fueron seleccionados 415 pacientes de los 

que se realizó la determinación de cistatina C a 359 de 

ellos utilizando un método inmunonefelométrico. Como 

punto de corte se aceptó el recomendado para el méto-

do en adultos.

Resultados. Se estudió a 359 pacientes (media de 

edad ± desviación estándar, 64 ± 10 años; el 63,5%, mu-

jeres); presentó cistatina C elevada el 17,3% (intervalo 

de confianza del 95%, 13,4%-21,2%), con concentra-

ciones medias de 0,81 ± 0,21 mg/l, que aumentaban con  

la edad. Las elevaciones de cistatina C se asociaron 

con: mayor edad (p < 0,0001), presión arterial sistólica  

(p < 0,0001), hemoglobina A1c (p = 0,031), triglicéridos  

(p = 0,019), homocisteína (p < 0,0001), proteína C reac-

tiva (p = 0,015), fibrinógeno (p = 0,006), microalbuminu-

ria (p = 0,001) y menor cifra de colesterol de las lipopro-

teínas de alta densidad (p = 0,021) y filtrado glomerular 

estimado (p < 0,0001). Las enfermedades cardiovas-

culares concomitantes fueron la cardiopatía isquémica  
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Cystatin C (CC) is a low-molecular-weight (13 
kDa), nonglycosylated protein from the family of 
cysteine protease inhibitors that closely approximates 
what could be considered an ideal marker of renal 
function.5 It is more sensitive than creatinine for 
detecting slight decreases in glomerular filtration 
and could be useful for early diagnosis of CRD and 
as a predictor of CVR.

Various publications have demonstrated the value 
of CC for predicting CVR in elderly persons.6,7 Few 
studies, however, have provided data on this marker 
in the younger population or, more importantly, in 
the overall population. This information is essential 
to improve the interpretation of CC values and 
enable their application in clinical practice.

Aims

To determine the prevalence of elevated CC 
levels and the association between this finding and 
cardiovascular risk factors and cardiovascular 
disease in the general population.

METHODS

Patients

A descriptive epidemiologic cross-sectional study 
was carried out in a sample of persons older than 49 
years taken from the general population (n=76 660), 
obtained by simple random sampling from the 
public healthcare database for residents of the city 
of Oviedo (Spain).

The patients analyzed had participated in a 
previous study designed to determine the prevalence 
of peripheral arterial disease in the general 
population. Assuming a prevalence of 12%, an alpha 
error of .05, and a desired precision of 0.03, 415 
individuals were selected. All patients gave informed 
consent at the start of the study. Patients with end-
stage disease and immobile patients were excluded. 
Patients who died, moved to another area, or refused 
to participate were considered lost and were not 
replaced. From the total number of patients initially 
selected, serum samples from 359 individuals were 
frozen and stored at -70°C.

Because there are no previous studies investigating 
elevated CC levels in the general population, we used 
the prevalence of CRD as a reference to calculate 
the minimum sample size, based on the idea that at 
least patients with this disease would have elevated 
CC, which is a very sensitive parameter for detecting 
CRD. In our setting, the prevalence of CRD is 11%,8 
and with this figure we estimated a minimum sample 
size of 306 patients (alpha error, .05, and desirable 
precision, 0.03). The study was approved by the ethics 
committee for clinical research of our hospital.

(p = 0,013) y la insuficiencia cardiaca (p = 0,038). Los 

principales factores asociados de manera independiente 

con elevaciones de cistatina C fueron la diabetes (odds 

ratio [OR] = 5,37), el sexo masculino (OR = 4,91) y el fil-

trado glomerular descendido (OR = 0,83).

Conclusiones. Encontramos una alta prevalencia de 

individuos con cistatina C elevada en la población gene-

ral, lo que conlleva factores de riesgo cardiovascular clá-

sicos, como diabetes, hipertensión arterial y enfermedad 

renal crónica, junto con concentraciones más elevadas 

de proteína C reactiva, homocisteína y fibrinógeno.

Palabras clave: Cistatina C. Filtrado glomerular estima-

do. Enfermedad renal crónica. Riesgo cardiovascular. En-

fermedad cardiovascular. 

INTRODUCTION

Cardiovascular disease (CVD) is the main 
cause of death in western countries.1 The classic 
cardiovascular risk factors, such as diabetes, 
hypertension (HT), and smoking are not present in 
10% to 20% of cardiovascular events; hence, there 
is a need to find new markers that will increase the 
precision of predicting cardiovascular risk (CVR).2

Chronic renal disease (CRD) is often associated 
with CVD and considerably increases the patient’s 
risk status. Recent studies have shown that even 
mild renal impairment is related to this elevated 
risk,3 and this fact has led to the idea that markers 
of renal function may be true sentinel indicators of 
CVR.

The best marker of renal function is the glomerular 
filtration rate (GFR), but it is difficult to measure 
the GFR in daily practice. For this reason, the 
serum creatinine concentration or equations derived 
from this parameter have been used to calculate 
the estimated glomerular filtration (eGF). These 
estimations present limitations4 that make it difficult 
to detect renal disease in the initial stages.

ABBREVIATIONS

CC: cystatin C
CRD: chronic renal disease
eGF: estimated glomerular filtration
HT: hypertension
GFR: glomerular filtration rate
MDRD: Modification of Diet in Renal Disease 
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person who had smoked in the previous month, 
and an ex-smoker was a person who had smoked 
at one time, but had not smoked in the previous 
year. All patients receiving lipid-lowering drugs 
were considered to have hypercholesterolemia, as 
well as those with total cholesterol values >240 
mg/dL in 2 analyses more than 3 weeks apart or 
hypertriglyceridemia, based on values >200 mg/
dL in 2 separate analyses. Microalbuminuria was 
defined as an albumin:creatinine ratio of 30 to 300 
mg/g. Obesity was defined as a body mass index 
(weight in kilograms divided by height in meters, 
squared) ≥30.

Cardiovascular comorbidity included ischemic 
heart disease (angina and acute myocardial 
infarction), heart failure, cerebrovascular disease, 
and peripheral arterial disease, when documented 
during hospitalization or after a specialized study.

Statistics

The prevalence of individuals with elevated 
CC in the general population was calculated with 
the 95% confidence interval (CI). To determine 
associations between CC and the various factors 
studied, the t test for independent samples was 
used. Analysis of variance was applied to compare 
the means of quantitative variables. The c2 test (or 
Fisher exact test) was used for qualitative variables 
and to study differences between the quartiles of 
CC after stratification. Logistic regression analysis 
was performed to determine which factors were 
independently associated with CC elevations. 
Significant variables in the univariate analysis were 
included in the model.

Results are expressed as the mean (SD) or as 
percentage. Statistical significance was established 
as P<.05 in all calculations. The statistical treatment 
was carried out using SPSS (version 12.0).

RESULTS

Cystatin C determinations were performed in  
359 patients (women, 63.5%; mean age, 64 [9.83] 
years; and range, 50-98). The study group did not 
differ significantly from the randomly selected initial 
group in demographic characteristics or vascular 
risk factors.

The demographic, clinical, and laboratory 
characteristics of the study group are presented in 
Table 1.

The prevalence of elevated CC values in the 
population was 17.3% (95% CI, 13.4%-21.2%), 
with a mean of 0.8 (10.21) mg/L (0.8 [0.17] mg/L in 
women and 0.84 [0.25] in men, with no significant 
differences). The distribution of CC values in the 
population studied are shown in Figure 1.

Measurements

A protocol was designed to collect demographic 
data (age, sex), clinical data (weight, height, body 
mass index, systolic blood pressure, diastolic 
blood pressure), cardiovascular risk factors 
(smoking, dyslipidemia, HT, diabetes, obesity) and 
cardiovascular conditions (ischemic heart disease, 
heart failure, cerebrovascular disease, peripheral 
arterial disease). Information on the treatment 
used for HT, hyperlipidemia, and diabetes, as 
well as anticoagulant/antiplatelet therapy was 
recorded.

All patients underwent a comprehensive 
laboratory workup, including a complete blood 
count, and analysis of fibrinogen, glucose, creatinine, 
total cholesterol, high-density lipoproteins, 
triglycerides, uric acid, lipoprotein (a), hemoglobin 
A1c, homocysteine, C-reactive protein, and CC. In 
a single urine sample, the albumin:creatinine ratio 
was calculated. Samples were processed on the same 
day as extraction, except in the case of CC and 
homocysteine, which were determined in aliquots 
that had been stored at -70°C. Samples were 
processed according to the recommendations of 
the manufacturer of the analytical technique used. 
CC was determined with an immunonephelometric 
method (N Latex cystatin C, Dade Behring), which 
had a between-run coefficient of variation (CV) of 
2% to 2.8% and a within-run CV of 2.3% to 3.1%; 
the normal range for adults is 0.51 to 0.95 mg/L.9 
Creatinine was measured with a kinetic method 
(Roche-modular), CRP with turbidimetry (Roche-
modular), and homocysteine with a chemiluminescent 
technique (Advia-Centaur).

Definition of the Variables

Cystatin C was considered elevated when it 
exceeded the upper limit of normal recommended 
for the technique (>0.95 mg/L).9 To estimate 
renal function, that is, the eGF, the abbreviated 
Modification of Diet in Renal Disease (MDRD) 
equation was used, in keeping with the criteria 
of the 2002 Kidney Disease Outcome Quality 
Initiative (KDOQI) guidelines.1 HT was established 
based on a systolic blood pressure ≥140 mm Hg 
and/or a diastolic blood pressure ≥90 mm Hg in at 
least 2 out of 3 separate visits, or on the fact that 
a patient was receiving dietary or pharmacologic 
antihypertensive therapy. Patients were considered 
diabetic when the baseline glucose concentration 
was >126 mg/dL on 2 occasions, the oral glucose 
tolerance test yielded results of >200 mg/dL at 2 
hours, or when patients were already receiving 
antidiabetic treatment with insulin or oral 
antidiabetic agents. A smoker was defined as a 
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80, and 61.3% of those older than 80 years. The 
prevalence was very similar between sexes up to age 
70, after which time elevated CC levels became more 
prevalent in men than women (Figure 2).

At least one of the classic cardiovascular risk 
factors was present in all middle-aged patients 
with elevated CC: HT (55%), diabetes (33%), and 
smoking (44%).

An association was found between CC elevation 
and the presence of HT (P=.004), ischemic heart 
disease (P=.013), and heart failure (P=.007), as well 
as several parameters related to CVR. CC elevation 
was associated with more CVR factors than the 
eGF decrease, calculated with the MDRD equation 
(Table 2).

Following stratification of CC concentrations 
into quartiles, a significant relationship was found 
for microalbuminuria and C-reactive protein 
and fibrinogen increases as well as high-density 
lipoprotein cholesterol (HDL-C) and eGF decreases, 
as CC values progressively increased (Table 3). 

In the logistic regression analysis, the main 
factors independently related with elevated CC 
concentrations were diabetes (odds ratio [OR] 
=5.37), male sex (OR=4.91), and decreased eGF 
(OR=0.83) (Table 4).

DISCUSSION

We present the first study performed in Spain 
that determines the prevalence of elevated CC 
levels and their relationship with CVR factors in 
the general population. Up to now, this issue has 
been examined mainly in specific populations, such 
as elderly persons11 and patients with renal disease12 

or hypertension.13 The first articles dealing with the 
general population have appeared only recently. 
In the NHANES III (Third National Health and 
Nutrition Examination Survey). Köttgen et al14 
reported a 9.6% prevalence of elevated CC levels in 
the general population using the same measurement 
method as in the present study, but applying the 
99th percentile (1.12 mg/L) as the upper limit of 

The prevalence of elevated CC increased with 
advancing age. Elevated values were found in only 
5.5% of the youngest group (50-60 years), followed 
by 15% of those aged 61 to 70, 32% of those 71 to 

TABLE 1. Demographic, Clinical, and Analytic 

Characteristics of the General Population Older Than 

49 Years Studied (n=359)

Variable Result

Demographic data 

 Women 63.5

 Age, y 64 (9.8)

 Body mass index 27.8 (4.6)

Clinical data 

 Systolic blood pressure, mmHg 140 (19)

 Diastolic blood pressure, mmHg 81 (9)

 Total cholesterol, mg/dL 222 (39)

 LDL-C, mg/dL 138 (34)

 HDL-C, mg/dL 62 (16)

 Creatinine, mg/dL 1.02 (0.19)

 eGF, mL/min/1.73 m2 67 (11)

 Cystatin C, mg/L 0.81 (0.21)

 Smoking 17.1

 Diabetes 7.5

 Hypertension 32.9

 Hypercholesterolemia 27.6

 Cardiovascular comorbidity 13.1

 Some type of treatment 44.2

 Treatment with 

 Antihypertensive monotherapy 21

 Antihypertensive combined therapy 11

 Fibrates 2.9

 Statins 9.4

 Oral antidiabetic agents 4.5

 Insulin 1.6

 Antiplatelet agents 15.2

eGF indicates glomerular filtration estimated with the abbreviated MDRD equation; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol.
aCardiovascular comorbidity, one or more of the following concomitant conditions: 
ischemic heart disease (angina and acute myocardial infarction), stroke, heart 
failure, and peripheral arterial disease.
bPatients receiving at least one antihypertensive, lipid-lowering, antidiabetic, or 
anticoagulant/antiplatelet drug.
The data express percentage or mean (SD).
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Figure 1. Distribution of cystatin C values 
in our population.
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the estimated prevalence of CRD in our setting, 
which ranges from 7.5% to 17.8%, depending on the 
method used to estimate renal function.8,16

Other authors17 have described CC elevations 
with advancing age and have attributed them to 
progressive deterioration of renal function, although 
the lack of direct measures of glomerular filtration 
in the present study and in others is an obstacle to 
precise determination of this relationship. It is known 
that the prevalence of CRD increases considerably 
after the age of 70, and it is precisely at this age 

normal. Later, Parikh et al,15 in the Framingham 
Offspring study, which contained a population 
with characteristics similar to ours, reported a 22% 
prevalence of elevated CC levels, using the 95th 
percentile (1.07 mg/dL) as the upper normal limit. 

These differences in prevalence may be the result 
of differences in the populations studied, in the 
definitions of normal limits, or in the calibration of 
the analytical methods used, making comparisons 
between the studies difficult. Our data are similar to 
the findings of Parikh et al and are consistent with 
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Figure 2. Prevalence of elevated cystatin 
C according to age and sex.

TABLE 2. Relationship of Elevated Cystatin C and Decreased Estimated Glomerular Filtration With Various 

Factors of Cardiovascular Risk and Disease in the General Population

Cardiovascular Risk Factor Elevated Cystatin Normal Cystatin  P eGF<60 mL/min/1.73 m2 eGF≥60 mL/min/1.73 m2 P 

 C (>0.95 mg/L) (n=62) C (n=297)   (n=95) (n=264) 

Age, y 73 (10) 62 (9) <.0001 69 (9) 62 (9) <.0001

Women 35 (56) 193 (65) NS 76 (80) 152 (58) <.0001

BMI 29 (5) 28 (5) NS 28 (4) 28 (5) NS

Smokers 9 (15) 52 (17) NS 7 (7.4) 54 (20) .004

SBP, mmHg 150 (23) 138 (18) <.0001 145 (23) 138 (18) .002

HbA1c, % 5.5 (1) 5.2 (0.8) .031 5.3 (0.9) 5.2 (0.8) NS

Total cholesterol, mg/dL 219 (40) 222 (39) NS 226 (38) 220 (39) NS

LDL-C, mg/dL 135 (33) 139 (34) NS 139 (31) 138 (35) NS

HDL-C, mg/dL 58 (17 63 (16) .021 61 (17) 62 (16) NS

Triglycerides, mg/dL 127 (51) 108 (61) .019 129 (64) 104 (57) .001

Creatinine, mg/dL 1.22 (0.26) 0.98 (0.13) <.0001 1.17 (0.22) 0.97 (0.13) <.0001

Homocysteine, µmol/L 17 (5) 12 (5) <.0001 15 (5) 13 (5) <.0001

C-reactive protein, mg/dL 0.96 (1.9) 0.33 (0.45) .015 0.63 (1.52) 0.38 (0.59) NS

Fibrinogen, mg/dL 420 (132) 369 (77) .006 387 (117) 374 (78) NS

Microalbuminuriaa 11 (18) 20 (7) .005 10 (10) 21 (8) NS

Cardiovascular diseasea

 Ischemic heart disease 9 (14.5) 15 (5) .013 10 (10.5) 14 (5.3) NS

 Heart failure 3 (4.8) 2 (0.7) .038 3 (3.2) 2 (1.5) NS

 Stroke 1 (1.6) 6 (2) NS 3 (3) 4 (1.5) NS

 Peripheral arterial disease 4 (6.5) 6 (2) .054 4 (4.2) 6 (2.3) NS

BMI indicates body mass index; eGF, estimated glomerular filtration; HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; NS, no significant differences; SBP, systolic blood pressure.
ac2 test (or Fisher exact test).
On ANOVA analysis, significant differences were observed according to whether the cystatin C values were elevated or normal for heart failure and peripheral arterial disease 
(P=.007 and P=.009, respectively).
Results are presented as the number (%) or the mean (SD).
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even in patients without CRD, which suggests that 
CC would be a better biomarker of CVR than 
eGF.15,19 One recent study performed in our country 
in patients with acute coronary syndrome showed 
that those with the highest CC values presented a 
poorer cardiovascular prognosis, and this was true 
even in the group with normal eGF results; these 
findings may have implications for risk stratification 
in this group of patients.20

Shlipak et al6 have described the relationship 
between CC and proinflammatory parameters, such 
as C-reactive protein and fibrinogen in the elderly 
population. Our findings support the idea that this 
close association is maintained in the younger general 
population, and that it is gradual and progresses 
with the CC rise.

In the Multi-Ethnic Study of Atherosclerosis 
(MESA), Keller et al21 reaffirm these data and show 
that CC is associated with an extensive battery of 
inflammatory and procoagulant markers in all 
aspects of renal function, whereas eGF only shows a 
relationship when its decreases reach <60 mL/min.

One explanation for this situation could be that 
the GFR is linearly associated with inflammation, 
and because CC is a more sensitive marker than the 
GFR, it would show a closer association with these 
molecules. Another possible explanation is that 
CC is associated with inflammation regardless of 
renal function, as some authors have suggested,18,21 
although the majority, including those reporting two 
meta-analyses,5,22 agree that CC is a very sensitive 
marker of small decreases in renal function.

In our population, patients with elevated CC 
levels showed more associations with CVR factors 
than patients with eGF decreases, and it was seen 
that C-reactive protein and fibrinogen increases and 
HDLc decreases were associated with elevated CC, 
but not with decreased eGF.

The factors that were independently associated 
with elevated CC levels in the general population 

when CC concentrations began to show substantial 
increases in this study and in others.17

Our results also coincide in that elderly men present 
higher CC values than elderly women; nevertheless, 
in younger patients, we found similar values in both 
sexes.

Patients with classic CVR factors presented high 
rates of elevated CC levels, particularly those with 
microalbuminuria (35%), which is a well-recognized 
independent factor for CVR and mortality. In 
contrast to other studies,18 higher CC levels were not 
found in our population of smokers, and decreased 
eGF was associated with the lowest use of tobacco. 
This association disappeared after adjusting for 
CVD, however, and it can be explained by the fact 
that patients with heart disease tend to smoke less 
and usually have a lower eGF.

Patients with established CVD presented the 
highest prevalence of elevated CC levels, and, as 
is well recognized, these patients are at a high risk 
of experiencing new cardiovascular events. This 
association has been demonstrated in numerous 
studies and is attributed to the relationship between 
CC and CRD, but recent publications have shown 
that CC elevations increase the prevalence of CVD 

TABLE 3. Differences in the Quantitative Parameters, According to Quartiles of Cystatin C

Quartiles of Cystatin C I (<0.69 mg/L) (n=90) II (0.7-0.78 mg/L) (n=91) III (0.79-0.89 mg/L) (n=90) IV (>0.9 mg/L) (n=88) P

Age, y 60 (8) 61 (8) 64 (9) 71 (10) <.0001

Body mass index 27 (4) 27 (3) 28 (5) 29 (5) .070

Systolic blood pressure, mmHg 138 (16) 138 (16) 139 (21) 146 (23) .014

Diastolic blood pressure, mmHg 82 (9) 81 (9) 81 (9) 82 (11) .926

LDL-C, mg/dL 138 (35) 139 (32) 140 (34) 135 (34) .776

HDL-C, mg/dL 64 (14) 63 (18) 63 (16) 57 (16) .016

Homocysteine, µmol/L 11 ( 3) 13 (4 ) 14 (6) 17 (5) <.0001

C-reactive protein, mg/dL 0.25 (0.43) 0.28 (0.4) 0.47 (0.5) 0.8 (1.67) <.0001

Fibrinogen, mg/dL 358 (73) 359 (78) 387 (74) 408 (120) <.0001

Microalbuminuria, mg/g 8 (14) 11 (32) 12 (34) 38 (144) .028

eGF, mL/min/1.73 m2 73 (10) 68 (8) 66 (10) 58 (11) <.0001

eGF indicates glomerular filtration estimated with the abbreviated MDRD equation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
Results are presented as the number (%) or the mean (SD).

TABLE 4. Variables Independently Related to Cystatin 

C Elevations (>0.95 mg/L), Obtained by Logistic 

Regression Analysis

Variables in the Model OR 95% CI P

Diabetes 5.373 1.41-20.51 .014

Male sex 4.906 1.01-11.59 .008

eGF 0.825 0.777-0.876 <.001

Homocysteine 1.106 1.031-1.184 .005

Systolic blood pressure 1.033 1.012-1.053 .002

Fibrinogen 1.008 1.004-1.019 .001

CI indicates confidence interval; eGF, glomerular filtration estimated with the 
abbreviated MDRD equation; OR, odds ratio.
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highest risk of renal and vascular disease, in which 
the greatest diagnostic yield was expected. Thus, 
the findings are only applicable to this population 
group. The lack of standardized creatinine and CC 
measurement methods also makes extrapolation of 
the results difficult. The fact that only one measure 
of eGF and microalbuminuria was available may 
imply some bias in the classification of patients, 
but we believe that the large number of individuals 
included may mitigate these possible errors, so they 
would not have a substantial influence on the final 
results. CC concentration can be affected by several 
factors, such as thyroid disease and corticoid use,17 

which were not excluded from our study; nonetheless, 
because of the low prevalence of these factors in the 
general population, we also believe that they would 
not significantly alter the final results.

CONCLUSIONS

In our setting, we found a high prevalence of 
individuals with elevated CC concentrations, 
which were related to classic cardiovascular risk 
factors such as diabetes, CRD and HT, and with 
emergent CVR markers such as C-reactive protein, 
homocysteine, and fibrinogen. If the association 
between CC and CVD is confirmed in other studies, 
this test could become a useful tool in screening for 
vascular diseases, facilitating early diagnosis and 
adequate treatment and leading to a considerable 
improvement in the management of these diseases 
and in reducing their morbidity and mortality.

Additional studies are needed in the general 
population to confirm these data and to provide 
more information on the possible advantages of CC 
determination versus other tests.
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