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Serum Cystatin C Predicts Progression of Subclinical
Coronary Atherosclerosis in Individuals With Type 1
Diabetes
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RESEARCH DESIGN AND METHODS—Coronary artery calcification was measured twice, using Imatron C-150 Ultrafast CT,
over a 2.5 ⫾ 0.4-year interval in 509 adults with type 1 diabetes
(42% male, age 36 ⫾ 9 years, duration 23 ⫾ 9 years). SCA
progression (n ⫽ 131) was defined as a ⬎2.5 increase in square
root calcium volume score or development of clinical coronary
artery disease. Predictors of SCA progression were examined in
a model selected by stepwise logistic regression and an a priori–
determined model. Next, each measure of renal function was
inserted into the stepwise model, one at a time, and Akaike
information criterion was used to compare the fit of the competing models.
RESULTS—The stepwise model included cystatin C (odds ratio
1.44, 95% CI 1.00 –2.18, P ⫽ 0.048), age, baseline coronary artery
calcification, sex, diabetes duration, systolic blood pressure, and
HDL. The stepwise model had a better fit than any of the
competing models with serum creatinine, GFRCG, GFRMDRD,
or albumin excretion rate replacing cystatin C.
CONCLUSIONS—In individuals with type 1 diabetes, cystatin C
modestly predicts SCA. Diabetes 56:2774–2779, 2007
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E

xtensive literature exists on renal disease as a
cardiovascular disease risk factor (1–3), and
renal disease is an important complication of
type 1 diabetes (1). Additionally, in individuals
with type 1 diabetes, renal disease dramatically increases
the risk of cardiovascular disease (4 –10), which is the
major cause of morbidity and mortality in type 1 diabetes
(11). The current gold standard estimations of glomerular
filtration rate (GFR), a marker of renal function, require
infusion of external substances, are time consuming, and
are expensive, precluding routine use in clinical settings or
in large epidemiologic studies (12). Estimation of GFR
from prediction equations based on serum creatinine
measurements (Cockcroft-Gault [GFRCG] or Modification
of Diet in Renal Disease [GFRMDRD] equations) have
imperfections (12,13). Cystatin C is emerging as a biomarker superior to serum creatinine for estimating GFR
(14 –18) and predicting the risk of death and cardiovascular events (19 –23).
Cystatin C is a 13-kDa nonglycosylated basic protein
produced by nucleated cells at a constant rate that is freely
filtered at the glomerulus. Because it is produced at a
steady rate, is freely filtered at the glomerulus, does not
return to the bloodstream, and is eliminated by the kidneys, it has been proposed to be closer to an “ideal”
endogenous marker of GFR. Unlike serum creatinine,
cystatin C has been reported to not be dependent on age,
sex, or muscle mass (14,23,24), whereas other studies have
reported cystatin C levels are influenced by thyroid function, exogenous glucocorticoids, age, sex, and smoking
(25,26). Cystatin C can be measured in serum or plasma
and has been shown to be stable after freezer storage and
repeated freeze-thaw cycles (14,27,28).
Cystatin C has been proposed to reflect cumulative
effects on GFR over time (similar to A1C as a measure of
glycemia over time), to have less measurement variability
(because of diet or glycemia) than iothalamate, and to
better estimate the slope in decline in GFR and therefore
better detect trends in change in GFR to allow for clinical
intervention (24,29). Cystatin C has also been demonstrated to better predict cardiovascular disease (CVD)
events and death than serum creatinine (or serum creatinine– based estimates of GFR) (19 –23). However, little
data exist on the relationship of cystatin C to GFR in
individuals with type 1 diabetes (16,18) and none on the
relationship of cystatin C to CVD events, death, or subclinical coronary artery atherosclerosis in individuals with
type 1 diabetes.
Therefore, our aim was to 1) evaluate cystatin C as a
predictor of subclinical coronary atherosclerosis and 2)
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OBJECTIVE—Renal function is an important determinant of
coronary atherosclerosis, and serum cystatin C is a novel accurate measure of glomerular filtration rate (GFR) and a predictor
of cardiovascular events and mortality. We hypothesized that in
individuals with type 1 diabetes, cystatin C would 1) predict
progression of subclinical coronary atherosclerosis (SCA) and 2)
be a stronger predictor of SCA than serum creatinine, GFR
(estimated by the Cockcroft-Gault [GFRCG] and Modification of
Diet in Renal Disease [GFRMDRD] formulas), and albumin
excretion rate.
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compare the predictive value of cystatin C to serum
creatinine and estimated GFR to progression of subclinical
coronary atherosclerosis (SCA) (measured by coronary
artery calcification [30] or a clinical coronary artery disease [CAD] event) in individuals with type 1 diabetes in the
Coronary Artery Calcification in Type 1 Diabetes (CACTI)
study cohort.
RESEARCH DESIGN AND METHODS
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The data presented in this report were collected as part of the baseline
examination of 1,416 participants in the CACTI study who were 19 –56 years
of age and included 652 men and women with type 1 diabetes and 764
nondiabetic control subjects (31). All subjects were asymptomatic for CAD
and had no history of coronary artery bypass graft, coronary angioplasty, or
unstable angina. Patients with diabetes generally had been diagnosed when
⬍30 years of age, and among those who were ⱖ30 years at diagnosis, positive
antibodies or a clinical course consistent with type 1 diabetes was present.
Because few nondiabetic subjects had abnormal renal function at baseline and
these participants were less likely to have progression of subclinical coronary
artery atherosclerosis, this analysis focuses on the members of the cohort
with type 1 diabetes. Of the 652 individuals enrolled at baseline, 606 (93%) had
available stored serum to measure cystatin C. Of these, 509 (84%) had data on
progression of subclinical coronary artery atherosclerosis (mean follow-up
time 2.5 ⫾ 0.4 years), and 498 had complete covariate data for the variables
included in the a priori model based on a previous analysis (32) performed on
the full cohort, including additional CVD risk factors (with the exception of
albumin excretion rate [AER], missing in 68 subjects in which an additional
analysis was performed). Subjects not included in the analyses were slightly
younger and more likely to be current smokers. All subjects provided
informed consent, and the study was approved by the Colorado Combined
Institutional Review Board.
Examination and laboratory measurements. Participants completed the
baseline examination between March 2000 and April 2002, and a more detailed
description of the study and baseline characteristics of this cohort has been
published (33). Resting systolic blood pressure and fifth-phase diastolic blood
pressure were measured three times while the subjects were seated, and the
second and third measurements were averaged (34). Hypertension was
defined as current antihypertensive therapy or untreated hypertension (blood
pressure ⱖ140/90 mmHg) at the time of the study visit. Fat measurements
using computed tomography were determined, and participants completed a
standardized questionnaire including medical history and medication inventory, as previously reported (33).
Imaging. All patients underwent two electron beam computed tomography
scans within 5 min without contrast at baseline and two scans at follow-up as
previously described (33). Images were obtained of the entire epicardial
system using an Imatron C-150 Ultrafast CT scanner (Imatron, South San
Francisco, CA), with a 100-ms exposure. The standard acquisition protocol
was used (35). Scanning started from near the lower margin of the bifurcation
of the main pulmonary artery. Images were electrocardiographically triggered
at 80% of the R-R interval, and 30 – 40 contiguous 3-mm slices were acquired.
The volume scores were calculated using the volumetric method, which is
based on isotropic interpolation (36).
Covariate measurements
Laboratory analyses. After an overnight fast, blood was collected and
centrifuged, and separated serum was stored at ⫺70°C until assayed. Cystatin
C was measured on stored serum samples in the clinical lab at University of
Colorado Hospital in Denver, Colorado, using a commercially available
particle-enhanced immunonephelometric assay (Dade-Behring). Stored samples from the subjects’ baseline study visit had previously been thawed once.
The coefficient of variation was 3.3%. Intra-assay precision is 2.3– 4.1% and
interassay precision is 2.6 –3.3% per the package insert. Results are reported in
milligrams per liter, with a sensitivity cutoff of 0.23 mg/l.
Total plasma cholesterol and triglyceride levels were measured using
standard enzymatic methods, HDL cholesterol was separated using dextran
sulfate, and LDL cholesterol was calculated using the Friedewald formula.
High-performance liquid chromatography was used to measure A1C (highperformance liquid chromatography, Bio-Rad variant). Plasma glucose was
measured using a standard hexokinase method. Homocysteine was determined by the Abbot IMX automated procedure. C-reactive protein, plasminogen activator inhibitor 1, and fibrinogen were measured in the laboratory of
Dr. Russell Tracy at the University of Vermont. C-reactive protein was
measured using the BNII nephelometer from Dade Behring, using a particleenhanced immunonepholemetric assay. Plasminogen activator inhibitor 1 was
done as a two-site enzyme-linked immunosorbent assay. Fibrinogen was
measured in an automated clot-rate assay using the Sta-r instrument. Urine

albumin was measured by radioimmunoassay, and AER was determined by
radioimmunoassay; the results of two timed overnight urine collections were
averaged.
Anthropometric variables. We measured height and weight and calculated
BMI. Minimum waist and maximum hip measurements were obtained in
duplicate, and the results were averaged. Intra-abdominal fat and subcutaneous fat were assessed using abdominal computed tomography scan at the
L4 –L5 levels. The total intra-abdominal fat volume and subcutaneous fat
volume in cubic centimeters were measured using the AccuAnalyzer software
from AccuImage.
Insulin resistance. Insulin resistance was approximated as the inverse of
the estimated glucose disposal rate (EGDR), calculated according to the
formula: EGDR ⫽ 24.31 ⫺ 12.22 ⫻ (waist-to-hip ratio) ⫺ 3.29 ⫻ (hypertension) ⫺ 0.568 ⫻ (A1C). The equation was derived from hyperinsulinemiceuglycemic clamps performed in 24 type 1 diabetic participants in the
Pittsburgh Epidemiology of Diabetes Complications Study (37).
GFR estimation. GFR was estimated by both the Cockcroft-Gault formula
(GFRCG) (38) and the Modification of Diet in Renal Disease equation
(GFRMDRD) (39), both based on measurement of serum creatinine.
Interview variables. Duration of diabetes was determined by patient
self-report. Current and former smoking status was obtained by questionnaire,
and for smokers, the total number of pack-years was calculated.
Definition of subclinical coronary atherosclerosis progression and
coronary artery calcification progression. In this study, we chose to define
coronary artery calcification (CAC) progression as reported by Hokanson et
al. (40), who noted that bias in the interscan variability of calcium volume
scores (CVSs) exists such that the variability increases as levels of coronary
calcium increase. If not accounted for, this may lead to overestimating
changes in CVS over time at higher levels of coronary calcium. Alternatively,
using percent change in CVS as a potential measure of changes in coronary
calcium may underestimate changes at higher levels of coronary calcium.
Using paired mean CVS measurements in 1,074 subjects who had two EBCT
scans done 5 min apart, Hokanson et al. found that square root transformation
of CVS provides a stable estimate of interscan variability across the ranges of
coronary calcium observed in the current study, thus allowing investigations
of changes in coronary calcium that are not biased by level of coronary
calcium. Furthermore, Hokanson et al. suggested using a difference between
baseline and follow-up square root transformed CVS of ⱖ2.5 to signify
significant change in CVS, since a change of this magnitude is ⬍1% likely to be
due to interscan variability. In addition, participants who had a CAD event
(myocardial infarction, coronary artery bypass graft, angioplasty with stent, or
death attributed to CAD as adjudicated by a three-physician committee) were
also considered as having SCA progression.
Statistical analysis. Data are presented as arithmetic means and SDs for
continuous variables (geometric means and ranges for log-transformed variables) and percentages for categorical variables.
Correlation coefficients between cystatin C and other renal-related measures (serum creatinine, GFRCG, GFRMDRD, and AER) were calculated. The
relationships of each of these renal-related measures to cystatin C were
examined graphically. To evaluate cystatin C as a predictor of SCA progression, stepwise multiple logistic regression analysis was performed with a P
value ⬍0.1 as the criteria for entry and removal from the model. Age, baseline
CVS, and sex were forced into all models. The following variables were
considered for inclusion in the stepwise model predicting SCA progression:
cystatin C, follow-up years, type 1 diabetes duration, BMI, waist circumference, systolic blood pressure, diastolic blood pressure, hypertension (yes/no),
smoking status (current and ever versus never), A1C, total cholesterol, LDL,
HDL, triglycerides, C-reactive protein, plasminogen activator inhibitor 1,
fibrinogen, homocysteine, serum creatinine, AER, GFRCG, and GFRMDRD.
Once the final stepwise logistic regression model was chosen (which included
cystatin C as a significant predictor of SCA progression), a series of additional
models was fit, replacing cystatin C with each of the other renal-related
measures. The Akaike information criterion (AIC) was used to determine
which renal-related measure best predicted SCA progression, where lower
AIC values indicate a better model fit. Next, cystatin C was entered into an a
priori model (32) that included age, sex, baseline CVS, duration of diabetes,
HDL, hypertension, LDL, smoking status (current and ever versus never),
waist circumference, and A1C. Finally, cystatin C was again replaced with
other renal-related measures and AIC values compared across the competing
models. These models were repeated excluding the type 1 diabetic subjects
with CAD events (n ⫽ 11).
Human subjects. The study protocol was reviewed and approved by the
Colorado Combined Institutional Review Board, and informed consent was
obtained from all participants before enrollment.
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TABLE 1
Baseline characteristics of CACTI type 1 diabetic subjects with cystatin C measurements (n ⫽ 509), stratified by CAC progression
status
Nonprogressors

P

131
43.4 ⫾ 7.8
42/58
94
29.3 ⫾ 8.5
7.7 ⫾ 9.9
1.01 ⫾ 0.64
1.3 (0.8–7.9)
17 (1–3,468)
80.6 ⫾ 33.3
59.2 ⫾ 17.9
8.1 ⫾ 1.2
0.57 ⫾ 0.27
26.7 ⫾ 4.6
88.6 ⫾ 12.3
10.5 ⫾ 0.7
11.7 ⫾ 0.7
0.15 ⫾ 0.05
125 ⫾ 14
79 ⫾ 9
64
176 ⫾ 32
102 ⫾ 26
55 ⫾ 17
89 (32–368)
2.2 ⫾ 3.0
19.1 ⫾ 25.1
276 ⫾ 63
9.1 (5.0–50.0)
13.2 ⫾ 24.4
15
25

378
34.8 ⫾ 8.4
57/43
95
21.2 ⫾ 8.2
1.0 ⫾ 3.0
0.78 ⫾ 0.16
1.2 (0.8–2.3)
8 (1–1,885)
88.9 ⫾ 23.9
66.5 ⫾ 12.8
7.9 ⫾ 1.3
0.61 ⫾ 0.26
25.9 ⫾ 4.1
83.7 ⫾ 11.9
10.3 ⫾ 0.6
11.7 ⫾ 0.6
0.12 ⫾ 0.05
115 ⫾ 13
77 ⫾ 8
33
173 ⫾ 33
99 ⫾ 28
57 ⫾ 16
78 (25–357)
1.9 ⫾ 2.0
16.1 ⫾ 22.0
258 ⫾ 62
7.4 (3.8–44.3)
13.7 ⫾ 25.0
10
18

—
⬍0.0001
0.002
0.55
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
0.01
⬍0.0001
0.09
0.14
0.08
⬍0.0001
0.0001
0.69
⬍0.0001
⬍0.0001
0.009
⬍0.0001
0.27
0.30
0.42
0.007
0.28
0.20
0.005
⬍0.0001
0.83
0.12
0.09

Data are means ⫾ SD or geometric means (range) unless otherwise indicated.
RESULTS

The baseline characteristics of study participants with
type 1 diabetes are displayed in Table 1 stratified by SCA
progression status. Progressors were more likely to be
male, were older, and had longer diabetes duration than
nonprogressors. Progressors had higher baseline CVS,
waist circumference, waist-to-hip ratio, visceral fat,
1/estimated glucose disposal rate (a marker of insulin
resistance), systolic blood pressure, diastolic blood pressure, triglycerides, fibrinogen, and homocysteine than nonprogressors. Cystatin C, serum creatinine, AER, GFRCG,
and GFRMDRD all indicated worse renal function in
progressors than nonprogressors.
As expected, cystatin C correlated with other renalrelated measures of renal function: serum creatinine (r ⫽
0.82), GFRCG (r ⫽ ⫺0.38), GFRMDRD (r ⫽ ⫺0.58), and
AER (r ⫽ 0.48) (P ⬍ 0.0001 for all).
In a stepwise multiple logistic regression analysis, cystatin C was a significant predictor of SCA progression
(odds ratio [OR] 1.44, 95% CI 1.00 –2.08, P ⫽ 0.048) while
adjusted for other covariates that also entered the model
(duration, systolic blood pressure, and HDL) in addition to
covariates forced into the model (age, sex, and baseline
CVS) (Table 2). Excluding subjects (n ⫽ 11) who had CAD
events, cystatin C had a similar relationship to CAC
progression but had decreased power and was no longer
statistically significant (OR 1.39, 95% CI 0.97–1.99, P ⫽
0.075). In the a priori– defined model, cystatin C was also
2776

a significant predictor of SCA progression (OR 1.50, 95% CI
1.06 –2.14, P ⫽ 0.024), when adjusted for additional CVD
risk factors that were not independent predictors of SCA
progression in this study population (Table 3). Again, after
excluding subjects who had CAD events, cystatin C had a
similar relationship to CAC progression, but it was no
longer statistically significant (OR 1.39, 95% CI 0.96 –2.20,
P ⫽ 0.08).
Next, to compare how well each renal-related variable
predicts SCA progression, cystatin C was replaced in the
final stepwise model individually with each of the other
TABLE 2
Predictors of SCA progression: final model from stepwise multiple logistic regression analysis (n ⫽ 509)

Age
Baseline CVS
Sex
Cystatin C
Type 1 diabetes duration
Systolic blood pressure
HDL

OR (95% CI)*

P

1.71 (1.22–2.39)
2.46 (1.71–3.54)
1.36 (0.79–2.34)
1.44 (1.00–2.08)
1.59 (1.16–2.17)
1.66 (1.25–2.21)
0.66 (0.51–0.86)

0.002
⬍0.001
0.27
0.048
0.004
0.0005
0.003

OR and 95% CIs are per SD of each variable: cystatin C ⫽ 0.37 mg/l,
age ⫽ 9 years, CVS ⫽ 6.4 Agatston units, sex ⫽ male, type 1
duration ⫽ 9 years, systolic blood pressure ⫽ 14 mmHg, HDL ⫽ 16
mg/dl.
DIABETES, VOL. 56, NOVEMBER 2007
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n
Age (years)
Female/male (%)
Race (non-Hispanic white) (%)
Duration of diabetes (years)
Baseline square root CVS
Cystatin C (mg/l)
Serum creatinine (mg/dl)
AER (g/min)
GFRCG (ml/min per 1.73 m2)
GFRMDRD (ml/min per 1.73 m2)
A1C (%)
Insulin dose (units 䡠 kg⫺1 䡠 day⫺1)
BMI (kg/m2)
Average waist (cm)
Visceral fat at L4–L5 (cm2)
Subcutaneous fat at L4–L5 (cm2)
1/estimated glucose disposal rate
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hypertension (yes/no) (%)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
C-reactive protein (g/ml)
Plasminogen activator inhibitor 1 (ng/ml)
Fibrinogen (mg/dl)
Homocysteine (mol/l)
Alcohol drinks/month
Smoking (current) (%)
Smoking (ever) (%)

Progressors

D.M. MAAHS AND ASSOCIATES

TABLE 3
Predictors of SCA progression: a priori model in multiple logistic
regression analysis (n ⫽ 498)
P

1.78 (1.24–2.54)
2.39 (1.64–3.50)
1.65 (0.93–2.93)
1.46 (1.02–2.07)
1.65 (1.18–2.30)
1.55 (0.89–2.68)
0.76 (0.56–1.02)
0.94 (0.72–1.23)
1.30 (0.67–2.52)
1.41 (0.64–3.11)
1.27 (0.95–1.69)
1.16 (0.86–1.57)

0.002
⬍0.001
0.09
0.038
0.003
0.12
0.07
0.64
0.43
0.39
0.11
0.32

*OR and 95% CIs are per SD of each variable: cystatin C ⫽ 0.36 mg/l,
age ⫽ 9 years, CVS ⫽ 6.4 Agatston units, sex ⫽ male, type 1
duration ⫽ 9 years, hypertension ⫽ yes, HDL ⫽ 16 mg/dl, LDL ⫽ 28
mg/dl, smoking ⫽ yes, waist circumference ⫽ 12 cm, A1C ⫽ 1.3%.
Note: Compared with the best model (Table 2), 11 subjects were
excluded because of missing data.

renal-related measures (serum creatinine, GFRCG, and
GFRMDRD) in the best model with the same subjects (n ⫽
509) and AIC values were compared (Table 4). Cystatin C
had the lowest AIC of all renal-related measures while
adjusting for other variables included in the stepwise
model (age, sex, baseline CVS, duration, systolic blood
pressure, and HDL), indicating that cystatin C was a
slightly better predictor of SCA progression than serum
creatinine, GFRCG, or GFRMDRD, although the 95% CIs
do overlap considerably. Furthermore, in addition to having the lowest AIC, it was the only renal-related variable to
be statistically significant (P ⫽ 0.048) while adjusting for
the other variables in the final stepwise model. Excluding
the subjects with CAD events did not change the relationship of AIC values between models (data not shown).
This model was then repeated in a smaller dataset (n ⫽
430) that included all subjects with two timed overnight
baseline urine measurements. Similar results were obtained for cystatin C (OR 1.45, 95% CI 1.05–2.00, P ⫽
0.026). In this analysis, AER was of borderline significance
when it replaced cystatin C (OR 1.28, 95% CI 0.99 –1.65,
P ⫽ 0.064). The analysis was also repeated with renalrelated variables defined categorically (cystatin C and
serum creatinine by quartiles and the GFR measurements
as ⬎90, 90 – 60, 60 –30, and ⬍30 ml/min per 1.73 m2, and
albuminuria [yes/no]). However, the AIC values were
superior for the continuous compared with the categoTABLE 4
Comparison of renal function markers as predictors of CAC
progression (n ⫽ 509), adjusted for age, baseline CAC, sex, type
1 duration, systolic blood pressure, and HDL

Cystatin C
Serum creatinine
GFRCG
GFRMDRD

OR (95% CI)*

P

AIC

1.44 (1.00–2.08)
1.34 (0.92–1.95)
1.22 (0.90–1.65)
0.93 (0.69–1.25)

0.048
0.12
0.20
0.62

404.2
406.0
407.3
408.6

*OR and 95% CI are per SD of each variable: cystatin C ⫽ 0.37 mg/l,
age ⫽ 9 years, CVS ⫽ 6.2 Agatston units, sex ⫽ male, type 1
duration ⫽ 9 years, systolic blood pressure ⫽ 14 mmHg, HDL ⫽ 16
mg/dl, serum creatinine ⫽ 0.47 mg/dl, GFRCG ⫽ 26.9 ml/min per
1.73 m2, GFRMDRD ⫽ 14.6 ml/min per 1.73 m2.
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DISCUSSION

The main finding of this paper is that increasing serum
cystatin C, a marker of worsening GFR, predicts progression of SCA, even while adjusting for other CVD risk
factors. Furthermore, cystatin C better predicted SCA
progression than serum creatinine and serum creatinine–
derived estimates of GFR (GFRCG and GFRMDRD) or
AER, although the difference was modest and the 95% CIs
overlap considerably. This is the first article comparing
cystatin C to other measures of renal function as a
predictor of SCA in individuals with type 1 diabetes and, as
such, is consistent with and an addition to previous
literature relating cystatin C to CVD events and mortality
in other populations (19 –23). Further verification is
needed to determine whether cystatin C has a role in
clinical care or epidemiologic research as a marker of
renal function and a predictor of outcomes such as CVD
and death. Previous studies have suggested that cystatin C
might change earlier than serum creatinine– based estimates of GFR and therefore holds promise to be an early
marker of impaired renal function for more timely clinical
intervention (24). Both GFRMDRD and GFRCG are limited
at detecting early change in renal function, specifically in
young adults with type 1 diabetes (12). Should further
studies relate cystatin C to health outcomes such as CVD
and mortality, then the role of cystatin C would be
bolstered as a routine measure of renal function in patients with type 1 diabetes who are at high risk of diabetic
nephropathy. Previously, the Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions
and Complications Study has reported that CAC score
increased 1.3-fold per 10 mg/24 h increase in AER, but
evaluation of other measures of renal function was not
reported (41). Additionally, in the Diabetes Control and
Complications Trial/Epidemiology of Diabetes Interventions and Complications Study, A1C was related to CAC,
as the CACTI study has reported previously in pilot data in
a subset of subjects (42), although A1C was not a significant predictor in this analysis similar to other reports in
people with type 1 diabetes (43,44).
Our data are similar to previous articles relating elevated cystatin C levels to CVD. Cystatin C has been shown
to be a stronger predictor of CVD events and death than
serum creatinine or estimated GFR in the elderly in three
large epidemiologic studies (21–23). In contrast to cystatin
C, a J-shaped relationship between serum creatinine and
mortality has been described (23) and serum creatinine–
based equations estimating GFR may be inaccurate at
higher GFRs (12) and therefore limited in detecting early
compromise in GFR. Cystatin C has also been significantly
associated with a first ischemic coronary event (20) and
for risk of secondary CVD events (19). Our data add to the
current literature, in which cystatin C better predicts CVD
events and mortality, by finding that in a young type 1
2777
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Age
Baseline CVS
Sex
Cystatin C
Type 1 diabetes duration
Hypertension (yes/no)
HDL
LDL
Smoking ever
Smoking current
Waist circumference
A1C

OR (95% CI)*

rized variables, indicating a better fit for the renal-related
measures as continuous variables (data not shown). Excluding the seven subjects who reported being on oral
glucocorticoids at baseline did not change the relationship
of cystatin C to SCA progression (OR 1.45, 95% CI 1.01–
2.10, P ⫽ 0.045). Finally, the final stepwise model was fit
for the subset of subjects with no CAC at baseline (n ⫽
319) to predict incident CAC, and the point estimate for
cystatin C was slightly larger but no longer statistically
significant (OR 1.59, 95% CI 0.90 –2.82, P ⫽ 0.11).

CYSTATIN C AND CAC PROGRESSION IN TYPE 1

2778

ACKNOWLEDGMENTS

Support for this study was provided by the National
Institutes of Health (NIH) National Heart, Lung, and Blood
Institute (NHLBI) Grants R01 HL61753 and HL79611 and
Diabetes and Endocrinology Research Center Clinical
Investigation Core Grant P30 DK57516. The study was
performed at the Adult General Clinical Research Center
at the University of Colorado at Denver and Health Sciences Center (supported by NIH Grant M01 RR00051), at
the Barbara Davis Center for Childhood Diabetes, and at
the Colorado Heart Imaging Center in Denver, CO. D.M.M.
was supported by the K12 training grant DK063722-05 and
K23 DK075360.
REFERENCES
1. Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving
HH, Steffes MW: Nephropathy in diabetes. Diabetes Care 27 (Suppl.
1):S79 –S83, 2004
2. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL,
McCullough PA, Kasiske BL, Kelepouris E, Klag MJ, Parfrey P, Pfeffer M,
Raij L, Spinosa DJ, Wilson PW: Kidney disease as a risk factor for
development of cardiovascular disease: a statement from the American
Heart Association Councils on Kidney in Cardiovascular Disease, High
Blood Pressure Research, Clinical Cardiology, and Epidemiology and
Prevention. Circulation 108:2154 –2169, 2003
3. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B, Griffith JL,
Salem DN, Levey AS, Sarnak MJ: Chronic kidney disease as a risk factor for
cardiovascular disease and all-cause mortality: a pooled analysis of
community-based studies. J Am Soc Nephrol 15:1307–1315, 2004
4. Deckert T, Poulsen JE, Larsen M: Prognosis of diabetics with diabetes
onset before the age of thirty-one. II. Factors influencing the prognosis.
Diabetologia 14:371–377, 1978
5. Dorman JS, LaPorte RE, Kuller LH, Cruickshanks KJ, Orchard TJ, Wagener
DK, Becker DJ, Cavender DE, Drash AL: The Pittsburgh insulin-dependent
diabetes mellitus (IDDM) morbidity and mortality study: mortality results.
Diabetes 33:271–276, 1984
6. Borch-Johnsen K, Kreiner S: Proteinuria: value as predictor of cardiovascular mortality in insulin dependent diabetes mellitus. Br Med J [Clin Res]
294:1651–1654, 1987
7. Klein BE, Klein R, McBride PE, Cruickshanks KJ, Palta M, Knudtson MD,
Moss SE, Reinke JO: Cardiovascular disease, mortality, and retinal microvascular characteristics in type 1 diabetes: Wisconsin Epidemiologic Study
of Diabetic Retinopathy. Arch Intern Med 164:1917–1924, 2004
8. Soedamah-Muthu SS, Chaturvedi N, Toeller M, Ferriss B, Reboldi P, Michel
G, Manes C, Fuller JH: Risk factors for coronary heart disease in type 1
diabetic patients in Europe: the EURODIAB Prospective Complications
Study. Diabetes Care 27:530 –537, 2004
9. Pambianco G, Costacou T, Ellis D, Becker DJ, Klein R, Orchard TJ: The
30-year natural history of type 1 diabetes complications: the Pittsburgh
Epidemiology of Diabetes Complications Study experience. Diabetes 55:
1463–1469, 2006
10. Orchard TJ, Costacou T, Kretowski A, Nesto RW: Type 1 diabetes and
coronary artery disease. Diabetes Care 29:2528 –2538, 2006
11. Libby P, Nathan DM, Abraham K, Brunzell JD, Fradkin JE, Haffner SM,
Hsueh W, Rewers M, Roberts BT, Savage PJ, Skarlatos S, Wassef M,
Rabadan-Diehl C: Report of the National Heart, Lung, and Blood InstituteNational Institute of Diabetes and Digestive and Kidney Diseases Working
Group on Cardiovascular Complications of Type 1 Diabetes Mellitus.
Circulation 111:3489 –3493, 2005
12. Stevens LA, Coresh J, Greene T, Levey AS: Assessing kidney function:
measured and estimated glomerular filtration rate. N Engl J Med 354:2473–
2483, 2006
13. Rigalleau V, Lasseur C, Perlemoine C, Barthe N, Raffaitin C, Liu C,
Chauveau P, Baillet-Blanco L, Beauvieux MC, Combe C, Gin H: Estimation
of glomerular filtration rate in diabetic subjects: Cockcroft formula or
modification of Diet in Renal Disease study equation? Diabetes Care
28:838 – 843, 2005
14. Laterza OF, Price CP, Scott MG: Cystatin C: an improved estimator of
glomerular filtration rate? Clin Chem 48:699 –707, 2002
15. Dharnidharka VR, Kwon C, Stevens G: Serum cystatin C is superior to
serum creatinine as a marker of kidney function: a meta-analysis. Am J
Kidney Dis 40:221–226, 2002
16. Buysschaert M, Joudi I, Wallemacq P, Hermans MP: Performance of serum
DIABETES, VOL. 56, NOVEMBER 2007

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/56/11/2774/385880/zdb01107002774.pdf by guest on 29 May 2022

diabetes cohort at high risk for both kidney disease and
CVD, cystatin C predicts progression of SCA, independent
of known CVD risk factors.
Previously, cystatin C also has been shown to be a
better predictor of chronic kidney disease (21) and to
accurately detect early changes in renal function in
individuals with type 2 diabetes (24). Most (16,18,45,46),
but not all (47), studies have found cystatin C to be a
better marker of GFR in individuals with diabetes than
serum creatinine.
Some limitations in our data need to be acknowledged
and addressed in future studies. First, we do not compare
cystatin C values to gold standard measures of GFR such
as inulin or iothalamate. The CACTI study’s objective is to
investigate CAD in individuals with type 1 diabetes, not
renal disease, except as a factor in CAD. Second, currently, we do not have longitudinal measurements of
cystatin C in the CACTI study but plan to do so in the
future. Third, we use a surrogate marker of CAD instead of
health outcomes such as CAD events or death, since the
CACTI cohort is relatively young and was asymptomatic
for CAD at enrollment and has had few CAD events as of
this writing (n ⫽ 15 for the cohort, with 11 type 1 diabetic
subjects in this analysis); data on patient outcomes are
being collected prospectively, and analyses are presented
both with and without CAD events. However, extensive
methodologic detail has been taken to carefully define
CAC progression in the CACTI cohort (40), and this
methodology has been used in other datasets (48,49).
Finally, we are unable to tease out the roles of cystatin C
(as an estimator of GFR) compared with AER as a
predictor of subclinical coronary artery atherosclerosis
because of limited statistical power. Previously, the UK
Prospective Diabetes Study has suggested that renal disease, as defined by albuminuria versus impaired GFR in
individuals with type 2 diabetes, might have different risk
factors and a different relationship to health outcomes
(50). A paradigm shift in ascertainment of renal disease in
individuals with diabetes has even been suggested with
measurement of cystatin C in serum replacing measurement of AER in urine samples (29), although much more
data are needed for the routine use of cystatin C in clinical
care and research studies in lieu of or as a complement to
AER. However, should data support increased cystatin C
as a marker of negative health outcomes, the ease of
measurement on a single blood sample instead of overnight urine collection is appealing. On the other hand,
estimates of GFR, which is the putative role of cystatin C,
may provide alternate and complementary data to AER
(50). Also, GFR estimates based on cystatin C may be
superior to serum creatinine– based estimates, and a
number of articles have investigated this (51–53). Excluding subjects reporting glucocorticoid usage did not
change the relationship of cystatin C to SCA progression, similar to a previous report in which cystatin C
concentrations were not affected by high-dose corticosteroid therapy in children (54).
In conclusion, we demonstrate that cystatin C, a marker
of GFR, independently and significantly predicts progression of SCA in individuals with type 1 diabetes. Although
promising, future validation, including longitudinal data,
on the role of cystatin C to CAD, renal function, and
mortality are needed before routine implementation in
clinical care.

D.M. MAAHS AND ASSOCIATES

DIABETES, VOL. 56, NOVEMBER 2007

tion, Evaluation, and Treatment of High Blood Pressure. Arch Intern Med
157:2413–2446, 1997
35. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr,
Detrano R: Quantification of coronary artery calcium using ultrafast
computed tomography. J Am Coll Cardiol 15:827– 832, 1990
36. Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P: Coronary
artery disease: improved reproducibility of calcium scoring with an
electron-beam CT volumetric method. Radiology 208:807– 814, 1998
37. Williams KV, Erbey JR, Becker D, Arslanian S, Orchard TJ: Can clinical
factors estimate insulin resistance in type 1 diabetes? Diabetes 49:626 –
632, 2000
38. Cockcroft DW, Gault MH: Prediction of creatinine clearance from serum
creatinine. Nephron 16:31– 41, 1976
39. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D: A more
accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation: Modification of Diet in Renal Disease
Study Group. Ann Intern Med 130:461– 470, 1999
40. Hokanson JE, Mackenzie T, Kinney G, Snell-Bergeon JK, Dabelea D,
Ehrlich J, Eckel RH, Rewers M: Evaluating changes in coronary artery
calcium: an analytic method that accounts for interscan variability. Am J
Roentgenol 182:1327–1332, 2004
41. Cleary PA, Orchard TJ, Genuth S, Wong ND, Detrano R, Backlund JY,
Zinman B, Jacobson A, Sun W, Lachin JM, Nathan DM: The effect of
intensive glycemic treatment on coronary artery calcification in type 1
diabetic participants of the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC)
Study. Diabetes 55:3556 –3565, 2006
42. Snell-Bergeon JK, Hokanson JE, Jensen L, Mackenzie T, Kinney G, Dabelea
D, Eckel RH, Ehrlich J, Garg S, Rewers M: Progression of coronary artery
calcification in type 1 diabetes: the importance of glycemic control.
Diabetes Care 26:2923–2928, 2003
43. Olson JC, Edmundowicz D, Becker DJ, Kuller LH, Orchard TJ: Coronary
calcium in adults with type I diabetes: a stronger correlate of clinical
coronary artery disease in men than in women. Diabetes 49:1571–1578,
2000
44. Colhoun HM, Rubens MB, Underwood SR, Fuller JH: The effect of type 1
diabetes mellitus on the gender difference in coronary artery calcification.
J Am Coll Cardiol 36:2160 –2167, 2000
45. Mussap M, Dalla VM, Fioretto P, Saller A, Varagnolo M, Nosadini R, Plebani
M: Cystatin C is a more sensitive marker than creatinine for the estimation
of GFR in type 2 diabetic patients. Kidney Int 61:1453–1461, 2002
46. Harmoinen AP, Kouri TT, Wirta OR, Lehtimaki TJ, Rantalaiho V, Turjanmaa VM, Pasternack AI: Evaluation of plasma cystatin C as a marker for
glomerular filtration rate in patients with type 2 diabetes. Clin Nephrol
52:363–370, 1999
47. Oddoze C, Morange S, Portugal H, Berland Y, Dussol B: Cystatin C is not
more sensitive than creatinine for detecting early renal impairment in
patients with diabetes. Am J Kidney Dis 38:310 –316, 2001
48. Mehrotra R, Budoff M, Hokanson JE, Ipp E, Takasu J, Adler S: Progression
of coronary artery calcification in diabetics with and without chronic
kidney disease. Kidney Int 68:1258 –1266, 2005
49. Jung HH, Kim SW, Han H: Inflammation, mineral metabolism and progressive coronary artery calcification in patients on haemodialysis. Nephrol
Dial Transplant 21:1915–1920, 2006
50. Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RR: Risk factors for
renal dysfunction in type 2 diabetes: U.K. Prospective Diabetes Study 74.
Diabetes 55:1832–1839, 2006
51. Hoek FJ, Kemperman FA, Krediet RT: A comparison between cystatin C,
plasma creatinine and the Cockcroft and Gault formula for the estimation
of glomerular filtration rate. Nephrol Dial Transplant 18:2024 –2031, 2003
52. Macisaac RJ, Tsalamandris C, Thomas MC, Premaratne E, Panagiotopoulos S, Smith TJ, Poon A, Jenkins MA, Ratnaike SI, Power DA, Jerums G:
Estimating glomerular filtration rate in diabetes: a comparison of cystatin-C- and creatinine-based methods. Diabetologia 49:1686 –1689, 2006
53. Grubb A, Nyman U, Bjork J, Lindstrom V, Rippe B, Sterner G, Christensson
A: Simple cystatin C-based prediction equations for glomerular filtration
rate compared with the modification of diet in renal disease prediction
equation for adults and the Schwartz and the Counahan-Barratt prediction
equations for children. Clin Chem 51:1420 –1431, 2005
54. Bokenkamp A, van Wijk JA, Lentze MJ, Stoffel-Wagner B: Effect of
corticosteroid therapy on serum cystatin C and beta2-microglobulin concentrations. Clin Chem 48:1123–1126, 2002

2779

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/56/11/2774/385880/zdb01107002774.pdf by guest on 29 May 2022

cystatin-C versus serum creatinine in subjects with type 1 diabetes.
Diabetes Care 26:1320, 2003
17. Filler G, Bokenkamp A, Hofmann W, Le BT, Martinez-Bru C, Grubb A:
Cystatin C as a marker of GFR: history, indications, and future research.
Clin Biochem 38:1– 8, 2005
18. Tan GD, Lewis AV, James TJ, Altmann P, Taylor RP, Levy JC: Clinical
usefulness of cystatin C for the estimation of glomerular filtration rate in
type 1 diabetes: reproducibility and accuracy compared with standard
measures and iohexol clearance. Diabetes Care 25:2004 –2009, 2002
19. Koenig W, Twardella D, Brenner H, Rothenbacher D: Plasma concentrations of cystatin C in patients with coronary heart disease and risk for
secondary cardiovascular events: more than simply a marker of glomerular
filtration rate. Clin Chem 51:321–327, 2005
20. Luc G, Bard JM, Lesueur C, Arveiler D, Evans A, Amouyel P, Ferrieres J,
Juhan-Vague I, Fruchart JC, Ducimetiere P: Plasma cystatin-C and development of coronary heart disease: the PRIME Study. Atherosclerosis
185:375–380, 2006
21. Shlipak MG, Katz R, Sarnak MJ, Fried LF, Newman AB, Stehman-Breen C,
Seliger SL, Kestenbaum B, Psaty B, Tracy RP, Siscovick DS: Cystatin C and
prognosis for cardiovascular and kidney outcomes in elderly persons
without chronic kidney disease. Ann Intern Med 145:237–246, 2006
22. Shlipak MG, Wassel Fyr CL, Chertow GM, Harris TB, Kritchevsky SB,
Tylavsky FA, Satterfield S, Cummings SR, Newman AB, Fried LF: Cystatin
C and mortality risk in the elderly: the health, aging, and body composition
study. J Am Soc Nephrol 17:254 –261, 2006
23. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB,
Siscovick DS, Stehman-Breen C: Cystatin C and the risk of death and
cardiovascular events among elderly persons. N Engl J Med 352:2049 –
2060, 2005
24. Perkins BA, Nelson RG, Ostrander BE, Blouch KL, Krolewski AS, Myers
BD, Warram JH: Detection of renal function decline in patients with
diabetes and normal or elevated GFR by serial measurements of serum
cystatin C concentration: results of a 4-year follow-up study. J Am Soc
Nephrol 16:1404 –1412, 2005
25. Knight EL, Verhave JC, Spiegelman D, Hillege HL, de Zeeuw D, Curhan GC,
De Jong PE: Factors influencing serum cystatin C levels other than renal
function and the impact on renal function measurement. Kidney Int
65:1416 –1421, 2004
26. Berghout A, Wulkan RW, den Hollander JG: Cystatin C and the risk of
death. N Engl J Med 353:842– 844, 2005
27. Finney H, Newman DJ, Gruber W, Merle P, Price CP: Initial evaluation of
cystatin C measurement by particle-enhanced immunonephelometry on
the Behring nephelometer systems (BNA, BN II). Clin Chem 43:1016 –1022,
1997
28. Erlandsen EJ, Randers E, Kristensen JH: Evaluation of the Dade Behring N
Latex Cystatin C assay on the Dade Behring Nephelometer II System.
Scand J Clin Lab Invest 59:1– 8, 1999
29. Perkins BA, Krolewski AS: Early nephropathy in type 1 diabetes: a new
perspective on who will and who will not progress. Curr Diab Rep
5:455– 463, 2005
30. Budoff MJ, Achenbach S, Blumenthal RS, Carr JJ, Goldin JG, Greenland P,
Guerci AD, Lima JA, Rader DJ, Rubin GD, Shaw LJ, Wiegers SE: Assessment of coronary artery disease by cardiac computed tomography: a
scientific statement from the American Heart Association Committee on
Cardiovascular Imaging and Intervention, Council on Cardiovascular Radiology and Intervention, and Committee on Cardiac Imaging, Council on
Clinical Cardiology. Circulation 114:1761–1791, 2006
31. Maahs DM, Kinney GL, Wadwa P, Snell-Bergeon JK, Dabelea D, Hokanson
J, Ehrlich J, Garg S, Eckel RH, Rewers MJ: Hypertension prevalence,
awareness, treatment, and control in an adult type 1 diabetes population
and a comparable general population. Diabetes Care 28:301–306, 2005
32. Rewers M, Kinney GL, Maahs DM, Kretowski A, Hokanson JE, SnellBergeon JK: Determinants of Short-Term Progression of Coronary Atherosclerosis in Type 1 Diabetes (Abstract). 10th Symposium of the
International Diabetes Epidemiology Group, 2006
33. Dabelea D, Kinney G, Snell-Bergeon JK, Hokanson JE, Eckel RH, Ehrlich
J, Garg S, Hamman RF, Rewers M: Effect of type 1 diabetes on the gender
difference in coronary artery calcification: a role for insulin resistance?
The Coronary Artery Calcification in Type 1 Diabetes (CACTI) study.
Diabetes 52:2833–2839, 2003
34. The Sixth Report of the Joint National Committee on Prevention, Detec-

