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Background—Serum creatinine and related estimating equations predict cardiovascular events and mortality among
persons with coronary heart disease (CHD). Cystatin C is a novel and sensitive endogenous marker of kidney function.
Whether cystatin C concentrations are associated with adverse events among ambulatory persons with CHD is unknown.
Methods and Results—Nine hundred ninety ambulatory persons with CHD were categorized into quartiles of serum
cystatin C at inception, with ⱕ0.91 mg/L constituting the lowest quartile (I) and ⱖ1.30 mg/L constituting the highest
(IV). Cox proportional hazards models evaluated time to all-cause mortality, cardiovascular events (composite of CHD
death, myocardial infarction, and stroke), and incident heart failure. After a median follow-up of 37 months, 132
participants (13%) died, 101 (10%) had cardiovascular events, and 57 (7%) had incident heart failure. Compared with
participants in the lowest cystatin C quartile, those in the highest quartile were at increased risk of all-cause mortality
(hazard ratio, 3.6; 95% CI, 1.8 to 7.0), cardiovascular events (hazard ratio, 2.0; 95% CI, 1.0 to 3.8), and incident heart
failure (hazard ratio, 2.6; 95% CI, 1.0 to 6.9) in analyses adjusted for traditional cardiovascular risk factors. Cystatin C
in the highest quartile predicted similar risk for these outcomes among participants with lower (ⱕ60 mL/min per 1.73
m2) or higher estimated glomerular filtration rate and among participants with or without microalbuminuria.
Conclusions—High cystatin C concentrations predict substantial increased risks of all-cause mortality, cardiovascular
events, and incident heart failure among ambulatory persons with CHD. This risk is not completely captured by
measures of kidney function routinely used in clinical practice. (Circulation. 2007;115:173-179.)
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M

ild to moderate chronic kidney disease is common in
the US population1 and is an independent risk factor
for cardiovascular disease events and all-cause mortality.2
Among persons with established coronary heart disease
(CHD), concomitant chronic kidney disease predicts cardiovascular events as strongly as other established risk factors
such as diabetes mellitus and hypertension.3 Serum creatinine
concentrations or creatinine-based estimating equations have
served as the primary tool for evaluation of kidney function in
clinical practice and in epidemiological research studies.
However, creatinine concentrations are affected by several
nonkidney factors including age, body weight, nutritional
status, ethnicity, and sex4,5 and are insensitive to modest
decreases in kidney function; for instance, kidney function
may decline ⱖ50% before serum creatinine exceeds the
normal range.4,6 Although the Modification of Diet and Renal
Disease study formula is less affected by nonkidney determi-
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nants, it has been shown to overestimate kidney function
among persons with glomerular filtration rates (GFR) ⬎60
mL/min per 1.73 m2.7
Cystatin C is a novel endogenous marker of kidney
function that may be more sensitive for detecting mild to
moderate decrements in GFR.8 –10 Most,8 –13 but not all,14
studies suggest that it is not affected by age, sex, or muscle
mass. Several recent publications have demonstrated that
cystatin C is superior to serum creatinine or creatinine-based
estimating equations for prediction of all-cause mortality,15–17
cardiovascular events,16 and incident congestive heart failure
(CHF)18 in elderly community-based cohorts that were predominantly free of cardiovascular disease at inception.
Whether elevated cystatin C concentrations are associated
with adverse clinical outcomes among persons with prevalent
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CHD has not been studied extensively. Because persons with
CHD represent a group at high risk for cardiovascular events
and death, risk stratification may be particularly useful in this
population. Furthermore, previous studies evaluating the
predictive value of cystatin C for cardiovascular morbidity or
mortality have not determined whether the observed associations and outcomes are robust among persons with and
without microalbuminuria.
We evaluated whether serum cystatin C concentrations
were associated with all-cause mortality, cardiovascular
events, and incident CHF among ambulatory persons with
CHD enrolled in the Heart and Soul Study. In addition, we
evaluate whether the risk associated with elevated cystatin C
differs among persons with or without low estimated GFR or
microalbuminuria.

Methods
Participants
The Heart and Soul Study is a prospective cohort study designed to
investigate the influence of psychosocial factors on CHD progression. Methods have been described previously.19,20 Briefly, participants were recruited from several outpatient clinics in the San
Francisco Bay Area if they met 1 of the following inclusion criteria:
(1) history of myocardial infarction; (2) angiographic evidence of
⬎50% stenosis in 1 or more coronary vessels; (3) evidence of
exercise-induced ischemia by treadmill or nuclear testing; or (4)
history of coronary revascularization. Participants were excluded if
they had had a myocardial infarction within the prior 6 months, were
not able to walk 1 block, or were likely to move out of the area
within 3 years. There was no exclusion on the basis of kidney
disease. Because the study recruited heavily from a Veterans Affairs
facility, the resulting cohort was 82% male. The study protocol was
approved by the appropriate institutional review boards, and all
participants provided written informed consent.
Between September 2000 and December 2002, a total of 1024
individuals enrolled and underwent a day-long baseline study appointment that included a medical history interview, a physical
examination, and a comprehensive health status questionnaire. Fasting (12-hour) venous samples were drawn, and serum was frozen at
⫺70°C. Subjects for whom frozen serum was not available (n⫽34)
were excluded, resulting in a sample size of 990 participants for this
analysis.

Measurements
Kidney Function
Serum cystatin C was measured from frozen samples collected at the
baseline study visit with the use of a BNII nephelometer (Dade
Behring, Inc, Deerfield, Ill) with a particle-enhanced immunonephelometric assay (N Latex Cystatin C, Dade Behring, Inc).21 Monoclonal antibodies to cystatin C were coated on polystyrene particles
that agglutinate to increase the intensity of scattered light in
proportion to the concentration of cystatin C. The assay range is
0.195 to 7.330 mg/L; the reference range for young healthy persons
ranges from 0.53 to 0.95 mg/L. The intra-assay coefficient of
variation ranges from 2.0% to 2.8%, and the interassay coefficient of
variation ranges from 2.3% to 3.1%.
Serum creatinine was measured by the rate Jaffe method. The
intraindividual coefficient of variation was ⬇2%. Estimated GFR
was calculated by the abbreviated (4-variable) Modification of Diet
and Renal Disease Study formula, as follows: estimated
GFR⫽186⫻(serum creatinine ⫺1.154 )⫻(age ⫺0.203 )⫻(0.742 if female)⫻(1.21 if black).5 We defined low estimated GFR as ⱕ60
mL/min per 1.73 m2, consistent with stage III or greater severity of
chronic kidney disease.22
Urinary albumin and creatinine were measured by nephelometry
and the rate Jaffe method, respectively. Urinary albumin-to-creati-

nine ratios (mg albumin/g creatinine) were calculated, and microalbuminuria was defined as ⱖ30 mg/g.23

Other Measurements
Baseline demographics and medical history were determined by
questionnaire. Participants underwent a complete physical examination that included blood pressure determination by trained study
personnel using calibrated sphygmomanometers. Participants were
instructed to bring their medication bottles to the study appointment,
and study personnel recorded all current medications. Highsensitivity C-reactive protein was measured with the use of the
Roche Integra assay and the Beckman Extended Range assay as
previously described.24,25 Fasting serum samples were used to
measure total cholesterol, high-density lipoprotein cholesterol, and
triglyceride concentrations. Low-density lipoprotein cholesterol concentrations were calculated by the Friedewald equation.26

Outcomes
Annual telephone interviews were conducted with participants or
their proxies to ask about interval death or hospitalization. For any
reported event, medical records, electrocardiograms, death certificates, autopsy, and coroner’s reports were obtained and reviewed by
2 independent and blinded adjudicators. If the adjudicators agreed on
the outcome classification, their classification was binding. If they
disagreed, they conferred, reconsidered their classification, and
requested consultation from a third blinded adjudicator as necessary
to obtain consensus.
Cardiovascular events were defined as CHD death, nonfatal
myocardial infarction, or stroke. CHD death was defined as (1) death
during the same hospitalization in which an acute myocardial
infarction was documented or (2) death not explained by other causes
and that occurred within 1 hour of the onset of terminal symptoms.
Nonfatal myocardial infarction was defined by the American Heart
Association diagnostic cretiria.27 Stroke was defined as a new
neurological deficit not known to be secondary to brain trauma,
tumor, infection, or other cause.28
CHF was defined as hospitalization for a clinical syndrome
involving at least 2 of the following: paroxysmal nocturnal dyspnea,
orthopnea, elevated jugular venous pressure, pulmonary rales, third
heart sound, and cardiomegaly or pulmonary edema on chest
radiography.29 These clinical signs and symptoms must have represented a clear change from the normal clinical status of the
participant and must have been accompanied by either decreased
cardiac output as determined by peripheral hypoperfusion (in the
absence of other causes such as sepsis or dehydration) or peripheral
or pulmonary edema requiring intravenous diuretics, inotropic
agents, or vasodilator therapy. Supportive documentation of reduced
cardiac output, elevated pulmonary capillary wedge pressure, decreased oxygen saturation, and end-organ hypoperfusion was assessed, when available.
All-cause mortality was determined by review of death
certificates.

Statistical Analysis
Because age-, sex-, and race-specific normal ranges for serum
cystatin C have not been established, we categorized cystatin C into
quartile groups. Differences in baseline characteristics were compared with the use of ANOVA or the Kruskal-Wallis test for
continuous variables and the 2 test or Fisher exact test for categorical variables, as appropriate. Cox proportional hazards models
evaluated whether cystatin C quartile groups were associated with
time to each of the 3 outcome measures. Covariates for adjustment
included important demographics (age, sex, race), traditional cardiovascular risk factors (age, sex, diabetes mellitus, hypertension,
history of prior myocardial infarction, tobacco use, body mass index,
high-density lipoprotein, and C-reactive protein), and variables
previously associated with elevated cystatin C concentrations (age,
sex, body mass index, tobacco use, and C-reactive protein).14 For
incident CHF, we excluded participants with a self-reported history
of heart failure at inception (n⫽174), resulting in a sample size of
816 participants for this outcome. Multiplicative interaction terms
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Baseline Characteristics of Participants by Cystatin C Quartiles
Cystatin C Quartiles

Cut points, mg/L
N

I

II

III

IV

P

ⱕ0.91

0.92 to 1.05

1.06 to 1.29

ⱖ1.30

䡠䡠䡠

239

248

262

241

䡠䡠䡠

Demographics
Age, y, mean⫾SD

61⫾10

65⫾9

69⫾10

71⫾11

⬍0.001

Male sex

171 (72)

203 (82)

226 (86)

206 (85)

⬍0.001

Race

䡠䡠䡠
121 (51)

䡠䡠䡠
149 (60)

䡠䡠䡠
174 (66)

䡠䡠䡠
153 (63)

0.01

White
Black

53 (22)

43 (17)

30 (11)

34 (14)

䡠䡠䡠

Other

65 (27)

54 (22)

58 (22)

54 (22)

䡠䡠䡠

䡠䡠䡠

Medical history
56 (24)

62 (25)

54 (21)

88 (37)

⬍0.001

Hypertension

154 (65)

165 (67)

186 (72)

190 (79)

0.004

Myocardial infarction

115 (49)

132 (54)

133 (51)

149 (62)

0.02

Coronary revascularization

Diabetes mellitus

111 (47)

147 (61)

158 (61)

156 (65)

⬍0.001

CHF

28 (12)

37 (15)

43 (17)

66 (27)

⬍0.001

Stroke

27 (11)

34 (14)

33 (13)

44 (18)

0.15

Tobacco use

49 (21)

45 (18)

58 (22)

44 (18)

0.62

Measurements
Body mass index, kg/m2, mean⫾SD

28⫾5

28⫾5

28⫾5

28⫾5

0.83

LDL cholesterol, mg/dL, mean⫾SD

107⫾34

103⫾32

106⫾32

101⫾37

0.21

HDL cholesterol, mg/dL, mean⫾SD

49⫾15

46⫾14

45⫾13

43⫾13

⬍0.001

Triglycerides, mg/dL*

103 (69, 154)

100 (68, 150)

122 (79, 169)

114 (78, 178)

0.002

C-reactive protein, mg/dL*

1.6 (0.6, 3.8)

1.7 (0.7, 3.6)

2.4 (1.1, 5.3)

3.2 (1.5, 7.4)

⬍0.001

Values are number (%) unless indicated otherwise. LDL indicates low-density lipoprotein; HDL, high-density lipoprotein.
*Median (quartile 1, quartile 3).

were created to evaluate the effect modification of the association of
cystatin C with each outcome by the presence or absence of
microalbuminuria and low estimated GFR. Stratified analyses were
conducted to determine whether the association of cystatin with
cardiovascular outcomes differed by microalbuminuria or estimated
GFR categories.
Proportional hazards assumptions were assessed by visually inspecting log-minus-log plots and plots of Schoenfeld residuals versus
survival time for the association of cystatin C with each outcome
variable. We found no evidence that the proportionality assumption
was violated. Two-tailed probability values ⬍0.05 were considered
statistically significant. Analyses were performed with the use of
Stata statistical software, version 9 (College Station, Tex).
The authors had full access to the data and take responsibility for
the integrity of the data. All authors have read and agree to the
manuscript as written.

lower high-density lipoprotein cholesterol, whereas lowdensity lipoprotein cholesterol concentrations were not significantly different across quartiles. Persons with higher
cystatin C also had higher C-reactive protein concentrations.
Among the 990 study participants, there were 132 deaths
(13%) after 40 530 patient-months of follow-up (median, 37
months). Six participants (0.6%) were lost to follow-up.
Among the high cystatin C quartile (IV), there was a 9.4%
annual mortality rate compared with 1.5% in the lowest
quartile (I) (Figure 1). After multivariable adjustment, participants in quartile IV had a ⬎3-fold mortality hazard compared with quartile I. The mortality hazards for quartiles II
and III were similar to those for quartile I (Table 2).

Results
The mean age of the 990 study participants was 67 years,
82% were male, 61% were white, 51% had a history of
myocardial infarction, 24% had diabetes, and 69% had
hypertension. The mean cystatin C concentration was
1.20⫾0.56 mg/L, and mean estimated GFR was 77⫾23
mL/min per 1.73 m2. Associations of baseline characteristics
by cystatin C quartiles are shown in Table 1. Participants with
higher cystatin C were older and more likely to be male, to be
white, and to have comorbid medical conditions. Persons
with higher cystatin C also had higher serum triglycerides and

Figure 1. Probability value for trend ⬍0.001 for each outcome.
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Association of Cystatin C Quartiles With All-Cause Mortality, Cardiovascular Events, and Incident Heart Failure
Cystatin C Quartiles
I
No. of Events

All-cause mortality

12

Unadjusted

䡠䡠䡠

Adjusted*

䡠䡠䡠
14

Cardiovascular events
Unadjusted

䡠䡠䡠

Adjusted*

䡠䡠䡠
6

Incident heart failure

HR

II
95% CI

No. of Events

䡠䡠䡠
1.0

䡠䡠䡠
Reference

18

1.0

Reference

䡠䡠䡠
1.0

䡠䡠䡠
Reference

1.0

Reference
䡠䡠䡠
Reference
Reference

Unadjusted

䡠䡠䡠

䡠䡠䡠
1.0

Adjusted*

䡠䡠䡠

1.0

95% CI

No. of Events

䡠䡠䡠
1.3

䡠䡠䡠
0.6 to 2.8

29

䡠䡠䡠
17

1.2

0.6 to 2.5

䡠䡠䡠

1.2

䡠䡠䡠
0.6 to 2.4

䡠䡠䡠
7

1.0

0.5 to 2.0

䡠䡠䡠

1.1

䡠䡠䡠
0.4 to 3.1

䡠䡠䡠

0.7

0.2 to 2.2

䡠䡠䡠

HR

III
95% CI

No. of Events

䡠䡠䡠
1.9

䡠䡠䡠
1.0 to 3.7

73

1.4

0.7 to 2.9

䡠䡠䡠
1.5

䡠䡠䡠
0.8 to 2.9

1.1

0.5 to 2.2

䡠䡠䡠

䡠䡠䡠
1.4

䡠䡠䡠
0.5 to 4.0

䡠䡠䡠

0.8

0.3 to 2.4

䡠䡠䡠
䡠䡠䡠
23
䡠䡠䡠
䡠䡠䡠
9

HR

IV
HR

95% CI

P for Trend

䡠䡠䡠

5.7

䡠䡠䡠
3.1 to 10.5

䡠䡠䡠
⬍0.001

䡠䡠䡠
47

3.6

1.8 to 7.0

⬍0.001

䡠䡠䡠

3.8

䡠䡠䡠
2.1 to 6.9

䡠䡠䡠
⬍0.001

䡠䡠䡠
35

2.0

1.0 to 3.8

0.04

䡠䡠䡠

6.1

䡠䡠䡠
2.5 to 14.5

䡠䡠䡠
0.001

䡠䡠䡠

2.6

1.0 to 6.9

0.05

HR indicates hazard ratio.
*Adjusted for age, sex, black race, diabetes, hypertension, prior myocardial infarction, tobacco use, body mass index, high-density lipoprotein, and C-reactive
protein.

Among the study cohort, 101 cardiovascular events occurred. Of these, 13 were CHD deaths, 70 were nonfatal
myocardial infarctions, and 18 were strokes. The high cystatin C quartile experienced a 7% annual cardiovascular event
rate compared with 2% among the low cystatin C quartile
(Figure 1). After multivariable adjustment, participants in
quartile IV had a 2-fold higher cardiovascular event hazard
compared with quartile I, but no significant differences were
observed among the lower 3 quartiles (Table 2).
When CHD death, nonfatal myocardial infarction, and
stroke were evaluated as individual outcome measures, the
relative hazards for participants in quartile IV compared with
quartile I were 5.8 (95% CI, 0.6 to 51.3) for CHD death, 2.0
(95% CI, 0.9 to 4.3) for nonfatal myocardial infarction, and
1.1 (95% CI, 0.4 to 3.6) for stroke.
Among the 816 participants without a prior history of CHF,
there were 57 hospitalizations for incident CHF during
32 078 patient-months of follow-up (median, 36 months).
Participants in quartile IV experienced a 6% annual incidence
rate of CHF compared with 1% in quartile I (Figure 1). After
multivariable adjustment, participants in the highest cystatin
C quartile had a ⬎2-fold higher incident CHF hazard compared with the lowest quartile. There was no statistically
significant difference in CHF hazards among the lowest 3
quartiles (Table 2).
Serum cystatin C concentrations were highly correlated
with estimated GFR and, to a lesser degree, with albuminuria
(Spearman rank correlation r⫽0.74 and 0.23, respectively).
There was substantial overlap, however, such that among
participants with serum cystatin C concentrations in the
highest quartile (ⱖ1.30 mg/L), 25% had estimated GFR ⬎60
mL/min per 1.73 m2, and 67% did not have microalbuminuria
(Figure 2). We evaluated whether the event risks associated
with elevated cystatin C differed among participants with low
versus higher estimated GFR and present versus absent
microalbuminuria. Because the highest quartile of cystatin C
was associated with substantially higher risk for all outcomes,
we dichotomized participants at the highest cystatin C quartile (serum cystatin C ⱖ1.3 versus ⬍1.3 mg/L) to enhance
power for subgroup analyses.

Risk of each adverse clinical outcome associated with a
cystatin C concentration ⱖ1.3 mg/L was similar among
persons with or without a low estimated GFR and with or
without microalbuminuria (Table 3). Probability values for
interaction were all ⬎0.35 with the exception of the association of high cystatin C with cardiovascular events, in which
substantially greater risk was observed in the subgroup with
low estimated GFR (P for interaction⫽0.04).

Discussion
In the present study, we demonstrate that higher serum
cystatin C concentrations predict all-cause mortality, cardiovascular events, and incident heart failure independent of
traditional cardiovascular risk factors among ambulatory
persons with CHD. Moreover, we found that a substantial
proportion of persons with cystatin C concentrations in the
highest quartile of our study sample did not have an estimated
GFR ⱕ60 mL/min per 1.73 m2 or microalbuminuria. High
cystatin C level had similar predictive value for adverse
clinical outcomes among persons with or without low estimated GFR or microalbuminuria.
Observational studies have previously demonstrated that
mild to moderate kidney disease independently predicts
all-cause mortality and cardiovascular events among persons
with prevalent CHD,3,30,31 and the increased risk may be
observed with moderate decrements in GFR.2,16 Detection of
mild kidney disease in routine clinical practice is problematic,
however. Serum creatinine concentrations4 – 6 and the Modification of Diet and Renal Disease study formula27,32 are both
insensitive to mild decrements in kidney function. Whereas
measured creatinine clearance by timed urine collection may
be more sensitive, this test is fraught with inaccuracy and is
no longer recommended to routinely assess kidney function
in the ambulatory setting.22 Because cystatin C is sensitive to
mild decrements of GFR and may not be affected by age, sex,
and muscle mass, it may have clinical utility in accurately
detecting mild kidney disease among ambulatory persons.8,9,32 We hypothesized that it might also allow more
accurate cardiovascular risk prediction among persons with
CHD.
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Figure 2. Distribution of estimated GFR
(A) and albumin-to-creatinine ratio (B)
among the 241 study participants with
cystatin C concentrations within the
highest quartile of the study sample
(ⱖ1.3 mg/L). Light bars represent participants with estimated GFR ⬎60 mL/min
per 1.73 m2 (A) or without microalbuminuria (B) despite cystatin C concentrations
among the highest quartile of the study
sample.

In the present study, we demonstrate that among persons
with cystatin C concentrations in the highest quartile of our
cohort (⬎1.3 mg/L), one fourth had estimated GFR ⬎60
mL/min per 1.73 m2, and two thirds had no microalbuminuria.
These participants were demonstrated to have increased risks
for adverse clinical outcomes, and the relative hazards were
similarly increased among persons with or without low
estimated GFR or microalbuminuria. These results demonstrate that the risk of adverse events attributable to kidney
disease is not completely captured by estimates of kidney
function routinely used in clinical practice. More accurate
characterization of kidney function in persons with CHD
could allow targeted therapies that might improve prognosis
and limit use of tests or procedures that have high risk for
acute renal failure and associated consequences.
Although previous studies demonstrate that cystatin C
predicts all-cause mortality,15–17 cardiovascular events,16 and
incident CHF18 among elderly ambulatory cohorts predominantly without CHD, the predictive value of cystatin C among
outpatients with prevalent CHD has not been studied extensively. Jernberg and colleagues33 determined that elevated
cystatin C was associated with mortality among persons
hospitalized with acute coronary syndrome, and Koenig and
colleagues34 demonstrated that elevated cystatin C predicted
second cardiovascular events among a cohort participating in
an in-hospital rehabilitation program shortly after acute myocardial infarction or coronary revascularization. Our present
study adds to the existing literature by demonstrating that

cystatin C concentrations predict not only cardiovascular
events but also mortality and incident heart failure among
ambulatory persons with CHD.
Among the strengths of the present study are measurements of multiple potential confounding variables and availability of albuminuria measurement among an ambulatory
cohort with CHD. Several limitations should be considered
when our results are interpreted, however. Although 2
blinded adjudicators reviewed all medical records, the diagnosis of cardiovascular events and incident CHF may be
subject to misclassification. Any misclassification should
have biased our results toward the null and should not have
been influenced by serum cystatin C concentrations. We
cannot exclude the possibility of residual confounding. However, any unmeasured confounder would need to be highly
prevalent in our cohort and strongly associated with cystatin
C and each outcome measure to explain the relatively large
hazard ratios we observed in the present study. The number of
outcome events within each quartile was relatively small;
therefore, these findings should be confirmed in future
studies. For the cardiovascular events and incident heart
failure outcomes, the number of covariates included in
multivariable models was ⬎1 for each 10 outcome events.
Therefore, it remains possible that the models were overfitted. Finally, the present study participants were elderly and
predominantly male. Therefore, our results may not be
generalizable to younger or female patients.
In conclusion, we found that higher serum cystatin C
concentrations were associated with all-cause mortality, car-
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TABLE 3. Adjusted Associations of High Cystatin* With
Mortality, Cardiovascular Events, and Heart Failure by Strata of
Estimated GFR and Microalbuminuria
High Cystatin,
n (%)

Outcome

Hazard Ratio
(95% CI)

P for
Interaction

All-cause mortality†
Low estimated GFR‡

183 (69)

3.6 (1.5 to 8.7)

0.36

Higher estimated GFR

58 (8)

2.5 (1.4 to 4.4)

Microalbuminuria§

79 (54)

3.0 (1.1 to 8.0)

䡠䡠䡠
0.74

126 (19)

2.4 (1.5 to 3.9)

䡠䡠䡠

183 (69)

4.8 (1.4 to 15.9)

0.04

No microalbuminuria
Cardiovascular events†
Low estimated GFR‡
Higher estimated GFR

58 (8)

1.1 (0.5 to 2.4)

Microalbuminuria§

79 (54)

1.1 (0.5 to 2.6)

䡠䡠䡠
0.81

126 (19)

1.5 (0.8 to 2.8)

䡠䡠䡠

No microalbuminuria
Incident heart failure†
Low estimated GFR‡

150 (74)

3.2 (0.9 to 11.3)

0.95

Higher estimated GFR

51 (8)

1.7 (0.6 to 4.6)

Microalbuminuria§

57 (54)

3.2 (0.9 to 11.0)

䡠䡠䡠
0.36

114 (21)

1.0 (0.4 to 2.6)

No microalbuminuria

䡠䡠䡠
*Compares highest quartile (ⱖ1.3 mg/L) with lower 3 quartiles.
†Adjusted for age, sex, black race, diabetes, hypertension, prior myocardial
infarction, tobacco use, body mass index, high-density lipoprotein, and
C-reactive protein.
‡Estimated GFR ⱕ60 mL/min per 1.73 m2.
§Albumin-to-creatinine ratio ⱖ30 mg/g.

diovascular events, and incident CHF among ambulatory
persons with CHD. Moreover, higher cystatin C concentrations predicted increased risk of these adverse clinical outcomes even among persons without microalbuminuria or low
estimated GFR. If confirmed in future studies, serum cystatin
C measurement may prove to be useful for the prediction of
cardiovascular events among persons with coronary heart
disease.
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CLINICAL PERSPECTIVE
Previous epidemiological studies have demonstrated associations of moderate kidney disease with mortality, cardiovascular
events, and heart failure among diverse populations. However, studies evaluating whether milder kidney disease is
associated with these adverse outcomes have been limited by the use of serum creatinine and associated estimating
equations because they are insensitive to mild decrements in glomerular filtration rate. Cystatin C is a novel endogenous
biomarker of kidney function that may be more sensitive to mild decrements in glomerular filtration rate. Whether cystatin
C concentrations are associated with adverse clinical events among persons with coronary heart disease has not been
studied extensively. In the present study, we demonstrate that higher cystatin C concentrations are associated with
mortality, cardiovascular events, and incident heart failure, independent of traditional cardiovascular risk factors, among
990 persons with coronary heart disease. Higher cystatin C concentrations predicted these outcomes whether or not
participants had low estimated glomerular filtration rate or microalbuminuria. If confirmed in future studies, cystatin C may
have clinical utility in identifying persons at high risk for adverse outcomes among populations with coronary heart disease.

