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ABSTRACT

BACKGROUND

Cystatin C is a serum measure of renal function that appears to be independent of
age, sex, and lean muscle mass. We compared creatinine and cystatin C levels as pre-
dictors of mortality from cardiovascular causes and from all causes in the Cardiovas-
cular Health Study, a cohort study of elderly persons living in the community.

METHODS

Creatinine and cystatin C were measured in serum samples collected from 4637 partic-
ipants at the study visit in 1992 or 1993; follow-up continued until June 30, 2001. For
each measure, the study population was divided into quintiles, with the fifth quintile
subdivided into thirds (designated 5a, 5b, and 5c).

RESULTS

Higher cystatin C levels were directly associated, in a dose-response manner, with a
higher risk of death from all causes. As compared with the first quintile, the hazard ra-
tios (and 95 percent confidence intervals) for death were as follows: second quintile,
1.08 (0.86 to 1.35); third quintile, 1.23 (1.00 to 1.53); fourth quintile, 1.34 (1.09 to
1.66); quintile 5a, 1.77 (1.34 to 2.26); 5b, 2.18 (1.72 to 2.78); and 5c, 2.58 (2.03 to
3.27). In contrast, the association of creatinine categories with mortality from all
causes appeared to beJ-shaped. As compared with the two lowest quintiles combined
(cystatin C level, <0.99 mg per liter), the highest quintile of cystatin C (>1.29 mg per li-
ter) was associated with a significantly elevated risk of death from cardiovascular caus-
es (hazard ratio, 2.27 [1.73 to 2.97]), myocardial infarction (hazard ratio, 1.48 [1.08 to
2.02]), and stroke (hazard ratio, 1.47 [ 1.09 to 1.96]) after multivariate adjustment. The
fifth quintile of creatinine, as compared with the first quintile, was not independently
associated with any of these three outcomes.

CONCLUSIONS
Cystatin C, a serum measure of renal function, is a stronger predictor of the risk of
death and cardiovascular events in elderly persons than is creatinine.
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HE PRESENCE OF RENAL DYSFUNCTION
in elderly persons has been associated with
an increased risk of death among healthy
persons in outpatient care»2 and among those
with several clinical factors, including heart failure,3
acute hospitalization,* inpatient surgery,>° and
acute myocardial infarction.”-8 However, the pri-
mary clinical tool for measuring renal function,
the serum creatinine level, is insensitive for the de-
tection of moderate reductions in renal function
and is affected by factors unrelated to renal func-
tion, such as age, sex, race, and lean muscle mass.
Creatinine-based equations to estimate the glomer-
ular filtration rate (GFR) have been derived to com-
pensate for these nonrenal influences on the re-
lationship between creatinine and GFR, but their
precision when applied to elderly patients is un-
clear.o-11
Cystatin C is a cysteine protease inhibitor pro-
duced by nearly all human cells and excreted into
the bloodstream. At a molecular weight of 13 kD,
the protein is freely filtered by the renal glomer-
ulus and then metabolized by the proximal tu-
bule.12:13 Given its reported superiority over cre-
atinine as a proxy for GFR, we hypothesized that
cystatin C would be a stronger and more linear pre-
dictor of the risk of illness and death among elderly
persons than either the serum creatinine level or
the estimated GFR.14 To that end, we compared the
associations of cystatin C, creatinine, and the es-
timated GFR with the risk of cardiovascular events
and death in a population-based cohort study of
elderly adults.

METHODS

STUDY DESIGN

The Cardiovascular Heath Study (CHS) is a commu-
nity-based, longitudinal study of adults who were
65 years of age or older at the study’s inception. Its
main purpose is to evaluate risk factors for the de-
velopment and progression of cardiovascular dis-
ease in elderly persons.15 The study recruited par-
ticipants from Medicare eligibility lists in Forsyth
County, North Carolina; Sacramento County, Cal-
ifornia; Washington County, Maryland; and the city
of Pittsburgh. To be eligible, persons had to be at
least 65 years of age, not institutionalized (i.e., liv-
ing in the community), expected to remain in the
current community for three years or longer, and
not under active treatment for cancer, and be able
to provide written informed consent without the

need for a proxy respondent. The initial 5201 par-
ticipants were enrolled from January 1989 to June
1990; an additional 687 black participants (with
race self-reported) were recruited and enrolled by
June 1993. The study design, quality-control pro-
cedures, laboratory methods, and procedures for
blood-pressure measurement have been published
previously.15:16

This analysis includes all 4637 participants who
attended the annual study visitin 1992 or 1993 and
for whom serum was available for measurement of
creatinine and cystatin C. Creatinine measurements
were performed in proximity to the 1992-1993 vis-
it, whereas cystatin C was measured in 2003 using
frozen serum. Follow-up for events continued un-
til June 30, 2001 (median follow-up, 7.4 years; max-
imum, 8.1).

RENAL-FUNCTION ASSAYS

All assays were performed in serum specimens
that had been obtained from participants after a
fast and were stored at —70°C. Cystatin C was mea-
sured by means of a particle-enhanced immuno-
nephelometric assay (N Latex Cystatin C, Dade Beh-
ring) with a nephelometer (BNII, Dade Behring).1?
Among 61 healthy persons with three cystatin C
measurements during a six-month period, the in-
traindividual coefficient of variation was 7.7 percent,
reflecting the long-term stability of the cystatin C
level. The range of detection of the assay is 0.195
to 7.330 mg per liter, with the reference range for
young, healthy persons reported as 0.53 to 0.95 mg
per liter. The assay remained stable, with no change
in the values measured, over five cycles of freezing
and thawing.

Serum creatinine was measured by a colorimet-
ric method (Ektachem 700, Eastman Kodak). The
mean coefficient of variation for monthly controls
was 1.94 percent (range, 1.16 to 3.90). We estimat-
ed the GFR with the use of the four-variable ver-
sion of the Modification of Diet in Renal Disease
(MDRD) equation.918

MULTIVARIATE ADJUSTMENT

Information on characteristics that might con-
found the association of renal function with the
risk of cardiovascular events and death was ob-
tained from the records of the 1992-1993 visit.
These included the demographic factors age, sex,
and race (self-reported); the cardiovascular risk
factors body-mass index (BMI, the weight in kilo-
grams divided by the square of the height in meters),
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smoking status (current smoker vs. former smoker
or never smoked), presence or absence of diabetes
(defined by a history of diabetes, use of a hypogly-
cemic agent or insulin, or a fasting glucose level of
126 mg per deciliter [6.99 mmol per liter] or
higher), presence or absence of hypertension (de-
fined by an average systolic blood pressure, mea-
sured with the participant seated, 0of 140/90 mm Hg
or higher or a history of treated hypertension), low-
density lipoprotein (LDL) and high-density lipopro-
tein (HDL) cholesterol levels, and left ventricular
hypertrophy as detected on electrocardiography;
the inflammatory factors C-reactive protein level,
fibrinogen level, leukocyte count, and albumin
level; the hemoglobin level; the presence or ab-
sence of clinical disease (a history of myocardial in-
farction, heart failure, stroke, chronic obstructive
pulmonary disease, or cancer); and self-reported
health status (fair or poor vs. good, very good, or
excellent).

OUTCOMES
Follow-up visits were conducted by telephone ev-
ery six months and in person annually. All events
were adjudicated by a CHS outcome-assessment
committee. Participants with a history of myocar-
dial infarction or stroke were excluded from the
analyses of the incidence of events. Myocardial in-
farction was ascertained from hospital records
and was indicated by a clinical history of cardiac
symptoms, elevated cardiac enzyme levels, and seri-
al electrocardiographic changes.1® Cases of possi-
ble stroke were adjudicated by a committee of neu-
rologists, neuroradiologists, and internists on the
basis of interviews with patients, medical records,
and brain imaging studies.2° Deaths were identi-
fied by a review of obituaries, medical records, death
certificates, and the Centers for Medicare and Med-
icaid Services health care—utilization database for
hospitalizations and from household contacts; 100
percent complete follow-up for ascertainment of
mortality status was achieved. Death from cardio-
vascular causes was defined as death caused by cor-
onary heart disease, heart failure, peripheral vascu-
lar disease, or cerebrovascular disease.2?

STATISTICAL ANALYSIS

To evaluate the association of each renal measure-
ment with the outcomes, we initially created quin-
tiles of the study population according to cystatin C
and creatinine levels and estimated GFR. Because
creatinine levels differ substantially between men

and women, we used sex-specific quintiles for cre-
atinine so as to equalize the distribution of men and
women.! A previous study from the CHS found sub-
stantial increases in the risk of death only for per-
sons with creatinine levels greater than 1.5 mg per
deciliter (133 pmol per liter) — which corresponds
to the highest 6 percent of the cohort?; therefore,
we subdivided the fifth quintile of each measure
into thirds. These subdivisions of the fifth quintile
for each measurement were designated 5a (the low-
est third), 5b (the middle third), and 5c (the highest
third). For cystatin C and creatinine, the fifth quin-
tile was made up of the participants with the high-
estvalues. For estimated GFR, because lower values
are associated with worse renal function, the fifth
quintile comprised the participants with the lowest
values.

We began our analysis by examining the distri-
bution of the adjustment variables, listed above,
according to the quintile of cystatin C. The annual
risk for each outcome was determined for each of
the seven levels of the measures of renal function.
To evaluate the joint effects of cystatin C and creat-
inine on mortality, we also cross-tabulated quintiles
of both measures and determined the annual risk
within each of the 25 resulting categories.

We used Cox proportional-hazards models to
evaluate the association of each measure of renal
function, categorized in the seven subgroups, with
each outcome. Covariates were identified with use
of'a model that included cystatin C as a continuous
predictor of each outcome; each candidate variable
was entered separately, and variables that changed
the parameter estimate (beta coefficient) of cysta-
tin C by 5 percent or more were retained in the final
model. For each outcome, the same covariates were
entered into the models for the categories of cys-
tatin C, creatinine, and estimated GFR. For the out-
come of death, we determined the population at-
tributable risk for cystatin C and compared it with
those for the other significant predictors in the final
model. Predictors that were on a continuous scale
were dichotomized by using the fifth quintile as a
cutoff point. S-Plus software (version 6.1, Insight-
ful) and SPSS statistical software (version 12.0.0)
were used for the analyses.

This study was designed by Drs. Shlipak, Katz,
Fried, Siscovick, and Stehman-Breen. Drs. Shlipak,
Katz, and Siscovick vouch for the data and the analy-
sis. The manuscript was written solely by the listed
authors. The CHS was approved by the institution-
al review boards of the University of Washington
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and the affiliated clinical centers; these analyses
were approved by the Committee on Human Re-
search of the University of California, San Francisco.
All participants gave written informed consent for
enrollment and follow-up in CHS and for the fu-
ture use of biologic specimens.

RESULTS

CHARACTERISTICS ASSOCIATED WITH CYSTATIN C
Participants with the highest cystatin C levels were
older and more likely to be male, but less likely to

be black, than participants with lower cystatin C
levels (Table 1). Nearly all of the coexisting con-
ditions we assessed were more prevalent among
those with elevated levels of cystatin C, who also had
a greater waist-to-hip ratio, higher leukocyte count,
and higher C-reactive protein levels and lower lev-
els of HDL cholesterol and hemoglobin (Table 1).
In contrast, the prevalence of current smoking did
not vary significantly among the quintiles of cys-
tatin C; in addition, among current smokers the
mean number of cigarettes smoked per day was sim-
ilar among the cystatin C quintiles, ranging from
12 to 15 (P for trend=0.09).

Table 1. Baseline Characteristics of Elderly Participants in the Cardiovascular Health Study, According to Quintiles of Cystatin C.*

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P Value

(<0.89 mg (0.90-0.99 mg (1.00-1.10 mg (1.11-1.28 mg (z1.29 mg  forLinear
Characteristic per liter) per liter) per liter) per liter) per liter) Trend
No. of participants 942 892 943 947 913
Age —yr 73+4 7414 74+5 765 786 <0.001
Male sex — no. (%) 282 (30) 334 (37) 411 (44) 451 (48) 455 (50) <0.001
Black race — no. (%) 276 (29) 174 (20) 129 (14) 116 (12) 107 (12) <0.001
Hypertension — no. (%) 505 (54) 477 (53) 498 (53) 557 (59) 596 (65) <0.001
Diabetes — no. (%) 162 (17) 113 (13) 119 (13) 147 (16) 175 (19) 0.08
Current smoker — no. (%) 78 (8) 92 (10) 83 (9) 101 (11) 96 (11) 0.12
Weight — kg 70+14 72+14 73+14 75+16 74+15 <0.001
Waist-to-hip ratio 0.93+0.08 0.94+0.08 0.95+0.07 0.96+0.07 0.96+0.07 <0.001
HDL cholesterol — mg/d| 59+15 55+15 54+13 50+13 48+13 <0.001
LDL cholesterol — mg/d| 128+33 128+32 127+33 128+35 125+35 0.07
Albumin — mg/dl 4.0+0.3 3.9+0.3 3.9+0.3 3.9£0.2 3.9+0.3 <0.001
Leukocyte count — per mm3 5900+1700 62001600 62001800 65001900 7200+6200 <0.001
Hemoglobin — mg/dI 13.7£1.5 13.7£1.3 13.9+1.3 13.8+1.4 13.3x1.5 <0.001
C-reactive protein — log 0.8+1.1 0.9+1.1 0.9+1.1 1.1£1.1 1.4x1.2 <0.001
Fibrinogen — mg/dl 318164 32063 324163 335468 353+80 <0.001
Self-reported health fair or poor — no. (%) 171 (18) 159 (18) 163 (17) 198 (21) 275 (30) <0.001
Left ventricular hypertrophy — no. (%) 41 (4) 32 (4) 40 (4) 53 (6) 70 (8) <0.001
History of Ml — no. (%) 59 (6) 63 (7) 77 (8) 105 (11) 164 (18) <0.001
History of stroke or TIA— no. (%) 32 (3) 28 (3) 39 (4) 43 (5) 107 (12) <0.001
History of CHF — no. (%) 23 (2) 33 (4) 26 (3) 58 (6) 127 (14) <0.001
History of cancer — no. (%) 116 (12) 106 (12) 111 (12) 140 (15) 155 (17) <0.001
COPD at baseline visit — no. (%) 113 (12) 128 (14) 106 (11) 109 (12) 106 (12) 0.32
Estimated GFR — ml/min/1.73 m? 88+18 79+14 7212 66+12 52+14 <0.001
Creatinine — mg/d| 0.81+0.16 0.90+0.17 0.97+0.17 1.06+0.20 1.38+0.69 <0.001
Cystatin C — mg/liter 0.81+0.07 0.95+0.03 1.05+0.03 1.18+0.05 1.61+0.48 <0.001

* Plus—minus values are means +SD. HDL denotes high-density lipoprotein, LDL low-density lipoprotein, MI myocardial infarction, TIA tran-

sient ischemic attack, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, and GFR glomerular filtration rate. To con-
vert values for HDL and LDL cholesterol to millimoles per liter, multiply by 0.0259; to convert values for fibrinogen to micromoles per liter, multi-
ply by 0.0294; to convert values for creatinine to micromoles per liter, multiply by 88.4. C-reactive protein was measured in milligrams per liter.
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CORRELATION AMONG MEASURES

OF RENAL FUNCTION

Overall, the cystatin C level had a strong, direct cor-
relation with the creatinine level (r=0.79, P<0.001)
and an inverse correlation with the estimated GFR
(r=-0.63, P<0.001). However, correlations strat-
ified according to the quintile of creatinine were
somewhat weak, except in the fifth quintile (corre-
lation coefficients: first quintile, 0.18; second quin-
tile, 0.23; third quintile, 0.29; fourth quintile, 0.23;
and fifth quintile, 0.80 [P<0.001 for all quintiles]).
Correlations of estimated GFR values and cystatin
C levels also varied markedly, with stratification
according to the quintile of estimated GFR (first
through fifth quintiles, —0.31 [P<0.001], —0.09 [P=
0.0006], —0.06 [P=0.08],—-0.13 [P<0.001], and —0.75
[P<0.001)).

RISK OF DEATH FROM ALL CAUSES

The incidence of death from all causes was deter-
mined for each of the seven categories of cystatin C,
creatinine, and estimated GFR, revealing substan-
tive differences (Fig. 1). The cystatin C categories
were nearly linearly associated with the risk of death.
In contrast, creatinine and estimated GFR appeared
to have J-shaped associations with the risk of death.
We found no interactions of cystatin C levels with
age, sex, race, or BMI; in contrast, creatinine lev-
els had significant interactions with each of these
covariates (P<0.001).

To explore the joint effects of cystatin C and cre-
atinine in predicting mortality, we determined the
incidence of death within each of the 25 subgroups
defined by quintiles of cystatin C and creatinine
(Fig. 2). Within each quintile of creatinine, increas-
ing levels of cystatin C were associated with in-
creased mortality.

After multivariate analysis, the first and second
quintiles of cystatin C had a similar mortality rate,
the third and fourth quintiles were associated with
significantly, albeit moderately, increased risk, and
all three subgroups of the fifth quintile were asso-
ciated with roughly a doubling of mortality (Table
2). Among the predictors of mortality that were re-
tained in the final model, the highest quintile of
cystatin C was associated with the greatest popula-
tion attributable risk (12.7 percent), followed by
fair or poor self-reported health status (10.6 per-
cent) and the presence of diabetes (7.4 percent).

For creatinine, the J-shaped association with
mortality persisted in the multivariate analyses, and
only the highest creatinine subgroup (5c, account-
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Figure 1. Mortality from All Causes According to Quintile of Measures

For cystatin C, creatinine, and estimated glomerular filtration rate (GFR), the fifth
quintile was subdivided into three roughly equal groups, labeled 5a, 5b, and 5c.
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01 0Oz O3 @4 WS
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i
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Figure 2. Mortality from All Causes According to Quintile of Both Cystatin C

Participants in the Cardiovascular Health Study were divided into 25 subgroups
defined according to quintiles of both creatinine and cystatin C. Within each
quintile of creatinine, higher quintiles of cystatin C appeared to be associated
with increased mortality. Conversely, within each quintile of cystatin C, the
lowest creatinine quintile appeared to have the greatest risk of death.

ing for 7 percent of the cohort) had a significantly
increased risk of death as compared with the risk in
the lowest quintile. Only the two subgroups with
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CYSTATIN C AND CARDIOVASCULAR RISK

the lowest estimated GER levels (5b and 5c) had a
significantly increased risk of death in adjusted
analyses.

RISK OF CARDIOVASCULAR EVENTS

The association of cystatin C with mortality from
cardiovascular causes was even stronger than its
association with mortality from all causes (Table 2).
As compared with the first quintile in the adjusted
analysis, the second quintile had a similar risk, quin-
tiles 3 and 4 had approximately a doubled risk, and
the subgroups of the fifth quintile had nearly a
tripled risk. None of the creatinine subgroups
were at significantly increased risk in the adjusted
analysis, and only the subgroup with the lowest es-
timated GFR values was at increased risk.

The associations of cystatin C with newly diag-
nosed myocardial infarction and stroke were less
strong than was the case for the mortality outcomes.
In unadjusted analysis, a significant increase in the
risk of myocardial infarction was observed for all
subgroups of cystatin C above the second quintile.
However, in adjusted analysis, only the subgroup
with the highest values (5c) was at significantly in-
creased risk for myocardial infarction. Creatinine
and estimated GFR subgroups had no significantas-
sociation with myocardial infarction in either unad-
justed or adjusted analyses. In an unadjusted analy-
sis of newly diagnosed stroke, the fifth cystatin C
quintile had twice the risk of the lowest quintile. Af-
ter multivariate adjustment, the highest two sub-
groups of the fifth quintile remained at significant-
ly increased risk. In unadjusted analysis, the one or
two subgroups of creatinine and estimated GFR that
indicated the worst renal function were associated
with the risk of stroke; however, no significant asso-
ciations remained after multivariate adjustment.

LOW, INTERMEDIATE, AND HIGH
CYSTATIN C LEVELS

On the basis of the findings presented in Table 2,
we combined subgroups into categories designat-
ed low-risk (quintiles 1 and 2), intermediate-risk
(quintiles 3 and 4), and high-risk (quintile 5), corre-
sponding to cystatin C levels of less than 1.00 mg
per liter, 1.00 to 1.28 mg per liter, and 1.29 mg per
liter or more (Table 3). The intermediate-risk group
had an annual risk of death of 3.9 percent, which
was similar to the average risk of 4.3 percent for
the entire cohort. As compared with the low-risk
group, the intermediate-risk group had a moder-
ately elevated risk of death from all causes and death

from cardiovascular causes; the high-risk group
had a substantially greater risk of both outcomes
than did either the intermediate-risk or the low-risk
group (Table 3). For newly diagnosed myocardial
infarction and stroke, being in the intermediate-
risk group was not independently associated with
greater risk. The high-risk group had a doubling of
the risk of myocardial infarction and stroke in the
unadjusted analysis and an increase in risk of rough-
ly 50 percent for each outcome after multivariate
adjustment.

DISCUSSION

In this study, we found cystatin C to be a strong and
independent predictor of overall mortality and mor-
tality from cardiovascular causes in a population-
based cohort of ambulatory elderly persons. Using
cutoff points at the 40th and 80th percentiles of
cystatin C, we defined groups at low, intermediate,
and high risk with respect to death from all causes
and from cardiovascular causes (cystatin C levels:
<1.00, 1.00 to 1.28, and >1.29 mg per liter, respec-
tively). High cystatin C levels were also indepen-
dently associated with the risk for newly diagnosed
myocardial infarction and stroke. In contrast, only
the participants in the highest 7 percent of the co-
hort with respect to creatinine levels had a signifi-
cantly increased risk of death from all causes in the
adjusted analysis, and we found no independent as-
sociation of this creatinine category with the risk of
death from cardiovascular causes, myocardial in-
farction, or stroke. The estimated GFR value, derived
with use of the MDRD equation, was only a slight-
ly better predictor of mortality than was the creat-
inine level. Thus, the cystatin C level appears to pro-
vide a stronger estimate of the risk of cardiovascular
events and death among elderly persons than either
the creatinine level or the estimated GFR.

In part, these results are consistent with previ-
ous studies demonstrating that renal dysfunction
predicts adverse cardiovascular outcomes and death
in a variety of clinical settings. However, the insen-
sitivity of creatinine levels and estimated GFR values
for detecting renal dysfunction has limited their
value as prognostic factors. We previously report-
ed that elevated creatinine levels had a linear asso-
ciation with the rates of cardiovascular events and
with mortality.22 In fact, this linear increase in risk
was observed only among participants with creat-
inine levels of 1.3 mg per deciliter (115 pmol per li-
ter) or more — the upper 14 percent of the cohort.
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Table 3. Risk of Death and Cardiovascular Events According to Cystatin C Risk Categories among Elderly Participants
in the Cardiovascular Health Study.*

Variable Cystatin C Category
Low Risk Intermediate Risk High Risk
Range of cystatin C values (mg/liter) <0.99 1.00--1.28 >1.29
No. of participants 1834 1890 913
Death from all causes
No. of events 322 498 496
Annual incidence (%) 2.5 3.9 9.5
Hazard ratio (95% Cl)
Unadjusted 1.00 1.57 (1.36-1.82) 3.98 (3.44-4.60)
Adjusted 1.00 1.23 (1.07-1.43) 2.05 (1.74-2.40)
Death from cardiovascular causes
No. of events 103 221 206
Annual incidence (%) 0.8 1.7 4.0
Hazard ratio (95% Cl)
Unadjusted 1.00 2.18 (1.71-2.78) 5.07 (3.97-6.49)
Adjusted: 1.00 1.67 (1.31-2.14) 2.27 (1.73-2.97)
Myocardial infarction
No. of events 116 164 90
Annual incidence (%) 1.0 15 2.2
Hazard ratio (95% Cl)
Unadjusted 1.00 1.49 (1.17-1.90) 229 (1.73-3.03)
Adjusted§ 1.00 1.22 (0.95-1.57) 1.48 (1.08-2.02)
Stroke
No. of events 136 157 112
Annual incidence (%) 11 13 2.5
Hazard ratio (95% Cl)
Unadjusted 1.00 1.18 (0.93-1.49) 2.13 (1.64-2.77)
Adjusted] 1.00 1.06 (0.83-1.35) 1.47 (1.09-1.96)

* Cl denotes confidence interval.

 The hazard ratios have been adjusted for age, sex, presence or absence of diabetes, self-reported health status, presence
or absence of left ventricular hypertrophy, fibrinogen level, log C-reactive protein level, presence or absence of a history
of myocardial infarction, presence or absence of a history of stroke or transient ischemic attack, and presence or absence
of heart failure.

i The hazard ratios have been adjusted for age, sex, presence or absence of diabetes, self-reported health status, presence
or absence of left ventricular hypertrophy, fibrinogen level, log C-reactive protein level, hemoglobin level, presence or ab-
sence of a history of myocardial infarction, presence or absence of a history of stroke or transient ischemic attack, and
presence or absence of heart failure.

§ The hazard ratios have been adjusted for age, sex, presence or absence of diabetes, presence or absence of hypertension,
self-reported health status, presence or absence of left ventricular hypertrophy, fibrinogen level, log C-reactive protein
level, hemoglobin level, high-density lipoprotein cholesterol level, and presence or absence of a history of stroke or tran-
sient ischemic attack.

9§ The hazard ratios have been adjusted for age, weight, presence or absence of diabetes, presence or absence of hyperten-
sion, self-reported health status, fibrinogen level, and presence or absence of a history of myocardial infarction.

Not only did cystatin C levels define a subgroup
(the top 20 percent) of elderly persons in the CHS
cohortwho had a substantially elevated risk of death,
but they also defined a large subgroup (the lowest
40 percent) at below-average risk of death. This ob-

servation is intriguing and provocative, since earlier
studies in which creatinine or estimated GFR was
used had found only a high-risk group associated
with high creatinine levels or low estimated GFR
values; renal function had appeared to affect the
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risk of death only when it dropped below a certain
threshold, such as a GFR of 60 ml per minute per
1.73 m2 of body-surface area.1-3 The linear associ-
ation of cystatin C with the risk of death among par-
ticipants with predominantly “normal” renal func-
tion may indicate that differences in renal function
well within the normal range have clinical signifi-
cance. Future research should evaluate distinctions
between persons with low, intermediate, and high
cystatin C levels to evaluate other potential conse-
quences of declining renal function. In addition,
though we observed no interactions with race or sex
in our study, this absence of association should
be confirmed in other cohorts, since our study may
have had inadequate statistical power to detect such
interactions.

An additional task for future studies will be to
determine whether cystatin C could have value in
clinical medicine as an improved measure of renal
function in elderly patients. Our findings indicate
that cystatin C is a better marker of the risk of death
than creatinine or the estimated GFR. However, to
establish that cystatin C has clinical value, studies
would have to demonstrate that knowledge of cys-
tatin C levels could improve clinical decision mak-
ing — as in the evaluation of the risk—benefit trade-
offs in prescribing medication, administration of
intravenous contrast material, or surgical proce-
dures — over that based on creatinine levels. Al-
though its clinical role has not yet been delineated,
measurement of cystatin C is approved by the Food
and Drug Administration as a diagnostic test for
kidney dysfunction.

Cystatin C may have important limitations as a
marker of kidney function in certain disease states.
In particular, cystatin C levels appear to be elevated
in patients with hypothyroidism and depressed in
those with hyperthyroidism?3-25; yet the effect of
thyroid function on cystatin C levels could reflect
actual changes in GFR, which appears to vary di-
rectly with basal metabolic rate.26 Knight and col-
leagues from the Prevention of Renal and Vascular
End-Stage Disease (PREVEND) study reported that
the association of cystatin C with kidney function
was influenced by multiple factors; however, their
findings may have been biased by their use of creat-
inine clearance as the gold standard for kidney func-
tion, so it is unclear whether these influences are
independent of kidney function.2” In contrast to the
findings from PREVEND, we found no significant

association between cystatin C levels and the prev-
alence of current smoking or the number of ciga-
rettes smoked per day. Future research should clar-
ify the effects of tobacco use and clinical disease
status on the capacity of cystatin C levels to predict
the GER.

Our study does have certain limitations. Most
important, we cannot be certain whether the strong
association of cystatin C with the outcomes we stud-
ied is due solely to its correlation with kidney func-
tion. Cystatin C may have unforeseen toxic effects
that also contribute to the strength of its associa-
tion with mortality and cardiovascular risk. We also
cannot exclude the possibility of confounding due
to potential associations of cystatin C with diseas-
es thatare independent of its correlation with kid-
ney function. Since the adjusted hazard ratios are
substantially different from the unadjusted esti-
mates, we may have overlooked additional, residual
confounding. In addition, CHS enrolled only elder-
ly persons, so we do not know whether cystatin C
would be a stronger predictor of mortality than
creatinine for younger persons, in whom lean mus-
cle makes up a greater proportion of body mass.
We also did not calibrate serum creatinine to the
methods of the Cleveland Clinic for estimating GFR,
as has been recommended.2® However, since we
grouped participants according to quintiles of cre-
atinine and estimated GFR, any arithmetic conver-
sion of the creatinine levels would have no impact
on our findings, because their distribution would
be unchanged.

In summary, we found that cystatin C, an alter-
native measure of kidney function, was a stronger
predictor of the risk of cardiovascular events and
death than either creatinine or the estimated GFR.
Ifthis resultis confirmed in other studies, cystatin C
could be a useful prognostic tool in the evaluation

of elderly patients.
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