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Abstract
Purpose of Review—To discuss recent studies which have evaluated determinants of cystatin C
and to focus on the relationship of cystatin C with mortality, cardiovascular disease (CVD) and non-
cardiovascular outcomes.

Recent Findings—In the Chronic Kidney Disease Epidemiology Study cystatin C was associated
with demographic characteristics independent of measured glomerular filtration rate (GFR), although
this was to a smaller extent than creatinine. In patients with established CKD, cystatin C was strongly
and inversely correlated with measured GFR, suggesting that although cystatin C may have other
determinants, it is primarily a measure of kidney function. Several cohort studies, particularly in
older adults, have now demonstrated that cystatin C is linearly associated with mortality, CVD and
non-CVD outcomes, whereas creatinine is primarily associated with risk in individuals with more
advanced kidney disease. A recent study has also shown that changes in kidney function as
ascertained by cystatin C, even within the relatively normal range, are associated with subsequent
CVD and all-cause mortality among older adults.

Summary—Cystatin C appears to capture an association of mild kidney disease with increased risk
of mortality, CVD and non-CVD outcomes. Future studies should evaluate whether cystatin C can
improve medical decision-making and lead to favorable patient outcomes.
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Introduction
Cystatin C is a measure of kidney function that appears less sensitive than creatinine to factors
other than glomerular filtration rate (GFR), particularly muscle mass. Cystatin C is measured
in serum, making it a practical alternative to creatinine or estimated GFR (eGFR) based on
serum creatinine. In this review we briefly discuss cystatin C as a measure of GFR and then
focus our review on studies that have compared cystatin C, eGFR, measured GFR and
creatinine as risk factors for mortality, cardiovascular disease (CVD) and non-CVD outcomes
in the general population and in those with chronic kidney disease (CKD).
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Determinants of cystatin C and its function as a measure of GFR
Determinants of cystatin C

Köttgen and colleagues reported the population distributions of cystatin C in the United States
using data from the Third National Health and Nutrition Examination Survey (NHANES III)
(1). Abnormal cystatin C levels were defined as the 99th percentile of the cystatin C distribution
among 20-40 year olds without hypertension or diabetes (> 1.12 mg/L). Median cystatin C
levels were greater in men and non-Hispanic white persons and the prevalence of abnormal
levels increased with age from only 1% in the 20-40 year old group to over 50% in persons
over 80 years of age. In persons 60 years or older, other than demographics, factors associated
with higher cystatin C levels included established risk factors for kidney disease. In 3418
subjects in the Chronic Kidney Disease Epidemiology (CKD Epi) Study (mean age 52 years
and mean GFR 48 mL/min/1.73 m2), although both creatinine and cystatin C were associated
with demographic factors independent of direct measures of GFR, this was to a larger extent
for serum creatinine (2). Increased weight and height, current smoking, higher C reactive
protein levels, hyperthyroidism and glucocorticoid use have also been associated higher
cystatin C levels (3,4,5) and more recent studies have noted associations with obesity and waist
circumference (6,7), as well as secretion of cystatin C by adiposites (8). In the Framingham
Study, visceral and subcutaneous adipose tissue were associated with cystatin eGFR but not
creatinine eGFR suggesting either that creatinine eGFR is not an accurate measure of kidney
function or that cystatin eGFR is associated with adiposity independent of GFR (9). It is
important to note that GFR was not directly measured in the latter studies. In the Modification
of Diet in Renal Disease (MDRD) Study, a study of patients with mean iothalamate GFR of
32 ml/min/1.73 m2, cystatin C was however highly correlated with GFR (Figure 1), suggesting
that kidney function is the primary determinant of cystatin C in CKD (10).

Cystatin C as a measure of GFR
Multiple studies have compared cystatin C and creatinine as predictors of GFR. Most studies
have found cystatin C to be a better predictor, although others have found no difference. In a
meta-analysis by Dharnidharka et al. the reciprocal of cystatin C had a greater approximation
of GFR compared with the reciprocal of serum creatinine as measured both by a higher average
correlation coefficient (0.82 vs. 0.74; p<0.001) and a higher area under the receiver operator
characteristic (ROC) curve (0.93 vs. 0.84; p<0.001) (11).

Investigators from CKD-EPI developed 3 GFR estimating equations for cystatin C: using
cystatin C alone, cystatin C with demographic coefficients, and cystatin C with creatinine and
demographic coefficients. Cystatin C alone provided GFR estimates that were nearly as
accurate as the MDRD equation (82 vs. 83% of the variability in GFR explained, respectively)
however an equation including cystatin C, creatinine and demographic coefficients provided
the most accurate estimates (87% of variability in GFR explained) (2). Among patients with
known CKD, defined as creatinine-based eGFR< 60 ml/min 1.73m2, cystatin C offered only
a moderate gain over creatinine for approximating GFR (2); however, in patients with early
kidney disease, for example diabetics, changes in GFR over time have a stronger correlation
with cystatin C than creatinine (12,13).

Cystatin C may also have advantages over creatinine in conditions of decreased mass including
older adults, those with chronic diseases (such as heart failure, cirrhosis, AIDS) and those
without established CKD; however since studies in these populations lack direct GFR
measurements, validated equations incorporating cystatin C have not been developed (14).
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Cystatin C and Mortality
Older adults

Cystatin C and creatinine were compared as risk factors for mortality over 10 years in the
Cardiovascular Health Study (CHS), a community-based cohort of ambulatory older adults in
the US. Cystatin C had a linear association with mortality risk across its entire distribution. In
contrast, associations of creatinine and creatinine eGFR with mortality risk were J-shaped with
only the lowest quintile of eGFR associated with increased mortality risk (15). The different
associations of cystatin C and creatinine with mortality were confirmed in a second cohort of
older adults - the Health, Aging, and Body Composition (Health ABC) Study. Cystatin C, but
not creatinine, was independently associated with mortality in adjusted analyses (16).

Chronic Kidney Disease
Menon et al. evaluated cystatin C as a risk factor for long-term outcomes in 825 patients from
the MDRD Study. In multivariate-adjusted models, a 1-SD decrease in 1/creatinine,
iothalamate GFR, and 1/cystatin C were associated with 1.27 (95% CI, 1.06 to 1.49), 1.27 (95%
CI, 1.08 to 1.49) and 1.41 (95% CI, 1.18 to 1.67) increased risk for all cause mortality, and a
1.32 (95% CI, 1.05 to 1.64), 1.28 (CI, 1.04 to 1.59) and 1.64 (CI, 1.28 to 2.08) increased risk
for CVD mortality, respectively (10). The authors concluded that the association of cystatin C
level with all-cause and CVD mortality is perhaps stronger than that of iothalamate GFR. Two
potential explanations for this result were elaborated upon: First, cystatin C has non-kidney
influences that are independent of GFR, which are associated with mortality risk. As above
cystatin C was however highly correlated with GFR (figure 1) suggesting that other
determinants are likely minor. Second, the coefficient of variation of measurement of
iothalamate GFR is higher than that of cystatin C; therefore, cystatin C may more accurately
represent level of kidney function.

Cystatin C and CVD
CVD risk factors

Cystatin C has been associated with incident hypertension and pre-diabetes (17,18). In the
Multi-Ethnic Study of Atherosclerosis, a community-based study of subclinical cardiovascular
disease in adults age 45 to 84 years, cystatin C was a risk factor for incident hypertension
amongst patients without CKD or hypertension at baseline (17) (Figure 2), while in a nested
case-control investigation from the Western New York Study cystatin C (but not creatinine or
albuminuria) was associated with an increased risk for development of pre-diabetes (defined
as a fasting glucose < 100 mg/dl at baseline and 100-125 mg/dl in follow-up) (18). The authors
suggested that level of kidney function may be involved in the pathogenesis of hypertension
and that mild kidney dysfunction may occur early and in parallel with the natural history of
diabetes.

CVD outcomes
Heart Failure—Cystatin C and creatinine were compared as risk factors for heart failure in
CHS. As for mortality, cystatin C had linear associations with heart failure, whereas creatinine
and eGFR were associated with increased risk only for those in the quintile with the worst
kidney function (19). Cystatin C was also more strongly associated with mortality risk in those
with established heart failure than creatinine or creatinine eGFR (20).

More recently cystatin C was evaluated as a risk factor for incident diastolic heart failure
(ejection fraction >50%) or systolic heart failure (ejection fraction < 50%) in CHS. After 8
years of follow up, 167 and 206 patients developed diastolic and systolic heart failure,
respectively. In adjusted analysis higher quartiles of cystatin C were associated with systolic
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heart failure but the risk of diastolic heart failure was only apparent in the highest cystatin C
quartile (21). This study was however limited by a moderate group of subjects who developed
heart failure but who did not have echocardiographic data available.

In a case control study (n=440) from the Physicians Health Study cystatin C was associated
with incident heart failure amongst hypertensive but not non-hypertensive individuals (22).
The authors raised the question whether cystatin C may be a biomarker of earlier blood pressure
effects on heart failure.

Coronary Artery Disease—Several studies have compared creatinine and cystatin C as
predictors of outcomes in subjects with established coronary heart disease (23-25). In 726
persons hospitalized with acute coronary syndromes, after a median follow-up of 40 months,
the fourth quartile of cystatin C was independently associated with increased mortality.
Cystatin C had an area under the ROC curve of 0.79 (95% CI 0.74 to 0.83), whereas creatinine
had an area under the ROC curve of 0.66 (95% CI 0.61 to 0.72) for predicting death (23).
Koenig and colleagues also compared cystatin C and creatinine as predictors of CVD events
among 1,033 patients with established coronary heart disease. Cystatin C again had a stronger
and more linear association with CVD risk than creatinine or creatinine eGFR (24). A recent
study using data from the Uppsala Longitudinal Study of Adult Men (ULSAM), a community-
based cohort of older men, investigated whether a combination of biomarkers that reflect
myocardial cell damage, left ventricular dysfunction, kidney disease, and inflammation
(troponin I, N-terminal pro–brain natriuretic peptide, cystatin C, and C-reactive protein,
respectively) improved risk stratification beyond established risk factors for CVD. After
adjustment for established risk factors for CVD, all of the biomarkers were significantly
associated with CVD mortality. Each 1-SD increase in cystatin C was associated with a 1.43
(95% CI 1.22-1.66) higher hazard ratio for CVD mortality. In addition, when the four
biomarkers were incorporated into a model with established risk factors, the C statistic
increased (C statistic with biomarkers vs. without biomarkers, 0.766 vs. 0.664; P<0.001)
(25).

Stroke—Cystatin C has also been associated with cerebrovascular events. In a case control
cohort of 293 stroke patients and 894 controls, higher cystatin C levels were associated with
increased risk of stroke (26). In CHS cystatin C was associated with subclinical brain infarcts
(SBI) (defined as an infarct-like lesion ≥3 mm in a participant without a previous stroke or
TIA) in a cross-sectional study that included 2784 subjects with MRI imaging. There was a
strong and linear association with SBI for 1/cystatin C (P < 0.001) but not for 1/Creatinine ((P
= 0.14), for which a quadratic U-shaped association was suggested (P = 0.004) (27).

Peripheral Artery Disease—Some (28,29) but not all (30) studies have noted a relationship
between cystatin C and peripheral artery disease (PAD). In 4025 individuals from CHS cystatin
C was associated with incident PAD (hazard ratio 2.5 (95% CI, 1.2-5.1) for the highest vs
lowest quintile of cystatin C). The highest quintiles of serum creatinine level and creatinine
eGFR were not associated with PAD in either unadjusted or adjusted analyses (28). In contrast,
in a nested case– control study of healthy men who subsequently developed symptomatic PAD,
cystatin-C levels were virtually identical among case and control subjects (median 0.83 mg/l
in both groups, p = 0.84) (30).

Non-CVD outcomes
Aging Success

Cystatin C was evaluated as a risk factor for aging success during a 6-year follow up of CHS.
Successful aging was defined as remaining free of CVD, cancer, and chronic obstructive
pulmonary disease and having intact physical and cognitive functioning. A total of 2140
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patients free of the above-mentioned conditions were included. 873 patients reached a first
event in follow-up. The adjusted percentage reduction in successful life years in the highest vs
the lowest quartile of cystatin C was 27% (95% confidence interval, 11%-39%) (Figure 3).
The risk in the highest quartile of cystatin C was as strongly associated with unsuccessful aging
as a decreased arm-ankle index, left ventricular hypertrophy, or prevalent diabetes mellitus,
and more strongly associated than a history of hypertension or an increase in age of 5 years
(31).

Non-CVD mortality
In 4637 individuals from CHS who were followed for 8 years, rates of non-CVD mortality
attributed primarily to pulmonary disease, cancer and infection were increased with increasing
quartiles of cystatin C (16.8, 17.1, 21.6, and 50.0 per 1000 person-years, respectively) and the
association persisted after adjusting for potential confounders (32).

Musculoskeletal Disease and Physical Function
Patients with kidney failure are known to be at increased risk for hip fractures. However, recent
studies have also noted an association between mild to moderate kidney disease with hip
fractures (33). In CHS after a mean follow up time of 7.1 years, 195 and 79 hip fractures
occurred in women and men, respectively. In multivariate models, higher cystatin C levels
were significantly associated with hip fracture in women but not in men (34). Cystatin C was
also associated with more rapid loss of bone mineral density at the hip using DEXA, especially
in men (35).

Several studies have noted an association between cystatin C and physical function (31,36). In
a cross sectional analysis of patients with established coronary heart disease, high cystatin C
concentrations were associated with worse exercise capacity and delayed heart rate recovery
(37). In Health ABC high cystatin C levels were associated with worse physical function in
cross-sectional analyses (36). In longitudinal analyses the association between cystatin C and
incident functional limitation was attenuated after adjustment for inflammatory markers,
suggesting that inflammation may be a mediating factor (38).

Cognitive impairment
Cognitive impairment is common in all stages of CKD. In the general population, the two most
common causes of dementia in adults are Alzheimer's disease and vascular dementia (39).
Although higher cystatin C is a risk factor for cognitive impairment (31,40), it may also be
protective for the development of Alzheimer's disease (41). In 3030 individuals enrolled in
Health ABC, those with high cystatin C had worse baseline cognitive scores on the modified
Mini-Mental State Exam (p=0.01) or Digit Symbol Substitution Test (p=0.02) compared to
those with intermediate or low levels of cystatin C. After 7 years of follow up, those with higher
cystatin C levels also had a more pronounced decline and higher incidence of cognitive
impairment (40). In contrast, in ULSAM, lower cystatin C was associated with higher risk of
Alzheimers Disease (41). Experimental models in mice have shown that over-expression of
human cystatin C in brains of amyloid precursor protein-transgenic mice reduces cerebral
amyloid-beta deposition and binds amyloid beta inhibiting fibril formation (42). In
combination, these results suggest that high levels of cystatin C may be associated with
cognitive impairment mediated through cystatin C effect on vascular disease; however, low
cystatin C levels may be associated with higher risk of Alzheimers Disease through
mechanisms independent of kidney function.
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Change in Cystatin C
The studies described above evaluated baseline cystatin C and its association with outcomes.
In a recent analysis from CHS longitudinal declines in kidney function and their association
with subsequent outcomes was evaluated. In 4,380 participants followed over 9.9 years, the
slope of annual decline in eGFR was estimated using both serum creatinine and cystatin C.
Rapid decline in eGFR was defined by a loss of GFR greater than 3ml/min/1.73 m2/year as
this change is 3 times the rate previously described in studies of normal aging (43), and beyond
the range of noise in measurement. Both rapid decline by creatinine and cystatin C eGFR
(Figure 3) were significantly associated with all-cause and CVD mortality. Rapid decline by
cystatin C eGFR was however more sensitive in detecting rapid decline than creatinine eGFR
(25% vs 16% of the cohort, respectively) (44).

Cystatin C and a “preclinical state of CKD”
One of the important uses of cystatin C may be to capture the gradient of kidney function among
persons who do not meet conventional definitions of CKD (creatinine eGFR < 60 ml/min/1.73
m2). The term “preclinical kidney disease” has been defined as creatinine eGFR >60 ml/min/
1.73 m2 with cystatin C levels ≥1.0mg/L. This group is at higher risk for development of
creatinine eGFR < 60 ml/min/1.73 m2 as well as CVD and mortality outcomes (45).

Conclusions and Future directions
Cystatin C is a promising measure of GFR that may be an alternative or a complement to serum
creatinine. It may provide a more accurate estimate of kidney function than serum creatinine,
particularly in individuals susceptible to muscle loss. Cystatin C is also a more powerful risk
factor for outcomes in these same individuals. The use of cystatin C has led to appreciation of
small declines in kidney function as an important prognostic indicator. The question remains
whether identification of subjects at high risk through use of cystatin C should lead to more
aggressive targeting of risk factors and whether this will translate into improved patient
outcomes.
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Figure 1.
Correlations between 1/cystatin C and measured glomerular filtration rate (GFR) (top) and 1/
serum creatinine (bottom)
Reproduced with permission from Menon, V, Shlipak, M Wang, X et al. Cystatin C as a risk
factor for outcomes in CKD. Ann Intern Med 147 :19-27,2007
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Figure 2.
Incident hypertension rates within quartiles of serum cystatin C and sex-specific urinary
albumin–creatinine ratio
Rates are adjusted for sex, age and race
Reproduced with permission from Kestenbaum, B, Rudser, K, de Boer, I et al. Differences in
Kidney Function and Incident Hypertension: The Multi-Ethnic Study of Atherosclerosis. Ann
Intern Med 148 (7): 501-508, 2008
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Figure 3.
Smoothed spline of expected successful life years and baseline cystatin C level. Pointwise 95%
confidence intervals (dashed lines) and a rug of the middle 95% of cystatin C measures are
shown
Reproduced with permission from Sarnak M, Katz, R, Fried L et al. Cystatin C and Aging
Success. Arch Intern Med. 168(2):147-153,2008
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