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Abstract The cardiorenal syndrome is a clinical mani-
festation of the bidirectional interaction between the heart
and kidneys. Evaluating renal function is an essential part
of the assessment of every cardiac patient. It has become
clear that serum creatinine is not an accurate enough
marker of glomerular filtration rate (GFR) and should not
be used to evaluate kidney dysfunction. Creatinine-based
estimates of GFR are preferred, but require renal function
to be stable and are not suitable when changes in kidney
function occur. Cystatin C (CysC) has been the target of
much interest in the search for an alternative measure of
GFR. As an endogenous biomarker, CysC possesses many
of the properties required of a good marker of renal func-
tion. Compared with that of creatinine, plasma concentra-
tions of CysC are less influenced by factors other than
GFR. Consequently, CysC correlates with true GFR more
accurately than creatinine. Equations for estimating GFR
from CysC values have also been developed, which makes
values easier to interpret and facilitates the clinical use of
this new marker. The use of CysC in acute kidney injury
has also shown promising results. CysC has been studied as
a risk marker for prognosis in cardiovascular disease. This
effect is attributed to the strong impact of renal dysfunction
on progressive cardiovascular disease and impaired sur-
vival. Higher levels of CysC have consistently been pre-
dictive of incident or recurrent cardiovascular events and
adverse outcomes. CysC is a predictor of the development
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of heart failure and increased levels of CysC have an
independent association with higher mortality in both
chronic and acute heart failure. In conclusion, CysC
appears to be an interesting marker of renal function and is
useful for risk stratification in heart failure.
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Introduction

The recognition of the importance of the cardiorenal syn-
drome has brought about the need for accurate and timely
assessment of renal function in patients with cardiovascular
disease [1]. The term renal function being synonymous
with glomerular filtration rate (GFR) in this setting. Cre-
atinine has served as a marker of renal function for several
decades. However, this marker has several well-known
limitations and creatinine-based equations for estimation of
GFR (eGFR) were developed to overcome some of these
inadequacies [2]. Unfortunately, the use of these equations
for estimation of renal function emerged rather slowly
outside the field of nephrology. In addition, estimation
equations are reliable only in stable conditions and should
not be used when rapid changes of renal function occur.
The lack of alternative measures for easy assessment of
renal function has to date forced clinicians to put their trust
in creatinine.

Ideally, a marker of renal function is an easily measured
endogenous substance with constant production, which is
freely filtrated in the glomeruli of the kidneys. It should not
be secreted or reabsorbed in the renal tubules, nor should any
extrarenal degradation (liver, intestine) occur since all these
mechanisms would affect urine or plasma concentrations
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through pathways not related to GFR. The marker should be
independent of age, gender, race, diet, body composition,
disease states, and medications. Thus, the concentration of
the marker in plasma would be directly and inversely related
to GFR. Measured levels in urine would also reflect the fil-
tration at the glomerular level.

Cystatin C (CysC) is a small 13-kDa protein with
properties making it a candidate for a good marker of GFR.
Indeed, CysC possesses many of the characteristics
required of an ideal marker of GFR. It is an endogenous
substance with constant production, freely filtrated in the
glomerulus. There is no tubular secretion or reabsorption,
and CysC can nowadays be easily measured [3]. In the last
decade, research on the use of CysC as a replacement for
creatinine as a marker of renal function has been rapidly
growing. Furthermore, several studies have shown CysC to
be a strong risk marker for adverse cardiovascular prog-
nosis in various populations. This paper considers whether
CysC could be used to improve assessment of renal func-
tion both in the acute and in the chronic setting and reviews
the literature on CysC as a prognostic risk marker in
patients with the cardiorenal syndrome.

Cystatin C as a marker of glomerular filtration rate

CysC was first discovered as an protein in an electropho-
retic band in the 1960s and subsequently became charac-
terized as a member of the human cystatin superfamily
[4-6]. CysC, a 122 amino acid cysteine protease inhibitor,
is produced at a constant rate by all nucleated cells in the
body. This is a consequence of CysC being a product of a
“housekeeping” gene with stable and continuous expres-
sion [3, 4]. As a small-sized protein, CysC is filtrated freely
in the glomerulus, with no known extrarenal excretion or
degradation. The association of CysC with glomerular fil-
tration rate was described already 25 years ago [7]. In the
proximal tubule of the nephron, there is a reuptake and
complete degradation of CysC but without any reabsorp-
tion into the bloodstream. Normally, only small amounts of
CysC are excreted into the urine. Therefore, while plasma
levels of CysC have an inverse relationship to kidney
function, measurement of urinary CysC cannot be used to
assess GFR. The use of urinary CysC as a marker of tubular
injury is not discussed here.

In contrast to creatinine, factors like age, gender, diet,
and body composition have no or little effect on levels of
CysC [3, 4, 8]. Different medical conditions (infection,
inflammation, or malignancy) do not appear to alter the
levels of CysC with the possible exception of thyroid ill-
ness [4]. Although not all studies have found this associ-
ation, [9, 10] it seems that CysC levels are lower in
hypothyroid and higher in hyperthyroid patients and
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increase and decrease, respectively, when patients are
treated to the euthyroid state [11-13]. Data from one in
vitro study and one study in patients with renal transplants
have suggested that glucocorticoids in high doses affect
CysC levels [14, 15], but again not all studies have con-
firmed that steroids interfere with the relation between
CysC and GFR [16]. The association of CysC with
inflammatory markers described by some authors [8, 17,
18] is expected, as inflammation is activated in renal
insufficiency [19, 20]. The only study adjusting for mea-
sured GFR still found a weak relationship between
C-reactive protein (CRP) and CysC [21].

Since the development of rapid automated assays for
measurement of CysC, many studies have assessed the
relationship of CysC with GFR and compared it with cre-
atinine [4, 22-24]. Several authors have found that CysC is
a better marker of GFR than creatinine, creatinine clear-
ance, or eGFR, especially in patients with mild impairment
of renal function [3, 16, 22, 25-28]. Although not all
studies have seen advantages with CysC over creatinine or
creatinine-based equations [29, 30], two meta-analyses
consistently showed CysC to be superior to creatinine as a
marker of GFR [31, 32]. In patients with type 1 diabetes
mellitus, CysC was more accurate than creatinine for
assessing high levels of GFR and hyperfiltration states
[33-35].

Lately, reports on an association between CysC and
factors unrelated to GFR have been published [8, 9, 21,
36]. A correlation between CysC and age is to be expected,
as GFR declines with age [37]. Conflicting data exist about
whether CysC levels vary with gender, but after the age of
60, no difference between men and women is seen [4, 22,
38]. Rule et al. used iothalamate clearance to establish the
relationship between CysC and GFR in healthy adults
(n = 50), patients with chronic kidney disease (CKD)
(n = 204) and transplant recipients (n = 206) and found
that CysC reflected GFR better than creatinine in all three
groups. Some papers examining the association of CysC
levels with other factors lacked direct GFR measurements
[8, 36] and have compared CysC with creatinine or
adjusted for urinary creatinine clearance or eGFR, which
diminish the strength of these observations.

Attempts to convert CysC values (mg/l) to correspond-
ing GFR (ml/min) have resulted in multiple equations in
the literature [29, 39-44]. The largest study so far com-
paring measured GFR with GFR estimates from CysC and
creatinine was carried out as pooled analysis of cohorts
with CKD [41]. CysC was indeed less influenced than
creatinine by non-renal factors, but a small variability
(<10%) in CysC according to age, gender, and race was
still observed. The authors found that although GFR esti-
mated from CysC alone performed nearly as well as eGFR
from the MDRD equation, incorporating age, gender, and
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race or even creatinine with CysC reduced bias in the GFR
estimate. As acknowledged also in the paper, this com-
parison was made in CKD patients for whom the MDRD
equation was developed and therefore has optimal perfor-
mance. A very recent analysis on the performance of CysC-
based estimates of GFR found no advantage over the
MDRD equation in a large population survey [45]. As this
was not a CKD cohort, there is accumulating evidence
suggesting that even though CysC outperforms creatinine
as a marker for GFR, the current equations for estimating
GFR from CysC values may not necessarily be superior to
the MDRD equation, at least in CKD patients and in the
general population. Nevertheless, it is possible that CysC-
based estimates of GFR still perform better in populations
where the MDRD equation lacks accuracy. CysC has not
been evaluated against measured GFR in subjects with
heart failure.

The influence of body composition or other non-renal
factors on CysC levels is much smaller than on creatinine,
and CysC has true potential for easy and reliable estimation
of renal function. The use of CysC for assessing kidney
function could be advocated in populations where the
disadvantages of creatinine might be particularly evident
(elderly populations with many comorbidities, hospitalized,
cachectic or amputated patients) or where early detection
of mild impairment of renal function (transplant recipients,
diabetics, cardiovascular disease) is of clinical importance
[6, 28, 46-50]. Compared with creatinine or creatinine-
based equations, CysC would allow better and more
accurate assessment of renal function in clinical practice
without affecting simplicity or availability. The character-
istics of CysC and creatinine are compared in Table 1.

Cystatin C in acute kidney injury

Diagnosis of acute kidney injury (AKI), i.e., a rapid decline
in GFR, has been challenging. For half a century,

Table 1 Comparison of cystatin C and creatinine as markers of GFR

creatinine and urea were the only markers available to
assess changes in renal function occurring within hours or
days. The dilemma of creatinine being a slow and insen-
sitive marker for change in GFR is not discussed further
here, but detection of AKI with creatinine will inevitably
be late and any interventions to prevent kidney injury
usually futile. Since creatinine-based eGFR-equations
apply only when renal function is stable, as in CKD pop-
ulations used for their development, they are not suitable in
the setting of AKI. The novel markers of tubular injury
have the potential of early detection of kidney damage (see
also paper by K. Damman [97]). Assuming that tubular
injury precedes a decrease in GFR and that therapeutic
interventions can be instituted to prevent or alleviate this
decline, the tubular markers have a prospective role in
clinical practice. Nevertheless, a reliable and rapid marker
for the detection of GFR decline should also be available.
As discussed previously, CysC has the potential to fulfill
these requirements as a better marker of GFR than creati-
nine and being less affected by non-renal factors [31, 32].

There are a few studies that have investigated the use of
CysC as an alternative to creatinine as a marker of GFR in
AKI, mostly in the intensive care setting or after cardiac
surgery. Studies assessing CysC in AKI have mainly
focused on two aspects: whether CysC rises earlier than
creatinine or whether CysC is able to predict a secondary
outcome (need for renal replacement therapy, length of
stay or in-hospital mortality) better than creatinine [39,
51-54]. The performance of CysC for diagnosis of AKI has
been evaluated against creatinine-based AKI-criteria
(RIFLE or AKIN) [55, 56] as reference.

Most studies using serial sampling of renal markers
show CysC to be an earlier marker of AKI [39, 51, 52].
CysC had better correlation with urinary creatinine clear-
ance, superior sensitivity to detect renal dysfunction than
creatinine, and high CysC levels predicted mortality in ICU
patients with AKI [54, 57]. One study assessed the ability
of a single CysC measurement to predict the requirement of

Characteristic Creatinine Cystatin C

Compound Metabolite (amino acid derivative) Protein (cysteine protease inhibitor)
Molecular weight 113 Da 13 kDa

Production Variable Stable

Extrarenal degradation or secretion

Non-renal factors affecting plasma concentration
Equations for estimation of GFR

Validation of estimates

Measurable Plasma, urine

Standardization of assays Yes

+++ muscle mass, race, gender, age, and diet
Cockcroft-Gault, MDRD, and CKD-EPI
Well-validated (MDRD)

~+(+) tubular secretion increases with decreased GFR No significant

Thyroid dysfunction, glucocorticoids?
Several

Not widely validated

Plasma, (urine)

Yes (recently available)

GFR glomerular filtration rate, MDRD modified diet in renal disease equation
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dialysis or in-hospital death in AKI and compared its
predictive performance with creatinine, serum urea nitro-
gen levels, and urine output. All measures of renal function
were independent predictors of the combined end point
with similar odds ratio. However, adding renal function to
a model with general clinical measures did not improve the
area under the curve (AUC) of the receiver operating
characteristics (ROC) for the prediction of the combined
end point [58].

Three studies have assessed CysC as a marker of AKI
after cardiac surgery [51, 53, 59]. In the first one, CysC and
serum neutrophil gelatinase—associated lipocalin (NGAL),
a novel marker of kidney injury, were compared with
creatinine and urea for prediction of AKI in 100 patients
who underwent cardiac surgery [51]. As baseline renal
insufficiency is a known risk factor for AKI, it is interesting
to note that while preoperative values of the other markers
did not differ, CysC levels were higher in the group which
subsequently developed AKI (23%) postoperatively.
NGAL and CysC levels measured on arrival in ICU were
found to be superior to creatinine for the prediction of AKI.
At 24 h, all markers showed similar performance statistics
as assessed by the ROC curve. Wald et al. also found that
levels of CysC, but not creatinine, were higher in the group
with subsequent AKI, but the ability of CysC measured 2 h
after surgery to predict AKI was only modest [59]. The
authors did not extend their analysis of CysC to later time-
points. The third study carried out on elderly patients
undergoing cardiac surgery showed no statistically signif-
icant difference in the performance to detect AKI between
CysC (AUC 0.71) and creatinine (AUC 0.66; P = 0.11 for
difference) measured on the first postoperative day [53]. In
this study, the majority of patients had increases >50%
from preoperative levels on day 2 for CysC (9/17) com-
pared with day 3 for creatinine (15/30). Although serial
measurements were available in these studies, single values
and not changes in CysC were used for prediction of AKI.

Two very recent studies have examined CysC as a
marker of AKI outside the cardiac surgery and intensive
care unit setting. Soto et al. examined consecutive patients
admitted to the emergency department and measured both
serum and urinary CysC [60]. While urinary CysC was
useful only in differentiating patients with AKI (21%) from
those with normal renal function (51%), serum CysC had
excellent early discriminative properties for AKI, both
compared with normal renal function and adjudicated
prerenal azotemia (26%). Creatinine was not able to dif-
ferentiate between AKI and prerenal azotemia, but per-
formed well in prediction of AKI. In a cohort hospitalized
for acute heart failure (AHF), CysC increased by 0.3 mg/l
(AKlgcysc) in 16% of patients, a higher incidence than
observed with the common definition of AKI (rise
>0.3 mg/dl) with creatinine (9%) [61]. AKlcyc was
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associated with increased length of hospital stay and was
an independent predictor of mortality up to 90 days.
Interesting, the patients identified as having AKI by the two
markers were not quite the same. This observation was also
made in another study where both creatinine and CysC rose
above a predefined cutoff at the same time-point in only
20-25% experiencing AKI. In over half of the subjects
with AKI, CysC not only preceded creatinine in time, but
although a clear rise in CysC was observed, creatinine
levels remained below the diagnostic threshold in many
patients [52].

There are important differences between populations
experiencing AKI in the ICU [39, 52], after cardiac surgery
[51, 53, 59] or contrast induced nephropathy [62, 63] and
other cohorts. First, the incidence of AKI in the ICU is
much higher than in other hospitalized patients. Second,
timing the injury in patients with contrast nephropathy and
cardiac surgery is more straightforward, and the distur-
bances associated with contrast administration or surgical
trauma can be regarded as a “one-hit” injury. While AKI
after cardiac surgery resulted in a significant rise in creat-
inine (111%), the peak creatinine value was observed only
on the third day after surgery [51]. As serum CysC is not a
marker of injury, changes in CysC levels may not be
immediate, but occur within hours as GFR declines. CysC
can detect a decline in GFR within the first 24 h. In severe
AKI, there may be less advantages compared with creati-
nine if assessed beyond the first postoperative day [51, 53].
If AKI ensues more gradually, with a minor and subse-
quently progressive decline in GFR, CysC could (a) detect
minor changes in GFR and (b) at an earlier time-point
compared with creatinine.

All these studies defined AKI by creatinine, which
certainly is a methodological dilemma that should be
acknowledged [64]. In two small studies on diabetics
evaluating slower changes in GFR over time, changes in
levels of CysC correlated well with the decline in measured
GFR, and CysC was a better marker of decline in renal
function than creatinine [49, 65]. CysC is also an accurate
measure of acute changes in GFR [34]. The independence
from height, gender, age and muscle mass is advantageous.
In particular, patients with changes in muscle metabolism
or mass (elderly, hospitalized or heart failure patients with
edema), could benefit from estimating renal function with
CysC both in the stable setting and as an alternative to
creatinine for detection of AKI.

Adopting novel and better renal markers, both injury
and functional, into clinical practice is to be expected and
long waited for. The clinical uptake of CysC has been
rather slow. CysC has been regarded a promising novel
marker of renal function for long, but only recently has the
data from different clinical populations and settings been
accumulating. Although not all studies find clear advantage
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with the use of CysC, there is evidence for a potential
improvement in diagnostic and prognostic performance.
Concerns about costs have been raised but CysC is not
more expensive than troponin T (TnT), the use of which is
highly established in acute coronary syndromes (ACS).
Moreover, the cost of CysC is far less than NT-proBNP, a
biomarker recommended for diagnostic purposes by the
guidelines, but for which the use in prognostication or
guiding treatment in heart failure is less clear.

Equations for transforming CysC values to GFR esti-
mates have been developed, but not widely validated.
Differences in laboratory assays with different reference
values makes comparison of studies and use of equations
very difficult [66]. The International Federation for Clinical
Chemistry and Laboratory Medicine published the first
certified reference material for standardization of CysC
laboratory platforms in the second half of 2010 [67].
Hopefully, this will help to calibrate different CysC assays,
validate the GFR equations and subsequently improve the
availability and interpretation of CysC values.

Cystatin C for prediction of cardiovascular events

The emergence of renal function as strong prognostic factor
in patients with cardiovascular disease in combination with
the search for new biomarkers for risk prediction has been the
driving force in assessing the utility and prognostic impact of
CysC on cardiovascular outcomes. CysC has been studied
intensively as a risk marker for poor prognosis or cardio-
vascular disease in various populations at risk.

Elderly populations

A landmark paper examining how CysC influences car-
diovascular outcomes in a broad population was published
in 2005 [68]. Levels of CysC were measured from over
four thousand elderly ambulatory persons without previous
history of cerebrovascular or coronary heart disease in the
Cardiovascular Health Study. During a median of 7.4-years
follow-up, higher baseline CysC levels were significantly
associated with increasing all-cause and cardiovascular
mortality. Moreover, higher rates of myocardial infarction
and stroke were also observed in the top quintile of CysC
[68]. Similar effects of CysC on mortality, but without
predicting incident myocardial infarction or stroke during
follow-up, were found in a slightly older cohort [69, 70]. A
secondary analysis of patients without renal insufficiency
(eGFR >60 ml/min) at baseline in the Cardiovascular
Health Study cohort showed that CysC levels had a sig-
nificant effect on all-cause, cardiovascular and non-
cardiovascular mortality, incident myocardial infarction,
stroke, and heart failure, while creatinine was not

associated with adverse outcomes [71]. CysC was a better
predictor of death and cardiovascular events than creatinine
in these studies.

Coronary artery disease

CysC has been a consistent marker of poor prognosis in
patients with coronary artery disease (CAD). In stable
CAD patients, high CysC levels have been associated with
2-3-fold risk of death, cardiovascular event or heart failure
hospitalization during 3 years of follow-up [72, 73]. Again
this risk increase was present both in patients with and
without renal insufficiency defined as eGFR <60 ml/min at
baseline [72]. In patients with CAD and eGFR >60 ml/min,
CysC was a strong predictor of cardiovascular death [74].
Compared with the patients in the first quartile, patients in
the top CysC quartile had a five times higher adjusted risk
of cardiovascular death. Data from a large population in the
United States also showed that in patients without CKD
(eGFR >60 ml/min and without albuminuria) higher
CysC levels were associated with increased prevalence
of myocardial infarction, angina pectoris symptoms, and
stroke [75].

In patients with ACS including both ST-elevation and
non-ST-elevation myocardial infarction, CysC has been an
independent predictor of death or death and myocardial
infarction during follow-up [10, 76, 77].

Heart failure

Given the association with mortality and various cardio-
vascular events described earlier, it is not surprising that
higher levels of CysC also predict the incidence of heart
failure (Table 2). For each quartile of CysC, there was a
stepwise increase in the risk of developing heart failure
independently of other risk factors [71, 78]. This relation
was not seen with creatinine. One study reported that the
association between CysC and heart failure was present
only in hypertensive patients, although mean measured
blood pressure was similar between CysC categories [79].

CysC increases the risk of both systolic and diastolic
heart failure, though the risk of developing diastolic heart
failure was evident mostly in patients with the highest
CysC concentrations [80]. Cross-sectional studies report
that levels of CysC relate to disturbances in diastolic
function, but not measures of systolic function. In patients
without a history of heart failure, elevated CysC is asso-
ciated with left ventricular hypertrophy (increased wall
thickness and higher left ventricular mass) and diastolic
dysfunction but not with left ventricular ejection fraction
(LVEF) [81-83]. In clinical heart failure, CysC levels are
not correlated with LVEF but with other indices of cardiac
dysfunction [84].
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Table 2 Studies on CysC levels and heart failure outcomes

Author & publ. year  Study Age M/F (%) CysC levels (mg/l) Time of F-U End point Adjusted RR
population (95% CI)
Risk of HF
Sarnak 2005 4384 75 years 41/59 1.1 8.3 years Incident HF 2.2 (1.6-2.9)*
Shlipak 2006 3659 eGFR >60  Elderly >65 years 1.0 9.3 years Incident HF 1.3 (1.2-1.4)°
Djousse 2007 440 case—control 74 years 100/0 0.41-3.9 N.R. Incident HF 1.6 (0.9-2.9)*
4.2 (1.2-14.6)*¢
Ix 2007 990 CHD 67 years 82/18 1.20 37 months Incident HF 2.6 (1.0-3.8)*
All-cause death 3.6 (1.8-7.0)*
Moran 2008 4453 Elderly 39/61 1.05 (0.92-1.23) 8 years Systolic HF 3.2 (1.8-5.5)*
Diastolic HF 1.8 (1.1-3.1)*
Chronic HF
Arimoto 2005 140 66 years 62/38 1.14 480 days All cause death 1.9 (1.3-6.6)°
or HF hosp.
Shlipak 2005 279 76 years 49/51 1.26 6.5 years All-cause death 2.2 (1.3-3.5)*
Alehagen 2009 464 73 years 60/40 1.43 (1.22-1.66) 10 years CV mortality 2.9 (1.2-4.9)*
Tang 2008 139 57 years 77/23 1.22 33 months Death, transplantation 1.8 (1.3-2.7)
or HF hosp.
Acute HF
Lassus 2007 480 75 years 50/50 1.30 (1.0-1.7) 12 months All-cause death 3.2 (2.0-5.3)°
Campbell 2009 240 63 years 50/50 1.39 12 months Death 2.3 (N.R)*
Death or rehosp. 2.0 (N.R)?
Naruse 2009 328 eGFR >30 73 years 62/38 1.07 (0.91-1.31) 915 days Cardiac death 20 (4-82)*
Manzano- 138 74 years 58/42 1.2 (1.0-1.7) 261 days Death or HF hosp. 3.1 (1.5-6.1)*

Fernandez 2009

Studies investigating the association between CysC levels and heart failure outcomes. Higher levels of CysC predict the development of HF and
are a risk marker for poor prognosis in HF. CysC levels as mean, median (with IQR), or range. 95% CI = 95% confidence interval

M men, F women, RR risk ratio, F-U follow-up, CHD coronary heart disease, HF heart failure, CV cardiovascular, N.R. not reported

4 Highest CysC tertile/quartile/quintile versus lowest
® Continuous variable (/SD increase)

¢ In hypertensives
4 CysC >1.23 mg/l

¢ CysC >1.30 mg/l

CysC increases with severity of heart failure as measured
by NYHA functional class [84, 85]. Patients in the Cardio-
vascular Health Study with heart failure at the baseline visit
and who subsequently died during follow-up had higher
CysC levels compared with patients who survived [86].
CysC has been an independent predictor of mortality in heart
failure even after adjustment for baseline creatinine/eGFR or
after stratification by eGFR (Fig. 1) [85-87].

The FINN-AKVA study was the first study to show the
effect of CysC on prognosis for patients hospitalized for
AHF [88]. There was a stepwise increase in mortality with
each tertile of CysC (Fig. 2). CysC levels above median were
independently associated with mortality during 12 months
of follow-up. Other publications have confirmed that higher
levels of CysC are associated with increased mortality in
AHF including cohorts with non-Caucasian ethnicities
[89-91]. The effect of CysC on mortality in these studies was
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robust even after adjustment for possible confounders and
other factors associated with increased mortality.

The finding in some studies that CysC was a predictor of
outcome after adjustment for creatinine or creatinine clear-
ance has raised the question about effects not related to renal
function [73, 92]. The available data cannot give a definite
answer because creatinine clearance or eGFR is not able to
fully adjust for true renal function, and large studies with
direct measurement of GFR are not likely to be carried out
with current methods. Given the documented strong effect of
renal dysfunction on outcomes in AHF and the notion that
CysC is a better marker of GFR than creatinine, it seems
plausible that the superiority of CysC for predicting outcome
is directly related to its properties as a marker of kidney
function. We have previously reported that an elevated CysC
in patients with normal creatinine has a remarkable effect on
mortality (Fig. 3) [88]. Studies on other populations with
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Fig. 1 Association of CysC 20% —— — — I
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Fig. 2 Risk stratification in AHF by combining tertiles of cystatin C
and NT-proBNP. Increase in mortality at 1 year from 5.2% in patients
in the first tertile of both biomarkers (n = 77) to 48.7% in patients in
the third tertile (n = 76) of cystatin C and NT-proBNP. Reproduced
from [88] with permission by Oxford University press

normal or near normal kidney function assessed by creati-
nine have also documented an increase in incidence of car-
diovascular disease and adverse events related to higher
CysClevels[71,74,75,93]. Inall the studies in ACS, median
CysC levels were <1.0 mg/l and the negative effect on
cardiovascular outcomes was mostly visible in the highest
quartile of CysC [10, 76, 77]. Thus, it is most probable that
elevated CysC reflects a minor to moderate decline in renal
function not detected by creatinine and that this has a sub-
stantial effect on prognosis.

Cystatin C in chronic kidney disease

For patients with established CKD, a retrospective analysis
in the MDRD cohort showed that higher CysC level was a

Time (days)

Fig. 3 Effect on survival of elevated cystatin C in patients with
normal creatinine. Kaplan—Meier curves for patients with normal
creatinine and normal cystatin C level (upper line) and patients with
normal creatinine but elevated cystatin C level (lower line). Mortality
at 1 year 12.6 versus 40.4%. Log rank P < 0.0001. Reproduced from
[88] with permission by Oxford University press

significant predictor of mortality (all-cause and cardiovas-
cular) and progression to kidney failure (dialysis or trans-
plant) during 10 years of follow-up. The risk ratio per
standard deviation CysC was similar to that of measured
GFR (and creatinine), although CysC showed slightly
higher increase in risk of the mortality outcomes [94]. In
elderly patients with eGFR >60 ml/min, CysC concentra-
tion above normal was a strong predictor of CKD, with a
four times increased risk of developing eGFR <60 ml/min
during 4 years of follow-up [71].

Shlipak and colleagues elegantly compared rates of
decline in kidney function assessed by creatinine and CysC
in 4,380 elderly persons followed for 7 years.[95] CysC
and creatinine values were converted to eGFRcysc and
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eGFRyprp, respectively. The authors showed that with
eGFRyprp, mean decline in renal function was 0.4 ml/
min/year, and 16% of the population had a rapid decrease
(>3 ml/min/year). Surprisingly, 39% were found by
eGFRyprp to have a mean improvement in renal function
during follow-up. Overall, the change in eGFRyprp Was
rather small in the population, from 79 ml/min at baseline
to 78 ml/min at study end. In addition, changes in renal
function detected with eGFRyprp differed significantly by
gender and race [95]. For CysC estimates, renal function
change was not different in men and women or by race.
The mean annual decline for eGFRcyc was 1.8 ml/min
and mean eGFRcyyc changed from 79 ml/min at baseline
to 70 ml/min at final follow-up. Twenty-five percent of
patients were categorized as having rapid kidney function
decline, and fewer were found to have a positive trend in
the annual eGFR¢y s [95]. The study also pointed out age
as a significant predictor of rapid kidney function decline
and found that eGFR¢yc identified twice as many patients
reaching the end point of CKD (eGFR <60 ml/min) com-
pared with eGFRyprp. Furthermore, separate analysis of
the same cohort showed that this rapid decline in kidney
function, measured with either eGFR¢ysc or eGFRyprp
was associated with 50% increased risk of all-cause or
cardiovascular death, irrespective of age, gender, or base-
line renal function [96].

Efforts to standardize CysC measurements and valida-
tion of eGFR ¢y equations give an opportunity for reliable
and more accurate evaluation of kidney function in patients
with cardiovascular disease. CysC can be considered an
easily available marker of cardiovascular risk and with the
possibility of identifying high-risk individuals through
population- or disease-specific cutoffs. Defining these
cutoffs from available and upcoming data still needs to be
done, but improved awareness about better ways to assess
kidney function is already a step forward. Alongside
increasing clinical use of CysC as a measure of kidney
function, further studies will be necessary to evaluate
whether therapeutic interventions aiming at preserving or
improving renal function also can improve prognosis.

Conclusions

CysC is an interesting marker of renal function that accu-
rately reflects GFR. The properties of CysC make it an
excellent candidate for assessing renal function in a variety
of populations and disease states, both in patients with
renal insufficiency and in patients with more preserved
renal function. A clear advantage is that levels of CysC are
less dependent on non-renal factors than on creatinine.
CysC seems to be superior to creatinine and at least equal
to creatinine-based estimations of GFR in stable patients.

@ Springer

Moreover, CysC shows reliable performance also when
changes occur, either rapid or slower deterioration of kid-
ney function during follow-up.

CysC is a strong predictor of outcomes and has been a
consistent marker of increased risk for adverse events and
death in various cohorts. CysC also predicts cardiovascular
events and disease progression of heart failure and renal
insufficiency in elderly patients at risk. In particular, CysC
has the potential to detect the effect of mild kidney dys-
function on outcome. All this reflects the strong impact on
prognosis of the cardiorenal syndrome in cardiovascular
disease and in heart failure patients above all. As a potent
risk marker in the cardiorenal syndrome, CysC could
clearly be a step forward for the assessment of renal
function and risk stratification in patients with cardiovas-
cular disease and heart failure.
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