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Abstract
Background—Chronic kidney disease is a risk factor for heart failure (HF). Though cystatin C can
detect early kidney dysfunction, limited data are available on the association between cystatin C and
HF.

Methods—In a prospective nested case-control study design, we examined whether cystatin C is
associated with an increased risk of HF in the Physicians’ Health Study and whether such an
association is stronger in hypertensive subjects. We selected 220 cases of incident HF and 220
controls, matched on age, year of birth, and time of blood collection. Plasma cystatin C was measured
using an immunonephelometry method. We used conditional logistic regression to estimate relative
risks.

Results—Compared with the lowest tertile, the multivariable adjusted RR (95% CI) for HF was
1.15 (0.69-1.89) and 1.78 (1.01-3.13), for the second and third tertile of cystatin C, respectively.
Additional adjustment for systolic blood pressure and history of hypertension attenuated this
association [RR: 1.0, 1.23 (0.73-2.09), and 1.61 (0.90-2.88) from the lowest to the highest tertile,
respectively]. Furthermore, we observed a 4-fold increased risk of HF in the second and third tertiles
of cystatin C among hypertensive individuals and no meaningful effects of cystatin C on HF among
non-hypertensive subjects.

Conclusions—Our data demonstrated that higher levels of cystatin C are associated with an
increased risk of HF and that such association may be limited to hypertensive individuals. Additional
studies are warranted to further examine the relationship between hypertension and cystatin C on the
risk of HF.
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As a consequence of an increased life expectancy in the US and improved medical treatment,
more and more adults are living with chronic conditions, including heart failure (HF). While
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chronic kidney disease has been shown to increase the risk of HF 1-5, limited data are available
on whether early stages of chronic kidney disease is a risk factor for HF. Cystatin C has been
identified as a novel biomarker that is more sensitive to detect early kidney dysfunction
compared with creatinine and creatinine-based estimated glomerular filtration rate 6-8.
Unlike other measures of kidney dysfunction, cystatin C might not be affected by age, gender,
and muscle mass 9-11. Because, cystatin C is associated with systolic blood pressure 12, it is
important to carefully examine the role of blood pressure on the cystatin C-HF association.
Alternatively, elevated serum cystatin C could merely be a reflection of elevated blood pressure
and not causally related to HF. In the current study, we sought to evaluate the hypothesis that
plasma cystatin C is positively associated with incident HF among US male physicians and
whether the association between cystatin C and HF is modified by hypertension.

Methods
Study population

The current project is built on the Physicians’ Health Study (PHS) I and II. PHS I was a
randomized, double blind, placebo-controlled trial designed to test the effects of low-dose
aspirin and beta-carotene on cardiovascular disease and cancer among 22,071 US male
physicians. PHS II is an ongoing randomized trial designed to test the benefits and risks of
vitamins E and C, beta-carotene, and multivitamin in the prevention of cancer, cardiovascular
disease, and age-related eye-diseases and decline in cognitive function among 14,642 US male
physicians aged 50 years and older. A detailed description of both studies has been published
previously13,14. For the current analyses, we used a prospective nested case-control design to
select study participants for this pilot project. This pilot study was designed to have 80% power
to detect a 60% increased risk of HF. Specifically, 220 incident HF cases were randomly
selected from a total of 392 HF cases that occurred after a second blood collection (between
1995 and 2001) in the PHS I and II. For each case, we selected one control subject who was
alive at the time of the index date of the case and matched on age (within 1 year), year of birth
(identical to that of the case), and time of blood collection (same year). Within each risk set, a
case and all potential controls were ranked by date of birth and date of blood collection and
the nearest control to the case was selected. Each case was eligible to serve as control prior to
HF diagnosis. Similarly, each control was eligible to latter become HF case to assure that
controls were representative of a total population that gave rise to the HF cases. Each participant
gave written informed consent and the Brigham and Women’s Hospital Institutional Review
Board approved the study protocol.

Blood Collections and Storage
For the current project, blood was collected between 1995 and 2001. Participants were sent
blood collection kits containing: a) 3 EDTA and 3 citrate tubes, b) a gel-filled freezer pack, c)
a completed overnight courier air bill, and d) written instructions and other supplies needed
for venipuncture 15. Collected specimens were sent to our laboratory in freezer packs within
24 hours of blood draw. Once received at the laboratory, samples were fractioned into plasma,
red blood cells, and buffy coat. The samples were aliquoted into twelve 2 ml Nunc vials (6
EDTA plasma, 3 citrate plasma, 1 EDTA red blood cells, and 1 EDTA and 1 citrate buffy coat),
which were frozen at −170 °C. The entire process was completed swiftly to ensure that samples
were frozen within 30 to 36 hours after venipuncture. Samples were received from 17,253
physicians.

Measurement of cystatin C
Cystatin C measurement was performed using a particle-enhanced immunonephelometry on
the Dade Behring BN 100 System (Dade Behring Inc, Deerfield IL) 16. In this assay, immune
complexes are formed when cystatin C from the sample is bound to polystyrene particles coated
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with antibody specific to human cystatin C. These immune complexes cause light scattering
that is proportional to the concentration of cystatin C. The intraindividual coefficient of
variation was 6.9%, which is similar to that of other laboratories 12,17,18.

Ascertainment of incident heart failure
A questionnaire was mailed to each participant biennially during the first year and has been
mailed annually thereafter to obtain information on the occurrence of major diseases including
HF. In a pilot study, we found a higher confirmation rate (90%) of HF using the Framingham
criteria19. Detailed description of HF validation has been published elsewhere 20.

Other variables
Information on age, height, weight, body mass index, cigarette smoking, vegetable
consumption, hypertension, use of multivitamins, atrial fibrillation, valvular disease, diabetes
mellitus, and physical activity was collected at baseline through a standardized questionnaire.
Incidence of major chronic disease was ascertained through annual follow-up questionnaires
and validated through an endpoint committee. High-sensitive C-reactive protein (hs-CRP) was
measured using a standard method.

Statistical analyses
The distribution of cystatin C was skewed to the right (skewness = 3.3, kurtosis = 17.9). Thus,
we used the natural logarithm to normalize its distribution and created tertiles of cystatin C
based on its distribution in the entire population. We used a conditional logistic regression
(where each risk set was considered as a stratum) to compute multivariable-adjusted odds ratios
as the measure of the relative risks (RRs) with corresponding 95% confidence intervals (CIs)
using subjects in the lowest tertile as the reference group. We assessed confounding by body
mass index (continuous), smoking (yes/no), alcohol intake (<1, 1-4, 5+/week), systolic and
diastolic blood pressure (continuous), hs-CRP, as well as history of diabetes, myocardial
infarction, and hypertension. A variable was considered a confounder if its adjustment led to
a 10% or more change in the relative risk estimates for the cystatin C (tertiles) and HF
association. We obtained p value for linear trend by creating a new variable that was assigned
the median cystatin C value in each tertile and then fitting the new variable in a multivariable
conditional logistic regression model. The initial model accounted for matching factors only
(age, date of blood collection, and year of birth). The parsimonious model adjusted for age,
year of birth, body mass index, alcohol intake, smoking, and history of myocardial infarction.
Because cystatin C has been shown to be positively correlated with systolic blood pressure and
history of hypertension is a major risk factor for HF, we examined whether the cystatin C-HF
association was influenced by blood pressure or hypertension status. Specifically, we included
systolic blood pressure (linear) and hypertension status (yes/no) to see whether such adjustment
would attenuate the relative risk. Furthermore, we conducted stratified analyses by history of
hypertension. In secondary analyses, we used log-transformed cystatin C as a continuous
variable to repeat above analyses. We calculated the p values for interaction between cystatin
C and hypertension by including a product term in the regression model. All analyses were
completed using SAS, version 9.1 (SAS Institute, NC). All P values were two-tailed and we
considered an alpha of 0.05 statistically significant.

Results
Among 220 case-control pairs in the PHS, the mean age (SD) at the 1995-2001 blood collection
was 74.1 (8.2) years (range 51.7 to 91.8 years). Table 1 presents baseline characteristics of the
study participants. Higher cystatin C was associated with older age; higher systolic blood
pressure; higher prevalence of hypertension, myocardial infarction, and diabetes mellitus; and
lower proportion of current drinkers. In a conditional logistic regression controlling for
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matching factors (age, time of blood collection, and year of birth), body mass index, smoking,
alcohol use, and history of myocardial infarction, relative risks (95% CI) for HF were 1.0
(reference), 1.15 (0.69-1.89), and 1.78 (1.01-3.13) in the first through the third tertile of cystatin
C, respectively (p for linear trend 0.011, Table 2). Additional adjustment of systolic blood
pressure and history of hypertension attenuated the relative risk with corresponding relative
risks of 1.23 (0.73-2.09) and 1.61 (0.90-2.88) for the 2nd and 3rd tertile (p for trend 0.11, Table
2). Cystatin C was significantly and positively correlated with systolic (spearman correlation
coefficient 0.13, p=0.001) but not diastolic blood pressure.

When stratified by hypertension history, cystatin C was associated with an increased risk of
HF among men with hypertension but not in those without hypertension. For hypertensive
subjects, the relative risk of HF was four times higher in the second and third tertile of cystatin
(Table 3) after adjusting for potential confounders (p for interaction 0.35). This positive
association among hypertensive subjects persisted even after additional adjustment for hs-CRP
(RR: 1.0, 3.40 (0.90-13.60), 3.70 (1.10-13.10) from the lowest to the highest teritle of cystatin
C, respectively, p for trend 0.04). Lastly, analyzed as a continuous variable, log-transformed
cystatin C was significantly associated with an increased risk of HF in the total population
(Table 4). This association was attenuated but remained statistically significant after additional
adjustment for systolic blood pressure and hypertension. However, there was a positive but not
statistically significant association between log-cystatin C and HF in hypertensive subjects; no
substantial association between cystatin C and HF among non-hypertensive subjects (p for
interaction=0.29, Table 4).

Discussion
In the current prospective nested case-control study, we demonstrated that higher levels of
serum cystatin C were associated with an increased risk of HF and that such association was
attenuated by further adjustment for blood pressure and hypertension status. When stratified
by hypertension status, there was no statistically significant association between cystatin C and
HF among non-hypertensive subjects, whereas a strong positive relation was seen between
cystatin C and HF among hypertensive individuals.

These findings are consistent with previous reports on cystatin C and HF. Data from the
Cardiovascular Health Study showed a stepwise increased risk of HF with cystatin C (2.2-fold
increased risk of HF comparing the fifth to the first quintile of cystatin C) among participants
aged 65 years and older at baseline 4. Among older adults without chronic kidney disease,
cystatin C was associated with a 28% increased risk of HF5. Furthermore, data from the Heart
and Soul Study have demonstrated that being in the fourth quartile of cystatin C was associated
with a 2.6-fold increased risk of HF compared with the first quartile of cystatin C among 990
individuals with coronary heart disease 21. In the Health, Aging, and Body Composition (ABC)
Study 18, cystatin C was positively associated with the risk of HF in a dose-response fashion
in black participants, with a relative risk (95%CI) of 3.0 (1.4-6.5) comparing the fifth with the
first quintile of cystatin C; in contrast, the relative risk of HF was close to unity in the first
through the fourth quintile in white subjects of the same study with a modest and non-
statistically significant increased risk in the fifth quintile [RR=1.4 (0.8-2.5)]. Our data derived
from a predominantly white population are not completely consistent with the Health ABC
Study 18, though the overlapping confidence intervals point to certain degree of agreement.
Several factors could account for this discrepancy including small sample size, shorter follow-
up time, and advanced age among participants of the Health ABC Study.

Contrary to our study, previous studies have evaluated the influence of hypertension by
including hypertension variable in the regression model. If extreme categories of cystatin C
have only limited number of subjects with hypertension, such analytical method may be
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inadequate in determining whether the association between cystatin C and HF is independent
of hypertension. Hypertension is a strong risk factor for HF22-24. Since cystatin C is a
biomarker with a better sensitivity (than creatinine-based estimated glomerular filtration rate)
to detect early kidney dysfunction 7,8, it is possible that it could be a surrogate of systolic blood
pressure and not be an independent predictor of HF. If the later hypothesis were true, then one
would expect a strong correlation between cystatin C and systolic blood pressure. In our study,
we observed a weak spearman correlation coefficient between cystatin C and systolic blood
pressure (r= 0.13, p=0.001), thus lending only a modest support to this theory. Data from the
Heart and Soul Study have shown a linear relation between cystatin C and systolic blood
pressure and pulse pressure among 906 participants with prevalent coronary heart disease 12.
In addition, cystatin C has been positively related to left ventricular hypertrophy and left
ventricular diastolic dysfunction 25,26.

On the other hand, the association between cystatin C and HF may be mediated through other
mechanisms. Cystatin C is an inhibitor of cysteine proteases of the cathepsin family (including
elastases and collagenases)27 that are known to play a role in atherosclerosis28. Cysteine
proteases degrade elastin and collagen – two important constituents of extracellular matrix of
vascular walls29. It is therefore possible that cystatin C plays a role in matrix remodeling, a
process involved in HF development. However, experiments in animals have not been
consistent with the hypothesis that elevated concentrations of cystatin C are associated with
cardiovascular disease and HF. Apolipoprotein E-deficient mice lacking cystatin C showed
larger atherosclerotic plaques than those with cystatin C after several weeks of intervention
with an atherogenic diet30,31, suggesting protective role of cystatin C. This apparent cystatin
C paradox could be partially explained by the involvement of inflammation among subjects
with elevated cystatin C concentrations. Raised cystatin C may be associated with micro-
inflammation, which plays an important role in the development of atherosclerosis. Since, all
nucleated cells secrete cystatin C, its serum concentration is not affected by its deficiency in
atherosclerotic lesions. The fact that our point estimate was modestly attenuated upon further
adjustment of hs-CRP lends support to this theory.

Our study has several limitations. First, we did not collect data to distinguish HF with and
without preserved left ventricular function. Since cystatin C is positively associated with
systolic blood pressure, however, we would anticipate a stronger relation between cystatin C
and diastolic heart failure as a consequence of hypertensive cardiomyopathy. We are currently
collecting data to test this hypothesis in the PHS. Second, we had limited power to detect an
interaction between hypertension and cystatin C on HF in this pilot study. However, based on
the qualitatively different association between cystatin C and HF according the hypertension
status, we would expect statistically significant interaction in larger studies. Third, our sample
consists of highly educated male physicians who may have different behaviors than the general
population; thus limiting the generalizability of our findings. Fourth, our study is an
observational study and we cannot exclude residual or unmeasured confounding as possible
alternative explanation of our results. Lastly, we did not have data on microalbuminuria for
further evaluation. On the other hand, this study has numerous strengths, including matching
on key confounders such as age and year of birth to minimize confounding; the ability to control
for residual confounding through collected covariates; the prospective design; the high
confirmation rate of self-reported HF using the Framingham criteria; and the longer follow-up
time.

In conclusion, our data show a positive association between cystatin C and HF. The attenuation
of this association by further adjustment of blood pressure and the fact that it was restricted to
hypertensive subjects raises the question whether cystatin C is an independent risk factor for
HF or just a biomarker for earlier blood pressure effects on HF. Further exploration of the
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physiologic mechanisms and connections between cystatin C and blood pressure on HF are
warranted.
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