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Introduction: To investigate the relationship between cystatin C and cardiac dysfunction severity in patients with systolic heart
failure.

Methods: We recruited 100 hospitalized patients with systolic heart failure and 100 age-gender-matched controls. The clinical
information of each patient was collected. Blood pressure, heart rate, height, and weight were measured, as were serum concentrations
of cholesterol, renal function indices, cystatin C, and B-type natriuretic peptide (BNP). Transthoracic echocardiography was performed
on each patient.

Results: Cystatin C and other indices of renal function, such as urea nitrogen, creatinine, and uric acid, were significantly elevated in
the serum of patients with heart failure and those with more severe cardiac dysfunction. The stepwise regression analyses showed that
cystatin C was positively associated with BNP (8 = 0.18, P = 0.04, 95% CI: 21.1 ~ 1420.4) and left atrial diameter (LAD) (B = 0.19,
P =0.04, 95% CI: 0.03 ~ 9.21) and was negatively associated with ejection fraction (f = —0.22, P = 0.023, 95% CI: —12.4 ~ —0.93),
while creatinine was only positively correlated with BNP (f = 0.23, P = 0.03, 95% CI: 1.11 ~ 20.7). The Receiver Operating
Characteristic (ROC) curves demonstrated significantly more severe cardiac dysfunction (NYHA III/IV) in patients with cystatin C >
0.895mg/L (sensitivity was 83.0%, specificity was 80.9%, AUC = 0.893) and creatinine > 91.5umol/L (sensitivity was 71.7%,
specificity was 70.2%, AUC = 0.764).

Conclusion: Cystatin C was significantly correlated with cardiac structure and function in patients with systolic heart failure, and it
was more valuable than creatinine to evaluate the severity of heart failure.
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Introduction

Heart failure (HF) is a global healthcare burden associated with an unacceptable risk of morbidity, rehospitalization, and
mortality.l’2 Low cardiac output, accelerated atherosclerosis, inflammation, and increased venous pressure may all
contribute to HF-related renal dysfunction and cardiorenal syndrome.’ Renal function provides valuable prognostic
information for the classification of patients with stable or decompensated HF.*

Fontan circulation is associated with kidney injury and dysfunction, often unappreciated until Fontan circulatory
failure.” It hypothesized that cystatin C-estimated glomerular filtration rate (¢GFR) would identify chronic kidney disease
more frequently and that urine kidney injury biomarkers would be higher with declining Fontan physiological features.’

Cystatin C levels were associated with disease severity and prognosis in patients with pre-capillary PH.°
A combination of high cystatin C and advanced WHO-FC identifies patients at particularly high risk of clinical

deterioration.®
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Cystatin C is a cysteine protease inhibitor generated by all nucleated cells in mammals at a constant rate, in contrast to
creatinine, is less influenced by changes in muscle mass.” Among HF patients, Cystatin C may more accurately reflect
directly measured kidney function® and has demonstrated superior prognostic value when compared with creatinine.”'”
However, the value of serial Cystatin C measurements for the assessment of kidney function during and following HF
hospitalization has not been well described.

Due to its potential role in extracellular matrix (ECM) remodeling, it has not only been advocated as a more accurate
estimate of glomerular filtration rate (¢GFR) than serum creatinine, but it has also been shown to be associated with left
ventricular structural and functional parameters."''* The level of circulating cystatin C has been introduced as a more
sensitive biomarker of early renal impairment' particularly in patients with normal creatinine levels.' Previous studies'®
have demonstrated a strong association between cystatin C and cardiovascular events such as stroke, myocardial
infarction, and cardiovascular mortality in various populations.'”'® However, the benefits of using cystatin C rather
than creatinine in patients with heart failure were not well established. Therefore, in the present study, we investigated the
relationship between cystatin C and heart failure as reflected by left ventricular structure, left ventricular function, and
B-type natriuretic peptide (BNP). We also compared the predictive value of cystatin C to creatinine for the severity of
heart failure.

Methods

Study Population

A total of 100 hospitalized patients with decompensated HF who were treated at the Second People’s Hospital of
Changzhou were included in this investigation. Participants should have a left ventricular ejection fraction (LVEF)
< 50%, while the exclusion criteria include organic mitral regurgitation, severe renal or liver dysfunction, autoimmune
disease, cancer, or any other condition believed to influence the results of the study. The decompensation stage of renal
function (Glomerular Filtration Rate < 30mL/min-1.73m?) according to the Kidney Disease Outcomes Quality Initiative
(K/DOQI) clinical practice guidelines.'® These patients were always accompanied with electrolyte disturbance, endocrine
disorders or unstable vital signs. Such status would be confounding factors for the statistical analyses. As controls, we
recruited 100 patients of the same age and gender without HF. According to the New York Heart Association (NYHA)
classification criteria, the HF patients were further subdivided into NYHA I group (n = 7), NYHA II group (n = 40),
NYHA III group (n = 37), NYHA IV group (n = 16). We analyzed the data according to the combined NYHA I/II group
(n = 47) as a mild cardiac dysfunction group and the combined NYHA III/IV group (n = 53) as a severe cardiac
dysfunction group. This research adhered to the Declaration of Helsinki. The Ethics Committee of the Second People’s
Hospital in Changzhou authorized the protocol. Each participant gave their informed consent and signed it.

We collected data on the patients” medical history, smoking habits, alcohol consumption, and use of medications with
diuretics, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, calcium channel blockers, and B-
blockers. After each patient rested in a seated position for at least 5 minutes, their blood pressure was measured using
a mercury sphygmomanometer by trained examiners. The weight and height of the patients were measured while they
wore light indoor clothing without shoes. The body mass index (BMI) of the patients was determined by dividing their
weight in kilograms by their height in meters squared (kg/m?).

Measurement of Serum Biomarkers

After an overnight fast, venous blood was collected. We determined the levels of serum urea nitrogen, serum creatinine,
serum cystatin C, serum triglycerides, serum total cholesterol, and serum high-density lipoprotein (HDL) cholesterol using an
automated enzymatic method (Chemistry Analyzer AU2700, Olympus Medical Engineering Company, Tokyo, Japan). Using
the Friedewald formula, the serum low-density lipoprotein (LDL) cholesterol concentration was determined.

Transthoracic Echocardiography
A trained and certified echocardiographer performed 2D transthoracic echocardiography, including continuous and pulse-
wave Doppler measurements (Sonos 7500 echocardiography system, Philips Medical Systems, Andover, MA, USA), in
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accordance with standard operating procedures. Indices of left atrial diameter (LAD), left ventricular end systolic
diameter (LVSD), left ventricular end diastolic diameter (LVDD), and ejection fraction (EF) were calculated.

Statistical Analysis

We used SPSS 16.0 for database management and statistical analysis. The continuous variables and categorical variables
are presented as the mean + standard deviation, and proportions, respectively. The #-test and the chi-square test were used
to compare the means and proportions, respectively. The factors associated with BNP and the indices of heart structure
and function, including LAD, LVDD, LVSD, and ejection fraction, were determined using stepwise regression analyses.
Finally, we used the receiver operating characteristic (ROC) curve to test the predicted value of cystatin C and creatinine
in relation to the severity of heart failure. P < 0.05 was considered statistically significant.

Results

Clinical Characteristics Between Heart Failure Group and Control Group

Table 1 compares the baseline clinical characteristics of the heart failure and control groups. The rate of medications (P = 0.02),
concentration of urea nitrogen (P < 0.0001), creatinine (P < 0.0001), uric acid (P < 0.0001), cystatin C (P < 0.0001), BNP
(P <0.0001), LAD (P < 0.0001), LVSD (P < 0.0001), and LVDD (P < 0.0001) were significantly increased in the heart failure
group than in the control group, while the EF was lower in the heart failure group (P <0.0001). Age, sex, smoking habit, alcohol
consumption, systolic blood pressure, diastolic blood pressure, heart rate, body mass index, total cholesterol, triglycerides, HDL
cholesterol, and LDL cholesterol did not differ significantly between the two groups (P > 0.05).

Table | Clinical Characteristics Between Heart Failure Group and Control Group

Characteristics Control Heart Failure P
n =100 n =100

Age(years) 68.118.1 67.5+11.3 0.69
Male sex (n, %) 49 (54.4%) 66 (66.0%) 0.14
Smoking (n, %) 21 (23.3%) 31 (31.0%) 0.26
Alcohol intake (n, %) 3 (3.3%) 8 (8.0%) 0.22
Medications (n, %) 76 (84.4%) 95 (95%) 0.02
Systolic blood pressure (mmHg) 139.2+19.0 137.0+18.7 0.43
Diastolic blood pressure (mmHg) 82.1£10.7 89.6+83.0 0.40
Heart rate (beats/min) 76.1£10.5 83.41£50.3 0.18
Body mass index (kg/m?) 24.3%£3.2 24.61+3.4 0.58
Urea nitrogen (mmol/L) 5.22+1.90 6.92+2.75 <0.0001
Creatinine (umol/L) 76.4+22.3 96.9+30.4 <0.0001
Uric acid (umol/L) 293.8+90.6 380.1+124.7 <0.0001
Total cholesterol (mmol/L) 4.15+1.04 4.31x1.06 0.32
Triglycerides (mmol/L) 1.82+0.71 1.79+0.86 0.82
HDL cholesterol (mmol/L) 1.17£0.31 1.24+0.36 0.15
LDL cholesterol (mmol/L) 1.97+0.59 1.92+0.66 0.55
Cystatin C (mg/L) 0.76+0.28 0.99+0.38 <0.0001
BNP (pg/mL) 86.1+60.1 1099.1£1775.8 <0.0001
LAD (mm) 36.5+£5.77 45.6+8.78 <0.0001
LVSD (mm) 33.0+£3.93 44.7+6.85 <0.0001
LVDD (mm) 49.8+4.77 59.3+£5.80 <0.0001
Ejection fraction (%) 62.0£3.40 42.4+5.81 <0.0001

Abbreviations: HDL, high-density lipoprotein; LDL-C, low-density lipoprotein; BNP, B-type natriuretic
peptide; LAD, left atrial diameter; LVSD, left ventricular end systolic diameter; LVDD, left ventricular end
diastolic diameter.
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Clinical Characteristics Between Different NYHA Groups (NYHA /Il Group vs

NYHA [ll/1V Group)

Table 2 compares the clinical characteristics between the NYHA I/II group and the NYHA III/IV group. The concentra-
tion of urea nitrogen (P = 0.003), creatinine (P < 0.0001), uric acid (P = 0.01), cystatin C (P < 0.0001), BNP (P <
0.0001), left atrial diameter (P = 0.001), left ventricular end systolic diameter (P < 0.0001) and left ventricular end
diastolic diameter (P < 0.0001) were significantly higher in NYHA III/IV group than that in NYHA I/II group, while
body mass index (P = 0.03) and ejection fraction (P < 0.0001) were significantly decreased in NYHA III/IV group. Age,
sex, smoking habit, alcohol consumption, medications, systolic blood pressure, diastolic blood pressure, heart rate, total

cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol were not significantly different between the two groups
(P > 0.05).

Stepwise Regression Analyses in a Group of Heart Failure

Stepwise regression analyses were used to analyze the influence of BNP, LAD, LVDD, LVSD, and ejection fraction on
the group with heart failure. As independent variables, Table 3 included age, sex, smoking habit, alcohol consumption,
medication, systolic blood pressure, diastolic blood pressure, heart rate, body mass index, urea nitrogen, uric acid, total
cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, and cystatin C. The results showed that
cystatin C was positively associated with BNP (f = 0.18, P =0.04, 95% CI: 21.1 ~ 1420.4) and LAD (B = 0.19, P = 0.04,
95% CI: 0.03 ~ 9.21) and was negatively associated with ejection fraction (B = —0.22, P = 0.023, 95% CI. —12.4 ~
—0.93), while creatinine was only positively correlated with BNP ( = 0.23, P = 0.03, 95% CI: 1.11 ~ 20.7). Higher levels
of BNP ( = 0.20, P = 0.009, 95% CI: 151.1 ~ 1063.5) and lower levels of ejection fraction (f = —0.17, P = 0.034, 95%
CI: —7.82 ~ —0.32) were associated with smoking. Female gender was associated with greater LAD (fp = —0.18, P = 0.04,

Table 2 Clinical Characteristics Between Different NYHA Groups

Characteristics NYHAI/ NYHAIIIV P
(n = 47) (n=53)

Age(years) 65.3£10.0 69.5%12.1 0.07
Male sex (n, %) 31 (66.0%) 35 (66.0%) 0.99
Smoking (n, %) 17 (36.2%) 14 (26.4%) 0.29
Alcohol intake (n, %) 4 (8.5%) 4 (7.5%) 0.86
Medications (n, %) 43 (91.5) 52 (98.1%) 0.13
Systolic blood pressure (mmHg) 137.1x17.4 136.9£19.9 0.97
Diastolic blood pressure (mmHg) 101.8+119.7 78.9+13.5 0.17
Heart rate (beats/min) 76.4%15.9 89.7+67.2 0.19
Body mass index (kg/m?) 25.4£3.26 23.9+3.44 0.03
Urea nitrogen (mmol/L) 6.08+1.38 7.67+3.39 0.003
Creatinine (umol/L) 84.0+16.6 108.3+£35.2 <0.0001
Uric acid (umol/L) 346.8+96.0 409.6+139.9 0.01
Total cholesterol (mmol/L) 4.38+0.96 4.24%1.13 0.49
Triglycerides (mmol/L) 1.77£0.91 1.80+0.82 0.85
HDL cholesterol (mmol/L) 1.24+0.31 1.24+0.41 0.92
LDL cholesterol (mmol/L) 1.88+0.60 1.95+0.72 0.64
Cystatin C (mg/L) 0.76+0.19 1.20+0.38 <0.0001
BNP (pg/mL) 167.9£169.7 1924.8+2121.2 <0.0001
LAD (mm) 42.5+8.78 48.3+7.89 0.001
LVSD (mm) 41.9£5.71 47.2+6.86 <0.0001
LVDD (mm) 57.0+4.22 61.4+6.23 <0.0001
Ejection fraction (%) 45.5+3.65 40.0+6.02 <0.0001

Abbreviations: NYHA, New York Heart Association; HDL, high-density lipoprotein; LDL-C, low-density
lipoprotein; BNP, B-type natriuretic peptide; LAD, left atrial diameter; LVSD, left ventricular end systolic
diameter; LVDD, left ventricular end diastolic diameter.
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Table 3 Stepwise Regression Analyses in Group of Heart Failure

Dependent Variable Independent Variable B SE P 95% CI
BNP (pg/mL) Cystatin C (mg/L) 0.18 3544 0.04 21.1 ~ 1420.4
Smoking habit 0.20 231.1 0.009 I51.1 ~ 1063.5
Creatinine (umol/L) 0.23 4.97 0.03 1.1l ~20.7
LAD (mm) Cystatin C (mg/L) 0.19 233 0.04 0.03 ~ 9.21
Sex (male=1, female=0) —0.18 1.53 0.04 —6.20 ~ —0.15
Uric acid (umol/L) 0.29 0.01 0.001 0.01 ~0.04
Ejection fraction (%) Cystatin C (mg/L) -0.22 291 0.023 —124 ~-0.93
Smoking habit —-0.17 1.90 0.034 —7.82 ~ —0.32
Uric acid (umol/L) —0.19 0.01 0.036 —0.03 ~ —0.001

Abbreviations: BNP, B-type natriuretic peptide; LAD, left atrial diameter; SE, standard error; Cl, confidence interval.

95% CI: —6.20 ~ —0.15). The serum concentration of uric acid was positively correlated with LAD (B = 0.29, P = 0.001,
95% CI: 0.01 ~ 0.04) and was negatively correlated with EF (B = —0.19, P = 0.036, 95% CI: —0.03 ~ —0.001). None of
these independent variables was associated with the values of LVDD and LVSD (P > 0.05).

The ROC Curves of Cystatin C and Creatinine Were Correlated with the Severity of

Cardiac Dysfunction

The ROC curves revealed significantly more severe cardiac dysfunction (NYHA III/IV) in patients with cystatin C >
0.895mg/L (sensitivity was 83.0%, specificity was 80.9%, AUC = 0.893, Figure 1) and creatinine > 91.5umol/L
(sensitivity was 71.7%, specificity was 70.2%, AUC = 0.764, Figure 1).

Discussion
Serum concentrations of cystatin C and other indices of renal function such as urea nitrogen, creatinine, and uric acid
were significantly higher in patients with heart failure and those with more severe cardiac dysfunction, according to the

Sensitivity

cystatin C, AUC = 0.893
— = creatinine, AUC = 0.764

0.0 A

0.0 2 4 .6 .8 1.0
1 - Specificity
Figure 1 ROC curves of cystatin C and creatinine for predicting the severity of heart failure. For cystatin C, the cut-off point was 0.895 mg/L, the sensitivity was 83.0%, and

the specificity was 80.9%; the area under the curve (AUC) was 0.893; For creatinine, the cut-off point was 91.5 pmol/L, the sensitivity was 71.7%, and the specificity was
70.2%; and the AUC was 0.764.
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findings of this study. The stepwise regression analyses demonstrated that levels of cystatin C, creatinine, and uric acid
were associated with indices of cardiac structure and function as well as values of BNP. According to the ROC curves,
evaluating the severity of heart failure with cystatin C was more advantageous than with creatinine.

Cardiorenal syndrome refers to a spectrum of cardiac and kidney disorders. The initial renal hemodynamic response
to chronic heart failure is low renal plasma flow and relative preservation of the glomerular filtration rate (GFR),
resulting in an increased filtration fraction. An increase in efferent arteriolar resistance and glomerular capillary
hydrostatic pressure preserves GFR until cardiac function is severely compromised.?’ In the present study, indices of
renal function, including cystatin C, creatinine, and uric acid, were found to be correlated with the severity of heart
failure; furthermore, the stepwise regression analyses demonstrated that these indices were independently associated with
BNP, LAD, and EF. Elevated central venous pressures (CVPs) associated with chronic heart failure can typically lead to
renal venous hypertension, increased renal resistance, and ultimately impaired intrarenal blood flow, as demonstrated in
a number of recent studies utilizing invasive hemodynamic monitoring in patients with acute HF.>'*** In addition to these
changes in the kidney, sodium reabsorption in the loop of Henle was enhanced, and multiple neurohormonal factors, such
as the sympathetic nervous system (SNS) and the renin-angiotensin-aldosterone system (RAAS), were activated,
resulting in the formation of a vicious cycle.”

Cystatin C is a 13-kDa cysteine protease that is found in all nucleated cells, produced at a constant rate, easily filtered,
completely reabsorbed, and not secreted by renal tubules. In contrast to plasma creatinine, the levels of cystatin C have not
been shown to be influenced by diet, gender, body muscle mass,”* inflammation, or malignancy.>> The Dallas heart study®®
also demonstrated a correlation between higher levels of cystatin C, left ventricular hypertrophy, and increased left ventricular
mass as determined by magnetic resonance imaging (MRI). In a subset of patients with chronic HF from the Cardiovascular
Health Study, the highest quartile of serum cystatin C was associated with twice the risk of cardiovascular mortality adjusted
for baseline characteristics.?” In patients presenting with acute HF, serum cystatin C was a strong indicator of rehospitalization
and mortality*>*

the levels of cystatin C were significantly correlated with the severity of heart failure and were associated with BNP, LAD, and

and also had additive prognostic value for HE.*® Consistent with these results, the present study revealed that

EF independently of creatinine in the stepwise regression analyses. Furthermore, the ROC curves indicated that cystatin
C may be a more sensitive index for evaluating the severity of cardiac function than creatinine in patients with HF and normal
or slightly impaired renal function; when the levels of cystatin C > 0.895mg/L, the sensitivity of having more severe cardiac
function was 83.0% and the specificity was 80.9%.

Our current research must be interpreted within the context of its limitations. The small sample size from a single center is
a significant limitation of our investigation. This was due to the exclusion of patients with additional comorbidities, mainly
renal impairment and autoimmune diseases or malignancies, which could have influenced the levels of cystatin C and renal
function. Aside from this, our study was cross-sectional, so no causal inferences could be drawn.

Conclusion

Cystatin C is significantly associated with cardiac structure and function in patients with systolic heart failure, and it is
more valuable than creatinine in evaluating the severity of heart failure. Furthermore, large sample size from multi-
center and prospective studies are required to confirm our findings and clarify the underlying mechanisms of this
relationship.
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