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Abstract
To explore the association between serum cystatin C (Cys-C) and renal damage in patients with chronic hepatitis B.
We retrospectively analyzed the clinical data of 425 patients with chronic hepatitis B virus (HBV) infection. Liver stiffness measured

by FibroScan was used to diagnosis liver fibrosis. Cys-C levels were detected via latex-enhanced immunoturbidimetric assay.
A total of 425 patients were enrolled. Among them, 217 were patients with CHB with an eGFR>90mL/min/1.73m2 and 208 with

an eGFR�90mL/min/1.73m2. Cys-C levels significantly differed in patients with eGFR>90mL/min/1.73m2 compared with patients
with eGFR �90mL/min/1.73m2 (0.81±0.05 vs 1.05±0.06mg/L, P< .001). Moreover, the Cys-C levels were 0.82±0.04mg/L in
patients without liver fibrosis, 0.98±0.05mg/L in patients with mild liver fibrosis, 1.05±0.08mg/L in patients with advanced liver
fibrosis, and 1.12±0.07mg/L in patients with liver cirrhosis (P< .001). Multivariate analyses were conducted to explore the
independent factors associated with a decreased eGFR.Multivariate analysis suggested that T2DM (P= .032), liver fibrosis (P= .013),
and Cys-C level (P= .035) were the independent factors associated with the decreased eGFR in patients with CHB. While age
(P= .020) and Cys-C level (P= .001) were the independent factors associated with the decreased eGFR in patients with CHB-related
fibrosis.
The fibrosis group had significantly higher Cys-C levels than those without fibrosis. Routine monitoring of Cys-C levels is of positive

significance in preventing the development of renal impairment of CHB patients.

Abbreviations: CHB = chronic hepatitis B, Cys-C = cystatin C, eGFR = estimated glomerular filtration rate, GFR = glomerular
filtration rate, HBV = hepatitis B virus.
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1. Introduction

Chronic hepatitis B virus (HBV) infection is an important cause of
liver cirrhosis.[1] Studies have reported that patients with chronic
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hepatitis B (CHB) and liver cirrhosis have different degrees of
renal injury as the disease progresses.[2,3] A variety of mecha-
nisms can induce renal function injury in patients with CHB.[4]

Studies have reported that, after the hemodynamic changes, renal
injury will further reduce the glomerular filtration rate (GFR) and
therefore increase the mortality rate.[5–7]

At present, the serum creatinine level and estimated GFR
(eGFR) commonly used in clinical practice cannot accurately and
sensitively reflect early renal damage.[8,9] Serum cystatin C (Cys-
C), as a biomarker of renal injury, is a more specific and sensitive
endogenous indicator.[10–12] However, no study has reported the
association between Cys-C levels and renal damage among
patients with CHB.
Hence, this study analyzed the level of Cys-C and liver

fibrosis in patients with chronic HBV infection and explored
the association of Cys-C with renal injury in patients with
CHB to improve early identification of renal damage in this
population.
2. Subjects and methods

2.1. Subjects

This study used a retrospective analysis. We included patients
with chronic HBV infection from January 1, 2017 to December
31, 2018. Patients were included if they were 18 years of age or
older and tested positive for hepatitis B surface antigen
>6 months. Patients with kidney stones, kidney cysts, and other
diseases causing kidney damagewere excluded. This researchwas
approved by the Ethics Committee of Qingdao Sixth People’s
Hospital, and all patients signed the informed consent.
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Figure 1. Cys-C levels in CHB patients with different eGFR level. Cys-C
significantly differed in patients with eGFR>90mL/min/1.73m2 compared with
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2.2. Data collection

We used a questionnaire to collect data, including demographic
data (sex, age, height, and weight) and laboratory test data. Liver
stiffness measured by FibroScan was used to diagnosis liver
fibrosis. HBV serological markers, HBV DNA quantification,
and kidney-related detection markers, including creatinine and
Cys-C, were also evaluated. According to FibroScan, the degree
of liver fibrosis is classified as no fibrosis (liver stiffness<7.3 kPa),
mild fibrosis (liver stiffness from 7.3 to 9.7 kPa), advanced
fibrosis, (liver stiffness from 9.8 to 17.5 kPa), and liver cirrhosis
(liver stiffness >17.5 kPa).[13] GFR was estimated according to
the MDRD formula: eGFR (mL/min/1.73m2)=175�blood
creatinine�1.234�age�0.179�0.79 (if female).[14,15] Cys-C levels
were detected via latex-enhanced immunoturbidimetric assay
according to manufacturer’s protocol (Shanghai Junrui Biotech-
nology Co., Ltd.). According to the international guidelines
recommended by the KDIGO organization, we define eGFR≥90
mL/min/1.73 m2 as normal renal function.[16]
patients with eGFR �90mL/min/1.73 m (0.81±0.05 vs 1.05±0.06mg/L,
P< .001).
2.3. Statistical methods

Data were analyzed using SPSS 13.0 software. Normally
distributed data are expressed as mean± standard deviation.
Comparisons between 2 groups were conducted using 2 indepen-
dent samples t test. Multivariate forward Logistic Regression was
conducted to evaluate risk factors associated with renal
impairment. P< .05 was considered statistically significant.
3. Results

3.1. Patient demographics

A total of 425 patients were enrolled. Among them, 217 were
patients with CHB with an eGFR >90mL/min/1.73m2 and 208
with an eGFR �90mL/min/1.73m2. The sex, age, alanine
aminotransferase level, HBV DNA level, urea level, and
proportion of hyperlipidaemia were similar for the two groups.
There was a significantly higher proportion of patients diagnosed
with type 2 diabetes mellitus (T2DM) in the group with eGFR �
90mL/min/1.73m2 (Table 1).
3.2. Renal function differs among patients with CHB

Cys-C levels significantly differed in patients with eGFR>90mL/
min/1.73m2 compared with patients with eGFR �90mL/min/
1.73m2 (0.81±0.05 vs 1.05±0.06mg/L, P< .001) (Fig. 1). To
Table 1

Baseline demographic and clinical characteristics by groups.

Chronic hepatitis B

Variables e-GFR>90 ml/min e-GFR�90 ml/min P

Sample size 217 208
Sex, M/F 145/72 141/67 .832
Age, years 40.17±10.58 41.32±11.87 .292
Urea, mmol/L 4.42±0.23 4.49±0.67 .147
ALT 125.54±131.72 127.72±126.25 .862
HBV DNA log IU/mL 5.74±2.92 5.77±2.80 .914
T2DM, Y/N 25/192 39/169 .037
NAFLD, Y/N 63/154 53/155 .411
HBeAg, +/� 133/84 119/89 .392
Hyperlipidemia, Y/N 35/182 31/177 .727
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further explore renal function in patients with CHB, we
compared Cys-C level and eGFR in patients with different
degrees of liver fibrosis. The results are shown in Figure 2.
According liver stiffness values, 204, 124, 52, and 48 patients
were diagnosed with no liver fibrosis, mild liver fibrosis,
advanced liver fibrosis, and liver cirrhosis, respectively. The
eGFR levels were, respectively, 105.3±3.81, 104.4±3.57, 97.17
±6.78, and 91.6±5.15mL/min/1.73m2 (P< .001). The eGFR
decreased with the severity of liver fibrosis. Similar results were
observed for serum Cys-C levels. The Cys-C levels were 0.82±
0.04mg/L in patients without liver fibrosis, 0.98±0.05mg/L in
patients with mild liver fibrosis, 1.05±0.08mg/L in patients with
advanced liver fibrosis, and 1.12±0.07mg/L in patients with
liver cirrhosis (P< .001).

3.3. Risk factors related to impaired renal function in all
patients

Univariate and multivariate analyses were conducted to explore
the independent factors associated with a decreased eGFR. The
univariate analysis results showed that liver fibrosis, T2DM, and
Cys-C level were the factors associated with the decrease in eGFR
in patients with CHB. Multivariate analysis suggested that
T2DM (P= .032), liver fibrosis (P= .013), and Cys-C level
(P= .035) were the independent factors associated with the
decreased eGFR in patients with CHB (Table 2).

3.4. Risk factors related to impaired renal function in
patients with liver fibrosis

Univariate and multivariate analyses were conducted to explore
the independent factors associated with decreased eGFR in
patients with CHB-related fibrosis. The multivariate analysis
suggested that age (P= .020) and Cys-C level (P= .001) were the
independent factors associated with the decreased eGFR in
patients with CHB-related fibrosis (Table 3).
4. Discussion

Chronic HBV infections not only lead to chronic liver damage but
also can cause kidney damage through various mechanisms.[17]



Table 2

Risk factors for impaired renal function in CHB.

Univariate analysis Multivariate analysis

Variables OR 95% CI P OR 95% CI P

Sex, M/F 0.987 0.467–1.195 .278
Age, years 1.371 0.792–2.671 .189
Urea, mmol/L 1.235 0.400–2.497 .840
ALT 1.150 0.153–2.934 .403
HBV DNA log IU/mL 0.740 0.307–1.512 .704
T2DM, Y/N 1.348 1.081–2.308 .025 1.427 1.221–2.018 .032
NAFLD, Y/N 0.817 0.615–2.449 .631
HBeAg, +/� 1.158 0.210–1.659 .459
Hyperlipidemia, Y/N 0.640 0.572–1.248 .367
Liver fibrosis, Y/N 1.235 1.119–2.716 .001 1.322 1.174–2.118 .013
Cys-C, mg/L 1.216 1.074–2.497 .020 1.343 1.015–2.470 .035

Figure 2. Cys-C levels in CHB patients with different degrees of liver fibrosis. A. The eGFR levels were 105.3±3.81mL/min/1.73m2 in patients without liver fibrosis
(n=204), 104.4±3.57mL/min/1.73m2 in patients with mild liver fibrosis (n=124), 97.17±6.78mL/min/1.73m2 in patients with advanced liver fibrosis (n=52), and
91.6±5.15mL/min/1.73m2 in liver cirrhosis (n=48)(P< .001). B. The Cys-C levels were 0.82±0.04mg/L in patients without liver fibrosis, 0.98±0.05mg/L in
patients with mild liver fibrosis, 1.05±0.08mg/L in patients with advanced liver fibrosis, and 1.12±0.07mg/L in patients with liver cirrhosis (P< .001).
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When chronic hepatitis caused by HBV progresses to the stage of
end-stage liver cirrhosis, portal hypertension further causes
systemic hemodynamic changes and kidney damage, while
kidney damage further aggravates portal hypertension, forming
a vicious cycle. Previous studies[18,19] have shown that 29% of
patients with HBV-related nephritis will develop renal failure, of
which 10% need renal replacement therapy for end-stage renal
Table 3

Risk factors for impaired renal function in CHB with liver fibrosis.

Univariate analysis

Variables OR 95% CI

Sex, M/F 0.561 0.183–1.622
Age, years 1.753 1.085–2.720
Urea, mmol/L 1.462 0.403–1.561
ALT 1.085 0.335–1.594
HBV DNA log IU/mL 0.777 0.437–1.840
T2DM, Y/N 1.048 0.987–1.687
NAFLD, Y/N 0.742 0.831–2.766
HBeAg, +/� 1.065 0.273–2.490
Hyperlipidemia, Y/N 0.467 0.129–1.348
Cys-C, mg/L 1.371 1.119–2.658
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disease. Early kidney damage is not an organic change, and timely
treatment can reverse kidney damage. A decreased GFR is
considered the main manifestation of early kidney injury, but
urea nitrogen and creatinine levels are susceptible to diet, body
metabolic status, and the patient’s muscle condition. The eGFR
calculated based on this is not sufficiently sensitive or accurate for
clinical diagnosis of early kidney injury.
Multivariate analysis

P OR 95% CI P

.544

.012 1.812 1.241–2.027 .020

.335

.447

.451

.008

.258

.792

.387

.003 1.028 1.105–2.274 .024
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Cys-C is a secreted protein whose amino acid sequence is stably
expressed in most human tissues, and its production rate is stable
in the body.[20–22] It is not affected by factors such as eating
status, disease factors, or muscle content and is almost completely
filtered by the glomeruli. It is not reabsorbed by the renal tubules
and is a new index for evaluating renal function.[23–25] Previous
research[26–29] showed that Cys-C is significantly better than
creatinine and urea nitrogen, and it can better reflect the change
of GFR. This study analyzed Cys-C levels in patients with chronic
HBV infection. As a result, eGFR levels in patients with cirrhosis
were significantly lower than in those without fibrosis. The
fibrosis group and liver cirrhosis group had significantly higher
Cys-C levels than those without fibrosis. Moreover, T2DM, liver
fibrosis and Cys-C level were the independent factors associated
with the decreased eGFR in patients with CHB. While age and
Cys-C level were the independent factors associated with the
decreased eGFR in patients with CHB-related fibrosis.
It is suggested that with the progress of liver disease, renal

damage in patients worsens.[17,30] Cys-C level can detect renal
damage earlier than eGFR, creatinine, or urea nitrogen. It was
found that the level of Cys-C increased significantly in patients
with liver cirrhosis. It is suggested that Cys-C may has early
diagnostic significance for both chronic HBV infection. However,
it needs further study to confirm. Previous studies have reported
that CHB patients have impaired renal function compared to
healthy controls.[17,31] In our study, we further found that the
renal function of CHB patients deteriorated further with the
progression of liver fibrosis. Moreover, as eGFR decreases, the
level of Cys-C will increase. Our research suggests that for
patients with CHB, especially those with liver cirrhosis, detection
of Cys-C and eGFR helps early warning of renal impairment.
This study had some limitations. All the patients were from one

medical center, a prospective multicenter study is thus necessary.
In our study, we failed to explore further the reasons why Cys-C
and liver cirrhosis contributed to the decreased eGFR.We believe
that a well-designed controlled study is needed to answer these
questions.
In summary, our study found that eGFR levels in patients with

cirrhosis were significantly lower than in those without fibrosis.
Thefibrosis groupand liver cirrhosis grouphad significantly higher
Cys-C levels than those without fibrosis. Moreover, T2DM, liver
fibrosis and Cys-C level were the independent factors associated
with the decreased eGFR inpatientswithCHB.While age andCys-
C level were the independent factors associated with the decreased
eGFR inpatientswithCHB-relatedfibrosis.Routinemonitoring of
Cys-C levels is of positive significance in preventing the
development of renal impairment of CHB patients.
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