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Abstract

Background Hepatitis B virus (HBV) infection is a public health challenge, especially in China. In clinical practice, HBV
infection is associated with nephropathy. Impaired renal function is frequently observed in compensated Chronic Hepatitis B
(CHB) and cirrhosis (LC). Thus, renal function must be monitored to avoid nephrotoxic effects before and during nucleoside
analog treatment. Investigating the predictive markers of early renal dysfunction is essential. New GFR-predicting equations,
based on Pcr and/or CystC, have been recently recommended in the general population, but their performance in liver disease
patients has been rarely studied. In this study, we will discuss how to detect renal dysfunction in patients with HBV infection.
Methods A total of 16 LC patients and 23 CHB patients were enrolled in this study, and we collected and compared the
clinical data of the two groups. The estimated glomerular filtration rates (¢GFRs) were also calculated by several equations.
All patients received 99mTc-DTPA dynamic radionuclide imaging examinations to obtain mGFRs as the reference standard.
To evaluate the performance of any equation in the CHB and LC groups, paired ¢ test, Pearson’s correlation, Kappa analysis
and Bland—Altman plots were utilized. Moreover, all 39 subjects were divided into two groups (according to GFR > 90 mL/
min/1.73 m?). We compared the serum and urinary markers of kidney injury between the two groups and selected the indica-
tors of renal injury by univariate analysis.

Results The mGFR was 72.26 +20.69 mL/min/1.73 m? in the LC group, and 87.49 +25.91 mL/min/1.73 m? in the CHB
group. The paired ¢ test results of eGFR and mGFR showed no difference between eGFR (estimated by the CHINAcr-cys
equation) and mGFR (p > 0.05) in the compensated LC and CHB groups. The difference between mGFR and eGFR esti-
mated by other methods was obvious (p <0.05). Comparing the eGFRs (estimated by 5 different equations) with mGFR
in the compensated LC and CHB groups, Pearson’s correlation showed that only eGFR (estimated by the CHINAcr-cys
equation) had a significant correlation coefficient in CHB (r=0.678, p=0.000) and had the highest R? (R>=0.459) among
all other measures. The kappa consistency test showed that eGFR from CHINAscr-cys had poor consistency with mGFR in
the compensated LC group but moderate consistency in the CHB group. Bland—Altman consistency analysis showed that
in the CHB group, the CHINAcr-cys and CKD-EPIcr equations presented narrower acceptable limits than did the aMDRD,
c-aMDRD, and CKD-EPIcr-cys equations (62.8, 56.1 vs .85.7, 102.9, 93.6 mL/min per 1.73 m?). In the compensated LC
group, the CHINAcr-cys and CKD-EPIcr equations presented narrower acceptable limits than did the aMDRD, c-aMDRD,
and CKD-EPIcr-cys equations (83.6, 81.3 vs. 98, 113.5, 106.3 mL/min per 1.73 m2). Serum or urinary markers were com-
pared with renal function (GFR > 90 mL/min/1.73 m?) and showed International normalized ratio (INR) (p =0.009), creati-
nine (p =0.006), urine N-acetyl-p-glucosaminidase (NAG) (p =0.001) and serum cystatin C (CysC) (p =0.044).
Conclusion The CHINAcr-cys equation may be more suitable for the estimation of GFR in Chinese patients with CHB or
compensated cirrhosis. INR, creatinine, NAG, and CysC are proper biomarkers for screening renal dysfunction in Chinese
patients with CHB or compensated LC.
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Introduction

Hepatitis B virus (HBV) infection is a worldwide threat
to health, especially in China. HBV is generally not a
cytopathic virus, and this liver disease is related to the
host immunologic response to the virus. The inefficient
immune response to HBV during chronic HBV infection
results not only in liver destruction but also extrahepatic
syndromes. The extrahepatic manifestations are observed
in association with circulating immune complexes that
activate serum complement. Many of the circulating
immune complexes can present as renel injury such as glo-
merulonephritis. Renal function is frequently impaired in
patients with compensated CHB and HBV-related liver cir-
rhosis (LC) [1-4]. A multicenter, retrospective and obser-
vational study recruited 90 patients with chronic HBV
infection who had never received antiviral treatment was
carried out in China. The serum creatinine levels were in
a normal range. While, the incidence of renal impairment
(eGFR <90 mL/min/1.73 m?) was 12.7% [5]. Edward J.
assessed renal function of patients with CHB using eGFR
and found that 35.84% of the 1367 CHB patients had
eGFR at 60-89 mL/min [6].

Currently, there are two main treatment options for
CHB patients: treatment with nucleos(t)ide analogs (NA)
or Interferona. The current first-line therapy recommen-
dation is treatment with the second-generation NA, ente-
cavir or tenofovir disoproxil fumarate (TDF). Both drugs
show renal elimination and require dose adjustments in
patients with renal dysfunction. Many Clinical Practice
Guidelines recommend that patients at risk of renal dis-
ease treated with any NA and all patients regardless of
renal risk treated with TDF should undergo periodical
renal monitoring including at least the eGFR and serum
phosphate levels [7, 8].

GFR is considered the best overall index of kidney func-
tion, but cannot be measured directly. Thus, some eGFR
equations have been developed based on Scr and/or serum
CysC, such as the Cockcroft-Gault equation, a series of
MDRD equations, CKD-EPIcr, CKD-EPIcys, CKD-EPIcr-
cys, CHINAcys, CHINAcr-cys and other approaches.

The abbreviated MDRD (aMDRD) equation, which
includes only four variables-Pcr, gender, age, and ethnic-
ity [9], has been the most widely used and was recom-
mended by the Kidney Disease Outcome Quality Initia-
tive (K/DOQI) clinical practice guidelines [10]. However,
race is an important determinant of GFR estimation. For
example, when the MDRD equations are applied to black
individuals, a coefficient should be used [11], and this
equation underestimated GFR in near-normal renal func-
tion and overestimated GFR in advanced renal failure in
a group of Chinese patients with CKD [12]. Ma et al.
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improved the performance of the aMDRD equations by
c-aMDRD equations, which was better than the original
MDRD equations in Chinese patients [13]. Next, Levey
[14] reported a new equation, CKD-EPIcr, showed that it
is more accurate than the widely used MDRD equation.
Additionally, many papers have shown that the CKD-
EPIcr equation is more accurate and precise in the early
stages of CKD [15-17]. Earley, BS [18] determined that
neither the CKD-EPIcr nor the MDRD equation is opti-
mal across all populations and GFR ranges. In 2012, Inker
et al. reported two equations for estimated GFR [19], one
based on standardized sCysC values (CKD-EPIcys equa-
tion) and the other based on standardized sCysC com-
bined with Scr (CKD-EPIcr-cys equation). As reported,
the CKD-EPIcr-cys equation was accurate compared
to the equations based on either marker alone. Almost
simultaneously, two GFR equations based on standard-
ized sCysC (CHINAcys equation) and combined with
Scr (CHINAcr-cys equation) were developed in 788 Chi-
nese patients [20]. Guo [21] suggested that the addition
of CysC to the equations for estimating GFR improved
the equations’ performance. It is noteworthy that most of
these equations were specifically developed to estimate
GFR in patients with chronic kidney disease. None of
them were developed to estimate GFR in patients with
liver disease.

Moreover, some serum or urinary markers are promising
and may be particularly suitable for accurate assessment of
renal function. These markers have abnormal levels during
early kidney injury. Which serum or urinary markers can be
used as the index of renal dysfunction in liver disease patients?

Renal dynamic imaging, also named Gate’s method, is
another method for measuring GFR and its result is not
affected by the diet of the patient.

Inulin clearance is the standard GRF measurement, but its
expense and lengthy measurement process limits its clinical
use. And the American College of Nuclear Medicine rec-
ommends isotope dual plasma sampling as a clinical refer-
ence standard for GFR measurement. In this study, we com-
pared the performance of different estimated equations and
assessed those that are presently considered the best choice
for estimating GFR with the performance of technetium-
99m-dietheylenetriamine penta-acetic acid (99mTc-DTPA)
renal dynamic imaging, as well which serum or urinary
markers can be used as the index of renal dysfunction in
liver disease.
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Subjects and methods
Patients

Two groups of subjects with CHB or compensated LC were
recruited, respectively, from the Affiliated Hospital of Logis-
tical College of Chinese People’s Armed Police Force from
October 2016 to June 2017.

The diagnoses of CHB or compensated LC were accord-
ing to the criteria provided by the Guideline of Prevention
and Treatment for Chronic Hepatitis B (2nd Version). All
patients received only direct-acting antiviral agents (ente-
cavir). Patients were excluded if the patients were infected
with hepatitis delta virus, hepatitis C virus or had HIV
coinfection. Patients with hypertension, diabetes mellitus,
hepatocellular carcinoma, autoimmune hepatitis, alcoholic
LC, renal calculus, hyperuricemia, renal cyst or severe heart,
renal and brain diseases were also excluded.

Written informed consent was provided by all the partici-
pants after education with regards to the potential benefits,
risks, and study procedures. Studies were registered with the
ClinicalTrials.gov identifiers NCT01938820. The flow chart
of this study was shown in Fig. 1.

Screening protocol

All participants completed a questionnaire documenting
their sociodemographic status (e.g., age, sex), personal and
family health history and lifestyle habits (e.g., smoking,
alcohol consumption). Histories of hepatitis and nephro-
toxic medications (including nonsteroidal anti-inflammatory
drugs and natural remedies, as well as herbal preparations
containing aristolochic acid) were noted. The participant’s
height, weight, body mass index (BMI), waist circumference
and hip circumference were recorded. Blood pressure was
also measured.

Fasting venous blood and urine samples were drawn for
laboratory test in our hospital. The liver function markers,
including alanine aminotransferase (ALT), glutamic-oxal(o)
acetic transaminase (AST), total bilirubin (Bil), alkaline
phosphatase (AKP), y-glutamyl transpeptidase (rGT), seral-
bumin, prothrombin time (PT), serum total cholesterol, LDL
cholesterol, HDL cholesterol, triglycerides, uric acid, serum
biochemistry and a-fetoprotein were measured.

Serum HBV markers, including HBsAg, anti-HBs,
HBeAg, anti-HBe, anti-HBc were detected using commer-
cially available enzyme immunoassays. Serum HBV-DNA

Fig.1 The flowchart of this

study 347 chronic hepatitis B patients with

normal serum creatinine

Not meeting inclusion criteria:

196 refused to 99mTc-DTPA renal
dynamic imaging

151 screened

Meet exclude criteria:
-43 hypertension,
-32 diabetes mellitus

-6 hepatocellular carcinoma

-4 renal calculus

-6 hyperuricemia,

-8 renal cyst

-19 severe heart, renal and brain diseases

dynamic imaging

39 included with 99mTc-DTPA renal
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was measured by PCR, with a linear range between 1 x 103
copies/mL and 5 x 10 copies/mL.

Renal function markers, including serum creatinine (sCr),
serum B2-microglobulin (sp2-MG), urine 32-microglobulin
(up2-MGQG), urine N-acetyl-p-glucosaminidase (NAG), urine
IgG, uTrf, serum cystatin C (sCysC), and serum retinol-
binding protein (SRBP). The sCr determination was carried
out automatically using a Roche Modular P model (Roche,
Mannheim Germany) with a kinetic Jaffe test using rate-
blanking and compensation.

The eGFR (measured as mL/min/1.73 m?) was calcu-
lated using the aMDRD, the c-aMDRD, CKD-EPIcr, CKD-
EPIcr-cys, and CHINAcr-cys equations, described in detail
in Fig. 2A.

Detection of GFR by SPECT

All of the enrolled patients consumed 500 mL of water
20 min before the examination and voided their bladder
immediately before the examination started. Patients were
laid on the couch in a supine position with their back close
to the scintillation detector of the SPECT/CT (NM/CT670,
GE Healthcare, and Milwaukee, USA) to perform dynamic
nuclear renography. The bilateral kidneys and the bladder
were covered within the field of view of the scintillation
detector. After a bolus of 10 mCi (370 MBq), 99mTc-DTPA
was injected through the elbow vein, dynamic nuclear renog-
raphy started with 60 frames of scintiscan at 1 frame per
second and 40 frames of scintiscan at 2 frames per minute
up to 21 min. In total, the examination acquired 100 frames
of images of a 64 X 64 matrix with a 4.3 mm X 4.3 mm pixel
size. The radioactivity of the syringes was determined before
and after the examination. The dynamic renography was

processed on a work station by a diagnostician with 17 years
of experience. The regions of interest of the bladder and
bilateral kidneys were drawn, respectively. The glomerular
filtration rate was automatically calculated using the follow-
ing equation after the patients’ body weight and height were
entered:

The general renal intake rate
(%) =[(R-RB)/e—uyR + (L — LB)/e—uyL]/
pre—post and the general GFR = general renal intake rate
(%)% 100x9.81270-6.82519. L and R are the radioactive
counts of the left and right kidney. Pre- and post are the
radioactive counts before and after the 99mTc-DTPA injec-
tion. yL. and ¥R are the depth of the left and the right kidney,
u is the 99mTc attenuation coefficient in the soft tissue of
0.153/cm and e is a constant number of 2.71828.

The ultrasonography and FiroScan were examined for
each participant.

Statistical methods

The data were statistically analyzed with multiple tests,
including ¢ test, paired ¢ test, Wilcoxon two-sample test,
Kappa consistency test (kappa value of less than 0.40 con-
sidered poor, 0.41-0.60 considered moderate, 0.61-0.80
considered good, and 0.81-1.00 considered excellent), and
Bland—Altman consistency analysis, which were performed
using SPSS software (SPSS Inc., Chicago, IL). p <0.05
(2-tailed) was considered significant.

Fig.2 eGFR equations used (A)

in the study (A). Scatter plots

of the mGFR versus aMDRD, eGFR equations used in the study

¢-aMDRDc, CKD-EPIcr, CKD- Equation Estimation method*

EPIcr-cys and CHINAcr-cys in e =703

the compensated liver cirrhosis aMDRD eGFR= 186.3x(Scr) " “"x(age )~ x( 0.742 female )

group(B) and the CHB group c-aMDRD eGFR=186xScr"*xage??®x (femalex0.742)x(chinesex1.233)

(C). Pearson‘s correlation of the )

variables with mGFR(D) Gender Scr(pmol/L) CKD-EPI
Female <62 eGFR=144x(Scr/62)%%%x(0.993)"%
Female >62 eGFR=144x(Scr/62)"*%x(0.993)"%
Male <80 eGFR=141x(Scr/80)**""'x(0.993)"*

/ > — / -1.209 Age
CKD-EPI Male 80 eGFR=141x(Scr/80) " %x(0.993)

CKD-EPlcr-cys

CHINAcr-cys

eGFR = 169xScr?®®xCysC?®xage®'%x0.83 ( female )

eGFR = 173.9xCysC2"xScr?'®xage?'**x0.89 ( female )

*eGFR (mL/min /1.73 mz), age (years), Scr (mg/dL) .
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Fig.2 (continued) (B)
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A total of 16 subjects with compensated LC and 23 with
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CHB completed all examinations. These patients never
received any antiviral treatment. Their general informa-
tion and sociodemographic details are listed in Table 1. All
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Fig.2 (continued) (C)
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renal injury, which are listed in detail in Table 3.

In our study, we calculated five eGFR values and com-
pared them to mGFR in CHB and compensated LC groups,
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respectively. Either mGFR or eGFRs in the CHB group were
higher than that in the compensated LC group, but the dif-
ferences were not significant, except for the CHINAcr-cys
equation (p =0.020), see Table 2.
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Fig.2 (continued) (D)
Pearson’s correlation of the variables with mGFR.
Compensated liver CHB
Characteristic cirrhosis
r P r P
aMDRD 0.386 0.139 0.493 0.017
c-aMDRD 0.386 0.139 0.493 0.017
CKD-EPI 0.444 0.085 0.597 0.003
CKD-EPlcr-cys 0.416 0.109 0.506 0.014
CHINAcr-cys 0.419 0.106 0.678 0.000
Table 1 ‘Patientsj Characteristics Compensated liver cirrhosis (N=16) CHB (N=23)
general information and
sociodemographic details Male [1 (%)] 14 16
Age(year) 54.3+4.3 46.5+12.8
BMI (kg/m?) 23.43+2.43 24.73+2.75
Systolic blood pressure (mmHg) 113.67+9.18 110.37+10.51
Diastolic blood pressure (mmHg) 85.71+8.34 80.54+9.31
ALT (U/L) 47.0+284 73.1+74.6
AST (U/L) 93.1+136.9 53.3+49.3
TBIL (pmol/L) 29.9+13.7 154+7.5
ALB (g/L) 37.1+6.8 44.3+4.0
HBV DNA 6081314.3 +18758493.1 1898913.0+3025424.2
HBsAg quantification 2050.3£1844.5 6784.0£10971.7
INR 1.27+0.24 1.01+0.11
LSM (Kpa) 19.6+5.8 9.5+3.3
PLT (10°/L) 84.5+26.8 158.4+53.7
Uric acid (pmol/L) 261.5+71.7 233.5+62.4
BUN (mmol/L) 6.0+2.08 4.8+1.0
Cr (pmol/L) 77.8+15.5 68.1+12.5
NAG (U/L) 14.1+6.3 89+4.2
Serum CysC (mg/L) 1.3+04 09+0.2
sRBP (mg/L) 289+15.2 45.8+15.4
Alb urine (mg/L) 13.2+5.8 14.1+12.1
uTrf (mg/L) 2.1+0.1 2.23+0.2
Urine 1gG (mg/L) 4.6+1.45 5.04+3.0
up2-MG (mg/L) 02+0.4 0.6+1.0
sp2-MG (mg/L) 2.8+09 1.91+0.7

The paired ¢ test results of eGFR and mGFR showed no
difference between eGFR and mGFR in the CHINA cr-cys
equation (p > 0.05), both in the compensated LC group

and CHB group. The difference between mGFR and eGFR
estimated by other equations was obvious (p < 0.05). See
Table 2 for details.
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Table 2 Comparison of eGFR
differences between the two
groups and eGFR results
compared with mGFR

Characteristics  Compensated liver CHB (N=23) ¢l p value 2% p value 3% p value
cirrhosis (N=16)

mGFR 72.26 + 20.69 87.49 +2591 1995 0.058 - - - -
aMDRD 91.79 + 23.69 102.58 +32.37 1.136 0263  3.669 0.002 3.462 0.002
c-aMDRD 113.18 +29.21 12648 +3991 1.136 0.263 6.212 0.000 7.556 0.000
CKD-EPI 88.71 + 18.91 96.26 +26.88 0.968 0.340 3.649 0.002 3.354 0.003
CKD-EPIcr-cys  97.47 +28.01 110.33 £ 34.69 1.229 0.227 4.238 0.001 4.821 0.000
CHINA cr-cys 71.81 +18.11 91.57 +28.82 2424 0.020 0.087 0932 1408 0.173

tlI comparison of eGFR differences between the compensated liver cirrhosis and CHB group,
2% in the compensated LC group, a paired ¢ test, statistical aMDRD (d = —22.93, SD = 24.99),
c-aMDRD  (d = —44.94, SD = 28.94), CKD-EPIer  (d = —18.92, SD =20.74),  CKD-EPIcr-
cys (d=-2873, SD=27.12) and Chinacr-cys (d=—-0.46, SD=21.33) were all different
from mGFR, and the ¢ values were 3.669 (p=0.002), 6.212 (p=0.000), 3.649 (p=0.002), 4.238
(»p=0.001), and 0.087 (p=0.932), respectively, t3* in the CHB group, a paired ¢ test, statistical Amdrd
(d = —15.77, SD = 21.85), c-aMDRD (d = —41.36, SD = 26.25), CKD-EPIcr (d = —9.68, SD = 13.85),
CKD-EPIcr-cys (d = —23.99, SD =23.7) and CHINAcr-cys (d = —4.70, SD = 16.03) were all dif-
ferent from mGFR, and the ¢ values were 3.462 (p=0.002), 7.556 (p=0.000), 3.354 (p=0.003), 4.821

(»=0.000), and 1.408 (p=0.173), respectively

We compared the correlations between different eGFRs
and mGFR using Pearson’s correlation (Fig. 2). The eGFRs
(by five different equations) did not have a significant corre-
lation coefficient in the compensated LC group. However, in
the CHB group, eGFR (estimated by five different equations)
had a correlation coefficient, eGFR estimated by the CHI-
NAcr-cys equation had a significant correlation coefficient
(r=0.678, p=0.000), and CHINAcr-cys had the highest R
(R?=0.459) among all other measures.

We defined a result of GFR > 90 mL/min/1.73 m? as nor-
mal renal function and GFR <90 mL/min/1.73 m? as renal
injury, all 39 subjects were divided into two groups. Univari-
ate analysis showed that the indicators of renal injury were
INR (p=0.009), CR (p=0.006), NAG (p=0.001) and CysC
(p=0.044). In addition, other indicators had no significant
difference.

We defined a result of GFR > 90 mL/min/1.73 m? as nor-
mal renal function, 60 mL/min/1.73 m?< GFR <90 mL/
min/1.73 m? as mild injury to renal function, and
GFR < 60 mL/min/1.73 m? as severe injury to renal func-
tion. The constituent ratios for each eGFR and mGFR are
shown in Fig. 3.

By analysis with the Kappa consistency test, in the
compensated LC group, compared with mGFR, aMDRD
(Kappa=0.299, p=0.147), c-aMDRD (Kappa =0.040,
p=0.614), CKD-EPIcr (Kappa=0.209, p=0.147), CKD-
EPIcr-cys (Kappa=0.209, p=0.147) and CHINAcr-cys
mGFR (Kappa=0.127, p=0.477) all had poor consistency.

In the CHB group, compared with mGFR, aMDRD
(Kappa=0.324, p=0.035), c-aMDRD (Kappa=0.161,
p=0.156), CKD-EPIcr (Kappa=0.161, p=0.156), and
CKD-EPIcr-cys (Kappa=0.161, p=0.156) had poor consist-
ency. However, CHINAcr-cys showed moderate consistency
with mGFR (Kappa=0.569, p=0.005).
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CHINAscr-cys had poor consistency with mGFR in
terms of the Kappa statistic in the compensated LC group,
but moderate consistency in the CHB group. However, we
were concerned about the consistency with mGFR. There-
fore, a Bland—Altman consistency analysis between mGFR
and each eGFR was conducted, and the results are shown in
Fig. 4a (compensated LC group) and Fig. 4b (CHB group).

Discussion

Measuring the glomerular filtration rate by gold standard
methods [e.g., renal clearance of inulin, 125I-iothalamate
or 99mTc-diethylene triamine pentaacetic acid (DTPA)] in
clinical practice is laborious, time intensive and may involve
radiation exposure. To facilitate the clinical use of GFR,
some eGFR equations have been developed based on Scr
and/or serum CysC. However, it is noteworthy that most
of these equations were specifically developed to estimate
GFR in patients with chronic kidney disease, and none of
them were developed to estimate GFR in patients with liver
disease incorporating their demographic.

In our study, all patients received only direct-acting anti-
viral agents (entecavir). None adefovir dipivoxil used among
them, which can affect renal function. Systematic review
and meta-analysis have reported that entecavir is safe for
the kidneys of patients with Chronic Hepatitis B [22]. We
calculated 5 eGFR values in CHB and compensated LC
groups, respectively, and obtained mGFR in a 99mTc-DTPA
dynamic radionuclide imaging examination. We compared
the eGFRs in two groups (see Table 2). Either mGFR or
eGFRs in the CHB group were higher than that in the com-
pensated LC group, but the differences were not significant,
except for the CHINAcr-cys equation (p =0.020).



International Urology and Nephrology (2019) 51:677-690

685

Fig.3 The diagnostic perfor-
mance of renal function by
different equations

mGFR

CHINAcr-cys

CKD-EPlcr-cys

CKD-EPI
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aMDRD

B sSevere injury to renal function
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Bias between eGFR and mGFR was estimated by the
median of the difference of them. The eGFR from the CHI-
NAcr-cys equation had lower bias than any other equations.
It was very clear that eGFR from the CHINAcr-cys equation
was close to mGFR. The bias between eGFR and mGFR can
be attributed to the development of these estimating equa-
tions specifically for GFR in patients with chronic kidney
disease; they have not yet been tested in liver disease. More-
over, these estimating equations were derived from specific
populations and may not be applicable to other populations.
For example, the participants in the development study of
CKD-EPIcys and CKD-EPIcr-cys were mostly of western
origin; therefore, it is crucial to validate the performance of
the equations in ethnically diverse groups, but CHINAcys
and CHINAcr-cys were developed using a population of 788
Chinese CKD patients [21]. Therefore, our results showed
that eGFR from the CHINAcr-cys equation was close to
mGFR in the two groups.

Recently, some papers analyzed the performance of
GFR estimating equations in subjects with liver cirrhosis.
Mindikoglu [23] found that CKD-EPI cr-cysC equation
(2012) was worse in subjects with cirrhosis, even it’s the
most accurate GFR estimating equation. The inaccuracy of
the cr-based equations in liver disease and LC patients may

T T T 1
10 15 20 25

CHB Group

be related to several factors. It has been shown that liver dis-
ease patients often have normal serum creatinine concentra-
tions, while GFR is actually significantly decreased. In our
study, all of the participants had normal Scr, but 25/39 had
abnormal mGFR (13/16 for LC; 12/23 for CHB), and 6/16
had mGFR < 60 in the LC group.

An impaired liver results in decreased creatinine produc-
tion and an overestimation of renal function [11]. Protein-
calorie malnutrition and muscle wasting, which are common
during cirrhosis [24], also contributed to decreased creati-
nine production. In this study, 3 of the equations (a-MDRD,
c-aMDRD, and CKD-EPIcr) were based on Scr alone. It is
not surprising that they are also inaccurate. Several stud-
ies have shown that MDRD tends to overestimate eGFR in
cirrhotic patients [25]. Significant inter-laboratory varia-
tions have been observed in the dosage of Scr, mostly due
to an interaction with Bil [26]. Routine Scr dosage is based
on spectrophotometry. In patients with jaundice, Bil as a
chromogen interferes with the Scr dosage, which results in
deceptively low Scr values. We conclude that poor consist-
ency between mGFR and eGFR in our study may be related
to several factors. First, until now, no new equation has been
developed that relies on data from patients with CHB and
LC, and some specific factors influencing creatinine levels
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Fig.4 Bland-Altman plot results in the compensated LC group (a) +1.96 SD difference against mean.In the CHB group, Bland—Altman
and in the CHB group (b). In the compensated LC group, Bland-Alt- plots showing the CHINAcr-cys and CKD-EPIcr equations presented
man plots comparing the agreement between eGFR (by aMDRD, narrower acceptable limits than did the aMDRD, c-aMDRD, and
c-aMDRD, CKD-EPIcr, CKD-EPIcr-cys, and CHINAcr-cys) and CKD-EPIcr-cys equations (62.8 and 56.1 vs. 85.7, 102.9, 93.6 mL/
mGFR. Full line, mean difference between two methods; dashed line, min per 1.73 mz)
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Fig.4 (continued)

are not taken into account. Second, impaired liver function
results in decreased creatinine production. Third, negative
interference of Bil in Cr measurements is an additional unre-
solved problem in patients with liver disease. Finally, these
equations are not adjusted for some variables, which are

likely to have a determinantal impact on the estimation of
GFR in liver disease patients. We cannot optimize the per-
formance of any equation for all clinical populations across a
wide range of GFRs. Indeed, these formulas may give falsely
reassuring values since they tend to overestimate GFR.
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Table 3 Univariate analysis of

: . Characteristics Kidney injury Normal renal function (N=14) t/Z p value
blo.marker§ versus rr.lGFR in (N=25)
patients with liver disease
Age (year) 52.1+8.9 454+129 1.927  0.602
BMI (kg/m?) 24.51+2.37 24.12+2.51 0414 0.681
Systolic blood pressure (mmHg)  114.51+8.34 109.12+9.33 1.856 0.071
Diastolic blood pressure (mmHg) 83.45+6.51 79.63 +8.40 1.582 0.122
ALT (U/L) 36 (27, 70) 70 (27.5,93.5) 1.435 0.151
AST (U/L) 40 (32.5, 49) 38.5(20.25, 191.5) 0.249  0.803
PLT (10°/L) 122.41+55.75 139.14+61.34 0.889 0.391
LSM (Kpa) 14.42+6.07 12.41+7.88 0.889  0.380
INR 1.19+0.24 1.01+0.09 2.765 0.009
Uric acid (pmol/L) 25321644 2245+57.6 1.385 0.174
Cr (pmol/L) 76.72+£14.53 63.86+10.53 2.905 0.006
BUN (mmol/L) 5.53+£1.85 5.03+1.23 0.889 0.379
Total Bilirubin (pmol/L) 19.4 (13.8,29.3)  13.5(11.1,32.9) 1.304 0.192
NAG (U/L) 13.29+5.99 7.15+1.94 3.709 0.001
Serum CysC (mg/L) 1.14+0.39 0.88+0.33 2.086 0.044
sRBP (mg/L) 39.12+19.11 38.54+14.29 0.100 0.921
Alb serum (mg/L) 40.60+7.46 42.72+3.67 0.994 0.327
Alb urine (mg/L) 14.12+12.09 13.26+4.70 0.254 0.801
uTrf (mg/L) 223+0.24 2.2+0.03 0427 0.672
Urine 1gG (mg/L) 4.82+2.73 495+2.13 0.157 0.876
up2-MG (mg/L) 0.12 (0.09,0.26)  0.185 (0.15, 1.25) 0.807 0.420
sp2-MG (mg/L) 243+1.04 2.06+0.65 1.190 0.242

We assessed the performance of different GFR-estimat-
ing equations in compensated LC and CHB groups, respec-
tively, in terms of Pearson’s correlation, Kappa consist-
ency test and Bland—Altman Blots. Only the CHINAcr-cys
equation was the most accurate in detecting renal impair-
ment in patients with CHB (r=0.678, p=0.000) and had
the highest R? (R*=0.459) among all other measures.

In our study, Kappa statistics showed the eGFR from
CHINAscr-cys had poor consistency with mGFR in the
compensated LC group but moderate consistency in the
CHB group. Using Pearson’s correlation, CHINAscr-cys
did not show dominance in the compensated LC group. We
believe that the sample size was too small and influenced
the results. We were concerned about the consistency with
mGFR in the two groups. The Bland—Altman statistical
method was used to assess the agreement between mGFR
and eGFR. Bland-Altman plots showed CHINAcr-cys
and CKD-EPIcr equations presented narrower acceptable
limits than the aMDRD, c-aMDRD, and CKD-EPIcr-cys
equations and were significantly superior according to
mGFR. In conclusion, for the CHB group, the CHINAcr-
cys equation was more accurate than other currently avail-
able equations in Chinese patients. In the compensated LC
group, the paired ¢ test and Bland—Altman plots showed
that the CHINAcr-cys equation was more accurate than
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other equations, but using Pearson’s correlation, Kappa
analysis did not show dominance.

The uses of some serum or urinary markers are prom-
ising for accurate assessment of renal function in CKD.
Donadio [27] found a high correlation between GFR
(99mTc-DTPA) and SCr, Cys, 32M and BTP in patients
with <90 mL/min/1.73 m>. Uslu et al. [28] demonstrated
that measuring serum Cys C levels and urinary NAG, ALP
and LDH activities could be useful as screening mark-
ers to follow-up glomerular and tubular dysfunction in 56
patients and 20 health subjects. However, the performance
of these markers for assessment of renal function in liver
disease has been rarely studied. In our study, we com-
pared the serum or urinary markers between two groups
(Table 3). Univariate analysis demonstrated that INR
(»=0.009), CR (p=0.006), NAG (p=0.001) and CysC
(p=0.044) were identified as independently contributing
factors for renal injury. CysC is independent of gender, age
and muscle mass. Several studies have reported the supe-
rior diagnostic accuracy of serum CysC and CysC-based
formulas over other markers and equations in patients with
LC [29]. Omar [30] evaluated CysC as a marker of early
renal impairment in patients with liver cirrhosis. They
found that serum CysC was not only the best measure that
reflected the actual renal performance but also the most
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accurate ones in detecting early stages of renal impairment
in cirrhotic patients.

This study has several strengths. To our knowledge, this is
the first study to evaluate the performance of currently avail-
able eGFR equations in CHB. All subjects obtained mGFR
in a 99mTc-DTPA dynamic radionuclide imaging examina-
tion and used them as a reference standard. The study also
has some limitations. All participants were from a single
center, and the sample size was smaller than some other
validation studies. Nevertheless, the conclusions we have
drawn are valuable for further study in the future.

In conclusion, the GFR-estimating equations were spe-
cifically developed to estimate GFR in patients with CKD.
Therefore, their superior performance in estimating GFR
may not apply to populations with liver diseases. We com-
pared the performance of different GFR-estimating equa-
tions in compensated LC and CHB Chinese patients. We
found the CHINAcr-cys equation was superior to other cur-
rently available equations for estimating kidney function in
Chinese patients. INR, CR, NAG, and cysC are proper bio-
markers for screening of renal dysfunction in HBV-infected
Chinese patients. Further studies should be conducted in a
larger cohort of liver disease patients to correlate true GFR
with potential markers.
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