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Abstract
Background and Aim: A low serum prealbumin concentration is common in mainte-
nance hemodialysis patients with hepatitis B and C and may be associated with mortal-
ity. In this study, we assessed Department of Nephrology and Hemodialysis predictive
value of a low serum prealbumin concentration on mortality in HD patients using
reused low-flux dialyzers who were infected with hepatitis B and/or C virus.
Methods: We used serum prealbumin levels to predict the long-term mortality of
326 hemodialysis patients. The patients were divided into two groups: group 1
(n = 140, with hepatitis B and/or C virus infections), and group 2 (n = 186, without
hepatitis virus infections).
Results: During a 5-year follow-up, there were 75 deaths due to all-cause mortality
(23.0%). Mortality was significantly higher (P < 0.001) in patients with hepatitis B
and/or C infection (44%) than in those without hepatitis infection (8%). Serum
prealbumin was lower in the hepatitis infected group and mortality group than in non-
infected group and survival group. Multivariate Cox regression analysis showed that
long duration of HD and lower serum prealbumin and albumin were related to mortal-
ity in patients undergoing maintenance HD. Receiver operating characteristic curves
showed that serum prealbumin had a good prognostic value in predicting mortality in
both groups with hepatitis B and/or C virus infection and without hepatitis infection
(AUC = 0.792 [95% confidence interval: 0.714–0.87], P < 0.001; cut-off
value = 24.5 mg/dl, sensitivity = 62.3%, and specificity = 88.6%).
Conclusion: In HD patients, serum prealbumin was a good prognostic biomarker of
mortality in both groups of patients with hepatitis B and/or C virus infections and
without hepatitis infections.

Introduction
Maintenance hemodialysis (HD) is a common treatment for end-
stage kidney disease in Vietnam. Patients can be treated with a dia-
lyzer with a low ultrafiltration coefficient, and the filter can be
reused six times according to the guidelines of the Vietnam Ministry
of Health. Hepatitis virus infections are a challenging problem in
patients on maintenance HD, due to issues related to dialyzer reuse
and the technical steps involved.1–3 In Vietnam, the ratio of the hep-
atitis B virus (HBV) and/or hepatitis C virus (HCV) infections has
reached 20�48%.

Malnutrition in patients on maintenance HD is a common
problem in both developed and developing countries.4–6 Malnu-
trition combined with inflammation reduces the patient’s quality
of life as well as the survival rate.5,7,8 In HD patients infected

with HBV and/or HCV, the proportion of malnourished patients
is high.5,6

Prealbumin is a protein excreted by the liver. It is used
to assess malnutrition in patients suffering from chronic dis-
eases, including those on maintenance HD.9–11 Many previous
studies have confirmed that serum prealbumin has prognostic
value in predicting mortality in chronic patients, including
those on maintenance HD.12–14 The value of serum prealbumin in
the prognosis of mortality in patients undergoing maintenance
HD and infected with HBV and/or HCV differs from that in uni-
nfected patients.2 So, we conducted this study to ascertain
whether serum prealbumin is a predictor of all-cause mortality in
maintenance HD patients with and without HBV and/or HCV
infection.
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Methods

Study design and setting. A total of 514 patients undergo-
ing HD joined our study at the Hemodialysis Center, Bach Mai
Hospital, Ha Noi, Vietnam. The data were collected in February
2011, and all patients were followed up to January 2016 to deter-
mine the ratio of mortality. We chose the patients in our hemodial-
ysis center with the following criteria: age ≥ 18 years; duration of
hemodialysis ≥3 months; willingness to participate in the study. All
patients with acute infection, malignancy, using a high-flux dia-
lyzer, or showing an active stage of HBV/HCV or HIV infection
were excluded. The participating patients were treated with mainte-
nance HD using bicarbonate and a low-flux membrane (Polyflux
14L). The parameter Kt/V was calculated by Daugirdas’s formula.
Where K is the dialyzer clearance of urea; t is the dialysis time; V
is the volume of distribution of urea, approximately equal to
patient’s total body water.15 Each dialysis session lasted 3.5–4.5 h
to achieve a total target of Kt/V (about 1.2 each session). We reused
the dialyzer six times by a trained technician according to the
guidelines of the Ministry of Health of Vietnam. After each dialysis
session, the dialyzer was washed by hand using RO water for
30 min. Then, it was soaked and disinfected with a solution of
peracetic acid (0.7%) and stored at a temperature of 2–8�C. Before
reusing, we rinsed the dialyzer once more with RO water for
30 min and confirmed that there was no residual peracetic acid in
the dialyzer (using a peracetic acid 2000 test strip).

Clinical diagnosis of primary renal diseases was per-
formed. We diagnosed residual kidney function according to
Daugirdas.15 Blood lipid disorder was diagnosed according to
the 2013 KDIGO (The Kidney Disease Improving Global Out-
comes) Clinical Practice Guideline for Lipid Management in
Chronic Kidney Disease16 (when the patient had one of the fol-
lowing levels: total cholesterol ≥200 mg/dl, low-density lipopro-
tein (LDL) cholesterol ≥130 mg/dl, high-density lipoprotein
(HDL) cholesterol ≤40 mg/dl, and triglycerides ≥150 mg/dl). This
study was approved by the Ethical Committee of Vietnam Mili-
tary Medical University (No. 2134/QĐ/HVQY). Informed con-
sent was obtained from all participants included in the study. No
animals were used in this research. All research procedures
involving humans were followed following the ethical standards
of the committee responsible for human experimentation (institu-
tional and national) and the Helsinki Declaration of 1975
(as revised in 2008).

In all regular HD patients, the HBsAg (hepatitis B sur-
face antigen) was assessed by serological testing. The anti-
HBV and anti-HCV antibodies were tested by enzyme-linked
immunosorbent assay (ELISA). HBV-DNA and HCV-RNA
were qualitatively estimated on positive samples for HBsAg
and anti-HCV Ab, respectively, with a lower level of detec-
tion of 1.5 IU/ml. Based on the above results, 326 patients
were divided into two groups: a group of HBV and/or HCV
infection with 140 patients (G1), and a group of non-hepatitis
virus infection with 186 patients (G2).

The number of patients with all-cause mortality was col-
lected for 5 years.

Laboratory measurements. Blood was collected immedi-
ately before dialysis to measure routine hematologic and

biochemical indicators such as serum albumin, creatinine, blood
urea nitrogen, high-sensitive C-reactive protein (hs-CRP), and
hemoglobin. Serum prealbumin concentrations were measured
using the electro-chemiluminescence immunoassay (ECLIA)
method at the time of admission.

Statistical analyses. In the case of a normal distribution,
continuous data were expressed as mean and standard deviation
and compared using the Student t-test or one-way analysis of var-
iance (ANOVA). All bias distributions were expressed as median
(interquartile range) and compared using the Mann–Whitney
U or Kruskal�Wallis test. Categorical data were expressed as the
frequency (percentage) and compared using the Chi-square test
or the Friedman test. Receiver operating characteristic (ROC)
curves with the area under the curve (AUC) was calculated to
predict mortality. Kaplan–Meier analysis and comparison of sur-
vival curves (log-rank test) were performed to evaluate that fac-
tors that influenced the survival time. Data were analyzed using
the Statistical Package for Social Science (SPSS) software ver-
sion 22.0 (Chicago, IL, USA). A P-value <0.05 was considered
significant.

Results
The results in Table 1 show that there were no differences in the
mean age, body mass index (BMI), serum creatinine, albumin,
hemoglobin concentration, and platelet count, as well as gender,
etiology of chronic kidney diseases, the proportion of anemia,
hypertension, and lipid disorder between G1 and G2.

However, the results of our study showed that G1 had a
longer duration of HD, higher hs-CRP, urea concentration, and
all-cause mortality, and a lower serum prealbumin concentration
and the ratio of residual kidney function compared with
G2 (P < 0.01).

As the results in Table 2 show, there was no difference in sex,
BMI, causes of chronic renal failure, the ratio of residual kidney func-
tion, serum creatinine, serum albumin, hemoglobin concentration,
platelet count, the proportion of anemia, and the ratio of lipid disorder
between the different types of hepatitis virus infection.

However, there was a significant difference in age, dura-
tion of HD, BMI, and rate of hypertension between different
types of hepatitis virus infection (P < 0.05). The proportion of
all-cause mortality in the HCV infection group was the highest,
followed by the combined HBV and HCV infection group and
the hepatitis B virus infection group only (P < 0.001).

According to the results in Table 3, there was no difference
in age, sex, BMI, causes of chronic renal failure, ratio of hyperten-
sion, serum creatinine, hemoglobin concentration, platelet count,
and the proportion of anemia between the mortality and survival
groups.

However, the duration of hemodialysis is longer, the
ratio of residual kidney function is lower, serum urea and hs-
CRP are higher, serum prealbumin and albumin are lower, rate
of lipid disorder and ratio of hepatitis virus infection are
higher in the mortality group compared to survival group
(P < 0.05 and < 0.001).

Table 4 shows that long duration of hemodialysis and
lower serum prealbumin and albumin are related to mortality in
maintenance HD.
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As the results of the ROC curve model in Figures 1 and 2
show, serum prealbumin had a good prognostic value to predict
mortality in both groups of hepatitis B and/or C virus infection
and without hepatitis infection.

Based on the Kaplan–Meier analysis shown in Figures 3 and
4, patients with lower prealbumin concentrations (G1) had a signifi-
cantly higher mortality rate compared with patients with higher
serum prealbumin concentrations (G2) (P log-rank test < 0.001).

Table 1 Baseline demographic and laboratory characteristics of patients

All patients (n = 326)
HBV and/or HCV
infection (n = 140)

No hepatitis virus
infection (n = 186) P-value

Age (year) 47 (33–56) 49 (33–58) 44 (33.75–55) 0.169
Male (n, %) 186 (57.1) 77 (55) 109 (58.6) 0.515
Duration of hemodialysis (month) 47.5 (26–79) 74 (41.75–107.75) 35 (19–59) <0.001*
BMI 19.17 � 2.35 19.38 � 2.25 19.02 � 2.42 0.162
Hypertension (n, %) 244 (74.8) 104 (74.3) 140 (75.3) 0.84
Etiology (n, %)
CGN 230 (70.6) 99 (70.7) 131 (0.4) 0.999
Chronic pyelonephritis 43 (13.2) 18 (12.9) 25 (13.4)
Diabetic nephropathy 32 (9.8) 14 (10) 18 (9.7)
Others 21 (6.4) 9 (6.4) 12 (6.5)

Residual kidney function (n, %) 63 (19.9) 18 (12.9) 45 (24.2) 0.01*
Urea (mmol/L) 29.36 � 6.92 30.67 � 7.34 28.38 � 6.43 0.003*
Creatinine (μmol/L) 824 (656.5–986) 841 (699–986.75) 801.5 (636.25–980) 0.275
Prealbumin (mg/dl) 33.12 � 10.12 26.96 � 7.21 37.77 � 9.51 <0.001*
Albumin (g/L) 38.71 � 3.56 38.37 � 3.35 38.97 � 3.7 0.137
hs-CRP (mg/L) 0.4 (0.1–0.7) 0.5 (0.2–0.8) 0.3 (0.1–0.6) <0.001*
Hemoglobin (g/L) 103.19 � 18.32 104.56 � 18.23 102.16 � 18.37 0.242
Anemia (n, %) 271 (83.1) 117 (83.6) 154 (82.8) 0.853
Platelet count (G/L) 232.95 � 46.98 235.53 � 48.11 231.01 � 46.15 0.391
Lipid disorder (n, %) 213 (65.3) 99 (70.7) 114 (61.3) 0.077
Mortality due to all causes (n, %) 75 (23) 61 (43.6) 14 (7.5) <0.001*

BMI, body mass index; CGN, chronic glomerulonephritis; HBV, hepatitis B virus; HCV, hepatitis C virus; hs-CRP, high sensitive C-reactive protein.
*P-value <0.05.

Table 2 Comparison of laboratory parameters and clinical outcome in different types of hepatitis virus infection (n = 140)

HBV+ (n = 28) HCV+ (n = 98) HBV+ and HCV+ (n = 14) P-value

Age (year) 34 (26.25–52.25) 51 (38.5–58.25) 48 (33–58) 0.009*
Male (n, %) 18 (64.3) 50 (51) 9 (64.3) 0.352
Duration of hemodialysis (month) 40 (22.5–57.75) 83.5 (56.5–111.25) 51.5 (38–130.75) <0.001*
BMI 18.59 � 1.41 19.45 � 2.27 20.52 � 2.93 0.026*
Hypertension (n, %) 25 (89.3) 67 (68.4) 12 (85.7) 0.049*
Etiology (n, %)
CGN 21 (75) 67 (68.4) 11 (78.6) 0.86
Chronic pyelonephritis 3 (10.7) 13 (13.3) 2 (14.3)
Diabetic nephropathy 2 (7.1) 12 (12.2) 0 (0)
Others 2 (7.1) 6 (6.1) 1 (7.1)

Residual kidney function (n, %) 5 (17.9) 13 (13.3) 1 (7.1) 0.625
Urea (mmol/L) 27.83 � 6.53 30.95 � 7.47 34.38 � 6.21 0.018*
Creatinine (μmol/L) 838.5 (712.25–955) 841 (693.75–986.25) 878.5 (406.5–1107.25) 0.92
Prealbumin (mg/dl) 28.82 � 5.06 26.53 � 7.74 25 � 7.31 0.209
Albumin (g/L) 39.24 � 3.42 38.26 � 3.38 37.37 � 2.8 0.199
hs-CRP (mg/L) 0.4 (0.2–0.675) 0.6 (0.2–1) 0.5 (0.3–1.1) 0.37
Hemoglobin (g/L) 105.93 � 18.57 103.97 � 18.09 105.93 � 19.59 0.846
Anemia (n, %) 23 (82.1) 84 (85.7) 10 (71.4) 0.392
Platelet count (G/L) 241.42 � 46.1 234.3 � 49.19 232.35 � 46.74 0.764
Lipid disorder (n, %) 22 (78.6) 68 (69.4) 9 (64.3) 0.55
Mortality due to all causes (n, %) 3 (10.7) 53 (54.1) 5 (35.7) <0.001*

BMI, body mass index; CGN, chronic glomerulonephritis; HBV, hepatitis B virus; HCV, hepatitis C virus; hs-CRP, high sensitive C-reactive protein.
*P-value <0.05.
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Discussion
In our study, the ratio of HBV and/or HCV infection was 42.9%
(140/326 patients), in which the HBV infection rate was 8.6%
(28/326 patients), that of HCV was 30% (98/326 patients), and
the combined HBV and HCV infection rate was 4.3% (14/326
patients). The incidence of HCV infection varies between differ-
ent dialysis centers and different countries, with the proportion
ranging from 2.6% to 22.9%, while the incidence of HBV infec-
tion within dialysis units in developing countries varies between
2% and 20%.17 Kalantari et al.18 found that the prevalence of
HBV-positivity and HCV-positivity in a study population of
499 chronic HD patients was 1.2% and 5.2%, respectively. In the
study by Reddy et al.,19 5.9% of patients were HCV positive and
1.4% were HBV positive. A combined HBV and HCV infection
was observed in 3.7% of patients. Rached et al.20 found that the
prevalence of HBV and HCV infection rates in 3769 Lebanonese
HD patients was 1.6% and 4.7%, respectively. The incidence of
HBV and/or HCV infection in our study was higher than in the
other studies. This can be explained by the various other risk

factors for HBV and/or HCV infection in our HD patients, such
as the long duration of hemodialysis, loss of residual kidney
function, history of blood transfusion, and, especially, dialyzer
reuse. Although dialyzer reuse strictly follows the regulations of
the Ministry of Health of Vietnam, there are too many steps that
increase HBV and/or HCV infection in our HD patients such as
no separate wash areas for infected and uninfected patients, shar-
ing some pieces of equipment between patients, and so on. The
fact that the ratio of HCV infection was higher than HBV infec-
tion in our study can be explained as due to the lack of vaccine
for HCV.

According to some studies, most patients infected with
HBV and/or HCV have no symptoms. Therefore, if the follow-
up time is too short, it may not be possible to fully assess the
consequences of chronic hepatitis B/C infection.21,22 Chronic
infections such as chronic viral hepatitis can impair health-related
quality of life by affecting memory, neurocognitive function,
concentration, attention, and sexual function.23,24 Hepatitis virus
infection is related to mortality in regular HD patients. Kalantar-
Zadeh et al.25 found that HCV infection was more strongly

Table 3 Comparison of laboratory parameters and clinical outcome between mortality and survival group (n = 326)

Mortality group (n = 75) Survival group (n = 251) P-value

Age (years) 49 (35–57) 45 (33–56) 0.351
Male (n, %) 41 (54.7) 145 (57.8) 0.634
Duration of hemodialysis (month) 80 (64–116) 40 (23–67) <0.001*
BMI 19.36 � 2.56 19.12 � 2.29 0.442
Hypertension (n, %) 53 (70.7) 191 (76.1) 0.342
Etiology (n, %)
CGN 56 (74.7) 174 (9.3) 0.722
Chronic pyelonephritis 9 (12) 34 (13.5)
Diabetic nephropathy 5 (6.7) 27 (10.8)
Others 5 (6.7) 16 (6.4)

Residual kidney function (n, %) 7 (9.3) 56 (22.3) 0.013*
Urea (mmol/L) 31.68 � 7.94 28.67 � 6.44 0.001*
Creatinine (μmol/L) 808 (643–933) 836 (675–986) 0.563
Prealbumin (mg/dl) 23.92 � 8.34 35.88 � 8.92 <0.001*
Albumin (g/L) 37.03 � 3.81 39.21 � 3.33 <0.001*
hs-CRP (mg/L) 0.6 (0.4–1.0) 0.3 (0.1–0.6) <0.001*
Hemoglobin (g/L) 101.43 � 19.97 103.71 � 17.8 0.344
Anemia (n, %) 63 (84) 208 (82.9) 0.818
Platelet count (G/L) 237.17 � 51.1 231.69 � 45.71 0.377
Lipid disorder (n, %) 59 (78.7) 154 (61.4) 0.006*
Hepatitis virus infection (n, %) 61 (81.3) 79 (31.5) <0.001*

BMI, body mass index; CGN, chronic glomerulonephritis; hs-CRP, high sensitive C-reactive protein.
*P-value <0.05.

Table 4 Multivariate Cox regression analysis to determine risk factor of mortality

Variable

Univariate Cox regression Multivariate Cox regression

HR 95% CI P-value Adjusted HR 95% CI P-value

Duration of hemodialysis (month) 1.021 1.016–1.026 <0.001* 1.014 1.009–1.019 <0.001*
Prealbumin (mg/dl) 0.892 0.87–0.915 <0.001* 0.91 0.886–0.935 <0.001*
Albumin (g/L) 0.841 0.789–0.897 <0.001* 0.84 0.779–0.906 <0.001*

CI, confidence interval; HR, hazard ratio.
*P-value <0.05.
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associated with all-cause mortality than HCV-negative status
in a study of 13 000 HD patients in the United States. A study
by Fabrizi et al.26 found that HD can negatively affect the
likelihood of HCV infection. The results indicated that the
estimated relative risk of liver-related death in HD patients
with anti-HCV-positive was 1.57 times higher (95% confi-
dence interval [CI]: 1.33–1.86; P < 0.001) than in anti-HCV
negative patients.

When comparing the clinical and paraclinical characteris-
tics of the mortality and survival groups, we found that there
were many features related to mortality, including long duration
of hemodialysis, low ratio of residual renal function, high rate of
dyslipidemia, and, especially, the high rate of hepatitis virus
infection. In addition, high serum urea and hs-CRP levels as well
as low serum prealbumin and albumin are factors associated with
mortality (Table 3). However, when multivariate analysis
included only dialysis time, prealbumin and albumin levels were
independent factors associated with mortality in our patients.
Thus, inflammation and malnutrition are factors associated with
mortality in HD patients using reused low-flux dialyzers.

The changes in serum prealbumin and albumin concentra-
tion in acute and chronic liver diseases were investigated. Albu-
min had been used as a useful indicator of liver function for a
long time, but serum prealbumin has been noted for its clinical
significance only in regular HD patients. In our study, we found
that the level of serum prealbumin in G1 was significantly lower
than in G2, with P < 0.001 (Table 1), but there was no difference
in serum prealbumin concentration between different types of
hepatitis virus infection (Table 2). We also did not find any dif-
ference in the levels of serum albumin between G1 and G2 or
between the different types of hepatitis virus infection
(Tables 1,2). Protein-energy wasting (PEW) is characterized by
muscle loss, low protein or energy intake, low or high body
weight, unintentional weight loss, and low serum albumin and
prealbumin concentrations. Therefore, albumin and prealbumin
concentration are often used in clinical practice to assess nutri-
tional status and prognosis risk of death on dialysis.10,27,28

Recently, Chertow et al.29 confirmed that low prealbumin con-
centration was associated with mortality and hospitalization due
to infection. Lee et al.30 also used serum prealbumin to predict

Figure 1 Receiver operating characteristics (ROCs) curves for predic-
tion of hospital mortality (prealbumin, albumin) in hemodialysis patients
with hepatitis B virus (HBV) and/or hepatitis C virus (HCV) infection.
Serum prealbumin: area under the curve (AUC) = 0.792 (95% confi-
dence interval [CI]: 0.714–0.87), P < 0.001; cut-off value = 24.5 mg/dl,
sensitivity = 62.3%, specificity = 88.6%. Serum albumin:
AUC = 0.676 (95% CI: 0.586–0.766), P < 0.001; cut-off
value = 38.95 g/L, sensitivity = 75.4%, specificity = 53.2%. Serum
prealbumin concentration had a better predictive value of 5-year all-
cause mortality than serum albumin in maintenance hemodialysis
patients with HBV and/or HCV infection. Source of the curve: ( )
prealbumin, ( ) albumin, and ( ) reference line.

Figure 2 Receiver operating characteristics (ROCs) curves for predic-
tion of hospital mortality (prealbumin, albumin) in hemodialysis patients
without hepatitis virus infection. Serum prealbumin: area under the
curve (AUC) = 0.75 (95% confidence interval [CI]: 0.597–0.902),
P = 0.002; cut-off value = 38.5 mg/dl, sensitivity = 85.7%, specific-
ity = 62.2%. Serum albumin: AUC = 0.667 (95% CI: 0.5–0.835),
P = 0.038; cut-off value = 34.25 g/L, sensitivity = 42.9%, specific-
ity = 94.8%. Serum prealbumin concentration had also a better predic-
tive value of 5-year all-cause mortality than serum albumin in
maintenance hemodialysis patients without hepatitis virus infection.
Source of the curve: ( ) prealbumin, ( ) albumin, and ( )
reference line.
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mortality in peritoneal dialysis (PD) patients and confirmed that
low serum prealbumin concentration was an independent and
sensitive predictor for mortality in incident PD patients, showing
a good correlation with nutritional and inflammatory markers.
Our results showed that both prealbumin and albumin are predic-
tors for all-cause mortality in both groups of patients with HBV
and/or HCV infection and without hepatitis virus infection
(Figs 1,2). However, the predictive value of serum prealbumin
was stronger than that of a serum albumin with P < 0.001. Based
on the Kaplan–Meier analysis results (Figs 3,4), we found that
serum prealbumin level of <38.5 mg/dl led to a significantly
higher death rate compared with serum prealbumin concentra-
tions of ≥38.5 mg/dl in HD patients without hepatitis virus infec-
tion, while in the HD patients with HBV and/or HCV infection,
a serum prealbumin level of <24.5 mg/dl led to a significantly
higher death rate compared with serum prealbumin concentra-
tions of ≥24.5 mg/dl. The result confirmed that low serum
prealbumin had a good predictive value for 5-year all-cause mor-
tality, not only in the group of HD patients with HBV and/or
HCV infection but also in the group without hepatitis virus
infection.

The study still has some limitations. It did not determine
the status of chronic liver disease, cirrhosis, and the stratification
of liver function. Second, the study did not measure the number
of hepatitis B and C viruses in negative HBsAg and anti-HCV

samples and also not determine the genotypes of hepatitis
viruses. Third, we did not control fully other inflammation
sources or nutrient intake. Therefore, we cannot have a more in-
depth discussion of the impact of hepatitis virus infection on the
overall condition and mortality rate in HD patients treated with
reused low-flux dialyzers.

Conclusion
In conclusion, low serum prealbumin concentration was a good
predictor of 5-year all-cause mortality in both groups of HD
patients with HBV and/or HCV infection and without hepatitis
virus infection.
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