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Abstract: Objective: To investigate the effects of different combinations of blood purification techniques on inter-
leukin-28 and mineral levels, and the effects of these combinations on the incidence of mineral and bone disorder 
(MBD) and inflammatory reaction in maintenance hemodialysis patients. Materials and methods: A total of 150 
maintenance hemodialysis patients were divided into the hemodialysis group (HD group, n = 51), hemodialysis 
plus hemodiafiltration group (Group A, n = 56), and hemodialysis plus hemoperfusion group (Group B, n = 43). The 
changes of interleukin-28 (IL-28), calcium (Ca), phosphate (P), intact parathyroid hormone (IPTH), fibroblast growth 
factor 23 (FGF-23), β-cross-linked C-telopeptide of type 1 collagen (β-CTX), and procollagen type 1 N-terminal pro-
peptide (P1NP) in three groups were evaluated. Results: The IL-28 and P levels were significantly increased in HD 
group after 6 months of treatment (P < 0.05). A significant decrease was found in IPTH levels in the Group A (P < 
0.05), while a significant decrease in IL-28, IPTH, β-CTX, P1NP, and FGF-23 levels was noted in Group B (P < 0.05). 
IL-28, P, IPTH, β-CTX, P1NP, and FGF-23 levels in Group B were lower than that in HD group (P < 0.05). The number 
of patients with MBD and inflammatory reaction increased in the HD group. Conclusions: Hemodialysis plus hemo-
diafiltration is more effective than hemodialysis alone in the improvement of MBD and the inflammatory reaction; 
hemodialysis plus hemoperfusion has a stronger impact on the improvement of MBD.

Keywords: Hemodialysis, hemodiafiltration, hemoperfusion, IL-28

Introduction

Chronic kidney disease (CKD) is a manifesta-
tion of end-stage chronic renal failure. Uremia 
is characterized by metabolic disorders of vital 
components in the body. It may also induce dis-
orders in multiple organ systems and even neu-
rological dysfunction [1, 2]. In recent years, the 
incidence of CKD has been increasing [3]. 
Blood purification treatment, also known as 
hemodialysis, is currently the basic treatment 
to improve survival time of patients with ure-
mia. Different purification methods can remove 
different substances [4, 5]. Blood purification 
includes plasma replacement, plasma exchan- 
ge, hemodialysis (HD), hemodiafiltration (HDF), 
hemoperfusion (HP). Blood purification involv- 
es the removal of metabolites, residuals, and 
pathogenic substances transported in the 
blood through semi-permeable membrane dif-
fusion, convection, selective filtration, or selec-
tive adsorption of a solid adsorbent that puri-

fies the blood and corrects water-salt imba- 
lances [6, 7].

However, the main side effect of maintenance 
hemodialysis are mineral and bone abnormali-
ties (MBD) and bone events in patients, which 
are clinically manifested as changes in the com-
position and structure of bone tissue, hyper-
parathyroidism, abnormal metabolism of calci-
um and phosphorus, calcification of blood ves- 
sels, and soft tissues [8]. Bone mineral density 
(BMD) has a serious impact on the quality of life 
of patients. BMD also affects the prognosis and 
even leads to death of the patients.

Therefore, how to reduce the incidence of side 
effects such as bone events by different combi-
nations of the existing blood purification tech-
nologies is a noteworthy issue. In this study, 
150 maintenance hemodialysis patients under-
going different blood purification treatments 
were retrospectively analyzed to investigate  
the effects of different blood purification tech-
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niques on bone events, minerals, and IL-28 
levels.

Materials and methods

Subjects

Total of 150 patients who underwent mainte-
nance hemodialysis in our hospital from Fe- 
bruary 2015 to February 2016 were retrospec-
tively analyzed. The hemodialysis group (HD 
group, n = 51) included 32 male and 19 female 
patients (43.2 ± 21.3 years). The hemodialysis 
plus hemodiafiltration group (HD+HPF, Group  
A, n = 56) included 33 male and 23 female 
patients (46.1 ± 19.5 years) whereas the he- 
modialysis plus hemoperfusion group (HD+HP, 
Group B, n = 43) included 20 male and 23 
female patients (44.5 ± 20.8 years). All the 
patients had undergone dialysis for more than 
six months; all patients were expected to sur-
vive more than one year; and all the patients 
had no cardiovascular or cerebrovascular ev- 
ents. The following patients were excluded from 
the study: minors; patients with a history of 
dialysis for more than ten years; patients with 
advanced cancer; patients with severe hema- 
tological disorders; and patients with severe 
bone disorders, such as osteoarthropathy, he- 
reditary bone disease, osteonecrosis, bone 
tuberculosis, osteoarthritis syndrome, rheuma-
toid arthritis, and traumatic fractures. The 
study was approved by the Ethics Committee  
of Department of Nephrology, Xingtai Peo- 
ple’s Hospital Affiliated to Hebei Medical Uni- 
versity. All the patients or their family signed 
the informed consent form.

Dialysis treatment methods

The following treatment methods and dialyzer 
protocols were applied. 

For HDF dialysis, the German Fresenius He- 
modialysis Machine (Shanghai Jieweifu Medical 
Devices Co., Ltd) was used once per week for 
Group A. Replacement fluid 5000 ml/h, blood 
flow 250-300 ml/min, dialysate flow 500 ml/
min, dialysate calcium ion concentration 1.50 
mmol/L, heparin sodium anticoagulation.

For HP dialysis, the HA130 Disposable Resin 
Hemoperfusion Device (Zhuhai Jafron Biome- 
dical Co., Ltd) was used once per week for 
Group B. The adsorber was connected in series 
before the dialyzer, the capacity was 330 ml, 

the specific surface area was 600-1370 m2/g, 
the blood flow rate was 180-220 ml/min, and 
heparin sodium was anticoagulated.

Test methods

Ca and P were measured using the Beckman-
Olympus 5800 Automatic Biochemical Analyz- 
er. IPTH was tested using the enzyme-linked 
immunosorbent assay (ELISA) provided by Sh- 
anghai Meixuan Biotechnology Co., Ltd in ac- 
cordance with the operating manual’s instruc-
tions. FGF-23 was tested by an ELISA kit 
(Shanghai Biotechwell Co., Ltd). Β-CTX was de- 
tected by type I collagen carboxy-terminal pep-
tide (CTx) ELISA kit (Shanghai Valan Biotech 
Co., Ltd.). PINP was detected using type I pro-
collagen N-terminal propeptide (PINP) ELISA kit 
(Shanghai Westang Biotech Co., Ltd.). BMD was 
tested by digital dual-energy X-ray absorptiom-
etry (EXA-3000, OsteoSys, Shanghai Co., Ltd.). 
The patients were divided into 3 groups accord-
ing to the measured BMD: osteoporosis group, 
T ≤ -2.5; osteopenia group, -2.5 < T ≤ -1; normal 
group, T>-1.

Outcome measures

The effects of different combinations of dialysis 
methods on the inflammatory reaction and 
MBD in hemodialysis patients were evaluated 
by comparing changes in IL-28, Ca, P, IPTH, 
FGF-23, β-CTX, and P1NP levels between 
groups before and after 6 months of treat- 
ment.

Statistical analysis

All data was analyzed by SPSS version 19.0 
software (Asia Analytics formerly SPSS China). 
Count data are expressed as rate and were 
compared with the Chi-square test. Continuous 
variables were presented as mean ± standard 
deviation (SD). Paired t-test was used to com-
pare difference between pre- and post-treat-
ment data. ANOVA analysis was performed to 
compare the difference among three different 
groups. A P-value < 0.05 was considered as 
statistically significant. 

Results 

Patient characteristics 

Total of 150 patients with uremia were includ-
ed in this study. No significant difference was 
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Table 2. Changes in IL-28 levels before and after treatment

Group HD group  
(pg/mL)

A group  
(pg/mL)

B group  
(pg/mL) F value P

0 months 92.34 ± 12.58 95.68 ± 13.44 94.18 ± 11.94 0.919 0.401
6 months 72.47 ± 11.41 64.25 ± 12.55 57.69 ± 8.47 20.900 < 0.001
t 8.355 12.791 16.345
P < 0.001 < 0.001 < 0.001

found in general characteristics including sex, 
weight, and age among the three groups includ-
ing HD group (n = 51), Group A (HD+HPF group, 
n = 56), and Group B (HD+HP group, n = 43) 
(Table 1).

Changes in IL-28 levels before and after treat-
ment

IL-28 levels before and after 6 months of treat-
ment of each group were: HD group (92.34 ± 
12.58 pg/mL vs 72.47 ± 11.41 pg/mL); Group 

levels between the three groups before treat-
ment (P>0.05). After 6 months of treatment, 
the Ca and P levels in the three groups were 
changed. There was significant differences in 
Ca and P levels between the three groups af- 
ter treatment (P < 0.05). Ca and P levels in  
group A and B after 6 months of treatment  
were significantly lower than before treatment 
(all P < 0.05), while in HD group, there was no 
significant difference in P levels after treatment 
(P>0.05) (Table 3).

Table 1. Compare the basic data of the two groups
HD group n = 51 A group n = 56 B group n = 43 Statistics P value

Age 43.2 ± 21.3 46.1 ± 19.5 44.5 ± 20.8 0.269 0.765
Sex man (%)/woman (%) 32 (62.75)/19 (37.25) 33 (59.83)/23 (41.07) 20 (46.51)/23 (53.49) 2.690 0.261
Weight [n (%)] 3.388 0.184
    < 60 Kg 39 (76.47) 35 (62.50) 26 (60.47)
    ≥ 60 Kg 12 (23.53) 21 (37.50) 17 (39.53)
Nation [n (%)] 2.574 0.276
    Han 43 (84.31) 46 (82.14) 40 (93.02)
    Minority 8 (15.69) 10 (17.86) 3 (6.98)
Residence [n (%)] 1.472 0.479
    City 36 (70.59) 42 (75.00) 35 (81.40)
    Country 15 (29.41) 14 (25.00) 8 (18.60)
Kt/V 1.26 ± 0.21 1.21 ± 0.23 1.28 ± 0.19 1.464 0.235
Dialysis ages (m) 71.21 ± 42.59 69.45 ± 41.87 72.64 ± 44.88 0.068 0.934
Hemoglobin (g/L) 94.78 ± 14.59 92.36 ± 14.31 96.74 ± 15.66 1.086 0.340

A (95.68 ± 13.44 pg/mL vs 
64.25 ± 12.55 pg/mL); 
Group B (94.18 ± 11.94 
pg/mL vs 57.69 ± 8.47 pg/
mL). IL-28 levels were sig-
nificantly improved after 
treatment (t-test, all P <  
0.001). IL-28 levels after 
treatment in Group A and 
Group B were significantly 
better than those in the  
HD group (Analysis of vari-
ance, P < 0.001) (Table 2).

Changes of mineral levels 
in 150 patients before 
treatment and 6 months 
after treatment

We analyzed the changes 
in bone mineral levels 
before and after treatment 
in 150 patients. There was 
no difference in Ca and P 

Table 3. Changes in mineral levels were found in 150 patients before 
and after treatment

HD group A group B group Statistics P value
Ca Pre 2.41 ± 0.51 2.29 ± 0.42 2.27 ± 0.39 1.433 0.242

After 2.14 ± 0.46 2.09 ± 0.50 2.10 ± 0.34 0.183 0.833
Statistics 0.624 1.115 1.041
P-value 0.623 0.048 0.087

P Pre 2.20 ± 0.99 2.38 ± 0.74 2.23 ± 0.47 0.720 0.489
After 2.19 ± 0.60 2.01 ± 0.79 1.99 ± 1.11a 5.795 0.004
Statistics 0.485 2.756 2.158
P-value 0.784 0.018 0.045

Note: a: P < 0.05 compared with HD group.
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Table 4. Changes of bone metabolism index in three groups
HD group A group B group Statistics P value

IPTH Pre 451.25 ± 45.33 431.58 ± 38.69 441.22 ± 58.79 2.282 0.106
After 428.64 ± 40.19 401.22 ± 37.64a 382.69 ± 31.04a,b 52.977 < 0.001
Statistics 3.301 2.231 5.613
P-value 0.008 0.041 0.003

FGF-23 Pre 464.89 ± 93.98 464.37 ± 98.97 458.61 ± 95.28 0.060 0.942
After 456.49 ± 100.47 401.47 ± 102.25a 385.18 ± 56.72a 14.116 < 0.001
Statistics 0.537 2.112 2.869
P-value 0.715 0.046 0.016

β-CTX Pre 2.85 ± 1.60 2.89 ± 1.82 2.81 ± 1.03 0.110 0.896
After 2.71 ± 1.14 2.54 ± 1.06 2.29 ± 1.26a 4.859 0.009
Statistics 0.347 0.462 2.053
P-value 0.902 0.869 0.047

PINP Pre 154.55 ± 51.14 158.47 ± 31.22 154.69 ± 28.74 0.179 0.836
After 149.29 ± 41.16 141.58 ± 37.34 132.58 ± 32.26a 19.714 < 0.001
Statistics 0.347 1.032 2.217
P-value 0.902 0.237 0.043

Note: a: P < 0.05 compared with HD group, b < 0.05 compared with group A.

Changes of bone metabolic indexes in 150 
patients before treatment and 6 months after 
treatment

We analyzed some of the bone metabolic 
parameters in the three groups of patients. 
There was no difference in IPTH, FGF-23, β-CTX, 
and PINP between the three groups before 
treatment (P>0.05). After treatment, the IPTH 
levels in the three groups all decreased. P <  
0.05). The levels of FGF-23 in A and B groups 
were decreased (P < 0.05), but there was no 
difference in FGF-23 levels in patients with HD 
(P>0.05). B-CTX and PINP was decreased (P <  
0.05), but the levels of β-CTX and PINP were not 
statistically different between pre- and post-
treatment in both HD group and A group 
(P>0.05). There were significant differences in 
IPTH, FGF-23, β-CTX, and PINP levels between 
the three groups after treatment (P < 0.05). 
Differences in IPTH levels between the two 
groups after 6 months of treatment were statis-
tically significant (P < 0.05). The levels of FGF-
23 in group A and B were lower than those in 
HD group (P < 0.05), but with no statistical dif-
ference between group A and B (P>0.05). β-CTX 
and PINP in group B was lower than that of 
group HD and group A (P < 0.05), but no differ-
ence between group A and group HD (P>0.05) 
(Table 4).

Incidence of bone events

After 6 months of treatment, there was only 1 
new case of osteoporosis and osteopenia in 
the HD group, with no differences from before 
treatment. There were no new cases of osteo-
penia in Group A or Group B. Two patients with 
osteoporosis in Group A and 2 in Group B were 
cured. No significant differences were observed 
in overall incidence of bone events between the 
two groups (Table 5).

Discussion 

With the prolonging of the dialysis period in 
patients with hemodialysis, bone formation 
and osteolysis becomes imbalanced, and the 
rate of bone turnover and osteoblast and osteo-
clast activities increase, resulting in abnormal 
bone resorption and mineralization and in- 
creased risks of MBD [9, 10]. Hip fracture may 
increase the mortality of hemodialysis pati- 
ents. The 1-year survival rate of hemodialysis 
patients with hip fracture is reported to be 
below 40% [11]. Hence, how to reduce the inci-
dence of side effects, such as bone events, 
using different combinations of existing blood 
purification technologies is an important issue.

In the present study, our results showed that 
improvements in IL-28 levels in the HD+HDF 
group and HD+HP group were better than those 
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Table 5. Incidence of bone events in three groups of patients
HD group  
(n = 51)

A group  
(n = 56)

B group  
(n = 43) Statistics P value

Osteoporosis [n (%)] Pre 15 (29.41) 13 (23.21) 9 (20.93)
After 16 (31.37) 11 (19.64) 7 (16.27)

Low bone mass [n (%)] Pre 20 (39.22) 21 (37.50) 20 (46.51)
After 21 (41.18) 25 (44.64) 24 (55.81)

Bone mass normal [n (%)] Pre 16 (31.37) 22 (39.29) 14 (32.56)
After 14 (27.45) 20 (35.71) 12 (27.91)

The proportion of bone events (%, n) Pre 68.63 (35) 60.71 (34) 67.44 (29) 0.856 0.652
After 72.55 (37) 64.29 (36) 72.09 (31) 5.399 0.067

The increment rate of bone events (%, n) 3.92 3.58 4.65

in HD group in maintenance hemodialysis 
patients. IL-28 exerts its defensive effects 
through the Janus kinase and activators of 
transcription pathway [12]. Arpaci D and col-
leagues [13] reported that IL-28 levels signifi-
cantly increased in patients with Hashimoto’s 
thyroiditis. Analysis of IL-28 gene polymor-
phisms found that the G allele may protect 
against Hashimoto’s thyroiditis, which suggest-
ed that IL-28 was abnormally expressed in the 
inflammatory reaction. The inflammatory reac-
tion is a significant problem for maintenance 
hemodialysis patients.

Due to the different methods and materials 
used by hemodialysis apparatus, there are dif-
ferences observed in the clearance of sub-
stances using different blood purification tech-
niques [14]. After 6 months of treatment, the 
clearance of Ca by hemodialysis was not sig- 
nificant, while changes in P levels were signifi-
cant in Group B. The clearance of P in Group A 
was not significant, while it was significantly 
improved only in Group B. Although P is a small 
molecular substance, it often forms a complex 
with other macromolecular substances [15]. 
Therefore, clearance of P by HD is limited. 

Although the level of IPTH was elevated after 
treatment in Group HD, the changes in the 
other mineral levels were not significant, indi-
cating limited corrective effects of HD on min-
eral and bone disorder. The key to correcting 
mineral and bone disorders is to control hyper-
phosphatemia and secondary hyperparathy-
roidism [16]. A high-throughput dialyzer was 
used in HDF. The clearance of the medium mo- 
lecular substance by HDF was satisfactory, 
which was very important for controlling hyper-
phosphatemia [17]. Our results also show that 

although the change of P levels in Group A was 
not significant, the level of P declined. It is 
unknown whether prolongation of treatment 
will increase the degree of such decline. In 
future studies, the observation period for P 
should be extended to investigate this issue. 
The results of this study also show that improve-
ments in IPTH and FGF-23 in Group A were sig-
nificant. It has been reported that use of gener-
ated dialysate in HDF improved the clearance 
rates of IPTH, FGF-23, and other substances 
and reduced the incidence of MBD [18]. The 
present study showed that the mineral clearing 
effects in Group B were better than those in 
Group A, demonstrating that the effects of HP 
were better than those of HDF. Such differenc-
es may be caused by differences in dialysis 
materials, research objects, etc. In this study, 
HD was combined with HDF, which also denot-
ed an important difference. However, the 
results of this study suggested that the correc-
tive effects of HD+HDF on mineral and bone 
disorder were more satisfactory. HD was also 
combined with HP. HP utilized selective ad- 
sorption of solid adsorbents to achieve the pur-
pose of clearance. Our results show that clear-
ance of Ca by HP was not significant, but clear-
ance of P by HP was satisfactory. Comparison 
between the HP group and Group A showed 
improved corrective effects of HP on mineral 
and bone disorders. Furthermore, HD+HP has 
been shown to improve renal osteodystrophy 
[19]. However, changes in mineral content may 
be related to prognosis and mortality. Due to 
the short time frame in this study, this phenom-
enon could not be analyzed. 

In summary, different combinations of hemodi-
alysis techniques have different effects on 
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MBD in maintenance hemodialysis patients. 
The corrective effects of hemodialysis plus 
hemodiafiltration or hemoperfusion on MBD 
are better than those of hemodialysis alone; 
hemodialysis plus hemoperfusion has more 
advantages in improvement of bone metabo-
lism markers. The results might be related to 
the short period and the small sample size of 
the study. These limitations should be correct-
ed in future studies.
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