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Abstract
Introduction: Combined hemodialysis (HD) and he-
madsorption (HA) therapy has shown the highest clear-
ance rates for middle and large-sized uremic toxin mol-
ecules and reduced mortality rates among maintenance
HD (MHD) patients. This study aimed to investigate the
effectiveness of combined HD and HA therapy in patients
undergoing MHD.Methods: Forty patients with end-stage
renal disease (ESRD) were divided into three groups: HD
only (14), HD + biweekly HA (14), and HD + weekly HA (12).
The duration of the study was 8 weeks. Uremic toxins (β2-
microglobulin, leptin, parathyroid hormone), inflamma-
tory markers (interleukin-6, C-reactive protein), and
symptoms (appetite, pruritus, sleep quality) were assessed
before the start and at the completion of therapy.
Changes in the parameters were compared between the

three groups. Mean differences of parameters in each
group were also compared between before and after
therapy. Results: Decrease in BUN level (−61.34 mg/dL
[95% CI: −71.33 to −51.34], p < 0.0001) and pruritus score
(−3.93 [95% CI: −6.89 to −0.97], p = 0.013) was significantly
larger in HD + biweekly HA group compared to the others.
Only HD + biweekly HA group showed significant re-
ductions in CRP level (−0.10 mg/L [95%: −0.18 to −0.01],
p = 0.034), VAS appetite score (10.43 [95% CI: 4.99–15.87],
p = 0.001), and pruritus score (−3.93 [95% CI: −6.89
to −0.97], p = 0.013) after therapy. Both HD + biweekly HA
(−2.79 [95% CI: −4.97 to −0.60], p = 0.016) and HD + weekly
HA group (−2.33 [95% CI: −4.59 to −0.08], p = 0.044)
exhibited a significant improvement in sleep quality score
after therapy. Conclusions: HD combined with a biweekly
HA is associated with a greater reduction in BUN level and
better improvement of pruritus in ESRD patients com-
pared to HD alone. HD + biweekly HA can significantly
reduce CRP levels, alleviate pruritus, improve appetite,
and enhance sleep quality. © 2024 S. Karger AG, Basel
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Introduction

Mid-term and long-term complications in hemodial-
ysis (HD) patients are associated with low clearance rates
of middle- and large-sized uremic toxin molecules when
only HD is used [1, 2]. Factors such as β2-microglobulin
(β2-MG), leptin, interleukins (ILs), and parathyroid
hormone (PTH) are closely related to the severity of
chronic kidney disease (CKD) and can increase the risk of
overall mortality and cardiovascular mortality [3–5].

The retention of middle- and large-sized uremic
toxin molecules is also associated with uremic pruritus
and sleep disturbances. Uremic pruritus is triggered by
several factors, such as uremic toxins, inflammation,
and comorbidities, which include blood urea nitrogen
(BUN), β2-MG, calcium, phosphate, PTH, and somatic
neuropathy [6]. Up to 80% of CKD patients have a high
prevalence of sleep complaints, possibly caused by
uremic toxins, pruritus, and social and financial
problems [7, 8]. CKD patients also tend to experience
anorexia, which may increase with the progression of
kidney disease [9].

The management of uremic toxin retention and its
complications can be achieved, among other methods,
through a combination therapy of HD and hemadsorption
(HA), which has demonstrated the highest clearance rates
of middle- and large-sized uremic toxin molecules, par-
ticularly in maintenance HD (MHD) patients [10–13].
Despite the recommended HD frequency of three times a
week, HD is generally conducted at a frequency of twice
weekly in Indonesia due to limited resources relative to the
number of patients. However, no studies have evaluated
the effectiveness and safety of combination therapy with
HD + HA in patients undergoing routine twice-weekly
HD. Increasing the frequency of HD reduces the accu-
mulation of soluble substances/toxins. Therefore, this
study aimed to determine the effectiveness and safety of
HD+HA combination therapy in improving the clearance
of uremic toxins (β2-MG, leptin, PTH) and inflammatory
markers (IL-6, C-reactive protein [CRP]), as well as im-
proving subjective symptoms (appetite, pruritus, and sleep
quality), in MHD patients.

Methods

Study Design and Data Collection
This quasi-experimental study involved 40 MHD patients

at 3 different hospitals in Indonesia (Dr. Sardjito General
Hospital, Gatot Soebroto Army Hospital, and Ciputra Tan-
gerang Hospital). Patients were divided into 3 groups of
therapy: HD + biweekly (the frequency of HA treatment was

once every 2 weeks), HD + weekly (the frequency of HA
treatment was once a week), and HD only (the control group).
One attending nephrologist determined each potential sub-
ject’s clinical suitability to enroll into the study. Meanwhile,
the grouping of patients was performed by an independent
team with randomization and matching based on age and sex.
The study was conducted for 8 weeks. HA was performed with
an HA130 disposable HA cartridge (Jafron Biomedical,
Zhuhai, China) [14]. The duration of each HD or HD + HA
session was 4–5 h. Effectiveness was assessed by improvement
in uremic toxin levels (β2-MG, leptin, PTH), inflammatory
markers (IL-6, CRP), and subjective symptoms (appetite:
visual analog scale, pruritus: 5D itch scale [15], sleep quality:
Pittsburgh Sleep Quality Index [PSQI] [16]). The visual analog
scale for appetite ranges from 0 (not hungry at all) to 100 (very
hungry). We used an Indonesian translated version of the
PSQI whose validity and reliability have been evaluated in a
previous study [17].

Adverse events were assessed at every therapy session by
evaluating any allergic reactions (skin rash and itching all over the
body), bleeding spots, hypotension (SBP <90 mm Hg or
MAP <65 mm Hg), neutropenia (neutrophil count ≤1,500 cells/
µL), thrombocytopenia (<150,000 cells/µL), hypoglycemia (ran-
dom blood glucose <70mg/dL), and hypocalcemia (serum calcium
level <8.5 mg/dL). Basic information, demographic data, medical
history, vital signs, and physical examination data were also ob-
tained. All data were collected at baseline (before the start of
therapy) and 3 days after the completion of the therapy. Post-
therapy data could not be collected on the day of therapy com-
pletion due to technical issue in obtaining the samples.

Patient Eligibility and Drop-Out Criteria
Patients were included if they were aged 18–75 years, had

been diagnosed with CKD, and were undergoing routine HD.
Patients must have undergone regular conventional HD therapy
for a minimum of 2 years, received standard heparin, not used
HD catheters or other access, an AV shunt or AV fistula as
vascular access, and experienced complaints of decreased ap-
petite, pruritus, or sleep disturbances. Specifically, patients with
an estimated blood flow rate (Qb) ≥200 mL/min and a dialysis
fluid flow rate (Qd) ≥500 mL/min at screening were also in-
cluded. Patients were excluded if they had unstable conditions,
severe thrombocytopenia (platelet count <50,000/µL), leuko-
penia (leukocyte count <4,000 cells/µL), leukocytosis (leukocyte
count >11,000 cells/µL), autoimmune conditions, pruritus
complaints due to skin diseases, other systemic diseases,
medications, sleep disturbances due to depression or anxiety, or
sepsis. Depression and anxiety were screened by the Patient
Health Questionnaire (PHQ)-9 and General Anxiety Disorder
(GAD)-7, respectively. The exclusion criteria included non-
compliance with the study protocol, refusal to continue therapy
(withdrawal from the study), serious or life-threatening adverse
events, including severe allergic reactions, or exacerbation into
unstable conditions (systemic infections, bleeding, coagulop-
athy, acute coronary syndrome, stroke, etc.).

Statistical Analysis
Continuous variables are presented as medians and

interquartile ranges or means and standard deviations as appro-
priate. Categorical variables are presented as numbers and
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frequencies. The normality of the data distribution was examined
with the Shapiro-Wilk test. Continuous variables were compared
between each therapy group using one-way ANOVA or the
Kruskal-Wallis test in accordance with the normality of distri-
bution. Categorical variables were compared using Pearson’s χ2

test or Fisher’s exact test for 2 categories and the Kruskal-Wallis
test for >2 categories. Baseline and posttherapy data were also
compared using paired t tests. Statistical analyses were performed
with IBM SPSS statistical software, version 26 (IBM, USA). The
results were considered statistically significant if the p value
was <0.05.

Ethical Considerations
This study protocol was approved by the Ethics Committee of

the Faculty of Medicine, Public Health and Nursing Universitas
Gadjah Mada (No. KE/FK/1053/EC/2022), and written informed
consent was obtained from the participants at the time of en-
rollment. The study was conducted in accordance with the ethical
standards of the institutional research committee, the Declara-
tion of Helsinki for human studies, and Good Clinical Prac-
tice (GCP).

Results

Forty-five (45) subjects were initially enrolled in this
study. Only 40 subjects were included in the analysis.
Five subjects dropped out: 4 died, and 1 withdrew from
the study (Fig. 1). Among these 40 subjects, 14 were in
the HD group, 14 were in the HD + biweekly HA group,
and 12 were in the HD + weekly HA group. Table 1
summarizes the baseline characteristics of the partici-
pants. BUN levels, phosphate levels, and pruritus scores
were significantly greater in the HD + biweekly HA
group (Table 1).

Changes in laboratory parameters measured after
8 weeks of therapy are shown in Table 2. The reduction
in the BUN level was significantly different among the
three groups, with the HD + biweekly HA group
showing the largest decrease (−61.34 mg/dL [95% CI:
−71.33 to −51.34], p < 0.0001) (Table 2). There was no
significant difference in the changes in other laboratory
parameters among the three therapy groups. Only the
HD + weekly HA group showed a significant difference
in the mean hemoglobin level after and before therapy
(1.08 g/dL [95% CI: 0.22–1.93], p = 0.019). Only the HD
(control) group showed a significant difference in the
mean leptin level between after and before therapy
(−5.05 ng/mL [95% CI: −9.78 to −0.32], p = 0.038). The
HD + biweekly HA group was the only group that
showed a significant difference in CRP level between
after and before therapy (−0.10 mg/L [95%: −0.18
to −0.01], p = 0.034). Post hoc analyses comparing pairs
of two out of the three interventional groups were also

performed for each laboratory parameter (Fig. 2). Both
HD + biweekly HA and HD + weekly HA demonstrated
significantly greater decrease in BUN when each is
compared with HD group. Only HD + biweekly group
displayed significantly larger reduction in phosphate
level compared to HD group.

Table 3 shows the changes in subjective symptom
parameters, including the VAS appetite score, 5D itch
scale score, and PSQI score, along with its components.
The change in pruritus score was significantly different
among the three groups, with HD + biweekly HA
demonstrating the largest reduction (−3.93, 95% CI:
−6.89 to −0.97). There was no significant difference in
changes in other subjective symptom parameters. In
addition, the HD + biweekly HA group was the only
group that showed a significant difference in several
parameters after and before therapy: VAS appetite
score (10.43% [95% CI: 4.99–15.87], p = 0.001), pru-
ritus score (−3.93 [−6.89 to −0.97], p = 0.013), sleep
duration score (−0.36 [95% CI: −0.64 to −0.07], p =
0.019), sleep latency score (−0.64 [95% CI: −1.23
to −0.06], p = 0.033), and sleep efficiency (15.17%
[4.03–26.30], p = 0.011). Both the HD + biweekly HA
and HD + weekly HA groups exhibited a significant
improvement in sleep quality (PSQI) after therapy
compared to before therapy (Table 3). Post hoc ana-
lyses comparing pairs of two out of the three inter-
ventional groups were also performed for each sub-
jective symptom parameter (Fig. 3). Only HD + bi-
weekly group revealed significantly better improvement
in pruritus compared to HD group.

Discussion

This study aimed to evaluate the effectiveness of HD +
HA combination therapy in improving the clearance of
uremic toxins (β2-MG, leptin, and PTH) and inflam-
matory markers (IL-6 and CRP) in patients undergoing
MHD and to assess how this therapy impacts patients’
appetite, pruritus symptoms, and sleep quality. Baseline
laboratory values, including hemoglobin, platelet count,
leukocyte count, lymphocyte count, neutrophil count,
random blood glucose, calcium, creatinine, leptin, β2-
MG, PTH, IL-6, and CRP, did not significantly differ
among the three groups. However, there was a signifi-
cant difference in the BUN level, phosphate level, and
pruritus score at baseline, which were greater in the HD
+ biweekly HA group than in the other two groups.
These findings should be taken into account when in-
terpreting the results of this study.
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After 8 weeks of therapy, changes in the labora-
tory values of uremic toxins (leptin, β2-MG, and
PTH) and inflammatory markers (IL-6 and CRP) did
not significantly differ among the three groups. The
findings of this study contrast with those of the study
by Guo et al. [18] in 2011, which revealed that the
use of adsorptive dialysis (a combination of HA and
HD) resulted in a significant decrease in middle-
molecular-weight substance levels compared to
those of conventional HD, albeit with the side effects
of decreased platelet counts. Another study by Chen
et al. [10] in 2011 also showed opposite findings,
suggesting that HD + HA combination therapy was
significantly superior to HD alone in removing
middle- and large-sized uremic toxin molecules
after a 2-year observation. The differences in the
results between our study and previous ones may be
attributed to the different durations of the studies,
with this study lasting only 8 weeks, and compen-
satory mechanisms by homeostatic adaptations in
glandular secretion [19].

Geographical context also becomes a crucial con-
sideration. This study was conducted in Indonesia, a
developing country with limited resources, where pa-
tients typically receive MHD only twice weekly. This
study setting differs from others, which commonly
involve thrice-weekly therapy. The disparity in HD
frequency might influence the outcomes, as an in-
creased frequency of HD may reduce the accumulation
of toxin molecules in the blood [20].

Another factor to take into account is the delay in
peripheral blood sample acquisition after the completion
of therapy. In this study, samples were obtained from
patients 3 days after the last dialytic session due to co-
incidence with a national holiday in Indonesia. The re-
bound of specific toxin molecules can also lead to dif-
ferences in outcomes. During HD, increased phosphate
clearance can mobilize phosphorus from the deep
phosphate pool without losing phosphorus from cellular
stores. In the first dialytic session, serum phosphate levels
may be deficient due to more significant phosphate
mobilization into the extracellular fluid. However, serum

Fig. 1. Participant flowchart.
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Table 1. Baseline characteristics, laboratory values, and symptom scores of the study participants

HD (n = 14) HD + biweekly HP
(n = 14)

HD + weekly HP
(n = 12)

p value*

Baseline characteristics of the study participants
Sex, n (%)

Male 6 (42.9) 7 (50) 8 (66.7) 0.476
Female 8 (57.1) 7 (50) 4 (33.3)

Age, years
Median (Q1–Q3) 54 (39–57) 47 (39.75–58.25) 52 (45.75–56) 0.905
Min-max 31–64 29–66 38–60

Occupation, n (%)
Office worker 3 (21.4) 4 (28.6) 2 (16.7) 0.523
Fieldworker 4 (28.6) 5 (35.7) 3 (25)
Not working 7 (50) 5 (35.7) 7 (58.3)

Comorbidities, n (%)
Diabetes mellitus 2 (14.3) 2 (14.3) 3 (25) 0.722
Hypertension 13 (92.9) 13 (92.9) 11 (91.7) 0.992
Coronary heart disease 0 (0) 0 (0) 1 (8.3) 0.311
Hepatitis C 4 (28.57) 1 (7.14) 1 (8.33) 0.219
Tuberculosis 0 (0) 0 (0) 1 (8.3) 0.311
Anemia 7 (50) 4 (28.6) 4 (33.3) 0.482
Dental infection 1 (7.1) 0 (0) 0 (0) 0.395
Arthritis 2 (14.3) 0 (0) 0 (0) 0.149
Smoking 2 (14.3) 1 (7.1) 0 (0) 0.395

Anxiety score (GAD-7) 1 (0–2.25) 2 (0–5.25) 0.5 (0.5–2) 0.461
Minimal, n (%) 13 (92.9) 9 (64.3) 10 (83.3) 0.157
Mild, n (%) 1 (7.1) 3 (21.4) 1 (8.3)
Moderate, n (%) 0 (0) 2 (14.3) 1 (8.3)

Depression score (PHQ-9) 3 (0–4) 1.5 (0–8) 1.5 (0.25–10) 0.955
Minimal, n (%) 12 (85.7) 9 (64.3) 8 (66.7) 0.419
Mild, n (%) 1 (7.1) 2 (14.3) 1 (8.3)
Moderate, n (%) 0 (0) 2 (14.3) 2 (16.7)
Severe, n (%) 1 (7.1) 1 (7.1) 1 (8.3)

Baseline laboratory values of the study participants
Hemoglobin, g/dL 9.60±1.53 9.67±1.09 9.05±1.88 0.531
Platelet count, cells/µL 211,000 (175,000–233,250) 208,500 (182,000–259,000) 232,000 (212,250–264,000) 0.269
Leukocyte, cells/µL 6,455 (5,845–7,712.5) 6,515 (6,050–7,752.5) 6,515 (6,375–9,087.5) 0.194
Lymphocyte, % 19.57±8.46 19.71±7.28 20.5±5.14 0.941
Neutrophil, % 66.71±9.05 63.14±7.38 68.00±7.83 0.292
Random blood glucose,

mg/dL
91 (75.75–116.75) 102.5 (77.25–123.00) 99.5 (82.00–118.75)

Calcium, mg/dL 8.89±1.09 8.38±0.95 8.80±0.93 0.365
BUN, mg/dL 58.50 (51.73–66.60) 73 (58.33–103.18) 50.85 (45.43–69.23) 0.014
Creatinine, mg/dL 12.58±3.83 14.09±4.26 12.24±2.82 0.400
Phosphate, mg/dL 4.50±1.53 5.96±1.99 4.12±1.51 0.020
Leptin, ng/mL 6.3 (1.0–63.4) 9.6 (0.98–72.13) 11.45 (1.53–71.33) 0.968
β2-MG, mg/L 36.32±15.80 34.52±11.59 30.30±11.42 0.503
PTH, pg/mL 117.65 (38.04–376.88) 191.45 (50.98–527.43) 90.29 (31.30–325.93) 0.518
IL-6, pg/mL 6.76 (3.09–9.53) 4.80 (3.78–13.00) 6.33 (3.71–11.58) 0.968
CRP, mg/L 0.25 (0.10–0.55) 0.45 (0.10–0.60) 0.45 (0.30–0.93) 0.288

Baseline symptom scores of the study participants
VAS Appetite Score 74.5 (50–80.5) 80 (73–84) 80 (62.5–83.75) 0.507
Pruritus score (5D itch scale) 7.5 (7–10.5) 13.5 (9.25–26) 9 (7–11) 0.034
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phosphate levels may be greater in the second dialytic
session. As a result, there may be no significant difference
in serum phosphate levels at the end of therapy between
the HD group and the HDP group [21].

The rebound phenomenon of β2-MG can lead to dif-
ferences in the observed levels. An imbalance occurs
during dialysis sessions, where the clearance rate of solutes
from the extravascular compartment into the plasma is
faster than the transfer rate of solutes into the plasma. As a
result, the plasma concentration increases after the dialysis

session, but the solute levels return to equilibrium after the
dialysis session ends. Several previous studies have shown
an increase in the plasma β2-MG concentration after high-
flux HD. Therefore, the inability of HA to reduce the
concentration of β2-MGmay be related to significant mass
transfer resistance between the vascular and extravascular
compartments [22].

In contrast, the HD + biweekly HA group displayed a
significant decrease in CRP levels after 8 weeks of
therapy compared to before. This finding is consistent

Table 1 (continued)

Sleep quality score (PSQI) 11.00±3.64 11.79±3.97 8.58±3.58 0.108
Sleep onset 1.64±0.93 1.79±1.19 1.08±1.00 0.215
Sleep duration 1.57±0.85 1.57±0.85 1.25±0.75 0.528
Sleep latency 1.93±1.14 2.29±0.99 1.33±1.16 0.108
Sleep efficiency, % 68.25±25.68 64.20±28.95 79.47±17.84 0.240
Sleep disturbance 4.07±2.46 6.29±4.86 5.00±3.05 0.431
Daytime dysfunction 1.86±0.77 2.07±0.62 1.75±1.06 0.108

PHQ, Patient Health Questionnaire; GAD, General Anxiety Disorder; IQR, interquartile range; SD, standard deviation. *Pearson’s χ2

test, Fisher’s exact test, or the Kruskal-Wallis test (>2 categories) for categorical variables and one-way ANOVA or the Kruskal-Wallis
test for continuous variables. p values <0.05 (typed in bold) indicate statistical significance. All continuous variables are presented
as the mean ± SD or median (IQR) as appropriate for normally distributed data.

Table 2. Comparison of changes in laboratory values of each group after 8 weeks of therapy

Parameters HD (n = 14) HD + biweekly HP (n = 14) HD + weekly HP (n = 12) p value*

Hemoglobin, g/dL 0.72 (−0.85 to 1.53), 0.075 0.45 (−0.63 to 1.53), 0.385 1.08 (0.22–1.93), 0.019 0.717
Platelet count,

cells/µL
5,480.71 (−24,307.07 to
35,268.50), 0.697

27,571.43 (−13,312.64 to
68,455.50), 0.169

−8,416.67 (−59,808.08 to
42.974.75), 0.725

0.473

Leukocyte, cells/µL 923.57 (−1,386.46 to 3,233.60),
0.403

−293.57 (−1,437.36 to 850.22),
0.589

−280.83 (−1,991.34 to
1,429.68), 0.725

0.589

Lymphocyte, % −1.64 (−6.17 to 2.99), 0.447 −1.36 (−4.39 to 1.68), 0.352 −2.75 (−7.03 to 1.53), 0.185 0.932
Neutrophil, % −0.14 (−6.42 to 6.14), 0.962 4.21 (−0.77 to 9.20), 0.091 3.42 (−2.64 to 9.47), 0.240 0.502
Random blood

glucose, mg/dL
4.57 (−15.33 to 24.47), 0.628 −6.86 (−22.99 to 9.27), 0.375 −14.92 (−53.61 to 23.77), 0.414 0.603

Calcium, mg/dL 2.54 (0.90–4.17), 0.005 1.94 (1.18–2.71), <0.0001 2.63 (0.81–4.44), 0.009 0.829
BUN, mg/dL −45.31 (−53.60 to −37.03),

<0.0001
−61.34 (−71.33 to −51.34),
<0.0001

−43.37 (−55.79 to −30.95),
<0.0001

0.021

Creatinine, mg/dL −8.54 (−10.08 to −7.01),
<0.0001

−9.76 (−11.52 to −8.01),
<0.0001

−8.46 (−9.82 to −7.10), <0.0001 0.459

Phosphate, mg/dL −2.09 (−2.77 to −1.42),
<0.0001

−3.53 (−4.48 to −2.58), <0.0001 −2.12 (−3.13 to −1.11), 0.001 0.908

Leptin, ng/mL −5.05 (−9.78 to −0.32), 0.038 −8.10 (−16.79 to 0.59), 0.065 2.59 (−23.33 to 28.51), 0.830 0.581
β2-MG, mg/L −2.73 (−8.86 to 3.41), 0.354 0.89 (−3.65 to 5.42), 0.680 0.83 (−7.31 to 8.97), 0.826 0.645
PTH, pg/mL 49.89 (−12.52 to 112.29), 0.108 51.02 (−178.89 to 280.93),

0.640
−2.98 (−68.16 to 62.21), 0.922 0.355

IL-6, pg/mL 1.85 (−1.61 to 5.31), 0.270 7.60 (−12.38 to 27.58), 0.426 57.27 (−83.76 to 198.29), 0.391 0.707
CRP, mg/L −0.87 (−0.62 to 0.45), 0.152 −0.10 (−0.18 to −0.01), 0.034 0.25 (−1.25 to 1.75), 0.595 0.228

Results are given as mean difference (95% CI), p value#. #Paired t test, statistically significant if the p value <0.05 (typed in bold).
*One-way ANOVA or Kruskal-Wallis test, statistically significant if p value <0.05 (typed in bold).
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Fig. 2. Plots showing results of post hoc analyses comparing the laboratory parameters among pairs of two groups
from the three interventional groups (asterisk mark *indicates p < 0.05).
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with a study by Chen et al. [10], which indicated that
patients receiving HD + HA therapy experienced a
20.58% decrease in CRP levels. Microinflammation
often occurs in MHD patients and can lead to
malnutrition-inflammation-atherosclerosis syndrome
and increase the risk of mortality in CKD patients.
High-sensitivity CRP is a key clinical indicator of
microinflammation in HD patients [10]. The combi-
nation of HD + HA enhances toxin elimination in vivo
and reduces microinflammation levels in uremic pa-
tients [23]. The results of this study affirm that HD +
HA combination therapy can reduce the levels of in-
flammatory factors, especially CRP, in CKD patients.
This can be achieved through HA with neutral mac-
roporous resin, which effectively adsorbs substances
with a molecular weight of 300–5,000 Da, including
inflammatory mediators such as CRP [24]. However,
the HD + weekly HA group failed to show similar
results, indicating that the frequency of HA might
impact its effectiveness and that there might be an
optimal frequency that should be customized or per-
sonalized according to each patient’s characteristics.

In this study, we found that hemoglobin levels were
significantly greater in the HD + weekly HA group than in
the HD+weekly HA group. This finding is consistent with
a study by Chen et al. [10], which showed that patients
receiving weekly HD + HA combination therapy had
significantly higher hemoglobin levels than those receiving
only HD. Microinflammation can be reduced in uremic
patients receiving HD + HA combination therapy [23].
Reducing microinflammation and oxidative stress in vivo
can increase hemoglobin levels in research subjects. As a
result, erythropoietin resistance may decrease [24].

Calcium and phosphate abnormalities are charac-
teristic of CKD and significantly affect the condition of

patients undergoing MHD. Uncontrolled kidney failure
often leads to hyperphosphatemia and hypocalcemia in
patients undergoing MHD [12]. After 8 weeks, there
was a significant difference in the mean calcium levels
of all groups after therapy compared to before therapy.
This result is consistent with the findings of Nguyen
Huu et al. [11], who reported a significant increase in
calcium levels in patients receiving HD +HA therapy as
well as in patients receiving only HD therapy after
3 years.

We also found a significant decrease in phosphate
levels in all groups compared to baseline values. This
result aligns with the study by Wang et al. [25] in 2018,
which revealed a significant decrease in phosphate levels
in both patients who underwent HD only and those who
underwent HD + HA combination therapy (p < 0.05).

Only the HD + biweekly HA group showed a signif-
icant increase in appetite compared to that before the
administration of HD + HA therapy. This finding aligns
with the research by Wang et al. [25], which showed that
there was a significant decrease in the proportion of
subjects who experienced a poor appetite after 6 months
of HD + HA combination therapy (p < 0.01). Similar to
our findings regarding CRP levels, HD + weekly HA did
not significantly increase appetite scores. Studies have
shown that higher levels of CRP are associated with
suppressed appetite and food intake in dialysis patients
[26, 27].

Sleep disturbances or poor sleep quality are pervasive
among patients with CKD, especially those with end-
stage renal disease [28]. In this study, both the HD +
biweekly HA and HD + weekly HA groups demonstrated
significant improvements in the PSQI score after 8 weeks
of therapy. These findings are consistent with the findings
of Jin [29] and Gu et al. [13], who reported that patients

Table 3. Comparison of changes in subjective symptoms 8 weeks after the procedure

Parameters HD (n = 14) HD + biweekly HP (n = 14) HD + weekly HP (n = 12) p value*

VAS Appetite Score (%) 3.71 (−5.27 to 12.70), 0.388 10.43 (4.99–15.87), 0.001 6.67 (−3.86 to 17.19), 0.191 0.254
Pruritus score (5D itch scale) 3.43 (−0.39 to 7.25), 0.075 −3.93 (−6.89 to −0.97), 0.013 −1.75 (−7.59 to 4.09), 0.523 0.003
Sleep quality score (PSQI) −0.71 (−2.46 to 1.03), 0.393 −2.79 (−4.97 to −0.60), 0.016 −2.33 (−4.59 to −0.08), 0.044 0.232
Sleep onset −0.71 (−2.46 to 1.03), 0.136 −0.50 (−1.17 to 0.17), 0.131 −0.42 (−0.99 to 0.16), 0.137 0.622
Sleep duration −0.14 (−0.45 to 0.17), 0.336 −0.36 (−0.64 to −0.07), 0.019 −0.42 (−0.92 to 0.09), 0.096 0.368
Sleep latency −0.36 (−0.72 to 0.01), 0.055 −0.64 (−1.23 to −0.06), 0.033 −0.33 (−0.96 to 0.29), 0.266 0.476
Sleep efficiency (%) 10.81 (−2.75 to 24.36), 0.109 15.17 (4.03–26.30), 0.011 9.79 (−2.09 to 21.67), 0.097 0.269
Sleep disturbance 2.00 (−0.42 to 4.42), 0.097 −0.70 (−4.23 to 2.66), 0.630 0.50 (−1.89 to 2.89), 0.653 0.136
Daytime dysfunction 0.07 (−0.41 to 0.55), 0.752 −0.07 (−0.35 to 0.20), 0.583 −0.167 (−0.53 to 0.20), 0.339 0.757

Results are given as mean difference (95% CI), p value#. *One-way ANOVA or Kruskal-Wallis test, statistically significant if p
value <0.05 (typed in bold). #Paired t test or Wilcoxon signed rank test, statistically significant if p value <0.05 (typed in bold).
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receiving HD + HA therapy with HA sessions every
2 weeks have significantly greater sleep duration and sleep
efficiency than patients receiving only HD therapy [13,
29]. Poor sleep quality in CKD patients is associated with
high-sensitivity CRP and the neutrophil-to-lymphocyte
ratio [30]. In this study, the HD + biweekly HA group
experienced a significant decrease in CRP levels. This may
contribute to the improvement in sleep quality after
8 weeks of therapy.

Changes in the pruritus score (5D itch scale) were
significantly different among the three groups. HD +
biweekly HA demonstrated the greatest improvement,
with a score reduction of 3.93 (95% CI: −6.89 to −0.97).
HD + biweekly HA was also the only group to show a
significant difference in pruritus score before and after
therapy. This result is consistent with the study by Jin

[29], in which pruritus scores according to the Worst
Itching Intensity Numerical Rating Scale were found to
be significantly lower in subjects receiving HD + HA
therapy (HA carried out once every 2 weeks) than in
patients receiving HD alone [23]. This could be at-
tributed to the difference in the study duration: the
previous study was conducted over 2 years, while this
study lasted for 8 weeks. These results are also in line
with the findings of Li et al. [31], in which pruritus scores
significantly decreased after 8 weeks of HD + HA
therapy, with HA being carried out once every 2 weeks.
Nguyen Huu et al. [11] also demonstrated a significant
decrease in pruritus symptoms among patients receiving
HD + HA therapy over 3 years.

More complex factors may contribute to the patho-
genesis of pruritus in HD patients. Studies have revealed

Fig. 3. Plots showing results of post hoc analyses comparing the subjective symptom parameters among pairs of
two groups from the three interventional groups (asterisk mark *indicates p < 0.05).
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that various inflammatory factors play a role in the
pathogenesis of uremic pruritus. Recurrent pruritus
symptoms are caused by a complex microenvironment
formed by inflammatory factors and sustained inflam-
matory conditions [31].

Overall, HD combined with biweekly HA can sig-
nificantly reduce CRP levels and alleviate symptoms
among CKD patients, such as lowering pruritus, in-
creasing appetite, and improving sleep quality. Com-
pared with the control group and the HD + weekly HA
group, the HD + biweekly HA group also exhibited a
greater reduction in BUN. This finding suggests that
additional HA therapy is still effective when admin-
istered every 2 weeks instead of once a week. This
therapy is suitable for application in low- to middle-
income countries with limited resources, including
Indonesia, which might find it difficult to fund and
provide access to HA therapy.

The strength of this study lies in its multicenter nature.
This study is the first in Indonesia to examine the ef-
fectiveness of combined HD and HA therapy with
varying treatment frequencies. Moreover, patient selec-
tion was performed through matching, ensuring a similar
distribution of demographic characteristics such as sex
and age in all three groups. The limitations of this study
include its short follow-up duration of 8 weeks, relatively
small sample size, and lack of blinding. The findings in
this study might not very well apply to patients with
standard thrice-weekly HD regimen since it only included
patients undergoing twice-weekly HD. Future studies
with larger sample sizes, longer follow-up duration with
multiple time point outcome measurements, blinding
methods, and patients undergoing standard thrice-weekly
HD will be needed. Future studies should further explore
the impact of HA frequency on its effectiveness to de-
termine the optimal frequency of HA for each patient. It
will also be worthwhile to conduct a cost-effectiveness
analysis of HA and determine which patients will benefit
most from HA therapy.

Conclusions

Administration of additional HA therapy every
2 weeks can significantly reduce CRP levels, alleviate
pruritus, improve appetite, and enhance sleep quality
among end-stage renal disease patients on MHD.
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