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Background: The objective of this study is to investigate the effects of oral
supplementation with eicosapentaenoic acid (EPA) on circulating inflammatory
factors, cardiometabolic parameters, skin moisturization, and the consequent
symptoms of pruritus and depression in maintenance hemodialysis patients.

Materials and methods: A total of 60 maintenance hemodialysis patients with
severe pruritus symptoms completed this randomized, placebo-controlled
study. Subjects of treatment group (n = 30) were instructed to consume 1000
mg fish oil (>900 mg EPA) and subjects of placebo group (n = 30) were instructed
to consume 1000 mg soybean oil twice daily for 3 months. 5-D pruritus scoring,
the Beck Depression Inventory (BDI) scale, skin moisture, serum creatinine,
inflammatory factors, and cardiometabolic parameters were examined at
baseline, and at the first, second, and third month post-supplementation.

Results: A significantly decreased pruritus level was observed in the treatment
group, whereas an opposite result was observed in the placebo group. Increased
skin moisture levels on both the face and arms were observed in the treatment
group, but not in the placebo group. Supplementation of EPA significantly
decreased serum CRP and IL-6 levels. Significant decreases in total cholesterol
(CHO), and triglycerides (TG) levels were observed; however, a decrease in high-
density lipoprotein (HDL) level was observed in the treatment group. There was
no change in plasma creatinine (CR) observed in both groups. A significantly
decreased BDI score was observed, whereas the opposite result was observed in
the placebo group. A correlational study showed that the severity of pruritus was
significantly associated with skin moisture and serum CRP. The severity of
pruritus was also positively correlated with the BDI score.
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Conclusion: Supplementation of EPA may provide multiple benefits including
alleviating pruritus symptoms, addressing skin dryness, and mitigating depression
in maintenance hemodialysis patients.
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1 Introduction

Pruritus is one of the most common symptoms found in
patients with advanced chronic kidney disease (CKD) or end-
stage renal disease (ESRD) on dialysis. This distressing symptom
adversely affects the quality of life and medical outcomes and has
been regarded as an independent factor associated with mortality in
dialysis patients (1). Despite improvements in dialysis facilities and
therapeutic options, the prevalence of CKD-associated pruritus
(CKDaP) has not significantly declined (2). CKDaP still affects
40-50% of dialysis patients (3). CKDaP manifests as a prolonged,
frequent, and intensive itching sensation, ranging from general to
local distribution, without any apparent skin disease or coexisting
with xerosis in up to 80% patients (4, 5). Some patients may also
experience superimposed complications of excoriation (4).
Although various symptoms have been reported to be associated
with the prevalence of CDKaP, the underlying mechanism for
CKDaP is still unclear and far from elucidation.

Various pathogenic factors have been proposed to be related to
CKDaP, such as xerosis, hyperparathyroidism, uremic toxin
accumulation, opioid imbalance, neural dysfunction, inflammation,
and immune dysregulation (2, 6). Although CKDaP has been
recognized to occur through multiple mechanisms, four theories
have been proposed as major contributors to the prevalence of
CKDaP, including toxin deposition, peripheral neuropathy,
immune system dysregulation, and opioid imbalance (7). Another
etiology proposed to be related to CKDaP is the dysregulation of
essential fatty acids and their metabolites derived from the
cyclooxygenase and lipoxygenase pathways, as dialysis patients are
well-known to have abnormal fatty acid profiles (8-10). Yerlikayal
et al. reported that plasma omega-3 fatty acid levels were significant
lower, and elevated omega-6/omega-3 fatty acid ratios were found in
dialysis patients (11). Higher omega-6/omega-3 fatty acid ratios are
well-known to increase risk of various chronic diseases, such as
cardiovascular diseases. Moreover, higher plasma saturated fatty acid
and monounsaturated fatty acid were also found in dialysis patients
(11-14). Furthermore, chronic inflammation is generally found in
dialysis patients (15), and anti-inflammatory treatments ameliorate
CKDaP (16). Several studies have reported that supplementation with
omega-3 fatty acids ameliorates CKDaP by decreasing inflammation
(8, 17, 18). On the other hand, xerosis is commonly found in most
dialysis patients and has been suggested as an important factor
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influencing CKDaP (5, 19). The severity of xerosis is positively
correlated with the reducing threshold of itch sensation (20).
Improving skin moisture and other dermatological conditions have
been generally used to decrease xerosis and the severity of pruritus in
CKDaP patients (16). Omega-3 fatty acid supplementation has been
reported to improve skin dryness and pruritus (21-23).

Moreover, depression is frequently prevalent in CKD and ESRD,
especially in those undergoing dialysis (24-26). The severity of
CKDaP and the duration of dialysis have been reported to be
positively correlated with depressive symptoms (27). Several
mechanisms are suggested to explain the association between
depression and CKD (26). Among them, the frequent and intense
itching sensation disturbs sleep and social activity, impacting quality
of life outcomes. This has been recognized as a significant factor
contributing to depressive symptoms in dialysis patients (1, 27, 28).
Additionally, lower levels of omega-3 fatty acids were found
in dialysis patients (11). Deficiency of dietary omega-3
polyunsaturated fatty acids (PUFAs) has been suggested to be
associated with mood disorders (29). Thus, supplementation of
omega-3 PUFAs is suggested as a potential treatment option for
CKD-related depression (29). A meta-analysis reported that
supplementation of omega-3 PUFAs improves depressive
symptoms (30). Although the effect of omega-3 PUFAs on the
improvement of depressive symptoms has shown conflicting results
or limited efficacy in some studies (31, 32), other studies reported that
supplementation with omega-3 fatty acids improved CKD-related
depression in dialysis patients (33, 34). Moreover, formulation with
higher EPA content in omega-3 PUFAs (260% EPA) were reported
to have clinical benefits on depressive symptoms, whereas DHA-
major formulations showed no benefits (30).

In a previously reported prospective cohort study, we found
that supplementation with omega-3 fatty acid (1000 mg fish oil
with >900 mg EPA) ameliorated pruritus conditions. This
supplementation also resulted in reduced plasma levels of
inflammation markers CRP and IL-6, improved kidney function,
lowered cardiovascular risk factors, and enhanced skin moisture on
the face and arms during a 3-month daily supplementation period
(22). In this randomized controlled study, the primary outcome of
our investigation focuses on evaluating the efficacy of omega-3 fatty
acids (90% EPA) and omega-6 fatty acids supplementation in
improving pruritus and skin moisture among hemodialysis
patients. Secondary outcomes include assessing the impact of
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these supplementations on additional markers such as plasma levels
of inflammation markers CRP and IL-6, cardiovascular risk factors,
and depression. Through this study, we aim to provide valuable
insights into potential therapeutic interventions for managing
CKD-associated pruritus and comorbidities in this patient
population. Given the significant burden of pruritus and its
adverse effects on the quality of life and medical outcomes of
maintenance hemodialysis patients, there is an urgent need to
explore novel therapeutic interventions that target its underlying
mechanisms. In this context, the potential role of omega-3 fatty
acids, particularly EPA, in modulating inflammation, improving
skin health, and alleviating depressive symptoms presents a
promising opportunity for intervention. However, despite
growing evidence suggesting the efficacy of EPA supplementation
in various health conditions, its specific impact on CKDaP and
related complications remains underexplored. Therefore, this study
aims to elucidate the potential benefits of EPA supplementation in
alleviating pruritus, enhancing skin moisture and mitigating
depression in maintenance hemodialysis patients, addressing a
critical gap in the current understanding and management of this
complex condition.

2 Subjects and methods
2.1 Subjects

The study was designed as a randomized, placebo-controlled
trial with 2 treatment groups. The duration of the study spanned
three months, during which participants were assessed at baseline
and at the first, second, and third month post-supplementation.
This timeframe allowed for comprehensive evaluation of the effects
of omega-3 fatty acid supplementation on pruritus symptoms, skin
moisture, and depression among hemodialysis patients. Volunteers
of both sexes, aged over 20 years, experiencing a prevalence of
pruritus symptom, and undergoing hemodialysis at least 3 times a
week for over 6 months, with a dialysis adequacy (Kt/V value) of
blood urea nitrogen (BUN) greater than 1.2, were recruited from a
dialysis facility in Kuang Tien General Hospital, Shalu District,
Taichung, Taiwan. Patients with dermatological conditions
diagnosed by a dermatologist and those with allergic reactions to
seafood, soybean, omega-3 fatty acids, and related products were
excluded. Also excluded were patients with medical records for
pruritus treatments, including topical treatments within 2 weeks,
systemic treatments within 1 month, or narrowband ultraviolet B
phototherapy within 6 months. Eligible patients, who had not used
fish oil, were identified and approached for consent to participate in
the study. The 5-D pruritus questionnaire, the Beck Depression
Inventory-Second Edition (BDI-II) questionnaire, measurements of
skin moisture, and blood withdrawal were requested for further
analyses at baseline, and at the first, second, and third month
post-supplementation.

A total of 66 volunteers were recruited, and 62 patients met the
criteria as described above, with 2 patients voluntarily dropping out
during the study.
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2.2 Study intervention and
administration protocol

The study design of an interventional trial investigating the
effects of EPA supplementation on pruritus, skin moisture, and
depression in maintenance hemodialysis patients is shown in
Figure 1. The study received IRB approval (KTGH No.10926) and
involved purposive sampling of 60 patients from the dialysis center
of Kung Tien General Hospital. The participants were randomly
allocated into two groups, an experimental group (n=30) and
a control group (n=30). The experimental group consumed
capsules containing 1000 mg of fish oil with >900 mg EPA twice
daily for three months, while the control group consumed capsules
containing 1000 mg of soybean oil twice daily for the same duration.
Assessments were conducted at baseline and subsequently at the
first, second, and third months post-supplementation. These
assessments included monitoring for pruritus using a 5-D
pruritus questionnaire, evaluating depression using the Beck
Depression Inventory-Second Edition (BDI-II) questionnaire,
measuring skin moisture, and collecting blood samples. The study
aimed to investigate the potential alleviating effects of EPA
supplementation on pruritus, skin dryness, and depressive
symptoms in patients undergoing maintenance hemodialysis.

Eicosapentaenoic Acid Supplementation Alleviates Pruritus,
Enhances Skin Moisture, and Mitigates Depression in
Maintenance Hemodialysis Patients
IRB Approval (KTGH No.10926)

L 2

Purposive Sampling of 60 Patients on HD from Dialysis Center
of Kung Tien General Hospital

. 3

Random Assignment
Experimental group Control group
(n=30) (n=30)

l l

Consume one capsule
containing 1000 mg fish
oil with >900 mg EPA
twice daily for 3 months

Consume one capsule
containing 1000 mg
soybean oil twice daily
for 3 months

l

Monitor for further analyses at baseline, and at the 1st, 2nd, and 3rd

month post-supplementation: The 5-D pruritus questionnaire ~ Beck
Depression Inventory-Second Edition (BDI-II) questionnaire ~
measurement of skin moisture, and blood withdrawal

FIGURE 1
The study design
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2.3 Measurement of skin moisture

Moisture levels of the face and arms were measured using
Moisturemeter SC (Delfin Technologies Ltd., Kuopio, Finland) to
evaluate the skin surface hydration level, as previously described
(22). The device detects the tissue dielectric constant (TDC) value
using a 1.25 MHz electromagnetic probe to determine conductivity
in the epidermal layer, while the dry layer of the stratum corneum
acts as an insulator. Average TDC values at baseline and post-
supplementation were determined by constantly measuring five
different sites on each surface of the face and the arms.

2.4 Biochemistry and interleukin-6 analysis

The collected serum from subjects at baseline and post-
supplementation was measured for concentrations of c-reactive
protein (CRP), creatine (CR), total cholesterol (CHO), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and interleukin-6
(IL-6). Concentrations of CRP, CR, CHO, HDL, and LDL were
detected by routine biochemistry analyses using clinical biochemistry
systems (Beckman Coulter, Inc., Brea, CA, USA) at the clinical
laboratory in the Kuang Tien General Hospital. The concentration
of serum IL-6 was detected using an IL-6 ELISA kit (Biolegend, San
Diego, CA, USA). All sera were stored at —80 °C until analysis.

2.5 Statistics

Repeated-measure ANOVA and a Chi-squared test were used
to determine significant differences across each of the time points
within baseline and post-supplementation. The Student t-test was
used to determine significances between placebo and treatment
groups. Pearson’s correlation was used to calculate the correlation
coefficient and significances. Analyses were carried out using SPSS
analytic software (International Business Machines Corporation,
Armonk, NY, USA). A P value of <0.05 was considered
statistically significant.

3 Results

The demographic and baseline characteristics of the
participants are presented in Table 1. A total of 60 subjects with a
hemodialysis history of over 6 months and Kt/V greater than 1.2
were randomly divided into a control group (soybean oil, n = 30)
and a treatment group (EPA, n = 30). In the control group, there
were 16 males and 14 females with an average age of 67.57 + 11.57
years and an average of 6.37 * 3.07 years on hemodialysis. In the
treatment group, there were 10 males and 20 females with an
average age of 66.63 + 11.67 years and an average of 4.97 + 3.20
years on hemodialysis. There were no significant differences in
gender ratio, occupation category, education levels, age, and years
on hemodialysis between the control group and the treatment
group (Table 1).
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TABLE 1 Baseline characteristics of hemodialysis patients (Mean + SD).

Characteristic Variable

Soybean %

oil
Gender 2443 | 0.118
Male 16 53.3 10 333
Female 14 46.7 20 66.7
Occupation 4754 | 0.576
category
Unemployed 14 46.7 18 60
(including
homemakers)
Commerce 9 30.0 5 16.7
Industry 5 16.7 4 133
Service industry 1 33 1 33
Government 0 0.0 1 33
employee
Agriculture 0 0.0 1 33
Scholars 1 33 0 0.0
Education 2980 | 0.561
Illiterate 3 10.0 1 3.3
Primary school 5 16.7 6 20.0
Junior high school 7 23.3 11 36.7
Senior high school 9 30.0 9 30.0
College/graduate 6 20.0 3 10.0
t P
Age 67.57 66.63 -0.311 | 0.757
+ 11.57 +
11.67
Years 6.37 £ 3.07 4.97 -1.730 | 0.089
on hemodialysis +3.20

EPA, eicosapentaenoic acid. Mean + SD; X?, P value, Chi-square test; t value, independent
samples t test, P value, unpaired t-test.

Patients in the treatment group were assigned to consume 1000
mg fish oil capsules containing 900 mg EPA twice daily. Patients in
the control group received 1000 mg soybean oil capsules twice daily.
There were no obvious differences in shape, color, and taste between
the fish oil capsule and the soybean oil capsule. The average pruritus
level presented in different parts of the body, using a 5-D itch scale
questionnaire, at baseline and following supplementation with
soybean oil and EPA 3 months is presented in Table 2. Averages
of pruritus scores, skin moisture levels, depression levels using a
PHQ-9 score, and biochemical profiles including CRP, IL-6, CR,
CHO, HDL, LDL, and TG at baseline and following 3 months of
supplementation are presented in Table 3. Each parameter
described above was examined at baseline, and at the 1st, 2nd,
and 3rd month post-supplementation.

Despite the average pruritus score of the treatment group being
significantly higher than the control group at baseline,
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TABLE 2 Average pruritus score presented in parts of body in hemodialysis patients following supplementation of soybean oil and EPA using a 5-D

itch scale questionnaire.

Characteristic Baseline (%)

1st Month (%)

2nd Month (%) 3rd Month (%)

Treatment Soybean ED S e ED S e ED S e EPA
oil oil oil oil
Distribution

Head/Scalp 10 2333 10 16.67 16.67 6.67 10 3.33
Face 13.33 26.67 13.33 2667 20 16.67 13.33 333

Chest 20 4333 20 30 16.67 26.67 2333 20
Abdomen 2333 46.67 10 30 13.33 4333 2333 16.67
Back 46.67 80 56.67 70 66.67 5333 6333 46.67
Buttocks 16.67 56.67 2333 50 20 40 26.67 30
Thighs 36.67 4333 3333 3333 36.67 26.67 5333 13.33
Lower legs 3333 40 46.67 30 53.33 20 4333 13.33
Top of Feet/Toes 3333 4333 36.67 4333 4333 30 40 26.67

Soles 0 667 6.67 333 6.67 333 3.33 0
Palms 0 3.33 3.33 0 10 3.33 3.33 333

Top of Hands/Fingers 26.67 30 2333 2333 2333 13.33 20 10
Forearms 36.67 5333 36.67 50 30 26.67 3333 3.33

Upper Arms 3333 30 2333 2667 2333 13.33 36.67 0
P‘:::; goctﬁlr:;d 36.67 46.67 36.67 36.67 4333 20 40 10
Groin 40 60 4333 6333 60 146,67 46.67 4333
Others 3.33 333 3.33 333 0 10 6.67 667

EPA, eicosapentaenoic acid.

supplementation of EPA capsules significantly ameliorated CDKaP,
with decreasing average pruritus scores (21.10 * 6.19, 18.90 * 5.59,
14.83 + 5.59, 11.90 + 7.71) from baseline to the 1st, 2nd, and 3rd
month (Table 3). In contrast, average pruritus scores (15.70 + 7.35,
16.80 * 6.60, 18.03 + 7.49, and 19.20 + 8.34) significantly increased
in the control group from baseline to the Ist, 2nd, and 3rd month
(Table 3). Supplementation of EPA capsules also significantly
ameliorated pruritus compared to the control group, with a lower
pruritus score at 3rd month (Table 3). In the examination of skin
moisture levels on arms and face, we found that supplementation of
soybean oil had no influence on skin moisture, and there were no
changes in moisture levels of arms (27.49 + 15.97, 25.98 + 10.77,
26.96 *+ 15.00, and 25.10 *+ 13.88; TDC value) and face (45.13 +
23.25, 46.53 + 25.35, 44.78 + 24.69, and 43.45 + 24.24; TDC value)
at baseline, 1st, 2nd, and 3rd month (Table 3). Supplementation of
EPA significantly enhanced skin moisture on both arms and face, as
well as increased moisture levels on arms (27.49 + 15.97, 25.98 +
10.77, 26.96 £ 15.00, and 25.10 + 13.88; TDC value) and face (45.13
+23.25,46.53 + 25.35, 44.78 + 24.69, and 43.45 + 24.24; TDC value)
from baseline to the 1st, 2nd, and 3rd month, respectively (Table 3).
Supplementation of EPA significantly enhanced the skin moisture
level on the face but not on the arms, in comparison with the
control group (Table 3).
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In the examination of inflammatory markers, including CRP
and IL-6, we found that EPA supplementation significantly
decreased circulating CRP and IL-6 levels in treatment group
over a 3-month supplementation period. In contrast, 3-month
supplementation with soybean oil did not result in a change in
circulating CRP and IL-6 levels (Table 3). Additionally, we found
that both EPA and soybean oil supplementations did not improve
renal function, as well as a non-significant change in circulating CR
in both groups (Table 3).

In further comparing the lipid profiles following
supplementations with EPA and soybean oil, we measured serum
CHO, HDL, LDL, and TG (Table 3). EPA supplementation led to a
significant decrease in CHO concentrations at each respective time
point, while soybean oil supplementation did not result in a
significant change in CHO concentration (Table 3). Additionally,
EPA supplementation significantly increased HDL concentrations at
each respective time point, whereas soybean oil supplementation did
not result in a significant change in HDL concentration (Table 3).
Neither EPA nor soybean oil supplementation resulted in a change in
LDL concentrations over time (Table 3). Furthermore, EPA
supplementation significantly decreased TG concentrations at each
respective time point, whereas soybean oil supplementation did not
result in a significant change in TG concentration (Table 3).
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TABLE 3 Comparison of pruritus score, biochemical profiles, moisture levels, and depression levels between placebo and EPA groups before and after
supplementations in hemodialysis patients.

Characteristic Baseline (%) 1st Month (%) 2nd Month (%) 3rd Month (%)

Pruritus Score

Soybean oil 15.70 £ 7.35 16.80 + 6.60 18.03 + 7.49 19.20 + 8.34 <0.01**
EPA 21.10 £ 6.19 18.90 + 5.59 14.83 £ 5.59 11.90 + 7.71 < 0.001**
P 0.003** 0.189 0.066 0.001**

Moisture level (Arms; TDC value)

Soybean oil 27.49 + 1597 25.98 +10.77 26.96 + 15.00 25.10 £ 13.88 0.106
EPA 21.85 + 12.52 24.02 + 14.47 27.22 £ 16.02 31.78 £17.67 < 0.001***
P 0.136 0.597 0.97 0.117

Moisture level (Face; TDC value)

Soybean oil 45.13 £ 23.25 46.53 + 25.35 44.78 + 24.69 4345 + 2424 0.329
EPA 42.40 +24.23 45.78 + 27.60 50.55 + 28.64 58.87 £29.79 < 0.001***
P 0.661 0.841 0.504 0.036*

CRP (mg/dL)

Soybean oil 0.77 + 0.95 0.64 + 0.71 0.86 + 1.87 1.11 % 2.00 0.604
EPA 1.87 + 3.37 0.75 + 0.81 0.88 + 1.72 0.48 + 0.60 0.025*
P 0.094 0.607 0.974 0.108
‘ IL-6 (pg/ml)
Soybean oil 8.95 + 12.03 19.38 + 76.24 440 + 635 8.41 + 10.42 0.495
EPA 35.58 + 96.76 11.60 + 12.07 7.44 + 8.80 593 + 11.32 0.041%
P 0.14 0.622 0.1 0.386
‘ CR (mg/dL)
Soybean oil 9.90 + 1.98 10.08 + 2.21 9.89 + 1.99 9.71 +2.14 0372
EPA 12.82 + 9.77 11.30 +3.22 11.41 + 3.76 10.96 + 3.19 0472
P 0.115 0.094 0.055 0.08

CHO (mg/dL)

Soybean oil 162.60 + 36.42 158.74 + 49.02 163.17 + 37.71 160.47 + 38.62 0.841
EPA 185.93 + 43.15 168.06 + 47.22 162.53 + 34.07 152.07 + 28.90 < 0.001**
P 0.027 0.456 0.946 0.344
‘ HDL (mg/dL)
Soybean oil 38.43 + 11.59 38.61 +12.13 37.62 £ 11.24 37.03 +10.24 0.507
EPA 3793 +11.19 36.13 + 11.42 33.23 £ 10.42 34.63 + 13.07 < 0.001**
P 0.866 0.417 0.122 0.431
‘ LDL (mg/dL)
Soybean oil 80.97 + 23.56 79.45 + 24.20 83.62 + 24.04 87.05 + 33.79 0.333
EPA 87.76 + 25.67 85.44 + 25.88 87.92 + 28.06 82.95 + 23.54 0.676
P 0.29 0.358 0.527 0.588
‘ TG (mg/dL)
Soybean oil 150.43 + 98.06 141.18 + 70.11 12721 £ 77.70 158.30 + 96.68 0.247
(Continued)
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TABLE 3 Continued

1st Month (%)

Baseline (%)

Characteristic

10.3389/fneph.2024.1365809

2nd Month (%) 3rd Month (%)

TG (mg/dL)
EPA 205.34 + 168.69 181.13 + 126.60 159.63 + 94.16 137.30 + 77.08 <0.01%
P 0.129 0.137 0.151 0.356
Depression level (BDI score)
Soybean oil 18.63 + 9.76 19.97 +9.28 20.60 + 9.70 21.33 +10.03 <0.01%
EPA 25.77 £ 9.78 23.87 +9.91 20.67 + 8.72 18.50 + 9.93 <0001+
P 0.006** 0.121 0978 0.276

CRP, c-reactive protein; CR, creatinine; CHO, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; IL-6, interleukin-6. Mean + SD, *P < 0.05, **P <
0.01, **P < 0.001, unpaired t-test; *Pg < 0.05, **Pg < 0.01, ***Pg < 0.001, repeated measure ANOVA between baseline, 1%, 2" and 3™ months.

Although the depression level was higher in the EPA group at
baseline, we found that EPA supplementation significantly
decreased depression levels from baseline to the first, second, and
third months, as well as decreased the BDI score, respectively (P <
0.001, Table 3). In contrast, soybean oil supplementation increased
the BDI scores from baseline to the first, second, and third months,
respectively (P < 0.01, Table 3). There were no significant
differences between the groups following supplementation, as well
as at the 1st month, 2nd month, and 3rd month (Table 3).

In further analysis of the correlation between pruritus levels and
moisture levels, CRP, IL-6, CHO, CR, HDL, LDL, TG, and BDI
scores, we found that pruritus levels and arm moisture levels
showed a significantly negative correlation at all time points,
including baseline, 1st month, 2nd month, and 3rd month
(Table 4). Additionally, pruritus levels and face moisture levels
also exhibited a significantly negative correlation at the 3rd month
(Table 4). Serum CRP was positively correlated with pruritus levels
at baseline and the 3rd month (Table 4). However, there was no
significant correlation between pruritus levels and IL-6, CHO, CR,
HDL, LDL, TG, and BDI scores at each time point (Table 4).

4 Discussion

The clinical management of CKDaP remains a significant
challenge, especially in ESRD patients and those on dialysis. The
complex and unclear mechanism that contributes to pruritus
symptoms and unfavorable skin conditions poses a challenge in the

development of therapeutic treatments. To date, four major
mechanisms including toxin deposition, abnormal nerve conduction,
inflammation, and opioid imbalance, have been suggested to contribute
to CKDaP (7). Among them, treatment approaches targeting the
opioid pathway have been predominantly developed and have
yielded promising results (7). Currently, Difelikefalin, a peripherally
restricted and selective agonist of k-opioid receptors, is the first FDA-
approved drug for severe CKDaP (35, 36). Although Difelikefalin
significantly improves pruritus conditions, adverse effects such as
diarrhea, dizziness, vomiting, and gait disturbance were commonly
reported (35, 36). While these adverse effects were mostly mild or
moderate, up to 9.3% of patients discontinued Difelikefalin treatment
due to adverse effects, suggesting a potential limitation for its long-term
use in some hemodialysis patients (36). Another K-opioid receptor
agonist, Nalfurafine, has been approved and marketed in Japan and
some Asian countries (37, 38). Nalfurafine effectively reduces CKDaP,
but it induces adverse effects, mostly insomnia and constipation, which
also led to discontinuation (39, 40). Although targeting opioid
receptors has yield promising results in ameliorating CKDaP with
mostly mild to moderate adverse effects, these effects may lead to
discontinuation and suggest some limitations. Therefore, further
development and investigation of treatments or interventions are still
needed for the management of CKDaP.

Because the pathogenesis of CKDaP has been described as
multifactorial, the complexity of mechanical interactions involved in
the contribution of pruritus symptoms has led to difficulty in
identifying therapeutic targets and developing identical treatment
regimens (2, 6). Among these pathogenic mechanisms, chronic

TABLE 4 Correlation of pruritus score against skin moisture levels, inflammatory factors, and lipid profile in treatment group.

Moisture level
(TDC value)

Arms Face
Baseline -0.411* 0.061 0.393* 0.048 -0.127 0.291 -0.052 -0.076 -0.192 -0.098
1* Month ‘ -0.397* -0.163 ‘ -0.046 ‘ -0.137 -0.312 -0.072 ‘ 0.072 -0.110 -0.118 ‘ 0.112
2"! Month ‘ -0.365* 0310 ‘ 0.010 ‘ -0.070 -0.125 0.016 ‘ 0.080 -0.147 -0.020 ‘ 0.182
3 Month ‘ -0.427* -0.451% 0.382* ‘ 0.007 -0.086 0.068 ‘ 0.121 -0.021 0.040 ‘ 0.324

CRP, c-reactive protein; CR, creatinine; CHO, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; IL-6, interleukin-6. *P <0.05,

Pearson’s correlation.
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inflammation has been suggested as one major contributor to CKDaP
(41-43). Higher levels of T-helper 1 cells, CRP, IL-2, and IL-6 were
found in maintenance dialysis patients with pruritus compared to those
without pruritus6 (44, 45). Immunomodulatory therapies, such as
ultraviolet B phototherapy and immunosuppressant, or improvement
of dialysis methods showed s reduction in inflammation significantly
correlated with decreased intensity of CKDaP (45, 46). Moreover, oral
Difelikefalin reduced pruritis and inflammatory biomarkers in patients
with atopic dermatitis (47), suggesting that improvement of the
systemic inflammatory state is one of the key therapeutic targets for
CKDaP. Omega-3 PUFAs are well-known for their anti-inflammatory
properties and have been suggested as a supplementation to improve
the management of inflammatory diseases (48). EPA has been reported
to suppress NF-kB activation, and subsequent expression of
proinflammatory cytokines (49). In the present study, we reported
that EPA significantly decreased serum CRP and IL-6 following 3
months of supplementation (Table 3). However, there was no statistical
difference in CRP and IL-6 between groups (Table 3). The significantly
positive correlation between serum CRP and pruritus score indicates
that systemic inflammation is involved in eliciting pruritus (Table 4).
However, we found no correlation between serum IL-6 and pruritus
score (Table 4). Further investigation, by increasing the scale of the
cohort number or detecting other inflammatory factors such as IL-2,
IL-31, and TNFa, that were reported to elicit CKDaP, is needed to
address the therapeutic mechanism of EPA supplementation in
CKDaP (50).

On the other hand, most patients with CKDaP exhibit abnormal
skin pruritogen profiles, characterized by the accumulation of
pruritogens including prostaglandins, histamine, cytokines,
neuropeptides (such as substance P and nerve growth factor),
proteases, and uremic toxins (such as P2-microglobulin) (51).
These pruritogens, released by keratinocytes, lymphocytes, mast
cells, neurons, or other cells present in the epidermis and dermis,
not only elicit pruritus, but also interact with immune cells, resulting
in the dysregulation of dermal immunity and exacerbating the
severity of pruritus (51, 52). Moreover, xerosis is frequently found
in maintenance dialysis patients and has been suggested as a
contributing pathogenic factor for CKDaP (5). Although the
pathogenesis of uremic xerosis is still unclear, skin inflammation
due to increased cutaneous mast cell releasing histamine has been
suggested to contribute to uremic xerosis (5). However, the
pathogenic role of xerosis in eliciting CKDaP is controversial.
Moisturizing the skin in patients with both CKDaP and xerosis has
been showed to ameliorate pruritus, but not all maintenance dialysis
patients with xerosis suffer from pruritus, suggesting that xerosis may
act as an aggravating factor that enhances itching sensation (51).
Improving CKDaP in patients with uremic pruritus by moisturizing
the skin may play a part in the relief of itchiness. Supplementation of
omega-3 PUFAs has been reported to increase skin moisture (21-23).
In the present study, we found that EPA supplementation
significantly improved skin moisture on both the face and arms
over the 3-month study period (Table 3). The improvement of skin
moisture was not found in the placebo group (Table 3). EPA
supplementation enhanced skin moisture, especially on the face, in
comparison with the placebo group (Table 3). The significant negative
correlation between skin moisture and pruritus level indicates that
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improving skin moisture is involved in the amelioration of CKDaP
(Table 4). Our results show that EPA supplementation ameliorates
CKDaP, possibly duo to its multiple effects, including anti-
inflammation and improvement of skin moisture.

Depression is prevalent in CKD patients and is associated with
increased morbidity and mortality. The prevalence of depression
accounted for at least 20% to 30% in CKD patients, reported to be
higher than in other chronic disease, such as diabetes mellitus (12% to
18%) and coronary artery disease (15% to 23%) (53-55). Moreover,
there are several limitations to treatment in CKD patients with
depression symptoms, partly because antidepressant medications
are not fully accepted by physicians due to concerns about their
efficacy and safety, and partly because high medication burden in
CDK patients (54, 55). Other nonpharmacological treatments for
depression symptoms, such as psychotherapy, exercise therapy, and
cognitive-behavioral therapy, have been explored and studied in
patients with ESRD (54). However, the scale of these studies on
nonpharmacological treatments in CKD patients with depression is
small due to the limited suitability of each treatment for individual
patient (54). Further exploration and investigation of both
pharmacological and nonpharmacological treatments are needed.
In the present study, we found that EPA supplementation
significantly decreased the BDI score, whereas the BDI score
significantly increased in the placebo group over the course of the
supplementation (Table 3). However, we found no significant
difference in BDI scores between the groups at the end point (3rd
month) of the study (Table 3). In addition, despite finding that EPA
supplementation ameliorated depression levels, the average BDI score
still indicated mild to moderate depression in both the placebo and
the treatment groups (Table 3). Combining EPA supplementation
with other pharmacological and nonpharmacological treatments
might be necessary to investigate in CKD patients with depression.
Furthermore, we found a positive correlation between pruritus and
BDI scores (Table 4). This result indicates that the severity of pruritus
is associated with the prevalence and levels of depression.

Although supplementation of omega-3 PUFAs has been reported
to benefit renal function and increase the clearance rate of CR (56,
57), our result did not show any influence on serum CR levels, neither
between groups nor over the course of supplementation (Table 3).
Further examination of cardiovascular parameters, including CHO,
HDL, LDL, and TG, revealed that EPA supplementation significantly
decreased serum CHO and TG, but this effect was not observed in the
placebo group (Table 3). Both EPA and soybean oil supplementations
did not influence serum LDL levels, neither between groups nor over
the course of supplementation (Table 3). EPA supplementation
showed a mild decrease in serum HDL levels, whereas no
significant change in serum HDL levels were observed in the
placebo group (Table 3). These results indicate a limited efficacy of
EPA supplementation on renal function and cardiovascular
parameters in maintenance hemodialysis patients.

Age and sex are recognized as factors that can significantly
influence various physiological processes, including inflammation,
skin health, and mood regulation, all of which are key aspects
evaluated in this study (58, 59). Additionally, common
comorbidities among hemodialysis patients, such as diabetes
mellitus, hypertension, and cardiovascular disease, may also impact
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the outcomes measured, including pruritus severity, skin moisture,
inflammation markers, and depression levels (60, 61). While efforts
were made to recruit a homogeneous sample population, the
potential influence of these confounding factors cannot be entirely
ruled out. In future studies, addressing these confounding variables
will be crucial for enhancing the robustness of the findings. Adjusting
for age, sex, and comorbidities in the statistical analysis would
provide a more comprehensive understanding of the observed
outcomes and allow for more accurate interpretations of the
results. Moreover, studies with larger sample sizes and more
extensive assessments of patient demographics and medical
histories could provide deeper insights into the potential
interactions and effects of these factors on the outcomes observed
in this study.

Despite our results showing that supplementation of EPA
improves pruritus, skin dryness, inflammation, and depression in
maintenance hemodialysis patients, our study has several limitations.
First, the relatively small sample size and short cohort study period
limited statistical powder to detect differences, including
inflammatory factors, renal function, cardiovascular parameters,
and depression between groups. Second, supplementation of other
omega-3 PUFA such as DHA and the combination of omega-3
PUFAs could be included for a comparison of efficacy and specificity
for each species of omega-3 PUFAs. Third, although using the BDI
scale is a commonly validated and frequently used self-report
questionnaire to rate depressive symptoms in dialysis patient, other
clinically administered assessment such as the Hamilton Depression
Rating Scale and Montgomery-Asberg Depression Rating Scale could
be concurrently used to increase precision and observe changes in
depressive symptoms during the study period. Finally, our study did
not assess the dietary habits of patients that might potentially
interfere with EPA and soybean oil supplementations.

5 Conclusions

Based on the results obtained from our study, it is evident that
supplementation with EPA holds significant promise in mitigating
various symptoms and complications associated with maintenance
hemodialysis patients. Firstly, our findings demonstrate notable
improvements in pruritus severity, inflammation markers, skin
dryness, and depression symptoms following EPA supplementation.
These results highlight the potential of EPA to alleviate multiple
symptoms commonly experienced by individuals undergoing
maintenance hemodialysis. Moreover, the improvements in skin
moisture and decreased severity of pruritus symptoms demonstrates
the benefits of EPA supplementation in enhancing skin health and
relieving discomfort associated with pruritus. While our study provides
valuable insights into the potential therapeutic effects of EPA
supplementation, it is essential to acknowledge the limitations of our
research, including the small sample size and short duration.
Additionally, the inability to control for all potential confounding
variables may have influenced the observed outcomes. Moving
forward, larger-scale studies with longer follow-up periods and
comprehensive control for confounding factors are necessary to
validate and extend our findings. Furthermore, exploring the
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underlying mechanisms through which EPA exerts its therapeutic
effects and elucidating its optimal dosage and duration of
supplementation are crucial areas for future research. Overall, our
study supports the use of EPA supplementation as a potential
complementary therapy for improving the health and well-being of
maintenance hemodialysis patients.
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