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Background: Increased serum hepcidin-25 level is associated with excess mortality
in hemodialysis patients. However, there is a dearth of published information about its
predictive effect for survival in patients on peritoneal dialysis (PD). The purpose of this
study is to evaluate the association of serum hepcidin-25 with the risk of mortality in
PD patients.

Methods:  Serum hepcidin-25 level was measured using an enzyme-linked
immunosorbent assay in a prospective cohort study of PD patients with stored serum
samples at baseline. Multivariate linear regression model was used to determine clinical
characteristics associated with serum hepcidin-25 concentration. We evaluated the
relationship between serum hepcidin-25 and all-cause mortality using a Cox proportional
hazards model and the relationship between hepcidin-25 and cardiovascular (CV) and
infection-related deaths using competing-risks regression models.

Results: In total, 513 PD patients were included in this study. The median serum
hepcidin-25 level was 40.9 (17.9-85.9) ng/mL. Body mass index and serum ferritin
were positively correlated with serum hepcidin-25 levels. During a median follow-up
period of 64.1 months, 122 (24%) patients died, including 61 (50%) CV deaths and 32
(26%) infection-related deaths. In multivariable analysis, patients with the highest tertile
of serum hepcidin-25 had a greater risk of all-cause [adjusted hazard ratio (aHR) 1.85,
95% confidence interval (95%ClI), 1.14 to 3.00, P = 0.013] and infection-related mortality
(adjusted subdistribution hazard ratio [aSHR], 2.61; 95%Cl, 1.01 to 6.76, P = 0.049)
when compared with those in the second tertile. However, no significant relationship
was observed between serum hepcidin-25 and CV mortality.

Conclusions: Higher baseline serum hepcidin-25 level was associated with increased
risk for all-cause and infection-related mortality in PD patients.
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INTRODUCTION

Anemia, a common complication of chronic kidney disease
(CKD), is associated with significant morbidity and mortality (1).
The primary cause of anemia in CKD is the reduced production
of erythropoietin (EPO) (2, 3), however, approximately 5-
43% of patients exhibit hyporesponsiveness to erythropoiesis-
stimulating agents (ESAs) despite adequate dosing (4, 5).
Iron deficiency, both absolute (AID) and functional (FID),
has been recognized as an independent risk factor for ESA
hyporesponsiveness (6). Importantly, PD patients have a high
incidence of iron deficiency (7), and our recent study also
found that iron deficiency was present in 77.5% of PD patients
(8). AID is a deficit in total body iron and can be treated
by iron supplementation, whereas iron sequestration in the
reticuloendothelial system is the hallmark of FID (9). The causes
of FID are multifactorial, but it can be present in many acute
and chronic inflammation states and tightly related to cytokine
induced hepcidin synthesis (9).

Hepcidin, a hepatogenic peptide hormone, is a major
regulator of systemic iron homeostasis. Hepcidin-25, the
bioactive form of hepcidin, interacts with the cellular iron
exporter ferroportin and induces internalization and degradation
of ferroportin, thereby resulting in decreased dietary iron
absorption and increased intracellular iron stores in macrophages
and hepatocytes (10, 11). Besides, hepcidin may also be
involved in host defense by sequestering iron from microbes
(12). Given that hepcidin is cleared by the kidney, its serum
levels are increased in renal failure patients with anemia
(13, 14) and associated with iron-restricted erythropoiesis and
resistance to recombinant human erythropoietin treatment (14).
In addition, a significantly positive correlation was found
between carotid intima-media thickness and serum hepcidin-
25 levels in hemodialysis (HD) patients, and serum hepcidin-
25 levels were markedly lower in survivors than in patients
who died of cardiovascular disease (CVD) (15). Niikura et al.
reported that PD patients have higher levels of serum hepcidin
compared to non-dialysis CKD and HD patients (16). Further,
increased hepcidin levels were associated with atherosclerosis
(17) and arterial stiffness (18) in PD patients. However, the
relationship between serum hepcidin and mortality in PD
patients remains unclear.

In the current study, we aimed to determine whether serum
hepcidin-25 levels can predict the prognosis of PD patients
through a cohort study.

MATERIALS AND METHODS
Study Design and Study Population

From January 2009 to December 2013, we performed an
observational cohort study of patients who underwent
continuous ambulatory peritoneal dialysis (CAPD) at our
PD center. Eligible participants were 18 years or older, treated
with CAPD for more than 3 months and had stored serum
samples at baseline. Patients were excluded if they had been
previously receiving HD or renal transplantation, had a history of
peritonitis at baseline, or baseline data missing on serum ferritin

and transferrin saturation (TSAT). This study was conducted
according to the Helsinki Declaration, and the study protocol
was approved by the Ethics Committee of The First Affiliated
Hospital of Sun Yat-sen University. All participants gave their
written informed consent.

Clinical Data Collection

Baseline demographic and clinical data were collected within
the week preceding PD catheter implantation. Clinical data
included age, gender, body mass index (BMI), underlying renal
disease, comorbidities, and anemia medication. Comorbidities
were assessed using the Charlson Comorbidity Index (CCI)
(19). Baseline laboratory information at the first 1-3 months
after the initiation of CAPD, including serum hepcidin-25,
hemoglobin, serum albumin, high-sensitivity C-reactive protein
(hs-CRP), albumin-corrected calcium, phosphate, uric acid, total
cholesterol, triglyceride, serum iron, total iron binding capacity
(TIBC), TSAT and ferritin, were recorded. Dialysis adequacy was
assessed by weekly Kt/V urea using data from 24-h dialysate and
urine collections. Residual renal function (RRF) was determined
as the average values of urinary urea and creatinine clearance
adjusted for body surface area. During follow-up, all data
elements obtained from medical records were reviewed for
accuracy by nephrologists and nurses in our PD center.

Measurement of Hepcidin-25
Serum samples were stored at —80°C until assayed. Serum
hepcidin-25 levels were measured in duplicate using a
commercially available enzyme immunoassay kit (S-1337;
Bachem/Peninsula Laboratories, San Carlos, CA, USA)
according to the manufacturer’s instructions.

Outcomes

The primary outcome was all-cause mortality, and the secondary
outcome included infection-related and CV mortality. CV
death is mainly caused by congestive heart failure, cardiac
arrhythmia, cardiac arrest, acute myocardial infarction,
intracranial hemorrhage, cerebral infarction, and peripheral
vascular disease (20). To determine the cause of death for each
case, three nephrologists at our PD center thoroughly reviewed
medical records and/or directly communicated with the referring
physician. For mortality analyses, patients were censored at the
time of transfer to HD treatment or other peritoneal dialysis
centers, kidney transplantation, lose to follow-up or the end of
the study period (December 31, 2018).

Statistical Analysis

The patients were categorized into three groups according to the
tertiles of baseline serum hepcidin-25 levels as follows: tertile
1 (<24.97ng/mL), tertile 2 (24.97-64.23 ng/mL), and tertile 3
(>64.23ng/mL). All continuous variables were presented as
mean = standard deviation for normally distributed data and the
median (interquartile range [IQR], 25th and 75th percentiles) for
non-parametric data. For multiple group comparisons, one-way
ANOVA or Kruskal-Wallis tests were used to analyze continuous
data, as appropriate. Categorical variables were summarized as
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frequency (%), and chi-square tests were applied to compare
categorical data.

To identify the clinical parameters independently associated
with serum hepcidin-25 levels, we used natural log-transformed
values to approximate normal data distribution and performed
multivariable linear regression analyses using a stepwise
conditional method. The cumulative survival was calculated
by Kaplan-Meier method and log-rank test was used to
compare the survival curves. We conducted a restricted cubic
spline model with five knots to evaluate the shape of the
relationship between serum hepcidin-25 levels and all-cause
mortality. The association of baseline serum hepcidin-25 with
all-cause mortality was assessed with Cox proportional hazard
regression models. Competing-risks regression models were used
to examine the associations between serum hepcidin-25 and

CV and infection-related mortality. When CV or infection-
related deaths were modeled, other causes of death were
treated as competing events. Unadjusted associations were first
examined followed by adjustments for age, gender, and BMI,
uric acid, corrected calcium, phosphorus, albumin, comorbidity
score, hemoglobin, RRE, total Kt/V, hs-CRP, serum ferritin and
treatment of ESAs and/or iron to examine whether hepcidin-25
was independently associated with mortality. The results were
presented as hazard ratios (HRs) or subdistribution HR (SHR)
with 95% confidence intervals (CIs). The proportional hazards
assumption was verified by examination of scaled Schoenfeld
residual plots. All statistical analyses were performed by using
SPSS software, version 22.0 (IBM SPSS, Chicago, IL, USA) and R
statistical software (version 3.6.1). A two-sided P-value of <0.05
was considered statistically significant.

Patients with stored serum at baseline in our
PD center (2009.1.1-2013.12.31)
n=571

Excluded

>

7 discontinued PD treatment within first 3 months
19 transferred from HD (> 3 months)
14 transferred from failed renal transplantation
18 lack of baseline SF and/or TSAT values

Y

Patients eligible for analysis
n=513

Y

Death (122)

Transferred to HD (99)
Transferred to kidney transplantation (118)
Transferred to other PD centers (6)
Lost to follow-up (6)

Follow-up : 64.1 (47.6-85.7) months

FIGURE 1 | Flow chart of the participants in the study cohort. PD, peritoneal dialysis; HD, hemodialysis; SF, serum ferritin; TSAT, transferrin saturation.
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FIGURE 2 | Distribution of serum hepcidin-25 in our cohort.

Serum hepcidin-25 (ng/ml)

RESULTS

Baseline Characteristics of the Entire
Cohort

The flow chart of patient for the study is shown in Figure 1. A
total of 513 PD patients were enrolled. The mean age was 46 + 14
years; 309 (60%) of patients were males, 122 (24%) had diabetes,
and 194 (38%) had a history of CVD. Figure 2 reveals a positively
skewed distribution of baseline serum hepcidin-25 level among
the overall study population. The median serum hepcidin-25
level was 40.9 ng/mL (IQR, 17.9-85.9 ng/mL), and male patients
tend to had a higher median serum hepcidin-25 level than female
patients (42.97 [21.08-95.29] vs. 39.27 [13.40-75.54] ng/mL,
respectively; P = 0.093). The baseline characteristics of the
participants stratified by serum hepcidin-25 tertiles are listed
in Table 1. Patients in the lower hepcidin-25 tertile had lower
levels of BMI, TSAT, and serum ferritin and higher total Kt/V
compared to those in the higher tertile (P < 0.05).

Clinical Characteristics Associated With

Serum Hepcidin-25 Levels

Univariate and multivariate models of clinical variables
associated with baseline serum hepcidin-25 level are shown in
Table 2. In the unadjusted model, serum hepcidin-25 level was
positively correlated with BMI, uric acid, hs-CRP, serum iron,
TIBC, serum ferritin, and TSAT levels and negatively correlated

with female gender and total Kt/V (P < 0.05). The associations
of serum hepcidin-25 level with BMI and serum ferritin were
still significant even after adjustment for multiple confounders.
However, age, CCI, hemoglobin, albumin, corrected-calcium,
or phosphorus, total cholesterol, triglyceride and RRF were not
associated with serum hepcidin-25 level.

Serum Hepcidin-25 Levels and Mortality
During a median follow-up of 64.1 (IQR, 47.6-85.7) months,
122 (24%) patients died. The major causes of death were CV
diseases (50%), followed by infection (26%) including peritonitis
(47%) and other infection (53%). Figure 3 presents the Kaplan-
Meier survival curves for all-cause, CV, and infection-related
mortality by tertiles of baseline hepcidin-25 levels. Patients in
the upper tertiles were likely to have worse all-cause survival
rates among the groups (P = 0.032). However, there were no
significant differences in CV and infection-related mortality
across the groups.

Based on restricted cubic spline analysis, a trend toward U-
shaped association was noted between serum hepcidin-25 and
all-cause mortality in PD patients (Figure4). We performed
multivariate Cox and competing-risks regression analysis with
the second tertile as a reference to assess the relationship between
serum hepcidin-25 level and the risk of all-cause, CV, and
infection-related mortality. As shown in Table 3, compared with
the reference group, hepcidin-25 in the tertile 3 group was
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TABLE 1 | Baseline characteristics of individuals stratified by tertiles of baseline serum hepcidin-25 levels.

Variable Total (n = 513) Serum hepcidin-25 (ng/mL) P-value?
<24.97(n = 171) 24.97-64.23 (n = 171) >64.23(n = 171)

Age (years) 46 + 14 45 + 14 46 + 14 48 + 14 0.179
Men (n, %) 309 (60) 93 (54) 108 (63) 108 (63) 0.160
Body mass index (kg/m?) 21.6 + 3.1 209+29 221 £ 3.1 21.8+3.3 0.001
Diabetes (n, %) 122 (24) 32 (19) 44 (26) 46 (27) 0.157
History of CVD (n, %) 194 (38) 68 (40) 68 (40) 58 (34) 0.422
Charlson Comorbidity Index 3.4+17 3.2+17 3.4+£17 3.6+17 0.091
Hemoglobin (g/L) 103 + 21 104 + 22 104 + 20 102 + 21 0.588
Albumin (g/L) 37.30 £+ 5.03 3717 £ 4.91 37.99 £+ 4.80 36.74 £+ 5.32 0.067
Hs-CRP (mg/L) 1.63 (0.58-4.81) 1.35(0.55-4.31) 1.73 (0.62-4.47) 1.73 (0.66-7.22) 0.128
Corrected-calcium (mmol/L) 2.32+0.18 2.32+0.22 2.31+0.21 2.32+0.18 0.898
Phosphorus (mmol/L) 1.42 £ 0.43 1.42 £ 0.49 1.41 £0.40 1.42 £ 0.41 0.995
Uric acid (nmol/L) 427 £ 95 418 £ 92 431 £ 97 432 £ 95 0.284
Total cholesterol (mmol/L) 4.89 +1.35 4.90 + 1.49 4.87 £1.33 4.90 +£1.23 0.969
Triglyceride (mmol/L) 1.42 (0.99-1.98) 1.35(0.92-1.87) 1.38 (1.01-2.04) 1.50 (1.03-1.90) 0.241
Total Kt/V 2.54 +0.69 2.65 + 0.69 2.42 £0.62 2.53+0.73 0.009
RRF (mL/min/1.73 m?) 3.55 (2.13-5.33) 3.51 (2.26-5.66) 3.79 (2.06-5.53) 3.565 (2.00-5.09) 0.565
Iron (rmol/L) 8.40 (5.20-12.90) 7.90 (4.00-12.80) 9.10 (6.20-12.60) 8.40 (5.43-13.30) 0.063
TIBC (umol/L) 56.10 (46.75-67.35) 56.30 (49.00-69.20) 56.80 (46.70-67.60) 56.30 (46.90-65.40) 0.409
TSAT (%) 15 (9-24) 14 (7-23) 15 (10-25) 15 (11-24) 0.014
Ferritin (ng/mL) 132.76 (51.32-292.02) 63.47 (31.59-145.01) 161.50 (66.75-310.33) 222.32 (87.74-506.93) <0.001
ESA users (n, %) 449 (89) 150 (91) 144 (85) 155 (92) 0.057
Iron users (n, %) 369 (72) 127 (75) 118 (70) 124 (73) 0.544

Values expressed as mean + SD, number (percent), or median (interquartile range). 2P < 0.05 is considered statistically significant.
CVD, cardiovascular disease; Hs-CRF, high-sensitivity C-reactive protein; Kt/\/ urea, urea clearance (Kt) normalized to total body water (V); RRF, residual renal function; TIBC, total iron

binding capacity; TSAT, transferrin saturation; ESA, erythropoiesis-stimulating agent.

associated with a higher risk of all-cause [adjusted hazard ratio
(aHR) 1.85, 95% confidence interval (95%CI), 1.14 to 3.00, P =
0.013] and infection-related mortality (adjusted subdistributional
hazard ratio [aSHR], 2.61; 95%CI, 1.01 to 6.76, P = 0.049) after
adjustment for potential confounders. However, no significant
correlation was found between serum hepcidin-25 level and
CV mortality.

DISCUSSION

In the current study, we demonstrated that BMI and serum
ferritin were significant independent factors related to serum
hepcidin-25. Moreover, this is the first study, to the best of
our knowledge, to show that higher serum hepcidin-25 level is
associated with increased risk of all-cause and infection-related
mortality in PD patients.

The 25-amino acid peptide hormone hepcidin, which is
encoded by hepcidin antimicrobial peptide, is responsible for
systemic iron homeostasis through inhibiting the uptake of
iron in the gut and preventing the release of stored iron
from macrophages (21). Hepcidin is also important for innate
immunity (22). In chronic inflammatory status, enhanced
serum hepcidin synthesis has been correlated with increased
interleukin-6 and CRP (23). Previous studies showed that dialysis

patients had higher levels of serum hepcidin compared to
general population, possibly due to impaired renal excretion,
chronic inflammatory status, iron administration, ESA dose,
and inadequate dialysis (24, 25). Our findings were consistent
with previous studies indicating a positive correlation between
serum hepcidin-25 level and ferritin. However, hepcidin-25 level
was not significantly associated with serum iron, TAST, and
the inflammation marker hs-CRP after adjustment of potential
confounders. In addition, our results are in line with prior studies
which showed that patients with higher BMI had relatively
higher serum hepcidin levels (26, 27). This observation could
be explained by that adipose tissue and higher levels of leptin
in obesity individuals could increase the synthesis of hepcidin
(28, 29).

Several researchers have evaluated the association between
serum hepcidin level and mortality risk in CKD patients, but
the results are controversial. Some studies have shown the
association of hepcidin-25 with increased CV mortality risk in
HD patients (15) or with all-cause mortality in diabetic CKD
patients (30), while Eisenga et al. have not found a predictive
role of hepcidin-25 in mortality among patients with kidney
transplantation (31). Until now, there has no study to investigate
the relationship between serum hepcidin level and mortality in
PD patients. Our results showed that higher baseline hepcidin-25
level was associated with elevated all-cause mortality, suggesting
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TABLE 2 | Clinical and laboratory factors associated with serum hepcidin-25 concentration #.

Variable Univariate analysis Multivariable analysis
Beta (95%Cl) P-value Beta (95%Cl) P-value

Age (years) 0.0083 (—0.001, 0.007) 0.104 - -
Gender (female vs. Male) —0.108 (—0.209, —0.007) 0.037 - -
Body mass index (kg/m?) 0.028 (0.012, 0.044) <0.001 0.016 (0.0001, 0.031) 0.044
Charlson Comorbidity Index 0.029 (0.001, 0.058) 0.051 - -
Hemoglobin (g/L) —0.001 (—0.003, 0.002) 0.655 - -
Albumin (g/L) —0.002 (—0.012, 0.008) 0.750 - -
Corrected-Calcium (mmol/L) —0.034 (—0.279, 0.211) 0.786 - -
Phosphorus (mmol/L) —0.002 (-0.116, 0.113) 0.977 - -
Total cholesterol (mmol/L) —0.029 (—0.065, 0.008) 0.127 - -
Triglyceride (mmol/L) 0.014 (-0.141, 0.287) 0.5602 - -
Uric acid (mol/L) 0.001 (0.0001, 0.001) 0.017 - -
Hs-CRP (mg/L) 0.116 (0.028, 0.203) 0.009 - -
Iron (wmol/L) 0.285 (0.125, 0.445) <0.001 - -
TIBC (umol/L) 0.285 (0.125, 0.445) <0.001 - -
Ferritin (ng/mL) 0.448 (0.361, 0.535) <0.001 0.435 (0.342, 0.527) <0.001
TSAT (%) 0.345 (0.185, 0.505) <0.001 - -
Total Kt/V —0.098 (—0.172, —0.025) 0.009 - -
RRF (mL/min/1.73 m?) —0.064 (—0.208, 0.081) 0.387 - -

#Natural log-transformed serum hepcidin-25 was used as the dependent variable in univariable and a multivariable linear regression models to identify independent factors. Triglyceride,
hs-CRR iron, TIBC, ferritin, TSAT and RRF were also log-transformed. 95% Cl, 95% confidence interval;, Hs-CRR, high-sensitivity C-reactive protein; TIBC, total iron binding capacity;
TSAT, transferrin saturation; Kt/V urea, urea clearance (Kt) normalized to total body water (V); RRF, residual renal function. Bold indicates significance at P < 0.05.
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Follow-up (months) Follow-up (months) Follow-up (months)

Number of patients at risk

Months 0 24 48 72 96 120
Tertile 1 171 152 108 57 19 0
Tertile 2 171 151 115 74 26 0
Tertile 3 171 155 1 68 33 0

FIGURE 3 | Kaplan-Meier survival curves for patients with tertiles of serum hepcidin-25. Cumulative mortality curves for all-cause mortality (A), cardiovascular
mortality (B), and infection-related mortality (C), according to the serum hepcidin-25 level at baseline.
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100 20
Serum hepcidin-25 level (ng/mi)

of erythropoiesis-stimulating agents (ESAs) and/or iron). HR, hazard ratio.

FIGURE 4 | Association of serum hepcidin-25 levels with all-cause mortality in PD patients using restricted cubic spline. Baseline serum hepcidin-25 levels were
modeled as a continuous variable, and the model was unadjusted (A) and multivariate (B) adjusted (adjusted for age, gender, body mass index, uric acid, corrected
calcium, phosphorus, albumin, comorbidity score, hemoglobin, residual renal function, total Kt/V, high-sensitivity C-reactive protein level, serum ferritin and treatment

Log HR

100 200
Serum hepcidin-25 level (ng/m)

TABLE 3 | Associations of tertiles of serum hepcidin-25 with all-cause, cardiovascular and infection-related mortality.

No. of deaths (%) Model 12 Model 2° Model 3°
All-cause mortality HR (95% CI) P-value HR (95% Cl) P-value HR (95% CI) P-value
Tertile 1 34 (19.9) 1.20 (0.74-1.93) 0.463 1.17 (0.72-1.91) 0.526 1.31(0.77-2.24) 0.315
Tertile 2 33(19.3) 1.0 1.0 1.0
Tertile 3 55 (32.2) 1.71 (1.11-2.63) 0.015 1.83 (1.18-2.83) 0.007 1.85 (1.14-3.00) 0.013
Cardiovascular mortality SHR (95% CI) P-value SHR (95% CI) P-value SHR (95% CI) P-value
Tertile 1 19 (11.1) 1.18 (0.62-2.25) 0.608 1.12 (0.59-2.12) 0.738 1.46 (0.71-2.98) 0.304
Tertile 2 18 (10.5) 1.0 1.0 1.0
Tertile 3 24 (14.0) 1.32 (0.72-2.43) 0.369 1.24 (0.68-2.28) 0.482 1.33(0.64-2.78) 0.443
Infection-related mortality SHR (95% CI) P-value SHR (95% CI) P-value SHR (95% CI) P-value
Tertile 1 4.1) 1.11 (0.39-3.16) 0.847 1.24 (0.42-3.60) 0.699 0.80 (0.23-2.84) 0.735
Tertile 2 7 (4.1) 1.0 1.0 1.0
Tertile 3 18 (10.5) 2.42 (1.02-5.73) 0.045 2.61 (1.07-6.36) 0.034 2.61 (1.01-6.76) 0.049

HR, hazard ratio; SHR, Subdistribution hazard ratio; 95% Cl, 95% confidence interval. Bold indicates significance at P < 0.05. @Unadjusted model. P Adjusted for age, gender, body
mass index. °Adjusted for model 2 covariates and uric acid, corrected calcium, phosphorus, albumin, comorbidity score, hemoglobin, residual renal function, total Kt/V, high-sensitivity
C-reactive protein level, serum ferritin and treatment of erythropoiesis-stimulating agents (ESAs) and/or iron.

that hepcidin-25 may be a useful assessment indicator to
identify PD patients with higher mortality risk. There is a
microsystemic chronic inflammatory state in PD patients (32),
and the results of our present study reflect previous research (17)
which has demonstrated a strong association between hepcidin-
25 and inflammatory marker, such as CRP. One of the potential
explanations of the relationship between higher hepcidin-25
levels and greater mortality is due to chronic inflammation.
Interestingly, our results showed that the relationship between
hepcidin-25 and all-cause mortality was non-linear, exhibiting
approximate U-shaped association. This phenomenon may be
attributed to the protective effects of hepcidin itself in a suitable
range, such as anti-inflammatory effects (33) and regulating

functional hematopoiesis (21). However, we did not find that
lower hepcidin-25 levels were associated with patients’ mortality.
Some confounding factors may influence the effect of the
hepcidin-25 level alone on the prognosis of PD patients.

High hepcidin level has been associated with increased
susceptibility for several human and murine infectious diseases
(34, 35). In the present study, our results showed that high serum
hepcidin-25 was associated with increased risks of infection-
related mortality in PD patients. A similar relationship was also
found in patients with kidney transplants (36). However, the
underlying mechanisms between serum hepcidin and infection-
related mortality are not fully understood. Hepcidin acts as
a host-defense mediator during early phase of infection (37),
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which leads to acute hypoferremia and suppresses the growth
of microorganisms (38). It exhibits multifaceted mechanisms to
fight with a variety of pathogens, including bacteria, viruses,
fungi and parasites. For instance, hepcidin can bind to negatively
charged cell membranes of microorganisms to penetrate and
destroy them (39). Moreover, hepcidin is capable of enhancing
the expression of immune-related genes (40). Conversely,
hepcidin may be detrimental to cellular defense against certain
intracellular infections through accelerating retention of iron in
macrophages (12) and further losing its ability to kill pathogens,
consistence with the clinical observation that patients with iron
overload were associated with increased bacterial infection (41).
Therefore, the clinical significance of hepcidin in predicting
the risk of infection-related mortality may be complex, in part,
depending on the pathogen and its niche. Although we have
no data available regarding intracellular iron accumulation in
PD patients, modulation of hepcidin induction might have
a protective effect, including reducing infection burden and
improving patients’ survival. Nevertheless, further studies should
be conducted to clarify our findings.

Hepcidin inhibition is a promising approach to treat CKD
anemia and improve the quality of life. Great efforts have
been made to produce hepcidin antagonists by pharmacological
control of hepcidin expression or its activity. Hypoxia-inducible
factor prolyl hydroxylase enzyme inhibitors, as a new class of
agents for the therapy of anemia in CKD, increase endogenous
erythropoietin and decrease serum hepcidin levels, leading to
more effective internal iron metabolism without the need for
excess iron administration in dialysis patients (42). Interestingly,
insulin therapy and other diabetes drugs (such as SGLT2
inhibitors) have been suggested to suppress the production of
hepcidin and modulate iron homeostasis, thereby increasing
erythropoiesis and hematocrit (43, 44). Although correcting
abnormally elevated hepcidin levels has beneficial effects on
iron homeostasis, therapy with hepcidin antagonist should be
administered cautiously in patients with acute infection (45, 46),
due to the alteration of the host-pathogen competition for iron
and promoting the infection processes.

There are several limitations to our study. Firstly, our study
only examined the Chinese PD patients in a single-center,
thus our findings may not be generalizable to the overall PD
population. Secondly, hepcidin has significant intra-individual
variability, which may depend on inflammatory fluctuations (47).
However, the level of hepcidin-25 was only a single measurement,
and we did not evaluate the relationship between longitudinal
changes of hepcidin-25 and prognosis of PD patients. Moreover,
some inflammatory markers such as interleukin-6 and tumor
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