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Background: Patients with kidney failure undergoing dialysis often suffer from
anemia. Iron deficiency, along with a shortage in erythropoietin, is a common
cause. Peritoneal dialysis (PD) patients may have a different iron metabolism
compared to hemodialysis (HD) patients. This study aims to compare both
dialysis modalities regarding their differences in iron management.

Methods: PubMed (MEDLINE) and Embase were screened for randomized
controlled trials and observational studies including both patients on HD or PD
with information on iron management. Outcomes for iron management for this
systematic review included: prevalence of supplementation, route of
administration, dose, frequency and hemoglobin and iron status parameters.

Results: 15 eligible studies (930,436 patients), of which 8 cohort and 7 cross-
sectional, were analyzed. The prevalence of intravenous (IV) iron
supplementation ranged from 11.7% to 84.4% in HD patients, compared to
1.6% to 49.0% in PD patients. Ten studies reported that HD patients only
received |V iron, while five studies reported this for PD patients. For oral iron
supplementation, three studies involved HD patients, whereas seven studies
involved PD patients. The cumulative monthly IV iron dose ranged from 108 to
750 mg in the HD group, compared to 65 to 250 mg in the PD group.
Hemoglobin levels ranged from 10.0 to 12.0 g/dL in HD patients, versus 9.6 to
11.9 g/dL in PD patients.

Conclusion: Iron management differs between HD and PD patients, with HD
patients receiving higher doses and more frequent IV iron. There was significant
heterogeneity in the outcomes between the studies, primarily due to the lack of a
uniform global policy on iron management. Despite these differences,
hemoglobin levels and iron status parameters were comparable between the
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two groups. Future research should explore the underlying mechanisms and
broader impacts of iron treatment, including patient-reported outcomes, to
optimize anemia management and improve quality of life for dialysis patients.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42022336970.

iron therapy, anemia, hemodialysis, peritoneal dialysis, kidney failure

1 Introduction

Patients with chronic kidney disease (CKD) frequently suffer from
anemia (1). With each stage, the prevalence of anemia increases, and is
highest in patients with kidney failure with a prevalence of
approximately 66% (2, 3). Anemia has a detrimental effect on a
patient’s quality of life due to symptoms such as fatigue and weakness,
and is also linked to increased mortality (1, 2). Several mechanisms
contribute to anemia of CKD, the main pathway being a relative
erythropoietin (EPO) deficiency due to an insufficient production in
the damaged kidneys (4). The second most important contributor to
anemia of CKD is iron deficiency, which includes two types: absolute
iron deficiency and functional iron deficiency (5). The first is seen in
patients with both low circulating iron concentrations and low or
absent total body iron stores. It is due to a reduced iron intake,
decreased iron absorption, gastrointestinal loss, and increased blood
loss. Functional iron deficiency is seen when iron stores are adequate,
but they cannot be utilized effectively for producing red blood cells
(RBC) (5-7). It can result from chronic inflammation, also seen in
other chronic diseases besides CKD, and the use of erythropoietin
stimulating agents (ESA). ESA supplementation stimulates
erythropoiesis, which can exhaust the existing amount of iron
stored. Subsequently, this can lead to insufficient RBC production
and EPO therapy resistance (5, 6). Both types of iron deficiencies are
observed in dialysis patients, although some of the contributing factors
are dependent on the type of dialysis modality (hemodialysis (HD) or
peritoneal dialysis (PD)) (8, 9).

The KDIGO (Kidney Disease: Improving Global Outcomes)
guidelines recommend the use of intravenous (IV) iron for HD
patients given the significant body of evidence proving its advantage
over oral formulations (7, 10, 11). Concerning the frequency and
the amount of iron administered to HD patients, the large
randomized controlled PIVOTAL trial has shown better results
with a proactive, high-dose regimen as compared to a reactive, low-
dose regimen (12, 13). However, there are still many questions
unanswered regarding the optimal-dose finding and whether high
IV doses (higher than in PIVOTAL) could be used, although
observational data have shown that more intensive treatment
strategies over a longer period of time are associated with an
increased risk of mortality and infections (14-16).
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It is believed that patients on PD generally have a different iron
metabolism than HD patients and potentially require lower levels of
iron supplementation (17). These patients do not suffer from the
same frequent causes of iron loss as HD patients, such as significant
blood loss because of the dialysis procedure (18, 19). Another
difference may be the clinical characteristics between both
modality groups, such as the lower level of inflammation and
better residual kidney function (RKF) in PD patients. In addition,
iron dosing and adjustment thereof could differ between HD and
PD patients due to less frequent blood tests, and different policies on
the dialysis modalities (18). However, increased demand due to ESA
supplementation and reduced iron intake is also observed (20). The
KDIGO guidelines recommend the use of IV iron in PD patients for
the treatment of iron deficiency. However, there is markedly less
literature on iron management in the PD population and previous
guidelines have recommended oral iron supplementation instead of
IV (10).

Previously, there was considerable interest in the differences
between HD and PD patients, mostly expressed in terms of overall
survival and quality of life years (21-24). Studies on iron
management are, however, usually conducted within a specific
single modality dialysis population, e.g., oral iron vs. IV iron in
HD patients. Literature regarding differences in iron management
between HD and PD is scarce. The majority of studies
predominantly include one modality, mostly HD. This review
aims to compile the available literature on the comparison of iron
treatment in the management of anemia in HD and PD patients.
We hypothesize that, in order to achieve comparable anemia and
serum iron marker levels, the prevalence of iron supplementation is
higher among HD patients, and that they more frequently receive
IV iron, with higher doses and at increased frequency.

2 Methods

2.1 Search strategy and systematic
review protocol

We conducted a systematic review following the PRISMA
guidelines, the checklist is included in the supplementary
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material. The protocol with methods of the analysis and selection
criteria were documented in advance in a protocol published on
PROSPERO (no.: CRD42022336970), the protocol is listed in the
supplementary material (58). The search was conducted using the
PubMed and Embase databases in February 2024. The proposed
search strategy was reviewed by an external clinical librarian and the
final search included the following terms: hemodialysis, peritoneal
dialysis, anemia, and iron (with all synonyms). The full details of the
search strategy are listed in the supplementary material. Additional
studies were identified by searching through reference lists and
citations of the included studies.

2.2 Study design and population

After removing duplicates, two authors (AKK and OM)
independently screened the titles and abstracts for eligibility. Final
inclusion was based on consensus between both authors. Only
randomized controlled trials and observational studies were
deemed eligible for inclusion. Articles were selected if they
included data on iron treatment in adult CKD patients (>18
years) receiving HD or PD. Iron outcome data included:
prevalence of iron therapy, route of administration (IV of oral),
iron therapy use, dose and frequency dose of administration, and
anemia and iron status parameters. Articles that contained only one
dialysis modality or articles that contained no outcomes of interest,
were excluded. In addition, articles of which the full text was not
available or the language was not in English were also excluded.

2.3 Data extraction and data analysis

Data extraction was performed by two authors (AKK and TSL)
independently and again extraction was based on consensus. Due to
the nature of this study, the presentation of the results will be done
through a narrative synthesis. Given the expected heterogeneity and
variation in outcome measures, a meta-analysis will not be
conducted. The extracted data used for the study characteristics
table included region, study design, sample size, mean age, sex and
main study outcomes. The extracted data for the study outcome
included data on prevalence of iron therapy, route of iron
administration, mean iron dose, and frequency of iron
administration, these data will be presented as a table of figure.
Data on hemoglobin (Hb), ferritin and transferrin saturation
(TSAT) values were also collected and presented in a figure. Data
presented in a figure will also be presented as a table in the
supplementary material.

2.4 Quality assessment
The Newcastle-Ottawa Scale (NOS) was used for

methodological quality assessment (25). The risk of bias is based
on three domains within the scale: selection (containing four items),
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comparability (containing one item) and outcome (containing three
items). To assess the quality of included cohorts studies the NOS for
cohort studies was used, the maximum number of stars rated in the
assessment was nine. For cross-sectional studies an adapted NOS
was used to optimize the risk of bias assessment, a maximum of ten
stars could be scored (26). A study with a score of seven stars or
higher was considered to be of high quality resulting in a low risk of
bias, this applied to both scales (25). Examples of the used scales can
be found in the supplementary material. Two authors (TSL and
OM) independently evaluated the quality of the studies. Any
discrepancies between the two authors on the quality was
resolved through discussion.

3 Results
3.1 Literature search results

After removal of duplicates, 705 articles were identified and
screened by title and abstract using the pre-defined inclusion and
exclusion criteria. The full text of the remaining 110 potentially
relevant articles was then reviewed. After full-text screening, 97
articles were excluded due to the following reasons: language, one
dialysis modality, population and no information on iron
treatment. The remaining 13 articles were deemed relevant for
this review. Lastly, another two articles were identified and included
through citation screening. Thus, we included a total of 15
studies (Figure 1).

3.2 Study characteristics

The included studies are summarized in Table 1. Three were
prospective cohort studies, five were retrospective cohort studies,
and seven had a cross-sectional study design. Three studies were
conducted in the United States of America, using the same
Medicare registry in different time periods. St. Peter et al.
included multiple cohorts in different time periods (1991, 1994,
2001 and 2002). To prevent overlap with patients of the other two
studies only the 2002 cohort of St. Peter et al. was analyzed. The
remaining studies were conducted in Europe (Austria, Poland,
Spain, Sweden and Turkey), Asia (China, Japan and South Korea)
and North America (Canada).

The total number of HD and PD patients was 857,318 and
73,118, respectively. The patient group sizes ranged from 42 to
352,291 in the HD group and 14 to 39,136 in the PD group. The
mean age of the HD patients ranged from 47.0 to 66.0 years, and for
PD patients from 45.0 to 62.0 years. Three studies provided no
information on age for both the HD and PD patients (28, 38, 39).
Three studies had iron management in HD and PD patients as one
of its main outcomes (38, 39, 41). The remaining studies presented
iron management either as baseline characteristics or as secondary
outcome. Regarding the cohort studies the follow-up duration
ranged from 6 months to 8 years.
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FIGURE 1

PRISMA flowchart (58).

TABLE 1 Study characteristics.

Total Ne
: Mean age (SD) years -
population Male (%)
Author, .
Year Main study outcomes
HD PD HD
(n) (n) HD (n) PD (n) (n)
Bae, South Prospective . .
1,594 .0 (13. 4.0 (12. 3 X ESA -
2015 (27) Korea cohort 59 876 58.0 (13.0) 54.0 (12.0) 56.7 56.8 SA responsiveness on all-cause mortality
h X i
Chavers USA Retrospective 5.5 201 | 39136 NA NA NA | NA | Prevalence of anemia
2004 (28) cohort
Coronel, Spain Cross- 0 6 650 (15.0) 560 (15.0) 550 S0 ESA management by subcutaneous route,
all R . . A R o
2003 (29) P sectional iron parameters, iPTH, ACEI and AITA
Deger, Cross- i
Turkey X 73 29 47.0 (16.0) 45.0 (15.0) 68.5 62.1 Serum levels of intact FGF23
2013 (30) sectional
Median [IQR], = Median [IQR], .
Evans, Retrospective edian [IQR] edian [IQR] Prevalence, management, and adverse clinical
Sweden 2,337 708 70.0 70.0 67.0 67.0 .
2020 (31) cohort outcomes of renal anemia
[64.0; 80.0] [64.0; 80.0]
Gao, Cross- S levels of hepcidin and reticul
a0 China ross 70 50 60.6 (12.0) 569 (11.3) 742 54 Ocrum levels o hepeidinand reticulocyte
2023 (32) sectional hemoglobin equivalent
House, Canada Retrospective 157 126 57.2 (1.5) 57.5 (1.5) 59.2 57.1 Transfusion practices and rHuEpo use
1998 (33) cohort o T : ’ P P
Lim, South Prospective L1
42 .0 (9. .3 (9. 1.4 4, levels of h
2019 (34) Korea cohort 57 60.0 (9.5) 56.3 (9.3) 6 64.3 | Serum levels of hepcidin
Malyszko, _
alyszio Poland Cross 102 44 523 (12.5) 56.0 (15.0) NA | NA | Serum levels of hepicidin and prohepcidin
2009 (35) sectional
Median [IQR], | Median [IQR],
Matsumura, Cross-
2020 (36) Japan sectional 55 14 71.0 70.0 60.0 50.0 = Red blood cell age
(63.0; 79.0] [60.0; 79.0]
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TABLE 1 Continued
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Total Sex
. Mean age (SD) years ‘
population 2y L Male (%)
Country Main study outcomes
HD PD HD
()] ()] HD (n) PD (n) (n)
Niikura, Japan Cross- 30 88 660 (12.0) 62.0 (14.0) 63.0 65.0 Serum levels of hepcidin-25 and serum levels
2019 (37) P sectional : : ’ ’ : ’ of ferritin
St. Peter, Retrospective .
A 241, 13,491 A A 2. 2. v

2005 (38) Us. cohort 770 3,49 N. N 52.7 52.7 iron use
W 5 R i ESA and IV i , RB

etmore, USA etrospective 256942 | 17,842 NA NA NA NA SA an : iron use and do.se C
2015 (39) cohort transfusions and haemoglobin levels

Serum levels of advanced oxidation protein
Zhou, . Cross- . .
China X 1,539 556 55.2 (15.3) 50.7 (15.0) 57.6 49.3 | products and prevalence of ischemic
2012 (40) sectional .
heart disease
Zitt, P i I 1 ti 11- 5
i Austria rospective 197 38 617 (13.7) 617 (13.7) 618 618 ron.supp ementation an}d all-cause '

2014 (41) cohort cardiovascular- and sepsis-related mortality

HD, hemodialysis; PD, peritoneal dialysis; IV, intravenous; NA, Not available.

3.3 Quality assessment

The quality assessment per study is presented in the
supplementary material. The total scores of the cohort studies can be
found in Table 2 and the total scores of the cross-sectional studies in
Table 3. Six of the eight included cohort studies were considered high
quality. In the remaining cohort studies, there was a particularly low
score on the comparability domain due to not controlling for
confounding factors at all or leaving out important factor such as:
age, sex, comorbidity, Hb and inflammation. Another reason for low
scores on the outcome domain was due to inadequate follow-up. Four
of the seven cross-sectional studies were of high quality. Studies with
lower scores were primarily due to poor performance in the
comparability domain, as they did not control for confounding factors.

3.4 Prevalence of iron therapy

All studies included data on the prevalence of iron treatment
(Figure 2). Overall, IV iron treatment percentages ranged from 11.7%

to 84.4% in the HD group and 1.6% to 49.0% in the PD group. The
three studies with the largest dialysis populations (based on the same
registry with different time periods), showed the greatest difference in
IV iron use between the dialysis modalities. First, Wetmore et al.
reported a prevalence of 70.0% in HD to 19.7% in PD patients in their
first quarter cohort of 2007, and a difference of 74.5% in HD to 36.5%
in PD in the cohort of 2011 (39). Second, Chavers et al. reported
82.5% in HD to 20.3% in PD (28). Third, St. Peter et al. showed a
prevalence of 84.4% in HD patients and 19.3% in PD patients (38).

Overall, oral iron treatment percentages ranged from 1% to
97.6% in the HD group and 12% to 100% in the PD group. Deger
et al. made no distinction in IV and oral iron but showed a
difference in iron therapy of 82.0% versus 72.0% in HD and PD
patients, respectively (30). The three studies with dialysis patients
receiving both IV and oral iron all showed differences between
dialysis groups (27, 31, 34). Lim et al. had comparable numbers in
regard to oral iron supplementation, i.e. 97.6% in HD patients and
96.5% in PD patients and a difference in IV iron supplementation,
i.e. 42.9% in HD and 17.5% in PD (34). Evans et al. reported in HD
patients 69% and 1% of IV iron and oral iron, respectively. In PD

TABLE 2 Newcastle-Ottawa Scale quality assessment of included cohort studies.

Selection

Comparability

Outcome Total

Author, Year (max. 4 stars)

(max. 2 stars)

(max. 3 stars) (max. 9 stars)

Bae, 2015 (27) 2.8 8.8 ¢ ** * ok Kk 1. 2.8.2.8.8. 8.8 8¢
Chavers, 2004 (28) 2 8.8.8 * Kk * %k ek ko kK ok
Evans, 2020 (31) ko k * %k * ek ke ke ok ok
House, 1998 (33) * %k k Kk *k * ok Kk kK ok ok ok ok ok
Lim, 2019 (34) ok k ok * * %k Kk ok

St. Peter, 2005 (38) 0 8.8.8 ¢ * * %k Kk ok ok
Wetmore, 2015 (39) 2 8.8 8 ** * 2 8. 8.8.8 8.8 ¢
Zitt, 2014 (41) 2 8.8 .2 ¢ * Kk * * % ok Kk ok kok

Stars are allotted within each domain based on the methodological quality of the study in that domain, a higher total number of stars indicates better overall methodological quality and lower risk of bias.
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TABLE 3 Newcastle-Ottawa Scale quality assessment of included cross-sectional studies.

Selection Comparability Outcome Total
Author, Year (max. 5 stars) (max. 2 stars) (max. 3 stars) (max. 10 stars)
Coronel, 2003 (29) *k Kk Kk *x ok k ke k ke
Deger, 2013 (30) Kk ** ** H ok k kK ko
Gao, 2023 (32) ke * % ** F ok ok kK Ak ke k
Malyszko, 2009 (35) *k Kk Kk ** ke k ke
Matsumura, 2020 (36) 2 8.8 9 *k 2. 2.8.8.0.4
Niikura, 2019 (37) ok ke * ** H ke k kk kK
Zhou, 2012 (40) * ko k Kk ** H ok kk kK

Stars are allotted within each domain based on the methodological quality of the study in that domain, a higher total number of stars indicates better overall methodological quality and lower risk of bias.

patients they reported 25% IV iron use and 12% oral iron (31). Bae
et al. reported that 11.7% and 58.6% of HD patients received IV iron
and oral iron, respectively. In PD patients, 1.6% received IV iron
and 64% received oral iron (27). Niikura et al. showed similar
percentages between both dialysis modalities: 25% IV iron in HD
and 25% oral iron in PD (37).

3.5 Route of iron administration

All studies, except one, included data on the route of iron
administration (Table 4). Three studies reported that both HD and
PD patients received IV iron and oral iron (27, 31, 34). Five studies
used only IV iron (28, 29, 38-40). In four studies HD patients
received exclusively IV iron and PD patients only oral iron therapy
(32, 35-37). No clear percentages on the route of iron
administration were provided in three studies. Deger et al. made
no distinction between IV and oral iron, and stated it merely as ‘iron
therapy’ (30). House et al. reported the total iron use in the HD

group (55.5%) but only stated that less than 10% was administered
via the IV route, no further differences between oral and IV iron
were available; for the PD group it was not explicitly stated whether
iron use concerned IV iron or oral iron, however the oral route of
administration was implied in the text (33). Zitt et al. stated that
94% of the total dialysis population received IV iron, there was no
distinction between HD and PD (41).

3.6 Dose and frequency of iron therapy

As reported in Figure 3, information on the mean dose of iron
administration was available in five studies. The mean dose of IV iron
administered per 30 days in HD patients ranged from 108 to 750 mg/
month and from 62.5 to 250 mg/month in PD patients. In the study
by Lim et al. cumulative IV iron dose per treated patient was
converted to mean dose/month. Detailed information on oral iron
doses was not available in this study, only that they were similar
between HD and PD patients (34). Oral iron administration was
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Prevalence of iron therapy. (A) Difference in IV iron use between HD and PD, (B) Difference in oral iron use between HD and PD; Gao, Malyszko,
Matsumura, Niikura presented IV iron use prevalences for HD patients and oral iron use prevalences for PD patients; HD, hemodialysis; PD,

peritoneal dialysis; 1V, intravenous; *Value reported as range.
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TABLE 4 Route of iron administration.

Route of administration

Author, Year

HD PD

Bae, 2015 (27) IV & oral iron IV & oral iron

Chavers, 2004 (28) 1V iron 1V iron
Coronel, 2003 (29) IV iron IV iron
Deger, 2013 (30) NA NA

Evans, 2020 (31) IV & oral iron IV & oral iron

Gao, 2023 (32) 1V iron Oral iron

House, 1998 (33) NA NA
Lim, 2019 (34)

IV & oral iron IV & oral iron

Malyszko, 2009 (35) 1V iron Oral iron
Matsumura, 2020 (36) 1V iron Oral iron
Niikura, 2019 (37) 1V iron Oral iron
St. Peter, 2005 (38) 1V iron 1V iron
Wetmore, 2015 (39) 1V iron 1V iron
Zhou, 2012 (40) 1V iron 1V iron

Zitt, 2014 (41)* 94% of total used IV 94% of total used IV

HD, hemodialysis; PD, peritoneal dialysis; IV, intravenous; NA, Not available.
*No distinction was made between hemodialysis and peritoneal dialysis in reporting the route
of administration.

included in only two of the five studies. Matsumura et al. reported an
oral iron dose of 3000 mg/month (100 mg/day) for PD patients, while
Zitt et al. reported dosages of 1455 mg/month in both HD and PD
patients (36, 41). Three studies reported the frequency of iron
administration. Data were converted to iron administrations per 30
days. The frequency of IV iron administration in HD patients ranged
from 2.9 to 12 times per 30 days. The frequency of IV iron
administration ranged from 0.8 to 4 times per 30 days in PD patients.

10.3389/fneph.2024.1488758

3.7 Hemoglobin and iron status parameters

Figure 4 shows the hemoglobin values and the iron parameters
ferritin and TSAT. The values presented in the table represent the
entire HD or PD populations, including patients treated with iron
and those who are not. Hb values in the HD patients ranged from
10.0 to 12.0 g/dL. In the PD patients the Hb values ranged from 9.6
to 11.9 g/dL Two studies reported statistically lower ferritin levels in
HD patients compared to PD patients (35, 36), while three other
studies reported higher ferritin levels in HD patients (29, 30, 40).
Two studies reported lower percentages of TSAT in the HD group
compared to the PD group (36, 37).

4 Discussion
4.1 Summary of findings

This systematic review aimed to summarize the available
literature on the comparison of iron treatment in the management
of anemia in HD and PD patients (see Figure 5 for the summary of
findings). The results of this review showed a heterogeneity in iron
management between HD patients and PD patients across the
included studies. A higher percentage of HD patients receives iron
supplementation compared to PD patients. Also, HD patients
predominantly receive IV iron, whereas PD patients receive either
oral or IV iron. Moreover, the cumulative monthly IV dose of iron is
higher in HD patients than in PD patients. Despite these differences
in treatment, the hemoglobin and iron status parameters were largely
comparable between the two groups. These findings suggest a
difference in iron metabolism between the groups.

4.2 Prevalence of iron therapy

The results showed that the overall prevalence of iron use was
higher in HD patients than in PD patients, supporting clinical
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FIGURE 3

Dose and frequency of iron therapy (A), Mean dose of IV iron administration per 30 days (month) in mg, (B), Mean dose of oral iron administration
per 30 days (month) in mg, (C), Frequency of iron administration per 30 days (month); Matsutsumura presented IV iron dose for HD patients and oral
iron dose for PD patients; Wetmore and Zitt described frequency only for patients receiving intravenous treatment; HD, hemodialysis; PD, peritoneal

dialysis; Hb, hemoglobin; IV, intravenous; *Value reported as range.
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FIGURE 4

Anemia and iron serum markers. (A) Difference in mean Hb between HD and PD, (B) Difference in mean ferritin between HD and PD, (C) Difference
between mean TSAT between HD and PD; HD, hemodialysis; PD, peritoneal dialysis; Hb, hemoglobin; TSAT, transferrin saturation; *Value reported

as median with interquartile range

observations. This difference in iron treatment was seen in all
studies, but most noticeably in the studies by Wetmore et al., St.
Peter et al., Chavers et al. and Evans et al. (28, 31, 38, 39). In their
time-trend analysis from 2007 to 2011, Wetmore et al. concluded
that IV iron use was consistently higher in HD patients (39). The
causes of these differences between HD and PD patients are not
explained clearly in the study itself, as not all factors for prescribing
decisions and inherent differences between both dialysis groups
could be identified due to the observational nature of their study
(39). However, this finding is supported by previous research.
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PD patients are thought to require less iron supplementation, as
they have a different iron metabolism and responsiveness to iron
(10, 17). These patients experience less inflammation, generally
have a slower decline of their residual kidney function, and do
not suffer from the same blood loss related to the HD treatment
(17,19, 42). Furthermore, PD patients require substantially less ESA
supplementation and lower ESA doses than HD patients, as was
shown in a large cohort study of 139,103 HD and 10,527 PD
patients in the United States (43). RBC production is stimulated by
the use of ESAs and this can create what is called iron-restricted
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Summary of findings of the systematic review describing differences in iron management between HD and PD patients. (A) Prevalence of IV iron
supplementation ranged from 11.7% to 84.4% in HD patients and 1.6% to 49.0% in PD patients. Prevalence of oral iron supplementation ranged from
1.0% to 97.6% in HD patient and 12.0% to 100.0% in PD patients; (B) Difference in route of iron administration between HD and PD patients;

(C) Difference in mean IV iron dose in mg per month between HD and PD patients. HD patients ranged from 108 mg to 750 mg and PD patients
from 62.5 mg to 250 mg; (D) Differences in anemia and iron serum markers between HD and PD patients. For Hb HD patients ranged from 10.0 to
12.0 g/dL and PD patients from 9.6 g/dL and 11.9 g/dL. For ferritin HD patients ranged from 50 ng/ml to 430 ng/ml and PD patient from 116.9 ng/ml
to 352 ng/ml. For TSAT HD patients ranged from 10% to 40% and PD patient from 26% to 39%; HD, hemodialysis; PD, peritoneal dialysis; IV,

intravenous; TSAT, transferrin saturation.
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erythropoiesis: while total body iron stores are normal, the release of
available iron to the bone marrow is insufficient and cannot keep up
with this increased demand for erythropoiesis (44). As PD patients
use less ESA, there is a decreased risk of relative iron depletion and
therefore there could be less need for iron supplementation. This is
further supported by the results of Wetmore et al: PD patients
consistently had a lower ESA use and ESA dose (39). Interestingly
enough, during the 4 years of their study, IV iron use increased in
both dialysis groups. However, IV iron use percentages increased
more in PD patients than in HD patients (from 19,7% to 36.5%
and from 70% to 74,5%, respectively). This increase in IV iron
use in the PD population could be explained by possible
changing perspectives on iron use concerning lower fears of IV
iron safety, easier IV iron delivery, and oral iron tolerability issues
(10, 31, 45, 46). Wetmore et al. also found a greater decrease in ESA
use in PD patients compared to HD patients and this might also be
related to the simultaneous increase in iron use (39). Previous
studies, including the study conducted by Evans et al, on iron
therapy prevalence reported low overall iron use in dialysis patients
(31, 47). It is unclear whether this reported increase in IV iron use in
PD patients in the study by Wetmore et al. is a rising trend, thus
more up-to-date studies are needed to confirm this finding.

4.3 Route of administration

Second, the results showed that HD patients were more likely to
be treated with IV iron than oral iron. This is in line with the
current KDIGO anemia guidelines, which recommend that all
dialysis patients with iron deficiency be treated with IV iron, and
is further supported by the KDOQI, The NICE, and the ERBP
guidelines (10, 48, 49). Many studies, including large RCTs, have
shown IV iron to be more effective than oral iron in correcting Hb
levels, increasing ferritin levels, and lowering ESA dosages in HD
patients (11, 50). Furthermore, IV iron can be easily administered
during HD treatment sessions as patients already visit a center
multiple times a week and IV access is readily available. There have
been several studies showing the same results in PD patients (51,
52), however, comparative research is still lacking in PD population
(6). The KDIGO guidelines recommend PD patients be treated with
IV iron instead of oral iron, as the evidence is considered to be of
sufficient quality (10).

Some of the included studies in this review still reported
patients on oral iron therapy. More often in PD patients, but
several studies reported similar prevalence in HD patients. Most
surprising was the prospective cohort study by Lim et al. that
included an oral iron prescription of almost 100% in both HD and
PD patients, while also administering IV iron in both groups, albeit
more in HD patients (34). The study describes in its methodology
that each dialysis patient begins with oral iron supplementation,
which is supplemented with IV iron if the patient does not achieve
the target Hb level. This approach seems consistent with national
policies during that time, as reflected in a 2017 Korean national
cohort study that outlines a similar step-up strategy (47). Several
factors could explain the use of oral iron here: the severity of the
iron deficiency, IV iron intolerance, a patients’ own choice, financial
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reasons, preservation of venous access sites, and easier self-
administration at home (10, 49, 53, 54). The latter two factors are
especially relevant for PD patients.

Based on this review, it is unclear whether general practice
differs from current guidelines and research recommendations
because of different hospital and/or country policies, different
patient’s needs, or if it is simply a finding in this specific selection
of studies (18). None of the studies in this review reported the
general rationale behind the iron prescription and it is therefore
important for future studies to include this data. This will result in a
better overview of the current iron management practices.

4.4 Dose and frequency

Aside from the prevalence of iron use, the results also showed that
the mean dose of IV iron and frequency of administration was higher
in HD patients compared to PD patients. This could once again reflect
the higher need for iron in the HD group. Coronel et al. and Wetmore
et al. both showed that HD patients received approximately double the
amount of IV iron per 30 days (29, 39). This indicates a more high-
dose IV iron regimen in the HD group, instead of a maintenance iron
regimen. The PIVOTAL trial showed that patients on HD that
received a high-dose IV iron regimen proactively (median monthly
dose of 264 mg) required lower doses of ESA’s administered and that
this approach was superior in terms of significantly lower risk of death
or major nonfatal cardiovascular as compared to lower doses of IV
iron reactively (median monthly dose of 145 mg) (13). However,
Wetmore et al. also noted that even though from 2007 to 2011 the
frequency of administrations had increased, the actual doses
supplemented decreased (39). This could indicate a move towards a
maintenance iron approach instead of a reactive approach.

The doses in PD patients were lower in all studies, which could be
a sign of less need, but also of caution in administering high doses of
IV iron due to presumed higher risks of infections, adverse
cardiovascular events, and higher risk of death. The PIVOTAL trial
reported no association with any of these outcomes, however, when
comparing higher doses of IV iron with lower doses (13). Besides a
higher frequency of iron administration, Wetmore et al. also reported
a more variable frequency in HD patients (39). These patients visit
the hospital or dialysis clinic several times a week, while PD patients
receive treatment at home and only visit the hospital for checkups.
Markers of iron status can be monitored more frequently in HD
patients and adjusted as necessary, while iron levels in PD patients are
typically only monitored every few months (49). However, only a few
studies reported the doses and frequency of iron administration,
making the generalization of these findings difficult.

4.5 Hemoglobin levels and iron
status parameters

Lastly, serum ferritin and TSAT levels are frequently used to assess
iron status. A recent meta-analysis conducted by Wang et al. on the
effect of HD and PD on renal anemia, included a total of 14 studies
and showed no significant differences between HD and PD patients
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for levels of ferritin, TSAT and Hb (55). However, this meta-analysis
did not include data on iron therapy differences between dialysis
groups. The findings in our review are comparable to their meta-
analysis, as no large differences can be seen between dialysis
modalities. However, in all studies included in this review that
reported Hb, ferritin and TSAT levels, numbers were given for the
entire dialysis group regardless of whether patients received iron
treatment or not. And as most studies had a varying number of HD
or PD patients on iron treatment, it is difficult to distinguish the effect
of iron therapy on ferritin and TSAT levels between HD and PD
patients. The current KDIGO guidelines (2012) recommend iron
supplementation for all adult CKD dialysis patients if TSAT is
below 30% and ferritin is below 500 ng/ml or if an increase in Hb
concentration or a decrease in ESA dose is desired (10). Most dialysis
patients in the included studies published after 2012 (release of the
KDIGO guidelines) had ferritin levels below the recommended 500
ng/ml, but TSAT > 30%. In that regard, no large differences can be
seen between patients on HD and PD. However, the two studies that
reported the overall lowest iron use in HD patients, showed a median
TSAT <30%. Niikura et al. reported TSAT values of 25% in HD
patients and Matsumura et al. a median TSAT of 22% in HD patients
(36, 37). Both studies originate from Japan, where the national
guidelines recommend maintaining lower ferritin levels (below 300
pg/L), which consequently leads to lower transferrin saturation
(TSAT) percentages (56). Furthermore, it is unlikely that these
results hold much significance, as both studies included only a small
number of patients and had a high risk of bias.

Regarding Hb levels, no significant differences between dialysis
modalities could be seen in all studies. The three largest studies
included in this review did not include either Hb, ferritin or TSAT
parameters in their study (28, 38, 39). Analyzing the other studies,
mostly with smaller patient populations and high or unclear risk of
bias, would not provide useful information for this review.
Furthermore, these values are difficult to compare between studies
due to different timepoints of measurement (before versus after an
intervention or median over time). Other research aimed at these
specific outcomes would be more valuable.

4.6 Strengths and limitations

The strength of this systematic review lies in its rigorous
methodology, a priori described in a protocol, including an
extensive search strategy including studies over the whole world.
The aim of this review was to provide a general overview of the
differences in iron treatment between patients receiving HD and
PD. Studies conducted among both dialysis populations would be
most representative to answer this research question. However, this
review identified a definite lack of such studies conducted among
both dialysis populations and assessing iron treatment. It is
therefore necessary for future research to include larger sample
sizes of both HD and PD patients, a study design with low risk of
bias, adjustments for confounders and preferably a prospective
cohort design with sufficient follow-up. The results of such
studies would be beneficial to clinical practice, as iron therapy
plays an essential part in the treatment of dialysis patients.
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This study has several limitations. Firstly, there was a large
heterogeneity among all studies in patient characteristics,
methodology and available data. For example, important factors that
could influence iron therapy, such as dialysis duration and ESA use
differed greatly between studies. Wetmore et al. only reported IV iron
use in patients receiving ESA supplementation, while most other
studies included non-ESA users as well (39). Other important factors
possibly related to iron therapy, such as transfusion and bleeding
events, were also excluded by some studies. Furthermore, most studies
were conducted in different countries, with different policies on iron
treatment as shown in the PDOPPS study (18). Due to this
inconsistency and heterogeneity among studies, no statistical analyses
were performed, and no statistical significance could be attributed to
the results. Secondly, the majority of patients included in this review
were acquired from three studies. These retrospective studies all used
the same Medicare registry from the United States, albeit in different
time periods (28, 38, 39). Thirdly, this review did not distinguish
between the different types of HD (conventional, daily and nocturnal)
and PD (continues ambulatory PD and automated PD) due to limited
number of included studies. And lastly, this review did not include
information on possible risks related to iron therapy such as the safety
of serum ferritin and TSAT upper limits, iron overload, risk of infection
and oxidative stress (45, 57). While this is relevant for the topic, it goes
beyond the scope of this study.

5 Conclusions

In conclusion, iron management is markedly different between
HD and PD patients. Not only the route of administration was
different, with HD patients being more likely to receive IV, but also
the prevalence, administered iron doses and frequencies were all
higher in HD patients compared to PD patients. Serum markers
were comparable between the two modalities. These findings
suggest different types of iron metabolism exist between the
modalities, but future studies are needed to further investigate a
possible underlying mechanism. Additionally, it is also important to
investigate the relationship between iron and iron treatment on
other than biochemical outcomes. Certainly, anemia management
in dialysis patient should also include aspects like patient-reported
outcomes, in order to develop an optimal strategy for improving
quality of life of our dialysis patients.
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