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Abstract

Background: The relationship between the iron indices and mortality in
maintenance hemodialysis (MHD) patients has remained unclear. We per-
formed a retrospective, observational cohort study to investigate the relation-
ships between serum ferritin levels and mortality in MHD patients. Methods:
MHD outpatients (n = 150) were followed up for a median period of 49
months. Their ESA and low-dose iron supplement dosages were adjusted to
maintain their hemoglobin (Hb) concentrations in the 10 - 11 g/dl range in
accordance with Japanese guidelines. The Kaplan-Meier method, log-rank
tests, and Cox proportional hazards models were used to perform the statis-
tical analyses. The patients were divided into 3 groups according to their se-
rum ferritin levels: a serum ferritin < 50 ng/ml group; a 50 - 100 ng/ml group;
and a > 100 ng/ml group. Results: During the median follow-up period of 49
months, there were 55 deaths. The multivariate analysis showed no significant
associations between the ferritin level groups and all-cause mortality or car-
diovascular (CV) events, and the Kaplan-Meier analysis showed no significant
differences among the 3 ferritin level groups in all-cause mortality and CV
event rates. However, the multivariate analysis revealed that age, CRP level
and a history of previous CV disease were independently associated with
all-cause mortality, while diabetes, previous CV disease, and iron administra-
tion were independently associated with CV events. Conclusion: The results
of this study revealed no significant associations of MHD patients between the
ferritin ranges and all-cause mortality or CV events. Thus, the adverse clinical
outcomes in these patients were independently associated with other markers
and not with their serum ferritin levels.
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1. Introduction

Anemia and iron metabolism dysregulation are common in patients on main-
tenance hemodialysis (MHD) [1], and they have long influenced their quality of
life [2]. The annual iron loss attributable to dialysis therapy is thought to be 1 - 2
g. As a result, MHD patients tend to develop iron deficiency [3], and erythro-
poiesis-stimulating agents (ESAs) and iron replacement therapy are used to treat
anemia. However, the optimal iron index values in MHD patients remain un-
known, and iron management standards based on serum ferritin levels, which
are an index of stored iron, vary among the several guidelines that have been
published. A serum ferritin level <100 ng/ml and a transferrin saturation
(TSAT) value < 20% are the criteria that must be met to initiate iron replace-
ment therapy [4]. The Japanese Society for Dialysis Therapy (JSDT) guidelines
recommend a lower serum ferritin level than most Western guidelines [5] [6] [7]
(8] [9].

Karaboyas et al. have recently demonstrated a trend for serum ferritin levels to
increase after implementation of a new bundled payment system in the US,
where the median serum ferritin level was 601 ng/ml in 2009 and 887 ng/ml in
2012 [10]. Kuragano et al conducted a prospective cohort study in Japanese
MHD patients in which they made repeated serum ferritin measurements and
they found that the risk of death and/or adverse events was higher in the group
whose ferritin levels were kept high and in the group that exhibited large fluctu-
ations in serum ferritin levels [11]. In their study, a high ferritin level was de-
fined as >100 ng/ml, based on the mean and median serum ferritin levels (127
and 129 ng/ml, respectively) measured during the study period, suggesting the
existence of international differences in the serum ferritin levels for the anemia
management in MHD patients.

According to the reports of lower serum ferritin in Japanese MHD patients
than in other countries [2], of increased serum ferritin levels in the presence of
inflammation [12], and of generally less inflammation in Japanese MHD pa-
tients as evidenced by lower C-reactive protein (CRP) levels than in Western
countries [13], we provided iron treatment to MHD patients to test hypothesis
that it is better to maintain lower serum ferritin levels as a means of preventing
inflammation due to excess iron loading and to maintain efficient iron use. The
aim of this study was to investigate the relationship between the iron status on
anemia treatment and patient survival rates in a cohort of Japanese MHD pa-

tients.

2. Patients and Methods
2.1. Study Design

This retrospective, observational cohort study was conducted at Towa Hospital
(Tokyo, Japan).The study subjects were recruited from among 156 patients who
had been routinely dialyzed via an arteriovenous fistula in the dialysis unit for at
least 6 months during the period from May 2013 to December 2016. The study
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protocols were approved by the institutional review board of Towa Hospital (No.
11) and carried out in accordance with the ethical principles of the Declaration
of Helsinki guidelines for medical research involving human subjects. Written
informed consent was obtained from every subject. MHD patients with malig-
nancy, active inflammation, liver cirrhosis, gastrointestinal bleeding, valvular
heart disease, or severe illness were excluded and were transferred to another di-
alysis unit for intensive care.

All patients were on thrice-weekly HD sessions. Blood pressure (BP) was
measured with a mercury sphygmomanometer with the patient in the supine
position after resting for 10 to 15 min, and mean values for the 1-month period
preceding enrollment were used in the statistical analysis. Dry weight was tar-
geted to achieve a normotensive edema-free state. Evidence of a history of pre-
vious cardiovascular (CV) disease was collected from the medical records. Di-
abetes was defined as a history or diagnosis of diabetes and/or a fasting plasma
glucose concentration > 126 mg/dl, HbAlc concentration > 6.5%, or prescrip-
tion of glucose-lowering agents [14].

Anemia was treated by adjusting the dose of ESA to obtain a hemoglobin (Hb)
concentration goal of 10 - 11 g/dl, and a serum ferritin level < 50 ng/dl was used

as the criterion for initiating iron administration [15].

2.2. Data Collection

The demographic and clinical data recorded on enrollment included age, sex,
body mass index (BMI) calculated by dividing body weight by height squared
(kg/m?), primary renal disease, comorbidities, and medications. Coronary artery
disease was recorded as positive when there was a history of angioplasty, coro-
nary artery bypass grafting, myocardial infarction, or angina, and peripheral ar-
tery disease was recorded as a history of claudication, ischemic limb loss and/or
ulceration, or a peripheral revascularization procedure. On enrollment and every
3 months thereafter laboratory data were measured from fasting blood samples,
which were drawn prior to the start of HD on a midweek day.

Blood was collected when HD was initiated at the beginning of the week. Hb
was measured twice a month, and serum ferritin, iron and total iron-binding
capacity (TIBC) were measured once a month. TSAT was calculated from the
values of iron and TIBC (TSAT = iron/TIBC/100). Blood urea nitrogen, creati-
nine, albumin, ferritin, TSAT, and CRP levels, and Hb concentrations were
measured by using standard laboratory methods. Body weight was calculated as
dry weight defined as the post-dialysis weight of normotensive patients who had

no signs of overhydration.

2.3. Echocardiographic Examination

Echocardiograms were performed on echocardiography equipment, an Vivid S6
(GE Healthcare, Tokyo, Japan) ultrasound imager equipped with a 2.2/4.4 MHz

(harmonics) phased-array 3S transducer during continuous electrocardiographic
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recording as previously described [16]. Left ventricular systolic function was
evaluated based on the ejection fraction (EF), which was calculated by using a
modified biplane Simpson’s Method from apical two- and four-chamber views
[17].

2.4. Outcome Measures

The median duration of the study was 49 (31 - 58) months. The data on all-cause
mortality and CV event were retrieved from the hospital database and carefully
reviewed. The primary endpoint was all-cause mortality, and the secondary
endpoint was a CV event, which was identified by hospitalization for myocardial
infarction/ischemia, congestive heart failure, pulmonary edema, cerebrovascular
disorder, or intervention for peripheral artery disease.

Anemia was treated by adjusting the dose of ESA to obtain a hemoglobin (Hb)
concentration goal of 10 - 11 g/dl, and a serum ferritin level < 50 ng/dl was used
as the criterion for initiating iron administration. To investigate the relationship
between body iron status and outcome, the subjects were divided into 3 groups
according to their serum ferritin level: a < 50 ng/ml group, a 50 - 100 ng/ml
group, and a >100 ng/ml group. The survival rates, HRs, and causes of death
during the follow-up period were compared among the groups.

2.5. Statistical Analysis

Baseline descriptive data are presented as the medians values and interquartile
ranges. One-way analysis of variance was used to compare the groups with re-
spect to normally distributed continuous variables, and the Kruskal-Wallis H
test was used for other skewed continuous variables. The Chi-square test was
used to compare nominally scaled variables. Cumulative probabilities of
time-to-event curves were estimated by using the Kaplan-Meier product-limit
function, and differences among the curves were tested by the log-rank test. The
Cox proportional hazards model was used to estimate the hazard ratios (HRs)
and 95% confidence interval (95% CI) for outcome in terms of exposure variable
using univariate and multivariate analyses. In multivariate analysis, the model
was adjusted according to relevant covariates: age, sex, dialysis vintage, diabetes,
a history of previous CV disease, BMI, albumin, CRP, Hb, users of ESA, and
iron. Because the values of serum ferritin that were not normally distributed and
were log-transformed before performing the above parametric analysis. Two-tailed
p values less than 0.05 were considered to indicate a statistically significant dif-
ference. The analyses were performed with the JMP for Windows software pro-
gram (version 11, SAS Institute, Cary, N.C., USA).

3. Results
3.1. Baseline Characteristics of the Study Population

A total of 156 patients were enrolled in this study. After excluding 6 patients be-

cause of missing data, 150 patients were included for the final analyses. The most
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common cause of end-stage renal disease was diabetes (48.7%), and it was fol-
lowed by chronic glomerulonephritis (20.7%). The baseline characteristics of the
patients overall and in the 3 groups divided by serum ferritin level are summa-
rized in Table 1. Of the 150 patients, 99 were males and 51 were females. Me-
dian (interquartile range) patient age was 69 (62 - 77) years, and median dialysis
vintage was 65 (6 - 131) years. Median values were 10.5 g/dl for Hb, 18.2% for
TSAT and 41.5 ng/ml (24.1 - 83.4) for serum ferritin.

Age, sex, BMI, dialysis vintage, the presence of diabetes, hypertension, and a
history of previous CV disease were comparable among the 3 groups divided by
serum ferritin concentrations. There were no significant differences among the 3
groups in Hb concentrations, serum CRP levels and EF, whereas there was a sig-
nificant difference in TSAT (p = 0.0010) and serum albumin levels (p = 0.0003)
(Table 1). There were no significant differences among the 3 groups in the pro-
portion of the users of angiotensin receptor blockers and/or angiotens in-converting
enzyme inhibitors, ESA, or iron. The distributions of serum ferritin levels (A)

and TSAT (B) in the study population are shown in Figure 1.

Table 1. Baseline characteristics of the study population.

Ferritin
Total
(= 150) <50 ng/ml 50 - 100 ng/ml >100 ng/ml Prvalue
(n=289) (n=31) (n=30)
Age (years) 69 (62 - 77) 67 (62 - 76) 69 (64 - 78) 70 (63 - 80) 0.6575
Male (%) 68.0 73.0 67.7 53.3 0.1351
Dialysis vintage (months) 65 (4-131) 71 (20 - 151) 32(2-129) 47 (3-124) 0.1133
Diabetes (%) 48.7 49.4 48.4 46.7 0.9655
Previous CVD (%) 38.7 31.5 51.6 46.7 0.0842
Hypertension (%) 82.0 83.1 83.9 76.7 0.6939
BMI (kg/m?) 21.4(19.2 - 24.1) 21.5(19.2 - 25.1) 21.2 (19.0 - 23.9) 21.4 (19.0 - 23.9) 0.6631
Hemoglobin (g/dl) 10.5 (9.8 - 11.1) 105 (9.8 - 11.1) 10.5 (9.9 - 11.2) 10.3 (9.4 - 10.9) 0.3526
TSAT (%) 18.2 (13.0 - 26.0) 15.0 (11.0 - 21.9) 21.0 (14.9 - 28.0) 21.4 (16.5 - 28.6) 0.0010
Ferritin (ng/ml) 41.5 (24.1 - 83.4) 26.6 (21.1 - 37.7) 71.2 (60.5 - 83.1) 144.9 (125.0 - 205.3) <0.0001
Albumin (g/dl) 3.9 (3.6-4.1) 3.9(3.7-4.2) 3.7(3.1-3.9) 3.8(3.6-4.1) 0.0003
CRP (mg/dl) 0.18 (0.10 - 0.48) 0.18 (0.10 - 0.46) 0.20 (0.09 - 0.52) 0.19 (0.11 - 0.55) 0.8773
EF (%) 67 (60 - 73) 67 (60 - 72) 68 (53 -73) 67 (60 - 75) 0.8224
ARB and/or ACEi (%) 64.7 65.2 61.3 66.7 0.8972
ESA (%) 92.7 94.4 87.1 93.3 0.4025
Iron use iv and/or oral (%) 18.0 15.7 29.0 13.3 0.1911

Data are expressed as median (interquartile range) or percentage of patients. CVD = cardiovascular disease; BMI = body mass index; TSAT = transferrin

saturation; CRP = C-reactive protein; EF = ejection fraction; ARB = angiotensin receptor blocker; ACEi = angiotensin-converting enzyme inhibitor; ESA =

erythropoiesis-stimulating agent.
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Distribution of serum ferritin concentrations in the study population.

3.2. Primary Outcome

During the median follow-up period of 49 months, there were 55 deaths. The
main causes of death during the follow-up period were CV disease (23 patients)
and infection-related disorders (19 patients). Most (61%) of the patients who
died from CV disease were in the group with serum ferritin levels < 50 ng/ml.

We estimated the HRs for all-cause mortality in comparison with the refer-
ence group (ferritin < 50 ng/ml). The HRs in the univariate and multivariate
analyses in the total cohort are shown in Table 2. Multivariate analysis showed
no significant associations between all-cause mortality and any of serum ferritin
level groups. The Kaplan-Meier analysis showed no significant differences
among the 3 ferritin level groups (Figure 2).

When the confounders were used as continuous variables, the multivariate
Cox proportional hazard analysis revealed that age (HR 1.10; CI 1.05 - 1.14),
CRP (HR 1.64; CI 1.27 - 2.12), and a history of previous CV disease (HR 4.49; CI

2.46 - 8.44) were independently associated with all-cause mortality.

3.3. Secondary Outcome

There were 34CV events during the median follow-up period of 49 months and
they consisted of 19 coronary artery disease, 8 cerebrovascular infarction, and 7
peripheral artery disease.

We estimated the HRs for CV events by using serumferritin categories with
<50 ng/ml as the reference group. The HRs in the univariate and multivariate

analyses are shown in Table 2. There were no significant associations between
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Figure 2. Kaplan-Meier curve for all-cause mortality according to baseline serum ferritin
concentrations.

Table 2. Associations of serum ferritin categories with all-cause mortality and cardiovas-
cular (CV) events.

Univariate analysis Multivariate analysis
Outcomes Ferritin categories
HR 95% CI HR 95% CI
All-cause mortality

<50 ng/ml 1.00 Referent 1.00 Referent
50 - 100 ng/ml 1.40 0.71 -2.63 1.36 0.59 - 3.05
>100 ng/ml 1.56 0.77 - 2.97 1.24 0.55-2.64

CV events

<50 ng/ml 1.00 Referent 1.00 Referent
50 - 100 ng/ml 0.80 0.34 - 1.66 0.48 0.17 -1.23
>100 ng/ml 0.75 0.28 - 1.69 0.67 0.23 - 1.69

Adjusted for age, sex, dialysis vintage, diabetes mellitus, prior CVD, body mass index, albumin, CRP, he-
moglobin, ESA, and iron.

the serum ferritin ranges and CV events in the 3 ferritin level groups. The Kap-
lan-Meier analysis showed t no significant differences in the 3 ferritin level
groups (Figure 3).

When the confounders were used as continuous variables, the multivariate
Cox proportional hazard analysis revealed that diabetes (HR 3.04; CI 1.51 -
6.43), a history of previous CV disease (HR 3.12; CI 1.57 - 6.32) and iron admin-
istration (HR 3.13; CI 1.41 - 6.82) were independently associated with CV

events.
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Figure 3. Kaplan-Meier curve for cardiovascular events according to baseline serum fer-
ritin concentrations.

4. Discussion

We investigated the relationship between the serum ferritin levels and adverse
clinical outcomes in MHD patients. The results of this study showed no signifi-
cant associations between any of the ferritin level ranges and all-cause mortality
and CV event rates. The multivariate analysis revealed that age, high CRP levels,
and preexisting CV disease were independently associated with all-cause mortal-
ity, and that diabetes, previous CV disease, and iron administration were inde-
pendently associated with CV events. These findings suggest that the adverse
clinical outcomes were independently associated with other markers and not
with their serum ferritin levels in MHD patients.

Hasuike et al. found that serum ferritin levels >100 ng/mL were associated
with higher mortality risk in a cohort of 90 Japanese MHD patients than among
subjects with lower ferritin levels [18]. Recently, Kuragano et al conducted a
prospective cohort study of 1086 Japanese MHD patients in which they made
repeated serum ferritin measurements and they found that the risk of death
and/or adverse events was higher in the group whose ferritin levels were kept
high and in the group that exhibited large fluctuations in ferritin levels [11]. In
their study, a high ferritin was defined as >100 ng/ml, based on the mean and
median serum ferritin levels (127 and 79 ng/ml, respectively) measured during
the study period.

The prevailing iron management standards for dialysis patients in Western
countries are found in the Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines, which state that there is insufficient evidence to recom-
mend routine administration of intravenous (IV) iron if the serum ferritin level
is greater than 500 ng/ml [7], and in the European Renal Best Practice guide-
lines, which state that if the serum ferritin level is greater than 800 ng/ml, IV
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iron administration should be discontinued [9]. In contrast, the JSDT states that
<100 ng/ml of serum ferritin and <20% of TSAT’ are the criteria for initiating
iron replacement therapy [4]. Thus, there are considerable international differ-
ences in serum ferritin concentrations and associations between serum ferritin
concentration and adverse outcomes, and they may have affected the upper limit
of serum ferritin concentration in the management of anemia in MHD patients.

A recent study by Park et al showed that the groups with high serum ferritin
levels (>142.6 ng/ml) had a higher all-cause mortality risk than the group with
lower serum ferritin levels, and that the association between serum ferritin levels
and mortality risk was independent of systemic inflammation and nutritional
status in incident HD patients by including CRP as one of the covariates in the
Cox model [12]. The median serum ferritin in a Korean HD cohort was 213
ng/mL, much lower than in US HD patients, but slightly higher than in Japanese
HD patients [1] [4]. The study by Park et a/ [12] may be of clinical importance,
because the results suggest a possible direct effect of ferritin independent of in-
flammation. However, their study does not resolve the issue of whether systemic
inflammation affects the association between serum ferritin levels and mortality
risk.

Shoji et al. recently performed an observational cohort study in which they
used data from 2606 Japanese HD patients who participated in the Dialysis
Outcomes and Practice Patterns Study (DOPPS) [19]. After adjustment for rele-
vant confounding factors, they found a U-shaped association between serum
ferritin levels and all-cause mortality in the group with low CRP levels, a rela-
tionship that was not significant in the high-CRP group. In contrast, they found
a linear association between serum ferritin levels and CV hospitalization in the
low-CRP and high-CRP group. They concluded that serum ferritin levels exhi-
bited different patterns of association with all-cause mortality in MHD patients
according to whether inflammation was present, whereas their association with
CV hospitalization was similar regardless of their inflammatory status.

Ogawa et al. attempted to identify the optimal serum ferritin level in the TSAT
> 20% group, in which iron use efficiency was considered to have been main-
tained, and they used the Kaplan-Meier method and Cox proportional hazards
models to compare outcomes in 3groups classified according to their serum fer-
ritin levels [20]. Both analyses showed a significantly better outcome in group 2
(TSAT = 20% and serum ferritin 30 - 80 ng/ml) (p = 0.013). Their analysis using
conventional Coxproportional hazards models revealed that both low and high
serum ferritin levels in the TSAT > 20% group were associated with a poorer
outcome than when serum ferritin levels were in the intermediate range. More-
over, since TSAT and serum ferritin levels may be associated with variations in
the doses of ESA and iron; they may have been important confounders during
the period of this study.

There were no significant differences in the associations between serum ferri-
tin levels and all-cause mortality and CV events in the present study. Our study

population had better nutritional status, because the median serum albumin lev-
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el was 3.9 (3.6 - 4.1). In addition, the median serum CRP level of our subjects
was 0.18 (0.10 - 0.48), indicating a low incidence of inflammatory events in our
study. The presence of inflammation makes it difficult to achieve TSAT > 20%
and results in higher serum ferritin levels [21], suggesting that it is essential to
reduce inflammatory responses. Usually, a decrease in serum ferritin level and
decrease in TSAT results in a Hb concentration in the iron deficiency range, but
an increase in both parameters does not necessarily result in a higher Hb level.
Therapeutic intervention by ESA and iron administration alters the anemic and
iron storage parameters in a complex manner, particularly in renal anemia.

The multivariate analysis in the present study revealed that age, high CRP le-
vels, and preexisting CV disease were independently associated with all-cause
mortality, and that diabetes, preexisting CV disease, and iron administration
were independently associated with CV events. Ma and Zhao performed a me-
ta-analysis to evaluate the impact of various patient characteristics on the risk of
mortality in HD patients [22], and the results showed that various risk factors,
including age, diabetes, preexisting CV disease, and serum ferritin levels were
associated with increased risk of all-cause mortality and cardiac death. They
concluded that multiple markers and factors influence the risk of mortality and
cardiac death in HD patients. However, their data for several indices in support
of this conclusion are insufficient. Furthermore, a study of the effects of race and
ethnicity on the risk of cardiac death in HD patients should be conducted.
Hence, further large-scale studies are needed to verify their findings.

5. Conclusion

The results of this study demonstrated no associations between the serum ferri-
tin levels and all-cause mortality and CV event rates in a cohort of Japanese
MHD patients. Our findings suggest that the optimal serum ferritin level in
MHD patients may be considerably lower than currently recommended in the
several guidelines. Adverse clinical outcomes were independently associated
with other markers and not with serum ferritin levels. Further studies are needed
to determine whether the results of this observational study can be translated

into the management of anemia in MHD patients.

6. Study Limitations

This study had several limitations. Because this was a retrospective and observa-
tional study and the number of enrolled patients was small, there may be other
confounding factors that remain to be analyzed. Furthermore, because the pa-
tient’s management was dependent on the attending physician, there were varia-
tions in patient management in addition to using different targets for serum fer-

ritin and Hb levels.

7. Recommendation

Multiple markers and factors contribute to the risk of mortality and cardiac
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death in MHD patients. Multivariate analyses should be conducted using risk

factors including iron indices to investigate mortality risk of MHD patients.
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