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ABSTRACT

Background. Anemia is less prominent in patients with poly-
cystic kidney disease (PKD). Such iron indices as ferritin and
transferrin saturation (TSAT) values are used to guide man-
agement of anemia in individuals on maintenance hemodialy-
sis (MHD). Optimal levels of correction of anemia and
optimal levels of TSAT and ferritin are unclear in chronic
kidney disease patients and have not been studied specifically
in PKD.
Methods. We studied 2969 MHD patients with and 128 054
patients without PKD from 580 outpatient hemodialysis facili-
ties between July 2001 and June 2006. Using baseline, time-
dependent and time-averaged values with unadjusted and
multivariable adjusted analysis models, the survival predict-
abilities of TSAT and ferritin were studied.
Results. PKD patients were 58 ± 13 years old and included
46% women, whereas non-PKD patients were 62 ± 15 years
old and 45% women. In both PKD and non-PKD patients, a
time-averaged TSAT between 30 and 40% was associated with
the lowest mortality. Time-averaged ferritin between 100 and
<800 ng/mL was associated with the lowest mortality in PKD
patients, although this range was 500 to <800 ng/mL in non-
PKD patients.
Conclusions. In MHD patients with and without PKD, there
was a U-shaped relationship between the average TSAT and

mortality, and a TSAT of 30–40% was associated with the best
survival. However, an average ferritin of 100–800 ng/mL was
associated with the best survival in PKD patients, whereas that
of non-PKD patients was 500–800 ng/mL. Further studies in
PKD and non-PKD patients are necessary to determine
whether or not therapeutic attempts to keep TSAT and ferritin
levels in these ranges will improve survival.

INTRODUCTION

Chronic kidney disease (CKD), particularly in its advanced
stages, is associated with anemia and iron metabolism dysre-
gulation. An association of anemia with increased mortality
and morbidity has been shown in patients with CKD on main-
tenance hemodialysis (MHD) and those who are not yet on
dialysis [1, 2]. Therefore, correction of anemia, replenishment
of iron stores and regulating erythropoiesis and iron metab-
olism has been an integral part of the management of CKD.

However, several studies have shown that complete correc-
tion of anemia in CKD patients is associated with increased
morbidity and mortality [3–6]. It is not clear whether in-
creased hemoglobin levels per se affect the mortality and mor-
bidity or attempted therapies to achieve higher hemoglobin
levels, such as administration of erythropoiesis-stimulating
agents (ESA) and iron, contribute to these adverse outcomes.
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The 2012 Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines recommend using serum transferrin sat-
uration (TSAT) and ferritin target levels as indicators to guide
administration of iron supplements in CKD patients, even
though these indices may not be able to demonstrate the
optimal iron administration for each individual patient [7].
The 2006 National Kidney Foundation Disease Outcomes
Quality Initiative (KDOQI) guidelines also recommended
using the target levels of the same indices to guide adminis-
tration of iron supplements in CKD patients [8].

Polycystic kidney disease (PKD) is the most common
genetic disease that can cause CKD [9, 10]. Based on the 2010
annual report of the United States Renal Data System
(USRDS), 4.6% of the prevalent cases of end-stage renal
disease (ESRD) were patients with adult PKD, which rep-
resents ∼26 000 patients [11].

Although not unanimously, many studies have shown that
PKD patients generally have higher hemoglobin and hemato-
crit levels in different stages of CKD compared with CKD
patients due to other etiologies [12–15]. This may be at least in
part owing to the fact that PKD patients have elevated levels of
serum erythropoietin compared with non-PKD patients with
CKD [13, 16]. PKD patients also have a better survival than
other CKD patients [12, 15, 17]. Higher levels of hemoglobin
may contribute to this survival advantage [18]. However, in a
study by Abott and coworkers, this survival advantage per-
sisted even after adjustment for differences in hematocrit levels
[12]. This might be due to higher levels of serum erythropoie-
tin in PKD patients and therefore, less need for exogenous
ESA to achieve equal levels of hemoglobin and hematocrit
in PKD patients compared with CKD patients without PKD.
A recent study of PKD patients demonstrated an association
between higher hemoglobin levels and better survival rates
only in those patients who were not receiving frequent ESA
administrations [19].

Given all these differences between CKD patients with and
without PKD, we hypothesized that optimal levels of indices
of iron status, namely TSAT and ferritin, might be different in
MHD patients with PKD as compared with MHD patients
without PKD. This study was performed to evaluate potential
associations of various levels of serum ferritin and TSAT with
mortality in MHD patients with PKD and its comparison to
non-PKD patients.

METHODS

Patients

We extracted, refined and examined data from all individ-
uals with ESRD who underwent dialysis treatment from July
2001 through June 2006 in any one of the 580 outpatient dialy-
sis facilities of DaVita, a large dialysis organization in the
United States (prior to its acquisition of units owned by
Gambro). Of the 164 789 cumulative patients treated in all
DaVita units over the 5-year period, we excluded 13 312
patients without quarterly based data, 19 652 patients who
were on peritoneal dialysis or in whom method of renal repla-
cement therapy was unknown, and 802 patients aged >99 or

<18 years. Of our 131 023 MHD study population, 2969 were
PKD patients and 128 054 were non-PKD patients. The study
was approved by relevant Institutional Review Committees.

Clinical and demographic measures

The creation of the cohort has been described previously
[20–27]. To minimize measurement variability, all repeated
measures for each patient during any given calendar quarter, i.
e. over a 13-week interval, were averaged and the summary es-
timate was used in all models. Average values were obtained
from up to 20 calendar quarters (q1 through q20). The first
(baseline) studied quarter for each patient was the calendar
quarter in which the patient’s dialysis vintage was >90 days.
The presence or absence of diabetes at baseline and history of
tobacco smoking were obtained by linking the DaVita data-
base to the data from the Medical Evidence Form 2728 from
the USRDS. The presence of preexisting comorbid conditions
was similarly ascertained and grouped into 11 categories: dia-
betes mellitus, ischemic heart disease, congestive heart failure,
history of HIV infection, presence of AIDS, history of hyper-
tension, history of other cardiac diseases, cerebrovascular
events, peripheral vascular disease, chronic obstructive pul-
monary disease and cancer [28]. Patients were followed for
outcomes through 30 June 2007.

Laboratory measures

Blood samples were drawn using uniform techniques in all
dialysis clinics and were transported to the DaVita Laboratory
in Deland, Florida within 24 h. All laboratory values, including
hemoglobin, were measured by automated and standardized
methods. We divided baseline TSAT into five categories
(<20%, 20 to <30%, 30 to <40%, 40 to <50% and ≥50%) and
baseline ferritin into five categories (<100, 100 to <500, 500 to
<800, 800 to <1200 and ≥1200 ng/mL).

Epidemiologic and statistical methods

Data were summarized using proportions and means
(± standard deviation). The significance of difference between
categorical variables was determined using the χ2-test and
continuous variables using Student’s t-test or ANOVA as ap-
propriate. Survival analysis was performed using baseline,
time-dependent and time-averaged values to examine whether
TSAT and/or ferritin levels predicted survival in PKD patients.

For each analysis, including subgroup analyses, four models
were examined:

(i) Unadjusted or minimally adjusted models included fer-
ritin categories, change of ferritin categories and entry
calendar quarter (q1 through q20).

(ii) Case-mix adjusted models that included unadjusted
models’ variables plus age, gender, race/ethnicity (African-
Americans and other self-categorized Blacks, Non-Hispanic
Caucasians, Asians, Hispanics and others), categories
of dialysis vintage (<6 months, 6–12 months, 12–24
months and ≥2 years), primary insurance (Medicare,
Medicaid, and others), marital status (married, single,
divorced, widowed), type of vascular access (catheter, AV
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fistula, graft), dialysis dose as indicated by Kt/V (single
pool), the 11 abovementioned pre-existing comorbid con-
ditions and history of tobacco smoking.

(iii) Case-mix plus malnutrition inflammation complex syn-
drome (MICS) adjusted models included all of the cov-
ariates in the case-mix model as well as body mass index,
and seven laboratory surrogates with known association
with clinical outcomes in hemodialysis patients including
serum levels of albumin, creatinine, calcium, bicarbonate,
normalized protein catabolic rate (nPCR) as an indicator
of daily protein intake, also known as the normalized
protein nitrogen appearance, white blood cell (WBC)
count and lymphocyte percentage.

(iv) The fully adjusted model included all of the covariates
in the case-mix +MICS model in addition to intrave-
nous (IV) iron administration and ESA administration
in the form of recombinant human erythropoietin as
two continuous variables.

We repeated the same analyses for TSAT categories instead of
ferritin categories.

For all analyses, two-sided P-values were reported and
results considered statistically significant if P < 0.05. All stat-
istical analyses were carried out by the SAS, version 9.1 (SAS
Institute, Inc., Cary, NC).

RESULTS

The baseline demographic, clinical and laboratory character-
istics of the 2247 PKD and 105 117 non-PKD patients, divided
into five subgroups based on TSAT categories, are summarized
in Table 1. PKD patients were 58 ± 13 years old and included
46% women and 15% African-Americans, whereas non-PKD
patients were 62 ± 15 years old, 45% women and 32% African-
Americans. Diabetes mellitus, atherosclerotic heart disease,
heart failure and peripheral vascular disease were more preva-
lent in non-PKD patients and the mortality rate was higher in
this group as compared with PKD patients. In PKD patients,
lower TSAT was associated with higher prevalence of diabetes,
lower creatinine and albumin and higher serum phosphorus.
Lower TSAT in PKD patients was also associated with lower
hemoglobin, higher total WBC but lower percentage of
lymphocytes, higher BMI, lower Kt/v and lower nPCR. Table 1
of the suggested electronic appendix demonstrates baseline
characteristics of the patients, divided into five ferritin categories.

In terms of survival, in the overall study population with
PKD and non-PKD patients combined, time-averaged TSAT
between 30 and 40% was associated with the lowest mortality
[hazard ratio (HR) = 0.86 (95% CI: 0.84–0.88); reference
group: TSAT 20 to <30%]. Table 2 shows case-mix plus MICS
adjusted and fully adjusted mortality HRs of time-dependent
and time-averaged TSAT levels in PKD patients. As shown in
Figure 1, in all models, a time-averaged TSAT between 30 and
40% was associated with the lowest mortality in PKD patients.
In a fully adjusted model in PKD patients, a baseline TSAT of
40 to <50% was associated with the lowest mortality

[HR = 0.41 (95% CI: 0.21–0.81); reference group: TSAT 20 to
<30%].

In the overall study population, time-averaged ferritin levels
between 500 and 800 were associated with the lowest mortality
[HR = 0.94 (95% CI: 0.91–0.96); reference group: ferritin 100
to <500 ng/mL]. The risk of mortality in PKD patients, in-
creased incrementally with increasing baseline ferritin levels
(Figure 2). This held true for time-averaged ferritin in an un-
adjusted model. However, after full adjustment, a ferritin level
of 100 to <800 ng/mL appeared to be associated with the
lowest mortality risk and ferritin levels <100 ng/mL displayed
a trend toward increased mortality. Of note, in the fully adjusted
model, for both baseline and time-averaged ferritin levels in
PKD patients, only the association with increased mortality of
ferretin levels ≥1200 reached statistical significance (reference
group: ferritin 100 to <500 ng/mL) (Figure 2).

In non-PKD patients, the mortality hazard ratio increased
incrementally with increasing baseline ferritin levels, and it
reached statistical significance at all levels. However, in the
fully adjusted model, time-averaged ferritin between 500 and
<800 ng/mL was associated with the lowest mortality, with a
J-shaped curve, which again reached statistical significance for
increased mortality at ferritin levels ≥1200 (Figure 3).

In a fully adjusted model for non-PKD patients, the associ-
ation between time-averaged TSAT and mortality followed a
similar pattern to that of PKD patients, with a TSAT of 30 to
<40% being associated with the lowest mortality [HR = 0.88
(95% CI: 0.85–0.90); reference group: TSAT 20 to <30%]
(Figure 4A). In the fully adjusted model, mortality hazard
ratio of time-dependent TSAT for non-PKD patients was the
lowest in the range of 40 to <50% [HR = 0.92 (95% CI: 0.88–
0.97); reference group: TSAT 20 to <30%] with a small differ-
ence with the 30 to <40% group [HR = 0.95 (95% CI: 0.91–
0.98); reference group: TSAT 20 to <30%]. Figure 4B compares
the hazard ratios of mortality between MHD patients with and
without PKD across the ferritin categories using a time-
averaged cox regression analysis in a fully-adjusted model.

Mean weekly dose of IV iron in PKD patients was 31.7 ± 41.5
mg/week and that of ESA was 23 431 ± 27 732 units/week, while
in non-PKD patients, these numbers were 34.3 ± 44.7 mg/week
and 27 116 ± 27 143 units/week, respectively.

DISCUSSION

This study showed that in MHD patients with PKD: (i) a base-
line TSAT of 40–50% was associated with the lowest mortality
rate. (ii) Time-averaged TSAT of 30–40% was associated with
the best survival. (iii) There was a trend toward increase mor-
tality with increments of ferritin at baseline and the baseline
serum levels between 20 and 100 ng/mL were associated with
the lowest mortality. (iv) Time-averaged ferritin levels between
100 and 800 ng/mL were associated with the best survival.
Average ferritin levels <100 ng/mL and those of >800 ng/mL
had a trend toward increased mortality and those ≥1200 ng/mL
were significantly associated with increased mortality. In non-
PKD patients on MHD, (i) time-averaged TSAT had the same
pattern as that of PKD patients and TSAT levels of 30–40%
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Table 1. Baseline characteristics of patients across baseline TSAT categories in 2247 MHD patients with and 105 117 patients without
PKD

Total
population

All
non-PKD
patients

All PKD
patients

Non-PKD (N = 105 117) PKD (N = 2247)

TSAT
<20%

TSAT 20
to <30%

TSAT 30
to <40%

TSAT 40
to <50%

TSAT
≥50%

P-value TSAT
<20%

TSAT 20
to <30%

TSAT 30
to <40%

TSAT 40
to <50%

TSAT
≥50%

P-value

N = 107 364 N = 105 117 N = 2247 N = 24 049 N = 4 3656 N = 2 3152 N = 9008 N = 5252 N = 444 N = 931 N = 561 N = 206 N = 105

Death
rate [n (%)]

53% 53% 31% 57% 52% 50% 54% 53% <0.0001 35% 30% 31% 34% 31% 0.31

Age (years)
mean ± SD

62 ± 15 62 ± 15 58 ± 13 63 ± 15 63 ± 15 61 ± 16 60 ± 16 59 ± 17 <0.0001 57 ± 13 58 ± 13 58 ± 13 60 ± 13 56 ± 13 0.13

Gender (% females) 45% 45% 46% 46% 47% 44% 42% 43% <0.0001 44% 46% 47% 47% 49% 0.87

Race (%)

White 43% 43% 65% 50% 43% 39% 39% 37% <0.0001 68% 65% 65% 67% 60% 0.48

Black 32% 32% 15% 28% 33% 34% 33% 33% <0.0001 17% 16% 13% 13% 16% 0.43

Hispanic 15% 15% 11% 14% 15% 17% 18% 17% <0.0001 8% 11% 14% 10% 12% 0.03

Asian 3% 3% 2% 3% 3% #### 4% 5% <0.0001 2% 2% 3% 1% 5% 0.26

Other 6% 7% 6% 6% 6% 7% 7% 7% 0.01 5% 6% 5% 8% 8% 0.43

Dialysis vintage (%)

<6 months 16% 16% 11% 23% 16% 12% 11% 15% <0.0001 19% 11% 7% 6% 15% <0.0001

6–24 months 32% 32% 30% 36% 33% 28% 27% 25% <0.0001 32% 31% 28% 27% 23% 0.13

2–5 years 35% 35% 36% 31% 35% 37% 37% 35% <0.0001 34% 37% 37% 39% 30% 0.42

>5 years 18% 17% 23% 10% 16% 23% 25% 26% <0.0001 15% 21% 29% 27% 31% <0.0001

Primary insurance (%)

Medicare 68% 68% 56% 65% 68% 69% 69% 68% <0.0001 53% 55% 61% 59% 60% 0.06

Medicaid 6% 15% 4% 6% 6% 6% 7% 8% <0.0001 5% 5% 3% 4% 3% 0.53

Other 15% 6% 22% 17% 15% 13% 12% 13% <0.0001 29% 23% 18% 17% 17% 0

Marital status (%)

Married 48% 47% 57% 47% 47% 48% 47% 47% 0.57 54% 53% 58% 59% 71% 0.06

Divorced 8% 8% 9% 8% 9% 8% 8% 8% 0.26 11% 9% 9% 10% 4% 0.31

Single 28% 28% 24% 27% 27% 28% 30% 31% <0.0001 26% 25% 23% 21% 20% 0.69

Widowed 16% 16% 10% 17% 17% 16% 14% 14% <0.0001 9% 11% 10% 10% 5% 0.46

Vascular access (%)

Catheter 46% 46% 34% 58% 46% 39% 38% 39% <0.0001 45% 37% 28% 19% 22% <0.0001

AVF 25% 25% 39% 20% 24% 28% 31% 30% <0.0001 34% 37% 43% 43% 43% 0.04

Graft 29% 29% 28% 23% 30% 33% 31% 31% <0.0001 21% 27% 29% 39% 35% 0

Comorbid conditions (%)

Diabetes mellitus 59% 60% 14% 64% 62% 58% 53% 49% <0.0001 20% 14% 11% 11% 6% <0.0001

Cancer 5% 5% 3% 5% 4% 4% 5% 5% 0 3% 3% 3% 4% 3% 0.95
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Atherosclerotic
heart disease

21% 22% 12% 25% 22% 20% 17% 16% <0.0001 13% 11% 10% 14% 14% 0.55

Heart failure 28% 29% 10% 33% 30% 26% 23% 22% <0.0001 11% 10% 9% 9% 5% 0.35

Other heart
diseases

6% 6% 5% 7% 6% 5% 4% 4% <0.0001 5% 5% 4% 5% 5% 0.99

Peripheral vascular
disease

12% 12% 3% 14% 12% 10% 10% 9% <0.0001 5% 3% 3% 2% 4% 0.52

Cerebrovascular
disease

5% 8% 5% 9% 8% 7% 7% 6% <0.0001 5% 5% 4% 5% 6% 0.89

History of
hypertension

79% 79% 79% 79% 80% 79% 77% 75% <0.0001 77% 80% 79% 75% 79% 0.52

COPD 6% 6% 4% 8% 6% 5% 5% 4% <0.0001 3% 4% 3% 5% 7% 0.14

Non-ambulatory 3% 3% 1% 4% 3% 3% 3% 3% <0.0001 1% 1% 1% 1% 1% 0.82

Smoker 5% 5% 5% 5% 5% 5% 5% 5% 0.01 6% 6% 5% 4% 6% 0.73

Serum levels (at baseline) (mean ± SD)

Albumin (g/dL) 3.65 ± 0.5 3.65 ± 0.5 3.89 ± 0.4 3.54 ± 0.5 3.65 ± 0.5 3.72 ± 0.5 3.72 ± 0.5 3.63 ± 0.6 <0.0001 3.80 ± 0.4 3.88 ± 0.4 3.96 ± 0.3 3.92 ± 0.4 3.89 ± 0.4 <0.0001

Creatinine (mg/dL) 7.82 ± 3.3 7.8 ± 33 9.06 ± 2.9 7.01 ± 3.1 7.71 ± 3.2 8.29 ± 3.4 8.56 ± 3.4 8.59 ± 3.5 <0.0001 8.58 ± 2.8 9.01 ± 2.9 9.04 ± 3.0 9.01 ± 2.9 9.25 ± 3.0 0

Bicarbonate
(mmol/L)

22.4 ± 3.1 22.4 ± 3.1 21.9 ± 2.9 22.5 ± 3.1 22.5 ± 3.0 22.4 ± 3.0 22.2 ± 3.1 22.1 ± 3.3 <0.0001 22.8 ± 2.9 22.0 ± 2.8 21.9 ± 3.1 21.9 ± 3.0 22.3 ± 3.4 0.65

Calcium (mg/dL) 9.17 ± 0.71 9.16 ± 0.71 9.40 ± 0.7 9.10 ± 0.7 9.19 ± 0.7 9.20 ± 0.7 9.17 ± 0.7 9.08 ± 0.8 <0.0001 9.36 ± 0.7 9.39 ± 0.7 9.43 ± 0.7 9.39 ± 0.7 9.40 ± 0.7 0.61

Phosphorous
(mg/dL)

5.54 ± 1.5 5.53 ± 1.5 5.80 ± 1.5 5.50 ± 1.5 5.54 ± 1.4 5.54 ± 1.5 5.55 ± 1.5 5.46 ± 1.6 <0.0001 5.93 ± 1.6 5.82 ± 1.5 5.78 ± 1.3 5.69 ± 1.4 5.46 ± 1.4 0.03

Iron metabolism tests

Serum iron (µg/dL) 57.8 ± 26 57.7 ± 25 61.0 ± 24 35 ± 10 51 ± 13 69 ± 16 87 ± 21 115 ± 38 <0.0001 37 ± 9 54 ± 12 72 ± 17 89 ± 17 116 ± 30 <0.0001

Ferritin (ng/mL) 500 ± 485 502 ± 487 432 ± 381 340 ± 361 467 ± 413 576 ± 487 670 ± 552 923 ± 814 <0.0001 296 ± 307 403 ± 338 477 ± 386 559 ± 426 811 ± 550 <0.0001

TIBC (mg/dL) 209 ± 47 209 ± 47 216 ± 44 225 ± 52 209 ± 44 202 ± 42 198 ± 44 188 ± 49 <0.0001 234 ± 52 217 ± 41 211 ± 40 202 ± 36 192 ± 38 <0.0001

TSAT (%) 28.1 ± 12 28.1 ± 12 28.7 ± 11 15.8 ± 3.0 24.5 ± 2.8 34.0 ± 2.8 43.9 ± 2.8 60.9 ± 11.5 15.9 ± 2.8 24.7 ± 2.8 34.1 ± 2.8 43.7 ± 2.8 59.8 ± 10.0

Hematologic tests (mean ± SD)

Hemoglobin (g/dL) 12.0 ± 1.4 12.0 ± 1.4 12.4 ± 1.4 12.2 ± 1.4 12.1 ± 1.3 12.2 ± 1.4 12.2 ± 1.4 11.9 ± 1.6 <0.0001 12.1 ± 1.5 12.4 ± 1.3 12.6 ± 1.4 12.7 ± 1.2 12.5 ± 1.3 <0.0001

WBC (×103/µL) 7.54 ± 2.6 7.56 ± 2.6 6.74 ± 2.1 8.32 ± 3.0 7.54 ± 2.4 7.16 ± 2.4 6.99 ± 2.5 6.98 ± 3.0 <0.0001 7.16 ± 2.3 6.68 ± 1.9 6.39 ± 1.9 6.36 ± 2.0 6.11 ± 1.9 <0.0001

Lymphocyte (% of
total WBC)

20.4 ± 7.9 20.3 ± 7.9 20.7 ± 7.0 17.8 ± 7.3 20.2 ± 7.6 21.8 ± 7.9 22.6 ± 8.2 23.2 ± 8.9 <0.0001 18.6 ± 6.7 20.5 ± 7.1 20.5 ± 7.1 22.7 ± 6.3 23.0 ± 7.7 <0.0001

Other variables (mean ± SD)

BMI (kg/m2) 26.8 ± 6.9 26.8 ± 7.0 26.2 ± 6.0 26.9 ± 7.1 27.2 ± 7.1 26.6 ± 6.8 25.9 ± 6.6 25.1 ± 6.1 <0.0001 26.5 ± 6.6 26.7 ± 6.0 26.0 ± 6.0 25.4 ± 5.3 23.9 ± 5.4 <0.0001

Kt/V (dialysis dose) 1.52 ± 0.4 1.52 ± 0.4 1.56 ± 0.35 1.48 ± 0.4 1.52 ± 0.4 1.55 ± 0.3 1.57 ± 0.4 1.57 ± 0.4 <0.0001 1.51 ± 0.4 1.53 ± 0.3 1.60 ± 0.3 1.62 ± 0.4 1.61 ± 0.3 <0.0001

Protein catabolic
rate (g/kg/day)

0.94 ± 0.3 0.94 ± 0.3 0.97 ± 0.24 0.90 ± 0.2 0.92 ± 0.3 0.97 ± 0.3 0.99 ± 0.3 0.98 ± 0.3 <0.0001 0.93 ± 0.2 0.97 ± 0.2 1.00 ± 0.2 1.01 ± 0.3 0.99 ± 0.2 <0.0001

TSAT, transferrin saturation.

ORIGINALARTICLE

I
r
o
n

i
n
d
i
c
e
s
i
n

P
K
D

a
n
d

n
o
n
-
P
K
D

2893



were associated with the lowest mortality and (ii) time-averaged
ferritin levels of 500–800 ng/mL were associated with the lowest
mortality.

Our findings regarding levels of TSAT and ferritin associ-
ated with the lowest mortality in overall patient population, is
consistent with the previous study of a subgroup of the same
study population [29]. The 2012 KDIGO guidelines rec-
ommend administration of supplemental iron for patients on
hemodialysis when TSAT≤ 30% and serum ferritin level
≤500 ng/mL [7]. The 2006 KDOQI guidelines recommended
administration of sufficient iron for patients on hemodialysis

to maintain serum ferritin level >200 ng/mL and TSAT >20%.
The upper limit for TSAT has not been specified and there
had been insufficient evidence to assess harm and benefit of
maintaining ferritin >500 ng/mL [8]. These recommendations
are based on studies that compare the association of different
levels of ferritin and TSAT with the outcomes such as required
dose of ESAs or the need to initiate ESA to maintain target
range hemoglobin levels [30–33]. However, the impact of
different levels of these indices on outcomes such as mortality
and morbidity is more conclusive and studies with these end
points are necessary. Additionally, those guidelines do not

Table 2. Comparing the hazard ratios of death associated with time-dependent and time-averaged
TSAT categories in 2247 MHD patients with PKD, by case-mix +MICS adjusted and fully adjusted
models

Case-mix +MICS adjusted Fully adjusted

Category HR 95% CI P-value HR 95% CI P-value

Time-dependent TSAT (%)

<20% 1.27 0.99–1.63 0.06 1.12 1.08–1.14 <0.0001

20 to <30%a 1 1 1 1

30 to <40% 0.74 0.58–0.94 0.01 0.93 0.91–0.96 <0.0001

40 to <50% 0.99 0.73–1.35 0.96 0.93 0.89–0.96 0.0001

≥50% 1.28 0.89–1.83 0.19 1.05 1.00–1.09 0.03

Time-averaged TSAT (%)

<20% 2.19 1.51–3.19 <0.0001 2.44 1.7–3.49 <0.0001

20 to <30%a 1 1 1 1

30 to <40% 0.74 0.57–0.95 0.02 0.77 0.59–1.0 0.0534

40 to <50% 1.34 0.9–2.01 0.15 1.38 0.91–2.11 0.1291

≥50% 1.59 0.80–3.16 0.19 1.84 0.88–3.85 0.1048

MHD, maintenance hemodialysis; PKD, polycystic kidney disease; TSAT, transferrin saturation; CI, confidence interval.
aReference group.

F IGURE 1 : Hazard ratio (95% CI) of mortality across the TSAT categories at baseline (A) and using time-averaged (B) cox regression analyses
in MHD patients with polycystic kidney disease.
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differentiate between patients with and without PKD, even
though in PKD patients plasma levels of erythropoietin,
hemoglobin and hematocrit are different from those of CKD
patients with etiologies other than PKD [14–16]; and there-
fore, optimal levels of TSAT and ferritin may vary between
PKD and non-PKD patients on MHD. Our results show that
further studies are necessary for this differentiation between
the PKD and non-PKD patients.

In this study, we evaluated the association of serum ferritin
level and TSAT with mortality. Time-averaged TSAT levels
between 30 and 40% were associated with the best survival
outcomes in both PKD and non-PKD patients on MHD. This
is consistent with the previous studies [30, 31, 34], KDOQI
guidelines that recommend maintenance of TSAT levels >20%
[8] and more so with the more recent 2012 KDIGO guidelines
which sets the TSAT level for administration of supplemental
iron at 30% [7]. However, results of our study delineate the fa-
vorable TSAT level more precisely with both upper and lower
limits, show its association with mortality and demonstrate its
applicability in PKD patients as well as non-PKD patients.

Ferritin is both an index of iron storage and an acute-phase
reactant. A higher ferritin at baseline may therefore represent a
state of inflammation, hence a poorer prognosis. However, the
increasing mortality trend with increments of baseline ferritin
exists even after adjustment for markers of MICS both in PKD
and non-PKD patients. A very low time-averaged ferritin,
however, was associated with a higher mortality after the ad-
justments, which could be due to the fact that it is representa-
tive of lower iron storage and/or worse nutritional status.
Maintaining ferritin between 100 and 800 ng/mL in PKD and
500 and 800 ng/mL in non-PKD patients were associated with
the best survival and levels >800 ng/mL were associated with
increases in mortality. The reason that in PKD patients, lower
levels of ferritin, compared with non-PKD patients, might be
associated with a better survival is unclear. It may be due to
the fact that non-PKD patients in general tend to have lower
hemoglobin levels compared with PKD patients and therefore,
higher ferritin levels might be required to reach the same
hemoglobin level. An alternative explanation would be the
higher doses of IV iron and ESA administered in non-PKD

F IGURE 2 : Hazard ratio (95% CI) of mortality across the ferritin categories at baseline (A) and using time-averaged (B) cox regression analyses
in MHD patients with polycystic kidney disease.

F IGURE 3 : Hazard ratio (95% CI) of mortality across the ferritin categories at baseline (A) and using time-averaged (B) cox regression analyses
in MHD patients without polycystic kidney disease.
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patients. In line with this explanation is the fact that after ad-
justment for ESA and IV iron, the difference between ferritin
level associated with the lowest mortality in PKD and non-
PKD patients attenuated. The 2006 KDOQI guidelines for
MHD patients recommended maintaining a ferritin level
>200 ng/mL, whereas levels >500 ng/mL had not been rec-
ommended due to lack of evidence [8]. The 2012 KDIGO
guidelines, however, recommends administration of iron sup-
plement if TSAT≤ 30% and ferritin is ≤500 ng/mL [7]. In our
study, in the case-mix and MICS-adjusted model, ferritin
levels >500 ng/mL show a trend of association with a worse
outcome in PKD patients. Notwithstanding, in non-PKD
patients, time-averaged ferritin levels of 500–800 ng/mL were
associated with a better outcome, which is consistent with the
newer 2012 KDIGO guidelines. As for TSAT, the KDOQI rec-
ommendations for ferritin level are mainly based on the
studies designed to evaluate response to iron or ESA therapy
measured by hemoglobin or its surrogate indices [31, 33–36].
Similarly, KDIGO 2012 guidelines in regard to the level of
TSAT and ferritin are based on the fact that a substantial frac-
tion of CKD patients with anemia and TSAT > 20% respond
to iron supplementation as indicated by increase in hemo-
globin concentration and/or reduction in ESA dose [7].

In our study, however, the association between mean ferri-
tin and mortality was studied. Ferritin lacks accuracy in evalu-
ation of functional iron status and anemia in hemodialysis
patients [36–38]. On the other hand, increased serum levels of
ferritin in MHD patients has been shown to be associated with
increased morbidity and mortality [39]. In fact, levels of ferri-
tin may also be affected by many other factors than the body’s
iron storage. Prospective randomized studies with hard
primary outcomes need to be performed to achieve more accu-
rate conclusions.

To the best of our knowledge, this is the first study assessing
indices of iron status in PKD patients on MHD and their
association with mortality. The large number of patients and
their diverse nationwide geographical and racial distribution is
in favor of the generalizability of the results. Furthermore,
multiplicity of important covariates included in multivariate

analysis boosts the validity of the results. However, as in any
other observational study, potential confounding variables
may affect the results and associations cannot prove causality.
Another limitation of this study was the fact that we did not
have C-reactive protein measurements as a marker of inflam-
mation. Nevertheless, serum albumin, WBC count and lym-
phocyte percentage, which have significant associations with
inflammation in dialysis patients [19, 40], were included in the
analyses. Potential longer term effects of the studied par-
ameters may have not been shown in this study. For instance,
activation of inflammatory pathways may result in atherogen-
esis and subsequent related morbidity and mortality after
several years. However, given the relatively short life expect-
ancy of the patients on MHD, the follow-up time in this study
appears to have a meaningful applicability to the target
population.

Given the fact that these data were collected a few years ago
and in the past few years some practice modalities might have
changed, one may argue that the results of this study may not
be completely applicable to the current practice. However, the
time difference is minute and the practice guidelines and avail-
able modalities have not changed significantly throughout this
time period. Moreover, as an observational study, this study
does not recommend any clinical practice; rather, it creates
new insight for further studies.

It was notable in our study that after incorporation of IV
iron and ESA administration to the analyses, some confidence
intervals widened. This can be due to the large variability of
the doses of these medications used in the study population.
However, even so, the direction and magnitude of the associ-
ations remained essentially the same.

CONCLUSION

In hemodialysis patients with PKD, as well as non-PKD
patients, there was a U-shaped relationship between the
average TSAT and mortality, in which a TSAT of 30–40% was
associated with the best survival. A time-averaged ferritin of

F IGURE 4 : Comparing the hazard ratio of mortality between MHD patients with and without polycystic kidney disease across the TSAT cat-
egories (A) and ferritin categories (B) using time-averaged cox regression analyses in a fully adjusted model.
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100–800 ng/mL was associated with the best survival in MHD
patients with PKD after full adjustment, and that of 500–800
ng/mL applied to non-PKD patients. Further studies are re-
quired to assess optimal levels for TSAT and ferritin in PKD
and non-PKD patients. Prospective randomized controlled
trials are necessary to determine the best management strategy
based on these findings.
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