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A Low Serum Iron Level Is a Predictor of Poor Outcome in
Hemodialysis Patients

amyar Kalantar-Zadeh, MD, MPH, Charles J. McAllister, MD, Robert S. Lehn, MT, Enwu Liu, MS,
and Joel D. Kopple, MD

Background: Iron administration has been implicated as a cause of poor clinical outcome in maintenance
emodialysis (MHD) patients. However, the role of low iron levels in the clinical outcome of MHD patients is not
lear. Methods: We examined the predicting value of baseline serum iron level on prospective mortality and
ospitalization in a cohort of all 1,283 MHD patients from 10 DaVita dialysis facilities in Los Angeles County, CA.
esults: Patients aged 57.8 � 15.2 years included 49% men, 45% Hispanics, 25% African Americans, and 53%
atients with diabetes. During the first 3 months of the cohort, 97% of patients were administered erythropoietin
EPO) and 60% were administered intravenous iron (gluconate and/or dextran) at least once. During a 12-month
ollow-up, mortality was significantly greater (23%) in the lowest serum iron quartile (<45.3 �g/dL [<8.1 �mol/L])
ompared with other quartiles (10% to 12%). Multivariate Poisson and Cox models adjusted for demographic
eatures, dialysis dose and vintage, serum albumin and ferritin and blood hemoglobin concentrations, and
dministered EPO and iron doses showed that both serum iron level and iron saturation ratio had significant, but
nverse, associations with prospective mortality and hospitalization. There was a statistically significant trend
oward greater rates of mortality and hospitalization with lower serum iron levels. This reverse association
emained significant in a subcohort of 322 MHD patients after additional adjustments for comorbid conditions and
erum C-reactive protein level to reflect inflammation. Conclusion: Low baseline serum iron indicators are
ssociated with increased mortality and hospitalization in MHD patients independent of hemoglobin level, EPO and
ron doses, indicators of nutrition and inflammation, and comorbid conditions. Clinical trials to examine the role of
ron administration in improving morbidity and mortality by increasing serum iron levels in MHD patients are
equired. Am J Kidney Dis 43:671-684.

2004 by the National Kidney Foundation, Inc.

NDEX WORDS: Serum iron; transferrin saturation ratio; mortality; hospitalization; hemodialysis (HD); reverse

pidemiology; erythropoietin (EPO).
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ORE THAN one quarter of a million
maintenance hemodialysis (MHD) out-

atients in the United States and many more in
ther countries continue to have poor clinical
utcomes, including unacceptably high rates of
ortality and hospitalization and low quality of

ife.1 Markers of anemia, including low blood
emoglobin concentrations, are associated with
oor outcome. Consequently, management of
nemia by recombinant human erythropoietin
EPO) by increasing serum hemoglobin levels
oward the target of 11.0 to 12.0 g/dL (110 to 120
/L) are reported to improve all 3 of these
utcome measures in MHD patients.2-6 However,
uch controversy exists with regard to the asso-

iation between measures of iron stores or
hanges in these values by iron administration
nd clinical outcome in these individuals. Al-
hough in the pre-EPO area, iron overload was a
ajor cause of morbidity in MHD patients, its

ignificance in the post-EPO era has not been
xpressively examined. Conversely, it is not clear
hether iron deficiency is significantly associ-

ted with outcome. Hence, we examined the

ssociation between baseline serum values of
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KALANTAR-ZADEH ET AL672
ron indices and prospective mortality and hospi-
alization in a large cohort and a subcohort of

HD patients.

METHODS

atients
DaVita South Bay Cohort consists of 10 out-patient dialy-

is facilities in the Los Angeles South Bay area that are
ocated within a 15-mile radius from Harbor-UCLA Medical
enter and administered uniformly by DaVita Inc. This
ohort has been followed up closely since October 2001,
specially because it constitutes the base population for the
utritional and Inflammatory Evaluation in Dialysis (NIED)
tudy.7-10 Approximately 360 MHD patients participate at
ny given time in the NIED Study and are randomly selected
rom more than 1,200 MHD patients of the DaVita South
ay Cohort (see NIED Study Web site; www.NIEDstudy.org

or more details, as well as related publications7-10). Virtually
ll MHD patients from the 10 dialysis facilities were in-
luded in this cohort. The study was approved by the
nstitutional Review Committee of the Research and Educa-
ion Institute at Harbor-UCLA Medical Center and was
xempted from written consent requirements. The NIED
tudy cohort, which is essentially a subcohort of the DaVita
outh Bay Cohort, also was analyzed during the same period
or comparison with the main cohort. The medical chart of
ach MHD patient in this subcohort was thoroughly re-
iewed by a nephrologist (K.K.-Z.), and data pertaining to
nderlying kidney disease, cardiovascular history, and other
omorbid conditions were extracted as described else-
here.8,9 A modified version of the Charlson comorbidity

ndex, ie, without the age and kidney disease components,
as used to assess the severity of comorbidity.11,12

ortality and Hospitalization
Patients were studied from October 1, 2001, to September

0, 2002. Their mortality was determined irrespective of the
ause of death during the 12-month prospective period.
urvival was verified by confirming the existence of the
urviving patient in the database of the subsequent quarters
fter the end of the cohort study period, ie, after September
0, 2002. For all surviving patients, the right censorship
ohort time was 12 months. For a surviving patient with a
ight censorship time less than 12 months, the cause of
emoval from the study was determined by reviewing the
2-month longitudinal data and included renal transplanta-
ion, quitting dialysis treatment, and transferring out of the
ialysis cohort area. For patients who changed modality to
eritoneal dialysis and remained in the cohort area, the
ollow-up for mortality watch was continued based on the
ntention-to-treat principle.

Hospitalization is defined as any hospital admission that
ncluded at least 1 overnight stay in the hospital. The
dmission day was counted as 1 full hospitalization day, but
he discharge day was not. Therefore, the minimum duration
f hospitalization per admission was 1 day. No exclusion
riteria for determining hospitalizations were used, except
or renal transplantation. Thus, all hospital admissions ex-

ept for renal transplantation were counted. However, be- t
ause the vast majority of dialysis access–related hospitaliza-
ions did not require overnight admission, essentially only
ccess-related hospitalizations associated with other morbid
onditions, such as infection or cardiovascular events, were
ncluded. For patients in the hospital at the start of this
ohort study, that hospitalization was not counted. For
atients still in the hospital at the end of the 1-year cohort
tudy, all hospitalization days of the last admission were
ounted up to a maximum of 30 days. For patients who died
nd those who left the cohort during the prospective follow-
p, hospitalization rates during the survival time were stan-
ardized by use of the multiplication factor, 12/survival time
in months). To remove the effect of outliers, a hospitaliza-
ion frequency (HF) more than 12 times/y was replaced by 12
imes/y (n � 17), and any total hospitalization days (HD)

ore than 120 days was replaced by 120 days (n � 13).
Three methods were used to assess the 12-month prospec-

ive hospitalization, as described in our previous reports.8,13

nnual HF was the total number of hospital admissions
uring the 12-month prospective cohort irrespective of the
ength of each admission. Annual HD was the sum of all
ospitalization days of a given patient during the same
2-month period. Number of days at risk from the start of the
ohort until the first hospitalization event (HT) for each
ndividual per year was assessed in a survival model, irrespec-
ive of additional subsequent hospitalizations. Accordingly,
isk time for each individual is defined as days from study
ntry until the first hospitalization, a censoring event, or the
tudy anniversary day occurs.

aboratory Evaluation
Routine blood samples were obtained in a uniform fash-

on in all 10 dialysis facilities within the first full week of a
iven month, eg, October 1 through 6, 2001, for the first
ohort month. Single-pool Kt/V was used to represent weekly
ialysis dose, and normalized protein equivalent of total
itrogen appearance (nPNA), also known as normalized
rotein catabolic rate, was calculated to estimate daily pro-
ein intake.14,15 Serum iron concentrations and iron satura-
ion ratio were used as indices of iron stores. Total iron-
inding capacity (TIBC) was considered to represent serum
ransferrin level.16,17 Iron saturation ratio was calculated
ased on the following formula:

Iron saturation � serum iron/serum TIBC

Blood hemoglobin was measured weekly to bimonthly.
erum ferritin and intact parathyroid hormone were mea-
ured at least once during the first week of October 2001. All
ther laboratory parameters were measured monthly. All
aboratory measurements were performed by DaVita Labora-
ories (Deland, FL) by using automated methods, and aver-
ge values for each laboratory test within the first 13 weeks
f the cohort were calculated. Hence, laboratory data of the
aseline database were 3-month-averaged values obtained
etween October 1 and December 31, 2001. Laboratory data
ere extracted and averaged using KLINLAB software,
esigned and operated by one of the coauthors of this report
R.S.L.). In subjects of the NIED subcohort, high-sensitivity
-reactive protein (CRP) was measured by means of a
urbidometric immunoassay in which a serum sample is
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LOW IRON AND POOR DIALYSIS OUTCOME 673
ixed with latex beads coated with antihuman CRP antibod-
es forming an insoluble aggregate (WPCI, Osaka, Japan; in
illigrams per liter; normal range, �3.0 mg/L).18,19

dministered EPO and Iron
A computerized billing data registry was used to obtain

oses and frequencies of medications used for the treatment
f anemia, including EPO, iron dextran (InFeD; Watson, Inc,
orona, CA), iron gluconate (Ferrlecit; Watson, Inc), and

ron sucrose (Venofer; American Regent, Shirley, NY). The
otal amount of medications administered to each patient
ithin the first 13 weeks of the cohort was extracted. For
PO, average weekly dose, and for iron supplementation,
verage monthly dose, were calculated. The intravenous
IV) iron that was administered at baseline and during the
rst 8 to 10 months of the cohort to almost all MHD patients

n the 10 DaVita dialysis facilities was iron gluconate
Ferrlecit). However, until 6 to 8 months before the start of
he cohort, the only form of IV iron used in the dialysis
acilities was iron dextran (InFeD) exclusively. Patients
elated to Kaiser Permanente Healthcare (almost 5% of the
otal cohort) did not switch from iron dextran to iron
luconate unless they were allergic to iron dextran. Almost
o patient was administered iron sucrose (Venofer) during
he first 8 to 10 months of the cohort. However, during the
ast 2 to 4 months of the cohort, there was a transition in
lmost all dialysis units from iron gluconate to iron sucrose,
hereas Kaiser Permanente patients still remained on iron
extran therapy.
The decision about how much EPO and/or IV iron was

dministered to each MHD patient was made independently
y at least 42 nephrologists who were in charge of dialysis
reatment care for some of these 1,283 MHD patients. Most
ephrologists were not aware of the period in which this
tudy was conducted, but they mostly were familiar with
ron and anemia guidelines of the Kidney Disease and
ialysis Outcomes Quality Initiative (K/DOQI) guide-

ines,7,20 ie, to achieve a targeted hemoglobin level of 11 to
2 g/dL (110 to 120 g/L) and/or a hematocrit of 33% to 36%.
ight nephrologists were randomly asked if they were aware
f the K/DOQI guidelines and whether they used these
ecommendations to prescribe EPO and iron to their pa-
ients. All interviewed nephrologists were fully aware of the
uidelines, but 2 nephrologists argued that they might with-
old iron administration with ferritin levels greater than 500
g/mL (�g/L), whereas 1 nephrologist would continue iron
dministration with ferritin levels as high as 1,200 ng/mL
�g/L).

tatistical and Epidemiological Methods
Conventional Student’s t-test and analysis of variance

ere used to detect significant differences among continu-
us variables in 2 or more groups, when applicable. Chi-
quare and Kruskal-Wallis rank tests were used for categori-
al variables. We used Pearson’s correlation coefficient r for
nalyses of associations between continuous variables and
pearman’s rank test for categorical variables. Partial corre-

ations adjusted for case-mix covariates were calculated by
sing linear multivariate models. To calculate the relative

isk for first hospitalization (HD) and death in the prospective c
ohort, hazard ratios (HRs) and their 95% confidence inter-
als (CIs) were obtained by using Cox proportional hazard
egression models. Covariates included age, sex, race (blacks
ersus others and Asians versus others), ethnicity (Hispanics
ersus others), diabetes, dialysis vintage (in months), insur-
nce status (Medicaid versus others), body mass index
BMI), Kt/V (single pool), serum albumin and ferritin con-
entrations, blood hemoglobin level, average weekly dose of
PO, and monthly dose of IV iron. Plots of log (�log

survival rate]) against log (survival time) were performed to
stablish the validity of the proportionality assumption.
oisson regression models with the same covariates were
sed to evaluate the association between hospitalization data
HD and HF) and relevant predictors by calculating the
ospitalization rate ratio (RR). A 95% CI not including 1.00
as considered statistically significant. Descriptive and mul-

ivariate statistics were performed using the statistical soft-
are Stata, version 7.0 (Stata Corp, College Station, TX).
iducial limits are given as mean � SD. P less than 0.05 is
onsidered statistically significant.

RESULTS

The main cohort consisted of 1,283 MHD
atients at baseline who were followed up for a
otal of 1,077 patient-years. The subcohort in-
luded 322 MHD patients who were among 385
IED Study participants with complete iron- and

nemia-related values. Table 1 lists relevant de-
ographic, laboratory, and dialysis treatment–

elated data at baseline for both the main cohort
nd subcohort. In the main cohort, 49% of pa-
ients were men. Approximately a quarter of the
atients were African American, and almost half
ere Hispanic. More than half of all 1,283 MHD
atients had diabetes mellitus. Patients had an
verage age of 57.8 years and had undergone
ialysis treatment for 41 months (dialysis vin-
age). Three-month averaged values for pertinent
aboratory data also are listed in Table 1. Data in
he subcohort were similar, but t-test for differ-
nces between the main cohort and subcohort
howed mostly statistical significance caused by
arge sample sizes.

During the 12-month prospective follow-up,
79 patients died, consistent with an annual
ortality rate of 14.0% in the main cohort,
hereas the mortality rate was 10.5% in the

ubcohort, indicating that somewhat healthier
atients were selected in the NIED Study subco-
ort. During the same period, 23 MHD patients
eceived a kidney transplant, 150 patients trans-
erred out of the cohort area, 3 patients withdrew
rom dialysis therapy voluntarily, and 4 patients

hanged treatment modality to peritoneal dialy-
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KALANTAR-ZADEH ET AL674
is in the main cohort. Of 1,283 MHD patients in
he main cohort, 732 patients (57.1%) were hos-
italized at least once during the 12-month fol-
ow-up. Annual HF was 1.9 times/patient/y, and
otal HD were an average of 11.5 d/patient/y.
verage administered EPO dose during the first
months of the cohort was 16,879 U/patient/wk.

n the subcohort, more than half the patients had
history of cardiovascular disease, whereas the

ame data were not available in the main cohort.
harlson comorbidity index and serum CRP lev-
ls also were exclusively assessed in the subco-
ort.
Table 2 lists data pertaining to anemia manage-
ent medications in the main cohort. All except

Table 1. Demographic, Laboratory, and Clinical Dat
South Bay L

Variable

Sex (% male)*
Race (% blacks)*
Ethnicity (% Hispanics)*
Insurance (% Medicaid)
Diabetes mellitus (%)
Mortality (% annual)*
Hospitalized at least once (%)*
History of cardiovascular disease
Charlson comorbidity index
Age (y)*
Cohort time (mo)
Dialysis vintage (mo)*
Postdialysis weight (kg)
BMI (kg/m2)
Kt/V (single pool)
nPNA (nPCR; g/kg/d)
Blood hemoglobin (g/dL)
Serum albumin (g/dL)*

TIBC (�g/dL)
Ferritin (ng/mL)
Iron (�g/dL)
Iron saturation ratio (%)
CRP (mg/L)

Annual hospitalization frequency
Annual hospitalization days*
EPO weekly dose (U/w)*
Iron gluconate dose (mg/mo)
Iron dextran dose (mg/mo)

NOTE. Count data expressed as percent, and continuou
nd most laboratory measures are 3-month-averaged valu
ohort. To convert hemoglobin and albumin in g/dL to g/L, m
o �mol/L, multiply by 0.179.

Abbreviations: NA, data not available; nPCR, normalized
*P � 0.05 for t-test between the main cohort and subcoh
a in MHD Patients From 10 DaVita Dialysis Facilities in the
os Angeles Area

Main Cohort
(n � 1,283)

Subcohort
(n � 322)

48.9 53.6
25.3 28.9
44.9 48.5
20.7 21.1
53.2 56.5
14.0 10.5
57.1 50.9
NA 50.6
NA 2.08 � 1.51

57.8 � 15.2 54.1 � 14.7
10.1 � 3.4 10.3 � 3.4
40.8 � 40.4 37.5 � 34.9
71.3 � 19.7 73.2 � 19.7
26.4 � 6.5 26.6 � 6.3
1.57 � 0.30 1.58 � 0.28
1.05 � 0.25 1.05 � 0.22

11.91 � 0.98 11.94 � 0.98
3.81 � 0.38 3.85 � 0.33

200.0 � 42.0 201.3 � 35.8
685 � 480 655 � 473
63.6 � 28.4 65.9 � 23.9
31.2 � 11.1 32.6 � 10.4

NA 6.1 � 7.8
1.9 � 2.8 1.8 � 3.0

11.5 � 27.1 8.7 � 24.7
16,879 � 13,645 13,868 � 11,386
153.8 � 195.4 165.9 � 201.8
11.6 � 68.0 12.2 � 49.6

s data expressed as mean � SD. Postdialysis weight, BMI, Kt/V,
es based on all measurements during the first 13 weeks of the
ultiply by 10; ferritin in ng/mL to �g/L, multiply by 1; iron in �g/dL

protein catabolic rate.
3 patients were administered EPO. Although i
Table 2. Medications Administered in the
Management of Anemia in 1,283 MHD Patients During

the First 3 Months of the Main Cohort

Medication Type and Status No. Percent

PO 1,250 97.4
PO without IV iron 537 41.9

V iron dextran 54 4.2
V iron gluconate 727 56.7
V iron sucrose 0 0.0
wo IV irons concurrently 24 1.8

V iron without EPO 14 1.1

NOTE. Each count indicates that the medication in ques-
ion was administered at least once during the 3-month

nterval.
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LOW IRON AND POOR DIALYSIS OUTCOME 675
ore than half the patients were administered IV
ron at least once during the first 3 months of the
ohort, 42% of all MHD patients were adminis-
ered EPO without iron supplementation. Only
% of patients were administered iron dextran,
nd these were essentially Kaiser Permanente
atients; 57% were administered iron gluconate,
nd no patient was administered iron sucrose.
nly 1% of patients (n � 14) were administered

ome dose of IV iron without EPO during the
ame interval. Data in the subcohort were similar
not shown here).

Table 3 lists correlation coefficients between
erum iron indices and relevant variables in the
ain cohort. Serum albumin level significantly,

ut weakly, correlated with serum iron level, but
ot with iron saturation ratio. Serum TIBC had a
ositive and strong correlation with serum iron
evel (r � �0.45), but a negative correlation
ith iron saturation ratio, indicating the confound-

ng effect of TIBC as the denominator of the iron
aturation ratio formula. Serum ferritin level did
ot have a significant association with serum

Table 3. Correlation Coefficients Between Serum
Iron Indices and Relevant Laboratory Measures,
Anemia, Protein Intake, Dialysis Dose, BMI, and

Administered Doses of EPO and IV Iron

Serum Iron Iron Saturation Ratio

erum albumin �0.22*/�0.16* �0.03/�0.03
TIBC �0.33*/�0.42* �0.16*/�0.10*
Ferritin �0.05/�0.06† �0.15*/�0.15*
CRP‡ �0.13†/�0.11† �0.04/�0.03

lood hemoglobin �0.21*/�0.18* �0.10*/�0.18*
WBC count �0.18*/�0.14* �0.17*/�0.16*

PNA (nPCR) �0.21*/�0.17* �0.11*/�0.07†
t/V (single pool) �0.16*/�0.15* �0.16*/�0.19*
MI �0.12*/�0.08* �0.17*/�0.15*
PO (U/wk) �0.25*/�0.20* �0.16*/�0.14*

V iron gluconate
(mg/mo)

�0.14*/�0.10* �0.19*/�0.17*

NOTE. In each entry, the first correlation coefficient is
ivariate (unadjusted) and the second is multivariate ad-

usted for age, sex, race, ethnicity, diabetes, dialysis vin-
age, and insurance status in 1,283 MHD patients of the
ain cohort.
Abbreviations: nPCR, normalized protein catabolic rate.
*P � 0.01
†P between 0.01 and 0.05.
‡Correlations with CRP level are in the subcohort of 322
HD patients.
ron level, but correlated with iron saturation. i
oth iron indices correlated positively with he-
oglobin level, Kt/V, and nPNA and negatively
ith white blood cell (WBC) count, BMI, and

dministered doses of EPO and IV iron. How-
ver, most of these correlations were weak. Cor-
elations were very similar in the subcohort;
hese data are not shown except for serum CRP
evel, which had a weak, but inverse, correlation
ith serum iron level, indicating that a low

erum iron level tended to be associated with
nflammation in MHD patients.

Table 4 lists mortality and hospitalization in 4
uartiles of serum iron level and iron saturation
atio. Patients in the lowest serum iron quartile
�45.5 �g/dL [�8.1 �mol/L]) had a mortality
ate virtually twice that in other quartiles (23%
ersus 10% to 12% in the main cohort; P �
.001). Hospitalization indices also were signifi-
antly higher in the lowest serum iron quartiles.
he same trend was seen for the lowest quartile
f iron saturation ratio (�24%), but with a less
mpressive P. Annual mortality rate was 19% in
he lowest iron saturation quartile compared with
he other 3 quartiles, which had a mortality rate
f 11% to 13% (P � 0.02). Similarly, hospitaliza-
ion measures were greater in the lowest iron
aturation quartile. Figures 1 and 2 show cumula-
ive proportions of surviving patients in 4 quar-
iles of serum iron level and iron saturation ratio,
espectively. In both figures, the lowest quartile
ad significantly worse survival, and Kaplan-
eier P for serum iron level and iron saturation

atio were �0.001 and 0.03, respectively.
In the main cohort, we conducted multivariate

ox proportional hazard and Poisson regression
odels that included demographic features (sex,

ge, race, ethnicity, insurance status, and dialysis
intage); 3-month averaged values for dialysis
ose, indices of serum iron, albumin, and ferritin
nd blood hemoglobin concentrations; and admin-
stered EPO and iron doses. Models in the subco-
ort also included all these covariates, as well as
istory of cardiovascular disease, Charlson co-
orbidity score, and serum CRP level (only
ortality models are shown for the subcohort).
mong variables related to iron status, baseline

erum ferritin level and 3-month-averaged admin-
stered IV iron did not predict mortality (results
ot shown). However, both serum iron level and

ron saturation ratio had significant, but inverse,
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Table 4. Quartiles of Serum Iron Levels and Iron Saturation Ratio

1st (lowest)
Quartile 2nd Quartile 3rd Quartile

4th (highest)
Quartile P *

Serum iron level

o. of patients 322 317 318 317
Range of serum iron (�g/dL) 11.0-45.3 45.5-58.0 58.3-75.7 76.0-331.5 NA

Mean � SD (�g/dL) 36.7 � 6.6 51.8 � 3.5 66.3 � 4.9 99.9 � 30.9 NA
Mortality† (main cohort; %) 23.0 12.3 9.7 10.4 �0.001
Mortality† (subcohort, n � 322; %) 24.4 2.4 8.6 7.1 �0.001
Hospitalized � 1 time† (%) 66.7 57.4 54.1 49.8 �0.001
Annual HF‡ 2.4 1.8 1.5 1.5 �0.001
Annual HD‡ 14.9 10.4 8.5 8.8 �0.001

Iron saturation ratio

o. of patients 325 335 310 307
Range of iron saturation (%) 5.7-23.7 24.0-29.7 30.0-37 37.3-88.5 NA

Mean � SD (%) 19.5 � 3.2 26.8 � 1.8 33.1 � 2.0 46.5 � 9.6 NA
Mortality† (main cohort) 18.7% 12.8% 10.6% 13.4% 0.023
Mortality† (subcohort, n � 322) 17.1 10.3 7.4 7.1 0.091
Hospitalized � 1 time† 64.9% 58.2% 52.2% 52.1% 0.002
Annual HF‡ 2.1 2.0 1.6 1.6 0.014
Annual HD‡ 13.7 10.5 9.2 9.1 0.020

NOTE. In each section, the second data row shows range of the iron store indicator in the 4 consecutive quartiles and the
hird row, mean values. Data pertain to the main cohort of 1,283 MHD patients, unless specified. To convert iron in �g/dL to
mol/L, multiply by 0.179.
*P based on chi-square or analysis of variance (test of trend is not included).
†Rates of mortality and hospitalization (at least once) are within the 12 months of prospective follow-up.
‡Annual HF and HD are adjusted for left-censored cohort time when applicable (see text).
Fig 1. Cumulative propor-
tions of surviving patients in
4 quartiles of serum iron con-
centrations (3-month aver-
age at the beginning of the
cohort) in 1,283 MHD patients
of the main cohort. Patients
in the lowest serum iron
quartile had the greatest
mortality (Kaplan-Meier P <

0.001).
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LOW IRON AND POOR DIALYSIS OUTCOME 677
ssociations with prospective mortality and hos-
italization.
Tables 5 through 8 indicate relative risk for
ortality and hospitalization for both serum iron

evel and iron saturation ratio. In each table, the
rst 2 rows show relative risk for each 10-�g/dL
1.8-�mol/L) decrease in serum iron level or
0% decrease in iron saturation ratio in the main
ohort and subcohort, respectively. The third row
ndicates relative risk across all 4 quartiles from
owest to highest; the next row, lowest versus
ighest; and the last row, lowest versus all other
uartiles in the main cohort. Both unadjusted and
ultivariate-adjusted relative risk values are cal-

ulated for comparison. Table 5 lists a multivari-
te mortality HR of 1.71 (95% CI, 1.06 to 2.77;

� 0.03) when risk for death in the lowest
erum iron quartile is compared with the highest
uartile and an HR of 1.56 (95% CI, 1.12 to 2.19;
� 0.009) when the lowest serum iron quartile

s compared with the rest.
Tables 6 through 8 list relative risks for hospi-

al admission for 3 measures of hospitalization in
he same format as Table 5. All HRs for the first
ospital admission (HT) were consistently and
ignificantly greater for decreasing values of
erum iron level and iron saturation ratio and
heir lowest quartiles (Table 6). Poisson regres-
ion models indicated greater HF and HD RRs for

Fig 2. Cumulative propor-
ions of surviving patients in

quartiles of serum iron
aturation ratio (3-month av-
rage at the beginning of the
ohort) in 1,238 MHD patients
f the main cohort. Patients

n the lowest serum iron
uartile had the greatest
ortality (Kaplan-Meier P �

.028).
ower values of serum iron and iron saturation o
atio (Tables 7 and 8). Figures 3 and 4 show
aplan-Meier cumulative proportions of nonhos-
italized patients over time for days before the
rst hospital admission (HT) in the main cohort.
s shown in Fig 3, the lowest quartile for serum

ron levels had significantly higher numbers of HT

Kaplan-Meier P � 0.001). A similar trend for
onhospitalized patients was observed for the lower
quartiles of iron saturation ratio compared with

he higher quartiles (Fig 4). Finally, it is important
o note that in all models, amount of administered
ron did not show an association with outcome.

DISCUSSION

In a prospective observational study of 1,283
HD patients from 10 uniformly administered
aVita dialysis facilities in the South Bay Los
ngeles area, we show that low, rather than high,
aseline values of serum iron and iron saturation
atio were consistently associated with poor clini-
al outcome, including significantly greater rates
f mortality and hospitalization. These signifi-
ant and strikingly inverse associations were
ndependent of demographic features, markers of
utrition and inflammation (such as serum fer-
itin and albumin levels), anemia (serum hemo-
lobin level), and administered doses of EPO
nd IV iron. In the subcohort, we also showed
hat these inverse associations were independent

f comorbid conditions, measured by Charlson
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KALANTAR-ZADEH ET AL678
omorbidity score and history of cardiovascular
isease, and inflammation, measured by serum
RP level. Serum iron level had a stronger
ssociation with inverse outcome compared with
erum iron saturation ratio.

Among 3 indicators of iron stores that are
outinely (monthly to quarterly) measured in all
ialysis facilities in the United States, serum iron
oncentration is used less frequently than serum
erritin level or iron saturation ratio for monitor-
ng iron status in MHD patients. The National
idney Foundation-K/DOQI guidelines have ex-

ensive recommendations and comprehensive dis-
ussions about serum ferritin level and iron satu-
ation ratio pertaining to their use in monitoring
ron stores in dialysis patients, but almost no
overage for serum iron concentration itself in
his regard.20 Iron saturation ratio is a mathemati-
al product of 2 measured serum components, ie,
erum iron level divided by TIBC. Serum TIBC
s a negative acute-phase reactant and a marker

Table 5. Mortality Risk During the 12 Months of
Proportional Haza

Serum Iron and
Risk for Death

Unadjusted
HR

Multivariate-
Adjusted HR

erum iron (for each
10-�g/dL
decrease; main
cohort, n � 1,283)*

1.15 (1.07-1.23)
P � 0.001

1.07 (1.01-1.14)
P � 0.036)

erum iron (for each
10-�g/dL
decrease;
subcohort,
n � 322)†

1.40 (1.13-1.73)
P � 0002

1.31 1.071.62
P � 0.008

erum iron quartiles
(across decreasing
quartiles)*

1.40 (1.22-1.61)
P � 0.001

1.20 (1.04-1.40)
P � 0.015

owest serum iron
quartile (v highest
quartile)*

2.34 (1.61-3.67)
P � 0.001

1.71 (1.06-2.77)
P � 0.028

owest serum iron
quartile (v all
others)*

2.34 (1.74-3.16)
P � 0.001

1.56 (1.12-2.19)
P � 0.009

NOTE. Each entry includes the HR for first hospital admis
ain cohort of 1,283 MHD patients, unless specified. To co
*Multivariate-adjusted models in the main cohort (n � 1

ersus others), ethnicity (Hispanics versus others), diabete
thers), BMI, Kt/V (single pool), serum albumin and ferritin
PO, and monthly doses of IV iron (iron gluconate and/or ir
†Models in the subcohort (n � 322) include all these cova
harlson comorbidity score, and serum CRP level.
f malnutrition-inflammation complex syndrome H
MICS) and poor outcome in MHD patients.17,21,22

ence, unlike in the general population, the use
f iron saturation ratio may not be as helpful as
erum iron level by itself for monitoring iron
tatus in MHD patients. The value of the iron
aturation ratio can be confounded significantly
y protein-energy malnutrition and/or inflamma-
ion because its denominator, ie, TIBC, is a
utritional and/or inflammatory marker.23,24 This
ay explain why in our study, discovered in-

erse associations were stronger for serum iron
evel than for iron saturation ratio. Conversely,
erum ferritin is a positive acute-phase reactant
nd levels may be increased in MICS regardless
f iron status.22,25 Hence, serum ferritin level
ay be an even less useful marker of iron sta-

us.25 Finally, serum iron level itself is inferior to
uch reference standard indicators of iron stores
s bone marrow iron.26

Serum iron is believed to be a reliable indica-
or of iron stores in the general population.

ctive Follow-Up Indicated by HRs Based on Cox
ression Analyses

on Saturation Ratio
and Risk for Death

Unadjusted
HR

Multivariate-
Adjusted HR

saturation ratio (for
ch 10% decrease;

ain cohort,
� 1,283)*

1.11 (0.96-1.28)
P � 0.145

1.15 (1.00-1.33)
P � 0.056

saturation ratio (for
ch 10% decrease;
bcohort, n � 322)†

1.38 (0.94-2.04)
P � 0.104

1.59 (1.10-2.23)
P � 0.014

saturation ratio
artile (across
creasing quartiles)*

1.16 (1.01-1.32)
P � 0.034

1.17 (1.01-1.35)
P � 0.035

est iron saturation
tio quartile (v
ghest quartile)*

1.45 (0.98-2.16)
P � 0.065

1.33 (0.84-2.11)
P � 0.228

est iron saturation
tio quartile (v all
hers)*

1.57 (1.15-2.14)
P � 0.004

1.52 (1.09-2.13)
P � 0.014

95% CI), in parentheses, and related P. Data pertain to the
on in �g/dL to �mol/L, multiply by 0.179.
include age, sex, race (blacks versus others and Asians
sis vintage (in months), insurance status (Medicaid versus
trations, blood hemoglobin level, average weekly dose of

tran).
for the main cohorts plus history of cardiovascular disease,
Prospe
rd Reg

Ir
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m
n

Iron
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Iron
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ra
hi

Low
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sion, (
nvert ir
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s, dialy
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riates
owever, some diurnal and day-to-day varia-
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LOW IRON AND POOR DIALYSIS OUTCOME 679
ions in serum iron levels have been reported.27

erum iron levels may be decreased in condi-
ions other than iron deficiency; the most fre-
uent probably is the anemia associated with
uch chronic conditions as uremia. Chronic in-
ammation may be the reason for such a de-
rease in serum iron level under these condi-
ions.7,28,29 Hypoferremia (ie, low serum iron
evel, not to be confused with hypoferritinemia)
s observed not only during inflammation of
arious causes and neoplasia, but also during
rauma, myocardial infarction, surgery, and stress-
ul conditions.29 The hypoferremic response was
elieved to be of protective value to the host
gainst infection and neoplasia because suppres-
ion of the iron-withholding ability of the host by
xcess iron would be associated with a greater
ncidence and severity of infection and neopla-
ia.28,29 Excessive iron is considered deleterious

Table 6. Relative Risk for HT During the 12 Months
Proportional Haza

Serum Iron and
Risk for HT

Unadjusted
HR

Multivariate-
Adjusted HR

erum iron (for each
10-�g/dL
decrease; main
cohort,
n � 1,283)*

1.08 (1.04-1.12)
P � 0.001

1.04 (1.01-1.07)
P � 0.007

erum iron (for each
10-�g/dL
decrease;
subcohort,
n � 322)†

1.10 (1.03-1.19)
P � 0.007

1.07 (1.00-1.15)
P � 0.054

erum iron quartiles
(across
decreasing
quartiles)*

1.21 (1.13-1.29)
P � 0.001

1.09 (1.01-1.16)
P � 0.024

owest serum iron
quartile (v highest
quartile)*

1.80 (1.47-2.20)
P � 0.001

1.41 (1.12-1.79)
P � 0.004

owest serum iron
quartile (v all
others)*

1.59 (1.36-1.86)
P � 0.001

1.21 (1.01-1.43)
P � 0.033

NOTE. Each entry includes HR for HT (95% CI), and re
nless specified. To convert iron in �g/dL to �mol/L, multip
*Multivariate-adjusted models in the main cohort (n � 1

ersus others), ethnicity (Hispanics versus others), diabete
thers), BMI, Kt/V (single pool), serum albumin and ferritin
PO, and monthly doses of IV iron (iron gluconate and/or ir
†Models in the subcohort (n � 322) include all these

omorbidity score, and serum CRP level.
ecause of its oxidative stress and predisposition a
o infection in MHD patients. Such concerns
robably have led to relatively conservative poli-
ies, including the K/DOQI guidelines, for iron
dministration to MHD patients. However, most
eports concerning adverse effects of iron in

HD patients are based on in vitro studies.30

The inverse association that we found between
relative iron deficiency status (serum iron �

5.5 �g/dL [�8.1 �mol/L]) and poor clinical
utcome may be caused by the confounding
ffect of inflammation and malnutrition, also
nown as MICS. Nevertheless, the discovered
ssociations remained statistically significant,
onsistent, and relatively strong, even after the
se of such extensive multivariate models that
djusted for relevant covariates, including serum
lbumin and ferritin and blood hemoglobin lev-
ls. Even inclusion of such factors as WBC count
as an indicator of inflammation) and nPNA (as

spective Follow-Up Indicated by HRs Based on Cox
ression Analyses

Iron Saturation Ratio
and Risk for HT

Unadjusted
HR

Multivariate-
Adjusted HR

saturation ratio (for
ach 10% decrease;
ain cohort,
� 1,283)*

1.13 (1.06-1.22)
P � 0.001

1.12 (1.04-1.20)
P � 0.002

saturation ratio (for
ach 10% decrease;
ubcohort, n � 322)†

1.22 (1.04-1.43)
P � 0.014

1.23 (1.05-1.44)
P � 0.010

saturation ratio
uartile (across
ecreasing quartiles)*

1.15 (1.07-1.22)
P � 0.001

1.12 (1.04-1.20)
P � 0.002

est iron saturation
tio quartile (v

ighest quartile)*

1.46 (1.19-1.79)
P � 0.001

1.36 (1.08-1.71)
P � 0.008

est iron saturation
tio quartile (v all

thers)*

1.34 (1.14-1.57)
P � 0.001

1.22 (1.03-1.45)
P � 0.020

. Data pertain to the main cohort of 1,283 MHD patients,
179.
include age, sex, race (blacks versus others and Asians
sis vintage (in months), insurance status (Medicaid versus
trations, blood hemoglobin level, average weekly dose of

tran).
riates plus history of cardiovascular disease, Charlson
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n indicator of protein intake) did not change the
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KALANTAR-ZADEH ET AL680
trength or direction of the associations we found
data not shown). In the subcohort, 3 additional
ovariates, ie, degree of severity of comorbid
ondition, history of cardiovascular disease, and
nflammation reflected by serum CRP level, were
dded to multivariate models, but serum iron
evel maintained its inverse and statistically sig-
ificant association with outcome. Hence, a low
erum iron level is an independent marker of
oor outcome in MHD patients.
Very few in vivo studies have shown an asso-

iation between iron administration or higher
ron indices and poor outcome in MHD patients.
n 79 MHD patients, Drueke et al31 found that an
ncreased common carotid artery intima-media
hickness, a marker of early atherosclerosis, was
ssociated with plasma advanced oxidation pro-
ein products, serum ferritin, and annual IV iron
ose administered. The investigators concluded
hat their findings indicated a significant role for
xidative stress in early atherosclerosis in MHD

31

Table 7. RR of HF During the 12 Months of Prospe

Serum Iron and
RR of HF

Unadjusted
RR

Multivariate-
Adjusted RR*

erum iron (for each
10-�g/dL
decrease; main
cohort,
n � 1,283)*

1.06 (1.04-1.08)
P � 0.001

1.02 (1.01-1.04)
P � 0.004

erum iron (for each
10-�g/dL
decrease;
subcohort,
n � 322)†

1.26 (1.22-1.31)
P � 0.001

1.20 (1.15-1.25)
P � 0.001

erum iron quartiles
(across
decreasing
quartiles)*

1.16 (1.12-1.21)
P � 0.001

1.04 (1.01-1.09)
P � 0.034

owest serum iron
quartile (v highest
quartile)*

1.53 (1.37-1.71)
P � 0.001

1.22 (1.07-1.39)
P � 0.003

owest serum iron
quartile (v all
others)*

1.45 (1.33-1.58)
P � 0.001

1.11 (1.01-1.23)
P � 0.026

NOTE. Each entry includes the RR for HT (95% CI), and
nless specified. To convert iron in �g/dL to �mol/L, multip
*Multivariate-adjusted models in the main cohort (n � 1

ersus others), ethnicity (Hispanics versus others), diabete
thers), BMI, Kt/V (single pool), serum albumin and ferritin
PO, and monthly doses of IV iron (iron gluconate and/or ir
†Models in the subcohort (n � 322) include all these

omorbidity score, and serum CRP level.
atients, which may be increased by IV iron. I
owever, this observational study did not sub-
tantiate a cause-effect association between IV
ron administration and worsening oxidative stress
n these patients. In another longitudinal study of

similar number of MHD patients, an abrupt
ncrease in serum ferritin levels was associated
ith increased mortality.22 However, in this study,

ll patients were administered a relatively uni-
orm dose of IV iron. Hence, it was concluded
hat an increase in serum ferritin levels was
elated to acute-phase reaction and not IV iron
dministration.22 In another study by Feldman et
l,32 there was a tendency to increased mortality
n MHD patients administered greater doses of
V iron.

However, additional analyses by the same
nvestigators of a large national data set from
996 using novel epidemiological and statistical
ethods have not detected an association be-

ween iron administration and survival (H. Feld-
an, personal communication, November 2003).

ollow-Up Based on Poisson Regression Analyses

Iron Saturation
and RR HF

Unadjusted
RR

Multivariate-
Adjusted RR*

saturation ratio (for
ch 10% decrease;

ain cohort,
� 1,283)*

1.10 (1.05-1.14)
P � 0.001

1.07 (1.02-1.11)
P � 0.002

saturation ratio (for
ch 10% decrease;
bcohort, n � 322)†

2.01 (1.84-2.18)
P � 0.001

1.86 (1.66-2.08)
P � 0.001

saturation ratio
artile (across
creasing
artiles)*

1.12 (1.08-1.16)
P � 0.001

1.07 (1.03-1.11)
P � 0.001

est iron saturation
tio quartile (v
ghest quartile)*

1.34 (1.19-1.50)
P � 0.001

1.26 (1.11-1.43)
P � 0.001

est iron saturation
tio quartile (v all
hers)*

1.24 (1.13-1.35)
P � 0.001

1.09 (0.99-1.19)
P � 0.080

P. Data pertain to the main cohort of 1,283 MHD patients,
179.
include age, sex, race (blacks versus others and Asians
sis vintage (in months), insurance status (Medicaid versus
trations, blood hemoglobin level, average weekly dose of

tran).
riates plus history of cardiovascular disease, Charlson
ctive F
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Iron
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,283)
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n our current study, we did not find an associa-
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LOW IRON AND POOR DIALYSIS OUTCOME 681
Table 8. RR of HD During the 12 Months of Prospective Follow-Up Based on Poisson Regression Analyses

Serum Iron and
RR of HD

Unadjusted
RR

Multivariate-
Adjusted RR*

Iron Saturation
and RR of HD

Unadjusted
RR

Multivariate-
Adjusted RR*

erum iron (for each
10-�g/dL
decrease; main
cohort,
n � 1,283)*

1.10 (1.09-1.10)
P � 0.001

1.04 (1.03-1.05)
P � 0.001

Iron saturation ratio (for
each 10% decrease;
main cohort,
n � 1,283)*

1.17 (1.15-1.19)
P � 0.001

1.14 (1.13-1.16)
P � 0.001

erum iron (for each
10-�g/dL
decrease;
subcohort,
n � 322)†

1.31 (1.28-1.33)
P � 0.001

1.24 (1.21-1.26)
P � 0.001

Iron saturation ratio (for
each 10% decrease;
subcohort, n � 322)†

1.88 (1.80-1.96)
P � 0.001

1.68 (1.59-1.77)
P � 0.001

erum iron quartiles
(across
decreasing
quartiles)*

1.21 (1.19-1.23)
P � 0.001

1.06 (1.04-1.08)
P � 0.001

Iron saturation ratio
quartile (across
decreasing quartiles)*

1.15 (1.14-1.17)
P � 0.001

1.09 (1.07-1.11)
P � 0.001

owest serum iron
quartile (v highest
quartile)*

1.69 (1.61-1.77)
P � 0.001

1.39 (1.32-1.47)
P � 0.001

Lowest iron saturation
ratio quartile (v
highest quartile)*

1.50 (1.43-1.57)
P � 0.001

1.38 (1.31-1.46)
P � 0.001

owest serum iron
quartile (v all
others)*

1.62 (1.56-1.67)
P � 0.001

1.18 (1.13-1.22)
P � 0.001

Lowest iron saturation
ratio quartile (v all
others)*

1.42 (1.37-1.47)
P � 0.001

1.20 (1.15-1.24)
P � 0.001

NOTE. Each entry includes the RR for HT (95% CI), and related P. Data pertain to the main cohort of 1,283 MHD patients,
nless specified. To convert iron in �g/dL to �mol/L, multiply by 0.179.
*Multivariate-adjusted models in the main cohort (n � 1,283) include age, sex, race (blacks versus others and Asians

ersus others), ethnicity (Hispanics versus others), diabetes, dialysis vintage (in months), insurance status (Medicaid versus
thers), BMI, Kt/V (single pool), serum albumin and ferritin concentrations, blood hemoglobin level, average weekly dose of
PO, and monthly doses of IV iron (iron gluconate and/or iron dextran).
†Models in the subcohort (n � 322) include all these covariates plus history of cardiovascular disease, Charlson

omorbidity score, and serum CRP level.
Fig 3. Cumulative propor-
ions of nonhospitalized pa-
ients in 4 quartiles of serum
ron concentrations (3-month
verage at the beginning of
he cohort) in 1,283 MHD pa-
ients of the main cohort. Pa-
ients in the lowest serum
ron quartile had the greatest
rst hospitalization inci-
ence (Kaplan-Meier P <

.001).
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KALANTAR-ZADEH ET AL682
ion between amount of administered iron and
ortality or hospitalization. Several studies in

he past had denoted an association between
ialysis morbidity, including risk for infection,
nd iron overload represented by a high serum
erritin level.33 However, such inferences may be
awed because hyperferritinemia-associated mor-
idity could have reflected an independent prog-
ostic factor, rather than being caused by iron
verload. In other words, because serum ferritin
s an inflammatory marker, its levels may be
ncreased in the setting of infection. Infection per
e may be the primary cause of death and also
ssociated with hyperferritinemia as a secondary
henomenon. Thus, considering high ferritin level
s the primary cause of increased mortality in the
etting of inflammation or infection and implicat-
ng IV iron for that may be flawed as long as
ongitudinal studies do not show a temporal
elationship between iron administration and poor
utcome in MHD patients.
Our study should be qualified because it is

bservational, rather than interventional, and a
ixed incident/prevalent MHD population was

sed. Moreover, despite its large sample size,
HD patients were on average several years

ounger than the average MHD patients in the
S Renal Data System (USRDS).34 This may

xplain a lower mortality rate in our study popu-

ation compared with the USRDS. Moreover, we m
ad a greater prevalence of diabetes and more
ispanic patients than in the USRDS. Neverthe-

ess, because essentially all MHD patients of the
0 studied dialysis facilities were included in our
nalyses, there was no selection bias, at least at
tudy population level. Moreover, all dialysis
acilities were under uniform administrative care,
nd all laboratory tests were performed in a
ingle laboratory with optimal quality-assurance
onitoring. Furthermore, we used 3-month-

veraged measures, rather than 1 single measure
t baseline, and we adjusted for dialysis vintage
n all multivariate models. A switch from iron
luconate to sucrose toward the end of the cohort
ime was observed, but its confounding effect is
ess likely, although not impossible.

Another limitation of our study is the possible
nclusion of cases with gastrointestinal bleeding,
ther sources of blood loss, or malignancies,
hich may lead to low serum iron levels and
oor outcome. Moreover, MHD patients with
ntercurrent infection or systemic inflammatory
iseases, in whom inflammation-induced hypo-
erremia can be observed, were not excluded.
owever, these cases are not too frequent to

ause major confounding. Furthermore, we did
ot assess residual renal function, but it is less
ikely that serum iron level would be different
ased on urine output. Changes in fluid status

Fig 4. Cumulative propor-
tions of nonhospitalized pa-
tients in 4 quartiles of iron
saturation ratio (3-month av-
erage at the beginning of the
cohort) in 1,283 MHD patients
of the main cohort. Patients
in the lowest iron saturation
ratio quartile had the great-
est first hospitalization inci-
dence (Kaplan-Meier P <
0.001).
ay cause fluctuation in serum iron levels; how-
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ver, all blood samples were drawn predialysis.
ther analytical restrictions of our study may be

hat our design inherently precludes conclusions
ertaining to cause-effect relationship. More-
ver, we used conventional multivariate models
hat use a baseline measure to predict prospec-
ive events, a model that does not include time-
arying components. Although time-varying or
djusted regression models may be of relevance
or long-term cohorts, our follow-up interval was
imited to only 12 months. It is very unlikely,
lthough not impossible, that time-varying vari-
bles would exert significantly different exposure-
utcome constellations within such a short pe-
iod.

To our knowledge, this is the first study that
hows an inverse association between serum iron
evel and poor outcome, which is in contrast to
onventional expectation in MHD patients. How-
ver, this is not the first time that a “risk factor
eversal” phenomenon was observed in these
ndividuals.35,36 Decreased, rather than increased,
MI, blood pressure, or serum cholesterol, creat-

nine, and homocysteine levels have been associ-
ted with greater mortality rates in MHD pa-
ients.35,37 This phenomenon, also referred to as
reverse epidemiology,” may now include yet
nother component, ie, the association between a
ow serum iron level and poor dialysis out-
ome.35

Another potentially important observation in
ur study is that in more than 40% of MHD
atients, anemia management was based solely
n EPO, without IV iron administration during
he entire 3 months of baseline. This may be a
irect consequence of current conservative
/DOQI guidelines and caused by the known

pprehension among nephrologists that iron is
armful. Conversely, only 14 patients (1.1%)
ere administered IV iron without EPO in the

ame observation period. Although our study is
ased exclusively on mere observational data
nd no cause-effect association can be inferred, it
s consistent with the thesis that low iron status
ay be as harmful as, if not more harmful than,

he so-called iron overload. In previously re-
orted cases of hemochromatosis and/or hemo-
iderosis among dialysis patients, the observed
erum ferritin levels were greater than the cur-
ently observed ranges in MHD patients, usually

n the 3,000- to 10,000-ng/mL (�g/L) range N
hen.38 To our knowledge, with widespread EPO
dministration to dialysis patients since the early
990s, there have been much fewer, if any,
eported cases of hemochromatosis or hemosider-
sis in these patients despite rigorous use of IV
ron.38 Current guidelines to use such moderately
ncreased serum ferritin levels (�200 to 300
g/mL [�g/L]) for hemochromatosis screening
n the general population are not applicable to the
ialysis population.39 Hence, K/DOQI guide-
ines advising against IV iron administration to
ialysis patients with a moderately increased
erum ferritin level, ie, the 800- to 2,000-ng/mL
�g/L) range, may need to be reconsidered and
ight deprive these possibly inflamed, but not

ron-overloaded or even possibly iron deficient,
atients of required iron supplementation. How-
ver, the observational nature of our study
rompts caution in interpreting and generalizing
ur findings. Interventional studies, including
andomized clinical trials, are required to ascer-
ain whether: (1) in an MHD patient with a low
erum iron level, IV iron administration can
ffectively increase serum iron levels; and (2)
hether such an interventional increase in serum

ron levels improves clinical outcome in these
ndividuals.
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