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Abstract

Background—High doses of human recombinant erythropoietin (rHuEPO) to achieve 

hemoglobin levels above 13 g/dL in chronic kidney disease appear associated with elevated 

mortality.

Study Design—We conducted logistic regression and survival analyses in a retrospective cohort 

of maintenance hemodialysis (MHD) patients to examine the hypothesis that the induced iron 

depletion with resultant relative thrombocytosis may be a possible contributor to the link between 

the high rHuEPO dose associated hemoglobin ≥13 g/dL and mortality.
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Setting & Participants—The national database of a large dialysis organization (DaVita) with 

40,787 MHD patients during July to December 2001 and their survival up to July 2004 were 

examined.

Predictors—Hemoglobin level, platelet count and administered rHuEPO dose during each 

calendar quarter.

Outcomes & other Measurements—Case-mix adjusted 3-year all-cause mortality; and 

measures of iron stores including serum ferritin and iron saturation ratio (ISAT).

Results—Higher platelet count was associated with lower iron stores and higher prescribed 

rHuEPO dose. Compared to hemoglobin of 12-13 g/dL, hemoglobin ≥13 g/dL was associated with 

increased mortality in the presence of relative thrombocytosis, i.e., platelet count ≥300,000/μl, 

(case-mix adjusted death-rate ratio [RR]: 1.21, 95% confidence limits [CL]: 1.02–1.44, P=0.03) as 

opposed to the absence of relative thrombocytosis (RR: 1.04, 95% CL: 0.98–1.08, P=0.13). 

Prescribed rHuEPO dose >20,000 units/week was associated with higher likelihood of iron 

depletion (ISAT<20%) and relative thrombocytosis (case-mix adjusted odds ratio: 2.53 [CL: 2.37–

2.69] and 1.36 [CL: 1.30–1.42], respectively, p<0.001) and increased mortality over 3 years 

(death-rate ratio of 1.59, CL: 1.54, 1.65, p<0.001).

Limitations—Our results may incorporate uncontrolled confounding. Achieved hemoglobin may 

have different mortality-predictability than targeted hemoglobin.

Conclusions—Iron depletion and associated relative thrombocytosis might contribute to 

increased mortality when administering high rHuEPO doses to achieve hemoglobin ≥13 g/dL in 

MHD patients. Randomized trials are needed to test these observational associations.

Keywords

Anemia; thrombocytosis; iron stores; hemodialysis population; erythropoiesis stimulating agent 
(ESA); malnutrition-inflammation-cachexia syndrome (MICS)

Introduction

Among patients with terminal (stage 5) CKD undergoing maintenance dialysis treatment, 

anemia has been associated with increased mortality.[1–3] As a result, most guidelines 

recommend treating CKD associated anemia with erythropoiesis stimulating agents (ESA) 

to improve hemoglobin levels to at least 10 or 11 g/dL levels.[1, 2, 4] While higher 

hemoglobin levels are incrementally associated with greater survival in most epidemiologic 

studies, a randomized controlled trial (RCT) designed to normalize hemoglobin to levels at 

or above 14 g/dL in dialysis patients showed a paradoxical increase in cardiovascular events 

and a trend towards higher mortality.[5] Two recent RCTs with similar objectives of 

normalizing hemoglobin but in earlier CKD stages resulted in similar findings.[6, 7] A 

recent meta-analysis of these and other trials indicated a higher mortality in CKD patients in 

whom a target hemoglobin consistent with the normal range of the general population, (≥13 

g/dL) was attempted.[8, 9] Consistent with these RCT findings, a recent observational study 

in 58,058 MHD patients showed that a hemoglobin concentration in the range of 12 to 13 

g/dL was associated with the greatest survival, whereas hemoglobin levels above 13 or 

below 11.5 g/dL was associated with higher mortality when compared to the 11–11.5 g/dL 
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group.[3] Despite the apparent consistency of these findings, it is not clear why hemoglobin 

and survival exhibit such a U-shaped association.

Recent studies have indicated a potential link between the relative state of iron depletion and 

higher mortality in patients with advanced CKD who undergo maintenance hemodialysis 

(MHD).[10, 11] Treatment of anemia with ESA but without adequate iron supplementation 

may deplete iron stores.[12] Iron depletion is known to be associated with relative 

thrombocytosis (increased platelet count),[13] which might lead to higher risk of 

thromboembolic events.[14, 15] Given the high risk of cardiovascular and other thrombotic 

events in patients with CKD, we hypothesized that CKD patients who received higher ESA 

doses and achieve higher hemoglobin levels tend to have lower iron stores and higher blood 

platelet counts, which may predispose them to increased thrombotic events and the increased 

death risk.

Methods

Study Design

We conducted a retrospective cohort study in maintenance hemodialysis (MHD) patients of 

a 3-year national database of a large dialysis organization in the United States (DaVita, Inc) 

and followed the subjects for up to 3 years.

Settings and Participants

We extracted, refined, and examined data from all individuals with CKD stage 5, who 

underwent MHD treatment from July 1 to December 31, 2001, in any one of the 560 

outpatient dialysis facilities of DaVita, Inc, and followed them until June 30, 2004. The 

study was approved by the Institutional Review Committees of both Los Angeles 

Biomedical Research Institute at Harbor-UCLA and DaVita Clinical Research; because of 

the large sample size, the anonymity of the patients studied, and the non-intrusive nature of 

the research, the requirement for informed consent was waived.

Clinical and Demographic Measures

The study cohort has been described previously.[11, 16, 17] To minimize measurement 

variability, all repeated measures for each patient during any of the two baseline calendar 

quarters (Summer and Fall 2001) were averaged and the summary estimate was used in all 

models. Dialysis vintage was defined as the duration of time between the first day of dialysis 

treatment and the first day that the patient entered the cohort. MHD patients qualified for 

this study were 18 years or older and required to have a dialysis vintage of 90 days or longer 

during at least half of the baseline calendar quarter.

Thirteen-week averaged post-dialysis weight and baseline height were used to calculate the 

body mass index (BMI=weight[kg]/height squared[m2]). The dose of administered 

recombinant human erythropoietin (rHuEPO, EPOGEN™, Amgen, Inc, Thousand Oaks, 

CA) was also calculated for each baseline calendar quarter.[17–20] The dates of death or 

other censoring events such as kidney transplantation or leaving the country were obtained 

for all patients who did not survive or were lost up to June 30, 2004.
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History of diabetes mellitus was available in the database, while histories of tobacco 

smoking and preexisting comorbid conditions were obtained by linking the DaVita database 

to Medical Evidence Form 2728.[21] The latter were categorized into ten comorbid 

conditions: (1) ischemic heart disease, (2) congestive heart failure, (3) status post (s/p) 

cardiac arrest, (4) s/p myocardial infarction, (5) pericarditis, (6) cardiac dysrhythmia, (7) 

cerebrovascular events, (8) peripheral vascular disease (9) chronic obstructive pulmonary 

disease, and (10) cancer.

Laboratory Measures

Blood samples were drawn using uniform techniques in all of the DaVita dialysis clinics and 

were transported to the DaVita Laboratory in Deland, Florida, typically within 24 hrs. All 

laboratory values were measured by automated and standardized methods in the DaVita 

Laboratory. Most laboratory values, including complete blood cell counts and serum levels 

of urea nitrogen, creatinine, albumin, calcium, phosphorus, bicarbonate, iron and total iron 

binding capacity (TIBC), were measured monthly. Serum ferritin was measured quarterly. 

Hemoglobin was measured at least monthly in essentially all patients and weekly to bi-

weekly in most patients. Serum iron saturation ratio (ISAT) and ferritin values serves as 

markers of iron stores in this study. Kt/V was used to estimate dialysis dose and normalized 

protein equivalent of total nitrogen appearance (nPNA), also known as normalized protein 

catabolic rate (nPCR), an estimation of daily protein intake, was assessed monthly as a 

measure of protein intake. Most blood samples were collected pre-dialysis with the 

exception of the post-dialysis serum urea nitrogen that was obtained to calculate urea 

kinetics.

Analytical Methods

We used Cox proportional-hazards and logistic regression with three levels of regression 

adjustment: (I) A minimally adjusted model that included mortality as the outcome measure, 

the predictors and the entry calendar quarter; (II) Case-mix adjusted models that included all 

of the above plus diabetes mellitus and 10 pre-existing comorbid states, history of tobacco 

smoking, categories of dialysis vintage (<6 mos, 6 mos to 2 yrs, 2–5 yrs and ≥5 yrs), 

primary insurance (Medicare, Medicaid, private and others), marital status (married, single, 

divorced, widowed and other or unknown), the standardized mortality ratio of the dialysis 

clinic during entry quarter, dialysis dose as indicated by Kt/V (single pool), presence or 

absence of a dialysis catheter, and residual renal function during the entry quarter, i.e. 

urinary urea clearance; and (III) Malnutrition-inflammation-complex syndrome (MICS) 

adjusted models which included all of the covariates in the case-mix model as well as 13 

surrogates of nutritional status and inflammation, including BMI, the average dose of 

rHuEPO (if not modeled as a predictor), and 11 laboratory variables as surrogates of the 

nutritional state or inflammation, together also known as MICS, with known association 

with clinical outcomes in MHD patients [11, 22, 23]: (1) nPNA as an indicator of daily 

protein intake, (2) serum albumin, (3) serum TIBC, (4) serum ferritin; (5) serum creatinine, 

(6) serum phosphorus, (7) serum calcium, (8) serum bicarbonate, (9) peripheral white blood 

cell count (WBC), (10) lymphocyte percentage, and (11) iron saturation ratio. In our view 

results from the minimally adjusted models are likely to be underadjusted due to omission of 

potential confounders, while results from the MICS adjusted models may be overadjusted 
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due to possible inclusion of biological intermediates. We thus prefer to base inferences on 

the case-mix adjusted models. Because we cannot be certain of the best model, however, we 

have included all three levels of adjustments in some of the presented analyses to provide the 

full spectrum of results.

Plots of log [-log (survival rate)] against log (survival time) were used to check the 

proportionality assumption. Missing covariate data (under 2% for most laboratory and 

demographic variables and under 3% for any of the 10 comorbid conditions) were imputed 

by the mean of the existing values (except for ferritin and PTH where median was used). All 

analyses were carried out with the SAS, version 9.1, SAS Institute, Inc., Cary, North 

Carolina, and Stata version 9.0, Stata Corporation, College Station, Texas.

Results

The original 6-month (July to Dec, 2001) national database of all DaVita MHD patients 

included 47,156 subjects. After deleting those patients who did not continue hemodialysis 

treatment for more than 45 days, 41,093 MHD patients remained for analysis, of whom 306 

patients had missing core data including platelet count or hemoglobin values. The final 

cohort included 40,787 MHD patients, of whom patients 33,024 patients originated from the 

first calendar quarter dataset and the rest from the subsequent calendar quarter. Analysis 

follow-up time started from the first day of the calendar quarter that the patient met the 

above criteria. To compare patient characteristics in high vs. normal to low platelet count 

groups, we defined “relative” thrombocytosis as a platelet count equal or greater than 

300,000/μl based on several previous studies [24–29] and prior to the start of data analysis as 

a pre-determined definition, whereas “absolute” thrombocytosis is defined as a platelet count 

equal or greater than 450,000/μl. In this study, we exclusively examined the relative 

thrombocytosis, which based on our pre-determined definition was present in 15% of the 

MHD patients at any given time, whereas absolute thrombocytosis was present in only one 

percent of the entire cohort. In our cohort, the mean platelet count was 226,328/μl (SD: 

75,678/μl, median: 215,667/μl inter-quartile range: 173,500/μl to 268,333/μl).

Table 1 shows baseline demographic, clinical and laboratory characteristics of the studied 

MHD patients. Those with relative thrombocytosis averaged 2 years younger and were more 

likely to be women and diabetic. Even though about 60% of patients in both groups received 

IV iron during the baseline calendar quarter, the thrombocytotic patients had been prescribed 

30% higher weekly doses of rHuEPO of ~18,000 units/wk and had lower serum ISAT level 

(24±12%) compared to their non-thrombocytotic counterparts, who received lower weekly 

rHuEPO doses of ~13,500 units/wk and who had a higher ISAT (30±13%). Serum Ferritin 

was lower in thrombocytotic MHD patients. Examining bivariate associations between 

platelet count and relevant clinical and laboratory variables showed that higher platelet count 

was associated with lower ISAT, lower hemoglobin and higher WBC count. Figure 1 shows 

that ISAT decreases monotonically across 25,000/μl increments of blood platelet counts.

To study the association between platelet counts and iron stores and their potential link to 

the anemia management, we stratified the MHD patients with a hemoglobin above 10 g/dL 

and increments of 1 g/dL into two mutually exclusive groups of non-thrombocytotic (platelet 
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<300,000/μl) and thrombocytotic (platelet≥300,000/μl) patients. As shown in Table 2 and 

Figure 2, thrombocytotic MHD patients had lower iron stores than non-thrombocytotic 

patients independent of the level of hemoglobin. In each hemoglobin group, mortality rate 

was higher in thrombocytotic patients than non-thrombocytotic ones (Table 3).

To examine whether the risk of death was higher in the setting of relative thrombocytosis 

after case-mix adjustment, proportional-hazards models were employed, as shown in Table 3 

and Figure 3. Using a hemoglobin level of 12 to 13 g/dL as the reference group, the case-

mix adjusted 3-year death rates in MHD patients with hemoglobin ≥13 g/dL was 21% higher 

in thrombocytotic patients (p=0.03), whereas it was not different from the reference group in 

non-thrombocytotic patients. Compared to non-thrombocytotic patients, thrombocytotic 

MHD patients had higher death rates at all commensurate hemoglobin levels (Figure 3, right 

panel). This difference in predictive ability was confirmed by inclusion of the product of 

hemoglobin level and platelet count in the model (results not shown).

We further examined the impact of anemia management by rHuEPO on the platelet count, 

iron stores and survival. In 32,418 patients who received any dose of rHuEPO in the first 3 

months of the cohort, the 13-week averaged rHuEPO dose was divided into 6 increments of 

5,000 units/wk as shown in Table 4. Patients who received higher rHuEPO dose had higher 

crude mortality rates, lower ISAT and ferritin levels, and higher platelet counts. In 

proportional hazard models, administration of rHuEPO≥20,000 units/week was associated 

with case-mix and additional MICS adjusted mortality ratios of 1.59 (95% CL: 1.54, 1.65) 

and 1.31 (1.26, 1.37), respectively (P<0.001). Figure 4 shows that, over 3 years, the 

mortality associated with administered rHuEPO dose was higher with weekly doses in the 

range of 15,000 to 20,000 units/wk or more.

In order to identify the potential risk factors that may link high rHuEPO dose to mortality, 

we performed logistic regression analyses.Table 5 shows that, after adjustment, relative iron 

depletion (ISAT<20%, present in 16% of all patients) was more frequent in patients who 

received rHuEPO>20,000 units/wk. Both rHuEPO dose >20,000 units/wk and iron depletion 

(both ISAT <20% and incremental ISAT drops by 10%) were associated with thromocytosis.

Discussion

We found that relatively higher platelet counts are associated with higher prescribed 

rHuEPO dose and lower iron stores in 40,787 MHD patients from a large dialysis 

organization. In patients with relative thrombocytosis, i.e., platelet count ≥ 300,000/μl, a 

hemoglobin level above 13g/dL was associated with higher mortality compared to 

hemoglobin in the 12 to 13 g/dL range. Higher prescribed rHuEPO doses were associated 

with increased risk of relative iron depletion and relative thrombocytosis and increased 

mortality. These findings suggest that the observed association between higher prescribed 

rHuEPO dose to achieve hemoglobin levels above 13 g/dL may be linked to iron store 

depletion and subsequent thrombocytosis, which may in turn increase risks of adverse 

cardiovascular events and death.
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The reactivity of platelets plays a central role in the genesis of thrombosis, especially in the 

setting of known atherosclerotic cardiovascular disease (as is often present in CKD patients). 

To this end, anti-platelet therapy is employed to reduce the occurrence of thrombotic events.

[15] In diabetic peritoneal dialysis patients thrombocytosis is associated with the severity of 

cardiovascular disease.[28] High ex vivo platelet reactivity appears to be associated with 

ischemic events.[14] Because the platelet is a fundamental component in the generation of 

an arterial thrombus, we expect patients with more active platelets or higher platelet counts 

to have worse outcomes with respect to ischemic events. We found that a U-shaped 

hemoglobin-survival association described in a recent study [3] is more prominent in the 

setting of relative thrombocytosis (Figure 3). Our platelet link hypothesis is a possible 

explanation of why targeting or achieving hemoglobin levels above 13 g/dl by administering 

high rHuEPO doses has been associated with higher mortality in both observational [3] and 

interventional studies.[5–7]

Iron depletion is associated with an increased platelet count known as “reactive” 

thrombocytosis.[13, 30, 31]. An important factor affecting platelet counts appears to be the 

iron saturation ratio.[13] Platelet counts increase following phlebotomy in iron overloaded 

patients with liver cirrhosis.[32] Decreased iron saturation can stimulate megakaryopoiesis, 

possibly because iron may have an inhibitory effect on platelet maturation.[13] Moreover, 

iron depletion is associated with decreased antioxidant defense and increased oxidant stress, 

resulting in a tendency towards platelet aggregation.[33] In infants with iron deficiency 

anemia there is worsening of whole blood platelet aggregation that can be reversed by iron 

therapy.[34] Significant platelet aggregation and adhesiveness has also been reported in 

severe iron deficiency due to menorrhagia.[35] The activity of platelet monoamine oxidase is 

lowered in platelets from the blood of patients with iron-deficiency anemia.[36] A recent 

randomized trial to examine the effect of adding intravenous iron gluconate to high dose 

rHuEPO in anemic MHD patients with high ferritn>500 ng/ml [37] found a decline in 

platelet counts in patients receiving IV iron, while the platelet count remained unchanged in 

patients not given iron (mean platelet change was −29,000/mul vs. −0/mul; p = 0.02).[31] 

Consistent with the above studies, in our current study, we found that iron stores were lower 

in MHD patients with higher platelet counts (Figures 1 and 2), while mortality was higher at 

all levels of hemoglobin concentration in those with relative thrombocytosis (Figure 3.b.).

Treatment with rHuEPO in renal failure patients has been associated with platelet count 

elevation.[38–40] In animal studies, high doses of rHuPO produced an increase of platelet 

counts followed by a gradual return to normal after one to two weeks.[39, 40] Nonetheless, 

rHuEPO administration without adequate iron supplementation often leads to relative iron 

depletion. It is thus not clear whether the observed relative thrombocytosis is the result of 

iron depletion during rHuEpo therapy or whether direct mechanisms without iron 

involvement can also lead to a rHuEPO associated elevation in platelet count. A recent study 

showed that in rats receiving daily intravenous rHuEpo injections without iron 

supplementation, platelet counts increased by at least 120%.[40] Iron-supplemented rats 

receiving rHuEpo also showed some increase in platelet count but the duration of the rise 

was shorter. The authors concluded that there are both iron mediated and also direct 

stimulatory effects of rHuEPO on platelet production.[40]

Streja et al. Page 7

Am J Kidney Dis. Author manuscript; available in PMC 2017 July 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In summary, among MHD patients who received rHuEPO doses >20,000 units/wk, we found 

increased frequency of relative iron depletion, relative thrombocytosis, and death. The 

strengths of our study include: (1) relatively recent data (2001–2004); (2) uniform laboratory 

measurements with all laboratory data obtained from one facility (DaVita Laboratory), (3) 

large sample size; and (4) 3-month averaged laboratory data (most values are the means of 

several measurements) to minimize measurement variability. Nonetheless, our study is 

observational with potential for confounding by unmeasured factors. Achieved hemoglobin 

may have different mortality-predictability than “targeted” hemoglobin in controlled 

trials[5–7] The limited comorbidity data were obtained from the dialysis initiation form 

(Form 2728), in which comorbid conditions are underreported [21] and which is probably 

more inaccurate for patients with greater dialysis duration. Our data lacked explicit 

laboratory markers of inflammation such as C-reactive protein, although we did use other 

surrogate laboratory markers of inflammation. Furthermore, our analysis is based on data 

from a single 3-year period of the cohort. Nonetheless, over half of dialysis patients die 

within 3 years, hence short-term survival of dialysis patients is of major clinical relevance. 

Finally, we used the arbitrary cutoff level of 300,000/μl platelet as the definition of “relative 

thrombocytosis”, as used in several previous studies;[24–26] This cutoff level is still within 

the normal platelet count range of most laboratory centers, i.e., up to 450,000/μl platelet. 

However, it is possible that even “relative” thrombocytosis is detrimental and predisposes to 

cardiovascular events, esp. in dialysis patients who have high burden of vasculopathy.

Setting aside data limitations, the associations we observed are still not necessarily causal, 

for the rHuEPO dose may have been raised to overcome a hyporesponsive anemia (for 

instance due to primary iron deficiency or inflammation). If, however, the associations 

represent effects of excessive rHuEPO dosing, similar associations may arise in patients 

without CKD who are treated for anemia. Adequate and appropriate, but not excessive, iron 

repletion might mitigate these problems and may be an important adjunct for erythropoietin 

stimulating treatments. Given the severity of the outcomes, it seems clear that randomized 

trials are needed to delineate relationships between anemia management, iron depletion, 

relative thrombocytosis, and mortality in populations eligible for such treatments. 

Nevertheless, it must be noted that iron overload is also associated with risk of oxidative 

stress and poor outcome, as well known in the literature.[41] Hence, we warn against over-

interpretation of our observational data and against overuse of IV iron in the CKD or other 

populations, which may be associated with worse untoward effects. The findings of our 

current epidemiologic study should be taken with great caution and considered only as a first 

step towards generating new hypotheses that should first be tested in additional studies 

before considered as a valid explanation.
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Figure 1. Association between platelet count and ISAT
Serum ISAT across 25,000/mcl increments of blood platelet counts in 40,787 MHD patients 

(error bars represent standard deviations in each group).
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Figure 2. Association between ISAT, platelet count and hemoglobin
Association between serum ISAT and blood hemoglobin across the two strata of absence or 

presence of relative thrombocytosis (platelet count < or ≥300,000/μl) in 40,787 MHD 

patients. Error bars represent standard deviations in each group.
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Figure 3. Case-mix adjusted hemoglobin-mortality ratios stratified according to absence or 
presence of relative thrombocytosis (platelet count < or ≥300 ×103υ1)
Case-mix adjusted hemoglobin-death rate ratios stratified according to absence or presence 

of relative thrombocytosis (platelet count < or ≥300,000/μl) in 40,787 MHD patients. (A) 

Left panel: Hazard ratios originate from two distinct survival regression models (based on 

platelet cutoff value of 300,000/μl). Hemoglobin 12 to 13 serves as the reference group in 

each of the two regression models. (B) Right panel: Hazard ratios are calculated using one 

survival regression model, where hemoglobin 12 to 13 in the normal platelet count group 

(<300,000/μl) serves as the only reference group for all other hemoglobin categories.
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Figure 4. Baseline EPO and death rate ratios in the 3 year cohort
The association between the 3-month (13 weeks) averaged administered rHuEPO dose over 

each calendar quarter all-cause mortality in the 3 year cohort in 40,787 MHD patients. The 

minimally adjusted model is controlled for the entry calendar quarters
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Table 1

Baseline (first calendar quarter) data of 40,787 MHD patients, including 33,024 patients from the first quarter 

(Jul–Aug–Sep 2001) and 7,763 patients from the subsequent quarter (Oct–Nov–Dec 2001)a

Variable a Platelet count <300,000/μl n= 34,573 Platelet count ≥300,000/μl n=6,214

Age (years) 61±15 59±15

Sex (% women) 45 53

Diabetes mellitus (%) 45 52

Race/ethnicity (%):*

 Non-Hispanic Whites 35 35

 Blacks 34 37

 Hispanics 16 14

Vintage (time on dialysis,%):*

 <6 months 11 15

 >=5 years 21 17

Primary insurance (%):*

 Medicare 68 65

 Medicaid 5 7

Marital Status (%):*

 Married 43 40

 Single 24 26

Kt/V (dialysis dose) 1.3 1.2

Comorbidity (%):*

 Heart Failure c 27 26

 PVD b 11 12

 Ischemic Heart Disease b 18 17

 Myocardial Infarct c 6 6

Protein Catabolic Rate (g/kg/day) 1.00±0.24 0.96±0.24

Laboratory tests:

Serum albumin (g/dL) 3.8±0.4 3.6±0.5

 Creatinine (mg/dL) 9.5±3.3 8.8±3.2

 TIBC (mg/dL) c 202±41 201±49

 bicarbonate (mg/dL) c 22.0±2.7 22.0±2.8

 phosphorus (mg/dL) b 5.7±1.5 5.7±1.6

 calcium (mg/dL) 9.2±0.8 9.2±0.8

 ferritin (ng/mL) ¶ 580±310 498±342

 iron saturation ratio 30±13 24±12

Blood hemoglobin (g/dL) 11.9±1.2 11.2±1.4

 Platelet count (×103/υl) 205±51 363±67

 WBC (×103/υl) 7.0±2.1 9.1±2.9
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Variable a Platelet count <300,000/μl n= 34,573 Platelet count ≥300,000/μl n=6,214

 lymphocyte (% of total WBC) 21±8 19±8

rHuEPO dose (units/week) ¶ 13,418±8,518 17,795±10,987

Use of any IV iron (%) 60 61

a
P-value <0.001 for the difference between the two groups, unless otherwise specified:

b
0.01 ≤ p < 0.05

c
p≥0.05

*
Categorical variables with more than two strata have a global statistical test across all categories (p<0.001).

¶
Count data are in percentage, and continuous values are in mean±SD if normally distributed or median (IQR/2) if skewed.
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Table 3

Death rate ratios (RR) and 95% confidence level (CL) across hemoglobin categories >10 g/dL stratified 

according to absence or presence of relative thrombocytosis (platelet count < or ≥300 ×103/υl).

A. Blood platelet count <300,000 (n= 34,573)

Hemoglobin categories (g/dL) Minimally adjusted Case-mix adjusted

RR (95% CL) P-value RR (95% CL) P-value

10–10.99 1.43 (1.36–1.52) <0.001 1.46 (1.38–1.55) <0.001

11–11.99 1.12 (1.07–1.17) <0.001 1.12 (1.07–1.17) <0.001

12–12.99 (reference) 1.0 n/a 1.0 n/a

≥13 1.03 (0.97–1.09) 0.4 1.04 (0.99–1.10) 0.1

B. Blood platelet count ≥300,000 (n=6,214)

Hemoglobin categories (g/dL) Minimally adjusted Case-mix adjusted*

RR (95% CL) P-value RR (95% CL) P-value

10–10.99 1.55 (1.37–1.75) <0.001 1.62 (1.43–1.84) <0.001

11–11.99 1.25 (1.11–1.40) <0.001 1.31 (1.17–1.47) <0.001

12–12.99 (reference) 1.0 n/a 1.0 n/a

≥13 1.11 (0.94–1.32) 0.2 1.21 (1.02–1.44) 0.03

*
case-mix adjusted models include adjustment for age, sex, diabetes mellitus, standardized mortality ratio, race, vintage, primary insurance, marital 

status, dialysis dose, dialysis catheter, and baseline comorbid states
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Table 5

Odds ratios for relative iron depletion, i.e. ISAT<20%, and for relative thrombocytosis, i.e., platelet count 

≥300 ×103/υl

Minimally adjusted Case-mix adjusted**

Odds ratio of iron depletion OR (95% CL) P-value OR (95% CL) P-value

EPO (every 5,000 u/wk increase) 1.10 (1.09–1.11) <0.001 1.10 (1.09–1.11) <0.001

EPO≥20,000 u/wk (vs. <20,000/wk)* 2.56 (2.41–2.72) <0.001 2.53 (2.37–2.69) <0.001

Minimally adjusted Case-mix adjusted**

Odds ratio for relative thromobocytosis OR (95% CL) P-value OR (95% CL) P-value

EPO (every 5,000 u/wk increase) 1.07 (1.06–1.08) <0.001 1.07 (1.06–1.08) <0.001

ISAT (every 10% decrease) 1.44 (1.41–1.48) <0.001 1.40 (1.36–1.43) <0.001

ISAT <20% (vs. ≥20%) 2.50 (2.36–2.66) <0.001 2.29 (2.15–2.43) <0.001

*
The models include only those MHD patients who received at least 1,000 units of EPO over the baseline 3 months.

**
case-mix adjusted models include adjustment for age, sex, diabetes mellitus, standardized mortality ratio, race, vintage, primary insurance, 

marital status, dialysis dose, dialysis catheter, and baseline comorbid states
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