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Introduction

Anemia is a common problem in renal transplant

patients. According to the Transplant European Survey

on Anemia Management (TRESAM) the prevalence is

38.6%. Of these anemic patients 25% suffer from severe

anemia, meaning their hemoglobin value is less than 11

or 10 g/dl for males or females, respectively [1]. Several

factors are known to induce anemia in allograft recipi-

ents. These are sepsis, CMV, prophylactic co-trimoxazole,

ganciclovir, immunosuppressive agents, ACE inhibitors,

kidney injury during the transplantation procedure, poor

graft function, and surgical problems in the recipient after

transplantation. In a study performed by Chhabra and

colleagues, it was shown that severe anemia is highly asso-

ciated with reduced patient and graft survival as well as

acute rejection [2]. It is also known that anemia increases

the risk of cardiovascular disease and is related to left

ventricular hypertrophy in renal transplant patients [3].

ESAs have been used over the last two decades to treat

anemic renal transplant recipients. According to KDOQI

guidelines, a target hemoglobin value of 12 g/dl was con-

sidered appropriate [4]. However, in most individuals

there is a considerable amount of spread of hemoglobin

levels over time. The consequence is a variability of

hemoglobin levels, which have been thoroughly studied in

dialysis patients, but not in transplant patients. In a

recent retrospective study of subjects on hemodialysis, we

showed that a higher hemoglobin variability was associ-

ated with increased mortality [5].
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Summary

Anemia is a common problem after renal transplantation. Therefore, the

patients are treated with erythropoietin stimulating agents (ESAs). The varying

response to treatment contributes to hemoglobin variability, which might be

associated with mortality. We conducted a retrospective cohort study of first

kidney allograft recipients between 1990 and 2008 represented in the Austrian

Transplant Registry. We included 1441 patients of whom 683 received ESAs at

any time after transplantation. Cox regression with cubic splines and linear

estimates and the purposeful selection algorithm of covariables were used. The

measure of variability was the moving standard deviation computed at three

monthly intervals for the entire graft life. The hazard ratio (HR) of mortality

and graft loss in the spline models increased with hemoglobin variability. The

linear HR for mortality was 2.35 (95% confidence interval 1.75–3.17,

P < 0.001) and functional graft loss 2.45 (1.76–3.40, P < 0.001). In an adjusted

Cox model (ESA use, hemoglobin, age, diabetes, days on dialysis, eGFR, biopsy

confirmed acute rejection and year of transplantation), hemoglobin variability

was associated with mortality (HR: 2.11; 1.51–2.94; P < 0.001). No association

with functional graft loss could be detected (HR: 1.34; 0.93–1.93; P = 0.121).

These findings suggest that hemoglobin variability is associated with mortality

of renal allograft recipients.
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Furthermore, in transplanted patients the hemoglobin

concentration is also a function of GFR and time after

transplantation [6,7]. Usually, the hemoglobin concentra-

tion increases after the first months after transplantation.

Chadban and colleagues showed that besides GFR other

factors intrinsic to renal transplant recipients determine

hemoglobin levels [8].

However, in transplant recipients the variability of

hemoglobin over time was considered only in a few stud-

ies [9,10]. Therefore, we performed this cohort study to

further elucidate the impact of hemoglobin variability on

hard outcomes such as graft and patient survival in kid-

ney transplanted patients.

Patients and methods

Patients

We analyzed the Austrian Registry of Transplanted Patients

(OEDTR), which includes all transplants performed in

Austria since 1970 [11]. This database holds 1808 first renal

transplantations performed between the years 1990 and

2008 with known ESA or nonESA therapy. A list of vari-

ables reported in this repository may be found elsewhere

[12]. Estimated GFR was computed by the abbreviated

MDRD formula [13]. The recipients demographic data

were stratified according to their ESA treatment (ever or

never use). In the analysis, ESA users were defined as hav-

ing received the drug at least for 10% of their graft life.

Outcomes

Mortality and graft loss were evaluated. Functional graft

loss was defined as return to dialysis or retransplant.

Hemoglobin variability

The time line of a transplant was divided in quarters of a

year in which the median was calculated for the labora-

tory parameters. Hemoglobin variability was calculated by

a moving standard deviation with a rolling window span-

ning four quarters, meaning that for every four quarters

in a row the standard deviation was imputed. This

implies that only patients who did not experience graft

loss or died in the first year were included in the analysis.

Therefore, data of 1441 patients were analyzed.

Statistical analyses

Cox proportional hazards model

The hazard ratio of mortality and functional graft loss

was computed by a Cox proportional hazard model with

restricted cubic splines using three knots to gain more

flexibility in estimating nonlinear effects of continuous

predictors such as hemoglobin variability [14,15]. For the

crude analysis, we used a model including only moving

average of hemoglobin level, moving standard deviation

of hemoglobin and ESA therapy. In an adjusted clinical

expertise model age at transplantation, diabetes, days on

dialysis, GFR, biopsy confirmed acute rejection (BCAR)

and year of transplantation, was added. To evaluate other

covariables, we investigated a model with the purposeful

selection algorithm in which all significant variables are

included in the model and additionally all variables,

which change the hazard ratio of others by more than

25% [16,17]. Missing values were imputed by linear

regression. For all statistical tests a P-value less than 0.05

was considered significant. The statistical analysis was

performed using sas for Windows 9.2TS1M0 (SAS Insti-

tute, Inc., Cary, NC, USA).

Results

Demographic variables as well as treatment and outcome

relevant data are displayed in Table 1.

Mortality and functional graft loss

Unadjusted analyses

In all types of models, the hemoglobin variability was

associated with mortality as well as functional graft loss

(Fig. 1a and b). The estimated HRs over the full range of

moving standard deviations estimated by linear models

are indicated in Table 2.

Adjusted analyses

The clinical expertise models revealed no statistical associ-

ation with functional graft loss (HR: 1.34, 95% CI 0.93–

1.93, P = 0.121), whereas a statistically significant associa-

tion with mortality (HR: 2.11, 95% CI 1.51–2.94, P <

0.001). The purposeful selection algorithm revealed simi-

lar results as the clinical experience model (Fig. 2).

Variables identified as significant counfounders by the

purposeful selection algorithm were BCAR, eGFR, cold

ischemic time, diabetes, comorbidities of lung, serum cre-

atinine, phosphate, sodium, iron, and TRFS. In addition,

the model for mortality included age at transplantation,

donor age, PRA, sum of HLA mismatch, neoplasia,

immunosuppression regimen, and iron. In the functional

graft loss model, vintage of dialysis, cholesterin, and STRF

turned out to be significant by using the purposeful selec-

tion method.

Discussion

In this study, we show that the risk of death was clearly

associated with increased variability of hemoglobin levels.
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Depending on the statistical evaluation used, there may

also be a small effect of variable hemoglobin levels with

functional graft loss.

The strength of our study lies in the way we defined

variability in subjects with variable graft survival duration

and the completeness of the OEDTR database. The mov-

ing standard deviation was used as solid measure for

hemoglobin variability in the Cox models with splines for

the covariable variability. Other common methods of var-

iability estimates such as grouping of absolute hemoglo-

bin values is disadvantageous in cases with longer follow

up, because the changing of variability over time is

neglected as it is more likely to have a higher variability

in the first months after transplantation than later [6].

Therefore, ESA therapy is more frequently used in the

extremes of follow up, i.e., early after engraftment and at

the end of graft survival and ESA use will induce higher

variability of hemoglobin.

In a recent study, Jason and colleagues examined 3 854

patients of a United Kingdom cohort [10]. The authors

defined the variability by means of three hemoglobin

values measured at 0, 3, and 6 months after including the

patient into the study. Investigators could not find any

association with mortality, which is in contrast to our

study. However, we used another definition were the vari-

ability would change over time.

Furthermore, it remains unclear, whether Jason and

coworkers included ESA use in the Cox model as covari-

able, although they collected data about ESA use. How-

ever, we found ESA use only significantly associated with

functional graft loss. Therefore, we could have excluded

that variable at least for mortality. Nevertheless, we found

an association with hemoglobin variability.

Another reason for the difference might be that we

assigned patients to ESA users when they used ESA in at

least 10% of the follow-up time. However, as we used

ESA as a covariable, in general this should not have an

effect on the hazard ratio of variability. In contrast, a

study performed by Kamar included patients into the

nonESA group although they received ESA for 50% of

the follow-up time [18].

The study performed by Jason also included only vari-

ables in the multivariate Cox model, which have been

associated with a P-value below 0.15 in an univariate

analysis. However, this approach has a higher likelihood

of eliminating potential confounders with less-stringent

associations as described by Hosmer and Lemeshow, who

also developed the purposeful selection algorithm [16,19].

To find out predictors of immediate posttransplant

anemia an observational study was performed by Poesen

and colleagues [20]. The predictors for anemia after

3 months were donor age, gender, polycystic disease,

Table 1. Demographic data of patients at time of transplantation. The P-value compares the two groups ESA and no-ESA therapy.

Variable No ESA therapy ESA therapy P-value

Number of patients 758 683 n. a.

Recipient sex (M/F) 488/270 377/306 <0.001

Donor sex (M/F) 444/287 387/276 0.368

Renal Diagnosis (glomerulonephritis/vascular/diabetes/else) 214/63/95/380 178/66/73/364 0.378

Cause of death (cardvasc/infection/malign/else) 70/33/25/28 69/51/14/41 0.039

Diabetes mellitus (no/yes) 644/114 570/113 0.434

Number of Hypertensives (0/1/2/3/4/5/6/7) 100/135/189/173/101/39/11/1 74/101/166/144/102/66/13/0 0.023

BCAR (yes/no/unknown) 342/307/43 369/213/19 <0.001

CMV (R-D-/R-D+/R+D-/R+D+/unknown) 65/113/116/248/216 53/106/113/231/180

Insulin (yes/no/unknown) 89/666/1 95/447/1 0.014*

Immunosuppression (steroid + AZA + CsA/steroid

+ MMF + CsA/no steroid/else and unknown)

220/196/58/284 175/161/55/292 0.183

CNI (no/yes) 161/597 109/574 0.010

CIT (h) 17.8 (8.0) 16.6 (8.5) 0.009

Donor age (years) 40 (16) 47 (15) <0.001

Weight (kg) 71 (16) 71 (16) 0.493

Sum of HLA mismatch 2.5 (1.8) 2.5 (1.4) 0.648

PRA 4.5 (12.5) 4.7 (12.6) 0.774

Recipient age (years) 49 (15) 49 (15) 0.709

GFR (ml/min/1.73 m2) 46 (24) 40 (24) <0.001

Creatinine (mg/dl) 1.97 (1.36) 2.27 (1.58) <0.001

Hemoglobin (g/l) 11.4 (2.4) 10.8 (2.6) <0.001

*Fisher exact test.

BCAR, biopsy confirmed acute rejection; CMV, cytomegalie virus; R, recipient; D, donor; CNI, calcineurin inhibitor; CIT, cold ischemic time; PRA,

panel reactive antibody.
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pretransplant hemoglobin, ferritin level, GFR, and hospi-

talization. Another study dealing with the short term ane-

mia showed similar predictive variables [18]. Many of

these variables are also included in our model. Both studies

did not investigate the hemoglobin variability and there-

fore no comparison is possible in that respect.

Fernandez Fresnedo et al. studied a patient population

of 85 transplanted patients [9]. The investigators used the

difference of hemoglobin values to baseline hemoglobin

as a definition for variability. No difference in survival

and graft loss in the univariable Kaplan–Meier analysis

was observed. However, Kaplan–Meier product limit esti-

mates should be reserved for randomized trials and no

attempt has been made in this article to adjust for con-

founders and reversed causation. On the other hand,

given the very few outcomes this was actually not feasible

in that study.

A limitation of our study is the missing dose of ESA

used for therapy for each patient. In a recent study with

hemodialysis patients, we could show that there is a dif-

ference in the hazard ratio of mortality between ESA

responders and such patients who respond less to ESA

therapy [5].

On the other hand, a unique strength of our study is

the long follow-up time of up to 19 years as well as the

completeness of the database. Furthermore, the sophisti-

cated analyses using Cox models with restricted splines

for hemoglobin and its variability allowed the flexible cal-

culation of risk over the whole range of the explanatory

variable.

In conclusion, our data suggest that hemoglobin

variability is strongly associated with mortality, but not

with functional graft loss. As this is an observational

study no treatment recommendation can be derived from

our analyses.
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Figure 1 Hazard ratio for hemoglobin variability defined by moving

standard deviation (SD) for (a) mortality and (b) functional graft sur-

vival. The Cox regression with restricted cubic splines was adjusted for

hemoglobin and ESA therapy.

Table 2. Hazard ratios and confidence intervals for mortality and

functional graft loss in linear Cox models adjusted for Hb and ESA

use.

95% Hazard Ratio

Parameter

Hazard

ratio

Confidence

limits P-value

Mortality

Hb 0.79 0.71 0.87 <0.001

Hb variability 2.35 1.75 3.17 <0.001

ESA (yes versus no) 1.00 0.73 1.37 0.998

Functional graft loss

Hb 0.69 0.61 0.77 <0.001

Hb variability 2.45 1.76 3.40 <0.001

ESA (yes versus no) 1.73 1.19 2.52 0.004

Figure 2 Hazard ratio and 95% confidence interval of hemoglobin

variability computed for a clinical expertise model (covariates: age at

transplantation, diabetes, vintage of dialysis, GFR, year of transplanta-

tion), a purposeful selection model and a model including only hemo-

globin and ESA as covariates (cov).
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