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Introdução: A anemia é frequente em 
pacientes submetidos à terapia substitutiva 
para insuficiência renal. A anemia nos 
períodos pré e pós-transplante pode estar 
relacionada aos desfechos do transplante 
renal. Portanto, o presente estudo buscou 
avaliar a relação entre anemia, função 
retardada do enxerto (FRE), disfunção 
crônica do enxerto renal (DCE) e óbito 
por qualquer causa após transplante renal 
de doador falecido. Métodos: Este foi um 
estudo retrospectivo com 206 pacientes 
transplantados renais de doadores  
falecidos. Analisamos dados demográficos 
de doadores falecidos e pacientes 
transplantados renais. Além disso, 
comparamos parâmetros bioquímicos, 
status de anemia e medicamentos entre os 
grupos FRE e não-FRE. Posteriormente, 
realizamos uma análise multivariada. 
Também avaliamos desfechos, como 
DCE em um ano e óbito em dez anos. 
Resultados: Observamos menor frequência 
de concentração de hemoglobina (Hb) 
pré-transplante, mas maior frequência de 
creatinina sérica do doador e transfusão 
de hemácias no período de uma semana 
após o transplante no grupo FRE. Além 
disso, houve associação independente  
entre a concentração de Hb antes do 
transplante e a FRE [OR 0,252; IC 95%: 
0,159–0,401; p < 0,001]. Houve também 
associação entre a concentração de Hb após 
seis meses de transplante renal e ambos, 
DCE [OR 0,798; IC95%: 0,687–0,926; 
p = 0,003] e óbito por qualquer causa. 
Conclusão: Encontrou-se uma associação 
entre anemia pré-transplante e FRE e entre 
anemia seis meses após o transplante e 
ambos, DCE e óbito por qualquer causa. 
Assim, a anemia antes ou após o transplante 
afeta os desfechos de pacientes que foram 

Resumo

Introduction: Anemia is frequent in 
patients undergoing replacement therapy 
for kidney failure. Anemia in the pre- 
and post-transplantation period might be 
related to kidney transplant outcomes. 
The current study therefore sought to 
assess the relationship between anemia, 
delayed allograft function (DGF), chronic 
kidney allograft dysfunction (CAD), and 
death from any cause following kidney 
transplantation from a deceased donor. 
Methods: This was a retrospective study 
with 206 kidney transplant patients 
of deceased donors. We analyzed 
deceased donors’ and kidney transplant 
patients’ demographic data. Moreover, 
we compared biochemical parameters, 
anemia status, and medicines between 
DGF and non-DGF groups. Afterward, 
we performed a multivariate analysis. We 
also evaluated outcomes, such as CAD 
within one year and death in ten years. 
Results: We observed a lower frequency of 
pre-transplant hemoglobin concentration 
(Hb) but higher frequency of donor-serum 
creatinine and red blood transfusion 
within one week after transplantation in 
the group with DGF. In addition, there 
was an independent association between 
Hb concentration before transplantation 
and DGF [OR 0.252, 95%CI: 0.159–
0.401; p < 0.001]. There was also an 
association between Hb concentration 
after six months of kidney transplantation 
and both CAD [OR 0.798, 95% CI: 
0.687–0.926; p = 0.003] and death from 
any cause. Conclusion: An association 
was found between pre-transplantation 
anemia and DGF and between anemia 
six months after transplantation and 
both CAD and death by any cause. Thus, 
anemia before or after transplantation 
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IntRoductIon

Anemia and cardiovascular disease are frequent and 
related to complications in patients with kidney failure 
(KF) on replacement therapy (RT). Cardiovascular 
disease is the leading cause of death in patients on 
KFRT1,2. Anemia in KFRT patients is multifactorial 
but primarily caused by insufficient erythropoietin 
(EPO) production3. Other factors related to decreased 
GFR, such as iron deficiency, oxidative stress, 
inflammation, uremic solutes, and toxins, might 
contribute to CKD-related anemia2–6.

Therefore, most patients with KFRT require an 
erythropoiesis-stimulating agent (ESA). Others still 
need red blood cell transfusion for anemia treatment7,8. 
Kidney transplantation can restore kidney function, 
including EPO production. Therefore, kidney 
transplantation can increase survival and life  
quality8. Delayed allograft function (DGF) is 
associated with cold ischemia time and other clinical 
factors5,6. DGF is the clinical diagnosis when the 
patient still needs dialysis within the first week 
after KT, adversely impacting short- and long-term 
allograft survival6,7.

Kidney chronic allograft dysfunction (CAD) is a 
clinical entity defined as a slowly rising creatinine 
owing to progressive decreased kidney function with 
associated hypertension and proteinuria8. CAD is 
associated with DGF, acute rejection, and anemia8–11. 
Moreover, it is characterized by morphological 
deterioration, occurring at least 3–6 months and 
usually one year after transplantation in the absence 
of active acute rejection, drug toxicity, renal vascular 
disease, or other kidney diseases8–10. Such allograft 
changes require percutaneous renal biopsy when 
there is unexplained proteinuria or serum creatinine 
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affects the outcomes for patients who 
have undergone kidney transplantation 
from a deceased donor.

submetidos a transplante renal de doador 
falecido.

increase. Moreover, CAD is the most critical kidneys 
disease in the long-term after kidney transplantation 
and is an established dysfunctional histopathological 
condition. It may present with intimal thickening, 
glomerular capillary wall thickening, chronic 
interstitial fibrosis, and tubular atrophy in the renal 
allograft. CAD has no specific therapy and is mediated 
by several mechanisms, but requires supportive 
therapy9,10.

In addition, anemia can occur after kidney 
transplantation, with a higher prevalence just after 
transplantation11,12. Leading causes of anemia in 
the early post-transplant period include surgery-
related blood loss, malnutrition, medications, 
and overhydration, immunosuppressive drugs, 
inflammation, inadequate production, and resistance 
to erythropoietin (EPO)13–19. Therefore, we verified 
whether pre- and post-transplant hemoglobin 
concentrations (Hb) are associated with DGF, CAD, 
and death from any cause in deceased donor kidney 
transplant recipients.

methods

Study deSign and PatientS

This was a retrospective observational cohort study 
that included all patients that received a deceased 
donor kidney transplant between January 1, 2008, 
and December 31, 2008, that fulfilled the inclusion 
criteria: age ≥18 years, receiving an organ from a 
donor with creatinine ≤ 5.0 mg/dL irrespective of age. 
Exclusion criteria were: undergoing peritoneal dialysis 
for the last two months prior to transplantation, 
pregnant women, multiple-organ transplant, having 
an advanced neurological disease or a psychiatric 
condition, those lost to follow-up, deceased within 
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28 days of transplantation, and not attaining or not 
maintaining adequate calcineurin inhibitors serum 
levels. Censoring occurred at the date of death, graft 
loss, or end of follow-up.

The study verified possible associations between 
pre-transplant, immediate post-transplant, and six 
months post-transplant hemoglobin levels and DGF, 
CAD, and death by any cause.

All kidney transplant recipients received 
immunosuppression induction with 1 g of 
methylprednisolone intraoperatively and 
thymoglobulin in the immediate postoperative period 
for 2 ± 1 days.

The study was approved by the Research Ethics 
Committee of the Federal University of São Paulo 
(30942614.9.0000.5505/2014) and carried out under 
specific national legislation, the recommendations of 
the local Research Ethics Committee, the guidelines 
of the Declaration from Helsinki, and the Declaration 
of Istanbul20,21. The informed consent was waived 
due to the retrospective observational nature and the 
information being anonymized and de-identified.

VariableS of intereSt

For recipients, the variables of interest were age, 
sex, comorbidities, chronic kidney disease (CKD) 
etiology, and the following baseline data: mean 
arterial pressure and use of antihypertensive agents; 
blood glucose level; serum creatinine; parathyroid 
hormone, ionic calcium levels, Hb concentration, iron 
status, red blood cell transfusion record, medicines; 
use of erythropoiesis-stimulating agents (ESA), and 
iron supplementation. Donors were separated into 
standard donors and expanded criteria donors. For 
deceased donors, the variables were age, final serum 
creatinine level, cold ischemia time (CIT), Kidney 
Donor Risk Index (KDRI), Kidney Donor Profile 
Index (KDPI)22–27, and type of donor stratified into 
standard or expanded criteria28.

The pre-transplant variables were: sex, age, 
diabetes mellitus, hypertension, mean arterial 
pressure (MAP), creatinine, hemoglobin, serum 
iron, transferrin saturation, ferritin, leukocyte, 
and platelet. After transplantation, all patients in 
the study followed the 2008 institutional protocol 
for immunosuppression of deceased donors 
recipients with intravenous methylprednisolone 
and thymoglobulin. Maintenance therapy for 
these recipients involved three classes of oral 
immunosuppressive agents, prednisone as a 

corticosteroid, associated with an antimetabolite 
agent, such as azathioprine or mycophenolate. The 
third immunosuppressive component consisted of a 
calcineurin inhibitor, cyclosporine, or tacrolimus, 
which has potential nephrotoxicity. Thus, the 
nephrologist’s team carefully evaluated the serum 
level maintenance target for calcineurin inhibitors 
after kidney transplantation from deceased donors 
with expanded criteria or acute kidney injury. The 
maintenance target serum levels for cyclosporine 
is between 100 and 300 ng/mL and for tacrolimus 
is between 8 to 12 ng/mL. All expanded criteria 
deceased donor kidney recipients had tacrolimus 
introduced late to minimize risks of nephrotoxicity 
influence. We considered the following variables: 
time under induction therapy (in days), requirement 
for dialysis or red blood transfusion within seven 
days, and acute rejection episodes. We also analyzed 
the serum creatinine of the DGF group (3 months; 
91 ± 12 days) and non-DGF group (3 months,  
92 ± 11 days), Hb concentration, and serum 
creatinine after kidney transplantation of the DGF 
group (6 months; 184 ± 19 days) and of the non-
DGF group (6 months; 179 ± 15 days).

Then, the CKD-EPI equation was used to estimate 
kidney function29–31. Moreover, a 15 to 20% increase 
in serum creatinine from baseline suggests kidney 
graft dysfunction, warranting ultrasound evaluation 
of the allograft and possibly a kidney allograft biopsy 
by hospital institution protocol32.

outcomeS

We analyzed three different outcomes at three time 
points: DGF within one week after transplantation, 
CAD within one year after transplantation, and 
death for any cause within ten years after kidney 
transplantation.

definitionS

We considered DGF when patients with deceased 
kidney transplantation need dialysis in the first seven 
days after KT9,10. CAD was defined as a progressive 
kidney dysfunction with morphological alteration 
in a renal allograft biopsy occurring within 3–12 
months after transplantation in the absence of active 
acute rejection, drug toxicity, or renal vascular 
disease15–17. Even so, we defined acute rejection 
when serum creatinine increased that was confirmed 
with a kidney graft biopsy24. Lastly, anemia was 
defined as a hemoglobin level <13.0 g/dL for men 



Braz. J. Nephrol. (J. Bras. Nefrol.) 2024, 46(2):e20230014

Anemia related to kidney allograft dysfunction

4

and postmenopausal women or <12.0 g/dL for 
premenopausal women3,33–36.

Extended criteria donor (ECD) kidneys are 
kidneys from donors aged ≥60 or donors aged ≥50 
who meet at least two of the following conditions: 
serum creatinine >1.5, death due to cerebrovascular 
accident, or history of hypertension. We used two 
indices to assess the deceased donor profile. Kidneys 
with KDPI scores ≥85 share similar donor traits with 
ECD kidneys, and KDPIs ≤60 are categorized as 
low-risk and high-quality37. The KDRI is a tool for 
assessing graft survival after transplants38. Chronic 
kidney disease (CKD) is characterized by either 
kidney damage or an estimated glomerular filtration 
rate (eGFR) below 60 mL/min/1.73 m2 persisting for 
three months or more, regardless of the underlying 
cause39.

The study verified possible associations of pre-
transplant, immediate post-transplant, and six 
months post-transplant hemoglobin levels with DGF, 
CAD, and death by any cause.

Finally, the patients followed the institution’s 
immunosuppressive protocol.

StatiStical analySeS

Continuous variables with normal distribution 
are reported as mean ± SD, while non-normally 
distributed variables were submitted to logarithmic 

conversion. The one-sample Kolmogorov-Smirnov 
test ascertained the normality of distributions.

Categorical data are reported as percentages. We 
performed Pearson’s correlation for two variables. 
Next, we stratified the patients into DGF and non-
DGF according to the diagnosis. The categorical data 
were compared by chi-square or Fisher’s exact test. 
After that, the variables associated with the probability 
of DGF were included in the multivariate analyses 
by logistic regression, with the backward deletion of 
predictive variables. All variables presenting a p-value 
≤ 0.10 in the univariate analysis were included in the 
multivariate modeling.

Differences were considered statistically significant 
when two-tailed tests yielded a p < 0.05. The SPSS 
statistical software program (version 21.0; SPSS Inc., 
Chicago, IL, USA) was used for all statistical analyses.

Results

It analyzed two hundred and six patients based on 
the inclusion and exclusion criteria (Figure 1). Of 
the 206 patients, twenty-five patients (12.1%) had 
expanded donors. All study patients with deceased 
donor kidney transplantation for maintenance 
immunosuppression used calcineurin inhibitors and 
corticosteroids. Two patients in the present study 
were not using antiproliferative drugs. Even so, 204 

Figure 1. Flowchart diagram of the participants. KFRT: kidney failure on replacement therapy; DG:, delayed allograft function; non-DGF: non-delayed 
kidney allograft function; CAD: chronic graft dysfunction.
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kidney transplant patients in the study used either 
azathioprine or mycophenolate. In addition, we 
observed that 120 patients (58.2%) developed DGF. 
Thus, it was possible to compare two groups, DGF 
and non-DGF. Kidney donation from an expanded 
donor was observed in 9 patients (10.5%) in the non-
DGF group and 16 patients (13.3%; p = 0.53) in the 
DGF group. The mean time from blood collection 
to assess serum creatinine after three months of  
kidney transplantation was 92+11 days in the non-
DGF group and 91 + 12 days in the DGF group  
(p = 0.37). While the blood sample to analyze the Hb 
and serum creatinine concentration after six months 
of kidney transplantation was 179 ± 15 days for the 
non-DGF group and 184 ± 19 days for the DGF 
group (p = 0.08).

All patients in the DGF group required hemodialysis 
in the first week after kidney transplantation. The 
duration of need for hemodialysis after kidney 
transplantation was 10.5 ± 5.3 days. In the DGF 
group, five patients (4.2%) had undergone kidney 
transplantation previously, while three patients 
(3.5%) in the non-DGF group had previously 
undergone kidney transplantation (p = 0.80). We 
did not observe differences in serum ionic calcium  
(1.34 ± 0.50, 1.29 ± 0.11; p = 0.46) or parathyroid 
hormone (496 ± 59.4, 405 ± 71.4; p = 0.33) levels 
between DGF and non-DGF groups, respectively, at 
baseline. 

Patients used an erythropoiesis-stimulating agent 
with the last dose within 72 hours before kidney 
transplantation (107 [89.2%], 72 [83.7%]; p = 0.25; 
on the DGF and non-DGF groups, respectively). All 
patients using an erythropoiesis-stimulating agent 
also used iron supplementation. One patient in each 
DGF and non-DGF group did not use antiproliferative 

drugs. Thus, we observed some patients receiving 
azathioprine (34 [28.3%]; 41[47.7%]; p = 0.02), while 
there were some patients in the use of mycophenolate 
(85 [70,8%]; 44 [51,2%], p = 0.02, on the DGF and 
non-DGF groups, respectively).

Deceased donors were older and had higher serum 
creatinine for the DGF group than in the non-DGF 
group (Table 1). There was a lower Hb concentration 
in the pre-transplant period in the DGF group  
(Table 2). Diabetes mellitus was the leading cause of 
KF (47 [39.2%]; 34 [9.5%], p = 0.41). Hypertension 
was the cause of KF (23 [19.2%];16 [18.6%];  
p = 0.44). We found no difference in serum PTH  
levels between DGF (495 + 59.4 pg/mL) and non-
DGF (405 + 71.4 pg/mL; p = 0.33) groups (Table 3).

Moreover, KT recipients in the DGF group 
received higher weekly doses of recombinant human 
erythropoietin in the pre-transplant period (7483 ± 
4185 U/week) than patients from the non-DGF group 
(6500 ± 4098; p = 0.09). Furthermore, there was a 
greater need for red blood cell transfusion within the 
first week after kidney transplantation in the group 
that progressed with DGF (23 [19.2%]) than in 
patients who did not progress with DGF (6 [6.9%]; 
p = 0.01).

We also found that pre-transplant Hb concentration 
from the kidney recipient was the only variable 
independently associated with DGF. The model also 
included donor age, donor serum creatinine, KDPI, a 
dose of an erythropoiesis-stimulating agent used by 
the recipient the week before kidney transplantation, 
and the need for red blood cell transfusion within the 
first week after kidney transplantation (Table 2).

In addition, there was a higher frequency of 
kidney recipient patients who used mycophenolate in 
maintenance immunosuppressive therapy in the DGF 

DGF 
(n = 120)

Non-DGF 
(n = 86)

p

Expanded donor (%) 16 (13.3) 9 (10.5) 0.53

Donor age (years) 45 ± 13 42 ± 15 0.08

Donor serum creatinine (mg/d/L)# 1.7 ± 0.67 1.4 ± 0.42 <0.001

CIT (h) 27.1 ± 6.2 27.1 ± 17.1 0.99

KDPI 58.6 ± 25.5 52.2 ± 29.8 0.10

KDRI 1.15 ± 0.35 1.12 ± 0.39 0.49

Data are reported as number (percentage) or mean and SD. DGF: delayed graft function; #logarithmic transformation for statistical analysis; CIT: cold 
ischemia time; KDP, kidney donor profile index; KDRI: kidney donor risk index.

tAble 1 donor characteriSticS and reciPient early outcome (dgf)
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tAble 2  binary logiStic regreSSion with kidney delayed graft function aS the reSPonSe Variable and itS 
PredictorS

DGF vs. non-DGF OR 95% CI for OR p value

Lower Upper

Pre-transplant Hb (g/dL)# 0.252 0.159 0.401 <0.001

Donor serum creatinine (mg/dL)# 2.038 0.919 4.518 0.08

Donor age (years) 1.002 0.950 1.057 0.37

RBC transfusion (%) 1.609 0.541 4.771 0.39

Dose of rHuEPO (U)/week# 1.001 0.998 1.002 0.68

KDPI (%) 0.999 0.974 1.024 0.91

R2= 0.709; Model (p = 0.02); #logarithmic transformation for statistical analysis; OR: odds ratio; 95% CI: 95% confidence interval; DGF: delayed 
allograft function; Hb: hemoglobin; RBC transfusion: red blood cell transfusion within first-week post-transplantation; KDPI: kidney donor profile 
index.

tAble 3 Pre-tranSPlant demograPhic and clinical data

Variables DGF 
(n = 120)

Non-DGF 
(n = 86)

p

Sex (%) F–39 (32.5)

M–81 (67.5)

F–37 (43.1)

M–49 (56.9)

0.13

Age (years) 47 ± 11 49 ± 12 0.17

Diabetes mellitus (%) 47 (39.2) 34 (39.5) 0.41

Hypertension (%) 23 (19.2) 16 (18.6) 0.44

MAP (mmHg) 75.1 ± 10.3 78.3 ± 12.9 0.12

Creatinine (mg/dL)# 10.7 ± 7.8 9.7 ± 6.9 0.52

Hb (g/dL)# 11.8 ± 0.8 12.9 ± 1.0 <0.001

Fe (µg/dL) 83.5 ± 29.4 77.5 ± 9.32 0.85

Transferrin saturation (%) 42.7 ± 4.1 46.5 ± 12.1 0.91

Ferritin (µg/L) 837 ± 229 1344 ± 513 0.43

Leukocyte (cell/µL) 8113 ± 3135 7821 ± 3099 0.52

Platelet (××105 cell/µL) 1.9 ± 0.53 2.13 ± 0.15 0.65

PTH pg/mL 495 + 59.4 405 + 71.4 pg/ml 0.33

Data are reported as number (percentage) or mean and SD. DGF: delayed allograft function; #logarithmic transformation for statistical analysis; 
MAP: mean arterial pressure; Hb: hemoglobin; Fe: serum iron.

group than in the non-DGF group (85 [70.8%]; 49 
[58.3%]; p = 0.03).

There was no difference in expanded donors’ 
frequency between the DGF group and non-DGF 
group, including kidneys from expanded donors  
(16 [13,3%]; 9 [10,5%]; p = 0.53). There was no 
higher acute rejection frequency during the follow-
up in the DGF than in non-DGF (26 [21.7%];  
16 [18.6%]; p = 0.59) groups. Out of 206 kidney 
transplant recipients from deceased donors, forty-
three patients (20.9%) developed CAD after  
4.7 ± 2.4 years of kidney transplantation. Of these, 

32 patients (74.4%) were in the DGF group, and 
11 were in the non-DGF group (25.5%; p = 0.02). 
There was a higher acute rejection frequency in CAD 
patients (17 [39.5%], 25 [15.3%]; p < 0.001). We 
also observed that higher erythropoiesis-stimulating 
agent doses were used before KT (Table 2) on CAD 
patients. There was no difference in the estimated 
glomerular filtration rate after three months of 
kidney transplantation between patients that 
evolved with and without CAD (43.3 ± 25.1, 48.9 ±  
20.7 mL/min; p=0.17, respectively). Nevertheless, 
a lower estimated glomerular filtration rate was 
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observed after six months of kidney transplantation 
in patients with CAD than in those without CAD 
(48.3 ± 25.5, 60.5 ± 20.3 mL/min; p = 0.002). We also 
found lower Hb concentration after six months of KT 
in CAD than in non-CAD patients (12.0 ± 2.4, 13.3 ±  
2.3 g/dL; p = 0.002) during the study period. We 
observed a positive correlation between the estimated 
glomerular filtration rate and the Hb after six months 
of transplantation (r = 0.49; p < 0.001). There was 
also an association of Hb concentration six months 
after kidney transplantation with CAD [OR 0.798, 
95% CI: 0.687–0.926; p = 0.003].

Thirty-nine patients (18.9%) evolved with death 
by any cause after 2.5 ± 0.3 years of deceased donor’s 
kidney transplantation. There was a lower Hb 
concentration in both pre-transplant (11.7 ± 0.6, 12.4 
± 1.1 g/dL; p = 0.05) and after six months of kidney 
transplantation (12.1 ± 2.6 g/dL, 13.2 ± 2.2 g/dL;  
p = 0.04) in patients dying during the follow-up period. 
We also observed an association of Hb concentration 
six months after kidney transplantation with death 
for any cause in both groups [OR 0.833, 95%  
CI: 0.705–0.984; p = 0.03]. So, we observed that the 
frequency of death from any cause was 17.4% in the 
non-DGF group, while in the DGF group, it was 20% 
(p = 0.64). DGF and CAD had no association with 
death for any cause.

dIscussIon

The study’s most significant finding was the 
association between anemia and DGF, CAD, and 
death from any cause. In addition, there was a lower 
pre-transplant Hb concentration and higher need for 
red blood cell transfusion within the first week after 
kidney transplantation in patients who evolved with 
DGF. Furthermore, the regression analysis showed 
an independent association of pre-transplant Hb 
concentration with DGF.

Thereby, patients with kidney transplant from a 
deceased donor had a 75% lower chance of developing 
DGF when the Hb concentration increased by one g/
dL above 12 g/dL.

The present study’s results differ from those from 
another research with kidney transplant recipients 
published by Na et al.35 They observed that pre-
transplant Hb concentration was significantly 
associated with renal allograft function within one year 
after kidney transplantation. However, there was no 
association between pre-transplant Hb concentration 

and DGF. On the other hand, our data are aligned 
with the results published by Molnar et al.36 They 
reported KFRT-related anemia factors before kidney 
transplants associated with DGF. Hb concentrations, 
higher doses of erythropoiesis-stimulating agents, 
and red blood cell transfusion were related to DGF 
in their report.

Significantly more patients in the DGF group 
received mycophenolate as an antiproliferative 
agent. Antiproliferative drugs also play a role in the 
pathogenesis of post-transplant anemia40. In addition, 
evidence shows that hyperparathyroidism is associated 
with anemia in CKD and KFRT41. Nevertheless, in the 
current study, there was no difference in serum levels 
of basal parathyroid hormone between the patients 
who evolved with DGF and those who did not evolve 
with DGF. There was also a higher frequency of acute 
rejection in patients who evolved with DGF.

The present study showed that patients with CAD 
had anemia in the pre-transplantation period and 
required a higher dose of the ESA. This indicates 
that higher doses of ESA are needed to treat anemia 
before kidney transplantation. We also found that 
CAD patients who had lower Hb concentrations after 
six months of kidney transplant had lower kidney 
allograft function.

These findings suggest that lower Hb concentration 
after six months in CAD are due to lower synthesis 
of EPO, higher inflammation, or retention of 
uremic solutes due to lower eGFR3–6,12. According 
to other studies, non-surviving patients had lower 
hemoglobin concentrations six months after kidney 
transplantation12,19. Thus, the current study showed 
that patients with KFRT and anemia were associated 
with outcomes after KT, such as DGF, CAD, and 
death from any cause.

Anemia can contribute to chronic allograft 
damage by limiting tissue oxygen supply, 
particularly in the tubulointerstitial area42,43. In this 
way, Cassis et al.43 published a research with an 
animal model in which the effects of erythropoietin 
post-transplantation were associated with kidney 
allograft preservation by increased angiogenic 
factors expression, upregulation of p-Akt, and Bcl-
2 anti-apoptotic factors. On the other hand, Elliott 
et al.44 published a meta-analysis about treatment 
for anemia with ESAs in renal patients where no 
reduction in DGF or improvement in 1-year graft 
survival after KT was found.
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Furthermore, anemia is common in patients after 
KT, with a 20–51% prevalence at various time points 
after transplantation8,11–14,45. The current study found 
that decreased Hb concentration after six months 
of KT was also associated with CAD and death 
from any cause. Furthermore, Gafter-Gvili et al.46 
observed that early post-transplantation anemia in 
KT recipients was associated with death from any 
cause, reduced graft survival, and allograft function 
decline. Moreover, the association with death was 
related to anemia severity. Our study found an inverse 
relationship between estimated glomerular filtration 
rate and Hb concentration after six months of KT. 
Although Iwamoto et al.47 observed a significant 
correlation between post-transplantation anemia and 
kidney allograft function, the prognosis for kidney 
graft function was poorer in patients with Hb levels 
≤ 11 g/dL. Okumi et al.14 also observed a relationship 
between reduced kidney graft function and anemia 
after kidney transplantation.

Finally, regardless of the factors contributing 
to anemia in kidney disease3–6,48, some anemia-
related factors were related to outcomes such as 
DGF, CAD, and death in deceased donor kidney 
transplantation. These findings can help the 
interpretation and management of those patients’ 
outcomes; consequently, the anemia tests could assist 
nephrologists with decision-making during treatment.

Although intriguing, this study had some 
limitations. First, this was a retrospective cohort 
study with a small number of patients with 
deceased donor kidney transplants. Second, our 
study was conducted in a single center, and there 
was no intervention by the researchers. Finally, the 
study does not rule out the possibility of bias, as 
anemia is frequent in these patients. Despite these 
limitations, the current study is consistent with other 
studies11,13,14,46 and raises awareness about the anemia 
pre- and post-transplantation of deceased donors’ 
kidneys. Further studies on this topic are necessary 
to understand the relationship between anemia and 
kidney transplantation outcomes.

conclusIon

In conclusion, our study involving kidney 
transplantation patients from deceased donors found 
a significant relationship between pre-transplantation 
anemia and DGF. Besides that, post-transplantation 
anemia was related to both CAD and death from 

any cause. Thus, more attention should be paid to 
anemia pre- and post-kidney transplantation from 
deceased donors with anemia blood test markers 
that can facilitate decision making for treatment 
complications.

Acknowledgments

We thank all patients, professionals, and technicians 
of the Hospital do Rim and medical professors of the 
Nephrology Division of the Federal University of São 
Paulo who participated in this study. We would like 
to thank Professor Nestor Schor (in memoriam) for 
his support and consideration.

dAtA AvAIlAbIlIty 

The data that support the findings of this  
study are available in figshare (10.6084/m9.figshare. 
20563206). 

AuthoRs’ contRIbutIons

FHM, EEMH, SG, CAF, IFR, JMP, LR and MAG 
participated in data collection, graphs preparation, 
and data analysis and interpretation. MAG, CAF, 
BMS and LR performed statistical analysis. JMP, LR 
and MAG conceived and designed the study. BMS, LR 
and MAG drafted the manuscript. JMP, LR and MAG 
supervised the study. All authors critically revised the 
manuscript for important intellectual content.

conflIct of InteRest

The authors have no conflicts of interest to declare.

RefeRences

1. Anderson AH, Xie D, Wang X, Baudier RL, Orlandi P,  
Appel LJ, et al. Novel risk factors for progression of diabetic and 
nondiabetic CKD: findings from the Chronic Renal Insufficiency 
Cohort (CRIC) study. Am J Kidney Dis. 2021;77(1):56–73. doi: 
http://dx.doi.org/10.1053/j.ajkd.2020.07.011.

2. Greenberg KI, Choi MJ. Hemodialysis Emergencies: core 
Curriculum 2021. Am J Kidney Dis. 2021;77(5):796–809. doi: 
http://dx.doi.org/10.1053/j.ajkd.2020.11.024. PubMed PMID: 
33771393.

3. Chiloff DM, Almeida DC, Dalboni MA, Canziani ME, George 
SK, Morsi AM, et al. Soluble Fas affects erythropoiesis in vitro 
and acts as a potential predictor of erythropoiesis-stimulating 
agent therapy in patients with chronic kidney disease. Am J 
Physiol Renal Physiol. 2020;318(4):F861–9. doi: http://dx.doi.
org/10.1152/ajprenal.00433.2019. PubMed PMID: 32003597.

4. Rocha LA, Barreto DV, Barreto FC, Dias CB, Moysés R, 
Silva MR, et al. Serum ferritin level remains a reliable marker 
of bone marrow iron stores evaluated by histomorphometry 
in hemodialysis patients. Clin J Am Soc Nephrol. 2009;4(1): 
105–9. doi: http://dx.doi.org/10.2215/CJN.01630408. PubMed  
PMID: 18842949.

5. Bandach I, Segev Y, Landau D. Experimental modulation 
of Interleukin 1 shows its key role in chronic kidney disease 

https://doi.org/10.1053/j.ajkd.2020.07.011
http://dx.doi.org/10.1053/j.ajkd.2020.11.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33771393&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33771393&dopt=Abstract
https://doi.org/10.1152/ajprenal.00433.2019
https://doi.org/10.1152/ajprenal.00433.2019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32003597&dopt=Abstract
https://doi.org/10.2215/CJN.01630408
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18842949&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18842949&dopt=Abstract


Braz. J. Nephrol. (J. Bras. Nefrol.) 2024, 46(2):e20230014

Anemia related to kidney allograft dysfunction

9

progression and anemia. Sci Rep. 2021;11(1):6288. doi: http://
dx.doi.org/10.1038/s41598-021-85778-2. PubMed PMID: 
33737665.

6. Wojtaszek E, Oldakowska-Jedynak U, Kwiatkowska M, 
Glogowski T, Malyszko J. Uremic toxins, oxidative stress, 
atherosclerosis in chronic kidney disease, and kidney 
transplantation. Oxid Med Cell Longev. 2021;2021:6651367. 
doi: http://dx.doi.org/10.1155/2021/6651367. PubMed PMID: 
33628373.

7. Fishbane S, Singh B, Kumbhat S, Wisemandle WA, Martin 
NE. Intravenous epoetin alfa-epbx versus epoetin alfa for 
treatment of anemia in end-stage kidney disease. Clin J Am Soc 
Nephrol. 2018;13(8):1204–14. doi: http://dx.doi.org/10.2215/
CJN.11631017. PubMed PMID: 29921734.

8. Gafter-Gvili A, Gafter U. Posttransplantation anemia in kidney 
transplant recipients. Acta Haematol. 2019;142(1):37–43. 
doi: http://dx.doi.org/10.1159/000496140. PubMed PMID: 
30970356.

9. Pravisani R, Baccarani U, Langiano N, Meroi F, Avital I, Bove 
T, et al. Predictive value of intraoperative doppler flowmetry 
for delayed graft function in kidney transplantation: a pilot 
study. Transplant Proc. 2020;52(5):1556–8. doi: http://dx.doi.
org/10.1016/j.transproceed.2020.02.049. PubMed PMID: 
32229046.

10. Rolak S, Djamali A, Mandelbrot DA, Muth BL, Jorgenson MR, 
Zhong W, et al. Outcomes of delayed graft function in kidney 
transplant recipients stratified by histologic biopsy findings. 
Transplant Proc. 2021;53(5):1462–9. doi: http://dx.doi.
org/10.1016/j.transproceed.2021.01.012. PubMed PMID: 
33579551.

11. Poesen R, Bammens B, Claes K, Kuypers D, Vanrenterghem 
Y, Monbaliu D, et al. Prevalence and determinants of anemia 
in the immediate postkidney transplant period. Transpl Int. 
2011;24(12):1208-15. doi: http://dx.doi.org/10.1111/j.1432-
2277.2011.01340.x. PubMed PMID: 21929730.
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