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ABSTRACT 

 

The scarce of standard recommendation for post-

transplantation anemia (PTA) has resulted in different anemia 

approaches among transplant centers. The information of PTA in 

Thai kidney transplant patients is also lacking. We aimed to study 

the incidence of PTA during one year after transplantation. Factors 

associated PTA were investigated in Thai population. We 

performed a retrospective, cohort study from kidney transplant 

patients between 2014- 2015. The primary objective was the 

incidence of PTA at one year after transplantation. Pre- defined 

factors were examined to predict the probability of PTA. Of 259 

patients, the PTA incidence at one year after transplantation was 

43.6% . Factors that increased risk of anemia included urinary tract 

infection, UTI (OR 2.170, 95%  CI 1.434- 3.248, P =  0.001), 

ganciclovir or valganciclovir (OR 1.522, 95% CI 0.926-2.501, P = 

0.097), history of blood transfusion (OR 1.483, 95%  CI 1.177-

1.868, P =  0.001), history of using recombinant human 

erythropoietin, rHuEpo (OR 1.381, 95%  CI 1.098- 1.737, P = 

0.006), duration of ESRD (OR 1.032, 95% CI 1.006-1.059, P = 

0.015), and recipient’ s age (OR 1.019, 95% CI 1.009-1.030, P = 

0.001). PTA was a common complication (43.6% ) after 

transplantation in Thai kidney transplant patients. UTI, ganciclovir 

or valganciclovir, history of blood transfusion, history of using 

rHuEpo, duration of ESRD as well as recipient’s age are associated 

with an increased risk of PTA. This information can assist 

practitioners to recognize the tendency of anemia and promising 

factors to proper management in our transplant center. 

 

 
 

1. INTRODUCTION 

 

Anemia has been a major hematologic complication in all 

spectrum of kidney diseases. The deficiency in erythropoietin 

(EPO) hormone is evidently a crucial contributor of anemia in 

chronic kidney disease (CKD)1. The optimal hemoglobin (Hb) 

target as well as anemia treatment in CKD patients have been 

extensively provided in various guidelines2- 4. However, anemia 

treatment in kidney transplant patients, refers to post-

transplantation anemia (PTA), might be under- recognized since 

there is no current recommendation in those patients. Therefore,  
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PTA information particularly in specific 

population is needed to acknowledge an impact 

of anemia and to design a proper management 

associated factors for individual transplant 

patient. 

As kidney allograft does not completely 

function at the early period after transplantation, 

serum EPO deficiency has been proposed as a 

factor related PTA incidence. Winkelmayer WC, 

et al. showed the relationship between serum EPO 

level, creatinine level, hematocrit level and the day 

after transplantation1. After immediate post 

kidney operation, serum EPO has risen up to nine-

fold from the baseline as a result of blood loss and 

systemic hypoxia from kidney operation leading 

to EPO releasing. The second peak of serum EPO 

level is from kidney allograft performance returns 

to be well-functioning resulting in three-fold EPO 

synthesis. After the early phase, serum EPO level 

will likely become to the normal level if patients 

have a complete graft function1. However, there 

have been other factors associated PTA besides 

renal function which also play an important 

contributor in transplant patients. 

The lack of universal standard for the 

definition and onset of PTA appears to make 

difficulty for clinical judgment to our patients 

despite using previous data. Therefore, we aimed 

to investigate PTA incidence in our Center of 

Organ Transplantation, Ramathibodi Hospital. 

PTA was defined by using WHO definition for 

anemia5. The persistence of anemia at 12 months 

was considered a time point for our investigation. 

Factors associated PTA were tested to identify 

the possible factors specifically in Thai kidney 

transplant patients. 

 

2. MATERIALS AND METHODS 

 

This study was a retrospective, cohort 

study. Eligible patients received new kidney 

transplantation between 2014- 2015 at our 

institution. The study was approved by the 

Ethical Clearance Committee on Human Rights 

Related to Research Involving Human Subjects, 

Faculty of Medicine, Ramathibodi Hospital, 

Mahidol University (MURA 2017/606). 

 

2.1. Patient selection and the follow-up period 

 

Patients aged more than 18 years at the 

day of transplantation were included in the study. 

Demographic data, clinical and biochemical 

parameters were collected at baseline. All patients 

were followed up in outpatient clinic with routine 

monitoring. One- year follow- up period was 

investigated in our study. PTA was defined by Hb 

less than 13.5 g/dL in adult males and less than 

12.0 g/dL in adult females5. We excluded patients 

who died or lost graft within the follow- up 

period. All post- transplant records including 

laboratory parameters, complications, medication 

used after transplantation were collected at the 

day of kidney transplantation (day 0), day 3, 7, 

14, and month 1, 2, 3, 6, 9, 12 after 

transplantation. 

 

2.2. Sample size calculation 

 

 The sample size was estimated based on 

the following equation6:  

 

N = [Z2
α/2 x P(1-P)]/M2 

 

We used Z statistic (Z) for a level of 

confidence of 95% with the margin of error (M) 

of 0.05. We used the expected prevalence of PTA 

at 1 year (P) of 0.2 from Imoagene-Oyedeji AE, 

et al7. The estimated sample size was at least 246 

subjects. 

 

2.3. Outcome measurements 

 

 The primary outcome was the incidence 

of PTA at one year after transplantation.  We also 

reported the frequency of anemia in various 

phases during one year period. The phases of 

PTA were divided into 3 categories8: 1) 

immediate phase (0-2 weeks), 2) early phase (1-

3 months), and 3) late phase (>3 months-1 year).  

The secondary outcome was factors 

associated PTA. We used twenty-five pre-defined 

factors as reported in the previous studies to 

evaluate the relationship of these factors and PTA 

incidence9- 10. Pre- defined factors were divided 

into 1) recipient factors included duration of end 

stage renal disease (ESRD), estimated glomerular 

filtration rate (eGFR) at baseline, Hb at baseline, 

history of blood loss, history of blood 

transfusion, history of using rHuEpo, and 

recipient’ s age, 2) donor factors included cold 

ischemic time (CIT), donor’ s age, expanded 

criteria donor (ECD), living donor, and standard 

criteria donor (SCD) and 3) transplant- related 

factors included angiotensin converting enzyme 

inhibitors (ACEI) or angiotensin receptor 

blockers (ARBs), cyclosporin, duration after 

transplantation, eGFR after transplantation, 

ganciclovir or valganciclovir, graft dysfunction, 

mycophenolic acid, serum creatinine (Scr) after 
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Table 1 Baseline characteristics of kidney transplant patients 

 

Baseline characteristics Anemia 

n = 113 (43.6%) 

No anemia 

n = 146 (56.4%) 

P-value 

Recipient information 

Age, mean ± SD, year 45.9 ± 11.4 43.0 ± 12.7 0.06 

Male, n (%) 37 (32.7) 118 (80.8) 0.01* 

Hb, mean ± SD, g/dL 10.0 ± 1.8 11.0 ± 1.7 0.14 

eGFR, mean ± SD, mL/min/1.73 m2 8.7 ± 5.1 7.9 ± 4.8 0.20 

Duration of ESRD, mean ± SD, year 6.0 ± 4.9 5.5 ± 5.1 0.28 

History of blood transfusion, n (%) 56 (49.6) 63 (43.2) 0.26 

History of using rHuEpo, n (%) 45 (39.8) 61 (41.8) 0.28 

Cold ischemic time, mean ± SD, hour 11.5 ± 9.6 8.2 ± 9.8 0.05* 

Induction therapy 
-Anti-thymoglobulin, n (%) 26 (23.0) 18 (12.3) 0.03* 

-Basiliximab, n (%) 49 (43.4) 57 (39.0) 0.49 

-No induction, n (%) 38 (33.6) 69 (47.3) 0.03* 

Maintenance therapy 
-Tacrolimus, n (%) 79 (69.9) 92 (63.0) 0.25 

-Cyclosporin, n (%) 35 (31.0) 55 (37.7) 0.26 

-Mycophenolate mofetil/enteric coated 

mycophenolate sodium, n (%) 

105 (92.9) 136 (93.2) 0.94 

Donor information  

-Living donor (LD), n (%) 43 (38.1) 85 (58.2) 0.01* 

-Standard criteria donor (SCD), n (%) 43 (38.1) 44 (30.1) 0.18 

-Expanded criteria donor (ECD), n (%) 27 (23.9) 17 (11.6) 0.01* 

 

eGFR = estimated glomerular filtration rate, ESRD = end stage renal disease, Hb = hemoglobin, rHuEpo = recombinant 

human erythropoietin; P-value of less than 0.05 was considered statistically significant 

 

transplantation, tacrolimus, trimethroprim/sulfa-

methoxazole, urinary tract infection (UTI), 

viremia, and viruria. 

 

2.4. Statistical analysis  

 

Continuous data was presented as mean ± 

SD or median and range. Dichotomous data was 

presented as rate and percentages. The 

independent sample t- test for parametric test and 

Mann-Whitney U test for non-parametric test were 

used to compare continuous data. Chi-square test 

was used to compare categorical data. The SPSS 

Statistics 21.0 for Windows (IBM Corp., Armonk, 

NY) was used and a P-value of less than 0.05 was 

considered statistically significant. 

 The binary logistic regression was used 

to assess the relationship between the presence of 

PTA and outcome variables. Omnibus test of 

model coefficients and Hosmer and Lemeshow 

test were used for testing model. Cox & Snell R 

square and Nagelkerke R square were also tested. 

The Wald test was used for the significant 

variables in the model. 

 

3. RESULTS  

 

 Two-hundred and seventy- two patients 

underwent kidney transplantation during 2014 to 

2015. Thirteen patients died or lost graft within 

one year were excluded. Therefore, 259 patients 

were included and investigated in our study. 

Most patients who developed anemia at 1 year 

were female (P=0.01). The CIT was significantly 

longer in anemia group than that in no anemia 

group (11.5 ± 9.6 hours and 8.2 ± 9.8 hours, 

respectively, P=0.05). As for induction therapy, 

the use of ATG appeared to be higher in anemia 

group (23% , P= 0.03) whereas no induction 

therapy seemed to occur more in no anemia 

group (33.6% , P= 0.03). We found a higher 

number of ECD (23.9% , P= 0.01) and a lower 

number of living donor (38.1% , P= 0.01) in 

anemia group when compared with those donor 

factors in no anemia group, respectively. 

Baseline characteristics of kidney transplant 

patients categorized by anemia incidence at one-

year follow-up period were shown in Table 1. 

 

The incidence of PTA during one year 

transplantation 

At the immediate phase (<14 days after 

kidney transplantation), the incidence of PTA 

was in the range of 87 to 95% . The number of 

patients with PTA gradually decreased overtime. 

There were 58.8% and 43.6% of kidney transplant 

patients having anemia at month 3 (early phase), 

and 12 (late phase), respectively (Figure 1 and 2). 

At 12 months after kidney transplantation, Hb 

level was 11.3 ± 1.3 g/dL and 14.6 ± 1.6 g/dL in 



Pharmaceutical Sciences Asia 

297 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The incidence of PTA during the immediate phase (<2 weeks) after transplantation 

 

anemia and no anemia group, respectively (P < 

0.001). The values of eGFR at one year were 

56.7 ± 20.6 mL/min/1.73 m2 and 62.8 ± 20.2 

mL/min/1.73 m2 in anemia and no anemia 

group, respectively (P = 0.017).  

Medication- related anemia including 

ganciclovir, valganciclovir, ACEI/ARB, folic 

acid supplement, iron supplement, vitamin B6 

complex supplement were not different between 

anemia and no anemia group. UTI was the most 

common infection in our studied patients. The 

incidence of UTI was 65% and 44.5% in anemia 

and no anemia group, respectively (P =  0.001). 

Sepsis, viremia and viruria were not commonly 

found and not different between anemia and no 

anemia group. 

 

Factors associated PTA 

 Binary logistic regression (binomial 

regression model) was used to select variables to 

create best association and prediction of PTA, the 

11 independent variables shown in Table 2 were 

among the factors that offered best prediction 

from this analysis. Factors associated PTA which 

were divided into the increased risk and 

decreased risk of PTA. Factors associated 

increased risk of PTA including UTI, ganciclovir 

or valganciclovir, history of using rHuEpo, 

duration of ESRD, and recipient’ s age. Factors 

associated decreased risk of PTA included 

duration after transplantation, eGFR after 

transplantation, Hb at baseline, standard criteria 

donor, and living donor. The relationship 

between variables and PTA incidence was 

provided in Table 2. As model evaluation, the 

predicted probability of PTA equation was 

Log (P)/(1-P) = 0.775 (A) + 0.420 (B) + 

0.394 (C) + 0.323 (D) + 0.032 (E) + 0.019 (F) – 

0.006 (G) -  0.011 (H) –  0.187 (I) –  1.064 (J) – 

1.237 (K) + 3.839  

When P =  Probability of PTA, 1- P = 

Probability of no PTA, A =  urinary tract 

infection, B = ganciclovir or valganciclovir, C = 

history of blood transfusion, D = history of using 

rHuEpo, E = duration of ESRD, F = recipient’s 

age, G = duration after transplantation, H = eGFR 

after transplantation, I =  Hb at baseline, J = 

standard criteria donor, K = living donor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The incidence of PTA during the early phase (1-3 months) and late phase (>3 months) after transplantation 
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Table 2 The relationship between variables and PTA incidence (Binary regression analysis) 

 

Variables Odds 95% CI P-value 

A Urinary tract infection 2.170 1.434-3.248 0.001* 

B Ganciclovir or valganciclovir 1.522 0.926-2.501 0.097 

C History of blood transfusion 1.483 1.177-1.868 0.001* 

D History of using rHuEpo 1.381 1.098-1.737 0.006* 

E Duration of ESRD 1.032 1.006-1.059 0.015* 

F Recipient’s age 1.019 1.009-1.030 0.001* 

G Duration after transplantation 0.994 0.993-0.995 0.001* 

H eGFR after transplantation 0.989 0.985-0.994 0.001* 

I Hb at baseline 0.829 0.776-0.886 0.001* 

J Standard criteria donor 0.345 0.220-0.542 0.001* 

K Living donor 0.290 0.186-0.453 0.001* 

 

eGFR = estimated glomerular filtration rate, ESRD = end stage renal disease, Hb = hemoglobin, rHuEpo = recombinant 

human erythropoietin; *P-value of less than 0.05 was considered statistically significant 

 

This equation had an accuracy of 

predicted percentage of anemia of 75.3  

 

4. DISCUSSION 

 

Our study in Thai kidney transplant 

patients showed the incidence of PTA varying in 

different period of time after transplantation. 

Almost all patients (>85% ) had anemia during 

immediate phase (<2 weeks) whereas a notable 

decrease in PTA incidence was found during 

early phase (1-3 months). As the late phase (3 

months to 1 year), PTA incidence tended to be 

consistent with approximately 40% of all kidney 

transplant patients. Many factors were associated 

with increased risk and decreased risk of PTA 

with a high percentage of anemia prediction. 

 Finding pertinent factors are of 

importance in the aspect of early recognition and 

improvement of modifiable factors associated 

PTA. Our patient characteristics revealed that 

most of patients having anemia were female 

which may reflect the contribution of 

menstruation in premenopausal women11. Renal 

function after transplantation has a great impact 

on EPO synthesis leading to the resolution of 

anemia1-2, 8. As organ transplantation has a unique 

characteristics affecting graft function, a good 

quality of kidney allograft has a positive 

influence on renal function after 

transplantation12. We found that deceased donor 

with high CIT or ECD, which generally tends to 

have a poor graft function, was higher in patients 

having anemia. Similarly, living donor, which 

commonly provides a good graft function, was 

lower in patients having anemia. Furthermore, 

medication used as induction therapy can be a 

predictor of renal graft function. In general, no 

induction has been considered for patients having 

standard risk of rejection whereas ATG has been 

prescribed for patients having high risk of 

rejection13. The induction therapy supported the 

PTA incidence of which the former significantly 

decreased risk and the latter significantly 

increased risk as found in our kidney transplant 

patients. 

 We can imply a high percentage of 

predicted probability of anemia in that the risk of 

anemia will be diminished if all specific factors 

are managed properly. Practitioners can 

recognize the tendency of anemia since before 

transplantation as regards unmodifiable factors 

found in the study. Patients having history of 

blood transfusion before kidney operation tended 

to have inherit factors for EPO hypo-

responsiveness such as hemoglobinopathies, 

bone marrow failure, EPO resistance which could 

interfere the resolution of anemia after 

transplantation2. Patients having rHuEpo used 

before transplantation also showed an increase in 

PTA incidence, which was consistent with the 

finding from Kitamura K, et al14. Hb level at 

baseline (before kidney operation) also proved 

that recipients’  anemia status before 

transplantation has an impact on PTA. In 

addition, older patients as well as a longer 

duration of ESRD contributed to be more risk of 

graft failure. The history of prolonged 

maintenance dialysis affected systemic immune 

response leading to inflammation process which 

can carry over a low EPO response after kidney 

transplantation1, 14. Donor factors related good 

graft function (standard criteria donor and living 

donor) were also found to be decreased risk of 

PTA.  

A higher eGFR and a longer time after 

transplantation showed a positive impact for the 

resolution of anemia. The values of eGFR at one 

year also supported that patients not having 

anemia were significantly higher eGFR 
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compared with that in patients having anemia. 

We should be aware of whether we allow an 

adequate time for fully renal recovery along with 

correcting other causes affecting renal function 

before approaching anemia complication. It 

would be interesting that infection, specifically 

UTI, was associated with increased risk of PTA. 

UTI has resulted in deterioration of renal function 

as inflammatory markers (IL- 6, IL- 8) were 

elevated leading to kidney allograft 

inflammation15. Ganciclovir/valganciclovir was 

found to be associated with PTA as they cause 

inherited bone marrow suppression16. From our 

point of view, anemia will be resolved when 

specific factors are corrected (UTI 

treatment/discontinuation of the causative 

agents). We did not find other common drugs 

causing anemia in our study. As all transplant 

patients normally received mycophenolic acid 

(MPA) as immunosuppressant, however, the 

relationship between MPA and PTA incidence 

was not found. Moreover, a limited number of 

patients who were prescribed sirolimus, 

azathioprine and ACEI/ARBs during one year 

after transplantation in our center had led to no 

association with PTA. Although CNIs 

(tacrolimus, cyclosporine) and TMP/SMX, for 

(Pneumocystis carrinii pneumonia; PJP) 

prophylaxis, could cause anemia problem16, we 

routinely provide these medications for all 

kidney transplant patients which were not 

presented as factors for PTA incidence. 

As a nature of a retrospective study, 

certain laboratory parameters related anemia 

such as iron status, infection, AKI incidence, 

biopsy proven or suspected acute rejection were 

loss or incomplete record. Studies evaluating the 

optimal Hb target and the role of rHuEpo for 

correcting anemia in transplant patients will be 

further required. Long term follow-up study will 

provide additional detail toward the current 

knowledge of PTA. 

 

5. CONCLUSIONS 

 

Post-transplantation anemia (PTA) is the 

common complication in Thai kidney transplant 

patients as found 43.6%  at one year after 

transplantation. We proposed the predicted 

probability of PTA both factors increased risk 

and decreased risk of anemia. Early recognition 

by finding of the anemic tendency along with 

management all possible causes helpfully 

provides the better care of anemia complication 

for kidney transplant patients.  
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