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Abstract. Anemia following kidney transplantation (KTx) is a prevalent complication 
that adversely affects allograft function, graft survival, and patient survival. Its etiology is 
multifactorial, encompassing general causes of anemia and KTx-specific factors, such as 
immunosuppression and reduced erythropoietin production. Management primarily involves 
iron supplementation and erythropoiesis-stimulating agents (ESAs); however, specific guidelines 
for post-KTx anemia are lacking, and the optimal methods for treating iron deficiency in KTx 
recipients remain undefined. Emerging evidence suggests that sodium-glucose cotransporter-2 
inhibitors may improve hemoglobin and hematocrit levels in patients with chronic kidney disease 
and KTx recipients.
To review recent advances in the pathogenesis, epidemiology, treatment, and outcomes of post-
KTx anemia, we conducted a literature search using PubMed, Google Scholar, and Google, with 
keywords including “anemia in kidney transplantation,” “anemia etiology in KTx recipients,” 
“iron deficiency in renal transplantation,” and “short- and long-term effects of anemia in KTx 
recipients.”
This review synthesizes evidence indicating that effective management of post-KTx anemia, 
through ESAs and supplementation of erythropoiesis essentials (iron, folate, vitamin B12), 
is safe and may confer renoprotective benefits. Targeted anemia correction enhances quality 
of life, reduces mortality, improves transplanted kidney function, and lowers the risk of graft 
rejection, underscoring the need for standardized treatment protocols.

Keyword: anemia, kidney transplantation, erythropoietin, iron deficiencies, sodium-glucose 
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Introduction. Kidney failure is a major public 
health problem, and its impact is expected to escalate 
significantly because of the aging population and the 
increasing rates of diabetes (DM) and hypertension 
(HTN) [1]. The commonest cause of renal failure that 
requires regular dialysis and kidney transplantation 
(KTx) is chronic kidney disease (CKD). CKD’s overall 
prevalence is almost 14% [2]. Globally, DM and HTN 
are the prevalent etiologies of CKD [3, 4]. Although di-
alysis is widely used globally for kidney failure, research 
has shown that KTx is more cost-effective.

KTx is linked with improved quality of life, greater 
survival rates, and higher economic productivity [5]. 
The framework established by the International Society 

of Nephrology (ISN) prioritizes KTx as the preferred 
method of kidney replacement treatment (RRT) [6]. 
However, the use of KTx is limited by many reasons, 
such as patient eligibility, the availability of donors, 
cultural prejudice against organs from dead donors, lo-
cal or regional proficiency, and the expenses associated 
with KTx surgery and immunosuppressive drugs [7]. 
While it is probable that low-income nations have more 
challenges in accessing KTx, there is a lack of recorded 
data on the availability, accessibility, and quality of KTx 
care compared to countries with good economic levels.

A survey was conducted in 182 nations, with 155 
responding to inquiries related to KTx. Approximately 
74% reported the availability of KTx, with a median oc-
currence rate of 14/million and a median prevalence 
rate of 255/million. The accessibility of knowledge 
about KTx has shown significant disparities, with even 
high-income nations demonstrating significantly worse 
accessibility for ethnic minorities. Around 31% of in-
dividuals had access to universal health coverage for all 
KTx treatment expenses, whereas 57% maintained kid-
ney transplant registries [8], affecting the rate of KTx.
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Резюме. Анемія у реціпієнтів ниркового тнсплантата (НТ) негативно впливає на функцію алотран-
сплантата, виживаність трансплантата та пацієнтів. Її етіологія є мультифакторною, охоплюючи загальні 
причини анемії і специфічні для НТ фактори, такі як імуносупресія та зниження продукування еритропоетину. 
Лікування переважно включає застосування засобів заліза та еритропоез-стимулюючі агенти (ЕСА); однак 
специфічні рекомендації щодо менеджменту пост-трансплантаційної анемії відсутні, а оптимальні методи 
лікування дефіциту заліза у реципієнтів НТ залишаються невизначеними. Нові дані свідчать, що інгібітори ко-
транспортера натрію-глюкози 2 можуть покращувати рівні гемоглобіну та гематокриту у реципієнтів НТ з 
хронічною хворобою нирок.

Для огляду останніх досягнень у вивченні патогенезу, епідеміології, лікування та наслідків пост-
трансплантаційної анемії ми провели пошук літератури за допомогою PubMed, Google Scholar і Google, вико-
ристовуючи ключові слова, зокрема «анемія за трансплантації нирки», «етіологія анемії у реципієнтів НТ», 
«дефіцит заліза у реціпієнтів НТ» та «коротко- і довгострокові ефекти анемії у реципієнтів НТ».

Цей огляд узагальнює докази, які вказують на те, що ефективний менеджмент пост-трансплантаційної 
анемії за допомогою ЕСА та необхідних для еритропоезу компонентів (залізо, фолати, вітамін B12) є безпечним 
і може забезпечувати нефропротекторні переваги. Цілеспрямована корекція анемії покращує якість життя, 
знижує смертність, сприяє кращій функції трансплантованої нирки та зменшує ризик відторгнення тран-
сплантата, підкреслюючи необхідність розробки стандартизованих протоколів лікування.

Ключові слова: анемія, трансплантація нирки, еритропоетин, дефіцит заліза, інгібітори котранспор-
тера натрію-глюкози 2, відторгнення трансплантата, виживаність трансплантата, якість життя.
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The American Society of Transplantation and 
the World Health Organization (WHO) define anemia 
as Hb levels < 12 g/dL for females and < 13 g/dL for 
males [9, 10]. Normocytic normochromic anemia is a 
common CKD anemia linked to many negative clinical 
consequences [11]. A successful KTx can rectify ane-
mia. Nevertheless, a significant proportion of KTx indi-
viduals, ranging between 20% and 51%, have anemia at 
different stages after KTx [12, 13]. Post-KTx (PKTx) 
anemia is often subdivided into early and late. Early 
anemia usually develops within 6 months of PKTx, af-
fecting around 50% of patients, while Late anemia oc-
curs in 23%-35% of KTx individuals after 6 months 
[13, 14].

PKTx anemia is connected with decreased physi-
cal ability, persistent tiredness, cognitive deterioration, 
and worsening life quality [15]. Furthermore, increas-
ing evidence suggests that anemia might have an ad-
verse correlation with long-term clinical results after 
KTX, including graft failure, death, and progression 
of kidney dysfunction. Therefore, addressing anemia 
in KTx recipients (KTRs) is justifiable, preferably ini-
tiating treatment promptly after transplantation. How-
ever, the guidelines need more appropriate or precise 
recommendations for managing anemia in KTxRs [16]. 
The KDIGO recommendations for KTRs and the posi-
tion statement from the European Renal Best Practice 
Group both recommend managing anemia in KTxRs 
by adhering to the treatment guidelines for anemia in 
CKD. However, these recommendations have some 
drawbacks, as will be discussed later. 

Epidemiology of post-kidney transplantation 
anemia. PKTx anemia prevalence was reported as 
20–51% at different points in time after transplanta-
tion [12, 13]. The prevalence of early anemia in PK-
TxRs was about 50% in various studies [17, 18], and 
the prevalence decreased to approximately 23–35% 
during the eight-year follow-up [17, 18]. The preva-
lence rates of PKTx anemia at 1, 3, 6 months, and 1 
year were 84.3%, 39.5%, 26.2%, and 21.6%, respec-
tively [19]. Subsequent research indicates that the 
prevalence of PKTx anemia varies between 25% and 
41.4% [20, 21], with a 2-year prevalence of 36.6%. 
The anemia incidence at 3, 5, and 10 years PKTx has 
been reported as 41.5%, 35.3%, and 93.2%, respec-
tively [22].  Another study reported that anemia rates 
vary by definition and transplantation time. Research 
indicates that 50% of KTxRs are anemic at 6 months, 
40% at 1 year, and 30% at 5 years of PKTx, with 12%-
15% experiencing severe PKTx anemia (Hb <11 g/dL) 
[23]. PKTx anemia has a high prevalence, and its se-
verity increases the risk of graft failure [24], mortality 
rate [12, 13], left ventricular hypertrophy [25], con-
gestive heart failure [26], and the estimated glomeru-
lar filtration rate (eGFR) reduction [17]. The varia-
tion in PKTx anemia prevalence and anemia-related 
death rate may be due to heterogeneity in anemia defi-
nitions, patient characteristics, graft function, immu-
nosuppression, inclusion criteria, and study method-

ologies. Standardized reporting and longer follow-ups 
could improve comparability. 

Post-kidney transplantation anemia etiology and 
pathophysiology. Anemia incidence and severity are 
linked to kidney transplant graft dysfunction [27].  KTx 
causes folate, iron, and vitamin B12 deficits, causing 
anemia [28].  The graft secretes erythropoietin (EPO), 
which rises to 100% by 16 weeks PKTx, improving 
erythropoiesis and anemia.  Second plasma EPO peaks 
depend on renal function recovery [29].  Serum EPO 
levels may vary with renal function in KTxRs [30].  
As the transplanted kidney’s glomerular filtration rate 
(GFR) drops, EPO production diminishes [30].  Acute 
rejection can rapidly lower serum EPO [31]. PKTx 
anemia patients may have high serum EPO or insuffi-
ciency and may develop intolerance to high EPO levels.  
Chronic allograft rejection, inflammation, iron insuf-
ficiency, hyperparathyroidism, infections, and immu-
nosuppressive medication misuse increase resistance to 
the EPO effect [30].

Iron deficiency PKTx can cause early or late-stage 
anemia. Increased iron consumption due to allograft-
induced serum EPO generation, hemorrhage during or 
after surgery, frequent sampling, anticoagulant usage, 
commencement of heavy menstrual cycles, and malig-
nancies can cause an absolute iron deficiency [32].  In-
flammation and mTOR inhibitors raise hepcidin levels, 
lowering blood iron and affecting erythropoiesis [32].  

Chronic bacterial or viral infections impair eryth-
ropoiesis by directly impacting the bone marrow, in-
creasing the risk of PKTx anemia [33]. In the early 
months after transplantation, immunosuppressive 
medication increases the risk of infectious diseases [34]. 
Due to bone marrow suppression by parvovirus B19, re-
ticulocyte counts might drop below 1% within 2 weeks 
of kidney transplantation, causing anemia [37]. 

Anemia caused by medication may be investigated 
when no other causes are found [20].  Calcineurin in-
hibitors, anti-thymocyte globulin, mTOR inhibitors, 
and antimetabolites can cause anemia.  Anemia can be 
caused by toxic antivirals such as ganciclovir and val-
ganciclovir.  Antibacterials such as trimethoprim-sul-
famethoxazole can impact bone marrow, and immune-
mediated hemolysis can cause anemia [14, 35].  Azathi-
oprine and mycophenolate mofetil can cause hemolytic 
or megaloblastic anemia in kidney transplant recipients 
[36, 37].  Long-term proton pump inhibitor use may 
impede intestinal iron absorption, causing iron-defi-
ciency anemia [38].  PKTx anemia is linked to RAAS 
inhibitors [27].  The RAAS increases serum angiotensin 
II, which boosts erythropoiesis by increasing EPO syn-
thesis in response to hypoxia and decreasing renal blood 
flow [16].  It also decreases hepcidin and stimulates red 
blood cell precursor production.  The effect of RAAS 
on erythropoiesis may be minor in the general popula-
tion, but blocking RAAS receptors decreases hemato-
crit in immunosuppressed individuals.  RAAS inhibitors 
in PKTx may affect erythropoiesis, causing anemia [20, 
39].  Delayed graft function delays EPO synthesis by 
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the transplanted kidney, causing PKTx anemia.  Inter-
stitial fibrosis and tubular atrophy are independently 
related to 12-month post-PKTx anemia [40].  

Pathophysiologically, PKTx anemia has many 
causes.  Iron deficiency, sometimes caused by preexist-
ing deficits, causes anemia in PKTxRs.  Vitamin B12 and 
folate deficits, albeit less common than iron deficiency, 
can cause anemia and impair erythropoiesis since they 
are essential for erythropoiesis.  Rejection of transplant-
ed kidneys, especially in situations of chronic injury, can 
cause interstitial fibrosis and tubular atrophy, limiting 
kidney function and erythropoietin synthesis.

Early kidney impairment often coincides with 
donor kidney health.  Late dysfunction can arise from 
cumulative damage or rejection, affecting EPO pro-
duction over time.  Hepcidin, ferritin, and HIF dys-
regulation affect iron availability and EPO response.  
Hepcidin, an iron-regulatory hormone, is raised during 
inflammation, especially in transplant recipients, limit-
ing iron availability.  Erythropoietin synthesis and iron 
metabolism depend on hypoxia-inducible factors [41].  
The primary causes and pathogenesis of PKTx anemia 
are shown in Table 1 and Fig. 1.

Table 1

Etiologies of post-kidney transplant early and late anemia

Early Anemia Etiology Late Anemia Etiology

Iron deficiency Allograft Dysfunction

Infections
	– Viruses causing aplastic anemia (parvovirus B19, 
Epstein-Barr virus, cytomegalovirus, adenovirus, 
BK virus, herpesviruses, and varicella-zoster 
virus)
	– Indolent infections (bacterial, fungal, viral, and 
parasitic)

Infections: Late-viral (cytomegalovirus, hepatitis B 
virus, and hepatitis C virus)
Community-acquired pathogens

Allograft Quality Immunosuppressive Treatment

Immunosuppression induction Iron Deficiency

Extended donor criteria Vitamin B12 and Folic acid deficiency

Acute Rejection Acute rejection

Delayed graft function Antimicrobials

Ischemia time Drugs
Renin-angiotensin system inhibitors
Proton-pump inhibitors

Aggressive Hydration (dilutionary effect)

Transplanted kidney Transplanted kidney

Fig. 1. Pathogenesis, etiology, and treatment of Post-kidney Transplantation Anemia.

Predictors of post-kidney transplant anemia. 
Multiple studies have sought to identify factors that 
might predict the occurrence of PKTx anemia. In ret-
rospective research, 266 KTxRs between 2008 and 2011 

were included [17]. Female sex, lower eGFR, and 
presence of hypochromic red blood cells were identi-
fied as variables linked with early PKTx anemia in a 
multivariate analysis. Early PKTx anemia and receiv-
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ing a live donor kidney were identified as important 
factors related to late PKTx anemia occurring 2 years 
after transplantation. The latter factor, having a living 
donor as the source of transplantation, was shown to 
have a protective effect for late PKTx anemia [17]. The 
Transplant European Survey on Anemia Management 
(TRESAM) gathered figures from 72 transplant facili-
ties in 16 countries, which included 4,263 KTxRs [20]. 
An evident correlation was seen between graft perfor-
mance and Hb levels. In 904 KTx individuals with se-
rum creatinine > 176.8 mmol/dL, 60.1% were anemic, 
compared to 29.0% of serum creatinine < 176.8 mmol/
dL individuals, with a significant difference, P < 0.01. 
High serum creatinine levels (over 176.8 mmol/dL) 
were related to anemia occurrence in PKTx.  Addition-
al variables linked to PKTx anemia included donor age 
(especially over 60 years), the administration of ACE 
inhibitors, immunosuppressives such as mycophenolate 
mofetil and azathioprine, angiotensin receptor block-
ers, and infections. 

In a study involving 626 patients who received 
transplantation at a single center in Pennsylvania, sever-
al factors were significantly linked to anemia 12 months 
after PKTx. These factors include anemia occurring 3 
months after PKTx, the donor’s age, creatinine levels at 
3 months, and being female [42]. It has been concluded 
that after 12 months of PKTx, the occurrence of PKTx 
anemia has led to a higher risk of patient mortality. The 
presence of anemia 3 months after the transplantation 
is a significant factor in determining the occurrence of 
12-month PKTx anemia [42]. Furthermore, a separate 
study conducted in Michigan, which included 192 kid-
ney transplant patients, found that being female and 
having higher creatinine levels at the 3-month mark 
are indicators of late post-transplant allograft dysfunc-
tion [43]. The finding that anemia shortly after PKTx 
indicates that anemia will occur later [17] implies that 
improved measures to avoid and manage anemia in the 
early stages of PKTx might avert late PKTx anemia and 
graft failure, especially in severe and moderate anemia 
[12].

Approach to post-kidney transplant anemia. The 
diagnosis and the investigatory scheme of PKTx anemia 
include a good history and a physical examination. The 
important parts of the history are the history of bleed-
ing, stool color, urine color, drug history, gastrointes-
tinal chronic diseases, and previous surgical history. 
A history of anticoagulation and the type of immuno-
suppressive medication used are essential. Moreover, 
the history of when the anemia started after KTx is 
important to recognize the type of PKTx anemia and 
the history of anemia pre-KTx. Furthermore, careful, 
thorough clinical examination for signs of bleeding, 
anemia, and chronic kidney, liver, and cardiac diseases. 
A thorough general and systematic clinical examination 
is necessary to look for any causes of anemia. Complete 
laboratory workup, including complete blood count, 
differential count, urine examination, serum vitamin 
B12, folate, iron status (serum iron, ferritin, total iron 

binding capacity), serum thyroid, and parathyroid hor-
mone levels, is all needed. In some instances, invasive 
investigations, such as endoscopies, bone marrow aspi-
ration, and biopsy, might be required.

Post-kidney transplantation anemia and graft 
failure. Previous studies reported that KTx is linked to 
the combined occurrence of death from any cause and 
loss of the transplanted organ. Nevertheless, whereas 
most research has shown a noteworthy link with graft 
failure, findings addressing the connection between 
anemia and death are inconclusive. An investigation 
of 4,217 French PKTx individuals revealed that both 
death and graft failure were linked to PKTx anemia at 12 
months [21]. Research conducted in Hungary followed 
938 KTx patients and found that anemia was linked to 
increased death and graft failure after 4 years [44] and 8 
years of follow-up [45]. An Austrian study on 2,031 KTx 
individuals revealed a substantial correlation between 
anemia and graft failure and mortality over a median 
period of 6 years [46]. A study conducted in Pennsyl-
vania, including 626 KTx recipients, found that anemia 
at the 12-month mark had a higher mortality risk [42]. 
A study of 1,023 KTx recipients found that anemia after 
3 months of PKTx was linked to increased graft failure 
and mortality [47]. A study of 170 KTxRs concluded 
that PKTx anemia during the first 30 days indicates 
poor graft outcome [48]. Another research, including 
266 transplant patients, found that anemia occurring 
after PKTx at 2 years was also linked to higher death 
rates [44] and even during 8 years of follow-up [45]. 
An Austrian study of 2,031 KTx individuals revealed a 
substantial correlation between anemia and graft failure 
and mortality over a median period of 6 years [46]. A 
study of 1,023 KTx recipients found that anemia after 
3 months of PKTx was linked to increased graft failure 
and mortality [47]. A study of 170 KTxRs concluded 
that PKTx anemia during the first 30 days indicates 
poor graft outcome [48]. Another research, including 
266 transplant patients, found that PKTx anemia is sig-
nificantly related to late mortality, graft dysfunction, 
and a rise in graft failure rate [12]. Another trial, in-
cluding 1,139 patients, showed that anemia occurring 
between 6 and 18 months after PKTx is common and 
linked to graft failure and mortality [13]. A Japanese 
[51] and a Slovakian [52] study had comparable find-
ings. A recent systematic review concluded that therapy 
with RAAS inhibitors can decrease death and graft loss 
in PKTx [53], although they may precipitate PKTx 
anemia [16]. However, further well-designed prospec-
tive trials are mandatory to validate these conclusions. 
A retrospective study that included 145 KTx recipients 
recently concluded that PKTx anemia significantly en-
hances graft failure, loss, and mortality [45].

On the contrary, subsequent research has shown 
contradictory findings concerning long-term fatality. 
In a retrospective analysis of 825 KTxRs in Europe dur-
ing a follow-up period of 8 years, anemia was not shown 
to be correlated with all-cause mortality [49]. Accord-
ing to a study conducted on 2,102 Danish KTxRs, there 
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was no observed correlation between Hb levels and CV 
morbidity or death over 5 to 6 years [50]. China’s ret-
rospective research, examining 887 PKTx individuals, 
concluded that 12 months of PKTx anemia was not sig-
nificantly linked to death [19]. On the contrary, subse-
quent research has shown contradictory findings con-
cerning long-term fatality. Anemia was not shown to 
be correlated with all-cause mortality in a retrospective 
analysis of 825 KTxRs in Europe during a follow-up pe-
riod of 8 years [49]. According to a study conducted on 
2,102 Danish KTxRs, there was no observed correlation 
between Hb levels and CV morbidity or death over 5 
to 6 years [50]. China’s retrospective research examin-
ing 887 PKTx individuals concluded that 12 months of 
PKTx anemia was not linked significantly to death [19].

Regarding graft survival, anemia was consistently 
shown to be substantially correlated with graft loss in 
different studies. However, other studies did not find 
a connection with overall mortality, but a substantial 
link was noted between anemia and graft loss [13, 51]. 
However, other studies did not find a connection with 
overall mortality, but a substantial link was noted be-
tween anemia and graft loss [13, 51, 52]. Regarding 
graft survival, anemia was consistently shown to be sub-
stantially correlated with graft loss in different studies. 
However, other studies did not find a connection with 
overall mortality, but a substantial link was noted be-
tween anemia and graft loss [13, 51].

A study reported an established correlation be-
tween anemia and mortality, which was detected to de-
pend on the degree of severity [13]. The presence of se-
vere anemia (Hb < 11 g/dL) was continuously linked to 
a higher death risk. However, moderate anemia has not 
been reported to correlate significantly with mortality. 
Moreover, iron deficiency triggers the activation and si-
multaneous splitting of fibroblast growth factor (FGF) 
23 [53]. High levels of FGF23 have been observed as 
an independent predictor for graft loss, cardiovascular 
disease (CVD), and death in KTxRs. This is likely due 
to the unintended effects of FGF23 in non-target sites 
[32]. It is yet unknown if FGF23 might serve as a link 
between iron deficiency and negative consequences in 
KTx anemia cases, necessitating further research.

Research indicates that high serum ferritin in the 
absence of infection is linked to improved graft perfor-
mance and survival [54]. In contrast, the study con-
ducted on 438 KTx recipients did not find any connec-
tion between graft failure and the proportion of hypo-
chromic anemia [49]. Nevertheless, one study found a 
significant correlation between the proportion of hy-
pochromic anemia and overall mortality [49]. Another 
study concluded that iron deficiency was also shown to 
be significantly linked to overall mortality, even with-
out concurrent anemia, by promoting intact FGF23 
production and cleavage, forming C-terminal GF23. 
A high level of C-terminal GF23 is significantly pro-
spectively related to patient survival [55]. The possible 
pathways include direct impacts on the metabolism of 
cardiac and skeletal muscles [54]. In contrast, the study 

conducted on 438 KTx recipients did not find any con-
nection between graft failure and the proportion of hy-
pochromic anemia [49].

Nevertheless, one study found a significant corre-
lation between the proportion of hypochromic anemia 
and overall mortality [49]. The possible pathways in-
clude direct impacts on the metabolism of cardiac and 
skeletal muscles [55]. Iron deficiency may weaken the 
functioning of cardiac and skeletal muscle cells by re-
ducing the amount of oxygen available inside the cells 
and hindering the Krebs cycle [32]. These findings may 
explain the inconsistency in research that demonstrated 
a correlation between death and anemia compared to 
those that did not report a relationship. Hence, further 
research is required to clarify this subject.

Post-kidney transplantation anemia effcts on 
the cardiovascular system. Canadian retrospective re-
search of 473 KTxRs revealed that anemia is a recog-
nized independent factor for LVH, which was detect-
able in electrocardiography for 1 to 5 years [56]. The 
presence of LVH and anemia was shown to be strongly 
correlated with a substantial risk of mortality.  LVH be-
fore KTx is linked to a higher incidence of CVD among 
KTx patients [57]. A study involving 1063 individuals 
who underwent pretransplant echocardiography re-
vealed a significant occurrence of LVH and increased 
wall thickness. In a multivariable survival regression 
analysis, these were statistically significant (P=0.02 
and 0.04) and were independent factors associated with 
CVD events. This association remained significant even 
after accounting for common pretransplant CVD risk 
factors [58]. KTx results in regression of LVH, as shown 
by research that demonstrated a substantial reduction 
in LV mass index (P<0.001), together with a significant 
improvement in ejection fraction (P = 0.009) over a 
24-month follow-up period [59]. Paoletti et al. demon-
strated that enhancing LVH improved post-transplant 
outcomes [60]. A retrospective analysis was undertaken 
at two Canadian institutions, including 638 consecutive 
KTx recipients who were clear of cardiac illness one 
year after the transplantation. Moreover, they reported 
that anemia was an independent risk factor for conges-
tive heart failure (CHF) in anemic KTxRs. The pres-
ence of LVH and anemia was shown to be strongly cor-
related with a substantial risk of mortality.  LVH before 
KTx is linked to a higher incidence of CVD among KTx 
patients [57]. 

KTx generally leads to an increase in ejection frac-
tion over time for most recipients. Following KTx, 
there is a significant occurrence of new-onset CHF, 
ranging from 10% to 18% at 12 and 36 months, which 
is linked to more graft function loss and death rates 
[61,62]. While KTx leads to improvements in LV vol-
umes during systole and diastole, as well as a reduction 
in LV muscular masses, it is important to note that the 
dysfunction of the cardiorenal axis before and after the 
KTx can still contribute to ongoing LV dilation, myo-
cardial infarction, CHF, and arrhythmia in recipients 
[62]. The exact prevalence of CHF with preserved ejec-
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tion fraction (HFpEF) in KTxRs has yet to be fully 
understood [61, 62]. However, data obtained from 
echocardiographic strain measurements indicate that 
even individuals with normal LVEF may exhibit sub-
tle abnormalities in global longitudinal strain, a highly 
sensitive measure of LV function. These abnormalities 
were observed in KTx recipients during a mean follow-
up period of 11 months. A decrease in global longitudi-
nal strain during the peri-transplant period may also be 
linked to an increased likelihood of CV disease events 
or mortality after kidney transplant [63]. Although it 
appears that KTx improves most, if not all, CKD CVS 
complications after KTx, there are some controversies 
regarding the reported evidence. Hence, further larger 
studies are required to clarify these controversies.

Post-kidney transplantation anemia effect on 
glomerular filtration rate. A study reported a decline 
of eGFR with time in patients with anemia and vice 
versa. There was more reduction of the eGFR at 2 years 
compared to 6 months in anemic recipients, while the 
eGFR improved in nonanemic recipients [17]. In the 
Correction of Anemia and Progression of Renal Insuffi-
ciency in Transplant Patients (CAPRIT) trial, normal-
ization of Hb (13–15 g/dL), PKTx reduced the eGFR, 
progression to ESRD, improved creatinine clearance, 
and death-censored graft survival rates [64]. Another 
prospective study suggested that anemia correction 
(12.5-13.5 g/dL) delayed dysfunction of the transplant-
ed kidney by >3 years in chronic allograft nephropathy 
[65]. This suggests that severe PKTx anemia signifi-
cantly causes an eGFR decline, and anemia correction 
can reduce the eGFR decline rate, improving allograft 
survival, function, and KTxRs’ life quality [64]. An-
other prospective study suggested that full anemia cor-
rection (12.5-13.5 g/dL) delayed Tx kidney dysfunction 
by >3 years in chronic allograft nephropathy [65]. This 
suggests that severe PKTx anemia significantly causes 

an eGFR decline, and anemia correction can minimize 
the eGFR decline rate, improving allograft survival, 
function, and KTxRs’ life quality. Despite these re-
ported negative effects of PKTx anemia, further longer 
follow-up studies are required.

Post-kidney transplant anemia and mortality. 
Despite the advancement in PKTx anemia therapy, 
there are conflicting reported data about the effect of 
anemia on mortality in KTxRs [16]. Studies on PKTx 
anemia and death showed inconsistent findings.  A pro-
spective cohort study found that anemia increased the 
risk of mortality after 4 years [66]. A Retrospective in-
vestigation indicated that every 1 g/dL rise in Hb re-
duced mortality by 18% [46].  Another retrospective 
study linked 12-month posttransplant anemia to death 
[42].  Anemia PKTx (3-12 months) was related to a 
higher risk of death up to 10 years, regardless of kidney 
function [67]. Early and late PKTx increased 4-year 
mortality [12]. However, other research has found no 
link between PKTx and death. These include two ret-
rospective investigations, one with an 8-year follow-
up [49]. Another study for 887 KTRs examined at 12 
months [19], and a 5-6-year prospective cohort study 
[50].

In studies indicating no link between PKTx ane-
mia and death rate, most patients had moderate ane-
mia (mean Hb concentration >11 g/dL) with differ-
ent Hb values in different studies, which may explain 
the inconsistencies. Severity of anemia correlated with 
death in a cohort analysis of 1,139 KTRs.  Anemia (Hb 
concentration <11 g/dL) was closely linked to death 
[13]. In summary, most studies associate PKTx anemia 
with mortality; the relationship appears to be dose-de-
pendent (stronger with severe anemia), time-sensitive 
(strongest early post-transplant), and potentially medi-
ated through cardiovascular effects. Table 2 summariz-
es the effects of PKTx anemia on mortality.

Table 2

Summary of the effects of post-kidney transplant anemia on mortality

Study 
Population

Study Design Follow-up Key Findings Reference

4,217 PKTxRs Retrospective 12 months
Anemia associated with ↑ mortality & 
graft failure

[21]

938 PKTxRs Retrospective 4-8 years
Anemia linked to ↑ mortality & graft 
failure

[45, 46]

2,031 PKTxRs Retrospective 6 years (median)
Significant mortality/graft failure 
correlation

[46]

626 PKTxRs Retrospective 12 months 12-month anemia ↑ mortality risk [42]

1,023 PKTxRs Retrospective 3 months
Anemia linked to ↑ graft failure & 
mortality

[47]

170 PKTxRs Retrospective 30 days Early anemia predicted poor outcomes [49, 48]

266 PKTxRs Retrospective 2-8 years Late mortality association [12, 44, 45]
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Continuation of Table 2

Study 
Population

Study Design Follow-up Key Findings Reference

1,139 PKTxRs Retrospective 6-18 months Graft failure & mortality link [13]

145 PKTxRs Retrospective - ↑ Graft failure & mortality [45]

825 PKTxRs Retrospective 8 years No mortality association [49]

2,102 PKTxRs Retrospective 5-6 years No Hb-CV mortality correlation [50]

887 PKTxRs Retrospective 12 months No mortality link [19]

	 Legend: PKTxRs (post-kidney transplant recipients).  

	 The summary of the table and the texts above are: 1. Mortality:  8/12 studies (67%) reported a significant association, strongest 
for severe anemia (Hb <11 g/dL) [13], most consistent in the first 3 years post-transplant. 2. Graft Failure: More consistently 
associated (10/12 studies), present even when mortality link absent [13, 51]. 3. Negative Findings: 3 large studies found no 
association [19, 49, 50], all examined moderate anemia (Hb >11 g/dL). 4. Cardiac Impact: Anemia+LVH ↑ mortality risk 
[56-58], may explain some mortality associations.

Although there is reasonable evidence about the 
negative effects of PKTx anemia and the beneficial ef-
fects of normalizing the Hb PKTx, the existing research 
data about PKTx anemia exhibit limitations. Compar-
ing transplant recipients to individuals still on dialysis 
may present challenges, as the former generally exhibit 
better health status, causing bias in the results and com-
parisons between patients.  The other limitation is het-
erogeneity.  The outcomes of studies are significantly 
influenced by variability in research demographics, 
follow-up duration, immunosuppressive regimens, and 
healthcare systems.  Access to care, socioeconomic sta-
tus, and comorbidities remain inadequately addressed.  
Some authors consider the observational characteristics 
of the available studies to be a limitation.  Due to the 
predominance of non-randomized research, establish-
ing causality presents significant challenges.  The avail-
able data insufficiently provide the follow-up necessary 
for assessing long-term mortality outcomes, which is 
another limitation. Restrictions on reporting and reg-
istration data may contain absent variables or incon-
sistencies.  Finally, the different definitions of anemia 
employed can affect the results of studies and should be 
carefully considered, as they may be a limitation.

Post-kidney transplant anemia therapy. PKTx 
anemia is frequent in KTxRs. Anemia occurring up 
to 6 months after transplantation is called early PKTx 
anemia, whereas anemia occurring beyond 6 months 
is called late PKTx anemia. Early PKTx anemia pre-
dicts late PKTx anemia. PKTx anemia, especially late-
onset anemia, lowers GFR and graft survival rates and 
increases death [68]. The severity and cause of anemia 
affect mortality significantly. Urgent PKTx anemia 
treatment following kidney transplantation is advisable. 
Renal transplant patients with anemia should aim for 
12.5-13 g/dL, which is greater than the recommended 
value for CKD patients. ESA and iron therapies are 
needed to reach this goal 

Iron therapy. A study noted that high serum ferri-
tin is linked to improved graft performance and survival 
[54]. In contrast, other studies conducted for KTxRs 

found no connection between graft failure and the pro-
portion of hypochromic anemia [16, 69]. Nevertheless, 
the latter study found a significant correlation between 
the proportion of hypochromic anemia and overall 
mortality [69]. Another study concluded that iron defi-
ciency was also shown to be significantly linked to over-
all mortality, even without concurrent anemia, by pro-
moting intact FGF23 production and cleavage, forming 
C-terminal GF23. A high level of C-terminal GF23 is 
significantly and prospectively related to mortality [55]. 
The possible pathways include direct impacts on the 
metabolism of cardiac and skeletal muscles [54]. Iron 
deficiency may weaken the functioning of cardiac and 
skeletal muscle cells by reducing the amount of oxygen 
available inside the cells and hindering the Krebs cy-
cle’s normal progress [32].

Adequate research is needed on the use of iron sup-
plements in KTx recipients, and it is still being deter-
mined whether intravenous (IV) iron is more effective 
than oral iron [16]. Furthermore, more study needs to 
investigate the best preparation of iron that is more ben-
eficial in reducing FGF23 levels and correcting anemia. 
Oral iron treatments are often favored because of their 
affordable price and convenient administration. Never-
theless, the gastrointestinal adverse effects of oral iron 
preparations hamper iron absorption in the small in-
testines, and low patient compliance limits the efficacy 
of oral iron. The efficacy and tolerability of newer oral 
iron treatments such as ferric maltol, ferric citrate, and 
Sucrosomial® Iron, which are superior to conventional 
iron salts, have yet to be assessed in KTxRs. Neverthe-
less, oral iron has detrimental effects on the gut micro-
biota [70], which has a significant role in determining 
the success of the allograft [71].

Comparing oral preparations to IV iron, it is found 
that IV iron is more effective in correcting iron defi-
ciency and increasing Hb levels in CKD undergoing 
dialysis or with non-dialysis-dependent CKD. Addi-
tionally, IV iron’s safety profile is comparable to oral 
preparations in CKDs [72]. Administration of  IV iron 
sucrose for KTx recipients resulted in a notable rise in 
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Hb levels and a decrease in the rate of decline in the 
eGFR in 48 recipients [73]. There was no elevated risk 
of infection seen with intravenous iron (polymaltose) 
compared to oral therapy (ferrous sulfate) [74]. Intra-
venous iron treatments, such as ferric carboxymaltose 
and ferric derisomaltose, must be infused at slower 
rates to reduce the likelihood of severe hypersensitiv-
ity events [75]. IV ferric carboxymaltose has excellent 
tolerability and safety [76]. 

An important clinical issue to consider while ad-
ministering IV iron polymaltose and ferric carboxy-
maltose is worsening preexisting hypophosphatemia 
due to a sudden increase in FGF23 metabolism [77]. 
The resulting hypophosphatemia is most prevalent in 
KTxRs, who usually have high FGF23 levels. However, 
out of the 23 KTx recipients given a maximum dose of 
ferric carboxymaltose, only 1 patient needed temporary 
phosphate supplementation [78]. Further inquiries are 
needed to comprehend the clinical impact on KTxRs 
caused by hypophosphatemia generated by IV iron 
[79]. Individualized Hb level goals were advisable in 
PKTx anemia. In this scenario, IV iron treatment is un-
derutilized, and iron deficiency and antecedent events 
(blood transfusion or hospital stay) explain most ESA 
hypo-responsiveness. This suggests that post-transplant 
anemia patients require better treatment techniques 
due to missed prescriptions, targeting, and guideline 
adherence [80].

Iron supplementation might be advantageous in 
KTx, and intravenous delivery may be a sensible option 
[12]. Nevertheless, several matters remain unsettled. 
The extent to which iron depletion or administration 
impacts long-term clinically important consequences 
has yet to be firmly determined in KTxRs [81]. Further 
elucidation is required about IV iron in combination 
with ESA delivery [81]. Furthermore, no successful 
treatment plan is available to address disruptions in iron 
metabolism in KTxRs. Recent research showed that a 
proactive high-dose intravenous iron treatment was safe 
and more effective than a low-dose IV iron treatment 
in hemodialysis-dependent ESRD patients. However, 
such therapeutic approaches have yet to be studied in 
large studies on KTxRs. Therefore, it is necessary to 
conduct prospective studies to assess the most effective 
therapeutic method for iron deficiency in KTxRs. 

Erythropoietin or erythropoietin-stimulating 
agents therapy. ESA treatment stimulates the produc-
tion of erythrocytes. It has significantly transformed the 
treatment of anemia in CKD [11]. However, it is pres-
ently considered that ESA therapy needs to be used to 
its full potential in KTxRs with certain cautions [81]. 

The earliest randomized control trial (RCT) for 
KTx recipients with an Hb of < 12 g/dL was randomly 
distributed to receive subcutaneous beta-epoetin thrice/
week to achieve an Hb > 12.5 g/dL, and a control group 
received a placebo. The groups had no observable dif-
ferences regarding Hb levels or allograft function dur-
ing the first 3 months. However, the group receiving 
ESAs achieved the goal of Hb level more quickly and 

needed fewer blood transfusions [82]. An RCT involved 
patients with Hb levels ranging from 8 to 10 g/dL dur-
ing the first week of PKTx. The patients were randomly 
injected with EPO biosimilar three times weekly subcu-
taneously or placebo. The results of this trial revealed 
that after six months, while the Hb levels were similar 
in both groups, the intervention group exhibited lower 
serum creatinine levels and higher creatinine clearance 
[83]. In contrast, in another study, KTx recipients who 
had anemia within 3 months after KTx were divided 
into two groups; one group received beta-epoetin to 
maintain Hb levels between 11.5 and 13.5 g/dL, while 
the placebo group received no medication [84]. After 2 
years, the group that received ESA had a notably elevat-
ed Hb level [83]. However, no discernible differences 
between the groups regarding eGFR receiving ESA had 
enhanced quality of life [84].

The CAPRIT study investigated the impact of nor-
malizing Hb (13-15 g/dL) versus partially corrected 
Hb (10.5-11.5 g/dL) using subcutaneous beta-epoetin 
on graft survival and life quality in KTx recipients who 
had late PKTx anemia for over 2 years [64]. The Hb 
normalized group had a decline in estimated creatinine 
clearance, a lower risk of progression to renal failure, 
superior graft survival without death-related causes, 
and substantially improved life quality [64].  Tsujita et 
al. conducted a 3-year study on KTx recipients treated 
with either darbepoetin alpha or beta-epoetin, admin-
istered subcutaneously or intravenously. Hb correction 
(12.5-13.5 g/dL) versus low Hb levels (10.5-11.5 g/dL) 
effect on the graft function decline rate was studied as 
a primary measure of effectiveness [65]. The decrease 
in the eGFR was substantially more pronounced in the 
group with low Hb levels compared to the group with 
higher Hb [65]. The decrease in the eGFR was substan-
tially more pronounced in the group with low Hb levels 
compared to the group with higher Hb [65]. 

Another study investigated a total of 153 KTx re-
cipients who were randomly allocated to two groups: 
one with a high goal level of Hb (≥12.5 g/dL) and the 
other with a low target level (<10.5 g/dL). Addition-
ally, the participants were divided into two subgroups: 
one receiving cholecalciferol and the other serving as 
a control group. All participants received subcutaneous 
beta-epoetin [85]. The main endpoint of the research 
was the alterations in the eGFR based on creatinine 
levels during two years [85]. Patients with high Hb had 
a lesser decrease in kidney function than those with low 
Hb (P < 0.05), and there was no significant change in 
the drop in kidney function between the cholecalciferol 
and control groups [85].

The findings of these cited studies indicate that in 
KTx, anemia is linked to the eGFR decline, and ad-
dressing anemia correction may effectively slow down 
the graft function decline rate and time. This contra-
dicts a recent meta-analysis that found no evidence of 
the renoprotective benefits of ESA in PKTx recipients 
[86]. Nevertheless, heterogeneity and disparate main 
outcomes were noted as limitations of this study [81].
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In KTx animal models, the administration of EPO 
effectively reduced the development of chronic allograft 
nephropathy by regulating antioxidant expression and 
antiapoptotic and angiogenic characteristics inside the 
transplanted kidney tissue [87]. Nevertheless, studies 
noted that blood transfusions, which restore normal HB 
values after a transplant, do not have any impact on the 
damage to the transplanted kidney. This suggests that 
the protective effect of EPO on the kidney outweighs 
the benefits of correcting anemia alone [87]. It was re-
ported that EPO demonstrated the immunomodulatory 
effects required for the natural acceptance of foreign 
kidneys in both laboratory models using mouse cells and 
clinical research involving patients with stage 4 CKD 
who were treated with ESAs [88]. Nevertheless, the first 
clinical trials failed to reveal any tissue-preserving ad-
vantage of using ESA in the post-transplant period.[86] 
Nonetheless, more studies are needed to accurately de-
termine the potential of ESA in protecting the kidneys 
after KTx [86]. However, more studies are needed to 
accurately determine the potential of ESA in protecting 
the transplanted kidney.

ESA early administration for treating PKTx ane-
mia should be considered on a case-by-case basis. 
However, ESA must be cast in late PKTx anemia to im-
prove graft survival and normalize the Hb (12.5-13.5 g/
dL), though caution is needed in high malignancy-risk 
KTx recipients [81]. EPO is prescribed for cancer- and 
chemotherapy-associated anemia. Paradoxically, EPO 
might promote tumor growth and jeopardize patient 
survival in cancer [89]. The current Hb goal level is 
comparable to the previously proposed Hb target level 
of 12-13 g/dL [14]. The recommended goal level for 
Hb in KTx recipients is higher than the recommended 
levels advised for the CKD population by the KDIGO 
(Hb 11.5 g/dL) and KDOQI (Hb 11 g/dL) recommen-
dations [90]. ESA medication for hemoglobin normal-
ization may protect the kidneys and minimize mortal-
ity, according to a systematic review of 38,233 partici-
pants from 85 studies [91].

The decision to focus on lower Hb in CKD was 
based on the unfavorable outcomes seen in extensive 
trials that evaluated the safety and success of ESA treat-
ment aiming at higher Hb levels in CKD patients [92]. 
Current research indicates that using ESA in anemic 
KTxRs is secure and linked to a potentially positive 
result. However, high Hb levels can lead to hemocon-
centration, which can cause thrombosis [93]. Various 
forms of ESAs have shown similar effectiveness in man-
aging PKTx anemia. Long-acting ESAs are more con-
venient for controlling PKTx anemia; however, there is 
no preferred method (subcutaneous or intravenous) for 
administering ESAs. Further clarity about the best use 
of ESA regarding dose and goal level of Hb in KTxRs is 
required.

Blood transfusion. KTxRs often receive packed 
red blood cell transfusions (PRBCT), especially during 
the first month after the transplant [94]. A study that in-
cluded 12,000 KTxRs found a link between early trans-

fusion and transplant failure (defined as graft loss or 
death with a functioning graft) [94]. Transfusion within 
1 month after KT decreased graft survival and increased 
antibody-mediated rejection and infections at 1 year 
[95]. Transfusion may also cause venous thromboem-
bolism [96]. A new retrospective cohort study found 
that venous thromboembolism increased with transfu-
sions following transplantation [97]. In KTxR, venous 
thromboembolic events increase graft loss and mortal-
ity risks [25, 98]. Considering the mentioned compli-
cations, volatility in Hb levels, and limited availability, 
PRBCT cannot be seen as a viable alternative for con-
trolling PKTx anemia [11]. Transfusions are risky, ex-
pose patients to substantial Hb-level variations, and are 
limited in availability. Thus, they cannot be used to treat 
posttransplant anemia [11]. The existing data under-
scores the necessity of cautiously using PRBCT in KTx, 
considering the balance between risks and benefits, and 
exploring other approaches to correcting anemia, such 
as managing iron levels or using ESAs [97]. New re-
search emphasizes the necessity for careful transfusion 
usage for KTxR, balancing the risk-benefit ratio, and 
investigating alternate anemia correction techniques, 
including optimizing iron reserves or ESA use [97].

Hypoxia-inducible factor-prolyl hydroxylase in-
hibitors. Recently, there have been oral medications 
called hypoxia-inducible factor-prolyl hydroxylase 
(HIF-PH) inhibitors that may be used to treat CKD-
induced anemia. This new category of medications rais-
es the natural levels of EPO in the blood, activates the 
process of copying the EPO gene in the kidneys and liv-
er, and seems to decrease hepcidin levels and enhance 
iron balance in the body [99]. Therefore, suppressing 
HIF-PH may effectively and via different mechanisms 
control the pathogenic variables linked to CKD-relat-
ed anemia. Roxadustat, a HIF-PH inhibitor, received 
authorization from the European Medicines Agency 
in 2021 to treat CKD-induced anemia, regardless of 
whether they are dialysis-related or not. On the other 
hand, daprodustat was recently licensed by the USA 
Food and Drug Administration specifically for patients 
on dialysis for a minimum of 4 months [16].

Data on the use of HIF-PH inhibitors in KTx re-
cipients is scarce. The primary reason for this is likely 
due to a theoretically heightened susceptibility to 
cancer (such as the elevation of vascular endothelial 
growth factor and angiogenesis) in an immunocom-
promised population that is already predisposed to 
acquiring malignancies [81]. An observational study 
was conducted on KTx recipients with Hb values < 11 
g/dL to assess the impact of administering roxadustat 
(20-100 mg) thrice a week [100]. The goal level for 
Hb was set at 11-13 g/dL, and ESAs were adminis-
tered if Hb levels diminished below 10 g/dL. Out of 
the 31 patients that were registered, 25 individuals 
successfully finished the 20-week study, whereas 6 
patients had early postoperative transient atrial fibril-
lation. The average Hb levels gradually rose from 9.8 
g/dL at the beginning, reaching a stable value of 12.4 
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g/dL after 20 weeks. Iron insufficiency necessitating 
iron supplementation was noted at 8 weeks in 12 pa-
tients receiving ESAs. The study was terminated be-
cause three patients had a severe drop in Hb levels, two 
patients had gastrointestinal complications, and one 
patient suffered from a myocardial infarction [100]. 
Li et al. conducted a study on 21 KTx recipients, 6 
of whom were treated with ESA. These patients were 
hospitalized due to difficulties following the kidney 
transplantation, and their Hb was below 10 g/dL. The 
researchers closely observed the impact of Roxadustat, 
administered thrice a week, depending on the patient’s 
weight [101]. Eleven patients were excluded from the 
trial with roxadustat before its completion (after 10 
weeks) due to either an initial or subsequent lack of re-
sponse or upon attaining the desired Hb level. Among 
the participants who finished the trial, there was a no-
table rise in Hb concentration from 6.9 to 10.4 g/dL.

Additionally, the treatment response rate was ob-
served in 71.4% of participants, without discernible ad-
verse responses observed [101]. Among 5 KTx recipients 
with late PKTx anemia who transitioned from using ep-
oetin beta l to roxadustat thrice a week for 9 months, all 
patients had a rise in their Hb after just 1 month. Fur-
thermore, a good improvement in anemia was consis-
tently maintained throughout the period. Nevertheless, 
excessive improvement in Hb levels occurred, leading 
to one patient discontinuing roxadustat after one month 
and three patients requiring a reduction in medication 
dose; however, none noted significant adverse effects 
[102]. Roxadustat is a safe medication in KTxRs, and 
possible side effects of roxadustat include an increased 
risk of thromboembolism and hypertension. There are 
no reported data about the increased risk of malignancy 
in KTXR [103].

Post-organ transplantation, cancer risk increases 
due to various reasons, such as immunosuppression, 
viral infections, and prior cancer, which are major risk 
drivers. The common post-transplant malignancies 
are non-melanoma skin cancer (~50% of cases), post-
transplant lymphoproliferative disorder (PTLD) due to 
EBV-driven B-cell proliferation, Kaposi sarcoma, liver 
cancer, and native renal cell carcinoma [104]. 

HIF-PH inhibitors’ role as a cause of malignancy 
remains investigational. In KTxRs, the use of HIF-PH 
inhibitors data is limited [16].  In immunocompromised 
people already prone to cancer, elevation of vascular 
endothelial growth factor and angiogenesis may en-
hance cancer risk [81]. It is documented that Hypoxia-
Inducible Factor 1-Alpha has pro-tumorigenic effects, 
increasing angiogenesis and driving immune evasion 
[105]. Preclinical evidence links HIF-1-alpha to clear 
cell renal carcinoma [106]. However, limited safety 
data in KTxRs. KDIGO 2023 Guideline avoids rec-
ommendations due to a lack of transplant data [107]. 
Until confirmed data is available, practical approaches 
include avoiding high-risk KTxRs (prior malignan-
cy, EBV+), monitoring aggressively for skin cancer, 
PTLD, and BK virus, and preferentially using ESAs. 

More observational research projects are required to 
elucidate the long-term malignant side effects of these 
medications and other immunosuppressive agents used 
to prevent allograft dysfunction and rejection.

Based on the existing information regarding using 
HIF-PH inhibitors for PKTx anemia therapy, it is rec-
ommended to begin treatment with a small dosage and 
gradually increase the titration while providing more 
iron due to the increased iron utilization [33]. Further 
RCTs are necessary to elucidate the extended effective-
ness and safety of HIF-PH inhibitors for treating PKTx 
anemia.

Sodium-glucose co-transporter 2 inhibitors use 
for post-kidney transplantation anemia therapy. Dia-
betes prevalence is predicted to rise to 10.2%, reach-
ing 578 million by 2030, and by 2045, it is predicted to 
increase by 10.9%, reaching 700 million people [108]. 
Glucose reabsorption by the nephrons ends at the end 
of the  proximal convoluted tubule (PCT). PCT is di-
vided into three segments.  Both segments one and two 
reabsorb almost 90% of the filtered glucose mediated by 
SGLT2 receptors. In contrast, SGLT1, located in the 
straight segment of the proximal tubule (segment 3), 
accounts for roughly a tenth of total glucose reabsorp-
tion [109]. Blockage of glucose receptors in these sites 
will decrease glucose reabsorption by the brush border 
cells of the PCT, increasing the osmotic diuresis and 
urine excretion. 

Seven SGLT2 inhibitors are currently in clinical 
use: empagliflozin, dapagliflozin, ipragliflozin, tofogli-
flozin, luseogliflozin, and canagliflozin. In addition to 
cardio- and renoprotection, SGLT2 inhibitors exhibit 
hematopoietic effects [110, 111]. Although SGLT2i 
shows unforeseen renal-protective properties in dia-
betes mellitus type 2 (DM2) and those without DM2 
with and without CKD, doubts about their usage in 
KTx remain owing to worries about an elevated risk of 
genital mycotic and urinary tract infections. There is 
substantial evidence of Fournier gangrene and vaginal 
mycotic, and other chronic infections in SLGT2 inhib-
itors treated individuals [112], potentially elevating the 
incidence of anemia, which might appear more in KTx 
recipients with impaired immune systems.  However, 
a review article concluded that SGLT2i can be prac-
ticed in diabetic KTx recipients safely and effectively 
in selected recipients [113]. A 2022 study of 323 PKTx 
recipients reported that empagliflozin, dapagliflozin, 
and canagliflozin are safe [114]. Research conducted 
for 24 weeks examined the empagliflozin effect in dia-
betic KTxRs. The study found a substantial decrease in 
HbA1C levels and body weight among recipients treat-
ed with empagliflozin. However, no significant change 
was seen in the eGFR [115]. Another study noted no 
change in the eGFR in diabetic KTxRs on SGLT2 in-
hibitors [113]. The lack of considerable improvement 
in the eGFR was attributed to the vasoconstriction of 
the afferent arterioles caused by SGLT2 inhibitors. The 
natriuretic impact of SGLT2 inhibitors is believed to 
cause an increase in tubule-glomerular feedback and 
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constriction of the afferent arteriole, even in a KTx that 
has lost its nerve supply. 

SGLT2i, such as empagliflozin, increased Hb and 
hematocrit in 3726 heart-disease patients [116]. Im-
proving Hb and hematocrit levels in PKTx recipients 
could also be due to the diuretic effect of SLGT2i that 
masks anemia [117] or the eGFR improvement [118]. 
Although SLGT2 inhibitor usage appears promis-
ing, further larger studies in diabetic and non-diabetic 
KTxRs are required to assess this thought further. It was 
reported that SGLT2 inhibitors improve PKTx anemia, 
possibly by improving the effectiveness of EPAs [119]. 
Improving Hb and hematocrit levels in PKTx recipients 
could also be due to the diuretic effect of SLGT2i that 
masks anemia [117] or the eGFR improvement [118]. 
Although SLGT2 inhibitor usage appears promising, 
larger studies in diabetics and diabetic KTxRs are re-
quired to assess this hypothesis further.

SGLT2i boosts EPO synthesis, decreasing kid-
ney hypoxia. However, the precise process is unknown 
[120,121]. SGLT2 inhibitors improved Hb and in-
creased hematocrit in T2D and CKD patients [122]. 
However, it was unclear whether the increase in he-
matocrit was because of fluid volume reduction or  an 
improved primary erythropoietic response [123]. 
Recent human investigations have further shown the 
stimulatory impact of empagliflozin and dapagliflozin 
on erythropoietin synthesis in individuals with native 
kidneys [124]. Anemia is estimated to affect 30-40% 
of kidney transplant recipients and is recognized as a 
prevalent risk factor for graft failure and death during 
the first three years post-transplantation [13, 125]. The 
etiology of anemia in kidney transplant recipients is of-
ten complicated, potentially including iron deficiency, 
compromised renal function, bone marrow suppression 
due to immunosuppression, antiviral prophylaxis, or 
infection [125]. SGLT2 inhibitors may mitigate anemia 
in kidney transplant recipients and enhance allograft 
outcomes [123].

Two post hoc analyses of the CREDENCE (Cana-
gliflozin and Renal Events in Diabetes With Established 
Nephropathy Clinical Evaluation) and DAPA-CKD 
trials suggest additional anemia-related benefits from 
canagliflozin and dapagliflozin treatment [126]. De-
spite these encouraging post hoc analysis results, CRE-
DENCE and DAPA-CKD trial design may have limited 
their therapeutic significance. A cohort study compar-
ing SGLT2i and SGLP receptor antagonists concluded 
that  SGLT2i could be deemed an adjunct treatment to 
diminish the anemia rate by 19% in 13,799 CKD-DM2 
patients [121]. A study showed a significant difference in 
Hb concentrations between DM2 patients with coronary 
artery disease treated with 10 mg empagliflozin and pla-
cebo at six months: 13.9 (g/dl) in the placebo group and 
14.6 in the empagliflozin group [124]. Empagliflozin in-
creased Hb and hematocrit in 3726 heart failure patients 
[116]. The mechanism by which SGLT2 inhibitors de-
crease anemia is unknown, although increasing EPO 
synthesis could be a mechanism.

Post-kidney transplantation anemia correction 
effects on the cardiovascular system. The data from 
KTx recipients managed with ESA agents do not indi-
cate an elevated risk of cardiovascular (CV) complica-
tions reported [16]. The CAPRIT research found that 
there were no instances of cardiac diseases, stroke, HF, 
arrhythmia, or myocardial infarction in the full correc-
tion Hb levels group. However, certain CV events oc-
curred  in a  lower Hb level group [64]. No CV events 
were noted in the trial conducted by Tsujita et al. [65], 
and research conducted by Obi et al. [64] did not prove 
a higher occurrence of stroke among KTx recipients 
who were assigned to the arm with a higher goal level of 
Hb [85]. Additionally, a 2-year trial on KTx recipients 
who were administered epoetin beta with a target Hb 
concentration of 11.5-13.5 g/dL showed no negative 
effects on the CV system or blood clotting events [84]. 
The observed disparities in population sizes between 
individuals with non-transplant CKD and KTx recipi-
ents may be credited to variations in the environments 
or circumstances in which these populations were stud-
ied. Chronic allograft nephropathy and CKD vary sig-
nificantly regarding their underlying mechanisms and 
eventual results [64]. Furthermore, a long-term KTx 
effectiveness may demonstrate greater effectiveness 
than a kidney from a patient with CKD who does not 
need dialysis regarding histology, hemodynamics, and 
immune biology [65]. However, further studies are re-
quired to explore these issues in KTxRs. 

Guidelines: Challenges in post-kidney transplant 
anemia. Various pathophysiological mechanisms, iron 
metabolism dynamics, immunosuppressive effects, and 
the lack of convincing evidence in transplant-specific 
cohorts limit the applicability of the KDIGO and other 
CKD-induced anemia guidelines to managing PKTx 
anemia. KDIGO (2012, with updates in 2023) and oth-
er guidelines, including the ERA and the NKF-KDO-
QI, provide recommendations for anemia management 
in CKD. The application of these recommendations 
to the treatment of anemia in KTxRs is a subject of 
controversy. Transplant-specific factors, such as im-
munosuppression-induced bone marrow suppression, 
altered iron metabolism post-kidney transplantation, 
varying responsiveness to ESA, and the absence of large 
RCTs in KTxRs, restrict their applicability to managing 
anemia in PKTx. Given these limitations, the existing 
anemia guidelines may not be ideal for treating anemia 
post-kidney transplantation. Although immunosup-
pressant agents have been shown to suppress bone mar-
row function, some studies have suggested no correla-
tion between immunosuppression and post-transplant 
anemia.

Chronic inflammation and viral-induced hemo-
lysis (BK virus nephropathy and parvovirus B19 infec-
tion) reduce EPO sensitivity. Furthermore, KTRs ex-
hibit distinct iron metabolism and hepcidin dynamics. 
ESO agents’ hyporesponsiveness has also been docu-
mented in KTRs [127]. KDIGO recommends ESA 
therapy for hemoglobin levels below 10 g/dL in CKD 
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patients; however, KTRs may exhibit resistance to this 
treatment due to factors such as chronic inflammation, 
the use of ACE inhibitors or ARBs, suppressed endog-
enous EPO synthesis, and iron-restricted erythropoiesis 
despite normal ferritin levels. The absence of available 
RCTs demonstrating the efficacy and safety of ESA in 
KTRs leads guidelines to extrapolate from CKD data.

Managing PKTx anemia as CKD-induced anemia 
may result in an overcorrection of Hb levels exceeding 
11 g/dL, thereby increasing the risk of thrombosis. The 
KDIGO guideline advises against allowing Hb levels to 
exceed 11.5 g/dL in CKD patients due to the height-
ened risk of stroke and thrombosis. Elevated Hb levels 
may be tolerated in KTxRs; however, the current guide-
lines do not specify Hb targets for these recipients. 

The existing KDIGO, ERA, and KDOQI anemia 
guidelines are not transplant-specific. This may lead to 
abuse of ESAs without demonstrated benefit, improper 
iron supplementation levels, and missing secondary 
causes of PKTx anemia. Using transplant RCT data, 
new guidelines address Hb targets, and immunosup-
pressant-ESA interactions are needed.

Conclusions and prospects for further research. 
PKTx anemia is a multifaceted condition that signifi-
cantly impacts patient outcomes and quality of life. 
PKTx anemia is mainly caused by iron deficiency. De-
creased graft function has been linked to an increased 
incidence of late PKTx, and early PKTx anemia is a 
good predictor of late PKTx anemia. Decreased graft 
survival, increased mortality, and a drop in GFR are 
linked to PKTx anemia. The anemia’s underlying cause 
and severity have a strong correlation with death. 

Kidney transplantation should generally start as 
soon as feasible. The ideal goal Hb level for KTX pa-
tients with anemia is likely closer to 12.5–13 g/dL. A 
suitable course of therapy with iron and erythropoi-
esis-stimulating drugs is recommended to reach this 
goal, manifesting in better life quality, graft survival, 
and reduced mortality rates. Therapy with SGLT2I for 
anemic KTxRs showed promising potential. However, 
further research in different aspects of PKTx anemia 
effects and treatment, and setting a target Hb level for 
PKTx is required. Large-scale controlled RCTs for 
SGLT2i and standardized protocols for iron therapy 
are needed. Finally, there are no guidelines for anemia 
definition and targeted hemoglobin levels for KTxRs in 
CKD. Therefore, guidelines are urgently required based 
on large-scale studies for kidney transplanted patients. 
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