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Renal anemia: a nephrologist’s view
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Abstract
Anemia is a common finding in patients with CKD, with a prevalence that increases gradually as eGFR declines. The 
prevalence of renal anemia depends on the size of the study and the selection of participants. Diabetic status increases 
the prevalence of anemia in patients with CKD. Anemia in CKD is due primarily to reduced production of erythropoietin 
in the kidney and secondarily to shortened red cell survival. Erythropoeitin (EPO) is produced by peritubular cells in 
the kidneys of the adult and in hepatocytes in the fetus. These cells are sensitive to hypoxia that once sensed leads to 
an increase in EPO production. EPO circulates in the plasma and induces redcell production in the bone marrow after 
successful binding to erythroid progenitor cells. Apart from EPO, folate, B12 and iron are needed to assure effective 
erythropoiesis. Factors that can dysregulate this process include inflammation, uremic toxins, hypothyroidism, 
hypersplenism and ongoing infection. 
The investigation of renal anemia requires the assessment of a variety of biological indices. Among them, the complete 
blood count, the reticulocyte index, B12, folate, ferritin levels and the saturation of transferrin are the most valuable tools 
in revealing the cause of renal anemia. Hippokratia 2011; 15 (Suppl 1): 39-43
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Epidemiology
Anemia is a common finding in patients with CKD, with 
a prevalence that increases gradually as eGFR declines. 
Data on the prevalence of renal anemia differ signifi-
cantly, depending in large part on the size of the study, 
the selection of participants (general population versus 
patients already under a physician’s care, the definition 
of anemia and whether they do or do not have diabe-
tes). The National Health and Nutrition and Examina-
tion Survey (NHANES) III database was used in 2 dif-
ferent studies that examined the relationship between 
prevalent Hb concentration and eGFR; their results are 
consistent with those obtained in ambulatory adult pa-
tients. Using a cut-off value of 13g/dl in men and 11g/
dl in women, the prevalence of renal anemia increased 
from 1% at an eGFR of 60/ml/min/1,73m2 to 9% at an 
eGFR of 30ml/min/1,73m2 and to 33-67% at an eGFR 
of 15ml/min/1,73m2 1-3. However, in NHANES IV, that 
used a different definition of anemia (World Health 
Organization criteria: Hb level<12g/dl in women and 
<13g/dl in men), the results showed a lower prevalence 
of anemia for each CKD stage4. A major limitation of 
several studies was the relative paucity of data for eGFR 
levels<30ml/mim/1,73m2; the Canadian Multicentre 
Longitudinal Cohort Study that was designed to address 
this issue, showed that the prevalence of anemia (de-
fined as an Hb<11g/dl) was greater in the lowest levels 
of GFR but approached 20% with an eGFR of 30 to 44 
ml/min/1,73m2 5. Diabetic status affects the prevalence 
of anemia in patients with CKD. In the Kidney Early 

Evaluation Program (KEEP 2.0), the prevalence of 
anemia in diabetic patients was greater than in patients 
without diabetes at each level of GFR: 8.7% versus 
6.9% in stage 2 (p=NS), 7.5% versus 5.0% in stage 3 
(p=0.015), 22.2% versus 7.9% in stage 4 (p<0.001) and 
52.4 versus 50% in stage 5 (p=0.88)3.

Aetiology-Pathogenesis
Anemia in CKD is due primarily to reduced produc-

tion of erythropoietin in the kidney (a reflection of re-
duced renal mass) and secondarily to shortened red cell 
survival. 

Adult humans produce approximately 2.3 million red 
blood cells every second, or 138 million every minute. The 
main regulator of that process is erythropoietin, a glyco-
protein hormone that circulates at about one hundredth of 
the concentration of most other hormones in the body6,7. 
In humans, EPO is produced by peritubular cells in the 
kidneys of the adult and in hepatocytes in the fetus. These 
cells (located at the tip of the renal pyramids, susceptible 
to ischemia), are sensitive to hypoxia that once sensed 
leads to an increase in EPO production. Although several 
tissues are able to produce EPO, the main source of EPO 
is the kidney due to its ability to regulate the hematocrit 
by matching the plasma volume and the red blood cell 
(RBC) mass. EPO circulates in the plasma and induces 
red cell production in the bone marrow8, where it binds to 
erythroid progenitor cells. Cell culture studies have iden-
tified two classes of erythroid progenitor cells, BFU-E 
and colony forming units-erythroid (CFU-E). Both types 
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of cell have receptors for erythropoietin on their surfaces. 
When erythropoietin binds to its receptors on BFU-E 
cells, they proliferate into CFU-E (proerythroblasts). Pro-
erythroblasts are exquisitely sensitive to erythropoietin. 

They proliferate and develop into erythroblasts and then 
reticulocytes that enter the peripheral circulation where 
they mature into red blood cells.

Apart from erythropoietin, several other factors can 
interfere with erythropoiesis in renal patients. Folate and 
B12 are needed to assure adequate DNA synthesis espe-
cially during the rapid division of erythroblasts. In the ab-
sence of iron (blood loss during dialysis, loss from the GI 
tract, inadequate food intake), the Hb-building steps that 
follow rapid cell division are affected leading to small, 
poorly hemoglobinized reticulocytes that emerge from the 
bone marrow and a hypochromic, microcytic anemia. 

Inflammation, a common disorder in CKD, inhibits 
erythropoietin production, impairs the growth of eryth-
roblasts and promotes death of immature erythroblasts. 
Inflammation stimulates hepatic release of hepcidin that 
promotes iron deficient erythropoiesis by both blocking 
iron absorption in the gut and iron release from resident 
macrophages.

Uremic toxins, hypothyroidism, hypersplenism and 
ongoing infection can reduce the erythrocyte life span 
leading contributing to renal anemia.

EPO production is also influenced by the renin-angi-
otensin (RAS) system. Angiotensin II causes vasonstric-
tion of the efferent arteriole, increases GFR and hence 
the amount of sodium that is filtered. The increase in fil-
tered sodium results in increased oxygen consumption, 
a drop in oxygen partial pressure that is sensed in the 
corticomedullary region of the kidney and a subsequent 
increase in EPO production. Blocking the RAS system 
abrogates the effect of angiotensin II9.

In diabetics, anemia is more prevalent in each stage of 
GFR. Decreased blood cell survival, impaired absorption 
of iron and B12, increased tubulointerstitial damage (for 
each GFR group) and possibly inflammation contribute 
to renal anemia. The decreased red cell survival induced 
by uremic toxins is aggravated by the accumulation of 
advanced glycation endproducts (AGEs) on red cell 
membrane, while the presence of autoimmune antibod-
ies (20% of patients with type 1 diabetes) against parietal 
cells leads to autoimmune gastropathy and impaired iron 
absorption10. Moreover, antibodies against the intrinsic 
factor lead to B12 malabsorption11.

Clinical characteristics of renal anemia
As in every case of anemia of chronic disease, the 

gradual decrease in the circulating red cell mass leads 
to compensatory responses aiming at reducing hypoxia. 
Anemia affects every tissue and organ of the human body 
leading to a great variety of symptoms that were previ-
ously attributed to the presence of uremic toxins The main 
clinical manifestations of anemia include pallor, cold in-
tolerance, fatigue, anorexia, shortness of breath, reduced 
libido, tachycardia, irregular menses and angina.

Anemia may aggravate cardiac function through 
several mechanisms. An increased in cardiac output, 
left ventricular hypertrophy and angina can compromise 
cardiac function especially in patients with pre-existing 
heart failure leading to a vicious circle of cardiorenal in-
sufficiency12.

Evaluation of the patient with renal anemia
Since erythropoietin is not the only cause of anemia 

in CKD patients, the initial evaluation should include a 
variety of tests that provide information about the activity 
of the bone marrow, the adequacy of iron stores and the 
vailability of iron for erythropoiesis:

• Hb
• Mean corpuscular haemoglobin (MCH)
• Mean corpuscular volume (MCV)
• Mean corpuscular haemoglobin concentration 

(MCHC)
• White blood cell count (WBC) and differential
• Platelet count
• Absolute reticulocyte count
• Serum ferritin
• Serum transferring saturation (TSAT) or content of 

Hb in reticulocytes (CHr)
• B12 and folate blood levels
The initial evaluation of the patients with anemia and 

CKD should include the analysis of the complete blood 
count (CBC) that gives valuable information about the 
severity of anemia, the adequacy of nutrients and the 
function of bone marrow. Deficiency of folate or vitamin 
B12 can lead to macrocytosis, whereas iron deficiency or 
inherited disorders of Hb formation may produce micro-
cytosis. In the case of leukocytosis and thrombocytosis 
combined with macrocytosis, a generalized disorder of 
hematopoiesis caused by toxins, nutritional deficit (folate, 
B12 deficiency), or myelodysplasia should be sought. A 
hypochromic picture usually reflects long standing iron 
deficiency anemia.

Typically, the anemia of CKD is normochromic, nor-
mocytic and hypoproliferative. Proliferative activity is 
assessed by determination of the absolute reticulocyte 
count, the reticulocyte index and the reticulocyte produc-
tion index:

• The normal reticulocyte count (RC) ranges from 
40,000 to 50,000 cells/μL of whole blood.

• The reticulocyte index (RI) is calculated from the 
ratio of observed to normal reticulocyte count.

• The reticulocyte production index (RPI) corrects for 
the effects of erythropoietin early release from the bone 
marrow. Upon erythropoeitin stimulation, the marrow 
transit time of reticulocytes shortens while the matura-
tion time in the circulation lengthens. Normal maturation 
time in circulation is 1 day; the expected maturation time 
increases to 1.5, 2 and 2.5 days for Hb values between 
10-13, 7-10 and <7 g/dl respectively. Therefore, the (RPI) 
= RI/expected maturation time is a valuable tool (derived 
from the CBC) that gives information about bone marrow 
function.
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When the severity of anemia, the function of the bone 
marrow and the adequacy of nutrients (folate, B12) have 
been assessed, the iron status should be evaluated. Iron 
status results reflect the level of iron stores or the adequa-
cy of iron for erythropoiesis. The main indices to assess 
iron stores and iron availability are: serum iron and fer-
ritin levels and transferring saturation.

Anemia indices in CKD (Fe, Ferritin, TSAT)
Before discussing the role of the main anemia indi-

ces in CKD, we will briefly review iron physiology that 
is fundamental for understanding the terms of functional 
and absolute iron deficiencies.

Of the approximate 3 grams of body iron in the adult 
male, approximately 3mg or 0.1% circulates in the plasma 
as an exchangeable pool. The absorption of iron depends 
on 3 factors: iron stores, hypoxia and erythropoiesis. Al-
though this issue has not been completely clarified, two 
models have been proposed in order to explain the regu-
lation of iron absorption: the crypt programming model 
and the hepcidin model.

1. The crypt programming model: Enterocytes in 
the crypts of the duodenum take up iron from the plasma. 
The intracellular iron level of the crypt cells (correspond-
ing to the body’s iron stores), determines the amount of 
iron absorbed from the gut lumen. The crypt cells express 
both transferrin receptor 1 (TfR1) and TfR2, which me-
diate the cellular uptake of transferrin-bound iron from 
plasma13-15.

The intracellular iron concentration controls the inter-
action of cytosolic iron regulatory proteins (IRPs) 1 and 
2 with iron regulatory elements in the 3’ and 5’ regions of 
different mRNA molecules. In the absence of iron, IRP1 
binds to iron responsive elements (IREs) of TfR1 and fer-
roportin 1 mRNA, the transcript is stabilized, translation 
proceeds, and the proteins are synthesized. Thus, a high 
IRP binding activity reflects low body iron stores and re-
sults in upregulation of these proteins in the duodenum 
and increased dietary iron absorption. When IRPs bind 
to IRE of ferritin mRNA, translation of the transcript is 
blocked and synthesis is halted. Thus, ferritin levels are 
regulated reciprocally - being increased in iron-replete 
states and decreased in iron-deplete states13.

2. The hepcidin model: Hepcidin, a 25-amino-acid 
cysteine-rich peptide produced in the liver is regulated 
by a number of factors such as liver iron levels, inflam-
mation, hypoxia and anemia. According to this model, 
hepcidin is secreted into the blood and interacts with vil-
lous enterocytes to regulate the rate of iron absorption, by 
controlling the expression of ferroportin 1 at their basola-
teral membranes. The binding of hepcidin to ferroportin 
1 results in internalization of ferroportin 1 and loss of 
its function. Ferroportin 1 molecules present in macro-
phages and liver are also targets for hepcidin. Therefore, 
whenever hepcidin levels are increased (as in iron over-
load or inflammation), iron release from intestinal crypt 
cells, liver and macrophages is reduced. In contrast, when 
hepcidin levels are reduced, as in iron deficiency, anemia 

or hypoxia, it is likely that ferroportin 1 expression and 
iron release from intestinal cells, liver and cells of reticu-
loendothelial system is increased16. In contrast, a muta-
tion in the ferroportin 1 gene is responsible for type IV 
hemochromatosis.

Essentially all circulating plasma iron normally is 
bound to transferrin. This chelation serves three purpos-
es: it renders iron soluble under physiologic conditions, it 
prevents iron-mediated free radical toxicity, and it facili-
tates transport into cells. Transferrin is the most impor-
tant physiological source of iron for red cells17. The liver 
synthesizes transferrin and secretes it into the plasma. 
Transferrins are produced locally in the testes and CNS. 
These two sites are relatively inaccessible to proteins in 
the general circulation (blood:testis barrier, blood:brain 
barrier). The locally synthesized transferrin could play 
a role in iron metabolism in these tissues. Information 
on the function of transferrin produced in these localized 
sites is sparce, however. The sum of all iron binding sites 
on transferrin constitutes the total iron binding capacity 
(TIBC) of plasma. Under normal circumstances, about 
one-third of transferrin iron-binding pockets are filled. 
Consequently, with the exception of iron overload where 
all the transferrin binding sites are occupied, non-trans-
ferrin-bound iron in the circulation is virtually nonexist-
ent. 

After binding to its receptor on the cell surface, trans-
ferrin is rapidly internalized by invagination of clathrin-
coated pits with formation of endocytic vesicles.

Instead of entering lysosomes for degradation, in-
tact receptor-bound apotransferrin recycles to the cell 
surface, where neutral pH promotes detachment into the 
circulation18. Thus transferrin is preserved and reused 
through pH-dependent changes in the affinity of trans-
ferrin for its receptor19-21. Iron is further delivered into 
cells after binding to exported apotransferrin thus each 
transferring molecule may be used up to one hundred 
times for iron delivery22. Within the cell, iron can be 
stored in two forms: in the cytosol as ferritin and, after 
breakdown of ferritin within the lysosomes, as hemosi-
derin. Hemosiderin represents a very small fraction of 
normal body iron stores, mostly in macrophages, but in-
creases dramatically in iron overload23. Iron export from 
macrophages to transferrin is accomplished primarily 
by ferroportin 1, the same iron-export protein expressed 
in duodenal enterocytes.

Functional and absolute iron deficiencies are impor-
tant causes of anemia in CKD, and especially important 
causes for failure to respond adequately to erythropoi-
etin. 

Absolute iron deficiency is likely to be present in pa-
tients with end-stage renal disease when either the per-
cent transferrin saturation (plasma iron divided by total 
iron binding capacity x 100, TSAT) falls below 20 per-
cent or the serum ferritin concentration is less than 100 
ng/mL among predialysis and peritoneal dialysis patients 
or is less than 200 ng/mL among hemodialysis patients. 
This difference in the serum ferritin level is based upon 
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accumulating evidence in hemodialysis patients that the 
maintenance of ferritin levels above 200ng/mL is asso-
ciated with decreased erythropoietin requirements. True 
iron deficiency is found in up to 40% of patients with 
CKD stage 5. However, it is not sufficient for patients 
with CKD stage 5 to have “normal” iron stores. Patients 
require high iron availability to maximize use of endog-
enous erythropoietin and maintain satisfactory hemato-
crit.

Functional iron deficiency is characterized by the 
presence of adequate iron stores as defined by conven-
tional criteria, but an inability to sufficiently mobilize this 
iron from the liver and other storage sites to adequately 
support erythropoiesis with the administration of eryth-
rocyte stimulating agents (ESA). Typically, these patients 
have either normal or elevated serum ferritin levels but 
the transferrin saturation typically is about 20 percent or 
less. 

Inflammatory block is also an important clinical dis-
tinction since it usually does not respond to iron. Inflam-
matory iron block occurs among patients with refractory 
anemia due largely to an underlying inflammatory state24. 
However, it should be emphasized that both functional 
deficiency and inflammatory block may be associated 
with TSAT≤ 20 percent and ferritin levels between 100 
to 800 ng/mL or even higher. The response to ESA and/or 
parenteral iron may help distinguish between these two 
possibilities:

In patients with functional deficiency, increasing ESA 
doses may result in a decrease in ferritin levels while in 
patients with inflammatory block increased ferritin levels 
persist, due to persistent inflammation. Moreover, when 
inflammation is present and the cause is not addressed, 
the weekly administration of intravenous iron (50 to 125 
mg) for up to 8 to 10 doses fails to result in increased 
erythropoiesis; instead, ferritin concentration progres-
sively rises. By comparison, among patients with func-
tional iron deficiency, additional intravenous iron (in as-
sociation with an increase in EPO dose) can be effective 
in increasing Hgb levels, at least over the short-term. This 
was best shown in the DRIVE study, in which 134 pa-
tients with anemia (hemoglobin levels less than 11 g/dL), 
elevated ferritin levels (500 to 1200ng/mL), low transfer-
rin saturation levels (≤ 25 percent), and high erythropoi-
etin requirements (≥ 225 international units/kg per week 
or ≥ 22,500 international units per week) were randomly 
assigned to ferric gluconate (125mg with eight consecu-
tive dialysis sessions) or placebo25. Erythropoietin doses 
were increased in all patients by 25 percent at the begin-
ning of the study. At six weeks, hemoglobin levels had 
increased significantly more in the active therapy group 
(1.6 versus 1.1 g/dL). None of the iron parameters typi-
cally used in clinical practice, including percent transfer-
rin saturation, ferritin, and reticulocyte hemoglobin con-
tent, were found to be particularly sensitive or specific for 
predicting a response to iron supplementation26. Two of 
the main concerns of this important study was that some 
patients who received both intravenous iron and the in-

crease in EPO dose were more likely to have larger, more 
rapid increases in Hgb level, possibly resulting in adverse 
effects and that clinical outcomes beyond an increase in 
Hgb level were not assessed. Nevertheless, the results of 
the DRIVE study raise the following question: Why ne-
phrologists don’t use more iron? A possible answer is that 
most of us are afraid of iron overload. Although this issue 
has not been clarified yet, it could well be that this fear is 
not justified. Feldmann et al showed that high ferritin not 
cumulative iron dose is linked to increased mortality in 
hemodialysis patients.

The use of traditional biochemical parameters for 
the evaluation of anemia in patients with CKD has sev-
eral limitations. Ferritin, a complex of iron and protein 
is an acute phase protein; Therefore, ferritin levels do 
not reflect accurately total iron stores. Serum iron levels 
fluctuate both during the day and from one day to the 
other, while transferring saturation (Fe/total iron binding 
capacity of transferrin) has a good sensitivity but lacks 
specificity27,28 due to fluctuations in serum transferring 
levels. Furthermore the clinical utility of transferring 
saturation is impaired by the absence of a diagnostic 
threshold. Nevertheless, and since the use of newer indi-
ces (derived from full blood count) has not yet become 
routine in every day clinical practice, a combined ap-
proach based on iron, ferritin and transferring saturation 
(TSAT) can help in the diagnosis of absolute or func-
tional iron depletion:

• Low serum iron and normal or raised iron binding 
capacity.

• Low serum transferring saturation (<20%): marker 
of amount of iron available for incorporation into haemo-
globin. % saturation=serum iron/TIBC x 100. Should be 
maintained >20%.

• Serum ferritin <100 ng/ml: reflects body stores. Also 
an acute phase protein and increased in inflammation or 
sepsis. CRP should be measured at the same time. For 
patients receiving erythropoietin <150 ng/ml inadequate; 
150-400 ng/ml probably inadequate (unless haemoglobin 
well maintained); 400-1000 ng/ml adequate iron stores; 
>1000 ng/ml iron overload. Increased ferritin is required 
to restore haemoglobin with increasing anemia.

• Proportion of hypochromic red blood cells >7-10%. 
Normally <2.5% of red blood cells are hypochromic.
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