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A Study of Serum Iron Profile in Patients with  
Chronic Kidney Disease

Introduction
Chronic kidney disease (CKD) has gained a profound 
importance because of morbidity and mortality, not only 
because of disease itself, but also because of complications 
associated with the disease. Anemia is an important 
complication which can be multi factorial and can have 
diverse etiology in CKD.

Iron deficiency in patients with chronic kidney failure can 
be absolute, because of blood loss during hemodialysis or 
gastro intestinal bleeding in non-hemodialysis patients3,4. 
The second form of iron deficiency is a functional type, 
due to sequestration of iron in reticuloendothelial system 
primarily due to inflammation. This leads to an iron 
deficient erythropoiesis in spite of normal iron stores. This 
state of iron deficient erythropoiesis when seen in chronic 
diseases is called anemia of chronic disease5.

Diagnosis of absolute iron deficiency is based on Serum 
ferritin levels, which is an indicator of total body iron 
stores. Low serum ferritin levels indicative of low body 
iron stores, high total iron binding capacity and reduced 
total serum iron levels are indicative of absolute iron 
deficiency. In cases of functional iron deficiency in anemia 
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ABSTRACT
Background: Even though anemia and iron deficiency can increase the morbidity and mortality in patients with chronic kidney disease 
(CKD), an iron overload can be dangerous as well. 

Aim: Identify the number of CKD patients with iron deficiency, iron overload, acute phase reaction and anemia of chronic disease in a 
tertiary care hospital.

Material and Methods: The study was conducted in Kasturba medical college, Manipal. 154 patients with CKD were selected for the 
study irrespective of their treatment status with hematinics and/or erythropoietin.

Results: The mean total serum iron levelswere 61μg/dl, Total Iron Binding Capacity (TIBC) 216.43 μg/dl, serum ferritin 539.68 μg/dl, and 
transferrin saturation of 32.18% respectively. When the serum iron profile of individuals was analyzed, majority (54.25%) of the patients 
were found to have acute phase reaction and most of them were in advanced stage of renal failure. Normal serum iron profile was found in 
37.2% patients, iron overload in 2.2%, anemia of chronic disease in 5.3% and iron deficiency in 1% cases. These findings were statistically 
significant with the P value of 0.001.

Conclusion: Most common type of serum iron profile found in the study population was acute phase reaction (54%) and majority of them 
were in stage 5 renal failure. Hence, before beginning an iron therapy, all the patients with anemia in chronic kidney disease should be 
evaluated for body iron status to prevent iron overload. 
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of chronic disease, the serum ferritin levels can be normal, 
with low total iron binding capacity and low serum iron 
levels. In acute phase response the serum iron levels and 
TIBC are low, and serum ferritin is usually elevated. In 
case of iron overload, serum iron and serum ferritin are 
elevated, and TIBC can be normal or low6,7. 

Iron overload is a condition with increased total body iron,that 
can be associated with time dependent organ impairment. 
Intracellular iron accumulation can cause cell damage and 
increased oxidative stress. Based on the study done in the 
patients with hereditary hemochromatosis and transfusion 
induced overload, a combination of high serum ferritin and 
high transferrin saturation is of a particular concern8,9. 

In the present study, we tried to identify the total number 
of patients with iron deficiency anemia, anemia of chronic 
disease, and iron overload in chronic kidney disease 
patients who are being treated at Kasturba medical college 
and hospital, Manipal, Udupi, Karnataka, India. 

Materials and Method
Total of 154 patients diagnosed with chronic kidney disease 
with available serum iron studies were selected. These 
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patients were randomly selected irrespective of treatment 
status with hematinics or erythropoietin. The study was of 
ambispective type. The study was conducted in Kasturba 
hospital Manipal, Udupi from the period of Nov 2011 till 
June 014. None of the patients were involved directly in the 
study. The lab results and patient information was retrieved 
from hospital information system and research population 
data. Institutional ethical clearance was taken. 

Study population was divided into five groups, depending 
on the stage of renal failure. 

Stage of renal failure was determined by measuring eGFR, 
by using the formula =175 × standardized Scr −1.154 × 
age−0.203

Estimation of total serum iron, serum ferritin, and TIBC 
were done by using Cobas 6000. The study population 
was divided into three groups, which had the serum levels 
of above mentioned tests in the range of below normal, 
normal and above normal values. 

Transferrin saturation was calculated as (serum iron/
TIBC)*10010. Study population was divided into three 
groups as <20%, 20-50% and >50%. 

Patients were categorized with the help of total serum iron, 
TIBC, serum ferritin and transferrin saturation into, normal 
serum profile, anemia of chronic disease, iron deficiency, 
iron overload and acute phase reaction10. 

Statistical analysis was done by using SPSS 20 and data 
analysis was done by using Spearman’s rho correlation and 
P-value of <0.05 was considered significant. 

Results
The age distribution of the study population ranged from 
18 yrs to 82 yrs with the mean of 52 ± 14 yrs, majority 
of patients were between 51-70 yrs of age. Diabetes was 
the leading cause of CKD (38.3%) followed by obstructive 
uropathy (10.3%) and hypertension (7.3%). 

Total serum iron ranged from 12-190 μg/dl, with a mean of 
61 μg/dl. Decreased total serum iron was found in 62 cases 
(40.2%) and an increased serum iron in 2 cases (1.29%). 
Spearman’s rho correlation co-efficient was 0.065 and 
interpreted to have a very weak positive relationship with 
the stage of renal failure, with a P value of 0.423 (Table-1).

The Total Iron Binding Capacity (TIBC) ranged from 60-
531 μg/dl, with a mean of 216.43μg/dl. Decrease in TIBC 
was found in 63 cases (40.9%) and an increase in TIBC 
found in 3 cases (1.94%). Spearman’s rho correlation co-
efficient for TIBC when compared with stage of renal 
failure was -0.167, a weak negative relationship and a P 
value of 0.039 (Table-1)

Serum Ferritin ranged from 5 - >2269.0 ng/dl, with a mean 
of 539.68ng/dl. An increased serum ferritin was observed 

in 82 cases (53.24%) and a decrease in serum ferritin in 2 
cases (1.29%). Spearman’s rho correlation co-efficient for 
serum ferritin was 0.288 with a weak positive relation with 
stage of renal failure and P value of 0.00 (Table-1). 

Transferrin saturation ranged from 3.16-92.5%, with a mean 
of 30.5%. Increase in transferrin saturation was observed 
in 26 cases (16.8%) and a decrease was observed in 57 
cases (37%). Spearman correlation co-efficient was 0.176 
and it was interpreted to have a weak positive relationship 
with stage of renal failure and a P value of 0.029. 

No significant relationship was found when the degree of 
anemia was compared with total serum iron, TIBC, serum 
ferritin, and transferrin saturation. 

When the status of total serum iron was correlated with 
transferrin saturation levels, a strong positive relationship 
was found (correlation coefficient of 0.672) and it was 
statistically significant with a P value of 0.000. Twenty-four 
patients with normal total serum iron levels had elevated 
transferrin saturation levels, this can be explained since 
many patients had TIBC levels in a low normal range. 
Relationship between TIBC and transferrin saturation 
found be weak negative (correlation coefficient of -0.180) 
and it was statistically significant with a P value of 0.026. A 
correlation between serum ferritin and transferrin saturation 
found to be of moderately positive strength (correlation 
coefficient 0.325) with a significant P value 0.000 (table-2). 

Among 26 patients with increased transferrin saturation, 22 
of them had increased serum ferritin levels. In 57 patients 
with decreased serum transferrin saturation, only two had 
decreased serum ferritin and 47 had decreased total serum 
iron (table-2). 

With the above observation, correlation between transferrin 
saturation and serum ferritin was found to be more useful in 
determining body iron status than transferrin saturation alone. 

Since the study was not funded, the additional tests required 
to interpret the serum iron studies could not be performed 
and, the therapeutic status with erythropoietin and other 
drugs were not available for many of the patients. Hence 
amongst 154 patients, a confirmed interpretation could be 
done for 94 cases. 

We found 35 (37.2%) patients had normal serum iron 
profile, 1 (1%) had features of iron deficiency, 51 (54.25%) 
cases had features suggestive of acute phase response, 
5 (5.31%) patients had anemia of chronic disease and 2 
(2.2%) showed iron overload. A significant moderate 
positive relationship (correlation coefficient of 0.345) was 
found with a P value of 0.001.

The peripheral smear was reviewed for these patients and 
it was correlated with serum iron profile. Upon the review, 
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majority of patients had normocytic normochromic blood 
picture and 10 patients were found to have microscopic 
hypochromic blood picture. Among these patients with 
microcytic hypochromic blood picture, 5/10 patients had 
serum iron profile suggestive of anemia of chronic disease, 
1/10 had iron deficiency, and 3/10 had features suggestive of 
acute phase reaction. Data was not available for one patient. 

Discussion
Total serum iron in the present study was in accordance 
with the study by Talwar et al11 (table-4), but in the current 
study the high mean serum ferritin values was due to 
inflammatory state in majority of individuals. The majority 
of study population (65%) in the Talwar et al study had 
microcytic hypochromic anemia because of iron deficiency 
and 33% patients had parasitic infestation. Majority of the 
study population in our study had normocytic normochromic 
blood picture and iron deficiency was seen in few. 

Study by Singh et al12 (table-4) showed higher mean values 
for Serum iron and lower serum ferritin levels than our 
study. This is because in Singh et al study, patients had 

received erythropoietin therapy and fall in serum ferritin in 
the cases indicate iron utilization by replicating erythroid 
cells. In our study, few patients had received erythropoietin, 
therefore no significant decrease in mean serum ferritin 
levels was observed. 

In 2010 Jairam et al13 (table-4) revealed that 60% of the 
End Stage Renal Disease (ESRD) patients in his their study 
had adequate iron stores because most of them had received 
parenteral iron therapy before presentation to the hospital, 
and iron deficiency was seen in patients with no parenteral 
or oral iron. A wide use of parenteral iron and repeated 
transfusions in cases of CKD has led to an iron overload. 
He also concluded that the use of serum ferritin alone for 
defining iron overload is faulty, because 2-3-fold elevations 
in ferritin (acute phase reactant) levels with inflammatory 
activation is known, which is common in CKD patients. 

In the study by Deori et al14 in 2016 (table-4), 26% of 
patients had absolute iron deficiency, and it was the most 
common cause of anemia. In the present study majority 
of the patients had serum iron profile suggestive of acute 

Table 1: Correlation of total serum iron, TIBC, serum ferritin and transferrin saturation (normal value is given in parenthesis) 
with the stage of renal failure (n=154).

Stage 
of renal 
failure 

Total serum iron  
(45-170 microg/dl)

TIBC  
(200-430microg/dL)

Serum Ferrtin  
(23.9-336 ng/dL)

Transferrin saturation 
(20-50%)

<45 45-170 >170 <200 200-430 >430 <23.9 23.9-336 >336 <20 20-50 >50
3 3 5 0 2 4 2 0 6 2 5 2 1
4 16 18 0 11 22 1 2 21 11 15 17 2
5 43 67 2 50 62 0 0 43 69 37 52 23

Table 2: Correlation of total serum iron, TIBC and serum ferritin (normal value is given in parenthesis) with transferrin 
saturation (n=154).

Transferrin 
saturation 
(20-50%) 

Total serum iron 
 (45-170 microg/dl)

TIBC (200-430microg/dL) Serum Ferrtin (23.9-336 ng/dL)

<45 45-170 >170 <200 200-430 >430 <23.9 23.9-336 >336
<20% 47 10 0 19 35 3 2 34 21

20-50% 15 56 0 29 42 0 0 32 39
>50% 0 24 2 15 11 0 0 4 22

Table 3: Correlation of serum iron profile with stage of renal failure (n=94). 
Stage of renal 

failure 
Normal serum 

iron profile
Iron deficiency Acute phase 

reaction 
Anemia of 

chronic disease
Iron overload Total

Stage 3 2 0 2 0 0 4
Stage 4 11 1 3 0 0 15
Stage 5 22 0 46 5 2 75

Total 35 1 51 5 2 94
Table  4: Comparison of serum iron profile in CKD.

Parameter Talwar et al 
200210

Singh et al 
199911

Jairam et al 
201012

Deori Et al 201613 Present study

Serum iron (μg/dl) 55.1 124.93± 123.6 153.4± 31.6 98± 37.08 61 
TIBC (μg/dl) - - 476.39± 137.3 345.22± 75.43 216.43 

Serum ferritin (ng/dl) 30.4 259.33± 122.05 331.7± 39.56 - 539.68 
Transferrin saturation (%) - - - 30.78± 14.45 32.18%
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phase reaction, this can be explained since the Deori et al 
selected the study population which did not receive any 
parenteral or oral hematinics. In contrast the present study 
selected the study population irrespective of their treatment 
status with hematinics or erythropoietin.

Chronic kidney disease is associated with systemic 
inflammation and oxidative stress due to activation of innate 
immune system directed by monocytes / macrophages, 
granulocytes and other non-immune cells15. Hence many 
of the patients in advanced stages of chronic kidney failure 
show acute inflammatory response with an increase in 
C-reactive proteins, hepcidin and serum ferritin. Due to 
chronic inflammatory state, patients may have functional 
iron deficiency and iron deficient erythropoiesis, even 
though marrow iron content is normal16. This scenario can 
be seen in our study population where 54.25% cases had 
serum iron profile suggestive of acute phase reaction. 

In patients with kidney failure, presence of chronic 
inflammation over a long period of time can cause cytokine 
mediated inhibition of production of erythropoietin and 
premature destruction of precursor erythroblasts leading to 
hypo-proliferative anemia and anemia of chronic disease16. 

Many of the patients in late stage CKD may receive 
erythropoietin and parenteral iron to prevent anemia and 
morbidities associated with anemia. This can lead to an 
iron overload in patients with functional iron deficiency. 

Limitations of the study: (1) Inability to investigate full 
spectrum of iron status in CKD patients due to high cost 
of investigations and lack of funding. (2) The therapeutic 
status with erythropoietin and other drugs were not 
available for many of the patients. 

Conclusion
Most common type of serum iron profile found in the study 
population was acute phase reaction (54%) and majority of 
them were in stage 5 renal failure. As we understand by various 
studies that uremia is state of systemic inflammation and 
increase in serum ferritin and hepcidin can lead to functional 
iron deficiency. Parenteral iron therapy in these patients can 
lead to iron overload and toxic effects of iron overload. Hence, 
before beginning parenteral iron therapy, CKD patients should 
be screened for the presence of inflammation. 
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