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Chronic kidney disease is a rapidly increasing condition in India, with
majority of the patients diagnosed with anemia. Management of anemia in
these patients may remain unsuccessful when the body stores of iron are
insufficient. But, assessment and biomarkers of iron status in the CKD
patients still remains unresolved. This study aims to assess the iron status and
prevalence of functional iron deficiency (FID) in patients in early stages of
CKD. A total of 100 CKD patients with stages 3 and 4 were included in the
study. Mean Hb levels ranged from 5.9 to 6.9. A statistically significant
positive correlation between Hb and serum iron (r=0.223, p<0.05), serum
iron and TSAT (r=0.634, p<0.025), and serum iron and TIBC (r=0.416,
p<0.025), was noted. About 29% of the patients had FID. Serum iron levels
were significantly positively correlated with TIBC and TSAT in FID patients
(r=0.161, p<0.025; r=0.622, p<0.025, respectively). Ferritin and %TSAT still

remain as an achievable and reliable marker for these patients in India, where
most of the patients are from a low economic background.

Introduction:-

The incidence of chronic kidney disease (CKD) is rapidly increasing in India.ltis a significant burden to public
health, with 17.2% of the population suffering from different stages of this condition in the country(Singh et al.,
2013). Majority of the patients from the rural areas still have limited access to healthcare and often approach
hospitals at an advanced stage of kidney disease. Most of the patients with CKD, particularly those with moderately
decreased glomerular filtration rate (GFR;<60ml/mt/1.73m?) have anaemia (Astor et al., 2002). According to Kidney
Disease Improving Global Outcomes (KDIGO), patients with CKD are diagnosed with anemia when the Hb
concentration is <13.0 g/dl in males and <12.0 g/dl in females (KDIGO, 2012).In the last two decades, management
of anemia in CKD was revolutionized by erythropoiesis-stimulating agents (ESA).

CKD patients tend to have a significant blood loss due to gastrointestinal bleeding, frequent drawing of blood for
testing, blood retention in dialyzer tubing, gastrointestinal tubing, folate deficiency, severe hyperparathyroidism,and
acute and chronic inflammatory conditions (Fishbane et al., 2004).Thus, patients with anemia require concurrent
iron supplementation along with ESA treatment. But, aggressive management of anemia in these patients may
remain unsuccessful when the body stores of iron are insufficient.Measure of iron indices are thus imperative to
predict the erythropoietic response to iron supplementation and in the decision-making process of anemia therapy in
patients with CKD (Kovesdy et al., 2009).°Unfortunately, assessment and biomarkers of iron status in the CKD
patients still remains unresolved.

Most of the earlier studies focused on patients with end stage kidney disease on hemodialysis, or on kidney

replacement therapy. This study aims toassess the iron status and prevalence of functional iron deficiency (FID) in
patients in early stages of CKD (3" and 4" stage). The study is conducted in a tertiary care hospital andstudy group
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included only 3" and 4" stage CKD, as 1% and 2" stages may or may not have undergone treatment in the local
health care centers.

Materials and Methods:-

Study was conducted at Department of Biochemistry in association with the Department of Nephrology,
Government Medical College, Calicut. The subjects included all patients with CKD stage 3 and 4 attending
Nephrology services in Calicut Medical College during the study period. A total of 100 CKD patients with stages 3
and 4, defined by creatinine clearance 15-59ml/mt by Cockcroft-Gault creatinine clearance formula, and Hb less
than 10gm/dl, of either sex between ages 10-60 years presenting at Nephrology Department, Calicut Medical
College are included in the study. Iron deficiency parameters were defined based on internationally accepted criteria
for CKD patients (Wish, 2006).FID is defined as serum ferritin 100-300 pg/L and TSAT <20%. The study protocol
was approved by the local Ethics Committee. All patients were fully informed about the study and gave their
consent.

Results:-

About 74% of the patients in the study were in the age group of 30-60 years. All of them were anemic and about
82% of the participants fall under CKD stage 4. Most of them (72%) were involved in strenuous physical activity.

A total of 95 CRI patients had ferritin>100ug/l and only 5% had ferritin <100ug/l. The mean Hb levels in the
patients belonging to different categories of iron indexes is given in Table 1.

Table 1:- Mean Hb levels in patients in different categories of iron indexes

S.Ferritin (ug/l) TSAT (%) Mean Hb
>100 >20 6.6
>100 <20 6.5
<100 <20 6.9
<100 >20 5.9

There was a statistically significant positive correlation between Hb and serum iron (r=0.223, p<0.05), serum iron
and TSAT (r=0.634, p<0.025), serum iron and TIBC (r=0.416, p<0.025) in this study. There was a negative
correlation between serum ferritin and TIBC and it was not statistically significant.

FID was present in 29% of the patients, while 71% of the patients were without functional deficiency of iron. The
hematological and biochemical parameters of the patients with and without FID is given in table 2.

Table 2:- Hematological and biochemical characteristics of patients with and without FID

(-FID) (+FID)
HB 6.48+1.12 6.80+1.47
TC 8824:+2050.07 8672.41+2285.77
Crea 3.50+0.89 3.21+1.18
Cr. Clea 20.40+4.78 22.7626.52
S.IRON 51.15+41.79 36.73£12.19
TIBC 227.35£110.16 260.35£74.71
TSAT 23.36£12.15 14.41+3.80
FERRITIN 488.68+154.39 201.16£63.29

Correlation between the different parameters is given in table 3.
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Table 3:-Correlation between parameters in patients with and without FID

with FID without FID
Ferritin -0.532 <0.025 -0.4 NS
Serum Iron 0.367 <0.05 0.3 NS
Hb TIBC 0.271 NS 0.023 NS
TSAT 0.187 NS 0.327 NS
TSAT 0.161 <0.025 0.678 NS
Ferritin -0.141 NS -0.047 NS
S.iron TIBC 0.622 <0.025 0.529 NS
TSAT 0.206 NS 0.016 NS
Ferritin Urea 0.475 <0.025 -0.102 NS
Creatine 0.231 NS -0.12 NS
TSAT -0.28 NS -0.146 <0.5
TIBC Urea -0.244 NS -0.122 <0.5
Creatinine 0.408 <0.05 0.013 NS

Serum iron levels were significantly positively correlated with TIBC and TSAT in FID patients(r=0.161, p<0.025;
r=0.622, p<0.025, respectively). There was no significant correlation between these two parameters in patients
without FID.

Discussion:-

Anemia is one of the most common complications in CKD (Patel and Singh, 2010). Insufficient production of
erythropoietin, iron deficiency, chronic inflammation, hyperparathyroidism, and blood loss mayall lead to anemia in
these patients. It is important to ensure that adequate iron stores are available before erythropoietin therapy is
initiated.

To our knowledge, there are only few studies of iron status among CRIsubjects as compared to end-stage renal
disease (ESRD) patients. Much has been written on the important contribution of iron deficiency towards anemia
and epoetin resistance among ESRD patients. Recent studies, however, show that the chronic renal insufficiency
(CRI) population is much larger than the ESRD population and that a substantial number of individuals with CRI are
anaemic (Hsu et al.,2002; Kazmi et al., 2001; Nissenson et al., 2001; Hsu et al., 2001).As per the NKF-K/DOQI
Practice Guidelines it is important to maintain ferritin levels >100ng/ml and TSAT >20% to ensure adequate iron
supply for erythropoiesis. The data supporting these targets are also based on studies from ESRD subjects (National
Kidney Foundation, 2001). NKF-K/DOQI Practice Guidelines call for more information on Hb levels in patients in
the early stages of CKD.Somonitoring and evaluation of the iron status in these subjects are significant. The search
for the ideal biomarker that can be considered as a bench mark for iron availability or iron store in the body is
ongoing.

Our study included 100 CKD patients with Hb less than 10gm/dl and creatinine clearance between 15-
59ml/mt.Ninety five percent of anemic CKDsubjects had ferritin >100 pg/l and only 5% had ferritin <100ug/l. One
half of anemic CKDsubjects had TSAT>20% and 50% had TSAT <20%. In this study, the general view of anemia
among the patients with CKD is that of FID. This is characterized by high serum ferritin levels (>100ug/dL and
<300ug). FID may be caused by impaired iron mobilization or due to overutilization of iron. Of the total 100
subjects, 3% had ferritin levels more than 500ng/mL and do not require iron supplementation as per guidelines
(KDOQI, 2006). Earlier studies had shown that in dialysis patients, elevated ferritin levels were associated with FID,
and the iron status improved with iron supplementation (Kopelman et al., 2007). The average serum iron levels in
the two groups of patients, with and without FID, was in the range of 37.13-51.15. TIBC and %TSAT lacked a
significant correlation, probably due to inflammation and malnutrition in patients with CKD.

Among the different biomarkers of iron status, serum ferritin was considered as a reliable index of iron stores in the
bone marrow (Rocha et al.,2009). Based on its extensive use, familiarity, and availability of literature base, serum
ferritin and TSAT were used as two reliable indices foriron status assessment.But, values of these two indices were
found to diverge and this incongruity raised the need to seek alternative iron markers to predict the response to iron
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therapy (Rafi et al.,2007; Chinnapu Reddy et al., 2013). One such marker, the soluble or serum transferrin receptor
(STTR) represents the total transferrin receptors present in the body and has increased presentation in the setting of
iron deficiency. It was earlier considered as an indicator of functional iron status, but was not more advantageous
than the conventional laboratory indicators, and did not correlate with inflammatory parameters (Wians et al., 2001;
Lukaszyk et al., 2015). It was thought to be a more reliable test than serum ferritin, but Fernandez-Rodriguez et al.
found sTfR to be less accurate than serum ferritin (Fernandez-Rodriguez et al., 1999). Moreover, sTfr assay is
relatively expensive and is not widely available in India. In patients with chronic renal failure and stable kidney
disease not receiving iron or ESAs, the sTfr concentration alone proved inferior to that of serum ferritin in detecting
those with coexisting iron deficiency (Fernandez-Rodriguez et al., 1999).

The reticulocyte Hb content (CHr),the measure of the amount of Hb in the reticulocytes, is a reasonably good
indicator of iron stores available for incorporation into new red blood cells. CHrwhen studied as anindexof iron
store, revealed to be more accurate and reproducible, but the optimal cutoff value could not be decided (Fishbane et
al., 2001). Hematology analyzers to check this index is still not widely available in conventional laboratories in the
country. .

Another alternative iron marker is the percentage of hypochromic red blood cells (PHRC), a test of the concentration
of Hb in RBC. PHRC was comparable to CHr in terms of its utility, but the storage issue will remain a limiting
factor as storage of full blood count samples leads to erroneous increase in PHRC. PHRC and CHr have limitations
in terms of sample stability and availability of analyzing equipment.Bone marrow examination, for the sole purpose
of assessing iron stores is also not justifiable.

Discovery of hepcidin-25 showed that iron status in CRI patients isassociated with inflammation and reduced
clearance of hepcidin in CKD.In one of the studies, hepcidin was a relatively good predictor of FID in patients
undergoing hemodialysis (Malyszko et al., 2012). But this should be taken with caution as intra-individual
variability in hepcidin has been reported (Peters et al., 2012). In another study, no correlation was found between
hepcidin and ferritin in patients with FID (Lukaszyk et al., 2015). Hepcidin level in CKD patients may not be of
greater diagnostic value than the ferritin level,but further studies are required (Peters et al., 2012).The utility of
hepcidin measurement as a diagnostic tool is currently uncertain and for the time being this technique remains a
research investigation.More studies are required in CKD patients to confirm the use of this index. Other novel
biomarkers like GDF-15, hemojuvelin, and zonulin are also being studied as indices for iron status in these patients
(Peters et al., 2012; Malyszko et al., 2012: World Health Organization, 1968; Malyszko et al., 2013).

With lack of consensus and confirmatory evidence about many markers, the debate over which is the most
appropriate marker is still ongoing. Our knowledge regarding the utility and reliability of many of the markers are
still immature and inadequate. More robust evidence, based on larger studies on CKD subjects, is needed for these
biomarkers to be widely used.Until new parameters are explored and recommended, serum ferritin and TSAT can
still guide the decision.

Further, for most of the novel biomarkers better standards of handling and specimen storage are needed. Lack of
standardized analyzers,and high cost of testing reduce the accessibility of these tests, particularly for patients from a
lower socioeconomic background.CKD is a global threat to public health in general population especially in a
developing country like India,as therapy is expensive andlifelong.About 72% of the patients in this study belonged
to the lower strata of economic status.Given the enormous cost and time to be spent towards the number of tests,
ferritin and %TSAT still remain as an achievable and reliable marker for these patients in India.

Conclusions:-

There is lack of consensus and confirmatory evidence on the most appropriate iron index for CKD. This study shows
that, in a country like India, serum ferritin and % TSAT can guide the decision on treatment of anemia in patients
with chronic renal insufficiency.
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