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ABSTRACT  

Background: Anemia is a common and debilitating condition in patients with chronic renal insufficiency (CRI), where its 

related complications can be avoided if patients receive optimal and quality care of anemia. Aims: To ascertain the 

prevalence of anemia in pre-dialysis chronic renal insufficiency patients and to examine the iron indices in the patient group 

so as to establish any putative relationship. Materials and Methods: This cross-sectional analytical study included 124 CRI 

patients and 157 control participants. Blood samples were analyzed for serum iron, serum ferritin, serum Total Iron Binding 

Capacity (TIBC) and other hematological/hemodynamic parameters by standard methods. Suitable descriptive statistics was 

used for different variables. Results: In CRI patient group, mean serum ferritin was 546.6 + 103.5 ng/ml, which was 

significantly greater than healthy control population (81.2 + 13.4 ng/ml; p<0.0001). On the contrary mean estimated levels of 

serum iron in healthy controls and CRI patients were 108.0 ± 21.0 µg/dl and 46.4 ± 11.6 µg/dl respectively  and exhibited a 

significant difference (p<0.0001). TIBC in healthy controls and CRI patients were 332.4 ± 39.8 µg/dl and 304.6 ± 43.7 µg/dl 

respectively which is in accepted reference range. Of the enrolled patients, in CKD stages 1, 2, 3 and 4, there were 18, 42, 50, 

and 14 patients, respectively. Anemia was observed in 81.45% of the enrolled patients. Prevalence of anemia and alterations 

in iron indices were significantly increased (ANOVA; p<0.05) with advancing stages of disease. Conclusions: Anemia 

prevalence was very high in studied CRI cohort, characterized by low iron and elevated serum ferritin levels. Additional 

studies are warranted to guide an ideal biomarker which should provide optimization of iron status; correlate with degree of 

anemia along with predict response to iron repletion. 
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INTRODUCTION 

Chronic Renal Insufficiency (CRI), a worldwide 

public health problem, is a slowly progressive loss of 

renal function over a period of months or years and 

defined as abnormally low glomerular filtration rate 

or kidney damage, distinctive as any pathological 

abnormalities or markers of damage in blood, urine 

or imaging investigations.(1-2) Its prevalence is 

estimated to be 8-16% worldwide.(3) Complications 

include increased cardiovascular disease, kidney 

disease progression, cognitive decline, anemia, 

mineral and bone disorders.(4) All stages of chronic 

kidney disease (CKD) (1) are associated with 

increased risk of aforementioned complications, 

premature mortality and decreased quality of life.(1-

2) 

Among the allied complications, anemia is 

exceedingly prevalent and one of the most common 

co-morbidities of chronic kidney disease.(4) It is an 
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early complication, develops from transitional stages 

of CKD and severity increases with succession of 

the disease.(4) Moreover, anemia in CRI patients is 

linked with cognitive/sexual dysfunction, left 

ventricular dilatation and hypertrophy, exercise 

intolerance, hurried progression to end-stage renal 

disease, lengthened hospitalization,(4-5) i.e. it is 

associated with increased morbidity with poor 

overall outcome. Hence, there is a need for early 

identification and treatment, so as to reverse the 

secondary effects of anemia in chronic renal 

insufficiency. However, patients with chronic renal 

insufficiency are also at risk of iron toxicity, if 

instituted iron therapy is not stringently monitored 

for systemic iron status.(6) Thus, proper 

quantification of the iron indices in CRI patients is 

crucial. Incorrect assessment may result in improper 

management of patients.  

In 1836 Richard Bright for the first time described 

the association of CKD and anemia, when he 

observed pallor in the development of Bright’s 

disease.(7) Subsequently, much has been written on 

anemia among chronic kidney disease patients on 

hemodialysis, but there is a dearth of direct evidence 

about the iron status among pre-dialysis CRI 

patients, more so specifically in Gujarati population. 

Thus, in this study an attempt has been made to 

examine the prevalence of anemia and to evaluate 

the iron indices in pre-dialysis chronic renal 

insufficiency patients. 

MATERIALS AND METHODS 

This was a cross-sectional study conducted on newly 

and previously diagnosed patients of CRI, reporting 

to the nephrology clinic/Medicine OPD or wards, 

and the emergency unit of the Hospital over a period 

of twenty four months. Inclusion criteria were, 

patients who were ≥18 years of age; have not been 

started on hematinics, dialysis, or erythropoietin 

stimulating agents. Exclusion criteria included 

patients of acute kidney injury, concomitant 

hemolytic anemia, hematological neoplasm, and 

those with chronic infections, malignancy, on any 

hemopoetic drug, thrombosis, immunosuppressive 

therapy, current or history of tobacco or alcohol 

intake, or history of blood transfusion in preceding 

one month, pregnant and lactating females and 

refusal to sign the consent form. CRI were 

categorized into five different stages namely 1, 2, 3, 

4 and 5 as per the guidelines laid down by National 

kidney foundation; NKF-K/DOQI.(1-2) 

A total of 281 participants (124 patients and 157 

healthy controls) were recruited in the present study 

after explaining the study protocol and obtaining 

written informed consent form. Healthy controls 

were selected at random from patients’ relatives and 

participants on routine health checkup who did not 

have CRI or any significant medical illness. The 

study was approved by the Institutional Ethical 

Committee. Information on demographics (such as 

gender, age, education, economic status, residency), 

occupation and history suggestive of any systemic 

illness were collected through a self-administered 

questionnaire. Blood pressure was measured in the 

seated position after 10 min of rest with a standard 

manual mercury sphygmomanometer and 

stethoscope by auscultatory method
8
. Age was 

defined as the age at the time of interview (though 

no documentary proof had been entertained). A 

sample of venous blood was drawn with an aseptic 

technique and subjected to estimation of serum 

ferritin (9), serum iron (10), serum Total Iron 

Binding Capacity (TIBC) (11), serum creatinine 

(12), serum urea (13), plasma glucose (14) and 

hemoglobin. 

The statistical analyses were performed using Med 

Cal statistical software and MS Excel. Data were 

expressed as mean ± SD (continuous variables), or 

as percentages of total (categorical variables). Two-

group comparisons were made using chi-square (x
2
) 

for categorical variables and Student’s t tests or one-

way ANOVA for continuous variables. For all 

analyses, the nominal level of statistical significance 

was <0.05. 

RESULTS 

Table 1 shows the mean values of age, gender 

distribution and other hemodynamic profiles in CRI 

patient group and in control participants. The 

average age of healthy controls was 48.8 + 8.6 years 

and 56.05 % were men while in patient group 
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61.29% were males and 50.2 + 7.8 years as a mean 

age. There was no statistically significant difference 

(p: 0.1593) in mean age between the studied groups. 

Among the study participants there was a dominance 

of male individuals as compared with females (Table 

1) but male to female ratio (p<0.05) as well as mean 

age of case participants and controls were 

statistically similar, indicating that the two studied 

group were well-matched.  

 

Table 1: Characteristics of cases and controls participants. 

 
Parameters Controls (n:157) Cases(n: 124) t p 95% CI 

Mean ± SD Mean ± SD 

Age (years) 48.8 + 8.6 50.2 + 7.8 1.41 0.1593 -0.55 – 3.35 

Sex, males; n (%) 88 (56.05%) 76 (61.29%) 0.58 (x
2
) 0.4455 -6.85% - 17.08 

PCV % 39.4 ± 6.1 23.8 ± 7.2 -19.65 <0.0001 -17.16 - -14.04 

Systolic blood pressure 

(mmHg) 

124.8 ± 6.2 138.8 ± 18.4
*
 8.91 <0.0001 10.91 – 17.09 

Diastolic blood pressure 

(mmHg) 

80.2 ± 2.8 86.2 ± 3.6
*
 15.71 <0.0001 5.25 – 6.75 

Fasting plasma glucose 

(mg/dl) 

80.7 + 6.6 102.0 + 17.2
*
 14.25 <0.0001 18.36 – 24.24 

Hb (g/dl) 13.8 ± 2.8 7.9 ± 2.1 -19.52 <0.0001 -6.49 - -5.31 

Vegetarian/Non-

Vegetarian 

120/37(23.56%) 93/31(25.00%) 0.0195 (x
2
) 0.889 -8.99% - 12.13 

PCV: Packed Cell Volume; x
2: 

Chi-square; CI: Confidence Interval; SD: Standard Deviation  

The mean PCV %, in controls and CRI patients were 

39.4 ± 6.1and 23.8 ± 7.2 respectively while 

hemoglobin status in respective group were 13.8 ± 

2.8 g/dl and 7.9 ± 2.1 g/dl. Taken together, data 

indicate an anemic status in CRI patient group. 

There was no statistical significant difference 

noticed among healthy controls and CRI patients 

with reference to dietary habits, physical activity and 

any other lifestyle variation. However, patients had 

higher plasma glucose (p<0.0001), systolic blood 

pressure readings (p<0.0001) and diastolic pressure 

(p<0.0001) as compared with healthy counterparts. 

The results of iron status markers are summarized in 

Table 2. In patient cohort, mean serum ferritin was 

546.6 + 103.5ng/ml, which was significantly greater 

than healthy control population (81.2 + 13.4ng/ml). 

Mean estimated levels of serum iron in healthy 

controls and CRI patients were 108.0 ± 21.0 µg/dl 

and 46.4 ± 11.6 µg/dl respectively, i.e. the decrease 

in serum iron levels in patients is statistically 

significant (p<0.0001). TIBC in healthy controls and 

CRI patients were 332.4 ± 39.8 µg/dl and 314.6 ± 

43.7 µg/dl respectively which is in accepted 

reference range.Table 3 revels the 

number/percentage of patients in stratified stages of 

CRI. Maximum number of patients were in stages 2 

and 3; collectively amounting to 74.19% (n: 92; 

stage 3 – n: 50, stage 4 – n: 42) of total reported 

patients. We did not found any patient in stage 5 and 

only 11.2% patient in stage 4 of CRI, probably 

because of inclusion criteria laid down for the study 

protocol. Various biochemical variables reflecting 

iron indices in stratified stages of CRI are presented 

in Table 4. The prevalence of anemia was higher in 

patients with more advanced stage of CKD. Result 

also suggests that alterations in iron balance 

(indicated by serum iron, serum ferritin and serum 

TIBC) increases with advancing CKD stage 

(ANOVA; p<0.05). 
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Table 2: Clinico-biochemical indices of CRI patients and control groups. 

Parameters Controls 

(n:157) 

Cases 

(n: 124) 

t p 95% CI 

Mean ± SD Mean ± SD 

Creatinine (mg/dl) 0.81 ± 0.09 7.8 ± 2.4 36.47 <0.0001 6.61 – 7.36 

Urea (mg/dl) 23.8 ± 7.2 138.4±35.8
*
 39.13 <0.0001 108.84 – 120.36 

Anemia; n (%) 7 (4.4%) 101 (81.45%) 228.9 (x
2
) <0.0001 84% - 95% 

Serum Iron (µg/dl) 108.0 ± 21.0 46.4 ± 11.6 29.31 <0.0001 -65.74 - -57.46 

TIBC (µg/dl) 332.4 ± 39.8 314.6 ± 43.7 3.56 0.0004 -27.63 - - 7.97 

Serum Ferritin (ng/ml) 81.2 + 13.4 546.6 + 103.5 55.78 <0.0001 448.98-481.82 

Hypertension; n (%)  63 (50.8%)    

Diabetes Mellitus; n (%)  78 (62.9%)    

Polycystic kidney Disease;  

n (%) 

 09 (7.2%)    

Chronic glomerulonephritis; 

n (%) 

 23 (18.5%)    

Obstructive uropathy;  

n (%) 

 07 (5.6%)    

CRI: Chronic Renal Insufficiency; TIBC: Total Iron Binding Capacity; CI: Confidence Interval; SD: Standard Deviation  

Table 3: Proportion of patients in stratified stages of CRI. 

Stages of CRI n(%) 

1 18(14.5) 

2 42(33.87) 

3 50(40.32) 

4 14(11.2) 

5 00(00) 

CRI: Chronic Renal Insufficiency 

 

Table 4: Iron indices and renal sufficiency biochemical variables of patients in stratified stages of 

CRI. 

Parameters Stage 1 Stage 2 Stage 3 Stage 4 ANOVA 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p 

Creatinine (mg/dl) 3.3 ± 1.1 6.8 ± 3.1 8.6 ± 2.9 9.1 ± 1.8 <0.001 

Urea (mg/dl) 78.5± 27.1 127.3± 33.6 145.8± 57.2 157.1±66.5 <0.001 

Anemia; n (%) 10 (55.55%) 34 (80.9%) 44 (88.0%) 13 (92.85%) <0.001 

Serum Iron (µg/dl) 67.4 ± 8.7 48.4 ± 12.4 39.8 ± 14.1 35.8 ± 6.6 <0.01 

TIBC (µg/dl) 321.6 ± 60.6 316.6 ± 33.4 298.8 ± 59.7 285.3 ± 35.3 <0.05 

Serum Ferritin (ng/ml) 446.3 + 98.1 501.6 + 143.6 606.5 + 93.8 667.6 + 123.1 <0.001 

CRI: Chronic Renal Insufficiency; TIBC: Total Iron Binding Capacity; ANOVA: Analysis of Variance
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DISCUSSION 

Of the total body iron, only about 0.1% circulates in 

the plasma as an exchangeable poo l(15) and it plays 

a vital role in many physio-biochemical reactions 

including cellular respiration and oxygen transport. 

However, excess iron generates free radicals and 

renders it toxic.(6,15) Thus, systemic iron level must 

be tightly monitored, even more so in CRI, in whom 

anemia is widely prevalent. Therefore in this study, 

it is considered important to unravel the prevalence 

of anemia and level of iron indices with respect to 

CRI and found that the majority of pre-dialysis CRI 

patients {101 (81.45%)} were anemic, reflected by; 

lower hemoglobin than the target values;(16) low 

iron levels in the presence of elevated serum ferritin. 

The etiology of anemia in CRI is not clear-cut; it 

engages a complex interaction of nutritional 

deficiency, decreased red cell survival, 

inflammation, uremic inhibitors or compromised 

marrow function.(4,17) Nevertheless, the leading 

cause is deficient in erythropoietin synthesis.(4) 

Kidney is a foremost situate for erythropoietin 

production contributing 80-90%, as compared to the 

liver which contributes 10-15% of erythropoietin in 

circulation.(4,7,18) As the disease progresses, 

specialized peritubular cells that produce 

erythropoietin are partially or completely 

depleted/injured resulting inappropriately low 

erythropoietin comparative to the degree of 

anemia.(4,18) 

Of the CRI patients, 78 patients (62.9%) were 

diabetic, 63 patients (50.8%) were hypertensive, 

23(18.5%), 09 (7.2%) and 07 (5.6%) patients had 

history of chronic glomerulonephritis, polycystic 

kidney disease and obstructive uropathy respectively 

(Table 02). 52 patients were suffering from 

hypertension and Diabetes mellitus both and 04 

patients were suffering from three or more 

mentioned conditions. Thus, Diabetes Mellitus and 

Hypertension were found to contribute maximally to 

the cases and constitute the high risk population.  

It is very much evident from the data (Table 01 and 

Table 02) that various parameters among the healthy 

controls were within accepted reference range. A 

comparison of characteristics between CRI patients 

and control individuals revealed that patients had 

more altered hematological/hemodynamic profiles 

compared with healthy participants. Serum ferritin 

levels in patient group were significantly greater 

than in healthy controls (p<0.0001; Table 02). On 

the contrary serum iron was significantly decreased 

in CRI patients when compared to control 

participants (p<0.0001; Table 02). These finding 

with regards to serum iron status are in accordance 

with previous studies.(19-21) The increase in ferritin 

in our study is in agreement with other studies.(20-

22) Progressive loss of kidney function (indicative 

by stratified stages of chronic kidney disease) leads 

to marked alterations in iron homeostasis with the 

advancing stages of CKD (Table 4). Moreover, 

disturbances of iron indices (serum iron, serum 

ferritin and serum TIBC) at each stage was 

significantly higher from its preceding stage (Table 

4; ANOVA: p<0.05). Likewise, prevalence of 

anemia kept on increasing with advancing stages of 

disease (Table 4; ANOVA: p<0.05).  

Though serum ferritin concentration is a surrogate 

marker for iron stores, but it also behaves as an acute 

phase reactant and the consequences of CRI 

associated inflammation is reflected as an increase in 

ferritin values and thus its levels comes in reference 

range or even elevated for CRI patients, in whom 

actually iron is deficient.(23) This imbalance in the 

iron availability leads to iron deficiency in most of 

the patients. The inverse correlation of ferritin level 

and anemia in CRI patients could also be explained 

by hepcidin. Hepcidin lowers the available serum 

iron levels by limiting iron efflux from the body’s 

iron stores i.e. by inhibiting the iron transporter 

ferroportin.(24) This may cause bone marrow iron 

deficiency despite sufficient ferritin levels.(25) 

Researchers also have reported an elevated level of 

hepcidin in CRI patients.(26) 

Additionally, in CRI as earlier pointed, iron stores 

keeps on depleting as a result of decreased intake 

due to malnutrition, decreased appetite associated 

with uremia and increased loss through chronic GIT 

bleeding due to blood vessel fragility associated with 

uremia, platelet dysfunctional related to uremia. 
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(4,17) The difference between estimated levels of 

TIBC in healthy controls and CKD patients were not 

statistically significant and were within accepted 

reference range. This finding was similar to as 

reported by Locatelli et al.(22) 

CONCLUSION 

Our findings suggest that, anemia characterized by 

low iron levels in the presence of elevated serum 

ferritin was a characteristic attribute to the studied 

CRI cohort. Thus, there is need for clinicians for 

early evaluation and treatment of anemia, as soon as 

diagnosis is made of CRI. Iron supplementation is 

necessary for a satisfactory response to erythrooietin 

therapy in CRI patients because the demands for iron 

by the erythroid marrow commonly surpass the 

quantity of iron that is instantly accessible for 

erythropoiesis. However, advocating extensive use 

of iron supplementation (oral or IV) may causes iron 

toxicity and leads to oxidative stress and infection. 

Thus, it is suggested that in CRI population, iron 

indices must be stringently monitored to avoid 

under/over load.   

Nonetheless, this study has a few limitations. Firstly, 

sampling may not be representative of all of the CRI 

population as participants were enrolled from one 

Hospital, having more or less same socio-economic 

status and cultural environment, which may reduce 

the generalizability of our findings. Secondly, the 

study was cross-sectional and thus, we are not able 

to infer causality.  Another limitation is that serum 

iron, TIBC, and serum ferritin had a limited 

sensitivity and specificity in predicting bone marrow 

iron stores. Still, taken together, these results provide 

important information for clinical practice as these 

laboratory indices are routinely done for assessment 

of anemia/iron status. However Additional studies 

are warranted in this regard to guide an ideal 

biomarker which should provide optimization of iron 

status; correlate with degree of anemia along with 

predict response to iron repletion. 
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