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ABSTRACT

Background: Anemia is the most frequent but
under-diagnosed complication of chronic
kidney disease (CKD) that increases morbidity
and poor clinical outcomes in internal
medicine facilities. The objective of the study
was the assessment of prevalence and clinical
profile of anemia in the CKD patients and the
investigation of  relationship  between
inflammation and iron profile, nutritional state
and anemia in CKD stages.

Methods: This observational, cross-sectional
study consisted of sample size of 116 adult
CKD patients was identified with a non-
probability consecutive sampling. CKD
staging was performed according to estimated
Glomerular Filtration Rate (eGFR) criteria and
anemia was defined as hemoglobin < 13 g/dl
in men and < 12 g/dl in women. The clinical,
hematologic, inflammatory, and analytical
parameters were measured and contrasted

between the stages of CKD. The analysis of
data was performed using SPSS version 26; p
< 0.05 was taken as significantly significant.
Results: CKD patients presented with anemia
of 72.5 %. Further stages of CKD were linked
to a reduction of serum iron, albumin, and
Total Iron Binding Capacity (TIBC) levels by
a large magnitude and an increase in ferritin
and C-reactive protein levels (CRP) levels (p <
0.05). Anemia patients had higher clinical
complications in terms of cardiovascular
occurrence and dialysis progression.
Conclusion: This research has demonstrated
that in CKD, anemia is highly associated with
inflammation, iron metabolism alteration, and
nutrition deterioration-particularly in the
advanced levels. The intervention at an early
stage helps in preventing the advancement of
the disease and its complications.
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INTRODUCTION

Chronic kidney disease (CKD) is a slowly progressive and debilitating illness that affects millions of
people in the world being characterized by slow degradation of the kidney functionality and
consequent systemic complications !. Anemia is one of the most common and clinically important
comorbidities of CKD, as it occurs mainly due to reduced synthesis of erythropoietin, iron deficiency,
and inflammation 2. Due to reduction in kidney functionality, the prevalence of anemia rises as kidney
functionality decreases and up to 90% of the patients with advanced CKD are reported to be anemic
3. In addition to increasing fatigue and negatively affecting the quality of life, anemia in CKD also

leads to higher rates of cardiovascular disease, hospitalization, and death risk .

The treatment and diagnosis of anemia in CKD can be mistreated, ignored, or delayed in departments
of internal medicine, where patients not infrequently have multiple chronic conditions presenting at
once °. This poses a significant clinical challenge, especially in settings characterized by resource
poor health systems whereby the prevalence of CKD is increasing as a result of ageing population
and prevalence of diabetes and hypertension . Various studies have demonstrated the role of anemia
in CKD in regards to progression of the disease at a higher rate, adverse cardiac outcomes and
elevated healthcare use 7. Moreover, the lack of anemia treatment in initial stages of CKD has also

been associated with an accelerated progression towards reliance on dialysis-based stages 5.

Understanding the condition and timely treatment of anemia in CKD would help in improving patient
outcomes, minimize complications, and stem the deterioration of the kidneys °. Thus, it is clinically

relevant to investigate its burden in the real-world conditions of internal medicine '°.

The aim of the current research was to identify the prevalence of anemia among the patients with
chronic kidney disease admitted to an internal medicine department and to assess the clinical
outcomes related to the mentioned condition such as hospitalization, cardiovascular events, and renal

replacement therapy.

METHODS

This cross-sectional observational study was carried out among patients in the Teaching Hospital,
Department of Internal Medicine and hematology from November 2022 to April 2023 at LUMHS,
BMC and HBS Medical College (Ref. REC-CKD-22/183). The research was approved in terms of
ethics by the Institutional Review Board and followed the statements of the declaration of Helsinki.

The sample size was calculated to be 116 using OpenEpi version 3.0.0 (Atlanta, GA, USA), at an
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estimated proportion or prevalence (p) of 70%, confidence level (confidence interval) of 95%, and

the margin of error (MOE) of 5%.

Non-probability consecutive sampling was used to recruit patients with an established diagnosis of
CKD stage 3 to 5 whose ages were 18 years and above in accordance to the KDIGO 2021 clinical
practice guidelines. The depiction of anemia was based on World Health Organization (WHO)
definition which describes anemia when hemoglobin was less than or equal to 13 g/dL in men and <
12 g/dL in women. Inclusion criteria were adult patients (age: 18 years and above) who had been
diagnosed with chronic kidney disease (CKD) stages 3 to 5 and had recorded and confirmed anemia
according to the Kidney Disease Improving Global Outcomes (KDIGO) criteria of hemoglobin
concentrations. Patients were excluded in case of having acute kidney injury, recent blood
transfusion, active bleeding, hematological malignancies, chronic liver disease, pregnancy, or current

chemotherapy.

All individuals bought informed consent in written form. All the participating patients were subjected
to a detailed clinical examination as well as a blood sample. The following variables were recorded:
demography (sex, age, BMI) CKD characteristics (stage, actiology, duration), laboratory indices
(haemoglobin, serum ferritin, etc.) and co-morbidities (hyper tension, diabetes Mellitus, etc.). The
outcome recorded included the number of hospitalizations, transfusions needed, cardiovascular
events, and the progression to renal replacement therapy. Statistical analysis was carried out by SPSS
version 26.0 (IBM Corp., Armonk, NY). Chi-square and independent t-tests have been applied and

the level of statistical significance was taken to be p < 0.05.

RESULTS

One hundred and sixteen anemic patients with chronic kidney disease (CKD) were divided into three
groups according to the CKD stage; 22 patients had the CKD stage 3, 55 had the CKD stage 4 and
39 had the CKD stage 5. The average age of the population studied was 61.2 years (SD 11.2) and the

age ranged between 38 and 82 years.

Table 1 includes baseline clinicopathological data of the patients. The ANOVA test and Chi-square
were used to compare the three stages of CKD. No significant disparities in gender distribution, BMI,
and prevalence of hypertension were identified in persons set apart by groups. Nevertheless, age (p
= 0.046), diabetes mellitus (p = 0.047) and ischemic heart disease (trend) correlated with higher
severity of CKD. The hemoglobin and eGFR levels sharply decreased whereas the level of serum
creatinine and ferritin increased linearly with the increased stage of CKD (all p < 0.05). Besides, the

need to use blood transfusion, the number of hospitalizations within the last 6 months, and occurrence
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of cardiovascular events over the last year were significantly more common in stage 5 patients, i.e.,

with a more severe disease burden.

Table 1: Clinicopathological Characteristics of Anemic CKD Patients (n = 116)

Variables Stage3 (n= | Stage4 (n= StageS (n= Test p-value
22) 55) 39) Used

Age (years) 57.2+9.1 60.8+10.6 |63.3+124 | ANOVA | 0.046*
Male Gender, n (%) 11 (50.0%) |30 (54.5%) | 19(48.7%) |%* 0.831
BMI (kg/m?) 25.1+£3.9 242 +£4.0 23.3+43 ANOVA |0.118
Diabetes Mellitus, n (%) 11 (50.0%) |39 (70.9%) |29(74.3%) |%* 0.047*
Hypertension, n (%) 16 (72.7%) | 44 (80.0%) |29 (74.3%) |%* 0.698
Ischemic Heart Disease, n | 3 (13.6%) 16 (29.1%) | 13 (33.3%) | y? 0.139
(%)
Hemoglobin (g/dL) 10.4+1.0 9.5+1.1 88+1.2 ANOVA | <0.001**
Serum Ferritin (ng/mL) 102.3 £48.7 | 120.1 £52.3 | 146.7+69.1 | ANOVA | 0.013*
Serum Creatinine (mg/dL) | 2.0 £ 0.4 33+0.7 5312 ANOVA | <0.001**
e¢GFR (mL/min/1.73 m?) 48.5+£5.2 254+49 12.1+£3.6 ANOVA | <0.001**
Blood Transfusion | 3 (13.6%) 20 (36.4%) | 21(53.8%) | 0.001**
Required, n (%)
Hospitalization in 6 | 5(22.7%) 23 (41.8%) |23 (59.0%) |y 0.012*
Months (%)
CV Event in Last Year, n | 2 (9.1%) 11(20.0%) | 15(38.5%) |y 0.006**
(%)

Table 2 contains a brief description of the biochemical and inflammatory markers by CKD stage.

Serum ferritin and CRP levels were found to progressively increase significantly (p =0.001 and p =

0.002, respectively) with the advancement of CKD, that is, inflammation and impaired iron

regulation. The status of serum iron and Total Iron Binding Capacity (TIBC) dropped notably with

stages (p = 0.010 and p = 0.014) indicating progressive anemia of chronic disease. Serum albumin

concentration also diminished substantially in patients with stage 5 CKD (p = 0.015), indicating poor

nutrition status and poor catabolic load in stage 5 CKD.

Table 2: Biochemical Markers and Inflammatory Profile by CKD Stage
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Stage 5
(n=39)

Serum Ferritin (ng/mL) 2104 +£35.1 [290.6+42.7 |3659+£553 |0.001
Serum Iron (pg/dL) 72.8+12.3 65.4+10.5 59.1+9.2 0.010
Total Iron Binding Capacity (TIBC, | 295.2+48.7 |275.6+529 |241.3+40.1 |0.014
pg/dL)

C-Reactive Protein (CRP, mg/L) 32+1.6 6.8+£2.9 10.5+34 0.002
Serum Albumin (g/dL) 39+£0.5 3504 32406 0.015

The distribution of clinical results and anemia treatment profiles in patients at different stages of
CKD is shown in table 3. The percentage of use of erythropoiesis-stimulating agents (ESAs) and
requiring blood transfusion were significantly more in stage 5 CKD (p =0.001 and p = 0.003) which
was a form of more severe anemia and the burden of treatment. The later stages were also
significantly more frequent regarding hospitalizations and cardiovascular events (p = 0.002 and p =
0.001). The trends toward developing an increasing mortality, which was 12.8 % in stage 5 patients

(p = 0.042), should indicate the clinical risks of progressive CKD and anemia.
Table 3: Clinical Outcomes and Anemia Management by CKD Stage
Variable

Stage 3 Stage 4

(n=22)

(n=55)

Blood Transfusions (past 6 months) | 1 (4.5%) 9 (16.4%) 15 (38.5%) 0.003
ESA Therapy Usage (%) 3 (13.6%) 17 (30.9%) 24 (61.5%) 0.001
Hospitalizations (past 6 months) 2 (9.1%) 12 (21.8%) 21 (53.8%) 0.002
Cardiovascular Events (last 1 year) | 1 (4.5%) 7 (12.7%) 16 (41.0%) 0.001
Mortality (past 1 year) 0 (0.0%) 2 (3.6%) 5(12.8%) 0.042
P<0.05 was considered statistically significant
DISCUSSION

This study assessed the changes in iron profile, inflammatory indicators, and nutrition level at the
different stages of progressive CKD (3, 4, and 5). It was found that serum ferritin and C-reactive
protein (CRP) levels are highly increased in comparison with the stage 1 to 4 in patients, and
conversely, there are low serum iron, total iron-binding capacity (TIBC), and serum albumin levels

among them as well in our findings. These patterns indicate that inflammation increases,
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dysregulation of iron metabolism occurs, and deterioration of nutritional status impairs as CKD

advances, which in total predisposes patients to anemia of chronic disease !'.

In previous studies that underscored similar complex relationship between inflammation, iron
regulation and nutritional depletion in CKD patients '>!3, In a previous literature, it was demonstrated
that increased ferritin concentration in the late stages of CKD could not only be a sign of iron load
but also chronic inflammation '*. Similarly, reduced TIBC and serum iron is a characteristic of
functional iron deficiency frequently aggravated by blockade of iron mobilization by inflammatory
mediators '>!6, The tendency of decreasing serum albumin with advancement of CKD is consistent
with findings that hypoalbuminemia is a predictive factor and a causative agent in regards to poor

outcome and cardiovascular risk in cases of end-stage renal disease (ESRD) !”.

At the biological level, the increase in CRP levels with the progression of CKD indicates the
condition of low-level persistent inflammation, which may occur due to the effects of uremic toxins,
oxidative stress, and endotoxemia '®. Some of the inflammatory cytokines that can suppress the
production of erythropoietin are IL-6 and cause the synthesis of hepatic hepcidin that acts as a central
inhibitor of oral iron absorption and iron release by macrophages '°. Such hepcidin-induced
sequestration of iron is the reason why CKD patients have elevated levels of ferritin, but low serum
iron levels, what is popularly appropriately deemed as functional iron deficiency 22!, Moreover,
further deterioration of the albumin production during the more advanced stages of CKD can be
worsened by the presence of inflammatory responses as well as insufficient protein intake caused by

dietary limitations or uremic anorexia 2.

These findings have great clinical implications. It is vital to monitor inflammatory and nutritional
markers and also inflammatory and iron parameters to develop customized measures of anemia

23

management about CKD patients “°. The intravenous iron preparations and erythropoiesis-

stimulating agents (ESAs) in such patients should be used cautiously, as their intake may lead to iron

overload or become ESA-resistant 24

. Also, referring to malnutrition-inflammation complex
syndrome (MICS) with the massive use of dietary counseling and anti-inflammatory measures can

enhance the results in nearing dialysis patients %°.

This study has however, a number of limitations. The cross-sectional nature prevents causal
inference, whereas the application of a single-center cohort can influence the generalizability. The
presence of other inflammatory markers than CRP, for example IL-6 or hepcidin was not measured
and would have allowed us to better assess the pathophysiology of functional iron deficiency. Further,

the nutritional status was a replacement variable in terms of albumin, but may confound with
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inflammation. It is advisable that future longitudinal studies with expanded inflammatory and
nutritional panels would validate these associations and determine intercession properties to

implement at every stage of CKD.

CONCLUSION

The research shows that there is a progressive pathology in iron regulation and increasing
inflammation and deteriorating nutrition as CKD advances specifically in Stage 5. The mentioned
patterns outline the complicated pathophysiology of anemia in CKD based on iron sequestration
facilitated by hepcidin and malnutrition-inflammation interactions. Such evidence necessitates the
combination of iron monitoring, inflammatory monitoring and nutritional monitoring to provide
individualized anemia management. Nevertheless, these associations should be compensated by
wider multicentric, longitudinal studies to reaffirm the same as well as streamline therapeutic

approaches at varying phases of CKD.
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