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Abstract:

Background: Anemia is a frequent complication of advanced chronic kidney disease (CKD) and is particularly
important in patients receiving maintenance hemodialysis because erythropoietin deficiency, iron restriction,
inflammation, blood loss, and nutritional factors may coexist.

Methods: This retrospective cross-sectional study included 600 adults with chronic kidney disease (CKD) G5
receiving maintenance hemodialysis for at least 3 months at Patna Medical College and Hospital, Patna, Bihar,
India. Clinical records, dialysis registers, and laboratory reports documented from December 2024 through
December 2025 were reviewed. Demographic characteristics, primary kidney disease, dialysis-related variables,
hemoglobin, red-cell indices, serum ferritin, transferrin saturation (TSAT), serum albumin, C-reactive protein
(CRP), and anemia-related treatment records were assessed.

Results: Anemia was present in 532/600 patients (88.67%; 95% CI 85.87%-91.08%). Among anemic patients,
132 (24.81%) had Hb >=10.0 g/dL within the sex-specific anemia range, 278 (52.26%) had Hb 7.0-9.9 g/dL,
and 122 (22.93%) had Hb <7.0 g/dL. Normocytic normochromic morphology predominated (61.65%), followed
by microcytic hypochromic (32.14%) and dimorphic patterns (6.21%). Absolute iron deficiency (ferritin <100
ng/mL and TSAT <20%) was present in 34.17%, while low TSAT despite ferritin >=100 ng/mL was present in
48.50%. Factors independently associated with Hb <10.0 g/dL included hemodialysis duration >12 months
(adjusted odds ratio [AOR] 2.45), ferritin <100 ng/mL (AOR 3.12), TSAT <20% (AOR 2.88), albumin <3.5
g/dL (AOR 2.18), CRP >=10 mg/L (AOR 1.95), and inadequate/non-adherent erythropoiesis-stimulating agent
(ESA) therapy (AOR 3.65).

Conclusion: Anemia was highly prevalent in this maintenance-hemodialysis cohort. Iron-restricted
erythropoiesis, inflammation, hypoalbuminemia, longer dialysis vintage, and inadequate/non-adherent ESA
therapy were associated with lower hemoglobin. These findings support structured monitoring and
individualized correction of reversible contributors to anemia.
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Introduction

Chronic kidney disease (CKD) is a major global inflammation, hepcidin-mediated iron

health problem, and the burden of advanced CKD
is substantial in both high-income and low- and
middle-income settings [1,2]. Anemia becomes
increasingly common as kidney function declines
and is an important complication of advanced CKD
and kidney failure [3].

The pathophysiology of anemia in CKD is
multifactorial. Reduced renal erythropoietin
production is central, but iron deficiency,
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sequestration, shortened red-cell survival, dialysis-
related blood loss, repeated phlebotomy, and
nutritional deficiencies can also contribute [3-7].
Inflammation increases hepcidin and restricts iron
availability for erythropoiesis even when storage
iron is present [5,6].

Anemia in patients with kidney failure is associated
with fatigue, impaired functional status, transfusion
requirements, and adverse cardiovascular and

International Journal of Current Pharmaceutical Review and Research

1491


http://www.ijcpr.com/

International Journal of Current Pharmaceutical Review and Research

clinical outcomes. Contemporary management
therefore emphasizes evaluation of iron status,
correction of reversible causes, and appropriate use
of ESAs and iron therapy [7,8]. The 2026 KDIGO
anemia  guideline = recommends  structured
assessment and treatment of anemia in CKD. In
CKD GS5 receiving hemodialysis, KDIGO suggests
initiating iron when ferritin is <=500 ng/mL and
TSAT is <=30%, with intravenous iron preferred
when iron therapy is initiated; ESA therapy is
generally considered after correction of reversible
causes, and hemoglobin should not be maintained
at >=11.5 g/dL with ESA therapy [8].

Data from public-sector tertiary centers in eastern
India remain useful for understanding real-world
treatment gaps, particularly where dialysis and
ESA costs may affect continuity of care [9]. This
study assessed the prevalence, severity,
morphological patterns, laboratory correlates, and
factors associated with moderate-to-severe anemia
among adults with CKD G5 receiving maintenance
hemodialysis at PMCH, Patna.

Materials and Methods

Study Design and Setting: This retrospective
cross-sectional observational study was conducted
by the Department of Pharmacology in
collaboration with the Department of Nephrology
and Hemodialysis Unit, Patna Medical College and
Hospital (PMCH), Patna, Bihar, India, a tertiary
care teaching and referral hospital.

Study Period and Participants: Clinical records,
laboratory  reports, and dialysis registers
documented as spanning December 2024 through
December 2025 were reviewed. The analysis
included 600 adults with CKD G5 who had
received maintenance hemodialysis for at least 3
months and met the predefined eligibility criteria.
Consecutive eligible records with the required
clinical and laboratory data were included.

Eligibility Criteria: Inclusion criteria were age
>=18 years, CKD G5 (eGFR <15 mL/min/1.73 m?),
maintenance hemodialysis for >=3 months with at
least twice-weekly treatment, and availability of the
required clinical and laboratory data. Exclusion
criteria were acute kidney injury or acute-on-
chronic kidney injury without established kidney
failure; active gastrointestinal bleeding or other
acute blood loss; major blood transfusion within 30
days before the index laboratory assessment;
hematological malignancy, active non-renal
malignancy, hemoglobinopathy, or bone-marrow
disorder; and pregnancy or lactation.

Definitions: Anemia was defined as hemoglobin
<13.0 g/dL in adult men and <12.0 g/dL in non-
pregnant adult women, consistent with commonly
used diagnostic thresholds in CKD literature [3,10].
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For descriptive analysis within the anemic
subgroup, hemoglobin was categorized as >=10.0
g/dL (within the sex-specific anemia range), 7.0-
9.9 g/dL, and <7.0 g/dL. These are study-defined
severity categories and are not presented as
KDIGO severity grades.

Morphology was classified using mean corpuscular
volume (MCV) and peripheral blood smear as
normocytic normochromic (MCV 80-100 fL),
microcytic  hypochromic (MCV <80 fL),
macrocytic (MCV >100 fL), or dimorphic.
Absolute iron deficiency was operationally defined
as ferritin <100 ng/mL with TSAT <20%. Low iron
availability with preserved/elevated ferritin was
defined as ferritin >=100 ng/mL with TSAT <20%,
a pattern compatible with iron-restricted
erythropoiesis in inflammatory CKD [5,6].
Systemic inflammation was defined for this
analysis as CRP >=10 mg/L.

Data Collection: Variables extracted from records
included age, sex, residence, primary kidney
disease, duration and frequency of hemodialysis,
vascular access history, blood pressure, body mass
index, hemoglobin, hematocrit, red-cell indices,
leukocyte and platelet counts, serum iron, total
iron-binding capacity, ferritin, TSAT, albumin,
urea, creatinine, electrolytes, CRP, intact
parathyroid hormone, ESA use, iron therapy, and
transfusion history.

Statistical Analysis: Analyses were reported as
performed in the study using SPSS version 26.0
and Python (SciPy/Statsmodels). Continuous
variables were summarized as mean +/- standard
deviation or median [interquartile range], as
appropriate, and categorical variables as n (%).
Between-group comparisons used chi-square or
Fisher exact tests for categorical variables and
Student t test or Mann-Whitney U test for
continuous variables. Variables meeting the
univariable screening criterion (p<0.10) were
entered into multivariable binary logistic
regression. Adjusted odds ratios (AORs) with 95%
confidence intervals (CIs) are reported; two-sided
p<0.05 was considered statistically significant.

Results

Baseline Characteristics: The study included 600
adults receiving maintenance hemodialysis. Mean
age was 51.4 +/- 12.8 years (range 19-78); 375
(62.50%) were men and 225 (37.50%) were
women. Diabetic nephropathy was the most
frequently recorded primary kidney disease
(41.17%), followed by hypertensive
nephrosclerosis (28.83%). Median dialysis duration
was 14.2 months [IQR 6.5-28.0]; 350 (58.33%)
patients received twice-weekly and 250 (41.67%)
thrice-weekly hemodialysis (Table 1).
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Table 1: Baseline demographic and clinical characteristics

Characteristic Value

Age, years, mean +/- SD 51.4+/-12.8

Age <50 years 262 (43.67%)

Age >=50 years 338 (56.33%)

Male / Female 375 (62.50%) / 225 (37.50%)
Rural / Urban residence 382 (63.67%) / 218 (36.33%)
Diabetic nephropathy 247 (41.17%)

Hypertensive nephrosclerosis

173 (28.83%)

Chronic glomerulonephritis 87 (14.50%)
Chronic pyelonephritis / obstructive uropathy 43 (7.17%)
ADPKD / other or unknown 50 (8.33%)
Hemodialysis twice weekly 350 (58.33%)

Hemodialysis thrice weekly

250 (41.67%)

Dialysis duration, months, median [IQR]

14.2 [6.5-28.0]

Prevalence, hemoglobin  categories, and
morphology: Anemia was identified in 532/600
patients, giving a prevalence of 88.67% (95% CI
85.87%-91.08%).  Prevalence @ was  87.20%
(327/375) in men and 91.11% (205/225) in women

(chi-square=2.14, p=0.143). Among the 532
anemic patients, 132 (24.81%) had Hb >=10.0 g/dL
within the sex-specific anemia range, 278 (52.26%)
had Hb 7.0-9.9 g/dL, and 122 (22.93%) had Hb
<7.0 g/dL (Table 2).

Table 2: Hemoglobin categories among anemic patients by sex
Hemoglobin category Men (n=327) Women (n=205) | Total (n=532)
>=10.0 g/dL within sex-specific anemia range 88 (26.91%) 44 (21.46%) 132 (24.81%)
7.0-9.9 g/dLL 172 (52.60%) 106 (51.71%) 278 (52.26%)
<7.0 g/dL 67 (20.49%) 55 (26.83%) 122 (22.93%)
Morphological evaluation showed normocytic dimorphic anemia in 33 (6.21%) patients. No

normochromic anemia in 328 (61.65%), microcytic
hypochromic anemia in 171 (32.14%), and

macrocytic cases were recorded (Figure 1).

Morphological patterns of anemia (n=532)

70
61.65%

Percentage of anemic patients (%)

Normocytic
normochromic

Microcytic
hypochromic

Dimorphic

Figure 1: Morphological patterns of anemia among anemic maintenance-hemodialysis patients (n=532).

Laboratory parameters and iron status: Patients
with Hb <10.0 g/dL had lower ferritin, TSAT, and
albumin and higher CRP, blood urea nitrogen, and

creatinine than patients with Hb >=10.0 g/dL (all
reported p<0.001) (Table 3).

Mohan et al. International Journal of Current Pharmaceutical Review and Research

1493




International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Table 3: Laboratory parameters according to hemoglobin group

Parameter Hb >=10.0 g/dL (n=200) Hb <10.0 g/dL (n=400) p value
Hemoglobin (g/dL), mean +/- SD 10.82 +/- 0.68 7.64+/-1.12 <0.001
Hematocrit (%) 32.8+4/-24 23.1+4/-3.5 <0.001
MCV (fL) 88.4+/-6.2 81.2+/-8.9 <0.001
Ferritin (ng/mL), median [IQR] 285.0 [160-450] 112.5[45-210] <0.001
TSAT (%) 26.4 +/- 6.8 16.2+/-54 <0.001
Albumin (g/dL) 3.62+/-0.45 3.08 +/- 0.52 <0.001
CRP (mg/L) 6.4+/-3.1 18.5+4/-9.2 <0.001
Blood urea nitrogen (mg/dL) 62.4+/-15.1 789 +/-21.4 <0.001
Creatinine (mg/dL) 7.8+/-19 9.4+/-2.6 <0.001

Across the full cohort, 205 (34.17%) met the study

definition of absolute iron deficiency (ferritin <100
ng/mL and TSAT <20%), 291 (48.50%) had
ferritin >=100 ng/mL with TSAT <20%, and 104
(17.33%) were classified as iron sufficient by the
study criteria.

Factors associated with Hb <10.0 g/dL: In
multivariable analysis, inadequate/non-adherent
ESA therapy had the largest reported association

with Hb <10.0 g/dL (AOR 3.65, 95% CI 2.05-
6.50), followed by ferritin <100 ng/mL (AOR 3.12,
95% CI 1.82-5.35), TSAT <20% (AOR 2.88, 95%
CI 1.65-5.03), hemodialysis duration >12 months
(AOR 2.45, 95% CI 1.48-4.06), albumin <3.5 g/dL
(AOR 2.18, 95% CI 1.29-3.68), and CRP >=10
mg/L (AOR 1.95, 95% CI 1.12-3.39). Dialysis
frequency <3 sessions/week was not independently
significant after adjustment (AOR 1.52, 95% CI
0.91-2.54; p=0.108) (Table 4).

Table 4: Multivariable logistic regression for Hb <10.0 g/dL

Factor Unadjusted OR (95% CI) | Adjusted OR (95% CI) | Adjusted p
Hemodialysis duration >12 months 2.15 (1.38-3.35) 2.45 (1.48-4.06) <0.001
Ferritin <100 ng/mL 3.48 (2.12-5.72) 3.12 (1.82-5.35) <0.001
TSAT <20% 3.10 (1.88-5.10) 2.88 (1.65-5.03) <0.001
Albumin <3.5 g/dL 2.54 (1.58-4.08) 2.18 (1.29-3.68) 0.004

CRP >=10 mg/L 2.20 (1.35-3.58) 1.95 (1.12-3.39) 0.018
Inadequate/non-adherent ESA | 4.12 (2.45-6.92) 3.65 (2.05-6.50) <0.001
therapy

Dialysis frequency <3 sessions/week | 1.82 (1.14-2.91) 1.52 (0.91-2.54) 0.108

Discussion

This cohort showed a very high burden of anemia:
88.67% of 600 maintenance-hemodialysis patients
met the study anemia definition, and 75.19% of
anemic patients had Hb <10.0 g/dL. The finding is
biologically plausible in advanced CKD, where
impaired erythropoietin production, iron restriction,
inflammation, dialysis-related blood loss, and
nutritional factors frequently coexist [3-7].
Population studies also show that anemia becomes
more prevalent with worsening CKD stage [10],
although direct prevalence comparisons should be
made cautiously because case mix, anemia
definitions, dialysis exposure, and treatment
availability differ across studies.

Normocytic normochromic anemia was the
dominant morphological pattern, consistent with
hypoproliferative anemia of kidney failure [3,7].
Nearly one-third of anemic patients had a
microcytic hypochromic pattern, supporting a
substantial contribution from iron deficiency. The
study also found a high frequency of low TSAT. In
CKD, inflammation-driven hepcidin elevation can
reduce intestinal iron absorption and trap iron in
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macrophages, producing iron-restricted
erythropoiesis despite preserved or elevated ferritin
[5.6].

The multivariable model identified low ferritin, low
TSAT, hypoalbuminemia, elevated CRP, longer
dialysis vintage, and inadequate/non-adherent ESA
therapy as factors associated with Hb <10.0 g/dL.
These associations fit established mechanisms: iron
deficiency limits erythropoiesis [6], inflammation
contributes to functional iron restriction and ESA
hyporesponsiveness [5,11], and hypoalbuminemia
may reflect the malnutrition-inflammation complex
described in dialysis populations [11].

The association with inadequate/non-adherent ESA
therapy is clinically important in a resource-
constrained setting. Dialysis and ESA-related costs
have historically posed major barriers to sustained
kidney-failure care in India [9]. Nevertheless, this
retrospective study cannot determine whether
financial constraints caused non-adherence, and the
manuscript did not include a formal economic
assessment. That interpretation should therefore
remain cautious.

Current KDIGO guidance supports structured
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evaluation of anemia and regular assessment of
hemoglobin, ferritin, and TSAT in hemodialysis
patients [8]. For CKD G5 receiving hemodialysis,
KDIGO 2026 suggests initiating iron when ferritin
is <=500 ng/mL and TSAT is <=30%, generally
using intravenous iron when iron therapy is started,
while withholding routine iron at high iron indices
and individualizing ESA treatment [8]. The present
findings support a local pathway that evaluates iron
availability, inflammation or infection, nutritional
status, dialysis adequacy, occult blood loss, and
treatment adherence before escalating ESA therapy.
The observational results should not be interpreted
as evidence for indiscriminate intravenous iron or
ESA escalation.

Limitations: The study has several limitations. Its
retrospective  cross-sectional design precludes
causal inference, and its single-center setting limits
generalizability. Only records with the required
clinical and laboratory data were eligible, which
may introduce selection bias. Serum erythropoietin,
hepcidin, and soluble transferrin receptor were not
routinely available, and long-term cardiovascular,
transfusion, and survival outcomes were not
prospectively tracked.

Conclusion

Anemia affected 88.67% of adults receiving
maintenance hemodialysis in this PMCH cohort.
Most anemic patients had Hb <10.0 g/dL, and
normocytic normochromic morphology
predominated. Low  ferritin, low  TSAT,
hypoalbuminemia, elevated CRP, longer dialysis
duration, and inadequate/non-adherent ESA
therapy were independently associated with Hb
<10.0 g/dL in the reported multivariable model.
Structured monitoring of hemoglobin and iron
status, evaluation of inflammation and nutrition,
and guideline-concordant optimization of iron and
ESA therapy may improve anemia management in
this population.
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