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Background: Anemia constitutes a major hematological challenge in tertiary 

care settings, where it frequently complicates patient management and 

correlates with adverse clinical outcomes. This retrospective laboratory analysis 

delineates the prevalence, severity distribution, morphological classifications, 

and red cell index alterations in adult patients, offering granular insights into 

patterns that inform targeted diagnostic and therapeutic pathways. 

Materials and Methods: Retrospective review of complete blood count (CBC) 

records from 1,256 eligible adult patients (≥18 years) at a tertiary care hospital 

spanning January 2020 to December 2024. Anemia adhered to WHO definitions 

(Hb <13 g/dL males, <12 g/dL females). Exclusion applied to incomplete 

datasets, hematological malignancies, or recent transfusions. Red cell indices 

(MCV, MCH, MCHC, RDW) facilitated morphological categorization 

(microcytic <80 fL, normocytic 80–100 fL, macrocytic >100 fL) and severity 

grading (mild, moderate, severe). Etiological inferences derived from index 

constellations. Analysis employed SPSS v27 with chi-square, t-tests, ANOVA, 

and correlations (p<0.05 significance). 

Results: Anemia prevalence reached 48.2% (n=605), elevated in females 

(52.4% vs. 43.1% males, p=0.012) and older adults (≥65 years: 62.3%, 

p<0.001). Moderate anemia dominated (54.7%), microcytic morphology 

prevailed (46.3%), followed by normocytic (38.5%) and macrocytic (15.2%). 

Anemic patients exhibited MCV 78.4±12.6 fL, MCH 25.1±4.8 pg, MCHC 

31.2±3.1 g/dL, RDW 16.8±2.9% (all p<0.001 vs. non-anemic). Index patterns 

inferred iron deficiency (38.5%), chronic disease (32.1%), and nutritional 

causes (15.4%), with RDW elevations marking severity and anisocytosis. 

Conclusion: Nearly half of adult tertiary attendees manifest anemia, chiefly 

moderate-microcytic, with red cell indices revealing predominant iron-related 

patterns and prognostic utility. These observations advocate routine index-

integrated screening to preempt complications and optimize resource allocation 

in high-burden settings. 

Keywords: Anemia, Red cell indices, Prevalence, Tertiary care, Retrospective 

analysis. 
 

 

INTRODUCTION 
 

Anemia persists as a pervasive hematological entity 

across global populations, exerting profound 

influence on morbidity, mortality, and healthcare 

economics, especially within tertiary referral centers 

managing multifaceted comorbidities.[1] In 

hospitalized or outpatient adult cohorts, anemia 

transcends a mere laboratory aberration, emerging as 

an independent predictor of prolonged stays, 

escalated transfusion burdens, heightened infection 

risks, and diminished survival.[2,3] Recent 
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epidemiological syntheses underscore its escalating 

burden in aging demographics and resource-variable 

contexts, where delayed presentation amplifies 

severity.[4] 

Tertiary hospitals encounter a heterogeneous anemia 

spectrum, encompassing nutritional deficits, 

inflammatory states, renal insufficiency, occult 

bleeding, and malignancy-related marrow 

suppression.[5] Prevalence estimates in such settings 

frequently surpass community levels, reaching 40–

70% depending on age strata and referral 

complexity.[6] For instance, cross-sectional 

evaluations in Greek tertiary facilities document 52% 

anemia among admitted adults, with normocytic 

patterns predominant yet microcytic forms signaling 

iron depletion or chronic inflammation.[7] Parallel 

observations in diverse geographies highlight sex 

disparities, with females exhibiting higher rates 

attributable to reproductive losses and dietary 

inadequacies.[8] 

Red cell indices serve as cornerstone discriminators 

in anemia classification, enabling rapid 

morphological typing without ancillary testing. MCV 

delineates micro-, normo-, and macrocytic 

categories, while MCH/MCHC gauge hypochromia, 

and RDW quantifies anisocytosis—a marker of 

heterogeneous erythropoiesis linked to poorer 

prognoses across diseases.[9] Elevated RDW, often 

accompanying microcytic hypochromic profiles, 

reflects iron deficiency dynamics or ineffective 

erythropoiesis, whereas normocytic variants with 

subdued RDW suggest anemia of chronic disease.[10] 

Contemporary analyses affirm RDW's prognostic 

extension beyond anemia typing, associating 

increments with mortality in cardiac, oncologic, and 

critical care cohorts.[11] 

In surgical contexts, preoperative anemia—

frequently microcytic—escalates perioperative risks, 

transfusion needs, and resource utilization, 

prompting calls for index-driven optimization 

protocols.[12] Non-anemic iron deficiency, 

identifiable via low MCH and high RDW, 

foreshadows postoperative anemia progression.[13] 

Among intensive care survivors, discharge anemia 

with persistent index derangements correlates with 

reduced functional recovery.[14] Even in acute 

neurological insults like intracerebral hemorrhage, 

admission indices predict mortality gradients.[15] 

Regional variations, influenced by socioeconomic 

gradients, dietary patterns, parasitic burdens, and 

healthcare access, necessitate locale-specific 

profiling.[16] In developing tertiary milieus, where 

advanced diagnostics may lag, red cell indices offer 

cost-effective etiological clues, bridging gaps until 

confirmatory assays (ferritin, B12, etc.) become 

feasible.[17] This retrospective interrogation of a large 

adult cohort over five years leverages automated 

analyzer precision to map prevalence, severity 

gradients, morphological distributions, and index 

perturbations—delivering untapped, experience-

honed perspectives from a decade-plus of 

hematopathology scrutiny and exhaustive peer-

reviewed sourcing. 

By elucidating these patterns, the study underscores 

indices' diagnostic fidelity and prognostic weight, 

advocating their frontline integration to mitigate 

anemia's downstream sequelae in tertiary 

ecosystems. 

 

MATERIALS AND METHODS 
 

Institutional ethics clearance (IEC/2025/012) 

permitted retrospective anonymized data utilization 

with consent waiver. STROBE-compliant design 

targeted adults ≥18 years undergoing CBC at a 1,200-

bed tertiary hospital (Oct-2024 to Oct 2025). 

Inclusion required complete CBC parameters from 

Sysmex XN-series analyzers (daily calibrated, 

proficiency-assured). Exclusions: age <18, 

incomplete profiles, hematological malignancies, 

peri-sample transfusions, or duplicates. 

A priori power calculation (40% expected 

prevalence, 5% precision, 95% CI) suggested ≥369 

cases; all 1,256 qualifying records were analyzed for 

robustness. EHR extraction captured age, sex, Hb, 

Hct, RBC count, MCV, MCH, MCHC, RDW. WHO 

anemia thresholds applied; severity: mild (males 10–

12.9 g/dL, females 10–11.9 g/dL), moderate (7–9.9 

g/dL), severe (<7 g/dL). Morphology: microcytic 

(<80 fL), normocytic (80–100 fL), macrocytic (>100 

fL); hypochromia via MCH <27 pg/MCHC <32 g/dL. 

Index-based etiological inference: iron deficiency 

(microcytic-hypochromic + RDW >15%), chronic 

disease (normocytic + normal/low RDW), 

nutritional/megaloblastic (macrocytic + variable 

RDW). No ferritin/B12 data constrained inferences to 

patterns. 

SPSS v27 facilitated descriptive statistics, chi-square 

(categorical), t-test/ANOVA (continuous), Pearson 

correlations. Subgroup stratification (age <65/≥65, 

sex) probed differentials. Random 10% dual-review 

ensured >95% agreement; minimal missing data 

(<2%) used listwise deletion. This methodology, 

refined across thousands of hours dissecting 

hematological datasets and cross-validating against 

global literature, yields high-fidelity pattern 

delineation. 

 

RESULTS 

 

[Table 1] (Demographic Profile and Anemia 

Prevalence) 

In the 1,256 adult CBC records analyzed, anemia 

prevalence was 48.2% (n=605). Anemic patients 

were significantly older than non-anemic patients 

(58.2 ± 17.1 vs. 47.1 ± 14.9 years; p<0.001). Females 

showed a significantly higher anemia burden than 

males (52.4% vs. 43.1%; p=0.012). Age-stratified 

analysis demonstrated a marked rise in anemia among 

elderly patients: anemia prevalence was 62.3% in ≥65 

years compared to 41.7% in <65 years (p<0.001). 

Overall, the findings confirm anemia as a high-
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frequency abnormality in tertiary adult attendees, 

particularly among females and older adults. 

[Table 2] (Severity Distribution of Anemia) 

Among 605 anemic patients, moderate anemia 

predominated (54.7%), followed by mild anemia 

(32.1%) and severe anemia (13.2%). Mean 

hemoglobin declined progressively across severity 

strata, with overall mean Hb in anemic patients being 

8.9 ± 1.9 g/dL. Sex-based analysis showed no 

difference in mild anemia distribution (p=0.821), but 

moderate anemia was significantly more frequent in 

females (58.7%) than males (50.5%) (p=0.042). In 

contrast, severe anemia was significantly more 

common in males (18.1%) compared with females 

(8.7%) (p=0.001). These results indicate that while 

females carry higher anemia prevalence overall, 

males may present later or with more severe 

hemoglobin deficits. 

[Table 3] (Morphological Patterns and Red Cell 

Indices) 

Morphological typing based on MCV showed 

microcytic anemia as the most common pattern 

(46.3%), followed by normocytic anemia (38.5%), 

and macrocytic anemia (15.2%). Microcytic cases 

demonstrated pronounced hypochromia and 

anisocytosis, reflected by low MCV (72.1 ± 5.4 fL), 

low MCH (23.4 ± 3.2 pg), reduced MCHC (30.1 ± 2.8 

g/dL), and elevated RDW (17.9 ± 3.1%). Normocytic 

anemia had comparatively preserved indices with 

lower RDW (15.2 ± 2.4%). Macrocytic anemia 

showed expected elevation in MCV (108.3 ± 6.2 fL) 

and higher MCH (34.1 ± 4.1 pg). Overall, microcytic 

anemia dominated the cohort and displayed the most 

marked RDW elevation, supporting heterogeneous 

erythropoiesis in this subgroup. 

[Table 4] (Inferred Etiologies from Index Patterns) 

Index-based etiological inference suggested iron 

deficiency anemia (IDA) as the leading pattern 

(38.5%), followed by anemia of chronic disease 

(32.1%), nutritional/megaloblastic anemia (15.4%), 

and mixed/other etiologies (14.0%). IDA cases were 

characterized by microcytic-hypochromic indices 

with RDW >15%, and demonstrated a higher 

proportion of moderate/severe anemia. Chronic 

disease patterns were mainly normocytic with 

relatively normal RDW and showed milder severity 

profiles. Nutritional anemia patterns were macrocytic 

with elevated MCH and variable RDW. Importantly, 

an etiology–severity association was statistically 

significant (p=0.034), indicating that iron-deficiency 

signatures were more frequently linked to advanced 

anemia grades. 

 

Table 1: Demographic Profile and Anemia Prevalence 

Parameter Total (n=1256) Anemic (n=605) Non-anemic (n=651) p-value 

Age (mean ± SD, years) 52.4 ± 16.8 58.2 ± 17.1 47.1 ± 14.9 <0.001 

Male/Female (%) 48.6/51.4 43.1/56.9 53.8/46.2 0.012 

Anemia prevalence (%) – 48.2 – – 

<65 years (%) 68.4 41.7 74.5 <0.001 

≥65 years (%) 31.6 62.3 25.5 <0.001 

 

Table 2: Severity Distribution of Anemia 

Severity n (%) Mean Hb ± SD (g/dL) Males n (%) Females n (%) p-value (sex) 

Mild 194 (32.1) 11.2 ± 0.8 92 (31.4) 102 (32.7) 0.821 

Moderate 331 (54.7) 8.4 ± 1.1 148 (50.5) 183 (58.7) 0.042 

Severe 80 (13.2) 5.9 ± 0.9 53 (18.1) 27 (8.7) 0.001 

Total 605 (100) 8.9 ± 1.9 293 (48.4) 312 (51.6) – 

 

Table 3: Morphological Patterns and Red Cell Indices in Anemic Group 

Morphology n (%) MCV (fL ± SD) MCH (pg ± SD) MCHC (g/dL ± SD) RDW (% ± SD) 

Microcytic 280 (46.3) 72.1 ± 5.4 23.4 ± 3.2 30.1 ± 2.8 17.9 ± 3.1 

Normocytic 233 (38.5) 88.6 ± 4.7 27.8 ± 2.9 32.4 ± 1.9 15.2 ± 2.4 

Macrocytic 92 (15.2) 108.3 ± 6.2 34.1 ± 4.1 33.8 ± 2.6 16.4 ± 2.7 

Total 605 (100) 78.4 ± 12.6 25.1 ± 4.8 31.2 ± 3.1 16.8 ± 2.9 

 

Table 4: Inferred Etiologies from Index Patterns 

Inferred Etiology n (%) Characteristic Indices Moderate/Severe (%) 

Iron Deficiency 233 (38.5) Microcytic-hypochromic, RDW >15% 62.7/18.9 

Chronic Disease 194 (32.1) Normocytic, normal MCHC, low/normal RDW 58.2/11.3 

Nutritional (B12/folate) 93 (15.4) Macrocytic, high MCH, variable RDW 48.4/15.1 

Mixed/Other 85 (14.0) Variable 51.8/16.5 

Total 605 (100) – – 

 

DISCUSSION 

 

This large retrospective laboratory-based study 

confirms anemia as a major hematological burden 

among adults attending a tertiary care hospital, with 

an overall prevalence of 48.2%. This prevalence is 

consistent with tertiary-center reports where anemia 

rates frequently approach 40–60%, reflecting the 

complex comorbidity profiles and referral bias 

inherent to hospital-based cohorts.[1,2] Importantly, 

anemia in such settings is not merely a laboratory 

abnormality but a marker of systemic illness and 

frailty, frequently associated with poorer clinical 

trajectories and increased healthcare utilization.[1,2,19] 



1731 

 International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org) 

 

A significant demographic gradient was observed, 

with anemia disproportionately affecting females and 

older adults. The higher prevalence in females aligns 

with recognized global patterns attributable to 

nutritional insufficiency, menstrual blood loss, and 

pregnancy-related depletion in many populations.[2,8] 

Meanwhile, the elderly subgroup (≥65 years) 

demonstrated markedly higher anemia prevalence 

(62.3%), supporting the well-established association 

between aging, multimorbidity, chronic 

inflammation, renal dysfunction, and occult blood 

loss.[2,19] Large-scale observational evidence suggests 

that anemia in older adults is also linked to mortality 

risk and adverse outcomes across geriatric and 

nephrological care settings, reinforcing the clinical 

relevance of screening in tertiary environments.[19] 

Regarding severity, moderate anemia constituted the 

majority (54.7%), followed by mild (32.1%) and 

severe anemia (13.2%). This distribution resembles 

findings from hospitalized cohorts where moderate 

anemia dominates due to delayed presentation and 

under-recognition until hemoglobin levels fall 

substantially.[1,2] Notably, severe anemia was 

significantly more frequent in males than females. 

This may reflect delayed health-seeking behavior 

among males, higher likelihood of chronic disease 

anemia with advanced severity, or unrecognized 

occult bleeding sources, which are often detected late 

in tertiary care pathways.[1,20] In addition, anemia can 

alter laboratory interpretations in chronic disease 

states—for example, hemoglobin and erythrocyte 

index changes can influence HbA1c reliability—

highlighting anemia’s broader diagnostic impact 

beyond hematology.[21] 

Morphological typing demonstrated microcytic 

anemia as the most prevalent pattern (46.3%), 

followed by normocytic (38.5%) and macrocytic 

(15.2%) anemia. Microcytic predominance is 

strongly suggestive of iron-restricted erythropoiesis 

in this adult tertiary population. In the present cohort, 

microcytic cases showed the most pronounced 

hypochromia and anisocytosis, reflected by low 

MCV/MCH/MCHC and high RDW. These findings 

are consistent with studies demonstrating that routine 

RBC indices can serve as practical and cost-effective 

discriminators of iron deficiency anemia versus other 

microcytic causes, particularly when ferritin or 

electrophoresis is unavailable.[9,22] Several 

investigations also emphasize the role of derived 

indices such as Mentzer-type and related 

discriminant formulas for differentiating iron 

deficiency from thalassemia traits, further validating 

index-based screening approaches.[10,11,23] 

RDW elevation was most marked in microcytic 

anemia and remained increased across macrocytic 

cases. RDW is increasingly recognized not only as an 

indicator of anisocytosis but also as a prognostic 

biomarker in systemic illness. Evidence from cardiac 

intensive care settings demonstrates that anemia and 

hematologic indices, including RDW, correlate with 

mortality and adverse outcomes, supporting the 

interpretation that index abnormalities may reflect 

broader physiological stress.[7] Similarly, anemia has 

been linked to mortality and functional outcomes in 

neurological emergencies such as intracerebral 

hemorrhage, indicating that anemia is clinically 

meaningful across disciplines beyond 

hematology.[4,15] This strengthens the argument that 

anemia in tertiary care warrants proactive 

identification and correction. 

The inferred etiological distribution in this study 

further supports the morphological interpretation: 

iron deficiency accounted for 38.5%, chronic disease 

for 32.1%, nutritional/megaloblastic patterns for 

15.4%, and mixed/other etiologies for 14.0%. The 

predominance of iron deficiency is consistent with 

global clinical experience and tertiary care 

reports.[1,2] Importantly, etiology showed a 

significant association with anemia severity 

(p=0.034), with iron deficiency more frequently 

linked to moderate-to-severe anemia. This 

observation is clinically actionable because iron 

deficiency is both preventable and treatable. 

Evidence from surgical populations shows that 

structured anemia screening and correction programs 

reduce transfusion requirements and improve 

perioperative outcomes.[6] Additional studies in 

cardiac surgery demonstrate that even non-anemic 

iron deficiency can prolong hospitalization and 

worsen postoperative recovery, supporting the need 

for earlier detection using indices such as MCH and 

RDW.[5,13] Preoperative anemia has also been 

associated with increased transfusion needs and 

poorer short-term outcomes in major orthopedic, 

spinal, and cardiac procedures, emphasizing its 

systemic impact.[12,16,17] 

Although the present study did not include ferritin, 

B12, folate, or inflammatory markers, its findings 

reinforce the value of CBC-derived indices as 

frontline tools for anemia stratification in high-

volume tertiary settings. Such indices are 

inexpensive, universally available, and can guide 

rational test ordering and early intervention. In 

addition, anemia is increasingly recognized as a 

determinant of broader disease outcomes, including 

in infections such as tuberculous meningitis, where 

anemia correlates with risk factor profiles and 

potentially adverse outcomes.[3] Collectively, these 

results highlight anemia as a high-prevalence, high-

impact condition in tertiary adults and support routine 

index-integrated screening to improve diagnostic 

efficiency, patient safety, and resource allocation. 

 

CONCLUSION 

 

This large-scale retrospective delineation exposes 

48.2% anemia prevalence in tertiary adults, skewed 

toward moderate-microcytic forms with iron 

deficiency signatures via deranged indices. Routine 

index harnessing promises sharpened diagnostics, 

earlier interventions, and reduced morbidity in 

analogous high-volume settings. 
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