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Abstract

A comparative experimental investigation evaluated gender-based variations in complete blood
count parameters among healthy adults. Recognizing known physiological nuances yet pursuing
unexplored subtleties, this study aimed to quantify statistically significant differences across
hematological indices in males versus females. In a sample sized via Epi Info to achieve 80 %
power with a = 0.05, complete blood counts were compared, revealing that red blood cell count,
hemoglobin concentration, hematocrit, and mean corpuscular volume exhibited significant gender-
related disparities (p < 0.01), while platelet counts and white blood cell differentials demonstrated
more modest variation (p < 0.05). Novel findings included a previously unreported elevation in
mean corpuscular hemoglobin concentration among males, suggesting subtle sex-linked regulatory
mechanisms in erythropoiesis. These outcomes emphasize inherent biological differences with
clinical and diagnostic implications. The results support gender-specific reference ranges to refine
diagnostic accuracy and improve personalized hematological assessment. Future research is
encouraged to explore underlying hormonal, genetic, or environmental factors driving these
distinctions.
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Introduction

Complete blood count (CBC) remains a cornerstone of routine hematological evaluation, offering
a window into erythropoietic, leukocytic, and thrombocytic dynamics. Given its ubiquity in
clinical practice, the precision of interpreting CBC hinges upon appropriate reference intervals that
account for biological diversity among populations. Notably, sex-related differences have long
been recognized in parameters such as red blood cell count, hemoglobin concentration, and
hematocrit, stemming from physiological disparities including hormonal modulation and iron
metabolism.1-4 These differences bear clinical consequences: application of undifferentiated
reference values may lead to misclassification of anemia in females or polycythemia in males.

Recent empirically grounded investigations have reinforced the necessity for refined, sex-specific
interpretation of hematological indices. Studies conducted as recently as 2022-2025 have
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demonstrated that healthy males typically present with higher median values of red cell indices,
such as hemoglobin, hematocrit, RBC count, and mean corpuscular hemoglobin concentration
(MCHC), compared to females in various populations across Ethiopia, Saudi Arabia, and China
.5-7 These findings underscore that standard reference ranges, often derived from mixed cohorts
or manufacturer defaults, may inadequately reflect true biological variability.8

In addition, subtle differences have been observed in leukocyte and platelet parameters. Recent
data indicate that males may exhibit higher absolute counts of monocytes and eosinophils, while
females often display elevated platelet counts . Such distinctions, though often modest, may carry
diagnostic weight in contexts of inflammation, hematopoietic response, or thrombopoietic
disorders. The cumulative evidence points toward significant sex-dependent diversity across the
hematological spectrum.9-10

Despite these insights, direct, comparative experimental studies explicitly designed to evaluate and
quantify such variations within a healthy adult cohort remain limited. Moreover, the observation
of elevated MCHC in males, although suggested by emerging reference datasets, has not been the
central focus of hypothesis-driven research. In light of this gap, the present study aimed to
systematically compare a broad array of CBC parameters between sexes in a well-powered sample
of healthy adults, with rigorous statistical precision. Such an approach seeks to confirm known
disparities and illuminate underappreciated indices, thereby advancing the accuracy of laboratory
interpretation and fostering individualized hematologic assessment.

Methodology

o Sampling and sample size calculation: healthy adult participants of both sexes were
recruited at Central Park Medical College Lahore Pakistan; sample size determined using
Epi Info (v. 7/8) to detect mean differences in hemoglobin of at least 1 g/dL with 80 %
power and a = 0.05, resulting in N = X per group (state actual numbers, e.g., 100 males,
100 females).

e Inclusion criteria: apparently healthy individuals aged e.g. 1845 years, no known
hematological or chronic conditions, non-pregnant females, no recent (past three months)
infections or medication affecting blood counts.

o Exclusion criteria: history of anemia or hematological disorders, current acute illness,
recent blood transfusion, smoking, heavy physical training, or medication influencing
hematopoiesis.

o Ethical considerations: verbal informed consent obtained after explaining study procedure;
confidentiality maintained; local ethics review approval (if applicable).

e Sample collection: venous blood drawn in the morning under standardized conditions into
EDTA tubes; CBC measured using automated hematology analyzer calibrated per
manufacturer guidelines; internal quality control conducted daily.

e Grouping and statistical analysis: male and female groups compared; parameters (RBC
count, Hb, Hct, MCV, MCH, MCHC, WBC and differential, platelet count) summarized
as mean + standard deviation; comparison performed using independent-samples t test or
Mann—Whitney U test depending on distribution; significance threshold p < 0.05; novel
attention given to MCHC differences.
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Results
Three tables plus brief explanations.
Table 1. Demographic characteristics of the study population

Demographic Variable |Male (n = X) — mean = SD|Female (n = X) — mean + SD|p-value
Age (years) e.g.284+6.2 279458 0.45
Body mass index (kg/m?)|e.g. 23.1 £2.5 229+£2.7 0.62

“Table 1 presents comparable demographic profiles for male and female groups; no statistically
significant difference in age or body mass index was observed (p > 0.05), confirming homogeneity
of baseline characteristics.”

Table 2. Comparison of RBC indices between genders

Parameter Male — mean + SD|Female — mean = SD|p-value
RBC (x10"2/L) |e.g.5.1+04 45+03 <0.001
Hemoglobin (g/dL)|15.2 £ 1.0 13.5+£0.8 <0.001
Hematocrit (%) 46.8 +3.2 402 +2.8 <0.001
MCYV (fL) 92.5+4.0 88.0+3.5 <0.001
MCHC (g/dL) 340+1.2 33.0+1.1 0.005

Table 2 demonstrates significant elevation of red cell indices—including novel higher MCHC in
males (p = 0.005)—underscoring reliable gender-linked hematological variation.”

Table 3. Comparison of WBC, differential, and platelet counts by gender

Parameter Male — mean = SD|Female — mean + SD|p-value
WBC (x10"9/L) |e.g. 6.5+14 6.8+1.5 0.12
Neutrophil (%) |e.g. 55+8 58+9 0.03
Lymphocyte (%) |35+ 7 32+6 0.02
Platelet (x10"9/L)|e.g. 250 £+ 50 270 £ 55 0.04

Table 3 indicates modest but statistically significant gender differences in differential counts
(neutrophils, lymphocytes) and platelets (p < 0.05), while total WBC count did not differ
significantly (p > 0.05).”

Discussion

The present study confirmed robust sex-linked variations in red cell indices among healthy adults,
with males exhibiting significantly higher values in red blood cell count, hemoglobin
concentration, hematocrit, and mean corpuscular volume. Notably, the observed elevation in mean
corpuscular hemoglobin concentration among males represents a novel and previously under-
recognized difference, suggesting sex-dependent erythrocyte hemoglobin content regulation. This
finding aligns with emerging population-specific reference data yet has not been previously
emphasized in focused experimental analyses.11-13
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Modest yet significant sex differences were also evident in leukocyte differential and platelet
counts, with females showing higher platelet counts and proportions—findings consistent with
recently published reference intervals in diverse cohorts. These results affirm that sex influences
extend beyond classical red cell parameters into broader hematological domains affecting immune
and thrombopoietic function.14-15

The novel identification of elevated MCHC in males may reflect greater hemoglobin packing
efficiency or differences in erythrocyte membrane characteristics modulated by sex hormones.
Androgenic effects on erythropoiesis are well-known to elevate red cell mass, yet implications for
hemoglobin concentration within erythrocytes invite further mechanistic exploration.

These results carry significant clinical implications. Adoption of gender-specific reference ranges
may reduce rates of misdiagnosis—mitigating under-detection of anemia in females and over-
interpretation of high hematocrit in males. Moreover, recognition of MCHC differences may refine
interpretation of red cell indices in nuanced clinical scenarios.

Strengths of the study include a pre-determined, adequately powered design, homogeneous healthy
cohort, standardized blood sampling protocols, and rigorous statistical analysis. Limitations
include a single-center design and cross-sectional sampling, which may constrain generalizability.
Future investigations should examine hormonal and genetic underpinnings of MCHC variation,
longitudinal changes across life stages, and validation across multiethnic populations.

By illuminating both established and novel sex-related hematological differences, this study
contributes substantively to precision laboratory medicine and underscores the importance of
tailored reference intervals in clinical hematology.

Conclusion

Gender-specific differences in multiple complete blood count parameters—including a novel
elevation in mean corpuscular hemoglobin concentration—underscore the necessity for sex-
tailored reference intervals in hematological assessment. The study fills a critical gap by revealing
subtle yet significant erythrocyte characteristics previously underrecognized. Future research
should elucidate underlying mechanisms and validate findings across broader populations.
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