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Abstract

Understanding the relationship between Packed Cell Volume
(PCV) and serum ferritin levels is essential for evaluating
iron status and overall health, particularly in young adults
in minority communities. This study assessed Packed Cell
Volume (PCV) and serum ferritin levels among 84 Calabar
residents (40 females, 44 males) aged 18-35. PCV was
measured using the microhaematocrit method, and serum
ferritin via Enzyme-Linked Immunoassay (ELISA). Males
exhibited significantly higher mean PCV (0.47+0.07 L/L)
and serum ferritin levels (89.31+90.7 ng/mL) than females
(0.3940.07L/L,47.00£91.5 ng/mL) with p-values of 0.000 and
0.037, respectively. By age group, no significant differences
were observed in PCV or serum ferritin levels (p=0.823 and
p=0.150, respectively). However, males consuming three
meals per day had significantly higher PCV, serum ferritin,
and Body Mass Index (BMI) (0.49+0.03 L/L, 165.9 107.9 ng/
mL, 28.04+2.57 kg/m?) compared to those eating two meals
daily (p=0.00, 0.03, and 0.00, respectively). Females eating
three meals daily showed higher PCV (0.42+0.02 L/L) and
serum ferritin (78.55+22.85 ng/mL), though differences in
ferritin and BMI were not significant. A positive correlation
between PCV and serum ferritin was found in both sexes
(r=0.3209 in males, r=0.2782 in females), indicating a
statistically significant relationship. The results suggest that
female students have lower PCV and serum ferritin levels,
likely due to menstrual blood loss and differing lifestyle
factors. These findings highlight the need for targeted
nutritional interventions to address gender-specific health
disparities.

Introduction

Iron is an indispensable bioelement essential for various
biological functions. It is distributed throughout the body,
with approximately 3000 mg found in hemoglobin within red
blood cells, 400 mg in myoglobin of muscle cells, 50 mg in cyto-
chromes and iron-sulfur proteins in tissues, and 5 mg in trans-
ferrin of plasma and extracellular fluids. Furthermore, 100-1000
mg of iron is stored in ferritin and hemosiderin in organs such as
the liver, spleen, and bone marrow [1,2]. Hemoglobin is crucial
for oxygen transport from the lungs to tissues, while myoglo-
bin, found in muscle cells, plays a role in storing and releasing
oxygen [3]. Despite its vital role, free ionic iron is toxic and must
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be stored safely inside cells. To manage this, vertebrates have
evolved protective mechanisms to bind iron across various tis-
sue compartments [4,5].

Hemoglobin is a protein complex containing iron, which
plays a critical role in oxygen transport within the bloodstream.
Hemoglobin molecules aggregate within red blood cells (eryth-
rocytes), which are characterized by their distinctive biconcave,
disc-like shape. Each hemoglobin molecule consists of four
heme groups, each of which provides a binding site for one oxy-
gen molecule. Consequently, a single hemoglobin molecule can
bind a maximum of four oxygen molecules, representing its full
oxygen-carrying capacity [6].

Dietary intake provides the body’s iron, with absorption in-
fluenced by diet composition, bioavailability, and physiological
demand. A normal Western diet typically supplies around 15
mg of iron daily, of which 1 mg (5-10%) is absorbed into the
bloodstream in healthy adults [7]. Ferritin, an intracellular pro-
tein, stores about 25% of the body’s iron and releases it when
needed. In adult males, the average stored iron is 1000 mg
(sufficient for about three years), while women typically store
300 mg (enough for six months) [8,9]. Ferritin not only buffers
against iron deficiency but also protects against overload, func-
tioning as a crucial regulator of iron homeostasis in humans. It
is produced by all living organisms and is found in most tissues
as a cytosolic protein, although small amounts circulate in the
blood to act as an iron carrier [10].

Serum ferritin is an indirect marker of total body iron and
is widely used in diagnosing iron deficiency anemia [11]. The
Iron Disorder Institute’s Scientific and Medical Advisory Board
recommends a serum ferritin range of 50-150 ng/ml for adults
to ensure proper iron management [12]. Elevated serum ferri-
tin levels are observed in conditions such as hemochromatosis,
fatty liver disease, and iron overload syndromes, while reduced
levels indicate iron deficiency [12].

Packed Cell Volume (PCV), also known as hematocrit, mea-
sures the proportion of red blood cells in blood and is a key in-
dicator in diagnosing anemia and other blood disorders [13,14].
It forms part of a comprehensive blood count, alongside hemo-
globin, white blood cell count, and platelet count [15]. Elevated
PCV levels are associated with conditions like polycythemia
vera, chronic obstructive pulmonary disease, and dehydration,
while low PCV levels suggest anemia [16]. Previously, Okpokam
et al. [17] demonstrated higher PCV and serum ferritin values
in healthy controls compared to blood donors, reinforcing the
relationship between iron status and blood parameters.

Despite extensive research on iron metabolism and its criti-
cal role in maintaining health, there is a notable gap in under-
standing how these processes vary across different demograph-
ic groups, particularly in minority communities such as those in
Calabar. For example, Mgbekem et al. [18] investigated the food
consumption patterns and nutritional status of People Living
With HIV (PLWH) in Calabar, focusing on differences between
those on Antiretroviral Therapy (ART), those not on treatment
(NART), and a non-infected control group. Their study revealed
that nutritional status, including BMI, was significantly lower
in the NART group compared to others, linking food intake di-
rectly to health outcomes in PLWH. Similarly, Onyenweaku et
al. [19,20] examined the contribution of cholesterol-containing
foods, like eggs, to dietary cholesterol intake and their impact
on serum lipid profiles in adults, concluding that dietary cho-
lesterol did not significantly raise serum cholesterol levels in

normocholesterolemic individuals. Inah et al. [21] explored
the nutrient intake among pregnant women in Calabar, show-
ing a significant prevalence of nutrient inadequacy, particularly
concerning energy intake, which correlated with maternal age,
educational level, and BMI. The studies share a common focus
on dietary patterns and their health implications for different
demographic groups in Calabar, Nigeria. Mgbekem et al. [18]
linked food consumption to nutritional status in PLWH, while
Onyenweaku et al. [20] focused on cholesterol and lipid pro-
files, and Inah et al. [21] emphasized nutrient inadequacies in
pregnant women. Collectively, these studies underscore the im-
portance of assessing nutritional intake and its broader health
impacts, highlighting the need for specific dietary interventions
tailored to vulnerable populations. However, no studies every
focused on assessing haematocrit and serum ferritin levels in
healthy adult residents of Calabar. Monitoring these biomark-
ers provides critical insights into iron status and overall health,
complementing existing data on nutrition and health outcomes
in the region. This would help identify potential deficiencies or
imbalances that might not be captured solely by dietary assess-
ments, thus addressing gaps in the current understanding of
the population’s nutritional status. Additionally, most existing
studies focus on populations in developed regions, often over-
looking the unique socioeconomic, dietary, and health chal-
lenges faced by underserved groups. In Calabar, the prevalence
of iron deficiency and related anemia remains underexplored,
especially considering the potential influence of local dietary
habits, genetic predispositions, and healthcare access. There
is limited data on how these factors impact serum ferritin lev-
els and Packed Cell Volume (PCV) in this population. Address-
ing this gap is essential for developing targeted interventions
to improve iron status and overall health outcomes in minority
communities.

Experimental methods and study participants

Participants: This study involved 84 students from the Cala-
bar, including both male and female volunteers. Participants
provided informed consent before completing a socio-demo-
graphic questionnaire (see Supplementary Material). Blood
samples were collected for the determination of Packed Cell
Volume (PCV) and serum ferritin levels. PCV was measured us-
ing the microhematocrit method, and serum ferritin was deter-
mined using an enzyme-linked immunosorbent assay (ELISA) kit
(Monobind Inc., Lake Forest, CA, USA; Product Code: 2825-300).

Sample collection: Venous blood (5 mL) was drawn asepti-
cally from the antecubital vein. Of this, 2 mL was placed in an
EDTA tube for PCV analysis, and 3 mL was stored in a plain tube
for serum ferritin assay. Samples were transported on ice to the
laboratory.

Sample handling and storage: Blood in the plain tube was
allowed to clot, centrifuged at 3000 rpm for 5 minutes, and the
serum was stored at -20°C for ferritin assay.

ELISA assay for serum ferritin: Samples were processed us-
ing a sequential immunoenzymometric assay. Monoclonal bio-
tinylated antibodies reacted with the antigen in the serum, and
the antigen-antibody complex bound to streptavidin-coated
microwells. After incubation and washing, enzyme-labeled an-
tibodies were added, followed by a colorimetric substrate for
measurement via spectrophotometry at 450 nm.

Microhematocrit method for PCV: Anticoagulated blood
was centrifuged at 12,000 g for 5 minutes in a capillary tube.
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The PCV was read using a microhematocrit reader.
Statistical analysis

Data were analyzed using Microsoft Excel to calculate means
and standard deviations. Student’s t-test, ANOVA, and correla-
tion analyses were used for statistical comparisons.

Results

The study evaluated Packed Cell Volume (PCV) and serum
ferritin concentrations in a cohort of 84 young adults resid-
ing in Calabar, aged 18-35 years. Among the participants, 40
were female, and 44 were male. (Table 1) outlines the mean
PCV and serum ferritin values stratified by gender. Males ex-
hibited a mean PCV of 0.47+0.7 L/L and a mean serum ferritin
level of 89.31% 90.7 ng/mL, whereas females displayed a mean
PCV of 0.39+0.7 L/L and a mean serum ferritin concentration
of 47.00+91.5 ng/mL. Statistical analysis revealed that these
differences were highly significant, with p-values of 0.000 and
0.037, respectively.

(Table 2) presents the data stratified by age groups, reveal-
ing that 94% (n=79) of participants were aged between 18 and
29 years, while only 6% (n=5) were aged 30-35. For participants

Table 1: Packed cell volume and serum ferritin values based on
gender.

Male n=44 Female n=40
Parameters P-value
XxSD XSD
PCV (I/1) 0.47+0.7 0.39+0.7" 0
Serum ferritin (ng/ml) 89.31+90.7 47.00+91.5° 0.037

*Means significantly different when compared to corresponding
gender (P<0.05).

aged 18-23 years, the mean PCV was 0.427+0.05 L/L, with a cor-
responding serum ferritin value of 67.53196.86 ng/mL. Those
aged 24-29 years demonstrated a mean PCV of 0.434+0.05 L/L
and serum ferritin of 55.13%40.01 ng/mL. The older age group
(30-35 years) exhibited a mean PCV of 0.438%0.04 L/L and se-
rum ferritin of 144.54+166.28 ng/mL. No significant differences
were observed between these groups (p=0.823 for PCV and
p=0.15 for serum ferritin).

Table 2: Packed cell volume and serum ferritin values based on
age.

Age: 18-23 | Age: 24-29 Age: 30-35
Parameters n=59, n=20 n=5 P- value
Xx+SD Xx+SD Xx+SD
PCv (I/1) 0.427+0.05 = 0.434+0.05 | 0.438+0.04 0.823
Serum ferritin (ng/ml) | 67.53+96.86 | 55.13+40.01 144.54+166.28 0.15

Further analysis, displayed in (Table 3), examined PCV, se-
rum ferritin, and Body Mass Index (BMI) by gender based on
the frequency of meals consumed per day. Male students who
consumed three meals daily had a mean PCV of 0.49+0.03
L/L, a serum ferritin level of 165.9+107.9 ng/mL, and a BMI of
28.04+2.57 kg/m?2. Comparatively, those who ate two meals
per day exhibited significantly lower values: a mean PCV of
0.44+0.04 L/L, serum ferritin of 70.56+72.18 ng/mL, and a BMI
of 23.39+2.65 kg/m? (p=0.00, p=0.03, and p=0.00, respectively).
Female students showed similar trends; those consuming three
meals had a mean PCV of 0.42+0.02 L/L, while those eating
twice daily had a significantly lower mean PCV of 0.39+0.04 L/L
(p=0.01). However, no significant differences were observed in
serum ferritin and BMI values among females based on meal
frequency (p=0.08 for serum ferritin and p=0.16 for BMI).

Table 3: Packed cell volume, serum ferritin and body mass index values based on frequency of feeding.

Males Females
Parameters 2/day n=35 3/day n=9 2/day n=31 3/day n=9
P- value P- value
x+SD x+SD x+SD x+SD
PCV (I/1) 0.44+0.04 0.4910.03" 0 0.39+0.04 0.4240.02° 0.01
SF (ng/ml) 70.56+72.18 165.9£107.9" 0.03 43.83+102.4 78.55+22.85 0.08
BMI (kg/m?3) 23.3942.65 28.04+2.57° 0 23.41+4.15 25.46+3.51 0.16

*Means significantly different when compared to corresponding frequency of feeding (P<0.05).

(Table 4) details the impact of dietary choices on PCV, se-
rum ferritin, and BMI in male students. Those who regularly
consumed unripe plantain had a significantly higher mean PCV
(0.46+0.03 L/L) compared to those who predominantly con-
sumed red meat (0.44+0.05 L/L) or vegetables (0.41+0.03 L/L)
(p=0.01). No significant differences were observed in serum
ferritin or BMI values among these dietary groups (p=0.17 and
p=0.39, respectively). Similarly, (Table 5) outlines the results
for female students, with those consuming red meat exhibit-
ing a significantly higher mean PCV (0.41+0.03 L/L) compared
to those eating vegetables (0.40+0.04 L/L) and unripe plantain
(0.39+0.03 L/L) (p=0.00). However, there were no significant dif-
ferences in serum ferritin or BMI among these groups (p=0.41
and p=0.21, respectively).

Table 4: Packed cell volume, serum ferritin and body mass index
values in male students based on consumption of different food

types.
Unripe plantain Red meat Vegetable
Parameters n=20 n=14 n=10 P-value
x+SD Xx+SD XxSD
PCV (I/1) 0.46%0.03 0.44+0.05 0.41%0.03" 0.01
SF (ng/ml) 108.63+90.02 89.87+114.63 42.25+25.49 0.17
BMI (kg/m?) 24.77+2.79 24.44+2.08 23.38+2.43 0.39

"Means significantly different when compared to other food types

(P<0.05).
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Table 5: Packed cell volume, serum ferritin and body mass index values in female students based on type of food.

Male Female
Off campus On campus Off campus On campus
Parameters
n=24 n=20 P-value n=19 n=21 P-value
Xx+SD Xx+SD Xx+SD Xx+SD
PCV (I/1) 0.48+0.03 0.43+0.04" 0 0.42+0.02 0.39+0.03" 0
SF (ng/ml) 127.43+106. 95 39.74+26. 33" 0 79.17+126.3 21.53+16.79 0.06
BMI (kg/m?) 24.41+2.33 23.51+2.86 0.26 24.23+4.38 23.94+4.47 0.84
"Means significantly different when compared to other food types (P<0.05).
Table 6: Packed cell volume, serum ferritin and body mass index values based on geographical location.
Male Female
Off campus On campus Off campus On campus
Parameters
n=24 n=20 P-value n=19 n=21 P-value
x+SD x+SD x+SD x+SD
PCV (I/1) 0.48+0.03 0.43+0.04* 0 0.42+0.02 0.39+0.03* 0
SF (ng/ml) 127.43+106. 95 39.74426. 33* 0 79.17+126.3 21.53+16.79 0.06
BMI (kg/m?3) 24.41+2.33 23.51+2.86 0.26 24.23+4.38 23.94+4.47 0.84

"Means significantly different when compared to geographical location (P<0.05).

The influence of geographical location (on-campus vs. off-
campus residence) on PCV, serum ferritin, and BMI is pre-
sented in (Table 6). Male students residing off-campus had sig-
nificantly higher mean PCV (0.48+0.03 L/L) and serum ferritin
levels (127.43+106.95 ng/mL) compared to their on-campus
counterparts (PCV: 0.43+0.04 L/L, serum ferritin: 39.74+26.33
ng/mL) (p=0.00 for both). BMI values, however, did not dif-
fer significantly between the two groups (p=0.26). Among fe-
male students, those living off-campus exhibited a significantly
higher mean PCV (0.42+0.02 L/L) than those living on-campus
(0.39+0.03 L/L) (p=0.00), though no significant differences were
noted in serum ferritin or BMI (p=0.06 and p=0.84, respective-

ly).

(Figure 2) illustrates the positive correlation between PCV
and serum ferritin levels in female participants, with a correla-
tion coefficient (r) of 0.2782, indicating statistical significance
(p<0.05). Similarly, (Figure 3) depicts the positive correlation
observed in male participants, with an r-value of 0.3209, also
statistically significant (p<0.05).

These results suggest that serum ferritin concentration is
positively associated with PCV in both male and female resi-
dents living in Calabar.
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Discussion

Ferritin, a protein responsible for storing iron, exists in blood
at very low concentrations, with only about 1% of plasma iron
being stored in this form. Serum ferritin levels serve as a reli-
able biomarker for assessing the body’s total iron stores and are
frequently used to screen for iron deficiency in various popu-
lations, including blood donors, individuals receiving regular
blood transfusions, or those undergoing iron replacement ther-
apy [1]. Clinicians utilize serum ferritin as a diagnostic indicator
due to its strong correlation with the body’s iron reserve.

In this study, a statistically significant disparity in mean
Packed Cell Volume (PCV) and serum ferritin levels was ob-
served between male and female participants, with males ex-
hibiting significantly higher values (p=0.000 and p=0.037, re-
spectively). This observation aligns with established reference
ranges as reported by Cheesbrough [22] and is consistent with
findings from similar studies, such as those conducted among
blood donors by Erhabor et al. [23]. Comparable results were
also reported in Calabar when control participants were com-
pared to blood donors [17]. The observed gender differences
could be multifactorial, potentially influenced by variations in
dietary intake, menstrual blood loss in females, hormonal influ-
ences, and physical activity levels in males. Additionally, iron de-
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ficiency disproportionately affects premenopausal women due
to menstrual blood loss, as highlighted by Sant-Rayn Pasricha
et al. which notes that iron deficiency is a leading contributor
to the global burden of disease, particularly in premenopausal
women, children, and low-income populations. Auerbach et al.
further emphasize that while iron deficiency often leads to ane-
mia, functional impairments can occur even in its absence, and
its prevalence is exacerbated by inadequate iron supplementa-
tion. These findings suggest that gender-specific physiological
factors, including menstrual blood loss and the differing ap-
proaches to iron supplementation, contribute significantly to
the disparities observed.

The lack of significant variation in mean PCV and serum fer-
ritin levels across different age groups (p>0.05) further indicates
that these values remain within the normal adult reference
range, as described by Cheesbrough [22]. The relatively small
number of participants in certain age groups may have contrib-
uted to the lack of statistical significance in these comparisons.
The influence of sample size should be considered in future in-
vestigations, as it may affect the statistical power and generaliz-
ability of the results.

The study also found that females who consumed three
meals daily exhibited higher mean PCV, serum ferritin, and body
mass index (BMI) values compared to those who ate twice a day.
These results align with findings from a study conducted among
female students at King Abdulaziz University in Saudi Arabia
[24]. Additionally, research has shown that female participants
who consumed red meat and vegetables less than twice weekly
were at an increased risk of developing iron deficiency [25].
This study identified that 11.9% of the participants had low se-
rum ferritin levels, a prevalence lower than the 20.6% reported
among blood donors in Port Harcourt [26]. The discrepancy may
be attributable to dietary factors, including lower consumption
of iron-rich foods such as red meat, vegetables, and unripe
plantains among the study population.

Furthermore, students residing off-campus had significantly
higher PCV, serum ferritin, and BMI values compared to those
living on-campus. This difference could be linked to socioeco-
nomic factors, such as higher income or greater food allow-
ances for off-campus students, which enable them to consume
a more balanced and nutritious diet. Improved dietary qual-
ity and frequency of meals likely contribute to better overall
health, as indicated by the higher hematological and anthropo-
metric indices.

A positive and statistically significant correlation was ob-
served between PCV and serum ferritin levels for both male and
female students, with correlation coefficients of r=0.3209 and
r=0.2782, respectively (p<0.05). This finding supports previous
studies, such as that by Okpokam et al. [17], which reported
a significant positive correlation between serum ferritin levels
and PCV among 163 male blood donors. The relationship be-
tween these two parameters is biologically plausible, as iron
is a critical component in erythropoiesis, the process by which
red blood cells are produced. Adequate iron stores, reflected by
serum ferritin levels, are essential for maintaining optimal PCV,
thus underscoring the importance of iron in hematopoiesis.

It is worth reiterating that this study highlights the complex
interplay between gender, diet, socioeconomic status, and iron
metabolism, with significant implications for understanding
how these factors influence hematological parameters. Future
research should consider larger sample sizes and longitudinal

designs to further elucidate these relationships and explore po-
tential interventions aimed at improving iron status and overall
health in populations at risk of deficiency.

Conclusion

The present study provides significant insights into the he-
matological profiles of Calabar adult residents, with a particular
focus on Packed Cell Volume (PCV) and serum ferritin levels. The
findings reveal that both PCV and serum ferritin values are no-
tably lower among female residents, which may be attributed
to the physiological demands of menstruation, compounded by
insufficient dietary iron intake. Additionally, residents who con-
sume fewer meals per day, specifically those consuming only
two meals, demonstrate suboptimal iron status as reflected by
reduced ferritin concentrations. This nutritional inadequacy is
further exacerbated among both male and female residents re-
siding on campus, likely due to limited access to diverse and
nutrient-dense meals. These results underscore the impact of
dietary habits, gender-specific physiological demands, and so-
cioeconomic factors on iron metabolism and overall hemato-
logical health. The study highlights a critical need for targeted
interventions to address the nutritional gaps and iron deficiency
risk in this population, particularly among female residents who
are at greater risk due to regular menstrual blood loss.

Recommendations

Given the findings of this study, several measures are im-
perative to mitigate the risk of iron deficiency and improve the
hematological health of students at tertiary institutions:

1.  Implementation of nutritional awareness and educa-
tion programs: A broad nutritional awareness campaign
should be developed and implemented, focusing particu-
larly on female residents. This program should emphasize
the importance of a balanced diet rich in iron, including
sources such as red meat, leafy green vegetables, and
fortified grains. Educational materials should also address
the increased iron requirements during the menstrual
cycle and the risks associated with inadequate iron intake.

2. Menstrual health and dietary support: Special attention
should be given to female residents due to their higher
susceptibility to iron deficiency caused by menstrual
blood loss. Programs should advocate for iron-rich di-
ets and supplementation when necessary, particularly
for students who may have difficulty meeting their iron
needs through diet alone. Collaborations with healthcare
providers to offer individualized dietary counseling and
iron supplementation, especially during peak menstrual
periods, should be considered.

3. Dietary improvement initiatives: For students, university
dining services should prioritize the availability of bal-
anced meals with adequate portions of iron-rich foods.
Meal plans should be designed to meet the nutritional
needs of students, with particular emphasis on those re-
siding on campus who may face financial or logistical chal-
lenges in accessing nutrient-dense foods. Ensuring that
meals provided at on-campus dining facilities are both af-
fordable and nutritionally adequate is critical to address-
ing the observed deficiencies.

4. Regular health and hematological screening: Routine
screening of hematological parameters, including serum
ferritin and PCV, should be instituted as part of health ser-
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vices offered to students. Regular monitoring would fa-
cilitate early identification of iron deficiency and anemia,
allowing for timely intervention through dietary modifi-
cation, supplementation, or further medical evaluation if
necessary.

Collaboration with health services and policy makers:
Tertiary institutions should collaborate with public health
authorities and policymakers to develop strategies for ad-
dressing the nutritional challenges faced by residents and
students. This may include subsidizing iron-rich foods for
students or providing access to fortified food products.
Engaging in interdisciplinary efforts to bridge the gap
between health, nutrition, and education is essential for
long-term improvements in student well-being.

By addressing these critical areas, it is possible to en-
hance the overall nutritional status and health outcomes
of students, thus fostering a healthier academic environ-
ment conducive to optimal learning and performance.
However, it worth mentioning that present study is limit-
ed by its cross-sectional design, which restricts the ability
to establish causality between dietary habits, iron status,
and hematological outcomes. In addition, the sample size
and geographic focus on Calabar residents may limit the
generalizability of the findings to broader populations,
and potential confounding factors, such as the use of
supplements or underlying health conditions, were not
thoroughly addressed.
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