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ABSTRACT

Aims: This research aims to evaluate the patterns of iron biomarkers among hypertensive subjects
in Yenagoa, Bayelsa State, Nigeria.

Study Design: The investigation is a cross-sectional comparative study.

Place and Duration of Study: Department of Internal Medicine (Cardiology Unit), Niger Delta
University Teaching Hospital (NDUTH) in Okolobiri Yenagoa, Bayelsa State, Nigeria, between July
2023 and December 2023.

Methodology: The research involved 246 consenting participants: 74 normotensive individuals and
172 hypertensive patients. Serum iron, ferritin, transferrin, and total iron-binding capacity were
measured using spectrophotometric method.
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(p<0.05).

Results: A significant increase in serum ferritin level was observed among female hypertensive
subjects compared to their normotensive counterparts (p<0.05). Additionally, when the age groups
were matched, the hypertensive group exhibited significantly elevated serum ferritin levels
compared to the normotensive controls (p<0.05). We found increased transferrin levels in
hypertensive male individuals in the present study (p<0.05). Also, a significant transferrin increase
was observed across the age groups of hypertensive individuals compared to the control group

Conclusion: The above findings suggest that hypertensive patients are prone to abnormal iron
metabolism. The notable elevation in certain iron status markers underscores the importance of
including iron biomarker assessments as part of the clinical evaluation in hypertensive individuals

Keywords: Hypertension; iron markers; serum ferritin; transferrin; cardiovascular disease.

1. INTRODUCTION

Hypertension is a chronic disease of public
health importance. Hypertension, often known as
raised blood pressure, is characterized by a
consistent blood pressure measurement of
140/90mmHg or higher [1]. According to a 2022
study from the World Health Organization [2],
over one billion adults between the ages of 30
and 79 have hypertension, and this health issue
is becoming more prevalent in low- and middle-
income  countries. The  prevalence  of
hypertension worldwide has had a twofold
increase in the last thirty years, impacting around
1.3 billion individuals in 2019 [3]. This trend is
expected to persist due to the expansion and
ageing of populations, and age-adjusted
hypertension was more prevalent in males than
in females [3,4]. Schutte et al [5] reported a rising
prevalence of hypertension in Caribbean
countries, with some countries exceeding a 45%
rate. Hypertension prevalence in Nigeria exhibits
considerable variation, spanning from 8% to
46.4%, contingent upon factors such as the
study's  target  population, method  of
measurement, and hypertension threshold [6,7].
The prevalence rates are comparable in urban
areas (8.1%-42.0%) and rural areas (13.5%-
46.4%), in addition to gender (7.9%-50.2% vs.
3.5%-68.8%) [7]. Previous studies reported that
high blood pressure was responsible for the
fatalities of 10.9 million individuals, or 19.2% of
all deaths, 92% of these were attributable to
cardiovascular disease (CVD), which comprises
stroke, heart attack, and heart failure [8,9]. Bovet
et al [3] discovered that, except for high-income
countries, the aggregate illness burdens
attributable to high blood pressure increased
from 1990 to 2019 in the majority of regions.
Studies or reports from several locations in
Nigeria indicate that hypertension is a major risk
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factor for stroke, heart failure, ischemic heart
disease, and renal failure [6, 9].

The biological activities of iron, a transition metal,
are crucial. The iron that mediates the transport
of oxygen in mammals is mostly found in
haemoglobin, which is a component of red blood
cells. Myoglobin, found in skeletal muscle cells,
also contains substantial amounts of iron
[10,11,12]. For various metalloproteins to
function, other cell types necessitate lower
amounts of iron [13]. One of iron's most
important functions is to keep the body's
physiological homeostasis levels stable. On the
other hand, tissue damage can occur when iron
levels are too high because free radicals are
produced [14,15,16,17]. An important biomarker
for determining iron status and diagnosing iron
insufficiency is ferritin, one of the proteins crucial
for maintaining iron homeostasis. It has been
reported that hypertensive men had higher
ferritin  values than normotensive healthy
subjects, according to a cross-sectional study
that used serum ferritin level as an indicator of
iron storage [17]. Several cardiometabolic
diseases, including diabetes, metabolic
syndrome, dyslipidemia, and hypertension, have
been linked to iron overload. Atherosclerotic
plague development and instability are two
examples of organ injury that can result from an
imbalance in lipid and iron metabolism [18,19].

However, studies assessing body iron status—
specifically transferrin, ferritin, total iron-binding
capacity (TIBC), and serum iron—among
hypertensive individuals are scarce worldwide.
To the best of our knowledge, no such study has
been conducted in Yenagoa, Nigeria. This
research aims to evaluate the patterns of iron
biomarkers among hypertensive subjects in this
region.
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2. MATERIALS AND METHODS

2.1 Study Population and Research
Design
The investigation is a  cross-sectional

comparative study. The participants in this
research were individuals with hypertension who
were attending the cardiology clinic of the Niger
Delta University Teaching Hospital (NDUTH) in
Okolobiri Yenagoa, Bayelsa State, Nigeria.

The Niger Delta University Teaching Hospital
(NDUTH) in Okolobiri, Yenagoa, is the sole
teaching hospital situated in Bayelsa State,
Nigeria, on the outskirts of Yenagoa. It serves as
a referral centre for patients from both private
and public hospitals in Bayelsa State and nearby
areas in Rivers State. Hypertensive subjects who
sought cardiologist care at the cardiology clinic,
within the study time frame were recruited into
this research.

The study included hypertensive individuals aged
31 to 60 years who were on antihypertensive
medications and had consistently high blood
pressure readings, with systolic pressure greater
than 140 mmHg and diastolic pressure above 90
mmHg. The control group comprised healthy
individuals within the same age range, with blood
pressure readings below 140 mmHg systolic and
90 mmHg diastolic. Participants were excluded if
they were taking steroids or other medications
that could affect the parameters under
investigation.  Additionally, subjects  with
comorbid conditions, such as chronic liver or
kidney diseases, were not included in the study.

2.2 Data and Sample Collection

The investigator and trained research assistants
administered a questionnaire to each participant,
ensuring that it was understood by all. The
guestionnaire gathered demographic information
from the participants, and a physical examination
was conducted, which involved measuring the
participant's body weight with a Fullmedi adult
weighing scale, (FM-S120, Full Medical Co., Ltd,
China) and height using a standard wall meter
rule. The body mass index (BMI) of each
participant was calculated by dividing their weight
in kilograms by the square of their height in
meters. Participants were only included in the
study if they met the inclusion criteria and
supplied their informed consent. After 5 minutes
of rest, the systolic and diastolic blood pressures
(SBP and DBP) of the subject were determined
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manually using a  functional  mercury
sphygmomanometer fitted with a cuff of the
appropriate size. Five (5) milliliters of blood were
taken by peripheral venipuncture from all
participants who consented in a plain bottle, and
another in an EDTA bottle (gently mixed) for
packed cell volume. Samples were immediately
transported for analysis in a cold chamber of
about 2°C to 8°C temperature range.

2.3 Laboratory Analysis

Markers of iron status were assessed using a
Contec semi-auto Biochemistry analyzer (BC300,
Contec Medical Systems Co., Ltd. UK), ferritin
was assessed using Fine care Ferritin Rapid
Quantitative test kit (Guangzhou Wondfo Biotech
Co., Ltd, China) while iron, transferrin, and total
iron binding capacity were assayed using
Biosystems test kit (BioSystems, Spain), all by
spectrophotometric method.

2.4 Data Analysis

Data collected from the clinic and laboratory
were entered into an Excel spreadsheet (2019)
and analyzed using the Statistical Package for
the Social Sciences (SPSS 24.0). Mean
comparisons were conducted using ANOVA at a
95% confidence level, with group differences
considered statistically significant at p<0.05. A
pre-test was conducted with ten hypertensive
subjects from the hospital’s medical outpatient

department to evaluate the instrument's
applicability, the quality of the information
obtained, and the appropriateness and

comprehension of the respondents.

3. RESULTS

Table 1 presents the sociodemographic
characteristics of the study population. The
hypertensive group comprised 69 males (40.1%)
and 103 females (59.9%), while the control
group, consisting of normotensive individuals,
included 31 males (41.9%) and 43 females
(58.1%). In both groups, females slightly
outnumbered males. Participants ranged in age
from 31 to 60 years. Among the control subjects,
the largest age group was 31-40 years (41.9%),
followed by 51-60 years (32.4%), with the
smallest proportion being those aged 41-50
years (25.7%). In the hypertensive group, the
largest age group was 41-50 years (43.0%),
followed by 51-60 years (34.9%), with the
smallest proportion being those aged 31-40
years (22.1%). Regarding educational
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attainment, 83.8% of the control group had
tertiary education, while 16.2% had secondary
education, and none had only primary education.

Table 2 presents the mean values (+ standard
deviation) for each variable in the two groups,

along with the p-values indicating the
significance of the differences between them.
Both  the control  (normotensive) and

experimental (hypertensive) groups were within
the same age range (45.15+8.08 vs. 45.97+6.71
years, p > 0.05). However, systolic and
diastolic blood pressure were significantly higher
in the hypertensive group compared to the
control group. Specifically, systolic blood
pressure was notably lower in the control group
(113.2749.65 mmHg) compared to the
hypertensive group (133.84+22.15 mmHg; p <
0.05). Similarly, diastolic blood pressure was
83.46+£14.65 mmHg in the hypertensive group,
whereas it was 74.92+8.24 mmHg in the control
group (p < 0.05) significant difference was
observed between the two groups on mean

arterial pressure: 98.57 16.18mmHg for the
experimental group versus 86.42 8.14 for the
control group (p <0.05).

Table 3: illustrates the means (x standard
deviation) for each variable in the two groups, as
well as the p-values for the group differences.
Pack cell volume was slightly higher among
hypertensive individuals when compared with the
normotensive  group. Serum ferritin  and
transferrin were both higher in the hypertensive
group than in the control group. Serum ferritin
was lower in the control group (189+154.05
ng/ml) compared to the hypertensive group
(210.65+£169.95 ng/ml, p>0.05). similarly, the
serum transferrin (mg/dl) of the control group
was 360.27+50.92, while it was 373.66+£56.88 in
the hypertensive group (p>0.05). Also, there was
a statistically significant difference observed
between the two groups on serum iron for the
control group 37.20+39.96 vs 26.84+23.53 for
the hypertensive group (p<0.05). In addition, the
table shows that the total iron binding capacity

Table 1. Social demographic distribution of the study population

Variables Normotensive Hypertensive
n(%) n(%)

Sex

Male 31(41.9) 69(40.1)

Female 43(58.1) 103(59.9)

Total 74 (100) 172 (100)

Age(Yrs)

31-40 31(41.9) 38(22.1)

41-50 19(25.7) 74(43.0)

51-60 24(32.4) 60(34.9)

Tribe

ljaw 70(94.6) 148(86.0)

Others 4(5.4) 24(14.0)

Educational Level

Primary 0(0.0) 18(10.5)

Secondary 12(16.2) 35(20.3)

Tertiary 62(83.8) 119(69.2)

Table 2. Age, and blood pressure parameters characteristics of hypertensive subjects and

control
Parameters Normotensive Hypertensive Z Test significant
n=74 n=172 (p<0.05)
Age (Yrs) 45.1548.08 45.9746.71 0.412
Systolic blood pressure (mmHg) 113.2749.65 133.84+22.15 0.001
Diastolic blood pressure (mmHg) 74.92+8.24 83.46+14.65 0.001
Mean arterial pressure (mmHg) 86.42+8.14 98.57+16.18 0.001
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Table 3. Iron status parameters characteristics of the study population

Parameters Normotensive Hypertensive Z Test significant
subjects subjects (p<0.05)
n=74 n=172

Packed cell volume (%) 39.54+4.83 39.59+4.08 0.90

Ferritin (ng/ml) 189.89+154.05 210.65+169.95 0.40

Transferrin (mg/dl) 360.27+50.92 373.66+56.88 0.08

Serum iron (umol/L) 37.20+39.96 26.84+23.53 0.01

Total iron binding capacity (umol/L) 69.17+45.84 59.63+37.58 0.10

Table 4. Age-based variation in iron status parameters of the study population

Ferritin Transferrin Serum Iron TIBC (umol/L
(ng/ml) (mg/dl (umol/L)
31-40Yrs Normotensive 164.58+199.94  371.13+59.18 36.31+37.19 67.89+34.37
(n=31)
Hypertensive  187.04+117.522 392.50+55.472  24.31+21.672 79.72+55.092
(n=38)
41 -50Yrs Normotensive 204.70+90.87 359.74+13.76 45.65+43.08 91.90+66.34
(n=19)
Hypertensive  186.07+132.83% 375.14+58.032  33.28+29.532 54.30£31.412
(n=74)
51-60Yrs Normotensive 210.85+123.36  346.67+56.21 31.64+41.47 52.82+31.25
(n=24)
Hypertensive  255.91+223.65% 359.90+53.442  20.53+11.562 53.48+£32.912
(n=60)

Results are given as meanz standard deviation. 2=Significant at p<0.05 when hypertensive group values are
compared to those of normotensive groups across the age ranges.

(TIBC) for the control group was 69.17+45.84
versus the hypertensive group's 59.63+37.58
(p>0.05).

Table 4 illustrates the age-based variations in
iron status parameters among the study
population. A statistically significant increase in
ferritin levels was observed in the hypertensive
group compared to the control group within the
31-40 and 51-60 age brackets (164.58+199.94
vs. 187.04+117.52, p<0.05) and (210.85+123.36
vs. 255.91+223.65, p<0.05), respectively.

transferrin levels were significantly higher in the
hypertensive group compared to the control
group across all age brackets. Additionally,
serum iron levels were significantly lower in
hypertensive individuals compared to the control
group, while total iron-binding capacity (TIBC)
showed a pattern similar to ferritin across the
various age groups

Table 5 highlights the gender-based variations in
iron parameters among the study subjects.
Ferritin levels were significantly higher in female

However, in the 41-50 age bracket, ferritin levels  hypertensives compared to female
decreased in hypertensive subjects compared to  normotensives (177.92+135.34 VS.
their normotensive counterparts. Similarly, 115.26+98.97, p<0.05), while no statistically
Table 5. Gender-based variations in iron status parameters of the study subjects
MALE FEMALE
Parameters Normotensive Hypertensive Normotensive Hypertensive
(n=31) (n=69) (n=43) (n=103)

Ferritin (ng/dl) 293.40+158.05

259.50+202.77

115.26+98.97  177.92+135.342

Transferrin (mg/dl) 331.45+29.37

371.72+60.942

381.05+53.25  374.95+54.26

Serum Iron (umol/L) 21.10+14.66

23.22+17.62

48.80+47.89 29.28+26.572

TIBC (umol/L) 78.99+62.62

51.56+35.062

62.09+27.01 65.04+41.64

Results are given as mean + standard deviation. 2= Significant at p<0.05 when hypertensive male/female values
are compared to those of normotensive males/females
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significant difference was observed among
males. Transferrin levels were lower in male
normotensives compared to male hypertensives
(331.45+29.37 vs. 371.72460.94, p<0.05).
Additionally, the total iron-binding capacity
(TIBC) was higher in male normotensives than in
male hypertensives (78.99162.62 VS.
51.56+35.06, p<0.05). Among female subjects,
serum iron levels were significantly higher in the
control group compared to the hypertensive
group (48.80+47.89 vs. 29.28+26.57, p<0.05).

4. DISCUSSION

Hypertension continues to be a major global
public health concern. Elevated serum ferritin
and other iron status biomarkers can contribute
to the generation of free radicals and lipid
peroxidation, which are associated with an
increased risk of cardiovascular disease—a
major cause of morbidity and mortality
worldwide. The present study evaluated iron
status markers in hypertensive individuals in
Yenagoa, Bayelsa State, Nigeria. The study
included 246 consenting participants: 74
normotensive individuals and 172 hypertensive
patients. The largest age group in the study was
41-50 years old, comprising 43.0% of the
participants, followed by the 51-60 age group at
34.9%. The average age of the experimental
group was 46.0 years, consistent with findings by
Kim et al. [17], who reported a similar average
age among hypertensive individuals. The study
also had a higher proportion of female
respondents (59.9%), aligning with previous
research by Choi et al. [20]. Additionally, the
study found a statistically significant increase in
BMI among the hypertensive group compared to
the control group (p<0.05), highlighting obesity
as a significant risk factor for hypertension.
Therefore, maintaining a normal BMI through
lifestyle changes aimed at weight loss is strongly
recommended to reduce the risk of developing
hypertension and cardiovascular disease.

Data from this study showed an upward trend in
serum ferritin levels in the hypertension group
relative to the normotensive group. A significant
increase in ferritin levels was observed in the age
groups of 31-40 and 51-60 years when
comparing the hypertensive group to the
normotensive group (p<0.05). Female
hypertension participants had a significantly
higher amount of ferritin compared to
normotensive females (p<0.05). This discovery
confirmed previous research linking high levels of
serum ferritin with hypertension and a higher
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likelihood of cardiovascular disease. A
noteworthy correlation was identified by Choi et
al [20] between serum ferritin concentrations and
the incidence of hypertension among both males
(p=0.029) and females (p<0.001). However,
ferritin concentration was not found to be
statistically significant for male hypertension
participants compared to normotensive males
(p>0.05). This differs from previous findings [17,
21]. The cause of this discrepancy in the present
study is unknown. The difference in alcohol use
between normotensive and hypertension men
may explain this finding, as normotensive
persons tend to consume alcohol in excess while
hypertensive individuals are typically encouraged
to reduce their alcohol intake [22].

Ferritin is a crucial protein that plays a major role
in controlling the balance of iron in the body. It is
commonly used as a biomarker to monitor iron
levels and detect iron insufficiency. Ferritin, an
acute phase protein, reflects both body iron
stores and systemic inflammation. Excessive iron
exposure in humans can lead to metabolic and
cardiovascular disorders [21,23]. Reactive
oxygen species (ROS) generation causes
endothelial dysfunction by disrupting the balance
between nitric oxide (NO) and reactive oxygen
species (ROS), leading to heightened
vasoconstriction, oxidation, inflammation,
thrombosis, and proliferation in the arterial wall
[24,25]. The subsequent narrowing of blood
vessels, restructuring of the vascular system,
and subsequent rise in blood pressure
(hypertension) are caused by increased
resistance to blood flow [16,26,27]. Iron can
increase inflammation by generating free radicals
that cause oxidation of proteins and DNA, as well
as lipid peroxidation, particularly in adipose
tissue [27]. This can lead to insulin resistance in
adipocytes, muscle, and hepatocytes [28, 29,
30]. In the present study, we found a significant
increase in serum ferritin among hypertensive
individuals. Therefore, we suggest that elevated
serum ferritin is associated with an increased risk
of hypertension. This finding may be a target for
therapeutic intervention and management of
these patients.

We found increased transferrin levels in
hypertensive male individuals in the present
study. Also, a significant transferrin increase was
observed across the age groups of hypertensive
individuals compared to the control group
(p<0.05). The transport of iron is aided by
transport protein referred to as transferrin.
Approximately one-third of transferrin in healthy
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individuals is bound to iron, while the remaining
portion acts as a buffer to prevent the buildup of
redox-active and dangerous non-transferrin-
bound iron [31,32]. Transferrin level is usually
elevated in an iron-deficient state [33,34]. A
previous study showed iron deficiency as a
prevalent coexisting condition in some patients
with stable heart failure, irrespective of left
ventricular function [35,36]. Iron appears to be a
“double-edged sword” in the body. Therefore,
both iron deficiency and iron overload might lead
to the generation of reactive oxygen species
(ROS) [17,32], leading to an increase in oxidative
stress, and inflammation and could impact
negatively on endothelial function, which could
result in hypertension.

Iron is an essential component in numerous
biological processes due to its ability to transition
between Fe2+ and Fe3+ valence states, which
permits it to either donate or receive electrons
[37]. The control group showed a higher level of
serum iron compared to the hypertension group.
Normotensive individuals have significantly
higher iron levels than the experimental group,
with a p-value of 0.01. The reason for this finding
in our present study is not known. However, as
earlier noted, abnormal metabolism of iron
whether at a higher or deficient level might result
in free radical generation which could have
deleterious effects on endothelial physiology,
causing vascular resistance and leading
ultimately to elevated blood pressure [17, 32].

A total iron-binding capacity (TIBC) test is
essential for detecting iron-deficient anaemias or
other iron metabolism disorders. Total iron-
binding capacity refers to the total serum iron
and unsaturated iron-binding capacity [31, 32,
38]. Our data showed a higher TIBC value in a
male normotensive group than that of the male
hypertensive subjects. However, we found a
higher trend in TIBC in the hypertensive group
compared to the normotensive individuals.
Raised total iron-binding capacity values are
likely to be found in most individuals with iron
deficiency [17]. This suggests that iron deficiency
is most probably associated with hypertension as
indicated in the present study.

5. CONCLUSION

Elevated iron markers, including ferritin and
transferrin, were observed among hypertensive
patients receiving medical care at a tertiary
hospital in Yenagoa, southern Nigeria. This study
highlights abnormal iron metabolism as a

potential risk factor for hypertension and
cardiovascular disease. These findings have
important implications for hypertension
management in Nigeria, across Africa, and
beyond. Consequently, iron status markers
should be included as part of the routine
evaluation for hypertensive patients.
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