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	 The relationship between hemoglobin levels, anemia, and blood pressure remains 
insufficiently defined, particularly in Middle Eastern populations. This retrospective study 
evaluated 200 hypertensive adults treated at a tertiary hospital in the UAE between 2021 and 
2025, using medical record data that included hemoglobin levels, anemia status based on 
WHO criteria, blood pressure according to ACC/AHA thresholds, and relevant demographic 
variables. Anemia was present in 44% of participants. Hemoglobin demonstrated modest 
positive correlations with systolic (r = 0.22, p = 0.0015) and diastolic blood pressure (r = 0.27, 
p < 0.001); however, this association did not remain significant in adjusted models, where 
hemoglobin was not an independent predictor of hypertension. Age emerged as the strongest 
determinant of elevated blood pressure, and hemoglobin levels showed no significant variation 
across antihypertensive medication classes. Overall, hemoglobin appears to contribute only 
modestly to blood pressure variation, while age-related factors exert a more dominant influence. 
These findings highlight the value of targeted anemia screening and age-specific approaches to 
hypertension management in similar populations.
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	 Hypertension and anemia are two major 
global public health challenges, particularly in 
resource-limited settings, including countries in 
the Gulf region such as the United Arab Emirates 
(UAE). Hypertension remains a leading cause of 
cardiovascular morbidity and mortality worldwide, 
and it contributes significantly to adverse health 
outcomes such as myocardial infarction, stroke, 
and chronic kidney disease. At the same time, 
anemia, particularly iron deficiency anemia, is 

highly prevalent across various populations and 
is increasingly recognized as a risk factor for 
cardiovascular complications.1,2

	 Among individuals with hypertension, the 
presence of anemia may contribute to worse clinical 
outcomes by altering hemodynamic stability and 
increasing cardiac workload. Chronic anemia leads 
to a reduction in systemic vascular resistance and 
an increase in cardiac output, which can promote 
the development of left ventricular hypertrophy and 
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progressive cardiac remodeling. Left ventricular 
hypertrophy itself is a well-established predictor of 
cardiovascular morbidity and all-cause mortality. 
3,4 
	 Recent research has highlighted the 
complex interaction between hemoglobin 
concentration, anemia, and the regulation of blood 
pressure. Some studies have proposed that lower 
hemoglobin levels may decrease blood viscosity 
and peripheral resistance, which could potentially 
result in reduced blood pressure. On the other 
hand, other studies have reported that elevated 
hemoglobin concentrations may increase vascular 
resistance and therefore contribute to elevated 
blood pressure. However, findings across existing 
literature remain inconsistent, with some studies 
reporting a positive association, others suggesting 
an inverse relationship, and several failing to 
identify any significant correlation. 5-9 In the context 
of the UAE, both hypertension and anemia are 
commonly observed health concerns. According 
to recent national health data, hypertension affects 
approximately 30 percent of adults in the UAE, 
while the prevalence of anemia ranges between 20 
percent and 40 percent, depending on demographic 
variables such as age and gender.10,11 Despite 
the high prevalence of these conditions, there 
is a limited body of research investigating the 
potential connection between hemoglobin levels, 
anemia status, and blood pressure within the UAE 
population.
	 Understanding this relationship could 
offer critical insights into the underlying 
pathophysiology of hypertension and may help 
identify hematological markers that support early 
detection and risk stratification. Considering the 
public health burden of both conditions in the 
region, this study aims to assess the association 
between hemoglobin levels, anemia, and blood 
pressure among hypertensive adults in the 
UAE. The findings may contribute to future 
clinical guideline development and support 
targeted screening and prevention strategies for 
cardiovascular disease in similar populations.

Materials and Methods

	 This study was conducted to examine the 
relationship between hemoglobin levels, anemia, 
and blood pressure among hypertensive adults in 

the United Arab Emirates. The following methods 
were employed to ensure a comprehensive and 
reliable analysis.
Study Design
	 This study employed a retrospective, 
quantitative research design to examine the 
association between hemoglobin levels, anemia, 
and blood pressure among hypertensive patients 
in the United Arab Emirates. Data were extracted 
from the medical records of 200 adult patients 
aged 18 years and older, of both sexes, who 
were diagnosed with hypertension and received 
treatment at Thumbay Teaching Hospital, Gulf 
Medical University, Ajman. The study was 
conducted between January 2021 and March 2025 
and received ethical approval from the Institutional 
Review Board of Gulf Medical University (Ref. 
No. IRB-COM-FAC-94-2025). Given that the 
investigation was based exclusively on anonymized 
retrospective medical records, the IRB granted a 
waiver of informed consent. All patient data were 
anonymized to uphold confidentiality and privacy 
requirements.
Inclusion and Exclusion Criteria
	 Inclusion criteria were adults aged 18 
years or older, a documented clinical diagnosis 
of hypertension, availability of hemoglobin 
measurements, and complete demographic and 
clinical data. Exclusion criteria included pregnancy, 
active bleeding, recent blood transfusion within 
the past three months, hematologic malignancies, 
chronic inflammatory diseases, and incomplete 
blood pressure or hemoglobin records.
Diagnostic Thresholds
	 Hypertension was defined according 
to ACC/AHA 2017 guidelines as systolic blood 
pressure e”130 mmHg or diastolic blood pressure 
e”80 mmHg. Anemia was defined using World 
Health Organization criteria, with hemoglobin 
concentrations <13 g/dL in males and <12 g/dL in 
females.
Data Collection Instrument
	 Data was collected using a structured 
data extraction form implemented through a 
spreadsheet. The form was designed to capture both 
categorical variables, including serial numbers, 
use of anti-hypertensive medications, and family 
history of hypertension, as well as quantitative 
variables such as age, height, weight, systolic and 
diastolic blood pressure, red blood cell (RBC) 
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count, hemoglobin concentration, and additional 
hematological indices. Accuracy and reliability 
of the collected data were ensured through cross-
verification procedures and routine data quality 
checks performed throughout the data collection 
process.
Data Analysis
	 Data analysis was conducted using the 
Statistical Package for the Social Sciences (SPSS) 
version 30. Descriptive statistics were applied to 
summarize categorical variables as frequencies and 
percentages, and numerical variables as means and 
standard deviations. Inferential statistical methods 
were employed to evaluate the relationship between 
dependent and independent variables. Chi-square 
tests were used for categorical data, and logistic 
regression was applied to assess associations 
involving binary outcomes. An independent 
samples t-test was used to compare hemoglobin 
levels between hypertensive males and females 
with anemia. In addition, multivariate regression 
analysis was performed to adjust for potential 

confounding variables. Statistical significance was 
defined as a p-value of less than 0.05 for all tests.

Results

	 The results of this retrospective study 
are presented according to the study’s objectives. 
Findings include descriptive statistics of the study 
population, the prevalence of hypertension and 
anemia, correlations between hemoglobin levels 
and blood pressure, as well as subgroup analyses 
by gender and antihypertensive medication use.
Descriptive Statistics and Prevalence
	 A total of 200 adult patients were 
included in the study. Among them, 52.0% had 
a clinical diagnosis of hypertension, and 44.0% 
were classified as anemic based on hemoglobin 
thresholds or documented anemia diagnoses. 
Notably, 21.0% of participants were presented with 
both hypertension and anemia in Table 1.
	 Gender-based comparisons revealed 
that anemia was significantly more common in 

Table 1. Prevalence of Hypertension, Anemia, and Their Co-occurrence Among Study 
Participants

Condition	 Frequency (n)	 Percentage (%)	 95% CI (%)

Hypertension only	 67	 33.5	 26.9–40.6
Anemia only	 91	 45.5	 38.3–52.8
Both Hypertension and Anemia	 42	 21.0	 15.5–27.4

Fig. 1. Boxplot of Hemoglobin Levels by Gender
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Table 2. Multivariable Linear Regression Predicting Systolic Blood Pressure

Variable	 Coefficient	 Standard Error	 p-value	 95% CI (Lower)	 95% CI (Upper)

Intercept	 88.73	 8.43	 <0.001	 72.10	 105.36
Hemoglobin (g/dL)	 1.35	 0.62	 0.030	 0.12	 2.57
Age (years)	 0.39	 0.08	 <0.001	 0.23	 0.54
Gender (Male)	 4.32	 2.75	 0.118	 -1.10	 9.74

Fig. 2. Hemoglobin Levels by Hypertension Status

females than in males (÷² = 18.44, p < 0.0001). 
Additionally, hemoglobin levels were significantly 
higher among males compared to females (t = 7.20, 
p < 0.0000000001) in Figure 1. 
	 Boxplot showing the distribution of 
hemoglobin concentrations in male and female 
participants. Male patients exhibited a significantly 
higher median hemoglobin level compared to 
female patients (t = 7.20, p < 0.0000000001).
Correlation Between Hemoglobin and Blood 
Pressure
	 Pearson correlation analysis revealed 
a statistically significant but modest positive 
correlation between hemoglobin levels and systolic 
blood pressure (r = 0.22, p = 0.0015), as well as 
diastolic blood pressure (r = 0.27, p = 0.0001) in 
Table 2.
Hemoglobin as a Predictor of Hypertension
	 An independent samples t-test was 
performed to compare hemoglobin levels between 
hypertensive and non-hypertensive participants. 
The analysis showed that mean hemoglobin levels 

were significantly higher among individuals with 
hypertension (t = 2.13, p = 0.035). This finding 
is illustrated in Figure 2, which presents the 
distribution of hemoglobin concentrations stratified 
by hypertension status.
	 Boxplo t  compar ing  hemoglobin 
concentrations between hypertensive and non-
hypertensive individuals. Hypertensive participants 
exhibited a slightly higher median hemoglobin 
level (t = 2.13, p = 0.035).
	 To further explore this relationship, 
a multivariable logistic regression model was 
conducted using hypertension as the dependent 
variable, and hemoglobin, age, and gender as 
predictors. The results showed that hemoglobin 
(p < 0.001) and age (p < 0.001) were statistically 
significant predictors of hypertension, while 
gender was not (p = 0.200). Full model results are 
presented in Table 3.
Anemia and Hypertension Risk
	 Anemia could not be included as a 
predictor in the logistic regression model because 
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Table 3. Logistic Regression Predicting Hypertension

Variable	 OR (95% CI)	 p-value

Hemoglobin (g/dL)	 2.08 (1.55–2.75)	 <0.001
Age (years)	 1.09 (1.06–1.13)	 <0.001
Gender (Male)	 0.55 (0.22–1.38)	 0.200

Table 4. Hemoglobin (g/dL) Levels by 
Antihypertensive Drug Class 

Drug Class	 n (%)	 Hemoglobin (g/dL), 
		  Median (IQR)

ACEI	 9 (26.5%)	 14.00 (13.10–14.30)
ARB 	 19 (55.9%)	 12.50 (12.20–14.65)
Beta-blocker	 3 (8.8%)	 12.00 (11.00–13.55)
CCB	 3 (8.8%)	 15.20 (14.15–15.65)

Fig. 3. Conceptual illustration of how the effect of ACEIs/ARBs on erythropoietin (EPO) and hemoglobin levels 
varies with renal function

the data exhibited quasi-complete separation, 
preventing stable and interpretable estimation.
Hemoglobin Levels by Antihypertensive Drug 
Class
	 A subgroup analysis was conducted among 
patients who were receiving antihypertensive 
pharmacologic treatment to evaluate differences in 
hemoglobin levels by drug class. Medications were 
categorized into four main groups based on their 
mechanism of action: angiotensin receptor blockers 
(ARBs), angiotensin-converting enzyme inhibitors 
(ACEIs), calcium channel blockers (CCBs), and 
beta-blockers. Due to small and unequal sample 
sizes, a non-parametric Kruskal-Walli’s test was 
applied. The analysis did not show a statistically 
significant difference in hemoglobin levels between 
drug classes (H = 4.12, p = 0.249). The distribution 
of treated patients and corresponding test results is 
summarized in Table 4.

Discussion

	 This study explored the relationship 
between hemoglobin levels, anemia, and 
hypertension among adult patients in the United 
Arab Emirates (UAE), with additional subgroup 
analysis based on gender and antihypertensive 
medication use. The findings demonstrated 
a statistically significant but modest positive 
correlation between hemoglobin concentration and 
both systolic and diastolic blood pressure. Although 
hypertensive individuals had significantly higher 
hemoglobin levels compared to non-hypertensive 
individuals, hemoglobin was not an independent 
predictor of hypertension in adjusted regression 
models. Age emerged as the most consistent 
and significant factor associated with elevated 
blood pressure. Furthermore, while females had 
a significantly higher prevalence of anemia, the 



3239Eldeeb et al., Biomed. & Pharmacol. J,  Vol. 18(4), 3234-3242 (2025)

analysis did not reveal a significant difference in 
hemoglobin levels across antihypertensive drug 
classes.
	 The observed modest positive correlation 
between hemoglobin levels and both systolic and 
diastolic blood pressure supports earlier evidence 
that hemoglobin concentration may influence 
vascular resistance and blood viscosity. Higher 
hemoglobin levels increase blood viscosity, which 
can elevate systemic vascular resistance and 
thereby contribute to elevated blood pressure .12 
This finding is in agreement with previous research, 
including a cross-sectional study from Iran, which 
reported a significant positive correlation between 
hemoglobin and both systolic and diastolic blood 
pressure in adults, particularly in men.13 Similarly, 
a population-based study from Korea found that 
elevated hemoglobin levels were associated with 
a higher risk of hypertension, especially among 
individuals with metabolic syndrome.14 However, 
the strength of the correlation in the present study 
was modest, suggesting that hemoglobin may 
play a contributory, but not dominant, role in 
blood pressure regulation. This interpretation is 
consistent with evidence that the relationship may 
be secondary to shared underlying factors such as 
age, renal function, or cardiovascular risk profiles. 
15

	 Although hypertensive patients in this 
study exhibited significantly higher hemoglobin 
concentrations compared to non-hypertensive 
individuals, this association did not remain 
statistically significant after adjusting for age and 
gender in the multivariable logistic regression 
model. This finding suggests that the initially 
observed relationship between hemoglobin and 
hypertension may have been confounded by 
age, which emerged as the most consistent and 
independent predictor of elevated blood pressure 
in this cohort. Similar findings have been reported 
in previous studies, where the association between 
hemoglobin levels and blood pressure was 
attenuated or eliminated after accounting for age 
and other clinical variables .16,17

	 Aging is associated with a series of complex 
physiological changes that contribute directly to the 
development of hypertension. Structurally, the 
arterial wall undergoes remodeling, characterized 
by increased collagen deposition, fragmentation, 
and loss of elastin fibers, and thickening of the 

intima-media layer. These changes reduce arterial 
compliance and increase pulse wave velocity, 
leading to isolated systolic hypertension in older 
adults. 18, 19 Functionally, age-related decline in 
endothelial function is a key contributor to impaired 
vascular homeostasis. This is primarily driven by 
a reduction in nitric oxide (NO) bioavailability, 
which results from increased oxidative stress, 
reduced endothelial nitric oxide synthase (eNOS) 
activity, and greater degradation of NO by reactive 
oxygen species. 20 The loss of NO-mediated 
vasodilation promotes increased vascular tone and 
resistance. In parallel, aging is also associated with 
activation of the sympathetic nervous system and 
a chronic pro-inflammatory state, characterized 
by elevated levels of inflammatory cytokines 
such as interleukin-6 (IL-6) and tumor necrosis 
factor-alpha (TNF-á), which further exacerbate 
endothelial dysfunction and arterial stiffness .21,22 
Together, these pathophysiological mechanisms 
contribute to progressive increases in blood 
pressure with advancing age and may outweigh the 
modest vascular effects attributable to hemoglobin 
concentration alone.
	 In this study, anemia was significantly 
more prevalent among female participants, and 
hemoglobin levels were substantially lower in 
females compared to males. These findings are 
consistent with global trends and can be attributed 
to both physiological and hormonal mechanisms. 
Menstruation is a well-established contributor 
to iron loss in premenopausal women, leading 
to gradual depletion of iron stores and increased 
vulnerability to iron deficiency anemia .23-25 
Females also tend to have lower total body iron 
reserves and reduced hemoglobin mass compared 
to males, which may be compounded by differences 
in dietary iron intake and bioavailability .26 During 
pregnancy, iron demands increase significantly 
to support expanded plasma volume, placental 
development, and fetal erythropoiesis, further 
raising the risk of anemia in women of reproductive 
age .27 Estrogen has also been shown to modulate 
erythropoiesis and influence iron metabolism, 
potentially through suppression of hepatic 
hepcidin expression, although the underlying 
regulatory pathways are not yet fully understood.28 
These biological factors, together with potential 
nutritional and socioeconomic disparities, likely 
account for the higher anemia prevalence observed 
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among females in this cohort. The findings 
highlight the importance of gender-specific 
screening protocols and targeted interventions to 
address anemia in high-risk populations.
	 Hemoglobin levels did not significantly 
differ across antihypertensive drug classes in 
this study. Medications were categorized into 
angiotensin-converting enzyme inhibitors (ACEIs), 
angiotensin II receptor blockers (ARBs), calcium 
channel blockers (CCBs), and beta-adrenergic 
blockers (beta-blockers). Statistical analysis using 
the Kruskal-Wallis test revealed no significant 
variation in hemoglobin concentrations among 
these groups. This finding aligns with existing 
literature indicating that most antihypertensive 
medications do not exert major or consistent effects 
on hemoglobin levels in patients without significant 
renal impairment .29

	 ACEIs and ARBs have been associated 
with mild anemia in patients with chronic kidney 
disease due to suppression of the renin-angiotensin-
aldosterone system (RAAS) and consequent 
reduction in erythropoietin (EPO) synthesis 
.30,31 Angiotensin II plays a supportive role in 
stimulating EPO production in the renal peritubular 
interstitial cells. When RAAS is inhibited by 
these medications, particularly in individuals with 
impaired renal function, angiotensin II-mediated 
stimulation of EPO is reduced, potentially leading 
to decreased erythropoiesis and mild declines in 
hemoglobin. In patients with preserved kidney 
function, this effect is typically minimal and may 
not reach clinical significance (Figure 3).
	 Beta-blockers and CCBs are not known 
to influence erythropoiesis or iron metabolism and 
are rarely associated with hematologic changes. 
The absence of statistically significant differences 
in hemoglobin levels in the present analysis may 
also reflect the small sample size and unequal 
distribution of patients across drug categories. 
Further research involving larger cohorts and 
stratified analysis by renal function, comorbidity, 
and treatment duration is warranted to clarify 
whether specific antihypertensive agents exert 
differential effects on hemoglobin or anemia risk.
	 This figure illustrates how the impact 
of ACEIs and ARBs on erythropoietin (EPO) 
production and hemoglobin levels differs by 
renal function. In impaired renal function, RAAS 
inhibition may lead to greater EPO suppression 

and hemoglobin decline, while in preserved renal 
function, this effect is minimal, and hemoglobin 
remains stable.
	 This study has several limitations that 
should be acknowledged. The retrospective 
design and reliance on medical records may have 
introduced information bias or incomplete data, 
particularly regarding medication adherence and 
treatment duration. The small sample size limits 
the ability to detect subtle differences between 
drug classes. Additionally, the study did not assess 
key confounders such as nutritional status, renal 
function, or iron markers, which may influence 
hemoglobin levels. These factors should be 
addressed in future research using prospective and 
stratified designs.

Conclusion

	 This study found that hemoglobin levels 
showed modest associations with both systolic and 
diastolic blood pressure; however, hemoglobin 
did not independently predict hypertension after 
adjusting for age and gender. Age emerged as the 
primary determinant of blood pressure variation. 
Given the high prevalence of anemia, particularly 
among females, routine screening for hemoglobin 
abnormalities may improve cardiovascular risk 
stratification in hypertensive populations. Future 
research incorporating renal function markers, iron 
indices, and prospective follow-up is recommended 
to better clarify potential causal pathways.
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