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ABSTRACT… Objectives: To assess the association of hemoglobin with blood pressure in 
adolescent’s students. Study Design: Observational study. Setting: Physiology Department of 
Baqai Medical College Karachi. Period: 6 months from February 2017 to August 2017. Sample 
Size: A total of 500 adolescents students of MBBS, BDS and DPT were enrolled in this study. 
Sampling Technique: Non probability consecutive sampling. Material & Method: A total of 
500 students of MBBS, BDS and DPT were enrolled in this study after fulfilling the inclusion/
exclusion criteria and was conducted after taking ethical approval from Baqai medical university. 
Complete Blood Count examination was carried out by Sysmex (XS-1000i) as to determine and 
record hemoglobin levels, blood pressure (BP) was measured by using sphygmomanometer 
with stethoscope and Anthropometric measurements were done. Data of study were analyzed 
by SPSS version 22.0. Results: The comparison of anemia prevalence in study participants for 
different categories of systolic and diastolic blood pressure had showed significant association 
for both systolic and diastolic blood pressure (X2=12.036, p=0.002 and X2=8.300, p=0.016 
respectively). Conclusion: It showed positive association of hemoglobin with blood pressure 
(systolic and diastolic) in this study.
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INTRODUCTION
Anemia is a condition categorized by low 
hemoglobin level or decreased red blood 
cell count in the human body. Worldwide low 
hemoglobin (Hb%) level or anemia, is considered 
as major public health problem with prevalence 
in developing countries (43%) and in developed 
nations (9%).1 Anemia is caused by 3 basic 
mechanisms in human body: (i) decreased 
erythrogenesis or decreased production of 
erythrocytes (RBCs); (ii) loss of blood (internal 
or external); (iii) hemolysis.2 Nutritional anemia’s 
are caused by due to an inadequate storage 
of specific nutrients (iron i-e iron deficiency 
anemia, folic acid i-e megalobalstic anemia and 
vitamin b12 i-e pernicious anemia) in body that is 
needed for hemoglobin synthesis. According to 
world health organization (WHO) report in 2001, 
around two billion individuals had anemia and 
50% of all sufferers were having Iron Deficiency 
Anemia (IDA).3 Iron plays an essential role for 

life, as it is the agent that carries oxygen. Oxygen 
is used in metabolism and provides the energy 
to the body for its normal activities. Only red 
blood cells (RBCs) or erythrocytes are capable 
of carrying oxygen to tissue cells in the body.4 
According to world health organization (WHO), 
in 2008, 17.3 million people died from cardiovas-
cular disease, which is responsible for 30% of 
deaths globally. Hypertension (HTN) or high 
blood pressure (BP) is considered as one of 
the most important risk factor for cardiovascular 
(CVD) disease.5-7 The high blood pressure or 
hypertension was observed after administration 
of erythropoietin hormone in hemodialysis 
patients for the treatment of anemia8,9 and also in 
orthostatic hypotension or postural hypotension, 
erythropoietin elevates the blood pressure while 
standing.10 Furthermore, it was observed that free 
hemoglobin (Hb%) exerts vasoconstriction due to 
release of nitric oxide (NO) scavenger and it limits 
the availability of nitric oxide (NO) for vessels, 
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which elevates the blood pressure (BP).11,12 Nitric 
oxide (NO) acts as a vasodilator, so that increasing 
blood supply to tissue cells and decreases blood 
pressure. It helps in protection of tissue cells 
from hypotension.13 Nitric oxide (NO) also plays 
a role in vascular homeostasis by inhabiting 
contraction of vascular smooth muscles and 
growth. It also inhabits the platelet aggregation 
and leukocyte attachment with endothelium 
of vessels. Impaired nitric oxide pathways 
are associated with atherosclerosis, diabetes 
mellitus, or hypertension.14 It was observed in 
previous studies, that blood pressure (systolic 
and diastolic) may be increasing with increase 
in concentration of hemoglobin (Hb%) levels in 
ealthy individuals15,16 as well as in hypertensive 
individuals.17 The objective of this study was to 
assess the association of hemoglobin (Hb%) with 
blood pressure in adolescent’s students. 

OPERATIONAL DEFINITION 
Anemia
It is defined as hemoglobin (Hb%) concentration 
of less than 100 g/L or less than 11g/dl in venous  
blood.

Hypertension
It is defined as sustained rise of blood pressure 
(BP) in arteries (systolic blood pressure (SBP) i-e 
persistently at or above 140 mm of Hg or diastolic 
blood pressure (DBP) i-e at or above 90 mm of 
Hg).

MATERIAL & METHODS
Set Up
This observational study was done in students 
of MBBS, BDS, DPT of Baqai Medical University, 
who were attending the physiology department 
during classes, practical and tutorial timing. 

Study Subjects
In this study, 500 (250 males and 250 females) 
adolescents’ medical students; with age ranges 
from 18-25 years were included. Ethical clearance 
was obtained from the Ethical review Committee 
of Baqai Medical University (BMU) Karachi. All the 
participants of the study were briefed about the 
research procedure and its significance. 

Duration
Duration of study was 6 months from February 
2017 to August 2017. 

Study Design
Observational, Cross-sectional study in 
adolescents ‘medical students. 

Sampling Technique
Non probability consecutive samplig was used. 

Inclusion Criteria
All students of MBBS, BDS and DPT were 
enrolled, after getting written consent.

Exclusion Criteria
All students were excluded from this study 
after getting positive history of blood disorder 
(thalassemia minor or major), history of blood 
transfusion or blood donation in last six months, 
history of intake of drugs (iron or folic acid or 
vitamin B12), history of passing worms, history of 
malabsorption syndrome, history of ileal surgery 
that leads to macrocytic anemia. 

Data Collection
Data of study had been gathered with pre-tested 
questionnaire. Anemia is classified on the basis 
of world health organization (WHO) guidelines 
into mild anemia (Hb% between 9.5 gm/dl and 
11.5 gm/dl), moderate anemia (Hb% between 7.5 
gm/dl and 9.5 gm/dl) and severe anemia (Hb% < 
7.5 gm/dl)18 Blood pressure (BP) was measured 
by standard methodology.19 Blood pressure 
(BP) or arterial blood pressure was measured 
in sitting position after giving rest to students for 
5–10 minutes. Arterial blood pressure or Blood 
pressure (BP) was recorded to the nearest 2 
mmHg. All blood pressures (BP) or Arterial blood 
pressures were recorded at the same time of the 
day, i.e., during afternoon hours. Blood pressure 
(BP) or Arterial blood pressure was measured 
by using sphygmomanometer with stethoscope. 
It was recorded by the same person and by the 
same instrument. Student’s data were verified for 
missing or incomplete entries and then entered 
in computer excel sheets. Statistical Package for 
Social Sciences (SPSS) version 22.0 was installed 
in computer for analyzing the collected data.
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Frequency, percentages and Chi-square test were 
applied for qualitative variables. This Test was 
used to assess the significance for categorical 
variables. The tables and graphs of this study 
were generated by Microsoft word and excel.

RESULTS 
It was seen in Table-I of evaluation of Blood 
Pressure (BP) and Hemoglobin (Hb%) level 
in adolescent’s medical students. Figure-1(A) 
showed the Systolic Blood Pressure (SBP) 
readings (Normotensive, Pre-hypertensive & 
Hypertensive; 63.4%, 33.4% & 3.2% respectively), 
whereas Figure-1(B) showed the Diastolic Blood 
Pressure (DBP) readings (Normotensive, Pre-
hypertensive & Hypertensive; 56.4%, 33.4% & 
10.4% respectively) and Figure-1(C) showed the 
hemoglobin (Hb%) level readings (low, normal & 
high; 36.4%, 61.0% & 2.6% respectively. In Table-II 
showed the comparison of anemia prevalence in 
study participants for different categories of blood 
pressure (systolic blood pressure and diastolic 
blood pressure) and it was observed that results 
showed significant different for blood pressure 
including systolic and diastolic pressures 
(X2=12.036, p<0.002 and X2=8.300, p<0.016 
respectively). An increase in blood pressure 
(systolic and diastolic) levels from normal to high 
was followed by an increasing percentage of 
study participants who had either low, normal or 
high hemoglobin level (58.0%, 72.5%, 81.2% and 
59.1%, 66.5%, 78.8% respectively).

Variables (n=500) Frequency Percentage (%)
Systolic Blood 
Pressure (SBP)
Normotensive 317 63.4%
Pre-hypertensive 167 33.4%
Hypertensive 16 3.2%
Diastolic Blood 
Pressure (DBP)
Normotensive 281 56.2%
Pre-hypertensive 167 33.4%
Hypertensive 52 10.4%
Hemoglobin (Hb%)
Low 182 36.4%
Normal 305 61.0%
High 13 2.6%

Table-I. Evaluation of blood pressure (Systolic and 
Diastolic) and hemoglobin (Hb%).

Figure-1 (A). It indicates the Systolic Blood Pressure 
(SBP).

Figure-1 (B). It indicates the Diastolic Blood Pressure 
(DBP).

Figure-1 (C). It indicates the Hemoglobin (Hb%) level.
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Variable 
(n=500)

Hemoglobin Level

P-ValueLow
Frequency 

(%)

Normal 
High

Frequency 
(%)

Systolic Blood Pressure (SBP)
Normotensive 133(42.0%) 184(58.0%)

<0.002Prehypertensive 46(27.5%) 121(72.5%)
Hypertensive 3(18.8%) 13(81.2%)
Diastolic Blood Pressure (DBP)
Normotensive 115(40.9%) 166(59.1%)

<0.016Prehypertensive 56(33.5%) 111(66.5%)
Hypertensive 11(21.2%) 41(78.8%)

Table-II. Association between Blood Pressure (BP) 
and Anemia.

P < 0.05 shows significant values and
P > 0.05 shows non significance values.
1Chi-Square Test

DISCUSSION
This observational study was done in department 
of physiology in baqai medical college (BMC) 
of Baqai Medical University (BMU) of Karachi, 
in which 500 (250 male and 250 female) 
adolescents medical student were enrolled of 
different departments like MBBS, BDS, DPT. 
The blood samples were drawn for measuring 
hemoglobin (Hb%) level and blood pressure (BP) 
was measured by using sphygmomanometer 
with stethoscope of all participating students of 
study, after fulfilling the inclusion and exclusion 
criteria. The objective of this study was to assess 
the association of hemoglobin (Hb%) with blood 
pressure in adolescent’s students.

According to our study results comparison 
of anemia prevalence is categorized into low 
frequency and normal high Frequency (%) 
in study participants for different categories 
of systolic blood pressure (Normotensive, 
Prehypertensive and Hypertensive) & diastolic 
blood pressure (Normotensive, Prehypertensive 
and Hypertensive). It was observed that that it was 
significantly different for blood pressure (systolic 
and diastolic) (X2=12.036, p<0.002 and X2=8.300, 
p<0.016 respectively). An increase in blood 
pressure (systolic and diastolic) level from normal 
to high was followed by an increasing percentage 
of study participants who had either low, normal 
or high hemoglobin level (58.0%, 72.5%, 81.2% 
and 59.1%, 66.5%, 78.8% respectively). This 
present observational study showed positive 
association between hemoglobin (Hb%) level 
with systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) in students. Many studies 
have been done in various countries, which 
showed association in results, so that it support 
our results too. According to Atsma et al, there 
was a positive association between hemoglobin 
with systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) in both genders (men & 
females).20 Göbel et, also observed similar results 
in healthy persons.15 Lianxiang Ren et al, also 
concluded that the blood pressure is increased 
with the increasing of hemoglobin (Hb%) level 
both in SBP and DBP in normal individuals and 
the exact mechanisms for hemoglobin (Hb%) 
leading to an increased blood pressure (BP) are 
not entirely known, but having the viewpoints that 
hemoglobin (Hb%) had a direct or indirect effects 
on vascular system.21 The mechanisms that may 
leads to association of hemoglobin with blood 
pressure are not entirely known. So proposed 
mechanisms behind this association may be 
like hemoglobin (Hb%) may be associated 
with arterial stiffness, that ultimately increases 
blood pressure (systolic and diastolic) and 
free hemoglobin (Hb%). Nitric oxide acts as a 
scavenger in the human body and endothelial 
cells of blood vessels are responsible for 
production in the human body. It controls blood 
pressure (BP) by relaxing muscle cells of vessels. 
Another obvious physiological mechanism lying 
behind the association of blood pressure and 

Figure-2. Association between Blood Pressure (BP) 
and Anemia.
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hemoglobin level would be due to elevation in 
hematocrit (Hct%) level, and it increases blood 
viscosity. Blood viscosity exerts effects on blood 
pressure and can worsen cardiovascular function. 
Blood viscosity is also responsible for production 
of nitric oxide (NO) and causes vasodilation via 
the induction of shear stress, so blood pressure 
increases. Erythropoietin, hormone is used in 
treatment of anemia, it would leads to elevation 
of blood pressure (BP). Renin-angiotensin-
aldosterone system (RAAS) may be related with 
hemoglobin (Hb%) and blood pressure (BP).20

Since the autonomic nervous system especially 
sympathetic nervous system mainly regulates the 
Renin-angiotensin-aldosterone system (RAAS), 
which affects the production of erythropoietin and 
so hemoglobin and blood pressure is related to 
this system.22

CONCLUSION
This present study showed positive significant 
(p-value<0.05) association b/w hemoglobin 
(Hb%) level with systolic and diastolic blood 
pressure in adolescent’s students. 

RECOMMENDATION
To extend this study on large scale and 
participation of multi-centers.

STUDY LIMITATIONS
As this study was carried on university students, 
as a requisite of M-phil degree in subject of 
Physiology, so there were limitations of included 
students and fundings.
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