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INTRODUCTION 

The word exercise comes from the Latin word 

"Exercitium," which means to train. Exercise converts 

stored chemical energy into mechanical and thermal 

energy.
[1]

 On the other hand, aerobic exercise is defined 

by the American College of Sports Medicine (ACSM) as 

any activity that is rhythmic, engages large muscular 

groups, and can be sustained over time.
[2]

 Generally, the 

muscle groups that are engaged in this kind of exercise 

use aerobic metabolism to produce adenosine 

triphosphate (ATP), which is energy derived from amino 

acids, carbohydrates, and fatty acids.
[3]

 Exercise is 

believed to be linked metabolic, physiological and 

hemodynamic changes which can impart either 

positively or negatively to the health of the exercising 

subjects by influencing various body functions.
[1,4]

 It is 

generally known that both acute and chronic exercise 

induce several haematological changes in humans.
[5]

 It 

has also been ascertained that exercise induced 

haematological changes are dependent on the type, 

intensity and duration of exercise
[6]

; also several factors 

like gender, age, environmental conditions and 

nutritional status of the subjects also play an important 

role.
[5]

 Exercise training (Chronic exercise) and acute 

exercise are known to modulate red blood cell volume 

(RCV) and hematocrit (Hct)
[7,8]

, While acute exercise 

increases Hct, exercise training usually decreases it, 

which may result in large blood viscosity changes.
[9,10]

 

Previous studies have shown alteration in RBC 

aggregation and hematocrit post-exercise.
[11-13]

 These 
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ABSTRACT 

Hematological changes have been associated with physical activities and these changes have been found to 

involve the leucocytes, the thrombocytes and the erythrocytes and are dependent on the type, intensity and 

duration of the physical activities. Most individuals indulging in sports activities are ignorant of their 

haematological status and how stress affects their haematological profile. This pre-post study design evaluated the 

levels of Ferritin, plasma viscosity and some haematological parameters [red blood cell count (RBC), 

haemoglobin (HB), haematocrit (HCT)] in individuals exposed to 3 weeks of aerobic exercise (rope skipping). A 

total of 30 male and female participants aged 18-35 years were recruited for the study using simple random 

sampling method. The aerobic exercise involved skipping rope 30 minutes four times a week for three weeks 

(21days). Fasting venous blood samples were collected at baseline (pre-exercise samples; day 0) and after exercise 

(post-exercise samples; day 22) for determination of the levels of ferritin, plasma viscosity, RBC, HB, and HCT in 

the subjects using standard methods. Structured questionnaires were also used to obtain other relevant data of the 

participants including age, gender and body mass index (BMI). Results showed significant decreases in plasma 

viscosity (0.73±0.17 Vs 1.08±0.15; p = <0.001); RBC (4.17±.86 Vs 4.17±.86; p = 0.0004), HCT (0.37±0.07 Vs 

0.40±0.05; p = 0.0006) and serum ferritin levels (64.94±54.24 Vs 93.30±104.04; p = 0.0497) post-exercise 

compared to their pre-exercise levels. However, BMI and HB level did not differ significantly compared before 

and after exercise (p >0.05). These alterations may be suggestive of the body’s adaptive response in short-term 

aerobic exercise rather than pathological aetiology. Further longitudinal studies with larger sample size are needed 

to better understand the mechanisms behind the current findings. 
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hemorheological alterations could have a significant 

impact on oxygen transport and distribution to tissue 

during exercise because they can change cardiac output 

and vascular resistance.
[13]

 In general, it can be 

concluded that an unhealthy, sedentary lifestyle with 

obesity is associated with impaired RBC deformability, 

enhanced RBC aggregation, and increased hematocrit 

and plasma viscosity.
[12,14] 

 

Ferritin is an iron storage protein that also acts as an 

acute phase reactant during inflammation. It is crucial for 

iron homeostasis in both cells and systems.
[15]

 Previous 

studies show variable alterations in ferritin levels 

following exercise.
[16,17]

 Alterations of the 

haematological parameters, ferritin and plasma viscosity 

can influence physical performance thereby influencing 

the overall health of the individuals. 

 

To the best of our knowledge, there is a dearth in 

literature regarding the relationship between aerobic 

exercise, ferritin level, plasma viscosity and some 

haematological parameters in the study population hence 

the need to evaluate the levels of ferritin, plasma 

viscosity and some haematological parameters in 

subjects exposed to Three (3) weeks aerobic exercise. 

 

MATERIALS AND METHODS 

Study area 

This study was conducted at College of Health Sciences, 

Nnamdi Azikiwe University, Okofia Otolo Nnewi 

Campus, Nnewi North Local Government Area of 

Anambra State. The College is a multi - Faculty College 

comprising of the faculties of Health Science and 

Technology, Medical Laboratory Science, Basic Medical 

Sciences and Medicine with each faculty having many 

departments.  

 

Study design and population 
This is a pre and post study designed to evaluate the 

levels of ferritin, plasma viscosity and some 

haematological parameters in subjects undergoing 

aerobic exercise in Nnewi campus. A total of 30 

participants were recruited for the study using simple 

random sampling method. Participants were male and 

female students of Nnamdi Azikiwe University, Nnewi 

campus aged between 18 and 35 years. The aerobic 

exercise involved skipping rope 30 minutes four times a 

week for three weeks (21days). Exercise prescription 

comprised of mode, frequency, intensity and duration of 

the exercise. There are many techniques in skipping rope 

in which basic jump or easy jump technique was used. In 

this technique, jump with both feet slightly apart over the 

rope and it was performed individually. Samples were 

collected at baseline (pre-exercise samples; day 0) and 

after exercise (post-exercise samples; day 21) for 

determination of the levels of ferritin, plasma viscosity 

and some haematological parameters in the subjects. 

Informed Consent were obtained from participants and 

structured questionnaires were also used to obtain other 

relevant data of the participants including age, gender, 

body mass index (BMI), socio - economic status, dietary 

habits, history of any chronic diseases etc.  

 

Inclusion criteria 

The study included participants who were up to the age 

of 18 without any pathological conditions like 

cardiovascular diseases, non-smokers, those with no 

history of bleeding disorders and non-pregnant women. 

 

Exclusion criteria 
This study excluded subjects below the age of 18, those 

with any pathological conditions, smokers and pregnant 

women. 

 

Ethical consideration 
Ethical approval was sought and obtained from the ethics 

committee of Faculty of Health Sciences and Technology, 

Nnamdi Azikiwe University, Nnewi Campus, before the 

commencement of the study. 

 

Informed consent 

Informed consent of all the participating Subjects was 

sought and obtained. 

 

Sample Collection 
Six milliliters (6 ml) of fasting venous blood samples 

were collected from the participants before (day 0) and 

after exercise (day 21). 2 ml was dispensed into Ethylene 

Diamine Tetra acetic acid (EDTA) container for full 

blood count (FBC) and plasma viscosity whereas the 

remaining 4 ml was dispensed into plain container for 

serum ferritin assay. 

 

Laboratory methods 

Full blood count (FBC) estimation  

The red blood cell count (RBC), haemoglobin (Hb) and 

haematocrit (HCT) was determined using a three part 

Biobase hematology analyzer (BK-6190, China) by 

following the manufacturer's instructions. 

 

Serum Ferritin Determination 
This was estimated using Sandwich ELISA Technique 

following manufacturer’s protocol for the Ferritin 

reagent kit. 

 

Plasma Viscosity 
This was carried out by modification of the viscometery 

method by Reid and Ugwu.
[18]

 

 

Anthropometrics measurements  
The weight was obtained using a manual weighing scale 

while height was obtained by the use of a measuring tape. 

Weight and height were measured and body mass index 

(BMI) was calculated as:  

BMI =  weight (kg) 

  Height
2
 (m

2
)

[19,20]
  

 

Statistical analysis 
The SPSS statistical tool, version 26.0, was used to 

analyze the data collected for this study. Paired t-test was 
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used to compare the data acquired before (pre) and after 

(post) aerobic exercise. The correlation between the 

various parameters was examined using Pearson's 

correlation coefficient. Statistical significance was 

assumed at p<0.05. 

 

RESULTS 

The mean plasma viscosity was significantly decreased 

post-exercise compared to baseline value (0.73±0.17 Vs 

1.08±0.15; p = <0.001). There were significantly 

decreased levels of RBC (4.17±.86 Vs 4.17±.86; p = 

0.0004) and HCT (0.37±0.07 Vs 0.40±0.05; p = 0.0006) 

post-exercise compared to their pre-exercise levels. More 

so, the mean serum ferritin (64.94±54.24 Vs 

93.30±104.04; p = 0.0497) level was significantly 

decreased in the subjects post-exercise than before 

exercise (baseline value). However, the mean body mass 

index and haemoglobin level did not differ significantly 

when compared before and after exercise (p >0.05) 

respectively. (See table 1). 

The mean levels of RBC were positively correlated with 

HB (r = 0.739; p = 0.001), HCT (r = 0.728; p = 0.001), 

and Ferritin (r = 0.386; p = 0.035); levels of HB were 

positively correlated with HCT (r = 0.947; p = 0.001), 

Ferritin (r = 0.420; p = 0.021), and HCT with ferritin (r = 

0.389; p = 0.034) in the subjects before exercise (See 

table 2). 

 

Furthermore, the mean levels of RBC were positively 

correlated with HB (r = 0.887; p = 0.000), and HCT (r = 

0.910; p = 0.000); levels of HB were positively 

correlated with HCT (r = 0.986; p = 0.000) and Ferritin (r 

= 0.408; p = 0.025), and ferritin with HCT (r = 0.437; p 

= 0.016) in the participants post-exercise (See table 3). 

 

 

 

 

 

Table 1: Levels of RBC, HCT, HB, PV and Ferritin of the subjects pre and post exercise.  

Variable 
Mean±SD 

t-value p-value 
Pre Post 

BMI        kg/m
2
 21.93±3.41 21.94±3.32 -0.165 0.8698 

PV           mPa/s 1.08±0.15 0.73±0.17 8.92 <0.001* 

RBC         10
12

/L 4.61±.62 4.17±.86 4.01 0.0004* 

HB            g/dl 13.27±1.90 13.49±2.64 -0.743 0.463 

HCT          L/L 0 .40±0.05 0.37±0.07 3.826 0.0006* 

Ferritin       ng/ml 93.30±104.04 64.94±54.24 2.048 0.0497* 

*Statistically significant at p-value < 0.05. 

 

KEY 

RBC = Red Blood Cell Count 

HCT = Haematocrit 

HB = Haemoglobin 

PV = Plasma Viscosity 

 

Table 2: Pearson correlation analysis showing the pre exercise levels of RBC, PCV, HB, Ferritin level, PV and 

BMI. 

Pre sample stages  Pre BMI Pre PV Pre RBC Pre HB Pre HCT Pre Ferritin 

Pre BMI 

kg/m
2
 

r-value 1 .207 -.291 -.285 -.200 .054 

p-value  .272 .119 .126 .288 .775 

Pre PV 

mPa/s 

r-value .207 1 -.282 -.188 -.072 -.145 

p-value .272  .132 .319 .704 .445 

Pre RBC 

10
12

/L 

r-value -.291 -.282 1 .739
**

 .728
**

 .386
*
 

p-value .119 .132  .000 .000 .035 

Pre HB 

g/dl 

r-value -.285 -.188 .739
**

 1 .947
**

 .420
*
 

p-value .126 .319 .000  .000 .021 

Pre HCT 

L/L 

r-value -.200 -.072 .728
**

 .947
**

 1 .389
*
 

p-value .288 .704 .000 .000  .034 

Pre Ferritin 

ng/ml 

r-value .054 -.145 .386
*
 .420

*
 .389

*
 1 

p-value .775 .445 .035 .021 .034  

Total 30 30 30 30 30 30 

**statistically significant, p-value < 0.05 
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Table 3: Pearson correlation analysis showing the post exercise levels of RBC, PCV, HB, Ferritin level, PV and 

BMI. 

Post test stages  Post PV Post BMI Post RBC Post HB Post HCT Post Ferritin 

Post PV 

mPa/s 

r-value 1 .206 -.175 -.206 -.175 -.012 

p-value  .275 .354 .275 .354 .949 

Post BMI 

kg/m
2
 

r-value .206 1 -.023 .006 .014 .049 

p-value .275  .904 .974 .940 .796 

Post RBC 

10
12

/L 

r-value -.175 -.023 1 .887
**

 .910
**

 .299 

p-value .354 .904  .000 .000 .108 

Post HB 

g/dl 

r-value -.206 .006 .887
**

 1 .986
**

 .408
*
 

p-value .275 .974 .000  .000 .025 

Post HCT 

L/L 

r-value -.175 .014 .910
**

 .986
**

 1 .437
*
 

p-value .354 .940 .000 .000  .016 

Post Ferritin 

ng/ml 

r-value -.012 .049 .299 .408
*
 .437

*
 1 

p-value .949 .796 .108 .025 .016  

**statistically significant at p-value < 0.05 

 

DISCUSSION 

Hematological changes have been associated with 

physical activities and these changes have been found to 

involve the leucocytes, the thrombocytes and the 

erythrocytes and are dependent on the intensity and 

duration of the physical activities.
[21]

 

 

The present study observed no statistically significant 

difference in the mean BMI of the participants before 

and after the aerobic exercise. This is in keeping with the 

reports of Amah et al.
[4]

 and Ezeugwunne et al.
[22]

 but 

remained invariance with the findings of Cicek
[23]

 who 

reported significant decrease in post BMI and body 

weight of their participant. This may be due to difference 

in duration of exercise observed in both studies. In the 

study by Cicek
[23]

, exercise lasted for 16week whereas 

the exercise duration for this study was 3weeks leading 

to non-significant change in participants BMI. 

 

This study found significant decreases in the mean 

plasma viscosity, RBC count and HCT post-exercise. 

The decrease in RBC count and HCT observed in the 

current study after rope skipping (aerobic) exercise 

indicates the body's adaptive response to short-term 

aerobic activity, which ultimately results in a reduction 

in plasma viscosity as seen in the current study. The 

observed decrease in HCT and RBC in this study is 

consistent with the study of Musa et al.
[24]

, which found 

lower HCT and RBC in footballers following a 90-

minute match in sedentary males. It is however 

invariance with the study of Okeke et al.
[25]

 which found 

no significant differences in both RBC count and HCT 

following short-term aerobic exercise. Blood viscosity is 

generally determined by blood concentration and 

viscosity, and hematocrit, viscosity, and blood viscosity 

are all directly related to one another and inversely 

related to plasma volume.
[26]

 It can be concluded that as 

the hematocrit increases, the blood viscosity increases, 

resulting in a lower rate of blood flow, therefore limiting 

tissue oxygen supply.
[26]

 As a result, the decrease in 

plasma viscosity seen in this study after exercise 

suggests a cardioprotective benefit of short-term rope 

skipping exercise. This finding align with the previous 

reports of Asaadi et al.
[27]

 which noted significant 

decrease in plasma viscosity post exercise.  

 

In this study, the mean HB level remained similar before 

and after exercise. This may be due haemodilutional 

effects as fluid shift from the plasma into the extra-

vascular space. It has been shown that the hematological 

indices decrease after aerobic exercise due to increase in 

plasma volume. The increase in plasma volume results in 

a decrease in Hb concentration.
[28]

 Our results agree with 

that of Okeke et al.
[25]

 and Cicek et al.
[23]

 who reported 

no significant alterations in HB levels post aerobic 

exercise in their study. However, our finding is in 

contrast with the study of Ghosh et al.
[29]

 that recorded 

significantly increased HB level following 35minutes of 

resistance exercise. 

 

The post exercise ferritin level reduced significantly 

when compared to the pre exercise ferritin level. This is 

in line with the findings of similar studies. Bijeh et al.
[30]

 

found that eight weeks of aerobic exercise led to a 

substantial increase in platelet volume and a decrease in 

blood iron and ferritin levels in the experimental group. 

A study by Alikarami et al.
[31]

 found that eight weeks of 

moderate-intensity aerobic exercise reduced iron, 

hematocrit, and serum ferritin levels in club soccer 

players. Ferritin is the primary mechanism for iron 

storage and is required to maintain iron homeostasis.
[32]

 

Contrary to the present finding, Moghadam et al.
[33]

 

documented significantly increased ferritin level eight 

weeks post aerobic exercise. the disparities in results 

may be due to differences in duration and intensity of 

exercise.  

 

Furthermore, the mean levels of RBC were positively 

connected with HB, HCT, and Ferritin, whereas levels of 

HB were favorably correlated with HCT, Ferritin, and 

HCT in the subjects before exercise. Also, levels of RBC 

were positively correlated with HB and HCT; levels of 

HB were positively correlated with HCT and Ferritin and 

ferritin with HCT in the participants after exercise. This 

is suggestive of a linear relationship existing between 
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these parameters and as such as one increases, the other 

also increases and vice versa. 

  

CONCLUSION 

This study demonstrated that 3 weeks of rope skipping 

(aerobic) exercise changes hematological parameters; it 

reduces plasma viscosity, significantly decreases RBC, 

HCT and ferritin levels. This may be suggestive of an 

adaptive response to short term aerobic exercise rather 

than any pathological condition. 
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