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Abstract

Background: Sport is a physical activity that increases human body oxygen demand. Hemoglobin
has a major role to fulfill the oxygen demand. The ability to fulfill this demand was also seen as
cardiorespiratory fitness. Sportsmen have a high cardiorespiratory fitness due to the intensity
and frequency of training. This study aimed to explore the effect of hemoglobin concentration on
cardiorespiratory fitness of adolescent sportsmen.

Methods: This was a cross-sectional study conducted from October-November 2019. Male
badminton and basketball sportsmen aged 15-19 years old in Jakarta and Bogor were recruited
(n=72). Hemoglobin concentration was measured with a digital hemoglobinometer. The VO2max was
estimated with a beep test. FITNESSGRAM® Performance Standard was used for the classification
of cardiorespiratory fitness. The hemoglobin concentration and cardiorespiratory fitness were then
analyzed (Spearman and Kruskal-Wallis).

Results: There was a correlation between hemoglobin concentration and cardiorespiratory fitness
(p=0.001), although the correlation was weak (r=0.38). Kruskal-Wallis analysis showed there was
a significant mean difference in hemoglobin concentration on cardiorespiratory fitness groups
(p=0.005).

Conclusions: The mean of the hemoglobin concentration in the Healthy Fitness Zone (HFZ)
cardiorespiratory group is higher than in the Need Improvement (NI) group and the Need Improvement
within Health Risk (NI-HR) group.
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Introduction quantities for a period of time and both sports
require movement from the upper and lower

Sport is a form of physical activity that is extremities.

planned and structured, involving various
movements of many muscle groups which are
done repeatedLy. Sports have a good impact
on adolescent’s bodies such as increased
bone density, cognitive development,
and also an increase in cardiorespiratory
fitness which is expressed by an increase
in VO2max.! Basketball and badminton are
physical activities.>® Both of these exercises
increase the body’s oxygen demand because it
performs repeated muscle contraction in large

Hemoglobin is needed to fulfill this need
because of its role as the transporter of the
oxygen from the lungs to tissues and muscles
throughout the body.* Hemoglobin also acts
as a buffer that maintains the pH of the blood
to remain in optimal condition for aerobic
metabolism.® Looking at the role of hemoglobin
during exercise, hemoglobin concentration
also affects the quality of individual
cardiorespiratory fitness. The VOZmax had
an increase of about 1% for each increase in

Correspondence: Francisca Tjhay, Department of Medicine Biology, School of Medicine and Health Sciences Atma Jaya Catholic
University of Indonesia, Jl. Pluit Raya No. 2, Penjaringan, Jakarta Utara, Indonesia, E-mail: francisca.tjhay@atmajaya.ac.id

Althea Medical Journal. 2020;7(2)

https://doi.org/10.15850/amj.v7n2.1847



62 AM] June 2020

Table 1 Distribution of Hemoglobin Concentration and Cardiorespiratory Fitness

Hemoglobin Concentration®

Total
Low Normal High
Cardiorespiratory NI-HR 7 15 2 24
Fitness NI 4 17 3 24
HFZ - 19 5 24
Total 11 51 10 72

Note: * = Hemoglobin concentration for male adolescent; Low=Hb concentration <14 g/dL; Normal=Hb concentration
=14-17.5 g/dL; High=Hb concentration >17.5 g/dL. The cardiorespiratory fitness was grouped into; NI-HR=need
Improvement within health risk, NI = need improvement, HFZ=healthy fitness zone

Hb concentration by 0.3 g/dL.® This shows the
effect of Hb in cardiorespiratory fitness.
This study aimed to explore the correlation

between hemoglobin concentration and
cardiorespiratory  fitness, especially in
adolescent sportsmen. Adolescents were

targeted to improve their cardiorespiratory
fitness by exercising regularly to increase and
maintain their physical fitness.

Methods

This was a cross-sectional study conducted
from October-November 2019 among male
badminton and basketball players aged 15-19
years old in Jakarta and Bogor. The sampling
technique was a snowball sampling until the
number of respondents met the sample target.
The inclusion criteria were those who were
willing to take part in the study after consent
and underwent the hemoglobin concentration
examination.

In brief, the hemoglobin concentration was
measured with a digital hemoglobinometer
with an azide-methemoglobin method that has
been tested for the validity and reliability using
within the run and between day methods. The
hemoglobin concentration was then grouped
into the following; low concentration with
Hb <14 g/dL, normal concentration with Hb
14-17.5 g/dL, and high concentration with Hb
>17.5 g/dL.

Each respondent went through hemoglobin
examination before conducting the beep
test which was calculated using a quadratic
formula model to estimate the VO,max.
Cardiorespiratory fitness was then classified
with the FITNESSGRAM® Performance
Standard classification based on the estimated
VO2max. The respondents were then group
into cardiorespiratory fitness groups; healthy
fitness zone (HFZ), need improvement (NI)
group, and need improvement within health
risk (NI-HR) group.

The data obtained were then processed
using the SPSS program. Data distribution was
tested by the Kolmogorov-Smirnov. When data
were not normally distributed, the Spearman
correlation test was performed and continued
with the Kruskal-Wallis hypothesis test.

Results

In total, there were 77 male sportsmen
recruited, consisting of basketball players
and badminton players. Due to rejection in
the Hb concentration examination, 5 subjects
were excluded, thus, only 72 sportsmen
were included for further analysis. The
average hemoglobin concentration of these
sportsmen was 15.9+1.6 g/dL (range 12.5-
18.7 g/dL). There were 11 sportsmen who
had low Hb concentrations, which fall in the
cardiorespiratory group of NI-HR (n=7),
NI (n=4), but none in the HFZ group. The
distribution of hemoglobin concentration
among the cardiorespiratory fitness group
was shown in Table 1.

A correlation test between hemoglobin
concentration and cardiorespiratory fitness
had shown a value of r=0.38 (p=0.001),
suggesting a positive mild correlation
between hemoglobin concentration and
cardiorespiratory fitness.

Table 2 Mean of Hemoglobin Concentration and
Cardiorespiratory in Fitness Group

Cardiorespiratory c ml::l:z?lrtlrgtt; on
Fitness
(g/dD)
NI-HR 15.3
NI 15.7
HFZ 16.7

Note: NI-HR= need improvement within health risk; NI=
need improvement; HFZ= healthy fitness zone
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There was a different mean of hemoglobin
concentration on cardiorespiratory fitness
groups (Kruskal-Wallis test, p=0.005). A post
hoc analysis was used after the Kruskal-Wallis
test to know which group have different mean
hemoglobin concentration. It showed a value
of p=0.02 for HFZ and NI group, p=0.001 for
HFZ and NI-HR group, and p=0.40 for NI and
NI-HR group (p<0.05). These results indicated
that the HFZ had a significant difference of
mean hemoglobin concentration with both NI
and NI-HR groups, but between the NI and NI-
HR group, no statistical difference was found.
The mean hemoglobin concentration of each
cardiorespiratory fitness group was shown in
Table 2.

Discussion

Sport is a physical activity which increases
the oxygen demand of the human body. There
are physiological changes that occur during
exercise such as a 1.5 to 2 times increased
heart rate than at rest and an increase in
respiratory rate from about 16 times/minute
up to 60-80 times/minute.” This physiological
change is an attempt that our body does to
meet the increase in oxygen consumption that
occurs from about 250 ml/minute at rest to
3000-5000 ml/minute when exercising.?

The oxygen needed by the body to meet
the increased demand when doing exercise is
delivered by hemoglobin. This study has shown
that the average hemoglobin concentration
is higher in sportsmen with higher
cardiorespiratory fitness. Blood composition
changes during and after exercise, and there is
an effect of exercise on red blood cells oxygen
supply ability. Plasma volume is decreased and
hematocrit is increased during exercise. The
increase of hematocrit occurs relatively due to
the blood plasma volume loss. Blood plasma
exits the blood vessels into the extracellular
space due to a difference in osmotic pressure
caused by muscle metabolites and increased
capillary hydrostatic pressure.’

Interestingly, another study on the effect of
blood donation on cardiorespiratory fitness
observed the changes in cardiorespiratory
fitness of respondents before and after 450 ml
blood donation. Respondents conducted blood
tests and beep tests on the first day continued
with blood donation on the second day. Second
blood test and second beep test on the third
day. The study showed that the decline in
cardiorespiratory fitness 24 hours after blood
donation were generally not visible. However,
the group with good cardiorespiratory fitness
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experienced a significant decline after blood
donation.’® The parameter of blood that
affects cardiorespiratory fitness is the oxygen-
carrying capacity of the blood which is the role
of hemoglobin. The recovery of blood volume
after 24 hours of blood donation reaches
a volume that was almost similar to the
beginning, but the hemoglobin concentration
was not returned to the initial concentration
due to hemodilution.

This study showed the same results as there
were differences in hemoglobin concentration
on the HFZ group with other groups as the
HFZ group have better cardiorespiratory
fitness than the other groups. The
relationship of hemoglobin concentration
with cardiorespiratory fitness has shown that
VO2max has the strongest relationship with
oxygen-carrying capacity from the blood.

The parameters that play a major role in the
carrying capacity of oxygen are hemoglobin
concentration, blood volume, and also the
total mass of hemoglobin. The parameter
which has the strongest relationship to the
oxygen-carrying capacity is the total mass of
hemoglobin, suggestings that the correlation
in this study is weak. Future research is needed
to elucidate the cardiorespiratory fitness and
their factors that might improve the quality of
physical fitness in adolescent sportsmen.

There are factors affecting hemoglobin
concentration in the blood.”* This study
has managed to control these factors which
include sportsmen smoking behavior, previous
hematological disorders, history of iron
supplementation therapy, and history of living
in high-altitude places, however, this study has
no data of sportsmen’s regular diet to evaluate
daily iron intake.'*'* The recommended intake
for iron is 10.8-18.4 mg/day.’® Iron intake
highly affects hemoglobin concentration,
which may cause false positive on the low
hemoglobin concentration in the NI-HR group.

In conclusion, there is a positive correlation
between hemoglobin concentration and
cardiorespiratory fitness in sportsmen aged
15-19 years old in this study, especially those
in the Healthy Fitness Zone. The hemoglobin
concentration varies among sportsmen, which
the majority of them within the normal range.

Therefore, sports clubs and the
sportsmen should aware of how hemoglobin
concentration could affect cardiorespiratory
fitness and how to improves or maintain the
performance of sportsmen in competition, as
cardiorespiratory fitness improve endurance
and recovery time of physical fitness.
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