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ABSTRACT

Background: Anemia indicates low blood hemoglobin levels and has become a public health problem among adolescents in
developing countries. The prevalence among adolescent athletes and its effect on physical fitness has not been studied in Ghana.
The study aimed to assess the impact of anemia on physical fitness among adolescent athletes in Ghana.

Methodology: The sample of 194 adolescent athletes was randomly recruited from competitive athletic groups, boxing, and
football clubs in Greater Accra, Ashanti, and Volta regions of Ghana. Anthropometric parameters and Hemoglobin concen-
tration were measured. Physical fitness was assessed using, right and left-hand grip strength, reaction time, flexibility, and the
Cooper-12-min run test, all following standard procedure.

Results: The adolescent athletes of mean age (15.8 + 2.5 yrs) and weight (54.0 + 12.8 kg) were mostly of normal weight-for-age
and height. The overall prevalence of anemia among the adolescent athletes was 14.3%. Anemia was however, more common
among early adolescents (20.7%). The average hemoglobin level was lowest among the early adolescents (12.8 + 1.1 g/dl),
however, there was no association between anemia and the adolescent age group (X>=2.112 p = 0.348). Although the pro-
portions of anemic males and females were similar (14.3%), the mean hemoglobin levels were significantly higher among males
(13.6 + 1.5 g/dl) than females (12.5 + 1.2 g/dl). There was an association between hemoglobin and cardiorespiratory endurance
(r=0.324, p = 0.005), hand grip strength as well as relative handgrip strength (r=0.379, p = 0.001). Hemoglobin significantly
predicted 10.5% of the variation in cardiorespiratory endurance (R* = 0.105, b =0.623, p = 0.005) of the athletes.
Conclusion: Hemoglobin levels could predict the cardiorespiratory endurance and muscular strength of adolescent athletes.
Anemia is a public health problem among adolescent athletes and must be given the needed attention to make these athletes
competitive and win laurels.

1 | Background considers anemia to be present when Hb < 12 g/dL in children

below 15 yrs, females 15 years and above, Hb < 13 g/dL in males

Anemia is a global public health concern but common in
developing countries. It is defined as hemoglobin (Hb) con-
centrations below the physiological needs of an individual.
When the blood Hb is below the standard cut-off, a person is
said to be anemic [1]. The World Health Organization (WHO)

above 15 years [2]. Among other causes, anemia commonly
results from deficiencies in micronutrients such as iron, vitamin
C, folate, and Vitamin B,,. Vigorous-intensity sports engage-
ment could lead to iron deficiency and anemia due to increased
iron needs, exercise-associated iron losses through sweat and
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micro-trauma, and decreased dietary intake. There are reports
of the significant variations in anemia prevalence among dif-
ferent age groups, gender, and type of sport [3]. Malaria and
other parasitic infections also increase the risk of anemia [4].
Anemia affects different age groups, with about 25% of ado-
lescents reportedly anemic in developing nations [4]. The World
Health Organization (WHO) defines adolescents as persons
within the age range of 10-19 years and can be subdivided into:
early adolescence: 10/13-14/15, mid-adolescence: 14/15- 17 and
late adolescence 17-21 according to social, physical, and psy-
chological changes in developmental [5]. Adolescence is a
transition from childhood to adulthood and comes with health,
physiological, psychological, and financial challenges. It is a
stage of rapid growth and an increased need for nutrients for
physical, biological, and cognitive development. The increased
needs make them more susceptible to deficiencies and related
diseases like anemia when intake does not meet the demand over
some time. Adolescents often learn and adopt certain eating
practices that eventually affect their ability to meet physiological
demands for optimal health. Female adolescents are generally
more susceptible to anemia due to the loss of blood through
menstruation. Anemia prevalence studies have also shown a
higher prevalence among females than male adolescent [6-9].
Anemia impairs the physical growth development and produc-
tivity of adolescents [10]. The prevalence of anemia is generally
highest in Africa with a prevalence of about 47.5%. The preva-
lence among male and female adolescents in rural areas of Saudi
Arabia was reported as 44.9% and 46.3%, respectively [11]. South
East Assia, America, and the United Arab Emirates have re-
ported rates of 35.7, 17.8, and 14% respectively [4]. Anemia is a
form of malnutrition and its prevalence in adolescents affects
their growth, and development, and increases their susceptibility
to infection [12]. Malaise, fatigue, and impaired muscular func-
tion are likely clinical manifestations of anemia [12-14]. Anemia
has been linked to poor psychomotor skills and cognitive func-
tion [15, 16]. Studies among an active military group revealed
that non-anemic men were more likely to perform better in an
aerobic test than anemic men [17].

Athletes are generally healthy subjects within the population
[18]. Regular exercise places a high energy burden on the body,
leading to nutrient deficiencies if intake is insufficient to meet
demand. Regardless of the cause, anemia is considered a major
nutritional problem among adolescents [5]. Anemia does not
only negatively affect growth of adolescents but also their pro-
ductivity, and among athletes, their fitness and overall per-
formance [19]. Deficiencies in micronutrients such as iron cause
one of the most common types of anemia, iron deficiency ane-
mia. Under some conditions, iron deficiency anemia could limit
the activity of the electron transport chain in the mitochondria
and therefore limit endurance in exercise [20]. Hb is responsible
for the transport of oxygen to meet the physiologic needs of an
athlete. Low levels will diminish the oxygen-carrying capacity of
the blood, and the maximal oxygen uptake (VO,max) [21]. During
exercise, the body consumes oxygen at the rate of exercise
intensity. The maximum level at which oxygen consumption
does not increase with exercise intensity is the maximal aerobic
capacity measured as VO,pmax [22]. VOsmax is @ measure of the
Cardiorespiratory endurance, of an athlete. Cardiorespiratory
endurance measures the ventricular, muscular, and cardiac
function determining how long an athlete can perform without

fatigue. It is an indicator of the physical fitness of an athlete [23].
Anemia, therefore, negatively influences exercise performance
and physical fitness [17]. Low levels of Hb results in reduced
amounts of oxygen being supplied to the cells of the body and
brain. This will also in fatigue and exhaustion, limiting the
capacity of an exercising individual to train [24].

Some studies have been conducted on anemia among adoles-
cents in Ghana [25, 26], however, limited research has been
conducted on the impact of anemia on the physical fitness of
adolescent athletes. This study sought to investigate the impact
of anemia on the physical fitness of a group of adolescent ath-
letes in Ghana.

2 | Methods

2.1 | Ethics, Design, and Sample Size

This was a cross-sectional study approved by the Committee on
Human Research Publication and Ethics at the School of
Medical Sciences, Kwame Nkrumah University of Science and
Technology (CHRPE/AP/192/20). The sample comprised 194
adolescents, aged between 10 and 19 years, from football, ath-
letics, boxing clubs and teams in Ghana.

The study was sanctioned by the National Sports Authority as
well as the managers and coaches of the selected teams and
clubs. Informed consent was sought from the players and their
respective team managers who served as the authorized
guardians of the young players in the clubs. Adolescents
between the ages of 10 and 19 were included in the study.
Injured players were excluded from the study.

2.2 | Data Collection

Trained dietitians and sports scientists did the data collection.
Athletes provided information on their age, educational level,
religion, knowledge and use of supplements, and medical history.

2.3 | Anthropometric and Biochemical
Assessment

The anthropometric data were taken using standard protocols.
Each measure was repeated once and the average values for each
parameter were recorded. The Omron scale was used to measure
the weight in kilograms (kg), and the heights of the football
players were measured with a SECA stadiometer. The Body Mass
Index (BMI) of each athlete was calculated with the BMI formula
BMI = weight (kg)/height (m)®. To determine the nutritional
status, the weight and height measurements were converted
to BMI-for-age Z-scores (BAZ), and weight-for-age Z-scores
(WAZ), using the Anthro Cal software developed by the
India Institute of Medical Sciences (based on WHO Growth
Charts 2007 and IAP Growth Charts 2015). The WHO standard
cut-offs were used for the classification of normal, underweight,
overweight, and obese. BAZ was classified as normal
weight (BAZ > —2SD <1 SD), overweight (BAZ > 1 SD), obese
(BAZ > 2SD), and underweight (BAZ < —2SD) [27].
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The Hb concentrations were measured using a HemoCue Hb 301
analyzer. Capillary blood was taken with a HemoCue micro-
cuvette to read the Hb concentration. Anemia was defined by Hb
levels <12 g/dl and <13.0g/dl for under 15 years and above
15 years respectively, based on WHO reference [2].

2.4 | Assessment of Physical Fitness

The parameters assessed as a measure of physical fitness were:
sensorimotor (reaction time), Flexibility, muscular strength
(Hand Grip strength), and cardiorespiratory endurance
(Maximal oxygen Uptake (VO2max). Flexibility was measured
using the sit-and-reach method. The athlete was made to sit and
bend over at the waist to touch the farthest point possible on a
tape measure with the fingertips. The distance, the athletes
were able to reach was recorded in duplicates and the average
was noted as a measure of their flexibility. The reaction time
was measured using the standard Ruler Drop Reaction Time
(RDT) [28] protocol. The athlete was made to position the elbow
of his active hand on a flat surface, with the open thumb and
index finger over the edge of the flat surface. The zero (0) edge
of the centimeter ruler was placed between the two fingers. The
ruler was randomly dropped and the athlete was instructed to
catch it as fast as possible. The distance from the edge of the
ruler to the point that was grabbed was measured and converted
to reaction time (¢) using the formula ¢ = (v2 d/g). The reaction
time was calculated in milliseconds (ms), distance (d) in cen-
timeters (cm), and the constant (g) acceleration due to grav-
ity=9.8 ms™% The strength of the left handgrip (LHG) and
right handgrip (RHG) was measured with the handgrip dyna-
mometer [29]. The dynamometer was set at zero and each
athlete was asked to pull with the left and right hand consec-
utively in triplicates. The average pull for each hand was
recorded in kilograms (kg). The athletes' relative hand grip
strength (RHGS) was calculated by dividing the handgrip
strength by the BMI of each individual. The maximal oxygen
uptake (VO, max) was measured using the Cooper 12-min run.
The test was carried out by instructing the athletes to cover as
much distance as they possibly could in 12 min around the
perimeter of a football field. The total distance covered at the
end of the 12 min was measured and used to calculate the VO,
max using the formula:

VO, max (mL/kg/min)=(22.351 *distance covered in
kilometers)-11.288 [30].

2.5 | Statistical Analysis

The data collected were analyzed using the Statistical Package
for Social Sciences (SPSS) version 25. The participants were
grouped into early (10-13 years), mid (14-16 years), and
late (17-19 years) adolescents [5]. The variables measured were
tested for normality using the Shapiro-Wilk test. Descriptive
statistics was used to analyze the background demographics.
Independent sample t-tests were used to evaluate the para-
metric data, determining associations among the various con-
tinuous variables such as BMI, Hb, VO, max, handgrip
strength, and reaction time. The non-parametric data were
tested with the Mann-Whitney “U” Test. The chi-square test of

association was used to determine associations among the cat-
egorical data (anemia, cardiorespiratory endurance).

3 | Results

3.1 | Anthropometric Characteristics and
Anemia Prevalence

The mean age of the early, mid, and late adolescent athletes was
12+1.1, 15.8+0.9, and 18.7 +0.6 yrs. The age group-specific
anthropometric parameters of the athletes are summarized in
Table 1. There was a significant (p < 0.001) difference between
the weight of the early adolescents (41.2 +6.8kg), mid-
adolescents (54.5 + 8.6 kg) and late adolescents (64.7 + 10.0 kg).
The weight was higher with the older age group, but the mid
and late adolescents had similar heights significantly higher
than the early adolescents. The mid-adolescents had the lowest
Body fat (11.7+3.6) and visceral fat (2.8 +1.3) but had the
highest skeletal muscle mass (43.4+4.0) among the three
adolescent groups though not significantly different from the
rest. Generally, there were some significant differences between
the two or all the groups for all the anthropometric parameters
measured except for waist-to-hip ratio and skeletal muscle
mass. Most of the adolescent athletes were of normal weight for
their height. There were no overweight or obese adolescents
among the study participants.

The proportion of anemic adolescent athletes was 14.3%. Hb was
significantly higher in late adolescent athletes (14.1 + 1.6 g/dl)
than in early adolescent athletes (12.8 +1.1 g/dl). Of the three
groups, anemia was the least common among late adolescent
athletes (8.9%). The proportion of anemic early adolescent ath-
letes (20.0%) was more than twice that of late adolescent athletes.
Although there was a significant difference between the Hb
levels of early adolescents and late adolescents, there was no
association (X*=2.112, p=0.348) between the anemia and
adolescent group which was based on age. Because the number
of male and female adolescents was not normally distributed, the
Mann-Whitney U Test for non-parametric data was used to
compare the data among males and females. From the study, the
Hb levels among adolescent female athletes were significantly
lower than those of the males’ Table 2.

3.2 | Fitness, Vitals, and Anthropometrics, of
Anemic and Non-Anemic Athletes

Table 3 summarizes the vitals and fitness parameters measured
among the athletes. Maximal oxygen uptake (VO2max) was
significantly (p =0.042) higher among non-anemic athletes
(43.4 + 7.2) compared to anemic athletes (37.1 + 13.9), suggesting
that athletes who were not anemic had better cardiorespiratory
endurance. The average, physical fitness parameters such as
reaction time, and left-hand, and right-hand grip strength of non-
anemic adolescent athletes (195.4 +17.6, 31.2+9.3, 31.7+9.1,
respectively) looked better than those of anemic athletes
(204.2 +29.2, 26.1 + 8.5 and 26.7 + 7.3, respectively), though the
differences were not significant statistically. The mean reaction
time, which is also a measure of cognitive function was also
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TABLE 1 | Anthropometric characteristics of study participants.

Early adolescents Mid adolescents Late adolescents p-value Total
Variable Mean + SD Mean + SD Mean + SD Mean + SD
Age (years) 12.8 +1.1% 15.8+0.9% 18.7 +0.6" <0.001 15.8+2.5
Weight (kg) 41.2+6.8% 54.5 + 8.6° 64.7 +10.0° 54.0+12.8
Height (m) 1.5+0.1° 1.7 +0.1% 1.7+0.1% 1.6 £ 0.1
BMI (kg/m?) 17.5+1.4% 19.3+1.8* 22.0+2.8% 19.7+ 2.8
WC (cm) 62.7 +£3.9° 68.3 +£4.5° 72.2 +3.4% <0.001 68.9+5.2
HC (cm) 76.2 +6.0° 85.1 +5.4° 90.6 + 4.7 85.7+7.4
WHR 0.8+0.0 0.8+0.0 0.8+0.0 0.125 0.8+0.0
Body fat (%) 1224327 11.7 + 3.6° 16.6 + 5.8° <0.001 144454
Skeletal muscle 429+3.6 43.4+4.0 41.9+49 0.258 42.5+4.5
Visceral fat 29+1.2% 28+1.3% 3.7+1.8% 0.027 33+1.6
BMI categories n (%) n (%) n (%) n (%)
Normal 58(98.3%) 63(94.0%) 59(87.9%) 179(93.2%)
Underweight 1(1.7%) 4(6.0%) 1(1.5%) 6(3.1%)
Overweight 0 0 4(6.1%) 4(2.1%)
Obese 0 0 3(4.5%) 3(1.6%)

Abbreviations: BMI, body mass index; cm, centimeters; HC, hip circumference; SD, standard deviation; WC, waist circumference; WHR, waist-to-hip ratio.
#All values in different columns of a particular row, with the same alphabet were not significantly different from each other. However, values in different columns of the
same row, with different alphabet superscripts were significantly different from each other. In those instances, the p-values as indicated, were < 0.05.

TABLE 2 | Proportions of Anemia and BMI categories by adolescent groups.

Hemoglobin (g/dl) Anemia Status
Mean + SD p-value Anemia Non-Anemia Chi-square p-value
Early adolescents 12.8 +1.1% 0.001 6 (20.7%) 23 (79.3%) 2.112 0.348
Mid-adolescents 13.4 +1.3% 6 (15.8%) 32 (84.2%)
Late adolescents 14.1 +1.6° 4 (8.9%) 41 (91.1%)
Males 13.6+1.5 0.049 15 (14.3%) 90 (85.7%)
Females 12.5+1.2 1 (14.3%) 6 (85.7%)
Total 13.6+1.5 16 (14.3%) 96 (85.7%)

3®The mean hemoglobin values in the same column but different rows, with the same superscript were not significantly different from each other. Those with different
superscripts were significantly different from each other, with p-values indicated.

TABLE 3 | Vitals and physical fitness characteristics among anemic and non-anemic adolescent athletes.
Anemia No anemia
Mean + SD Mean + SD p-value
SpO, 979+ 1.7 97.3+2.1 0.561
Pulse 72.8 +14.7 72.9+12.5 0.974
Systolic Blood Pressure (mmHg) 107.9 +13.5 111.5+12.6 0.307
Diastolic Blood Pressure (mmHg) 63.9 + 6.0 63.3+10.0 0.823
VO2max 37.1+13.9 43.4+7.2 0.042
Reaction time (ms) 204.2 +29.2 195.4+17.6 0.137
Flexibility (cm) 28.9 +20.1 26.4+13.3 0.628
Left-hand grip strength (kg) 26.1+8.5 31.2+93 0.067
Right-hand grip strength (kg) 26.7+7.3 31.7+9.1 0.067
Relative hand grip strength 1.40+0.3 1.58+0.3 0.090
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better among nonanemic (195.4 + 17.6 ms) than anemic adoles-
cent athletes (204.2 +29.2 ms). Oxygen saturation (SpO,) and
blood pressure (diastolic and systolic values) were normal among
both anemic and non-anemic athletes Table 3.

3.3 | Maximal Oxygen Uptake Among Adolescent
Subgroups

From Table 4, there were more early adolescents (33.3%) with
“very low” endurance levels compared to Mid-adolescent
(10.3%) and late-adolescent athletes (28.6%). No early adoles-
cents had a good or excellent endurance level. The best rating
for early adolescents was “average,” suggesting that early ado-
lescents were more likely to have poorer endurance than mid
and late adolescents. More late adolescents (8.6%) had excellent
respiratory endurance ratings compared to the mid-adolescents
(3.4%). Generally, most athletes had “average” (34.1%) en-
durance. The lowest proportion of the study participants had
“excellent” cardiorespiratory endurance.

3.4 | Association between Hb and Physical
Fitness Variables

There was no significant association between Hb levels and
reaction time (r=0.120, p=0.249) and the athletes' flexibility
(r=0.072, p=0.530) of the athletes. There was however, a sig-
nificant association between Hb and VO, max, as well as Hand
grip strength from Table 5. A bivariate regression analysis was
done to evaluate the VO, p,.x and Hand grip strength predictability
at the Hb level of athletes. The dependent variables VO, p,.x and
muscular strength (LHG, RHG, and RHGS) were regressed

independently on the predicting variable Hb. Hb significantly
predicted maximal oxygen uptake F (1,72) = 8.449 which suggests
that Hb concentration plays a role in improving maximal oxygen
uptake in adolescent athletes (b = 0.623, p = 0.005). The R*=0.105
predicts that the model explains 10.5% of the variance in maximal
oxygen uptake. Similarly, Hb influenced hand grip strength. From
Table 5, Hb accounted for 19.4%, 19.6%, and 14.3% of the variance
in left-hand grip, right-hand grip, and relative hand grip strength
of the adolescent athletes respectively. Reaction time and flexibility
were independent of Hb concentration.

4 | Discussion

The study evaluated anemia status, anthropometric parameters,
and the relationship with indicators of physical fitness
(cardiorespiratory endurance, reaction time, muscular strength,
and flexibility) among three age groups of adolescent athletes: the
early, mid, and late adolescents. The adolescent athletes studied
were recruited from football, athletic, and boxing clubs, and
academies in Ghana. Most of the adolescent athletes had a nor-
mal BMI for their age. The athletes were generally active persons
with routine training and exercise schedules similar to each other.

The study revealed a decreasing prevalence of anemia with the
increasing age group of adolescents. The early adolescents had
the highest prevalence of anemia and the late adolescents had
the least proportion being anemic. Several research findings have
demonstrated a higher prevalence of anemia among the younger
age group as was observed in this study [15, 31, 32]. Early ado-
lescents may not have developed and defined appropriate eating
habits [33] to obtain optimal dietary iron intake. With a higher
growth spurt in early adolescence and an increased demand of

TABLE 4 | Physical fitness category based on cardiorespiratory endurance stratified by adolescent group.

Adolescent subdivisions

Cardiorespira-
tory Eendurance Early adolescents Mid-adolescents Late adolescents Total
Very low 33.3% 10.3% 28.6% 23.5%
Low 47.6% 27.6% 14.3% 27.1%
Average 19.0% 41.4% 37.1% 34.1%
Good 0.0% 17.2% 11.4% 10.6%
Excellent 0.0% 3.4% 8.6% 4.7%
Total 100.0% 100.0% 100.0% 100.0%
TABLE 5 | Regression Hb with each fitness variable.

Correlation
Regression weight Beta coefficient R? F p-value coefficient (r)
Hb = VO2max 0.623 0.105 8.449 0.005 0.324
Hb = Reaction time —1.541 0.014 1.346 0.249 —-0.120
Hb = Flexibility 0.632 0.005 0.398 0.530 0.072
Hb = LHG 2.783 0.194 19.294 <0.001 0.441
Hb - RHG 2.697 0.196 19.537 <0.001 0.443
Hb =- RHGS 0.087 0.143 13.046 0.001 0.379
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Hb [31], micronutrient demand may outstrip the dietary intake
to meet physiologic needs leading to an increased risk and the
prevalence of anemia. The magnitude of anemia among the early
adolescents in this study was significant enough to be classified
as a moderate public health problem according to the WHO
public health problem categorization [34]. The prevalence among
the mid and late adolescents is however considered a mild public
health problem similar to findings from an Ethiopian study on
anemia among adolescents [31]. A study among adult amateur
runners in Congo found that about 15.8% presented with mild
anemia [35]. Although there are currently not enough repre-
sentative estimates for anemia prevalence among male adoles-
cents in Ghana [25], the relatively elevated prevalence among
male adolescent athletes from this study, calls for attention to
anemia among adolescent males. Anemia Prevalence among
athletes in our study was higher than what was found among
adolescent sports participants in a Finnish study [8]. The prev-
alence from our study was however a little lower than the 16%
found among adolescent sports club members in a Japanese
study [9]. The variation in prevalence from the various studies
could be due to different racial backgrounds, dietary variety,
socioeconomic conditions, intensity of exercise, and training
weather conditions of the study participants from different geo-
graphic locations [36]. Adolescent athletes may have limited
access to balanced diet, or even limit food consumption to reg-
ulate their weight, which could eventually affect the total dietary
intake, and the dietary micronutrients. Iron and Vitamin By, are
important micronutrients for the maturation of red cells and Hb
development [37] and therefore dietary intake, physiological
losses and other factors that affect their levels could influence the
prevalence of anemia.

The proportion of male adolescent athletes who were anemic
from our study was more than nonathletic adolescent males
(13%) from a study in Ghana [25]. Iron lost through sweat
(2.5mg of iron lost per liter of sweat) [38], exercise-induced
inflammation, and hemolysis are thought to contribute to the
generally lower Hb concentrations of athletes than the general
population [18, 39]. In this study, we found that the Hb levels
among the females were significantly lower than the males
though the proportions who were anemic were similar among
both genders. Menstruation among adolescent females could also
contribute to low Hb levels observed in this study. Research and
global estimates demonstrate that the prevalence of anemia is
generally higher among females compared to males [4, 19, 40].

Anemia represents a decreased concentration of Hb and will
limit the oxygen-carrying capacity of the blood, affecting its
ability to meet physiologic responses adequately [17]. Our
findings from this study suggest a significantly positive associ-
ation between Hb levels and the magnitude of cardiorespiratory
endurance. This was similar to studies by Kriswanto et al., and
Zufrianingrum and Sukarmin, among young athletes, where
they both found a positive correlation between Hb levels and
cardiorespiratory endurance [24, 41]. A study by Astuti et al.
among adolescent athletes in Indonesia also found similar
results [42]. Nonanemic athletes also had significantly higher
maximal oxygen uptake than their anemic counterparts. This
further affirms the concept that anemia could impair aerobic
endurance capacity, a physical measure of fitness [17]. Car-
diorespiratory endurance increases with age from childhood to

about 20 years [43]. From the study, we observed that athletes
who had an ‘excellent’ level of cardiorespiratory endurance
were mainly within the late adolescent group, and none of the
early adolescents expressed an excellent endurance capacity.
Rapid adolescent growth involves the structural and functional
development of respiratory and cardiovascular organs. This
development increases the overall cardiac output by an incre-
ment in the rate and amount of oxygen delivered to working
muscles. We also believe that training over a period of time
could improve stamina, and compared to early adolescents, late
adolescent athletes must have had a few more years of training
to improve their cardiorespiratory endurance. An earlier study
study among healthy United states soldiers, 18 years and above,
found that cardiorespiratory endurance declined with age but
noted that for a particular age group those, those who trained
more had higher endurance [44].

Nonanemic adolescents from our study had better reaction
time. Reaction time is an indirect measure of sensorimotor
function and a simpler means of measuring the processing
speed of the central nervous system [45]. A higher reaction time
means a longer time from detection of stimulus, signal pro-
cessing and interpretation, motor planning and response
[46-48]. From our study, reaction time was higher among
anemic adolescents than those with no anemia, though not
significant. Studies by Kahlon et al. and Sharma et al., among
adolescents also found higher reaction time among those with
anemia suggesting reduced sensorimotor function with anemia
[45, 49]. Iron supplementation among anemic individuals led to
improved motor skills and cognitive function [50]. The general
weakness, poor concentration, and tiredness associated with
anemia could probably have contributed to relatively increased
reaction time among anemic adolescents.

Anemic adolescents had lower handgrip strength but not
flexibility. Hand grip strength and relative hand grip strength
(RHGS), a measure of muscular strength, have been used to
predict mortality among middle-aged individuals [51], and
linked to optimal cardiovascular health in adolescents and
children [52]. It is used as an indicator of physical fitness [53]
or physical performance [54]. Our study showed a significant
positive association between hand grip strength and Hb.
Research by Marzban et al. also showed a significant associ-
ation between Hb levels and hand grip strength [36]. Other
studies in Brazil [55] and Korea [56] also found a significant
association between hand grip strength and anemia. Oxygen
transport to the muscles declines with decreasing Hb levels
which could cause hypoxia of the muscle tissues [36] resulting
in reduced muscle strength and lower handgrip strength
observed in our study, suggesting that anemia could account
for some variation in the muscular strength of the athletes. We
observed anemia was associated with muscular strength [57],
aerobic capacity [58], and reaction time [45, 49] but bore
no association with the flexibility of adolescents involved in
sports.

5 | Conclusion

In conclusion, the study has given insight into the incidence of
anemia, and the physical fitness level of adolescent Ghanaian
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athletes. Our findings suggest that anemia could independently
predict cardiorespiratory endurance and muscular strength
which are important components of physical fitness among
sportsmen and women. Our study found anemia to be mild to
moderate public health risk among adolescent athletes in
Ghana and could be an independent risk factor for low levels of
physical fitness. Adolescent athletes are still in an active growth
phase and anemia of any form will impair growth, especially
when there's an increased demand for exercise and rigorous
training schedules. Whether the type of anemia could have
varying measures of influence on performance and fitness
variables, will require further studies.

6 | Limitations

In this study, a differential analysis was not done to determine
the type of anemia that was prevalent. However. determination
of anemia was based on WHO classification using age and Hb
concentration [2]. Other factors that could have influenced
anemia including the macro and micronutrient intake were not
included in the analysis. The study design was cross-sectional,
so we could not infer causality.

Author Contributions

Divine Eli-Cophie: conceptualization, investigation, funding acquisition,
writing-original draft, methodology, validation, visualization, writing—
review and editing, software, formal analysis, data curation, resources,
project administration. Charles Apprey: conceptualization, investigation,
writing-original draft, methodology, validation, writing-review and edit-
ing, formal analysis, project administration, supervision, data curation,
software, visualization. Reginald Adjetey Annan: conceptualization,
investigation, writing-original draft, methodology, validation, writing-
review and editing, software, formal analysis, supervision, data curation,
resources, project administration, visualization.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data is available on reasonable request to the author, through the
chairman of the Committee of Human Research Publication and Ethics,
of the Kwame Nkrumah University of Science and Technology, School
of Medical Science, Ghana.

Transparency Statement

The lead author DIVINE ELI-COPHIE affirms that this manuscript is
an honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted; and
that any discrepancies from the study as planned (and, if relevant,
registered) have been explained.

References

1. 0. Y. Addo, E. X. Yu, A. M. Williams, et al., “Evaluation of Hemo-
globin Cutoff Levels to Define Anemia Among Healthy Individuals,”
JAMA Network Open 4, no. 8 (2021): €2119123, https://doi.org/10.1001/
jamanetworkopen.2021.19123.

2. M. Chan, and WHO., Haemoglobin Concentrations for the Diagnosis of
Anaemia and Assessment of Severity (Geneva, Switzerland: World
Health Organization, 2011).

3.D. Nicotra, R. Arieli, N. Redlich, D. Navot-Mintzer, and N. W.
Constantini, “Iron Deficiency and Anemia in Male and Female Adolescent
Athletes WHO Engage in Ball Games,” Journal of Clinical Medicine 12,
no. 3 (2023): 970, https://doi.org/10.3390/jcm12030970.

4. E. McLean, M. Cogswell, I. Egli, D. Wojdyla, and B. De Benoist,
“Worldwide Prevalence of Anaemia, WHO Vitamin and Mineral
Nutrition Information System, 1993-2005,” Public Health Nutrition 12,
no. 4 (2009): 444-454, https://doi.org/10.1017/S1368980008002401.

5. World Health Organization., Nutrition in Adolescence—Issues and
Challenges for the Health Sector (Geneva, Switzerland: WHO Press, 2005).

6. N. Petry, I. Olofin, R. Hurrell, et al., “The Proportion of Anemia
Associated With Iron Deficiency in Low, Medium, and High Human
Development Index Countries: A Systematic Analysis of National Sur-
veys,” Nutrients 8, no. 11 (2016): 693, https://doi.org/10.3390/nu8110693.

7. N. Ponorac, M. Popovi¢, D. Karaba-Jakovljevi¢, et al., “Professional
Female Athletes Are at a Heightened Risk of Iron-Deficient Ery-
thropoiesis Compared With Nonathletes,” International Journal of Sport
Nutrition and Exercise Metabolism 30, no. 1 (2020): 48-53, https://doi.
org/10.1123/ijsnem.2019-0193.

8. K. Toivo, P. Kannus, S. Kokko, et al., “Haemoglobin, Iron Status and
Lung Function of Adolescents Participating in Organised Sports in the
Finnish Health Promoting Sports Club Study,” BMJ Open Sport &
Exercise Medicine 6, no. 1 (2020): e000804, https://doi.org/10.1136/
bmjsem-2020-000804.

9. K. Yamamoto, M. Takita, M. Kami, et al., “Profiles of Anemia in
Adolescent Students With Sports Club Membership in an Outpatient
Clinic Setting: A Retrospective Study,” PeerJ 10 (2022): 13004, https://
doi.org/10.7717/peerj.13004.

10. T. Erkan, “Ergenlerde beslenme,” Tiirk Pediatri Arsivi 46, no. SUPPL.1
(2011): 49-53, https://doi.org/10.4274/tpa.46.34.

11. B. M. Madani, A. M. Alsulami, I. A. Abu alola, et al., “Prevalence of
Anemia Among Children and Adolescents in Rural Area of Khulais in
Saudi Arabia,” Cureus 14, no. 2 (2022): 21894, https://doi.org/10.7759/
cureus.21894.

12.7J. L. Beard, “Iron Biology in Immune Function, Muscle Metabolism
and Neuronal Functioning,” The Journal of Nutrition 131, no. 2 (2001):
568S-5808S, https://doi.org/10.1093/jn/131.2.568S.

13. S. Pal, P. Rishi, S. Pawaria, J. Das, and N. Relayach, “Prevalence of
Iron Deficiency With Or Without Anemia In Female Athletes- A
Review,” European Journal of Molecular & Clinical Medicine 7, no. 11
(2020): 2586-2595.

14. E. L. Unger, T. Paul, L. E. Murray-Kolb, B. Felt, B. C. Jones, and
J. L. Beard, “Early Iron Deficiency Alters Sensorimotor Development
and Brain Monoamines in Rats,” Journal of Nutrition 137, no. 1 (2007):
118-124, https://doi.org/10.1093/jn/137.1.118.

15. R. Tezera, Z. Sahile, D. Yilma, E. Misganaw, and E. Mulu, “Preva-
lence of Anemia Among School-Age Children in Ethiopia: A Systematic
Review and Meta-Analysis,” Systematic Reviews 7, no. 1 (2018): 80,
https://doi.org/10.1186/s13643-018-0741-6.

16. T. Walter, “Effect of Iron-Deficiency Anemia on Cognitive Skills and
Neuromaturation in Infancy and Childhood,” Food and Nutrition
Bulletin 24, no. 4_suppl2 (2003): S104-S110, https://doi.org/10.1177/
156482650302445207.

17. K. Z. Tsai, S. W. Lai, C. J. Hsieh, et al., “Association Between Mild
Anemia and Physical Fitness in a Military Male Cohort: The CHIEF
Study,” Scientific Reports 9, no. 1 (2019): 11165, https://doi.org/10.1038/
541598-019-47625-3.

18. M. T. Damian, R. Vulturar, C. C. Login, L. Damian, A. Chis, and
A. Bojan, “Anemia in Sports: A Narrative Review,” Life 11, no. 9 (2021):
987, https://doi.org/10.3390/1ife11090987.

19. B. Chalise, K. K. Aryal, R. K. Mehta, et al., “Prevalence and Cor-
relates of Anemia Among Adolescents in Nepal: Findings From a

7 of 9


https://doi.org/10.1001/jamanetworkopen.2021.19123
https://doi.org/10.1001/jamanetworkopen.2021.19123
https://doi.org/10.3390/jcm12030970
https://doi.org/10.1017/S1368980008002401
https://doi.org/10.3390/nu8110693
https://doi.org/10.1123/ijsnem.2019-0193
https://doi.org/10.1123/ijsnem.2019-0193
https://doi.org/10.1136/bmjsem-2020-000804
https://doi.org/10.1136/bmjsem-2020-000804
https://doi.org/10.7717/peerj.13004
https://doi.org/10.7717/peerj.13004
https://doi.org/10.4274/tpa.46.34
https://doi.org/10.7759/cureus.21894
https://doi.org/10.7759/cureus.21894
https://doi.org/10.1093/jn/131.2.568S
https://doi.org/10.1093/jn/137.1.118
https://doi.org/10.1186/s13643-018-0741-6
https://doi.org/10.1177/15648265030244S207
https://doi.org/10.1177/15648265030244S207
https://doi.org/10.1038/s41598-019-47625-3
https://doi.org/10.1038/s41598-019-47625-3
https://doi.org/10.3390/life11090987

Nationally Representative Cross-Sectional Survey,” PLoS One 13, no. 12
(2018): 0208878, https://doi.org/10.1371/journal.pone.0208878.

20. G. E. Clénin, M. Cordes, A. Huber, et al., “Iron Deficiency in Sports—
Definition, Influence on Performance and Therapy,” Schweizerische
Zeitschrift Fur Sportmedizin Und Sporttraumatologie 64, no. 1 (2016):
6-18, https://doi.org/10.4414/smw.2015.14196.

21. H. Zouhal, F. Rhibi, A. Salhi, et al., “The Effects of Exercise Training
on Plasma Volume Variations: A Systematic Review,” International
Journal of Sports Medicine 44, no. 6 (2023): 406-419, https://doi.org/10.
1055/a-1667-6624.

22.]. Turnley, “How Can an Endurance Athlete use it to Obtain Peak
Performance?” Scribd. 2006, accessed December 15, 2023, https://www.
scribd.com/document/335648165/VO2max#sidebar.

23.D. Kamyan, L. Labania, A. Kamyan, M. Rahman, and S. Bagchi,
“Assessment of Cardiorespiratory Endurance in Terms of Physical Fitness
Index and VO2max Among Young Adult Population of United Arab Emi-
rates,” International Medical Journal (1994) 25, no. 04 (2020): 1927-1940.

24. E. S. Kriswanto, J. Sunardi, I. P. T. P. Sari, and F. Suharjana, “Effect
of Physical Activity and Haemoglobin Levels on Cardiorespiration,”
Human Sport Medicine 21, no. 4 (2021): 49-56, https://doi.org/10.14529/
hsm210406.

25. L. Gosdin, K. Tripp, A. B. Mahama, et al., “Predictors of Anaemia
Among Adolescent Schoolchildren of Ghana,” Journal of Nutritional
Science 9 (2020): e43, https://doi.org/10.1017/jns.2020.35.

26. M. A. Tandoh, A. O. Appiah, and A. K. Edusei, “Prevalence of
Anemia and Undernutrition of Adolescent Females in Selected Schools
in Ghana,” Journal of Nutrition and Metabolism 2021 (2021): 1-5,
https://doi.org/10.1155/2021/6684839.

27. WHO, “World Health Organization Reference Curves,” The First
Free and Most Advanced Reference EBook on Childhood and Adoles-
cent Obesity, 1-16 (2014).

28. P. Angel Latorre-Roman, A. Robles-Fuentes, F. Garcia-Pinillos, and
J. Salas-Sanchez, “Reaction Times of Preschool Children on the Ruler
Drop Test: A Cross-Sectional Study With Reference Values,” Perceptual
and Motor Skills 125, no. 5 (2018): 866-878, https://doi.org/10.1177/
0031512518789563.

29.D. T. Mcmaster. Copyright a 2017 National Strength and Con-
ditioning Association 2 (2017), https://doi.org/10.1519/JSC.
0000000000002149.

30. B. Das, “Estimation of Maximum Oxygen Uptake by Evaluating
Cooper 12-min Run Test in Female Students of West Bengal, India,”
Journal of Human Sport and Exercise 8, no. 4 (2013): 1008-1014, https://
doi.org/10.4100/jhse.2013.84.11.

31. L. Gedefaw, M. Tesfaye, T. Yemane, W. Adisu, and Y. Asres,
“Anemia and Iron Deficiency Among School Adolescents: Burden,
Severity, and Determinant Factors in Southwest Ethiopia,” Adolescent
Health, Medicine and Therapeutics 1, (2015): 189, https://doi.org/10.
2147/ahmt.s94865.

32. S. Sundaresan, W. William, A. Prema, and B. Sudhagandhi, “Preva-
lence of Anemia in the School Children of Kattankulathur, Tamil Nadu,
India,” International Journal of Nutrition, Pharmacology, Neurological
Diseases 1, no. 2 (2011): 184, https://doi.org/10.4103/2231-0738.84212.

33. M. A. Wiafe, J. Ayenu, and D. Eli-Cophie, “A Review of the Risk Factors
for Iron Deficiency Anaemia Among Adolescents in Developing Countries,”
Anemia 2023 (2023): 1-11, https://doi.org/10.1155/2023/6406286.

34. United Nations Children's Fund/United Nations University/ WHO:
(WHO/NHD/01.3).Iron Deficiency Anemia. Assessment, Prevention and
Control. A Guide for Program Managers (Geneva, 2001).

35.J. G. A. Moulongo, E. L. S. Massamba, J. M. Moussoki, et al.,
“Haematological Changes of Half-Marathon Runners in the Sub-
Saharan African Environment,” Journal of Biosciences and Medicines 07,
no. 09 (2019): 96-110, https://doi.org/10.4236/jbm.2019.79009.

36. M. Marzban, 1. Nabipour, A. Farhadi, et al., “Association Between
Anemia, Physical Performance and Cognitive Function in Iranian Elderly
People: Evidence From Bushehr Elderly Health (BEH) Program,” BMC
Geriatrics 21, no. 1 (2021): 329, https://doi.org/10.1186/s12877-021-02285-9.

37.R. Green, L. H. Allen, A. L. Bjerke-Monsen, et al., “Vitamin B12
Deficiency,” Nature Reviews Disease Primers 3 (2017): 1-20, https://doi.
0rg/10.1038/nrdp.2017.40.

38. M. Brune, B. Magnusson, H. Persson, and L. Hallberg, “Iron Losses
in Sweat,” The American Journal of Clinical Nutrition 43, no. 3 (1986):
438-443, https://doi.org/10.1093/ajcn/43.3.438.

39. A. S. R. Silva, V. Santhiago, M. Papoti, and C. A. Gobatto, “Hemato-
logical Parameters and Anaerobic Threshold in Brazilian Soccer Players
Throughout a Training Program,” International journal of laboratory
hematology 30, no. 2 (2008): 158-166, https://doi.org/10.1111/j.1751-553X.
2007.00919.x.

40. T. Komatsu, F. Yamasawa, M. Dohi, et al.,, “The Prevalence of
Anemia in Japanese Universiade Athletes, Detected with Longitudinal
Preparticipation Medical Examinations,” Journal of General and Family
Medicine 19, no. 3 (2018): 102-108, https://doi.org/10.1002/jgf2.164.

41. H. Zufrianingrum and Y. Sukarmin. “The Correlation between the
Concentration of Hemoglobin and Vital Lung Capacity With the
Cardio-respiratory Resistance of the Students Who Participated in
Basketball Extracurricular” (2020): 276-280, https://doi.org/10.5220/
0009784702760280.

42.N. A. K. Astuti, F. Faridah, I. Fatimawati, and Y. Kertapati, “Rela-
tionship of Body Mass Index and Haemoglobin with Cardiorespiration
Endurane in Female College Students,” Jurnal Midpro 12, no. 2 (2019):
206, https://doi.org/10.30736/md.v12i2.241.

43.]. Tangkudung, A. Haqiyah, W. Puspitorini, A. W. A. Tangkudung,
and D. N. Riyadi, “The Effect of Body Mass Index and Haemoglobin on
Cardiorespiratory Endurance,” International Journal of Innovation,
Creativity and Change 11, no. 8 (2020): 346-355.

44.J. J. Knapik, L. E. Banderet, J. A. Vogel, M. S. Bahrke, and
J. S. O'connor, “Influence of Age and Physical Training on Measures of
Cardiorespiratory and Muscle Endurance,” European Journal of Applied
Physiology and Occupational Physiology 72, no. 5-6 (1996): 490-495,
https://doi.org/10.1007/BF00242280.

45.S. Sharma, A. Garg, and R. C. Gupta, “A Comparative Study of
Audiovisual Reaction Time in Anemic and Nonanemic Adolescent Girls,”
Journal of Mahatma Gandhi University of Medical Sciences and Technology
4, no. 2 (2020): 40-43, https://doi.org/10.5005/jp-journals-10057-0102.

46. R. K. Jha, S. Thapa, R. Kasti, and O. Nepal, “Influence of Body Mass
Index, Handedness and Gender on Ruler Drop Method Reaction Time
Among Adults,” Journal of Nepal Health Research Council 18, no. 1
(2020): 108-111, https://doi.org/10.33314/jnhrc.v18i1.2545.

47.S. Ando, N. Ogoh, S. Saito, et al. “Cognitive Function Among Young
Women's Football Players in the Summer Heat,” Translational Sports
Medicine, no. 1 (2023): 5516439

48. 1. W. Silverman, “Sex Differences in Simple Visual Reaction Time: A
Historical Meta-Analysis,” Sex Roles 54, no. 1-2 (2006): 57-68, https://
doi.org/10.1007/s11199-006-8869-6.

49. N. Kahlon, A. Gandhi, S. Mondal, and S. Narayan, “Effect of Iron
Deficiency Anemia on Audiovisual Reaction Time in Adolescent Girls,”
Indian Journal of Physiology and Pharmacology 55, no. 1 (2011): 53-59.

50. H. Sachdev, T. Gera, and P. Nestel, “Effect of Iron Supplementation
on Physical Growth in Children: Systematic Review of Randomised
Controlled Trials,” Public Health Nutrition 9, no. 7 (2006): 904-920,
https://doi.org/10.1017/PHN2005918.

51. H. Sasaki, F. Kasagi, M. Yamada, and S. Fujita, “Grip Strength
Predicts Cause-Specific Mortality in Middle-Aged and Elderly Persons,”
The American Journal of Medicine 120, no. 4 (2007): 337-342, https://
doi.org/10.1016/j.amjmed.2006.04.018.

8 of 9

Health Science Reports, 2024


https://doi.org/10.1371/journal.pone.0208878
https://doi.org/10.4414/smw.2015.14196
https://doi.org/10.1055/a-1667-6624
https://doi.org/10.1055/a-1667-6624
https://www.scribd.com/document/335648165/VO2max#sidebar
https://www.scribd.com/document/335648165/VO2max#sidebar
https://doi.org/10.14529/hsm210406
https://doi.org/10.14529/hsm210406
https://doi.org/10.1017/jns.2020.35
https://doi.org/10.1155/2021/6684839
https://doi.org/10.1177/0031512518789563
https://doi.org/10.1177/0031512518789563
https://doi.org/10.1519/JSC.0000000000002149
https://doi.org/10.1519/JSC.0000000000002149
https://doi.org/10.4100/jhse.2013.84.11
https://doi.org/10.4100/jhse.2013.84.11
https://doi.org/10.2147/ahmt.s94865
https://doi.org/10.2147/ahmt.s94865
https://doi.org/10.4103/2231-0738.84212
https://doi.org/10.1155/2023/6406286
https://doi.org/10.4236/jbm.2019.79009
https://doi.org/10.1186/s12877-021-02285-9
https://doi.org/10.1038/nrdp.2017.40
https://doi.org/10.1038/nrdp.2017.40
https://doi.org/10.1093/ajcn/43.3.438
https://doi.org/10.1111/j.1751-553X.2007.00919.x
https://doi.org/10.1111/j.1751-553X.2007.00919.x
https://doi.org/10.1002/jgf2.164
https://doi.org/10.5220/0009784702760280
https://doi.org/10.5220/0009784702760280
https://doi.org/10.30736/md.v12i2.241
https://doi.org/10.1007/BF00242280
https://doi.org/10.5005/jp-journals-10057-0102
https://doi.org/10.33314/jnhrc.v18i1.2545
https://doi.org/10.1007/s11199-006-8869-6
https://doi.org/10.1007/s11199-006-8869-6
https://doi.org/10.1017/PHN2005918
https://doi.org/10.1016/j.amjmed.2006.04.018
https://doi.org/10.1016/j.amjmed.2006.04.018

52.R. Ramirez-Vélez, A. Tordecilla-Sanders, J. E. Correa-Bautista,
M. D. Peterson, and A. Garcia-Hermoso, “Handgrip Strength and Ideal
Cardiovascular Health Among Colombian Children and Adolescents,”
The Journal of Pediatrics 179 (2016): 82-89.e1, https://doi.org/10.1016/j.
jpeds.2016.08.099.

53.R. A. Annan, S. A. Sowah, C. Apprey, et al., “Relationship Between
Breakfast Consumption, BMI Status and Physical Fitness of Ghanaian
School-Aged Children,” BMC Nutrition 6, no. 1 (2020): 19, https://doi.
0rg/10.1186/s40795-020-00344-9.

54. H. C. Roberts, H. J. Denison, H. J. Martin, et al., “A Review of the
Measurement of Grip Strength in Clinical and Epidemiological Studies:
Towards a Standardised Approach,” Age and Ageing 40, no. 4 (2011):
423-429, https://doi.org/10.1093/ageing/afr051.

55.P. H. S. Santos, E. A. Carmo, J. A. O. Carneiro, A. A. Nery, and
C. A. Casotti, “Handgrip Strength: An Effective Screening Instrument
for Anemia in the Elderly Women,” Public Health Nursing 36, no. 2
(2019): 178-183, https://doi.org/10.1111/phn.12579.

56.Y. Gi, B. Jung, K.-W. Kim, J.-H. Cho, and I.-H. Ha, “Low Handgrip
Strength Is Closely Associated With Anemia Among Adults: A Cross-
Sectional Study Using Korea National Health and Nutrition Examina-
tion Survey (Knhanes),” PLoS One 15, no. 3 (2020): €0218058, https://
doi.org/10.1371/journal.pone.0218058.

57. P. Chaudhary, R. Gupta, and R. Verma, “Improvement in Physical
Fitness Index, VO 2 MAX Score and Hemoglobin Level With Diet and
Nutrition Intervention,” Applied Biological Research 21, no. 1 (2019): 41,
https://doi.org/10.5958/0974-4517.2019.00006.5.

58. S. Kalasuramath, C. S. V. Kumar, M. Kumar, V. Ginnavaram, and
D. V. Deshpande, “Impact of Anemia, Iron Deficiency on Physical and
Cardio Respiratory Fitness Among Young Working Women in India,”
Indian Journal of Basic and Applied Medical Research 4, no. 4 (2015):
119-126, http://ijbamr.com/pdf/September.

9 of 9


https://doi.org/10.1016/j.jpeds.2016.08.099
https://doi.org/10.1016/j.jpeds.2016.08.099
https://doi.org/10.1186/s40795-020-00344-9
https://doi.org/10.1186/s40795-020-00344-9
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1111/phn.12579
https://doi.org/10.1371/journal.pone.0218058
https://doi.org/10.1371/journal.pone.0218058
https://doi.org/10.5958/0974-4517.2019.00006.5
http://ijbamr.com/pdf/September

	Anemia Predicts Physical Fitness Among Adolescent Athletes in Ghana
	1 Background
	2 Methods
	2.1 Ethics, Design, and Sample Size
	2.2 Data Collection
	2.3 Anthropometric and Biochemical Assessment
	2.4 Assessment of Physical Fitness
	2.5 Statistical Analysis

	3 Results
	3.1 Anthropometric Characteristics and Anemia Prevalence
	3.2 Fitness, Vitals, and Anthropometrics, of Anemic and Non-Anemic Athletes
	3.3 Maximal Oxygen Uptake Among Adolescent Subgroups
	3.4 Association between Hb and Physical Fitness Variables

	4 Discussion
	5 Conclusion
	6 Limitations
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	Transparency Statement
	References




