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ABSTRACT

Background:

Compromised micronutrient or energy intake can influence body
composition which could affect aerobic endurance of athletes potentially
resulting in poor performance.

Objective:

To study the nutritional status, nutritional intake and aerobic endurance,
and to identify potential associations between these parameters in Sri
Lankan professional female hockey players.

Method:

Professional, female hockey players (n=31) were recruited exclusively
from professional clubs and the national team. Pretested questionnaires
were administered to assess sport specific data and dietary intake. BMI,
haemoglobin, serum ferritin and aerobic endurance were assessed.

Results:

Total energy intake from the diet was less than the individual specific
requirement in 52%. Less diversity in carbohydrate intake observed
(approximately 1/3 of total energy intake and 1/2 of the carbohydrates, is
from rice). Twenty nine per cent were Underweight (BMI<18.5 kg/m?).
Over half the players were anaemic (Hb<120 g/L) and 25% were iron
deficient (ferritin<15.00 pg/L). Dietary intake of iron was less than the
Recommended Dietary Allowance (<18 mg/day) in 90%. Mean aerobic
endurance (27.98+6.90 mL/min/kg) (maximal oxygen uptake, VO, max)
was very low. A moderate negative correlation (r=-0.672) (P<0.01) for
BMI and a moderate positive correlation (r=+0.538) (P<0.01) for energy
balance were observed for VO, Max.

Conclusions:

Inadequate and less diverse dietary intakes, low BMI and iron
deficiency were observed in this cohort of professional hockey players.
Observed low aerobic endurance levels in these athletes is a concern for
performance and the nutritional factors that coexist may have played a
part. Education on the concept of optimum nutrition for performance in
these individuals is warranted.

Background

Studies covering professional Sri Lankan athletes
are sparse, especially hockey players. The present

Baseline analysis and interventions in nutrition
are potential key contributing factors in improving
sports performance through its contribution to the
improvement of body mass, body composition,
nutritional intake and aerobic capacity[1, 2].

study should contribute in devising performance
enhancing protocols in the future for hockey players
in Sri Lanka.

Chronic inadequate energy intake can result in loss of
body mass, loss of muscle mass, loss/ failure to gain
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bone density, increased risk of fatigue and injury,
prolonged recovery periods from sporting activity,
menstrual dysfunction, increased risk of illness[2].
Generally female athletes have shown lesser energy
intakes than the specific requirements compared to
male athletes[3]. A physically active female, aged
19-30, requires an energy intake of approximately
10048 kJ/day[4]. Carbohydrates 55-67%, lipids 20-
35% and proteins 10-13% of daily energy intake in
general is recommended for athletes with a higher
end carbohydrate intake for endurance sports such
as hockey[2]. Body mass index (BMI) provides
a good indicator of chronic energy deficiency.
Chronic malnutrition with inadequate macro and
micro nutrients and a negative energy balance
results in weight loss[5]. Individuals with a BMI
below 18.5 kg/m? are considered underweight and
malnourished[6].

A deficit in prolonged, overall energy intake due
to low consumption of food, micronutrient intake
could be compromised and could lead to iron
deficiency in athletes[7]. Recommended dietary
allowance (RDA) for iron is 18 mg/day for pre-
menopausal women[8]. An increment of 30-70%
of daily iron intakes for endurance athletes is
recommended, especially for female athletes[9].
Physically active females are found to be more
susceptible to iron deficiency compared to males
and sedentary females. The main contributors to
iron deficiency in females are iron loss via menstrual
blood and inadequate dietary iron intake[10]. The
recommended haemoglobin concentration for adult
females is >120 g/L and, lesser values are indicative
of anaemia[11]. A serum ferritin concentration <15
pg/L indicates iron deficiency in adult females and
persistent iron deficiency leads to iron deficiency
anaemia, most prevalent form of anaemia
worldwide[10, 11]. In early iron deficiency energy
generating metabolic pathways could be interrupted
as iron has a vital role as enzyme co-factors,
reducing the rate of oxygen consumption and
reducing aerobic capacity[12]. Further progression
of iron deficiency leads to anaemia, reducing
oxygen transportation capacity, further reducing the
rate of oxygen consumption and reducing aerobic
capacity[13]. Maximum aerobic capacity is the
maximum amount of oxygen the body can utilize
within a unit time per kilogram of body weight (VO,
max). This defines an upper limit to the maximum
work rate that can be sustained aerobically[14].
Hockey is considered to be a physiologically highly
demanding sport with frequent intermittent efforts
requiring rapid recovery, making aerobic fitness
essential in maintaining sports performance[15].
Maximum aerobic capacity of competitive female
hockey players are generally observed to be in the
range between 45-59 mL/min/kg[1].

Objectives

To study the nutritional status, nutritional intake
and aerobic endurance, and to identify potential
associations between these parameters in Sri Lankan
professional female hockey players.
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Methods
Subjects

Across sectional study was conducted in a purposive
sample of volunteered female field hockey players
(n=31). All volunteers were contracted athletes
from Sri Lankan armed forces, encamped in
Central Province and Western Province. This was
a sub group of a total of approximately 50 female
field hockey players at professional level in Sri
Lanka, engaged full-time in hockey without any
additional duties. Participants regularly engaged in
practice sessions for approximately 2 times a day,
6 days per week as well as in regular competitions.
Subjects were aged between 18-32 years, presently
competing at international level and/or national
level. Recruitment of subjects took place during
a non-vacation period to ensure the participants
involvement in regular training and competition.
Subjects with major illnesses or major injuries within
a year of the time of recruitment were excluded.
Ethical clearance for the study was obtained from
the Ethics Review Committee, Faculty of Medicine,
University of Colombo. Prior, informed written
consent was obtained from all the participants.

Data collection was done on reserved dates where
the participants were not involved in any form of
training or competition. Height and weight of the
participants were initially measured using standard
protocol. A blood sample was collected from each
participant following standard aseptic procedure.
One hour post blood collection, participants were
subjected to a 20 meter shuttle run test (beep
test) as a proxy for measuring VO, max. General
information, sport related information, general
health related information was obtained using
a pre tested interviewer administered general
questionnaire. Data on dietary intakes were obtained
using an interviewer administered 24 hour dietary
recall questionnaire. Laboratory analysis of the
blood samples was carried out at the Department
of Biochemistry and Molecular Biology, Faculty of
Medicine, University of Colombo.

Blood sample collection and analysis

Blood samples were obtained between 8.00-10.00
am from the median cubital vein, using a 21 gauge
syringe. Use of tourniquet was kept to a minimum
in order to reduce haemolysis. Required volumes of
blood were dispensed into EDTA tubes and serum
separation tubes. The samples were immediately
stored at 4°C temporarily and transported. On the
same day, haemoglobin was spectrophotometrically
analyzed (UV-1601, Shimadzu, Japan) using
Cyanmethemoglobin method [16]. Serum was
aliquoted and stored at -20°C for laboratory analysis.
Within a period of two weeks from the date of
sample collection serum ferritin was analysed using
an ELISA kit (Diagnostic automation, USA) and
a microtiter plate reader (Multiskan EX, Thermo,
USA).
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Anthropometric measurements and calculating
specific energy requirements

Height and weight (Seca, Germany) of each
participant were measured using standard protocol,
in their regular training attire, without shoes,
protective gear and hair accessories. Body mass
index (BMI) was calculated.

Anthropometric data was used to calculate
individual specific energy requirements using the
modified Harris-Benedict equation[17].

VO, max assessment

Twenty meter shuttle run test (beep test) was carried
out. A standard regression equation was used to
indirectly calculate VO, max (maximum aerobic
capacity)[18]. The test was carried out between
9.00-11.00 am, in batches of 7-10 participants
each. An even, outdoor, grass covered surface with
moderate to low sunlight was used for the test.

Questionnaires

General information regarding, time commitment to
hockey, recent injuries and illnesses, recent history
of dietary supplementation and medications were
obtained from each participant through a pre-tested
interviewer administered, questionnaire.

Information regarding the types and quantities of
food consumed and dietary supplementation were
obtained through an interviewer administered,
24-hour dietary recall questionnaire. Obtained
information was carefully scrutinized with the
participants to identify deviations in the recorded
data from the regular consumptions and was adjusted
accordingly. In order of priority information on food
packages, standard food composition tables issued
by World Health Foundation of Sri Lanka and
National Nutrient Database for Standard Reference,
USA were used to identify nutritional composition
[19, 20]. Accordingly total daily energy intakes,
energy intakes from each type of macronutrient and
daily intakes of iron were calculated.

Statistical analysis

Data were analysed using the Statistical Package
for Social Sciences (SPSS) software (version
20.0). Anthropometric data, iron status and dietary
intakes were categorized based on American
Dietetic Association, Institute of Medicine (USA)
and World Health Organization recommendations/
cut-off values. Normality of data distributions was
assessed using the Shapiro-Wilks test. Independent
sample t-test was used to analyse significant
differences between groups (underweight vs normal
weight, inadequate micronutrient status vs adequate
micronutrient status, inadequate energy consumers
vs adequate energy consumers, national level
players vs international level players, differences
according to playing positions). Bivariate analysis
using Pearson and Spearman co-efficients were used
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to analyse correlations between variables (BMI,
iron status, VO, max, dietary intakes).

Results
Energy intake and BMI

A mean energy intake of 9585+2085 kJ/day was
observed in the participants. When individually
calculated, a mean energy requirement of 9277+572
kJ/day was observed. A majority of 52% of the
participants had energy intake values lesser than
the individual specific daily requirement (negative
energy balance).

A considerable amount of rice consumption
was observed among the participants (average
of 242+100 g/day raw weight). On average,
approximately 1/3 of total energy intake and almost
1/2 of the carbohydrate requirement was obtained
from rice (Table 1).

Table 1. Major contributors in total daily energy
intakes of participants.

Mean % of
Number of Estimated Estimated food

participants  mean mean  contribution
consumed daily energy to total
the food (n)  intake energy
intake
Rice 31 242+10g 3507+1448 36+15%
kJ
Dhal 28 56+32g 785+107 8+1%
kJ
Chickpea 4 60+23g 9041347  9+3%
kJ

The mean BMI of participants was 20.3+3.1 kg/m?.
One third of participants (29%) were underweight
(<18.5 kg/m?). Two were severely underweight
(<16.00 kg/m?) and further three were moderately
underweight (16.00 - 16.99 kg/m2).

No significant difference in energy intake was
observed (P=.52) between the underweight
individuals (9963+1649 kJ/day) and individuals with
>18.5 kg/m? BMI (9422+2218 kJ/day). Comparison
between individuals with a positive energy balance
and negative energy balance, significant differences
could not be observed in haemoglobin (122.47+9.85
g/L against 116.31+9.03 g/L) (P=.08) and ferritin
(31.33£22.22 g/l against 31.31420.29 pg/L)
(P=.99).

Iron status and iron intake

More than half the study population (55%) had
low haemoglobin (<120 g/L). This included five
who were moderately anaemic (80.00-109.99 g/L).
A quarter of participants (26%, n=08) had serum
ferritin levels below the cut-off value (<15.00 pg/L).
No significant difference was observed (P=.93)
between the serum ferritin concentrations of anaemic
individuals (Hb <120 g/L) (29.78+19.54 nug/L) and
non-anaemic individuals (33.46+£23.26 ng/L). A
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significantly lower (P=.03) BMI (18.64+1.80 kg/m?)
was observed in individuals with depleted serum
ferritin (<15.00 pg/L) compared to the individuals
with adequate serum ferritin concentrations
(20.84+3.29 kg/m?).

Iron intakes of 11.34+3.99 mg/day, range 2.80-
19.50 mg/day was observed in the participants. A
considerable number of participants (90%) had
inadequate iron intakes (<18 mg/day) (Figure 1).
An aggregate of 79% of total iron intakes of the
cohort were recorded from plant based sources,
12% animal sources and 9% fortified food. No
significant difference was observed between the
daily iron intake of individuals with positive calorie
balance (12.1+3.8 mg/day) and negative calorie
balance (10.6+4.1 mg/day) (P=.32), anaemic
individuals (11.7+3.9 mg/day) and non-anaemic
individuals (10.8+4.2 mg/day) (P=.62), individuals
with adequate serum ferritin (11.9+3.9 mg/day) and
inadequate serum ferritin (9.8+4.3 mg/day) (P=.22).

Figure 1. Daily iron intake of participants.
Recommended dietary allowance (RDA) for iron
is 18 mg per day for pre-menopausal women [8].
An increment of 30-70% of daily iron intakes for
endurance athletes is recommended, especially
for female athletes [9]
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Aerobic endurance

A mean VO, max value of 27.98+6.90 mL/min/kg
and a range of 15.97-41.79 mL/min/kg was observed
in the participants. All individuals have shown lesser
VO, max values compared to generally observed
values in female hockey players (45-59 mL/min/kg).

No significant difference was observed (P=.99)
between the VO, max values of non-anaemic
(28.00£6.94 mL/min/kg) and anaemic (27.96+7.07
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mL/min/kg) individuals. With VO, max, a moderate
negative correlation (r=-0.672) (P<.001) for BMI
(Figure 2) and a moderate positive correlation
(r=10.538) (P<.002) for energy balance (deficit/
surplus) was observed (Figure 3).

Figure 2. Moderate negative correlation observed
between BMI and aerobic capacity (VO, max) (r=-
0.672) (P<.001).
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Figure 3. Moderate positive correlation observed
between energy balance and aerobic capacity
(VO, max) (r=+0.538) (P=002).
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Playing positions and playing level related results

The study in total consisted of n=20 international
level and n=11 national level players. Based on the
primary playing positions 15 were attackers, nine
were midfielders, four were defenders, and three
were goal keepers. No significant difference was
observed between the international level players
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and the national level players regarding VO, max
values and tested nutritional parameters. Goal
keepers have shown significantly lower (P<.003)
VO, max values (17.35+1.47 mL/min/kg) compared
to outfield players (29.12+6.23 mL/min/kg). Goal
keepers have shown a significantly higher BMI
(25.21+2.51 kg/m?) compared to midfielders (18.56
+2.55 kg/m?) (P<.003) and forwards (20.21+1.47
kg/m?) (P<.004).

Discussion

Low energy intake, lack of dietary diversity and
low body mass index

During the study period, dietary intakes of the
athletes were not monitored and no specialized
dietary protocols were in place. With an estimated
energy expenditure of 35.6-50.2 klJ/minute, field
hockey is considered as a ‘heavy exercise’ sport
having high energy requirements [1]. A constant
training schedule of two training sessions per day,
5-6 days per week as reported by the participants
puts a considerable energy requirement on the
athletes. Overall, low daily energy intake observed
in majority of the participants (52%) is a major
concern.

Adiversified, high carbohydrate dietis recommended
for endurance in athletes to fulfil the extra
carbohydrate and micronutrient requirements[21].
Considering the tendency demonstrated in the
study, participants to depend mostly on a food
source such as rice to fulfil a larger quota of their
energy requirement (approximately 1/3 of total
energy intake) and carbohydrate requirements
(approximately 1/2 of carbohydrate intake) there is
lack of dietary diversification, which might lead to
poor nutrition related outcomes concerning the long
term health of these athletes.

A low BMI is generally associated with chronic
malnutrition, anaemia and poor musculoskeletal
status[22]. However, the present study failed to
show a positive association between energy intake
and BMI. The single 24-hour dietary recall may not
have reflected the deficits in long term dietary habits
ofindividuals. However, as iron deficient individuals
have shown significantly lower BMI values than
non-iron deficient individuals, indicating the
presence of chronic malnutrition and its potential
association with compromised micronutrient status.
Recent changes to dietary habits might not have
been reflected in the study as energy balance did
not associate with BMI and iron status. The higher
prevalence of low energy intake and low BMI in the
same population is an important factor to note.

Steps should be taken to increase energy intake
and increase dietary diversity. The dependence on
a single 24-hour dietary assessment protocol which
is sensitive to daily dietary intake variations is a
limitation of the present study. A long term dietary
assessment is required to assess the dietary habits of
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the cohort which is likely to produce more accurate
and reliable results. Further measures should be taken
to monitor players’ body weight, body composition
throughout the season and off-season period in order
to identify the requirement of interventions.

Low iron status and low iron intake

Anaemiawas prevalentin more than half of the cohort
and an even greater number of participants could
be at risk of inadequate iron status. The standard
WHO cut-off value for haemoglobin (120 g/L for
adult females) is for non-athletic populations. There
could be an increased requirement of haemoglobin
in the participants due to increased physical activity.
Studies have shown an increment in haemoglobin
values of non-anaemic and mildly anaemic
athletes following iron supplementation[23, 24].
It is important to take adequate measures aimed at
reducing anaemia in athletes, especially in those
from developing countries such as Sri Lanka.

Reduced iron stores assessed through low serum
ferritin levels (<15.00 pg/L) indicate early stages of
iron deficiency. Iron deficiency is prevalent in the
cohort with >20% individuals having low serum
ferritin[11]. In athletes, some studies have shown
positive associations with improved performance
outcomes and improvements in iron status following
iron supplementation, using higher serum ferritin
cut-off values (up to 20 pg/L) suggesting the use of
a higher cut-off value for athletes[10, 25].

Absence of an association was observed between
anaemia (Hb<120 g/L) and depleted iron stores
(ferritin<15.00 pg/L). This suggests the presence
of other micronutrient deficiencies (folic acid and
vitamin A) apart from iron deficiency, impairing
haemoglobin synthesis and should be investigated
further[26]. Serum ferritin levels could be
elevated due to exercise induced inflammation and
infection[10, 11]. However, at the time of the study
no athlete reported having illnesses either during or
in the past two weeks, reducing this possibility. In
order to obtain a more accurate assessment of iron
stores it is recommended to assess other markers
such as soluble transferrin receptor levels, C-reactive
protein coupled with serum ferritin[27].

Overall, majority of the participants (90%) had
inadequate iron intakes (<18 mg/day) and a large
proportion of iron intakes were from plant based
sources (79%)[8]. Anti-nutritional factors such
as phytates, tannins and polyphenols present in
plants are known to reduce iron bioavailability,
reducing iron absorption[28]. It is likely that the
iron requirement of most of the individuals was
not met by dietary sources and none were on
iron supplementation. Increasing the dietary iron
intake, addressing bioavailability and including
supplementation can be recommended for this
population.

No associations were observed between iron intakes,
iron status and aerobic endurance. Markers used for
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assessment of iron status were haemoglobin and
serum ferritin. The first can be reduced by other
micronutrient deficiencies[26] and serum ferritin
can be elevated due to infection and exercise
induced inflammation[10, 11]. Single 24 hour
dietary recall may not have reflected the long term
iron intakes. These factors might have affected the
establishment of associations between iron intakes,
iron status and aerobic endurance in the present
study. Maintaining proper iron status is in itself an
important factor from an athlete’s perspective for
proper functionality of energy generating metabolic
pathways and the transportation of oxygen to the
working compartments of the body[10, 11]. Low
iron intake and poor iron status with prevalent
anaemia and iron deficiency in the same population
is noteworthy.

Low aerobic endurance

At the time of the study a properly regulated training
regime to improve physical attributes of the athletes
wasnotinplace. Giventhe average maximumaerobic
capacity of competitive female hockey players
to range approximately between 45-59 mL/min/
kg of oxygen, VO, max values shown in the study
(27.98+6.90 mL/min/kg) points towards a major
deficit in aerobic capacity of Sri Lankan, female
field hockey players[1]. Despite not observing direct
associations in the present study due to potential
confounding factors, the prevalence of poor iron
intakes, iron status and aerobic endurance in the
same population is noteworthy. This is suggestive of
presence of poor nutritional status and poor aerobic
capacity which can lead to poor performance in
sports. With VO, max, the positive correlation of
energy balance and negative correlation of BMI are
suggestive of the importance of maintaining daily
energy balance and body composition. Past studies
have shown positive associations between fat free
mass and aerobic capacity[29]. Further studies
should be carried out in investigating the effect
of energy balance, BMI and body composition on
aerobic capacity for the specific population and to
implement programs aimed at improving aerobic
endurance of the participants.

Indiscriminate features between national level
and international level players

No specialized long term training or nutritional
programs for players competing at international
level were observed to be present at the time of study.
Lack of significantly higher aerobic endurance and
nutritional parameters in international level athletes
emphasize the requirement for implementing
specialized programs for such athletes competing at
higher competitive levels.

Significant differences were observed in BMI and
aerobic capacities of groups of participants playing
at different positions (goal keepers from outfield
players). This should be investigated further with
relevance to their different on-field requirements.
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Conclusion

This study identifies deficits in energy intakes, body
weight, iron intake and iron status; a collective
influence of such factors may have led to very
low aerobic endurance levels in the participants.
Regularly  monitored, individualized dietary
and training programs must be prioritized for
professional athletes in developing countries aimed
at improving nutritional status, body mass and body
composition.
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