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Introduction

Regular physical activity can improve fitness but
strenuous bouts of prolonged exercise and heavy
training are associated with depressed immunity
and increased risk of certain types of infection
such as upper respiratory tract infections (URTI).
The cause of this exercise-induced immune
dysfunction is mostly due to immunosuppressive
actions of stress hormones such as adrenaline
and cortisol. Recent studies have shown that
carbohydrate, protein and certain vitamins and
minerals play a role in maintaining immune
functions (Gleeson et al 2004, Venkartaman and
Pendergast 2002).

Carbohydrate

Adequate carbohydrate helps to improve
exercise performance and prevents immune
dysfunction. Glucose is one of the critical fuels for
immune cells. Recent studies (Mitchell et al
1998, Bishop et al 2001) showed that after
several days of prolonged exercise with low
carbohydrate diet, the levels of stress hormones
(e.g. adrenaline and cortisol) and inflammatory
cytokines (IL-6, IL-ra and IL-10) were markedly
increased. Studies have also stated that the
consumption of carbohydrate (CHO) containing
beverages (30 - 60g CHO/hour) during prolonged
exercise can alleviate some immunosuppressive
effects (Gleeson et al 2004). Therefore, athletes
should have adequate CHO intake before, during
and after exercise. Regular biochemistry
monitoring may indicate whether athletes have
adequate CHO intake in their daily diet. Athletes
with inadequate CHO or excessive protein intake
will have elevated blood urea level.




EHREKESMRERES Guidelines of CHO requirement for athletes

REEMGIRZEY & S/ HESSLTEE multi-days competition, (0 -4 hours) of recovery after

BRER: 2NEERR | {Source: Australian Institute of Sport)
15in BhiLehERENE Situation Recommended CHO Intake
A <60 - 90 minutes/day or 5= 7 g/kg BW/day
i;éggﬁ;ﬂﬁﬁﬁ BREATRESETR | low intensity exercise
SRWNZ105EEH SAEAFEETE0R i i i
/N
6 - 8 hours/day 10 - 12 or above glkg BWiday
SR6ZBE Eiﬁﬂﬁﬂﬁm@zﬁm | Pre-event meal 1-4 glkg BW1 - 4 hours
| befare event
EHAMNNE B Z4)\BERBLAT | During training sessions 60 g/hour
EBEIE4E and competition events
= l >1 hour
sl B L Rapid recovery after 1 - 1.5 gfkg body weight for
HREFIETSRLE - BDRWEDE (04 I training session or every hour in the early stage
R8N BERENE 1-15RREALBASH | eés:qcial!ytfgv:iainifrlg e;a;mis:% gﬁkmr;:#ﬁggtozilmal
EEE@EEIE " 10% I SEession In 50 orb - a ver
<8 hours hours
40 {o] 3488 00 56 2K (& & 40 69 18 R | “BYY= hiody weight
s BRXMNTEER/NEDNABKIESYES | How To Increase CHO Intake
NEY  flw: K- Hi|- B8 - KR | e Include CHO-rich foods such as rice, pasta,
BERERY 2 25 -BH) EBEE | breads, fruitg, starchy vege}ables (yam,
&R - potato, pumpkin) and low fat dairy products in
| every meal and snack.
« EHRE  ERABRKIESHRENIER | s During exercise, have a CHO-based snack
Py gEEEE - BRIEDNG - such as energy bar, carbohydrate gel or
rts drink.
c EBENBNNARKLENEENS | :‘;‘;_s g:o_hf o olai foode such
, : 3 | @ ing rich foods on plain foods such as
0 B Eﬁﬂitﬁ%ﬁﬁ& BRI spreading jam on breads and adding fruits in
AKRETENHKIESHORNE - | yoghurt can increase carbohydrate intake.
s UBRETSENREIRI- | » Please refer to Appendix | and Il for sample
meal plans.
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Protein

Protein plays a crucial role in immunity as many
immune cells, such as immunoglobins, acute
phase protein and cytokines, are made up of
protein. Inadequate protein intake impairs
immunity particularly to the T-cell system,
resulting in increased incidence of infections
(Venkatraman and Pendergast 2002). Athletes
who restrict food intake for weight loss or practice
vegetarianism are at a higher risk of protein
deficiency. Such athletes should regularly
measure blood pre-albumin level to monitor
nutrition status (Reference range: 15— 35mg/dL).
Inflammation and oral contraceptives will lower
pre-albumin level and thus special attention is
required when interpreting the result.

Guidelines of protein requirement for athletes
(Source: Australian Institute of Sport)

Situation Recommended Daily
Protein Intake

Sedentary men and women 0.8 -1.0 glkg BW
Elite male endurance athletes 1.6 glkg BW
Moderate-intensity endurance 1.2 glkg BW
athletest

Recreational endurance athletesf 0.8 -1.0 g/lkg BW
Power sports 1.4-1.7 glkg BW

Resistance athletes (early stage  1.5-1.7 g/lkg BW
training)

Resistance athletes (steady stage 1.0-1.2 g/lkg BW
training)
Female athletes 15% less than male
athletes

1 Exercising 4 — 5 times per week for 45 — 60 minutes
1 Exercising 4 — 5 times per week for 30 minutes at
VO2max <55%
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Vitamins and Minerals

Adequate intake of some micronutrients
including vitamin A, C, E, B6, B12, folic acid
along with zinc, iron, magnesium, manganese,
selenium and copper are essential for normal
immune function (Gleeson et al 2004). In order to
get sufficient vitamins and minerals, athletes
should consume a variety of foods. Athletes, who
are vegetarian or on energy-restricted diet, are at
risk of certain micronutrient deficiencies related
to immunity such as zinc, iron, and vitamin B12.
In this case, supplementation of vitamins and
minerals may be necessary to ensure adequate
nutrient intakes.

Vitamin C

Vitamin C is a water-soluble vitamin and also a
component of white blood cells. A study showed
ultramarathon runners, who took 600mg vitamin
C daily for 3 weeks before the race, reduced the
risk of developing URTI after the race comparing
with the controls (Peters et al 1993). Fruits and
vegetables such as papaya, orange, kiwi fruit
and broccoli are good sources of vitamin C. The
recommended daily intake of vitamin C is 100mg
(China DRI 2000).

Vitamin C Content in Foods (Source: USDA)

Foods Portion Vitamin C content (mg)
Papaya 1 medium 188

Fresh orange juice 1 cup 124
Broccoli, cooked 1 cup 101

Kiwi fruit 1 medium 71

Orange 1 medium 70

Zinc

Zinc is a cofactor of over 200 enzymes and some
of these enzymes play a role in the immune
system. Zinc is lost from urine and sweat and
these losses are increased by exercise. Athletes
should include zinc-rich foods such as shellfish,
red meat, whole grain cereals, dried beans and
nuts in their daily diet. The recommended daily
intake of zinc is 15mg (male) and 11.5mg
(female) (China DRI 2000).
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Zinc Content in Foods (Source: USDA)

Foods Portion  Zinc content (mg)
Beef, cooked 100 gram 53

Peanuts, roasted 100 gram 3.3

Walnuts 100 gram 3.1

Clams, cooked 100 gram 2.7
Breakfastcereals 100gram 03-6.8

Although the evidence of using vitamin C and
zinc supplement to prevent infections is
inconclusive, there are some indications that
vitamin C and zinc can reduce the severity and
duration of infections (McElroy and Miller 2002,
Peters et al 1993). Athletes who wish to use the
supplement should consult with Sport Nutritionist
before use.

Are megadoses of vitamins
and minerals needed for
athletes?

Although inadequate intake of vitamins and
minerals may increase susceptibility to infections,
excessive intake of vitamins and minerals can
impair immune function and have other harmful
effects. For example, a study showed that
athletes supplemented with 600mg vitamin E per
day (China DRI 14mg/day) for 2 months before
an lronman triathlon event resulted in elevated
oxidative stress and inflammatory cytokine
responses compared with placebo (Gleeson et al
2004). Megadoses of vitamin A may also impair
immune function and increase the risk of vitamin
A toxicity (Gleeson et al 2004). Megadoses of
zinc, for example, 300mg per day for 6 weeks
(China Upper Limit 37 — 45mg/day) have
detrimental effects on the immune system
(Venkatraman and Pendergast 2002).
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Monitoring Immune System
Status

Regular blood test can be used to monitor
athlete’s health status and to give an indication of
an individual's susceptibility to infection. There
are some blood parameters that can be used to
monitor an athlete’s immune system status

BPEEMmIR

BRIBR

ERERRECA

» EESEERETR 4.0-11.0KuUL
L

 BBBRRR2NED

SRATERH MR

BHH

» ERRREGIERER 0.5-7.5KuL
BYRAE D) BV —ERIR
 BEQERATDE
HEEMREE LA

o BERELERFRR 1.5-4.9 KL
B

o HEARNE AR

T sl e

s BPHERARRER 0.2-0.8 KL
ENRRARE  BE0E

it

« REFBZWATSIW
EgnRsELCH

« HRSUEFHRE
o BLBWETSIH
ERMBRIELH

¢ ERTSIH LE

BROFRE SalmEEAE

 EXVERZER RRERES

BOATENLEERE A feME1IE

RRRR HEBANHE
BRERRLL
O RIE R
Ak

0-0.4 KL

BBEEERTA

(Gleeson 2006).

Parameters
White blood cells

Neutrophils

Lymphocytes

Monocytes

Eosinophils

Salivary
Immunoglobuling
A (Salivary IgA)

Description Reference range

# Surveying the body for  4.0-11.0 K/uL
infection

» A high level of white blood

cell count represents that

the athlete has not recovered

properly from a training

session or an infection

is present

» Afirst line of defense 0.5-7.5KuL
against invading pathogens
(microorganisms causing

iliness)

s An elevated neutrophil

count is usually indicative

of an acute bacterial infection

» Producing antibodies 1.5-49 KL
against invading pathogens
» Anincreased in lymphocyte

count is usually a sign of infection

» Controlling immune 0.2-0.8 KL
responses and killing

pathogens, including

bacteria and virus

» An elevated monocyte

count tends to be indicative

of a chronic infection

o Involving in reactions ~ 0-0.4 K/uL
to allergies

» An elevated eosinophil

count indicates the presence

of allergic condition

» Defense against Suggest regular
pathogens that cause monitoring of

URTI salivary IgA during
normal and heavy
fraining periods
and to establish
personal ranges
for the assessment
of the risk of URTI.

» A low level of salivary
IgA is associated with
increased risk of URTI
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Conclusion

Numerous studies have shown that adequate
intakes of carbohydrate, protein and certain
vitamins and minerals can maintain normal
immune function. Athletes should include
different types of food in their daily diet to ensure
adequate nutrient intakes. Supplementation is
necessary for athletes who cannot meet nutrient
needs from their diets. However, athletes should
be aware that over-consumption of certain
vitamins and minerals (e.g. vitamin A and zinc)
can be detrimental to the immune system.
Besides adequate nutrient intakes, managing
physical training loads and psychological stress,
maintaining good personal hygiene and ensuring
adequate rest are essential to maintain proper
functioning of the immune system.

Appendix |

Sample meal plan for a 70 kg elite male athlete
(Exercise: 90 — 120 min/day)

Breakfast Afternoon Tea
Skimmed milk 1 cup  Bread 2 slices
Corn flakes 1 cup Jam 1 teaspoon
Bread 1 slice Calcium fortified soy milk 1 cup
Jam 1 teaspoon Dinner

Lunch Rice 3 bowls
Rice 3 bowls Beef 4 0z
Chicken 3.5 oz Vegetable 4 oz
Vegetables 4 oz Fruit juice 1 cup
Banana 1 each Orange 1 each
Fruit juice 2 cups Evening snack

Sweet potato sweet soup 1 bowl

Nutrient analysis Recommended Intake
Energy 3516 kcal
Carbohydrate 593 g 490-700 g

(8.5 g/lkg BW) (7-10 g/kg BW)
Protein 1154 1124

(1.6 g/kg BW) (1.6 g/kg BW)
Fat 7649
Vitamin C 124 mg 100 mg
Zinc 15 mg 15 mg
Calcium 997 mg 800 - 1000mg

14
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Sample meal plan for a 55 kg elite female
athlete (Exercise: 90 — 120 min/day)

Breakfast

Skimmed milk 1 cup
Corn flakes 1%z cups
Bread 1 slice

Jam 1 teaspoon

Afternoon Tea

Cereal bar 1 bar (35 g)
Fruit juice 1 cup
Dinner

Rice 1% bowls

Lunch Beef 3 0z

Rice 1% bowls
Chicken 2 oz
Vegetables 4 oz
Banana 1 each

Vegetable 4 oz
Orange 1 each
Evening snack
Fruit juice 1 cup

Low fat yoghurt 1 tub (150g)

Nutrient analysis
Energy 2408 kcal
Carbohydrate 408g
(7.4 g/lkg BW)
Protein 779
(1.4 g/kg BW)
Fat 52¢g
Vitamin C 124 mg
Zinc 12 mg
Calcium 894 mg

Recommended Intake

385-550¢g

(7 —10 g/kg BW)
774

(1.4 g/kg BW)

100 mg
11.5 mg
800 - 1000 mg
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