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Take-Home Points:
Nutrition plays a vital role in keeping the player healthy, reducing risk for injury, speeding up recovery, and
enhancing training adaptations.
Average energy expenditure during a training day is ~3500-3600 kcal for elite male soccer players and
~2700-2800 kcal for elite female soccer players.
Carbohydrate needs should reflect the work required/demand to produce optimal performance.
Vitamin D and iron are two common nutrients of concern for soccer players.
Studies have shown that most players do not drink sufficiently during a match to optimize hydration,
replacing only ~40% to 45% of their sweat losses. Soccer players can also lose large amounts of sodium:
between 700 and 1500 mg of sodium/L of sweat.
Soccer is the world’s most popular sport. As the sport has grown, so have the physical demands and the search for
ways to edge out the competition with the use of sports science and nutrition. The demands, which include intense
training, ≥90 minutes matches, congested fixtures, and travel, lead to increased energy and nutrient
requirements, stress on the body, and risk of impaired sleep cycles. Identifying key areas to enhance a player’s
performance is an ongoing effort because of individual differences. Moreover, new information is being discovered
via research, and advancing technology to measure performance is always evolving. This article focuses on the
core nutrition principles known to lay the foundation for a better soccer player. These principles are obvious for
some; however, nutrition and hydration are often undervalued, leaving the individual player with the responsibility
to eat right. This review addresses the most applicable nutrition-related recommendations for soccer players.
Technical, tactical, and physical skills are key factors in a soccer player’s performance. However, energy demands
of matches and training sessions require adequate fuel and hydration to maximize those key factors. Athletes may
need to manage carbohydrates, protein, and fat separately to achieve optimal body size and body composition, and
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to maximize performance.
Nutrition plays a vital role in keeping the player healthy, reducing risk of injuries, speeding up recovery, and
enhancing training adaptations. Research has shown what we eat and when we eat can significantly impact
skeletal muscle adaptation, inflammation, immune response, and energy metabolism. These are all essential
nutrition considerations for soccer players.

Energy Metabolism in Soccer
Understanding energy demands will help determine energy requirements: type, amount, and timing of
macronutrients and micronutrients. Soccer utilizes both aerobic and anaerobic energy systems. Soccer is an
intermittent team-based sport; thus, it contains various high-intensity movements, such as sprinting, jumping,
dribbling, and frequent changing of direction performed in between numerous low-intensity slow movements. The
high intense movements collectively account for about 30% of match play, whereas 70% is walking, jogging, and
standing. Although sprinting and jumping are not a large part of the 90 minutes of match play, they have a huge
impact on the outcome of the match. Distance covered in the last 15 minutes of match play decreases by 14% to
45% compared with the first 15 minutes of play.1 Krustrup and colleagues2 found muscles in the quadriceps to be
empty or nearly empty of glycogen (stored carbohydrates) after match play. This phenomenon can help explain a
significant decrease in sprinting, jumping, and intermittent movements toward the end of a match—energy
demands that rely on glycogen as the primary fuel source. Being well-fueled and hydrated and having the ability to
delay fatigue can place a team at a performance advantage.

Energy Expenditure
Beyond training load or match intensity, a soccer player’s body composition, gender, age, and position can affect
energy needs. Position differences in elite soccer players show that the greatest total distance covered is by
central midfielders and wide midfielders (~12 km –13 km), whereas central defenders cover the least area of the
field players (≤~10 km).3,4 The environment can also play a role in energy expenditure. To further understand
calorie needs, total daily energy expenditure in soccer players has been measured using doubly labeled water and
estimated using heart rate, global positioning system, video match analysis, and activity records.5,6 One study
estimated that energy expended during a training day for elite male soccer players is between 3442 kcal and 3824
kcal.6 Another study using doubly labeled water concluded that mean energy expenditure of elite male soccer
players is 3566 kcal over a 7-day period, which included 5 training days and 2 matches.7 In terms of energy
expenditure for elite female soccer players, the mean values for match day, training days, and rest days were
2914, 2783, and 2213 calories, respectively.8

Fueling the Soccer Player
Depending on the match fixture, proper fueling can be a challenge due to the number of matches, travel time, and
limited recovery time. Macronutrients will provide the mainstay of fuel for a player, specifically carbohydrates and
fats. Carbohydrates are the preferred source of fuel for the majority of the calories consumed. Using body weight
(kg) is a more current and accurate method of recommending the amount of each macronutrient an individual
player should eat as compared to using a percentage of total daily calories.
Carbohydrates: 5–10 g/kg/day
Protein: 1.2–2.0 g/kg/day
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Fat: 0.8–1.5 g/kg/day

Carbohydrate and Soccer Performance
Carbohydrates are a limited supply of fuel compared with fat stores. They are an important fuel source for soccer
players, as muscle glycogen is vital to performance during high intense training and match play (Table 1). Yet
current research shows that a high carbohydrate intake is not required to be followed every day due to varied
energy demands.9 This newer strategy is referred to as “training low,” allowing the athlete to train at a lowmoderate intensity in a low glycogen state. The glycogen status of the muscle can alter the training adaptations
through cellular changes in the mitochondria. Therefore, carbohydrate needs should reflect the work required or
demand for optimal performance. However, on high-training load days or 24 hours pre-match, carbohydrate intake
should be increased to maximize muscle glycogen stores. Soccer players need to consume up to 8-10 g/kg body
weight during the 24 hours before a match.10 On low or rest days, carbohydrate intake should be reduced to
reflect the decreased training load. For example, recent research has demonstrated potential training adaptations
when muscle glycogen stores are not consistently high11 or intentionally kept low depending on the training load.
Adjusting carbohydrate intake to the physical demands of an athlete is a strategy called nutrition periodization.
However, if glycogen stores are not well supplied before a match >90 minutes, then the muscles and the brain will
become fatigued and lead to poor performance. Glycogen depletion contributes to fatigue toward the end of a
match.10 In the early 1970s, Saltin and colleagues12 showed that players with high muscle glycogen stores (~400
mmol/kg dry wt) achieve higher movement intensities and cover more total distance than those players who start
the match with low glycogen stores (~200 mmol/kg dry wt). Another study examined pre-match diets of male
soccer players (65% vs 30% daily carbohydrate intake) to determine the effect on performance outcomes and
glycogen concentrations. Results showed high-muscle glycogen concentrations in the 65% carbohydrate diet and a
significantly higher amount of intense exercise bouts. More acutely, studies have shown a meal containing 200 to
300 grams of carbohydrates 2 to 4 hours before exercise prolongs endurance.13-15 Ideally, consuming fast-digesting
carbohydrate sources during or at half time will help maintain blood glucose concentrations and spare muscle
glycogen reserves. The majority of literature shows a 6% to 8% solution of combined fast-digesting carbohydrates
(ie, glucose, fructose, sucrose, or maltodextrin) at a rate of 30 to 60 g/h enhances at least 1 aspect of performance
in soccer.16-18 These performance benefits include increased running time, improved time to fatigue, and enhanced
technical skills. Regarding recovery, soccer players should begin consuming carbohydrate-rich foods and
beverages immediately after exhaustive training or a match to optimize glycogen reloading. Ingesting postexercise carbohydrates stimulates muscle and liver glycogen synthesis up to tenfold compared with post-intake of
no carbohydrates.19 This recovery period becomes vital when there are <8 hours between training sessions or
another match, such as in youth tournaments. The form of carbohydrate, solid or liquid, can be based on
preference and tolerance, as long as the source provides a large glycemic and insulin response.
An easy way to adjust daily carbohydrate intake is to schedule carbohydrate-rich foods at meals or snacks around
important training sessions or before/during/after on match day. Anderson and colleagues10 looked at training
loads for 1, 2, and 3 matches per week, recommending high carbohydrate intake match day minus 1, on match
day, and match day plus 1 for 1 and 2 matches per week and lower carbohydrate intake on the other days. During
a 3-match week, lowering carbohydrates any day of that week is not recommended. More research is needed to
determine the best strategy for performance regarding carbohydrate periodization in soccer.
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Protein and Soccer Performance
Protein is important to soccer players for muscle tissue repair, strength, bone health, and the immune system
(Table 2). The American College of Sports Medicine, the Academy of Nutrition and Dietetics, and the Dietitians of
Canada recommend 1.2 to 2.0 g/kg/day.20 Most soccer players meet the daily protein requirements; however, the
key to optimizing the total daily amount is focusing on the source/amino acid profile, timing, and amount per
feeding. Consuming divided doses of protein (20 g to 40 g) every 3 to 4 hours gives the body a continuous flow of
amino acids to support muscle synthesis and recovery. In terms of body size, the recommendation is 0.25 to 0.4
g/kg every 3 to 4 hours, which includes pre-training/match and post-training/match. Protein/amino acids
consumed around strength training and high-intensity sessions can promote muscle adaptations, minimize tissue
breakdown, and speed recovery. Soccer matches lead to significant muscle damage21 especially at 2 sessions/day
or multiple matches in a week. Protein is not a priority during training or matches, as its role is not to provide
energy, and the primary goal during soccer activities is energy production. Research supports an intake of 30 to
40 g of casein, which is a slow digesting protein, at night before bed when a strength-training session has been
performed that day.22,23

Fat and Soccer Performance
Fat is the primary source of energy at rest and at low-training intensities, such as walking or jogging for soccer
players (Table 3). Besides providing slow, long-lasting energy, fat helps absorb vitamins A, D, E, and K; produce
hormones; protect organs; and support the cell membrane structure. The dietary recommendations of total fat
intake for athletes are similar to or slightly greater than those recommended for non-athletes. The total amount
required depends on the training demands and the players’ goals. The recommended amount of dietary fat is
between 20% and 35% of total daily energy intake.
The key to gaining performance benefits from dietary fat depends on the type of fat selected. Some fats in excess,
such as omega-6 fatty acids and saturated fats, may promote inflammation, hinder recovery, and affect brain
health. Other types can help reduce inflammation, enhance muscle recovery, and improve brain health. These
types include polyunsaturated omega-3 fatty acids, which are essential for the health of the athlete, allowing for a
balanced fatty acid profile.23 Specific omega-3 fatty acids (EPA and DHA) have shown an improvement in the
function of the mitochondria, enhancing energy cell metabolism. They also have potential to be highly antiinflammatory, benefit rehabilitation during soft-tissue injury, and help decrease secondary damage from a
concussion.
In addition, research shows that omega-3 may enhance the energy production of the mitochondria, resulting in
less oxidative damage to the muscle cell.25 More research is needed on the effects of performance on soccer
players. Given the slow digestion and absorption of fats, fat intake must be limited leading up to or during training
sessions or matches, which may risk gastrointestinal issues and displacement of carbohydrates. Low to moderate
monounsaturated and polyunsaturated fats in a recovery meal have not been shown to inhibit muscle glycogen
reloading or muscle protein synthesis.26,27 In regard to fat intake post-match, fat is not a key nutrient of concern
for muscle recovery, as it can be included in the next balanced meal.

Micronutrients, vitamins, and minerals
Exercise stresses many of the metabolic pathways where vitamins and minerals are required. High-level training
demands may also increase the turnover rate of vitamins and minerals. As a result, greater dietary intakes of
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vitamins and minerals may be warranted. Soccer players at the greatest risk for poor vitamin and mineral levels
are those who skip meals, who eliminate ≥1 of the food groups from their diet (such as vegans), or who consume
unbalanced and highly processed foods. In soccer players, the micronutrients of concern include iron and vitamin
D. In young female soccer players, calcium intake must be assessed along with adequate energy intake for optimal
bone density. Vegetarians, vegans, and/or athletes who do not consume meat, eggs, and/or dairy in their diet are
at risk for vitamin B12 deficiency. The key to obtaining all the vitamins and minerals an athlete will need is to eat
a wide variety of nutrient-dense foods.

Iron
Iron deficiency, with or without anemia, may impair muscle function and limit exercise capacity. Adequate iron
intake in athletes with iron deficiencies and/or anemia can improve exercise capacity. Iron depletion is 1 of the
most common nutrient deficiencies observed among endurance athletes. Foot strike hemolysis can destroy red
blood cells during activities such as running. Research has shown that 30% of professional male soccer players
have ferritin levels <30 mcg/L at the end of a soccer season.28 Thus, fatigue and poor recovery time place soccer
players at risk of an iron imbalance.29,30
Landahl and colleagues31 found that iron deficiency and iron deficiency anemia are common in female soccer
players at the elite level. In their study of 28 female national soccer players, 57% had iron deficiency and 29%
presented with iron deficiency anemia 6 months before the FIFA Women's World Cup. Testing hemoglobin alone is
insufficient to detect relative anemia. Regular monitoring of hemoglobin and ferritin concentrations may be
necessary to determine appropriate iron needs.

Vitamin D
Vitamin D is required for optimal bone health, as it helps regulate calcium and phosphorus. Further research
shows a link between vitamin D and non–bone-related functions, such as muscle health, immune support, and antiinflammatory roles, which may be linked to performance. Soccer players with low levels of vitamin D (<30 ng/mL)
may be more at risk for musculoskeletal injuries and stress fractures.34 In other sports, vitamin D may enhance
muscle strength; however, no association between vitamin D and muscle strength has been found in soccer
players.34,35 The geographic location of an athlete seems to be irrelevant to serum levels, as insufficient levels can
be found at various latitudes.34,36-38
Evidence has shown that vitamin D may improve athletic performance in vitamin D-depleted athletes, thereby
improving vertical jumps, lowering risks of muscle injury/strains and stress fractures, and reducing risk of
colds/flu. In 2013, researchers showed for the first time a link between vitamin D and muscle aerobic metabolism
by studying the energy efficiency of the mitochondria.32 Athletes with low vitamin D levels increased their ATP
production within the muscle with vitamin D supplementation over 10 weeks to 12 weeks.33

Calcium
Soccer players present with stronger and denser bones than non-athletes due to running and jumping in their
sport. Weight-bearing sites such as lumbar spine, hip, femoral neck, trochanter, intertrochanteric region, and both
legs are sensitive to the impact of soccer movements.39 Calcium and vitamin D are also important for muscle
contraction.
Given the variation in genetics, sports, and gender, optimal performance requires a healthy eating plan tailored to

www.amjorthopedics.com

Jan 2019

The American Journal of Orthopedics ©

5

the individual athlete. A healthy eating plan allows an athlete to train longer and harder, delay the onset of
fatigue, and speed recovery. Nutrition supports optimal performance through real food, proper hydration, nutrient
timing, and supplementation.

Fluid Requirements for Soccer Players
Many athletes overlook the importance of hydration on performance, either assuming they are hydrated or they
miscalculate fluid and electrolyte needs to actual sweat losses. Numerous factors play a part in optimal hydration
such as sweat rate, environment, training intensity, duration, body size, and body composition. Soccer players
have fewer breaks to consume fluids during a match compared with basketball, baseball, or American football
players. These breaks include a 15-minute half between coming off the pitch to the locker room and back, as well
as time spent with coaches reviewing strategies; this short window of time must be maximized to rehydrate. Fluids
with a carbohydrate concentration of 4% to 8% at 5 to 10 ounces and breaks every 15 to 20 minutes are optimal to
maximize uptake while avoiding gastric intolerance.
Studies have shown that most players do not drink sufficiently during a match to optimize hydration, replacing
only ~40% to 45% of their sweat losses.40, 41 Maughan and colleagues measured high levels of urine osmolality in
some soccer players, thereby indicating that the players started their training session dehydrated.41 Soccer
players must begin training or a match well hydrated due to the limited opportunities after kick-off. The athlete
should drink at least 4 hours prior to exercise; if no urine is produced or urine is dark in color, then the athlete
should drink again 2 hours prior.
Changes in body mass, urine color, and thirst offer clues to the need for rehydration. Advanced hydration
measurement includes testing urine specific gravity (USG) values. For example, testing pre-training or pre-match
can be conducted to determine hydration status and trending changes from day to day. A USG value >1.020 is
considered dehydrated in accordance with the NATA position statement.42 Calculating a sweat rate is a practical
approach to determining individual hydration needs (see Table 4). Sweat rates will vary between soccer players
based on their position and intensity of play, along with total match time.39 Soccer players will lose ~1.5 to 4.5
liters during match play.43-46 In general, athletes, including soccer players, should limit body weight loss to ≤2% to
3% to maintain performance. Studies have shown that >2% body mass loss can hinder soccer-specific
performance, such as dribbling skills and intermittent high intensity sprinting.49-51) Table 5 outlines the
detrimental effects dehydration has on performance. Urine-specific gravity values between 1.021 and 1.030 may
reflect 3% to 5% change in body weight.

Electrolytes
Sodium is the primary electrolyte lost in sweat. Other electrolytes (potassium, magnesium, and calcium) are lost at
much lower levels and typically replaced through diet. Soccer players can lose large amounts of sodium; between
700 and 1500 mg of sodium/L of sweat has been reported in several studies.42-44 Studies of professional male
soccer players have shown potassium losses in the range of 165 mg/L to 234 mg/L.42,51,52 Sodium in a sports drink
or in food aids with water uptake from the intestines and enhances the thirst mechanism in the brain, resulting in
additional fluid being retained in the body.

Rehydration After Training or Competition
Within 2 hours after training or competition, the rehydration strategy should provide water to restore body fluid
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status, carbohydrates to replenish glycogen (fuel) stores, and electrolytes to speed rehydration (Table 6). The
volume of fluids and type of fluids over the next 24 hours dictate the hydration status prior to the next day’s
training session. It is a continuous cycle. Over time, an athlete increases the risk of being in a chronic dehydrated
state, resulting in lack of motivation, risk of injury, and illness, fatigue, and poor performance. The current
recommendation is to drink ~50% more in volume than the amount of weight lost, such as 22 to 24 ounces/pound
lost.52

Key Info
Figures/Tables
Figures / Tables:
Table 1. Carbohydrates
Timing

Amount

Daily

5–7 g/kg/day

Pre-Training/Match
3-4 h
<1h

1–4 gm/kg
~30 g

Adjust to players’ tolerance, preferences and
training load.

0–30 g/h
30–60 g/h
Balance meal
1.0–1.2 g/kg/h,
ASAP.

Light training session
High training session

7–10 g/kg/d

Adjust to players’ tolerance, preferences.

30–60 g/h
1.0–1.2 g/kg/h

High glycemic carbohydrates
High glycemic carbohydrates

During Training
Recovery/After Training
Match day -1, match day, match
day +1
During/half time
Recovery/after match

Table 2. Protein
Timing

Amount

Daily

1.2–2.0 g/kg

20–40 g or 0.25–0.40
Pre-training/match;
g/kg
1–4 h
During training/match None needed
Recovery/after training 20–40 g
Night-time feeding

www.amjorthopedics.com

20–40 g

Application
Low–moderate training load. Match amount
to training session intensity.
Adjust to individual goals; body composition,
metabolic adaptations.

Light training: < 2 h
Heavy training/2 sessions/day

Application
High quality sources; chicken, lean meats, fish,
seafood, eggs, dairy, beans, soy
Meal/snack
If training session <3 h
<30–60 min, whey, casein/whey, pea, soy protein
Casein (slow-absorbing protein), strength training
days
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Table 3. Fat
Timing

Amount

Daily

0.8–1.5 g/kg

Application
Include well balanced meals, primarily polyunsaturated and
monounsaturated fats.

Pre-Training/Match;
~10–30 g/meal Limit amount. Avoid digestion and gastrointestinal issues.
1–4 h
During Training/Match None needed Risk of gastrointestinal intolerances.
Include well-balanced meals, primarily polyunsaturated and
Recovery/After Training ~10–30 g
monounsaturated fats.

Table 4. Sweat Rate Calculation Steps
1. Release bladder/bowels, if needed.
2. Obtain pre-weight. Weigh with minimal clothing.
3. Start exercise. Record duration, intensity, weather and measure fluids consumed.
4. End exercise. Wipe/towel dry sweat off skin. Remove any clothing saturated in sweat.
5. Obtain post-weight.
6. Add weight of fluid consumed (ie, water and sports drinks) in ounces to weight lost.
7. Divide the total sweat loss by the duration of exercise to provide an estimation of the rate of sweat
loss.

Table 5. Performance Outcomes at Various Dehydration Levels
• Heart rate increases 3 to 5 beats/minute for every 1% of body weight lost.
• Core body temperature during exercise rises an additional 0.25°F to 0.40°F for every 1% of body
weight lost.
• Maximal aerobic power usually decreases with >3% of body weight lost.
• Gastric emptying slows at ≥4% of dehydration, leading to gastrointestinal upset.
• Muscle strength generally declines ≥5% of dehydration.

Table 6. Hydration
Timing
Daily
Pre-training/match;
4h
2h
10–15 min

www.amjorthopedics.com

Amount
Application
3.7 L adult males
2.7 L adult females Monitor urine color.
+ sweat rate
Monitor urine production and color
16 oz or 5–7 mL/kg
Fluids (carbohydrates, moderate protein, low
16 oz or 3–5 mL/kg
fat): milk, 100% juice, sports drink.
8 oz
Sodium (450-1150 mg/L)
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During training/match
<1h
>1h

Recovery/after training
(immediately up to 6 h post to
replace 150% of fluids lost)

Every 15–20 min. *Dependent on sweat rate.
Sports drink (9-19 g
13–28 oz/h (400- Carbohydrate/8 oz)
800 mL)*
Sodium (~500-1000
mg/L)*
Potassium (80–200 mg/L)
Water + food (carbohydrates/electrolytes)
or
Sports drink
22–24 oz/1 lb body
• Sodium (~500–1000
weight lost
mg/L)
• Potassium (80–200 mg/L)
• Protein 10–25 g
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