J. Swimming Research, Vol. 23:1 (2015)

Evidence-based recommendations for maximizing
competitive swimming performance

Timothy Richmond?1, Jackie Buell®, Sheryl Pfeilc, and Michael W. Crowderd

aThe Ohio State University College of Medicine, Columbus, OH 43210, USA.

bSchool of Health and Rehabilitation Sciences, Division of Health Sciences and
Medical Dietetics SHPI, OSU Sports Medicine, The Ohio State University, Columbus,
OH 43210, USA

cDepartment of Internal Medicine, Division of Gastroenterology, Hepatology and
Nutrition, The Ohio State University Wexner Medical Center, Columbus, OH 43210,
USA

dDepartment of Chemistry and Biochemistry, Miami University, Oxford, OH 45056,
USA

Abstract

The current dogma of swimming training programs promotes high-distance, high-
volume workouts requiring a considerable time investment and high risk of injury to
swimmers striving to achieve elite level swimming performance. In this paper, the
current literature in exercise physiology, swimming performance, and nutrition is
reviewed in order to provide evidence-based training guidelines to maximize
performance and minimize risk of overuse injury. Suggested practices for day-of-
competition exercise and nutrition are also offered. This work aims to provide training
recommendations for coaches and swimmers, and to aid the work of physicians and
dietitians involved in the care of swimmers. Narrative review encompassing studies
done on the topic of elite swimmers and performance, metabolism, nutrition, stroke
technique, tapering, and injury. Studies done in athletes of other sports regarding
muscle metabolism and nutrition are also taken into consideration, as necessary, when
there is a paucity of work in swimmers. This evidence-based approach to swimming
training challenges current popular coaching principles, i.e. long-distance workouts,
by offering a more focused and individualized training regimen that may improve
performance and decrease workout-related injury risk. Specifically, inclusion of high-
intensity training, stroke technique improvement, limited total distance and water
time spent per week, optimized nutrition, strategic tapering, and a personalized day-
of-event warm-up routine appear to be key factors for success in a swimming
competition. Specific guidelines in each of these areas are reviewed or synthesized, and
means of implementation are suggested. This multidisciplinary approach to swimming
training that optimizes each stage of training and competition will likely improve the
performance of many competitive swimmers.

Introduction

Swimming is a sport with worldwide participation, as evidenced by the 2012
Olympic Games which included seventeen pool events for both men and women. In
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the United States alone, there are over 2,800 clubs and 300,000 members associated
with USA Swimming, 2.5 million summer league swimmers, hundreds of programs
registered with the Young Men’s Christian Association (YMCA), scores of swimming
programs under the National Collegiate Athletic Association (NCAA), and many
more affiliated with high school, National Association of Intercollegiate Athletics
(NAIA) and Masters Swimming programs.(49) Compared with other sports,
swimming is distinguished primarily by its simultaneous use of upper and lower
extremities in a high-resistance, high-pressure aquatic environment, with
respiratory timing determined by water immersion.(3) Many swimming programs,
including club, collegiate, and professional organizations, use a training regimen
largely involving high-volume, aerobic exercise. This training strategy is especially
used by elite swimmers, who frequently participate in multiple high-volume
training sessions per day.(27) Although it is deeply ingrained in swimming culture,
some data questions the efficacy of extra long-distance workouts for the majority of
swimmers. It is logical to assume that training programs which focus on long-
distance training would be beneficial for swimmers who specialize in longer events;
however, the utility of distance training in preparing for short sprint events is less
clear. In addition, time restraints and exercise-related injury may prevent swimmers
from being able to follow the training regimens of the most elite athletes. Thus, a
training regimen which maximizes results while reducing time requirements and
risk of injury could be useful for many competitive swimmers.

In this work, we briefly review muscle physiology with special attention paid to the
role of muscle metabolism in sprint versus long-distance events and muscle
response to training. We then discuss current findings regarding the prevalence and
risk factors for overuse injury in competitive swimmers. Finally, recommendations
are offered for training strategies, optimizing nutrition, design of taper periods, and
day-of-competition practices. Based on available evidence and guidelines published
by others, we describe a training strategy which can be adapted to fit the needs of
individual competitive swimmers and which may help maximize swimming
performance.

The role of muscle fiber structure and metabolism in performance

Conditioning induces changes in muscle fiber structure and metabolism

Muscles are comprised of different fiber types with unique properties that
determine the nature of the work the muscle can perform. Muscles can be described
in terms of the muscle fiber type, twitch speed or force, and biochemical abilities
such as oxidative or glycolytic.(39) In general, it is easiest to consider Type I fibers
as small, slow-twitch fibers that are able to sustain aerobic work (long duration)
through their high oxidative enzyme capacity. Well-trained Type I fibers provide the
distance swimmer the desired endurance at a higher intensity due to the metabolic
and circulatory training advantages. The fast-twitch or Type IIX fiber type is much
larger and more powerful in anaerobic work but also fatigues quickly because it
relies primarily on muscle glycogen stores. Type IIX fibers allow high intensity
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sprint performance over shorter distances. The remaining intermediate fibers (Type
[IA) have aerobic and anaerobic metabolic traits and are useful in both sprinting and
endurance activities, but they make a lesser contribution than the highly specialized
fiber types above. Through specialized training, the relative amount of each of these
fiber types can be changed to suit the needs of an individual athlete’s primary event.
(39, 53) For example, a training program involving short bouts of maximal energy
expenditure with extended recovery periods, known as High Intensity Training
(HIT), can increase the relative amounts of Type IIA and IIX fibers and increase
oxidative enzyme levels.(23) A study in untrained individuals showed that six
sessions of HIT correlated with significant improvement in overall exercise
performance and levels of the aerobic metabolism marker cytochrome C in the
muscle.(25) Modified HIT involving slightly decreased intensity, longer exertion
period, and shorter recovery period has also been shown to cause significant
changes in mitochondrial oxidative enzymes and improve exercise
performance.(31) These data suggest that sprint athletes may require a very
different training volume and intensity compared to endurance athletes.

Contributions of anaerobic and aerobic metabolism during exercise

Anaerobic training involves exercise performed at intensities which are above
VO2max-(23) A series of studies in track athletes running varying distances revealed
that the relative contribution of aerobic and anaerobic metabolism in muscle is
dynamic, with a strong dependence on duration of exertion.(15-17) It was found
that muscle energy expenditure during very short sprints is dominated by anaerobic
metabolism but is not exclusively anaerobic, and vice-versa. The contributions of
anaerobic and aerobic metabolism become equal at approximately 75 s of near-
maximal effort in runners.(20) This correlates with the amount of time required to
complete approximately 600 m of near-maximal running,(28) or approximately 150
m of freestyle swimming in world-class swimmers assuming an average velocity of
2.0 ms1 over this distance.(38) Thus, over the same time period, accomplished
runners and world-class swimmers appear to cover distance at a ratio of 4:1. We
propose that it is reasonable to compare metabolic data between the two sports,
provided that this distance conversion is performed. As an example, data from track
athletes running 200 m and 400 m allow estimation of anaerobic contribution
during the 50 m and 100 m freestyle events of approximately 72% and 59%,
respectively, in males and 67% and 55%, respectively, in females (Figure 1).

A study of the energy contribution in swimmers during exercise found that after a
30 s maximal effort fully tethered swim, the aerobic contribution was 33 + 8%; after
four consecutive semi-tethered bouts with 30 s rest periods, anaerobic
contributions were 25 + 4,47 +9,49 +8,and 52 + 9% (P < 0.01).(40) This data
indirectly shows a correlation between swimming duration and aerobic energy
contribution, as different durations of exercise were not tested. Although data
regarding muscle metabolism in swimmers is limited, we conclude that swimmers
who specialize in events of different duration may individualize their training to
maximize performance.
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Figure 1. Estimated energy contribution of aerobic and anaerobic metabolism while
swimming different distances. Aerobic metabolism predominates during races of 200 m and
greater; anaerobic metabolism is the primary energy source over distances 100 m and less.
Energy contribution is approximately half-and-half at approximately 150 m of swimming.
Data derived from Duffield et al. male and female runners,(15-17) assuming a 4:1 ratio of
distance running to distance swimming, as performed by elite athletes. Graphical
representation is based on Laursen (2010).(28)

A training strategy for maximizing swimming performance

Maximizing aerobic capacity

Aerobic metabolism provides half of the muscle energy during 75 second duration
intense events but also makes a significant contribution during shorter sprints,
meaning that aerobic capacity is an important determinant of success in nearly all
competitive events.(20, 28) Current data suggests that aerobic capacity is increased
most efficiently by alternating low-intensity and high-intensity exercises.(28, 53)
This is in accordance with several studies demonstrating similar endurance
performance between athletes who train using HIT compared to those who train
using low-intensity, high volume regimens.(18, 23, 29, 30) Because both forms of
exercise synergistically increase the aerobic capacity of muscle, and because aerobic
metabolism makes contributions even during short events, training programs
should include an interplay between high-intensity, low-volume training and low-
intensity, high-volume training to maximize performance in 50 to 800 meter
swimming events.
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Maximizing anaerobic capacity

A study of muscle biopsies of male and female track athletes showed that sprinters
had a greater cross-sectional area of muscle composed of fast-twitch (Type IIX)
fibers than did distance runners, while the opposite was true regarding slow-twitch
(Type I) fibers.(11) Experiments in elite athletes found that the anaerobic power of
sprinters was approximately twice that of long-distance runners, and that an
inverse relationship existed between aerobic and anaerobic power.(12) This data
suggests that the anaerobic capacity and power of muscle can be increased with
targeted anaerobic exercise such as HIT and resistance training. Furthermore, these
studies highlight the importance of specificity in training, i.e. athletes should train in
a manner that reflects the nature of their competitive event(s). While genetic
influences on fiber type serve as a basis for success, the influence of training
contributes significantly to desired metabolic changes and enhanced performance.

Optimizing technique

Several studies have explored the utility of alternative exercises and strategies to
improve swimming performance and technique.(14, 44) Many specialized exercises
and drills exist that are designed to improve stroke technique, increase athlete
awareness of body position and hydrodynamics, and enhance strength and/or
endurance. Examples of such specialized exercises include dry-land and in-water
resistance training; the use of paddles, boards, buoys, and devices which create
drag; and specialized leg training. Of these exercises, only resistance exercises
(lifting weights and drag devices) have been shown to improve swimming
performance.(3) Swimmers and coaches may nonetheless find utility for many
alternative exercises in improving overall stroke technique which, as discussed
below, may also benefit the long-term health of the swimmer.

Having an efficient stroke technique is an important aspect of all swimming events,
as is the execution of starts, turns, and finishes. Studies on stroke efficiency,
hydrodynamics, and other aspects of swimming technique have shown that water
resistance during the glide phase of starts and turns is minimized by gliding while in
the prone position.(3, 32, 55) However, to date, studies have been unable to
conclusively establish “best practice” guidelines for swimming starts,(50, 59) and in
practice, swimmers should work individually with coaches to determine their most
efficient start style. Regarding turns, few experiments have rigorously dissected the
variables important to effective flip (tumble) turns. Of these, one study found that a
knee flexion angle between 100° and 120° generated maximal push force with
minimal time or energy loss. Another study determined that increased head-wall
distance, decreased horizontal speed at force peak, and decreased 3D path length
covered during the turn resulted in faster turn times.(2, 41) Studies defining the role
of the finishing stroke on performance time are seemingly non-existent. However, it
is reasonable for swimmers to simulate the end of a race while practicing, with the
goal of maintaining velocity during the finishing stroke. Taken together, current
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evidence indicates that optimizing the start and turn phases of the swimming race
can help improve competitive performance. Spending time perfecting the final
approach and finishing stroke may also be beneficial to performance, as it may allow
for swimmers to feel better prepared during competitive events.

Decreasing overuse injury risk

Exercise-related injury can be detrimental to the performance of any athlete.
Overtraining or overreaching has become an important consideration in the culture
of competitive swimming, where training strategies may include multiple practices
per day and very high volumes of swimming.(33) The frequency of shoulder injury
is high in elite swimmers, and has been shown to strongly correlate with both time
in the water and distance per week (volume). Specifically, one study found that
athletes swimming more than 35 km (21.8 mi) or 15 hours per week had a
significantly higher risk of supraspinatus tendinopathy.(46) A review of the
epidemiology of injuries in competitive swimmers found that shoulder injuries have
a prevalence of 40%-91% in NCAA swimmers, and that knee and spine pain have a
prevalence ranging from 34-86% and 22.2-50%, respectively.(58)

Current recommendations regarding the treatment of overuse injuries in swimmers
include a combination of decreased workout load, alteration or improvement in
stroke technique, and strengthening exercises, and sometimes physical therapy.(46,
58) A training regimen that involves a mixture of high-intensity, low volume
exercise and low-intensity, high volume exercise would likely lower the total
distance swum per week (assuming no increase in total time spent swimming) due
to the introduction of necessary rest periods. Such a regimen would thus likely
lower the risk of exercise-associated injury in swimmers, although the decreased
training load may be seen by coaches as compromising the overall quality of
training. However, as discussed above, a mixture of training intensities and
durations should maximize the oxidative capacity of muscle and facilitate increased
performance in intense exercise events. Incorporating this workout design may
actually enhance performance while mitigating the overuse injury risk associated
with current elite-level training regimens. As total time spent swimming has been
shown to be a risk factor for overuse injury in elite swimmers, avoiding excessive
pool time may further decrease the risk of injury.(46) In addition, dedicating time to
improving stroke technique during practice may prevent and actually reverse the
risk of overuse injury for a couple reasons. First, spending time on improving
technique would likely decrease total swimming distance as stroke improvement
requires increased rest time during which swimmers receive targeted feedback
from an observant coach. Second, as stated above, improving swimming technique is
recommended as a primary therapy for treating overuse injury, and its inclusion
may provide benefits to swimmers with existing injury.

Some data suggest that “overuse injury” from exercise may be defined beyond
orthopedics to include diminished immune function.(57) Studies in overworked
athletes have found decreased sleep efficiency and duration, decreased immune
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function markers, and increased prevalence of upper respiratory infections.(22, 52)
Guidelines on prevention of illness in athletes suggest avoiding excessive training
distances, adding variety to workouts to decrease monotony and stress, including
sufficient recovery periods, and being vigilant about individual performance
deterioration or stress.(56) Specific recommendations include increasing load in
increments of 5-10% per week, mixing “spike” intensity training with low-intensity
work, and including recovery activities after highly intensive sessions.(56)

Optimizing nutrition during training

Maintaining an adequate and balanced dietary intake is crucial for optimal athletic
performance, (5, 19, 47) and providing the body with the right mixture of
carbohydrate, fat and protein to achieve the desired training response is the topic of
multiple position statements.(1, 43) However, several studies have shown that
swimmers commonly fall short of dietary guidelines. In US adolescent swimmers,
inadequate intakes of calcium, vitamin D, fruit, vegetable, grains, and dairy were
found, along with higher-than-recommended intake of saturated and total fat; these
findings were similar to the general US adolescent population.(10) An 8-month
study of nine Greek national team and Olympic swimmers found that athletes
maintained a stable caloric intake regardless of training load, consumed high
amounts of fat and low amounts of carbohydrate, had overly high intakes of iron and
vitamin E from supplements, and inadequate iodine and magnesium despite
supplements.(27)

Recommendations for most macronutrients in athletes are based on weight rather
than percentage of total calories. Specifically, 6 to 10 g/kg of carbohydrates is
needed for most athletes to maintain glycogen stores and recovery; protein needs
range from 1.2 to 1.7 g/kg per day, which is usually achievable without
supplements; dietary fat requirement is not based on weight, and is ideally between
20-35% of total energy intake.(43, 48) The frequency and content of meals are
important for optimal performance and workout recovery, with a minimum of 5
meals or snacks recommended during workout days within caloric balance.(8, 9)
Additionally, the importance of breakfast in athletic and cognitive performance is
known, thus swimmers should attempt to eat breakfast every day.(48, 54) The
ingestion of carbohydrate before strenuous workouts has also been shown to
decrease stress hormone levels associated with carbohydrate depletion, and
maintain immune function.(21)

Recommendations on the intake of micronutrients in athletes are not available, thus,
meeting labeling guidelines is suggested for swimmers.(27) The role of dietary
supplements to meet these values is somewhat controversial, but current evidence
suggests that the typical use of glutamine, vitamins C and E, branched chain amino
acids, and herbal supplements are not well supported with research, as these are
non-beneficial to performance or can be obtained through a balanced diet. In total,
athletes must work with their sports dietitian to design an individualized nutritional
plan that meets their dietary needs during training and incorporates proper meal



J. Swimming Research, Vol. 23:1 (2015)

timing. Such a plan should attempt to follow published athlete dietary guidelines, be
tailored to the phase of training being performed, and be assessed for athlete
satisfaction. The role of proper nutrition support for elite athletes cannot be
underestimated.

Effective tapering

The taper is a reduction of training load before a major sports performance, the goal
of which is to maximize performance by reducing the physiologic and psychological
stressors of training.(36) In principle, the taper capitalizes on physiologic
adaptations which occur during training but reduces fatigue.(42) A study in rats
undergoing linear periodized training found decreased stress biomarkers
(corticosterone and creatine kinase) and increased glycogen stores in the liver and
muscle during the taper period.(13) Soccer players undergoing a 5-day intense
training camp program had decreased immune function parameters which partially
recovered after two weeks of taper.(52) Several types of taper exist, including the
step taper, linear taper, and exponential taper, referring to the rate of decrease in
training load.(42) In addition, the duration and intensity of training during a taper
can be variable. A meta-analysis attempted to determine which of these
characteristics of a tapering program had the largest effects on performance in
several sports.(7) Results of this study demonstrated a taper regimen including a
decrease in training volume of 41-60%, no decrease in training intensity, no
decrease in training frequency, a progressive decline in training volume, and total
taper duration of 15-21 days resulted in statistically significant race time
improvement overall.(7) Recent work has described a two-phase taper in which a
progressive decrease in training load is followed by a brief, 3-day progressive
increase in training load.(51) The authors of this study hypothesize that athletes
may respond maximally to this increase in training without inducing fatigue.
Further investigations are required to optimize two-phase taper programs, and it is
not recommended for most swimmers at this time. Regardless of timing, optimal
performance relies heavily on the type of training completed before and during the
taper. Importantly, high-intensity training (HIT) appears to play a key role in the
maintenance and enhancement of physiological adaptations during the taper period,
despite decreased workout volume.(34) It should be noted that swimmers may
respond differently to a taper regimen depending on their individual characteristics,
specialty event, and mode of training. Each of the taper characteristics discussed can
and should be customized to allow maximum results for each athlete.

In light of this data, general guidelines for an effective taper should: (1) include a
progressive decrease in training load to 41-60% of maximum; (2) no change in
training frequency; (3) should last approximately 2-3 weeks; and (4) include high-
intensity training. This information should offer coaches a place to start when
designing a taper, and should be refined to meet the needs of individual swimmers.
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Day-of-competition practices

Optimal performance during swimming competition requires not only proper
training, but also a competition-day strategy focusing on effective warm-up and
nutrition plans. A recent review of warm-up strategies in competitive swimming
showed that in-water warm-up should be approximately 1000-1500 m total, be
performed at moderate intensity, and include stroke technique drills and short sets
that approach or achieve race pace.(37) Additionally, a recovery period of 8-20
minutes between warm-up and competition was suggested. A dry-land warm-up
routine may be helpful during competitions in which no pool space is available for
warm-up, and may consist of calisthenics and total body exercises.(37) Itis
important to note that there is conflicting data regarding the efficacy of warm-up in
swimming, and the effects of warm-up may differ depending on the type of event(s)
to be performed.(37) Nonetheless, it is striking that the most effective warm-up
appears to be of shorter distance than many traditional swimming warm-ups,
suggesting that excessive workout load during warm-up may impair performance.
This is in accordance with a study in competitive rowers who had improved power
output when prescribed a 30-minute warm-up instead of a traditional 60-minute
warm-up.(35) Performing short, race pace sets also appears to be important,
although this may risk inducing early fatigue and should be used judiciously based
on individual swimmer experiences. As there are no clear-cut recommendations for
the swimming warm-up, it is logical that swimmers should work with their coaches
to determine a warm-up routine that achieves the best competitive results, and
develop strategies for warming up between events during long competition days.

As proper dietary intake on the day of a competitive event is a source of uncertainty
for some swimmers (27, 48) it is probably easiest to remember that high intensity
performance requires carbohydrate as the primary source of energy.(1, 43) Some
athletes or coaches carry the poorly founded belief that carbohydrate ingestion
prior to competition will result in a reactive hypoglycemic episode; adrenaline is
known to be a redundant hormone that will help maintain blood glucose in
anticipation of the event in the majority of athletes.(26) Current sports nutrition
guidelines recommend providing the competing high intensity athlete with
adequate carbohydrate in the days and hours prior to competition.(1, 43) On a day
of multiple heats or events, athletes will want to top off muscle and liver glycogen
stores consistent with the amount of fuel needed for the event, realizing that longer
distances require more fuel.(47) Regarding muscle recovery after competitive
events, adequate carbohydrate intake with a small amount of good quality protein
immediately after intense exercise will expedite glycogen recovery and an anabolic
hormonal milieu supporting muscle growth.(4, 6, 24) If the athlete does not have a
full 24 hours for recovery from the event, consuming the recovery snack
immediately after the event may facilitate muscle readiness for the next bout or
event. Proper hydration is also a key element to optimal performance, specifically,
achieving euhydration and normal electrolyte levels before an event is of central
importance.(45) A hydration and nutrition plan should be customized for the
performance and comfort of individual swimmers, and should remain a priority
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throughout the day of competition, as proper fueling will enhance performance and
may minimize the stress of exercise on muscles.

Conclusions

Anaerobic and aerobic metabolism both contribute to the energy supply of
exercising muscle: during short periods of high-intensity exercise, anaerobic
metabolism predominates and vice-versa, though there no true exclusivity. Thus, it
is in the interest of most swimmers to maximize aerobic capacity through an
interplay of high-intensity exercise and endurance training. It is of central
importance to avoid overtraining injury. The current swimming culture of multiple
workout sessions per day exerts heavy stress on the musculoskeletal and metabolic
systems of the body. Coaches and trainers should be aware of total training volume,
and strategize to have each athlete train the “right” amount in order to achieve their
peak performance goals without overreaching. In addition, time should be dedicated
to the maintenance and improvement of stroke technique in swimmers of all levels,
in order to decrease the risk of swimming-associated injury and increase overall
swimming efficiency and performance. Proper nutrition is of utmost importance for
maximizing swimming performance, and coaches should work with sports dietitians
to encourage swimmers to consume a diet containing sufficient nutrients to support
their training. Finally, day-of-competition strategy may be a key aspect to
maximizing swimming performance, and coaches should work with swimmers
individually to develop a plan which best suits their needs.

This summary of exercise science and nutrition recommendations should help
coaches and swimmers design and execute an efficient training strategy that will
maximize swimming performance. Future recommendations will benefit from new
studies in the field of swimming exercise science. This review demonstrates the
need for evidence-based guidelines for the design and execution of effective
swimming training protocols.

References

1. IOC consensus statement on sports nutrition 2010. ] Sports Sci. 2011;29
Suppl 1:S3-4.

2. Araujo L, Pereira S, Gatti R et al. Analysis of the lateral push-off in the
freestyle flip turn. | Sports Sci. 2010;28(11):1175-81.

3. Aspenes ST, Karlsen T. Exercise-training intervention studies in competitive
swimming. Sports Med. 2012;42(6):527-43.

4. Berardi JM, Price TB, Noreen EE, Lemon PW. Postexercise muscle glycogen

recovery enhanced with a carbohydrate-protein supplement. Med Sci Sports
Exerc. 2006;38(6):1106-13.

5. Berning JR, Troup JP, VanHandel PJ, Daniels |, Daniels N. The nutritional
habits of young adolescent swimmers. Int ] Sport Nutr. 1991;1(3):240-8.

10



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

J. Swimming Research, Vol. 23:1 (2015)

Bolster DR, Pikosky MA, Gaine PC et al. Dietary protein intake impacts human
skeletal muscle protein fractional synthetic rates after endurance exercise.
Am ] Physiol Endocrinol Metab. 2005;289(4):E678-83.

Bosquet L, Montpetit ], Arvisais D, Mujika I. Effects of tapering on
performance: a meta-analysis. Med Sci Sports Exerc. 2007;39(8):1358-65.
Burke LM, Cox GR, Culmmings NK, Desbrow B. Guidelines for daily
carbohydrate intake: do athletes achieve them? Sports Med. 2001;31(4):267-
99.

Burke LM, Kiens B, Ivy JL. Carbohydrates and fat for training and recovery. ]
Sports Sci. 2004;22(1):15-30.

Collins AC, Ward KD, Mirza B, Slawson DL, McClanahan BS, Vukadinovich C.
Comparison of nutritional intake in US adolescent swimmers and non-
athletes. In. Health2012, pp. 873-80.

Costill DL, Daniels J, Evans W, Fink W, Krahenbuhl G, Saltin B. Skeletal muscle
enzymes and fiber composition in male and female track athletes. ] Appl
Physiol. 1976;40(2):149-54.

Crielaard M, Pirnay F. Anaerobic and aerobic power of top athletes. Eur]
Appl Physiol Occup Physiol. 1981;47(3):295-300.

de Araujo GG, Papoti M, Dos Reis IG, de Mello MA, Gobatto CA. Physiological
responses during linear periodized training in rats. Eur | Appl Physiol.
2012;112(3):839-52.

Dragunas A], Dickey JP, Nolte VW. The effect of drag suit training on 50-m
freestyle performance. ] Strength Cond Res. 2012;26(4):989-94.

Duffield R, Dawson B, Goodman C. Energy system contribution to 100-m and
200-m track running events. ] Sci Med Sport. 2004;7(3):302-13.

Duffield R, Dawson B, Goodman C. Energy system contribution to 400-metre
and 800-metre track running. ] Sports Sci. 2005;23(3):299-307.

Duffield R, Dawson B, Goodman C. Energy system contribution to 1500- and
3000-metre track running. ] Sports Sci. 2005;23(10):993-1002.

Esfarjani F, Laursen PB. Manipulating high-intensity interval training: effects
on VO2mayx, the lactate threshold and 3000 m running performance in
moderately trained males. ] Sci Med Sport. 2007;10(1):27-35.

Farajian P, Kavouras SA, Yannakoulia M, Sidossis LS. Dietary intake and
nutritional practices of elite Greek aquatic athletes. Int ] Sport Nutr Exerc
Metab. 2004;14(5):574-85.

Gastin PB. Energy system interaction and relative contribution during
maximal exercise. Sports Med. 2001;31(10):725-41.

Gleeson M, Lancaster GI, Bishop NC. Nutritional strategies to minimise
exercise-induced immunosuppression in athletes. Can ] Appl Physiol.
2001;26 Suppl:S23-35.

Hausswirth C, Louis ], Aubry A, Bonnet G, Duffield R, Le Meur Y. Evidence of
Disturbed Sleep and Increased Illness in Overreached Endurance Athletes.
Med Sci Sports Exerc. 2013.

11



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J. Swimming Research, Vol. 23:1 (2015)

l[aia FM, Bangsbo ]. Speed endurance training is a powerful stimulus for
physiological adaptations and performance improvements of athletes. Scand
] Med Sci Sports. 2010;20 Suppl 2:11-23.

Ivy JL, Goforth HW, Damon BM, McCauley TR, Parsons EC, Price TB. Early
postexercise muscle glycogen recovery is enhanced with a carbohydrate-
protein supplement. ] Appl Physiol (1985).2002;93(4):1337-44.

Jacobs RA, Fliick D, Bonne TC et al. Improvements in exercise performance
with high-intensity interval training coincide with an increase in skeletal
muscle mitochondrial content and function. ] Appl Physiol (1985).
2013;115(6):785-93.

Jeukendrup AE, Killer SC. The myths surrounding pre-exercise carbohydrate
feeding. Ann Nutr Metab. 2010;57 Suppl 2:18-25.

Kabasakalis A, Kalitsis K, Tsalis G, Mougios V. Imbalanced nutrition of top-
level swimmers. Int | Sports Med. 2007;28(9):780-6.

Laursen PB. Training for intense exercise performance: high-intensity or
high-volume training? Scand ] Med Sci Sports. 2010;20 Suppl 2:1-10.
Laursen PB, Shing CM, Peake |JM, Coombes |S, Jenkins DG. Interval training
program optimization in highly trained endurance cyclists. Med Sci Sports
Exerc. 2002;34(11):1801-7.

Laursen PB, Shing CM, Peake JM, Coombes |S, Jenkins DG. Influence of high-
intensity interval training on adaptations in well-trained cyclists. | Strength
Cond Res. 2005;19(3):527-33.

Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala M]. A practical model of
low-volume high-intensity interval training induces mitochondrial
biogenesis in human skeletal muscle: potential mechanisms. | Physiol.
2010;588(Pt 6):1011-22.

Marinho DA, Barbosa TM, Rouboa Al Silva AJ]. The Hydrodynamic Study of
the Swimming Gliding: a Two-Dimensional Computational Fluid Dynamics
(CFD) Analysis. ] Hum Kinet. 2011;29:49-57.

Meeusen R, Duclos M, Foster C et al. Prevention, diagnosis, and treatment of
the overtraining syndrome: joint consensus statement of the European
College of Sport Science and the American College of Sports Medicine. Med
Sci Sports Exerc. 2013;45(1):186-205.

Mujika I. Intense training: the key to optimal performance before and during
the taper. Scand ] Med Sci Sports. 2010;20 Suppl 2:24-31.

Mujika I, de Txabarri RG, Maldonado-Martin S, Pyne DB. Warm-up intensity
and duration's effect on traditional rowing time-trial performance. Int ]
Sports Physiol Perform. 2012;7(2):186-8.

Mujika I, Padilla S. Scientific bases for precompetition tapering strategies.
Med Sci Sports Exerc. 2003;35(7):1182-7.

Neiva HP, Marques MC, Barbosa TM, Izquierdo M, Marinho DA. Warm-Up and
Performance in Competitive Swimming. Sports Med. 2013.

Nevill AM, Whyte GP, Holder RL, Peyrebrune M. Are there limits to swimming
world records? Int ] Sports Med. 2007;28(12):1012-7.

12



39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

J. Swimming Research, Vol. 23:1 (2015)

Pette D, Staron RS. Transitions of muscle fiber phenotypic profiles.
Histochem Cell Biol. 2001;115(5):359-72.

Peyrebrune MC, Toubekis AG, Lakomy HK, Nevill ME. Estimating the energy
contribution during single and repeated sprint swimming. Scand ] Med Sci
Sports. 2012.

Puel F, Morlier ], Avalos M, Mesnard M, Cid M, Hellard P. 3D kinematic and
dynamic analysis of the front crawl tumble turn in elite male swimmers. ]
Biomech. 2012;45(3):510-5.

Pyne DB, Mujika I, Reilly T. Peaking for optimal performance: Research
limitations and future directions. ] Sports Sci. 2009;27(3):195-202.
Rodriguez NR, Di Marco NM, Langley S, Association AD, Canada Do, Medicine
ACoS. American College of Sports Medicine position stand. Nutrition and
athletic performance. Med Sci Sports Exerc. 2009;41(3):709-31.

Sadowski ], Mastalerz A, Gromisz W, Ni¥nikowski T. Effectiveness of the
power dry-land training programmes in youth swimmers. | Hum Kinet.
2012;32:77-86.

Sawka MN, Burke LM, Eichner ER et al. American College of Sports Medicine
position stand. Exercise and fluid replacement. Med Sci Sports Exerc.
2007;39(2):377-90.

Sein ML, Walton |, Linklater J et al. Shoulder pain in elite swimmers:
primarily due to swim-volume-induced supraspinatus tendinopathy. Br ]
Sports Med. 2010;44(2):105-13.

Shaw G, Boyd KT, Burke LM, Koivisto A. Nutrition for swimming. Int ] Sport
Nutr Exerc Metab. 2014;24(4):360-72.

Shriver LH, Betts NM, Wollenberg G. Dietary intakes and eating habits of
college athletes: are female college athletes following the current sports
nutrition standards? ] Am Coll Health. 2013;61(1):10-6.

Swimming U [Internet]. Available from:
http://www.usaswimming.org/_Rainbow/Documents/2153a918-55db-
4d76-a57e-3a7d40803645/USAS%20General%20Membership%?20info.pdf.
Thanopoulos V, Rozi G, OkiCi¢ T et al. Differences in the efficiency between
the grab and track starts for both genders in greek young swimmers. ] Hum
Kinet. 2012;32:43-51.

Thomas L, Mujika I, Busso T. Computer simulations assessing the potential
performance benefit of a final increase in training during pre-event taper. ]
Strength Cond Res. 2009;23(6):1729-36.

Ueno Y, Umeda T, Takahashi I et al. Changes in immune functions during a
peaking period in male university soccer players. Luminescence.
2013;28(4):574-81.

van Wessel T, de Haan A, van der Laarse W], Jaspers RT. The muscle fiber
type-fiber size paradox: hypertrophy or oxidative metabolism? Eur ] Appl
Physiol. 2010;110(4):665-94.

Veasey RC, Gonzalez JT, Kennedy DO, Haskell CF, Stevenson E]. Breakfast
consumption and exercise interact to affect cognitive performance and mood
later in the day. A randomized controlled trial. Appetite. 2013;68:38-44.

13



55.

56.

57.

58.

59.

J. Swimming Research, Vol. 23:1 (2015)

Vilas-Boas JP, Costa L, Fernandes R] et al. Determination of the drag
coefficient during the first and second gliding positions of the breaststroke
underwater stroke. ] Appl Biomech. 2010;26(3):324-31.

Walsh NP, Gleeson M, Pyne DB et al. Position statement. Part two:
Maintaining immune health. Exerc Immunol Rev. 2011;17:64-103.

Walsh NP, Gleeson M, Shephard R] et al. Position statement. Part one:
Immune function and exercise. Exerc Immunol Rev. 2011;17:6-63.
Wanivenhaus F, Fox A], Chaudhury S, Rodeo SA. Epidemiology of injuries and
prevention strategies in competitive swimmers. Sports Health.
2012;4(3):246-51.

Welcher RL, Hinrichs RN, George TR. Front- or rear-weighted track start or

grab start: which is the best for female swimmers? Sports Biomech.
2008;7(1):100-13.

14



