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Abstract

This position statement represents the current state of scientific knowledge
regarding the recommended fat intake in ambitious recreational and
high-level sports. It also addresses dietary strategies (fat-loading methods)
and food supplements that are designed to influence fat metabolism dur-
ing physical exercise.

So far, no recommendation has been established for sports-specific fat in-
take in absolute numbers (g/kg body weight/d), in line with international
practices regarding carbohydrates and proteins. However, there is con-
sensus among scientific sports medicine associations that fat consumption
should not exceed 30% of the energy intake (En%), nor fall below 20 En%,
particularly in endurance sports.

Before competitions, some endurance athletes practice fat-loading stra-
tegies which include a ketogenic diet. This procedure is not advisable, as
there is no scientific evidence of improvement in performance. Moreover,
this is an unbalanced diet according to DGE recommendations.

The current use of dietary supplements which are supposed to improve
the availability/oxidation of fatty acids is also generally discouraged.
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Reference values for fat
intake and food-related dietary
recommendations

Compared to the significance of carbohydrates
in endurance sports and proteins in resistance
training, the amount of consumed fats and
their quality play a rather subordinate role
with regard to performance and health of am-
bitious recreational and high-level athletes.
This is why essentially the same recommen-
dations as for the healthy general public apply.

While there are recommended intakes in absolute

values (g/kg body weight/d) for carbohydrates

and proteins in endurance and strength sports
on an international level, there is only a guideline
for fat intake: not to exceed 30% of the energy

intake (En%), nor fall below a rate of 20 En% [1].

The lower limit is meant to ensure that:

1. an adequate amount of essential fatty acids
and fat-soluble vitamins is supplied/ab-
sorbed,

2. the person feels satiated between meals,

3. the intramuscular triglycerides are replen-
ished after long-lasting physical exercise.
The reference value of 30 En% for healthy ad-
olescents and adults is considered the upper
limit of fat intake in ambitious recreational
and high-level sports to prevent food-related
illnesses [2, 3]. Persons with increased energy
expenditure (physical activity level [PAL] >
1.7) may require more than 30 En% [3]. How-
ever, especially in regards to endurance sports,
reputable international associations encourage
limiting fat intake to 30 En%, which takes into
account the fact that deriving energy from

carbohydrates takes precedence [1].

For a fat intake up to 30 En%, the proportions of

fatty acid fractions should ideally be as follows:

* 7-10 En% saturated fatty acids (max. one

third of energy supplied as fat),

* 7 En% polyunsaturated fatty acids (sum of
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Fatty acids

Polyunsaturated fatty acids
Linoleic acid (n-6, essential)
a-linolenic acid (n-3, essential)
Eicosapentaenoic acid (EPA; n-3)
Docosahexaenoic acid (DHA; n-3)
Monounsaturated fatty acids

Saturated fatty acids

cocle

Foods (content in En%)

wheat germ oil (57), soybean oil (54), sunflower seeds (31), pumpkin seeds (30)
linseed oil (54), walnuts (13), walnut oil (12), canola oil (9)

herring (8), sprat (6), tuna (6), salmon (4)

tuna (9), sprat (8), salmon (7), mackerel (5)

olive oil (72), hazelnuts (71), peanut oil (57), avocado (56), canola oil (50),
cashews (44), pumpkin seeds (27)

coconut fat (88), butter (65), cream, 30% fat in dry matter (56), Gouda, 45% fat in
dry matter (49), palm oil (47), lard (40), bacon (39), milk chocolate (34), liverwurst

(33), nut nougat cream (32), Hollandaise sauce (32), salami (31), egg yolk (23)

Trans fatty acids

are often contained in variable proportions in e.g.: deep-frying oil, baked

products, biscuits, crackers, potato chips, instant soups, margarine made

from one type of oil

Tab. 1: Foods with high proportions of individual fatty acids or different types of fatty acids

(calculated with DGExpert version 1.9.3.1)

n-3 and n-6 fatty acids) or up to 10 En% if the energy supply
from saturated fatty acids exceeds 10% of the total energy in-
take,

* monounsaturated fatty acids make up the difference to the total
fat content,

* the proportion of trans fatty acids should be less than 1 En%.

For adolescents and adults, the recommended intake of essential
fatty acids that cannot be formed in the human body is 2.5 En%
for linoleic acid (n-6) and 0.5 En% for a-linolenic acid (n-3) [3].
The latter can only be converted in the body to a limited extent
into the long-chain n-3 fatty acids eicosapentaenoic (EPA) and
docosahexaenoic acid (DHA) [3].

A wholesome diet according to the nutritional recommendations
of the DGE [4, 5] includes a high proportion of plant-based food
and - bearing in mind a healthy energy balance — a supply of oils
with a high amount of a-linolenic acid (linseed, walnut, canola
oil) and fish with a high amount of eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) (herring, salmon, mackerel). If
possible, fish from a sustainable source should be consumed once
to twice per week [4, 5]. Additionally, the consumption of foods
with a high proportion of saturated (coconut oil, palm oil, ani-
mal-derived products) and trans fatty acids (convenience foods)
should be reduced and replaced with food containing high levels of
monounsaturated fatty acids (olive oil, canola oil, nuts and seeds).
¢ Table 1 shows foods containing high levels of the above-men-
tioned fatty acids.

Fat consumption

Data about fat consumption in ambitious recreational sports
are sparse, as illustrated by the compilation in ¢ Table 2. Most

(cross-sectional) studies were performed with
high-level athletes. The latter mostly adhere
to the reference value of 30 En% fat, as doc-
umented in detail by Schek (2018, p. 15-22)
[6], in endurance as well as (high-speed)
strength and team sports, while the intake
of carbohydrates is often in the lower range
of the recommended intake. This also seems
to apply for the endurance disciplines in am-
bitious recreational sports (¢ Table 2). How-
ever, the available data do not allow for any
estimates beyond this. Given the popularity
of city marathons and high-intensity fitness
classes, there is a need for further research.

Disputable strategies before
competition (fat loading)

Studies have been conducted for about 35
years on whether the availability or oxidation
rate of fatty acids in the active muscles can be
increased by varying the fat content in food
or using dietary supplements. The aim is to
protect the glycogen reserves [9], which hypo-
thetically leads to an improvement in endur-
ance performance.

Fat loading is a pre-competition strategy that
is practiced either three to four hours before
the start (acute) or five and more days before
the competition (chronic). Chronic fat loading
can be further distinguished into ketogenic and
non-ketogenic low-carb, high-fat (LCHF) diets.
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Age | Training Energy CHO (g/ | Proteins (g/ Fats
(years) | (min/d) | (kcal/d) |kgBW/d)| kgBW/d) ()

Set values of the ACSM [1] sufficient to 5-12 1.2-2.0 20-30
meet requi-
rements
Endurance sports
Modern pentathlon [7] 12 m+f 39.8 64 2,739 5.5 1.6 32
Triathlon [7] 22 m+f 37.4 111 2,925 5.5 1.7 31
Ironman [7] 39 m+f 41.4 143 3,703 7.3 2.1 28
“Ultradistance” [8] 55m 46.4 87 2,681 4.5 1.3 30.4
12 f 443 86 2,205 4.8 1.3 31.1
Fitness sports
CrossFit [8] 5m 25.6 41 3,308 3.4 1.8 39.6
6f 31.5 90 2,609 3.8 2.1 38.5

Tab. 2: Energy and macronutrient intake determined to date in ambitious recreational athletes to illustrate the nutri-

ent distribution in practice

ACSM = American College of Sports Medicine; BW = body weight; CHO = carbohydrates; d = day; f = female; m = male; n = number

The interest in fat loading resurged during the past five years [10-
13], although not many new studies have been conducted. Since
fat loading is getting increasing exposure on internet platforms
and blogs with the key phrase “ketogenic diet” (40,300,000 search
results on google.de on July 7, 2019), the different strategies are
briefly introduced and critically examined below.

Acute fat loading

Acute fat loading involves eating a high-fat meal (60-90 En% fat)
three to four hours before a strenuous endurance exercise bout.
Studies involving competitive athletes show that a high-fat load-
ing meal does not positively influence the time to exhaustion, but
instead may even shorten it:

* Okano et al. (1996; 1998) and Whitley et al. (1998) were able
to show a slightly higher proportion of fatty acids in the energy
supply, but only at an early stage of the exercise and without
any effect on endurance capacity [14-16].

Wee et al. (1999) determined a negative influence of a high fat
intake compared to a high carbohydrate intake on the time to
exhaustion (-14%), which the authors attributed to delayed gas-
tric emptying [17].

In the context of intermittent (Hulton et al., 2013) or high-in-
tensity exercise (Hawley et al., 2000), only a slightly higher
availability and oxidation of fatty acids could be determined
after a high-fat meal. The performance was not improved [18,
191.

Concerns about gut comfort after ingesting a high-fat loading
meal were not addressed in any of the mentioned studies. How-
ever, a correlation between high fat intake and gastrointestinal
distress can be observed particularly in endurance sports [20].

Ketogenic LCHF diet

(short: ketogenic diet)

The ketogenic diet, which is carried out par-
ticularly with the goal of weight reduction,
sometimes for weeks, although there is no
proof that it is superior to energy restricted
types of diets, is characterized by a fat content
of 75-85 En%, a protein content of 15-25 En%
and a carbohydrate content of < 50 g/d. The
studies which were mostly performed in the
realm of endurance sports reveal no positive
effects on performance capacity, but may even
show negative effects:

* Phinney et al. (1983) were not able to prove
any influence on the time to exhaustion
with bicyclists, which led them to conclude:
“The price paid for the conservation of CHO
during exercise appears to be a limitation of
the intensity of exercise that can be performed”
[21].

Zajac et al. (2014) did see a minor increase
in the relative oxygen intake, but this was
attributed to the weight loss by 1.8 kg (in
four weeks). The maximum work load on
the bicycle ergometer was lower [22].

Zinn et al. (2017) showed a weight loss of
4 kg (in ten weeks) on the one hand, and a
decrease in time to exhaustion in a bicycle
ergometer step test on the other hand [23].

Heatherly et al. (2018), despite demonstra-
bly lower glucose oxidation rates, found no
influence on various performance parame-
ters during five 10-minute running bouts
at multiple individual race paces and a 5 km
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time trial. They assume that possible per-
formance reductions were offset by the ob-
served weight loss of 2.5 kg (in three weeks)
[24].

McSwiney et al. (2018) did not find any
influence on the result in a 100 km time

trial. The increase in relative power in a

simulated final sprint can be attributed to

an improved power-to-mass ratio resulting
from a weight reduction by 5 kg (in three

months) [25].

Burke et al. (2017) showed that under com-

petitive conditions, the time for a 10 km

race walk could not be improved after a

three-week ketogenic diet — in contrast to

the results after diets providing chronic or
periodized high carbohydrate availability.

The authors propose that the low-carbohy-

drate diet prevented a positive training ef-

fect, which could partially be attributed to a

reduced exercise economy [26].

Mujika (2018), in the scope of an individ-

ual case study, states that during an eight-

month reduction in carbohydrate intake to
< 52 g/day, a world-class triathlete dropped
from the top ranks to the 18th and 14th po-
sition and had to cancel a competition. Five
weeks after switching to a diet rich in car-
bohydrates, he finished second and fourth in
two Ironman events separated by only three

weeks. Moreover, there was a positive im-

pact on the athlete’s subjective psychological

well-being [27].

* As part of high-intensity interval training
(Cipryan et al., 2018) and in three studies
involving strength disciplines (overview by
Lopez Laval & Sitko, 2019), no influence on
performance could be shown [28, 29].

A striking observation, when considering the
food selection in a ketogenic diet, is that it is at
odds with the food-related recommendations
by the DGE for a balanced diet [4, 5]. Micro-
nutrient-dense foods, such as fruit, potatoes,
or cereal products, can only be consumed in
very limited amounts. It is therefore possible
that long-term use can lead to negative effects
on health, nutrient supply and performance.

Non-ketogenic LCHF diet

This diet, which also limits the food selection
so severely that it is no longer wholesome, in-
volves the consumption of 60-70 En% fat and
15-20 En% of each proteins and carbohydrates

cocle

for one to several weeks before a competition. Based on endur-

ance-oriented studies, it can be inferred that the non-ketogenic

LCHF diet does not have a significant influence on performance or

may even have a negative influence:

* In the study by O’Keeffe et al. (1989), to date the only study
performed on women, a decline in endurance capacity was ev-
ident [30].

* Lambert et al. (1994) did find an increase in endurance time to
exhaustion, but this was after a prior supramaximal exercise
test, which heavily strained the muscle glycogen reserves and
has little in common with real-life conditions [31].

* Two additional studies (Rowlands & Hopkins, 2002; Vogt,
2003) were unable to show any influence on the maximum ox-
ygen intake, distance, duration or power output in a time trial
or on the half-marathon time [32, 33].

What has been shown so far about fat-loading strategies leads to
the conclusion that a fatty acid oxidation rate that has been mod-
erately increased by a higher fat intake [34] has no benefit with
respect to (endurance) performance. A possible cause of this could
be that the low carbohydrate intake is accompanied by a reduced
availability of glycogen/glucose [35]. It can be assumed that the
disadvantage of reduced muscular glycogen reserves outweighs
the benefit of a glycogen-sparing effect during physical exercise.

LCHF diet in combination with carbohydrate loading
In an attempt to avoid the possible disadvantage of suboptimal gly-
cogen storage due to an LCHF diet, several studies were conducted
in which a five- to 11-day non-ketogenic LCHF diet was followed
by one to three days of carbohydrate loading with 7-11 g of carbo-
hydrates/kg body weight/day. However, the study results suggest
that the combination of an LCHF diet with carbohydrate loading
does not have a positive effect on endurance performance:

* In five studies, no effect on cycling performance could be de-
termined in a time trial following an endurance exercise bout
at moderate intensity [31, 36-39]; one study showed a 4% im-
provement [40].

The realistic study of competitive cyclists by Havemann et al.
(2006) showed decreased performance in the final sprint. The
authors conclude: “Adaptation to the LCHF diet followed by CHO
restoration increased fat oxidation during exercise (...), but it re-
duced high-intensity sprint power performance, which was associ-
ated with increased muscle recruitment, effort perception and heart
rate” [41].

In summary, it can be assumed that during intermediate and final
sprints, glycolysis is limited owing to a downregulation of the
pyruvate dehydrogenase activity caused by an LCHF diet [34]. This
means that the upregulation of fatty acid oxidation is ultimately
more likely to result in a limitation of glycogen use than to have a
glycogen sparing effect [35]. In addition, it is possible that during an
exercise bout after fat loading, the higher concentrations of free fatty
acids and ammonium ions in blood plasma promote general fatigue
[42]. This is why high-fat dietary practices are discouraged.
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Dietary supplements for the alleged increase
of fatty acid oxidation

The influence of various dietary supplements on the availability
or oxidation rate of fatty acids has been studied repeatedly. The
hypothesis underlying these studies is that an increase in energy
supply from fatty acids could spare glycogen and thus enhance
endurance performance. To what extent it does make sense to use
food supplements is discussed below.

Caffeine

Caffeine was on the list of banned drugs until 2004. Heretofore, it
was assumed that the alkaloid stimulates the release of adrenaline,
thereby increasing the mobilization of fatty acids from adipocytes
and myocytes, which can be used as energy sources [43]. Graham
et al. (2000), however, showed that caffeine does neither enhance
the uptake of fatty acids by the working muscles, nor does it
influence fat or carbohydrate metabolism [44]. Nor could Greer
et al. (2000) determine any influence on the breakdown of mus-
cle glycogen, although an increased time to exhaustion [45] was
shown. This is why the metabolic theory was discarded.

The European Food Safety Authority (EFSA) certifies that caffeine,
as an adenosine receptor antagonist, has a positive effect on alert-
ness and concentration with a single serving of 75 mg (about one
cup of coffee) [46] or a favorable influence on endurance perfor-
mance and capacity with a consumption of 3 mg/kg body weight
[47]. The health risks of caffeine are clarified by the “Position of
the working group sports nutrition of the DGE: Safety aspects of
dietary supplements in sports” [48].

Carnitine

During exercise of moderate intensity, carnitine functions as a
carrier of long-chain fatty acids through the inner mitochondrial
membrane. In the case of high work loads, carnitine buffers excess
acetyl residues, thereby preserving the pool of free coenzyme A, an
essential factor in oxidation reactions (pyruvate dehydrogenase,
citrate cycle enzymes) [34, 49, 50]. All studies that investigated
the effect of carnitine supplementation of 2—-6 g/day over a period
of one to 16 weeks showed that carnitine per se does not influence
the proportion of fats and carbohydrates in the energy supply,
nor does it improve endurance performance or reduce body fat
[49, 51]. This is because orally ingested carnitine does not increase
the carnitine concentration in the myocytes [49, 50]. This is only
possible if carnitine is administered with large amounts (2 x 80 g/
day) of readily available carbohydrates [50, 52, 531, which is not
desirable from a nutritional and physiological perspective.

According to the EFSA, carnitine does not favorably influence endur-
ance capacity or recovery [54]. In the scope of testing carnitine tar-
trate for use in particular foods, the EFSA has rated an intended daily
supply corresponding to 2 g of carnitine as well tolerated, and as-
sured that gastrointestinal distress was only reported for consump-
tions of 4-6 g of carnitine or more per day in tolerance studies [55].

g0l

Fish oil

Fish oil, which contains high amounts of EPA
and DHA, was first recommended specifically
for athletic purposes by Simopoulos (2007)
[56]. In vitro, EPA results in an induction of
the gene expression of acetyl-CoA carboxylase
which regulates the fatty acid oxidation in the
mitochondria [57]. However, human studies
have not verified any influence of long-chain
n-3 fatty acids on the proportionate energy
supply from fat and carbohydrates, either at
rest [58] or during exercise [59]. This explains
why fish oil has no effect on endurance per-
formance, as Da Boit et al. (2017) presented in
their review [60].

For adults, the EFSA does not note any health
concerns for a combined supplemention of
EPA and DHA with amounts of up to 5 g per
day or, if only EPA is supplemented, of up to
1.8 g/day. If only supplemented with DHA,
this applies to doses of up to about 1 g/day
for the general population [61].

Medium-chain triglycerides (MCT)

Medium-chain triglycerides (MCT) are fatty
acids with a medium chain length (6-12 C
atoms). They can contribute to energy pro-
duction in the skeletal muscles, but only at an
extent of 3-8% of all oxidized fatty acids [62—
64]. The maximum oxidation rate of 0.12 g/
min is reached after strenuous exercise lasting
approx. two to three hours [62-64]. Most of
the few studies that have examined the influ-
ence of a combined intake of MCT and carbo-
hydrates before and during endurance exercise
show no indication of a glycogen sparing or
performance enhancing effect [65-69]. Only
van Zyl et al. (1996), who administered 86 g
of MCT to their study subjects during an en-
durance exercise bout, found an improvement
in their performance in the subsequent time
trial [70]. However, Goedecke et al. (2005)
identified a performance impairment in the
scope of a simulated ultra-endurance competi-
tion during which a total of 148 g of MCT had
been supplied. The authors speculated that the
gastrointestinal symptoms (especially intes-
tinal cramps) reported by some participants
contributed to the impaired performance [71].
Ivy et al. first outlined in 1980 that gastroin-
testinal distress had occurred in 100% of their
study subjects after a bolus of 50 or 60 g of
MCT. When the dose was reduced to 30 g,
gastrointestinal discomfort was reported by
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only 10% of the participants [72]. Décombaz
et al. (1983) used single dosages of 25 g of
MCT, because preliminary studies had not
shown any adverse effects for this amount
[73]. Jeukendrup et al. [62, 74] consider a
single administration of approx. 30 g of MCT
prior to physical exercise to be the upper limit.
This amount is too low to influence perfor-
mance, however.

Coconut oil

MCT in the form of coconut oil are currently
experiencing a revival as part of the ketogenic
diet for weight reduction. Coconut oil contains
about 54% medium chain fatty acids, of which
only 12% with 8 and 10 carbon atoms are rap-
idly converted into ketones by the liver [76].
The use of MCT to support weight loss is not to
be recommended [2, 77]. This is because only
80-120 kcal can be saved, owing to the aver-
age tolerable intake level of about 60 g per day,
which is reached when an initial MCT supply
of 20 g/day is slowly increased by 5-10 g/day
[77]. It can thus be assumed that coconut oil
is not an effective means of reducing weight,
for example as part of competition preparation.

Conclusion

In contrast to carbohydrates and proteins, for
which recommended intakes were interna-
tionally derived in g per kg of body weight
and day for various types of sports, the refer-
ence value for fat intake is specified in terms
of a percentage of energy supply. The diet of
ambitious recreational and high-level ath-
letes should provide a maximum of 30 and
a minimum of 20 En% fat and prioritize a
health-promoting fatty acid pattern.
Attempts to increase fatty acid availability by
means of acute or chronic fat loading strate-
gies (with or without subsequent replenishing
of glycogen stores) failed to show improve-
ments in endurance performance, although
fatty acid oxidation was enhanced. In the
worst case, fat loading may even result in
performance impairment in intermediate or
final sprints, which is why low-carb, high-fat
(LCHF) diets are not recommended.

The use of dietary supplements which are sup-
posed to increase the availability/oxidation of
fatty acids does not result in performance en-
hancing effects and is thus not recommended.

cocle
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