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KEY POINTS + + +

I Vitamins and minenrals are essential for health, growth and athletic performance. They may be
obtained from the diet or (in the case of Vitamin D) from sunlight.

l Micronutrients include vitamins which are classified into water-soluble (B and C vitamins) and fat-

soluble (A, D, E and K vitamins).

being common concerns.

require specific dietary strategies.

e B T T I L B

INTRODUCTION + + +

Vitamins are organic compounds that suppont
health, growth and reproduction. They are
required to be consumed through the diet, in

small amounts, to prevent clinical deficiencies and
declines in health (Fogelholm, 2015). Most vitamins
are required to be obtained from dietary intake, as
the body is unable to synthesise them. Vitamins are
broadly classified based on their solubility, with A,
D, E and K termed fat-soluble and vitamins B and C
termed water soluble vitamins.

Athletes may face micronutrient deficiencies, with vitamin D, B12, folate, magnesium, iron and zinc

Deficiencies in micronutrients can negatively affect athletic performance and health.
Adequate dietary intake is essential and blood or urine testing may be needed to identify deficiencies.

Athletes with high energy expenditure may need increased micronutrient intake, while others may

The absorption of minerals can be affected by factors like phytates, oxalates and fibre in foods.
Specific water-soluble and fat-soluble vitamins play distinct roles in athletes’ health and performance.

A comprehensive assessment of athletes’ energy requirements, dietary habits and nutrient status is
essential for addressing micronutrient deficiencies and optimising performance.

Minerals are inorganic substances that suppont
physiological functioning (Fogelholm, 2015). The daily
physiological requirements of a mineral determines
their classifications whereby daily requirements

of ~100 mg/day-1 are considered macro-minerals
(these are NOT macronutrients), and include
sodium, potassium, calcium, phosphorus and
magnesium. On the other hand, minerals required
at ~20 mg/day-1 are known as trace elements and
include iron, zinc, coppenr, chromium and selenium
(Fogelholm, 2015). Figure 1 provides an overview of
some of the key micronutrients and their functions.
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Figure 1. Vitamins and minerals of particular interest, including some of their general functions.

A BRIEF HISTORY + + +

Whilst the role of sports nutrition often focuses
on macronutrients and subsequent total caloric
intake, micronutrients can often be overlooked,
despite being essential for health, disease risk and
daily physiological processes. This is not a new
consideration, though. In 1906, Frederick Hopkins
recorded that animals could not live on protein,
fat and carbohydrate alone (Hopkins, 1906). He
highlighted that scurvy, rickets and other medical
conditions were a consequence of ‘nutnitive errors’
and, whilst not identified at the time, correctly
attributed our dependence on ‘unsuspected
dietetic factors’.

The use of trace elements such as iron, iodine and
zinc for health was relatively common in the 19th
century (Semba, 2012). In 1912, Casimir Funk was
able to demonstrate that feeding pigeons a diet
based on polished rice resulted in polyneuritis
which could be overcome by simply supplementing
the birds’ diet with rice bran which included the
outer husk than is removed when polishing rice.

Funk hypothesised that the polyneuritis resulted
from a lack of a vital factor (which we now know
was thiamine or vitamin B1) which was found in rice
bran. Funk also believed that some human diseases
such as beriberi, scurvy and pellagra could also

be caused by deficiencies of vital chemicals found
in food (Funk, 1912). At the time of this discovenry,

all of these vital factors had a nitrogen-containing
component known as an amine and, as such, he
termed these food borne factors vital amines which
was eventually termed vitamins. Later research
demonstrated that not all vital amines did contain
an amine group and as such the final ‘e’ was
dropped from vitamines and the name became
“vitamins”.

The history of micronutrients can in fact be dated
back much further than 1912. Indeed, some ship
captains in the 15th century proposed that some
fruits prevented scurvy, although it was not until
1930 that ascorbic acid was isolated and identified
by Albert Szent Gyogyi (Carpentenr, 2012).
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By this time, over 2 million sailors had reportedly on this specific population is limited. Indeed, a recent

died between the 16th and 18th centunry alone review on micronutrients for athletic performance

(Carpentenr, 2012) demonstrating the critical role (Beck et al., 2021) discussed only five micronutrients

that micronutrients play in the diet. (iron, calcium, vitamin C, vitamin D and vitamin E),
likely due to the sparsity of literature within athletic

Since 1912, there has been an abundance of populations.

literature concerning micronutrients. Despite the

widespread investigation for general health and + + + +

disease risk, there remains a lack of experimental + + +

research conducted in elite athletes, and so our
understanding of requirements of micronutrients

Terminology explained

The first noted daily recommendations for micronutrients were made in 1941 when the Food and Nutrition
Boanrd published the Recommended Dietary Allowances (RDAs) (National Research Council, 1989). The RDA
is today defined as “the levels of intake of essential nutrients that, on the basis of scientific knowledge, are
judged by the Food and Nutrition Board to be adequate to meet the known nutrient needs of practically all
healthy persons.”.

In the UK, Dietary Reference Values (DRVs) have been set since 1992. These include:

J ESTIMATED AVERAGE REQUIREMENTS (EARS) J LOWER REFERENCE NUTRIENT INTAKES (LRNIS)
The LRNI is the amount of a nutrient that is
The EAR is an estimate of the average enough for only a small numbenr
requirement of energy or a nutrient needed by a of people in a group who have low requirements
group of people (i.e. approximately 50% of people (2.5%) i.e. the majority need more.

will require less, and 50% will require more).

J SAFE INTAKE
J REFERENCE NUTRIENT INTAKE (RNIS)

Safe intake is used where there is insufficient

The RNl is the amount of a nutrient that is enough evidence to set an EAR, RNI or LRNI.
to ensure that the needs of nearly all the group The safe intake is the amount judged to be
(97.5%) are being met. enough for almost everyone, but

below a level that could have undesirable effects.

AN

NX 04




Figure 2 provides an illustration of the key terminology with regards to micronutrients and health

requirements in humans.

Figure 2. Sufficient, optimal, or more? What are we aiming for or trying to avoid with athletes?
Athletes should initially look to ensure they have no micronutrient deficiencies before looking to increase
intake above and beyond typical values. More is not always better and particularly high doses of

certain micronutrients can lead to toxicity issues.

HOW MUCH DO WE NEED? + + +

Typically, the goal of a well-balanced diet in a healthy
individual is to obtain all of the micronutrients in
recommended doses for normal bodily functions
and avoid deficiencies. There is limited data
examining deficiencies in athletic populations and the
prevalence is likely to vary between clubs, countries
and continents. Although there is no data to suggest
that widespread micronutrient deficiencies exist

in athletic populations, particular deficiencies have
been more commonly seen for vitamin D, B12, folate,
magnesium, iron and zinc (Jordan et al., 2020).
athletic performance. Athletes are more likely to be
deficient in a particular micronutrient if they also
have a low daily enenrgy intake or restrict certain
food groups from their diet. It may not always be
practical, or relevant, to assess vitamin and mineral
concentrations from blood or urine samples, and

so initial approaches from practitioners are likely to
focus on dietary intake recording and analysis.

If an increase in energy expenditure does require
an increase in micronutrient intake, this can likely
be met in most cases by a general increase in

total energy intake. Vitamin C intake, for example,
correlates with energy intakes up to >4500 kcal/
day (Figure 3). Howevenr, there are also some
micronutrients that may be more difficult to attain
through typically dietary means. Worldwide, iron
deficiency is one of the most common dietary
deficiencies (Clark, 2008) and, for athletes, it has
been shown that low-to-modenrate calorie diets
often fail to be sufficient for athletes to meet the RNI
(Figure 3).
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There is, though, a need to update and expand the relationships between typical dietary intakes of athletes
and the risk of deficiencies across the range of micronutrients.

Figure 3. The relationship between total calorie consumption and micronutrient intake
(redrawn from Erp-Baart et al (1989). For many micronutrients, the RNI can be met when athletes consume
adequate daily calories (assuming there are no major food group omissions). However, in some instances, such

as inron, deficiencies are much more likely with even modenrate calorie intake.

Howeven, is it optimal for athletes to only

avoid deficiencies? Is ‘monre’ better in some
circumstances? Equally, will typical intake values
help athletes avoid deficiencies? It is well understood
that increases in energy expenditure due to exercise
training requires increases at the macronutrient
level, so do athletes therefore require greater
amounts of micronutrients?
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A numbenr of minerals are also lost via sweat during
exercise (Consolazio et al., 1963). Does this require
athletes to increase their dietary intake? Whilst
there are a limited number of studies investigating
the effects of increased intake of certain vitamins
and minerals on athletic performance, there isin
some cases a lack of data.
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Absorption

The absorption rates of different minerals can vary. It is difficult to know the absorption rates for individuals
and specific micronutrients as they depend on certain factors such as phytates, oxalates and fibre in foods
which can inhibit mineral absorption (Deal & VanReken, 2017). Here are some examples of typical absorption
rates for certain minerals:

IRON

Typical absorption rate:
Approximately 10%

Factors that can affect iron absorption:

Consuming iron-rich foods with vitamin C-rich foods (e.g., citrus fruits, bell peppers) can enhance
iron absorption (Skolmowska et al., 2022). Avoiding consumption of iron inhibitors (e.g., tea, coffee,
calcium-rich foods) during meals can also improve iron absorption (Hallberg & Hulthén, 2000).

CALCIUM

Typical absorption rate:
Approximately 30%

Factors that can affect calcium absorption:

Consuming calcium-rich foods with vitamin D can enhance calcium absonrption. Adequate stomach acid
production is also important for calcium absonrption, so maintaining a healthy digestive system is beneficial
(Booth & Camacho, 2013). Many non-dairy foods contain high quantities of calcium but have a lower
fractional absorption. For example, several foods of plant origin contain anti-nutritional factors, such as
oxalates and phytates that adversely affect the absorption of calcium and other minerals (Popova and
Mihaylova, 2019). Some studies have shown that as little as 10% of calcium contained within spinach is
absorbed (Shkembi and Huppenrtz, 2021).

ZINC:

Typical absorption rate:
Approximately 20-40%

Factors that can affect zinc absorption:

Consuming animal-based sources of zinc (e.g., meat, seafood) generally have higher bioavailability compared
to plant-based sources. Soaking, fermenting, or sprouting plant-based foods can improve zinc bioavailability
(Sandstead, 1994). Alternatively, phytate, a natural substance found in plants, can severely decrease
intestinal absorption of zinc and is considered the main nutritional inhibitor of zinc. However, phytate can

be broken by phytase increasing the bioavailability of zinc. In contrast to sheep and pigs, that possess the
ability to break down phytate with endogenous intestinal phytase, humans possess very low amounts of

the enzyme and thus rely on phytase from plants and microorganisms. Furthermore, phytase found in
plants, particularly in grains, can be activated during food processing and fermentation making zinc more
bioavailable (Maares and Haase, 2020, Lonnenrdal, 2000).
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MAGNESIUM

Typical absorption rate:
Approximately 30-40%

Factors that can affect magnesium absorption:

Adequate stomach acid production is important for magnesium absorption. Consuming magnesium-rich
foods (e.g., nuts, seeds, whole grains, leafy green vegetables) can enhance absorption (Rude & Shils, 2013).

Plant sources can affect the absorption of magnesium. This occurs since they contain non-fermentable

fibres like lignin and cellulose, along with oxalate and phytate. Seed germination, soaking of legumes and
grains, and the implementation of sourdough methods in bakery processes initiate the enzymatic
actionof endogenous phytase. This enzymatic action results in in a reduction of phytate

(Schuchardt and Hahn, 2017).

MEASUREMENT
AND MONITORING + + +

There is currently no single gold standard method
for assessing micronutrient intake and biological
availability for individual athletes. Additionally, indi-
vidual factors such as age, sex and medical history
should be considered when interpreting the results.
There is also a lack of data regarding micro and
macro cycle changes in these markers for athletic
populations. In addition, serum / plasma carries new-
ly absorbed nutrients and those being transponrted
to the tissues and therefore typically reflects recent
dietary intake. Therefore, serum / plasma nutrient
levels usually provides an acute, rather than long-
term, biomarker of nutrient exposure and/or status.
The magnitude of the effect of recent dietary intake
on serum / plasma nutrient concentrations is de-
pendent on the nutrient, and where necessary,

can be reduced by collecting fasting blood samples
(Gibson, 2021). A potential framework for a more ho-
listic assessment has been suggested and includes:
anthropometrics and body composition assess-
ment; biochemical analysis of targeted biomarkers
(typically from blood samples) in the clinical assess-
ment to include investigation of relevant symptoms
suggestive of possible deficiencies; dietary analysis
of nutrient intake; environment scans including
socioeconomic status; living arrangements, gro-
cery shopping and cooking abilities; transponrtation,
training regimen, education, culture, psycho-social
supponrt system, religious practices and personal
belief systems.
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PRACTICAL TIP

In our experience working with athletes, there are 5 major
risk factors that contribute to micronutrient deficiencies in
athletes that practitioners should look out for.

1. Eliminating food groups from diets either due to food
dislikes, allergies or ethical reasons.

2. Low calorie diets often utilised when attempting to
reduce body fat (i.e. boxers, jockeys).

3. Very low-fat diets, which could affect the fat-soluble
vitamins

4. Lack of variety in the diet.

5. Lack of sunlight exposure (including constant use of
sunscreens or protective clothing).

It is important to identify if your athlete falls into any of these

risk factors and if so particular attention must be given to
their micronutrient intake and strategies developed to
reduce the risk of deficiencies.

VITAMINS AND MINERALS FOR ATHLETES + + +

Although it is beyond the scope of this review to give an in-depth overview of each major dietary
micronutrient, we next highlight some of the research for each as is relevant to athletes.

Water-soluble vitamins

VITAMIN C

Vitamin C has been of considerable interest to athletes due to its potential role in immune support and as
an antioxidant. A large body of evidence now exists showing that regular daily supplementation of vitamin
C has no effect on reducing the number of coughs and colds individuals experience, but could reduce the
duration and severity of these illnesses if vitamin C is supplemented at the first show of symptoms
(Hemila & Chalkenr, 2013).

With reganrds to its effectiveness as an antioxidant, vitamin C supplementation of 200-1000 mg/day has
been shown to reduce oxidative stress in exercising participants (Mason et al., 2020). This may be beneficial
during penriods of intense exercise, when oxidative stress is likely higher and could have damaging effects.
Howevenr, complete suppression of oxidative stress may not be the optimal approach in all circumstances.
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It is now known that oxidative stress plays a role in the molecular signalling responsible for some
adaptations to training. Complete suppression of this oxidation can therefore blunt our responses

to training (Figure 4). In one review, vitamin C supplementation at doses of 1000 mg or more per day
significantly impaired sport performance in 4 out of the 12 studies included (Braakhuis, 2012). Given that
there is little evidence to suggest that vitamin C can improve exercise performance, it likely means that
athletes should target the RNI through dietary means, and only consider higher dose supplementation if
symptoms of coughs and colds are experienced.

Figure 4. [t has been shown that oxidative processes are involved in both molecular signalling and adaptation to
exenrcise training, as well as potential cellular damage. While there are many factors, the ‘dose’ and exposure is
likely a key differentiator between the two.

VITAMIN B1 (THIAMIN)

Thiamin is a water-soluble vitamin that, amongst other functions, plays a role in carbohydrate metabolism.
Early studies showed that restriction of dietary thiamin (alone or in addition to restriction of other B
vitamins) led to reductions in exercise performance (Van der Beek et al., 1988), possibly due to its role

in carbohydrate metabolism. Howeven, it has been recently shown that muscle thiamin content did not
influence muscle glycogen metabolism during exercise (Sato et al., 2020). It had also been previously shown
that a short-term, high dose of thiamin did not improve muscular performance (Doyle, Webster, & Endmann,
1997) nor endurance performance (Webster, 1998). Data examining adequacy of dietary intake of athletes
is limited and mixed. From a group of Dutch athletes that do not take daily supplements, ~38% were seen to
not consume the suggested intake (Wardenaar et al., 2017). A study of Brazilian para-athletes showed that
the prevalence of inadequacy was 5-6% (Sasaki & da Costa, 2021). It is important for athletes and individuals
engaged in regular exercise to ensure adequate thiamine intake.
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VITAMIN B2 (RIBOFLAVIN)

Riboflavin functions in the mitochondprial electron transponrt chain, predominantly in the metabolism of
fatty acids. Earlier data suggested that riboflavin status may decline during a short period of increased
physical activity (Soares et al., 1993) and there is some data indicating that dieting alone or exercise alone
may increase riboflavin requirements above the RDA. It also showed that dieting plus exercise increases
the requirement even more (Manore, 2000). Howeven, it has been shown that athletes can maintain good
status for riboflavin when adequate energy is consumed (Woolf & Manore, 2006) and it appears that
dietary inadequacy is not panrticularly common. In athletic groups, one study found ~13-16% were seen to
not consume the suggested intake (Wardenaar et al., 2017), which is similar to the 8-13% shown in another
(Sasaki & da Costa, 2021).

VITAMIN B9 (FOLATE)

Folic acid is a vital vitamin that plays a crucial role in DNA synthesis and amino acid metabolism, acting as

a cofactor for several enzymes. Folate is required during the process of cell division and so is imponrtant
for growth, the synthesis of new cells, such as red blood cells, and for the repair of damaged cells and
tissues (Molina-Lopez et al., 2013). It may then be speculated that folate requirements might be higher with
exercise, since damaged muscle tissue needs to be repaired. This should be of particular concern given
that folate has regularly been shown in athletes to be one of the micronutrients most commonly consumed
at levels below guideline recommendations (Volpe, 2007). For example, the prevalence of modenrate folic
acid deficiency assessed via serum concentrations (folate <5.9 ng/ml) was shown to be around 20% in elite
Ethiopian runners, although there was no athlete with severe folate deficiency (<8 ng/ml). Lower total daily
energy intakes and low intakes of fruits, vegetables and grains are suggested to be risk factors to low folate
intake and deficiency.

VITAMIN B12 (COBALAMIN)

Vitamin B12, or cobalamin, is a vitamin produced by bacteria. It is responsible for red blood cell formation
in bone marrow, maintenance of the immune system, enhanced neural signal transmission and increased
synthesis of neurotransmitters and creatine (Krzywanski et al., 2020). Whilst different thresholds for

the classification of vitamin B12 deficiencies have been used, serum samples collected from over 200 elite
athletes showed no athletes as being deficient (<200 pg/mL) (Krzywariski et al., 2020). This same study
suggested that serum concentrations between 400-700 pg/mL were optimal for haematological measures,
and vegetarian and vegan athletes. Figure 5 illustrates how some of the water-soluble vitamins may be
ingested via foods.
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Figure 5. \Water soluble vitamins, dietary sources, and the reference nutrient intake

Fat-soluble vitamins

VITAMIN A

Vitamin A was among the first vitamins to be discovered and is widely recognised as an important factor in
the maintenance of healthy cells and tissues (Semba, 2012). There is limited evidence to suggest that vitamin
A deficiency is more common than other micronutrients. The average vitamin A intake was below the RNI in
a group of academy football players (Naughton et al., 2017) and inadequacy was seen in up to 48% of Dutch
athletes (Wardenaar et al., 2017). Athletes may caution against high-dose supplementation, though, as high
doses of vitamin A may be associated with reduced bone density (Tanumihanrdjo, 2013). There are very few
studies investigating the effects of vitamin A deficiency on athletic performance. An early study showed no

effect on running performance in men after 6 months of a vitamin A deficient diet (Wald et al., 1942).

VITAMIND

As our understanding of vitamin D has increased,
so has the interest in it and its use as a supplement.
Vitamin D has a multitude of roles and benefits to
athletes, least of which include bone health, muscle
function and immune support. For a full breakdown
of vitamin D, check out The Nutrition X-Change Vol 1
with Dr Daniel Owens and Prof Graeme Close.

VITAMIN E

Like vitamin C, vitamin E has gained interest for its
antioxidant propenrties. Howeven, like vitamin C,
most research has shown no consistent benefits of
chronic supplementation on exercise performance
(Beck et al., 2021). There is also limited evidence to
suggest that there is any significant prevalence of
dietary inadequacy of vitamin E in athletes (Jordan,
Albracht-Schulte, & Robert-McComb, 2020). Figure 6
illustrates how some of the fat-soluble vitamins may
be ingested via foods.
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Figure 6. Fat soluble vitamins, dietary sources, and the reference nutrient intake minerals

CALCIUM

Calcium is important for muscle and cardiovascular function. Calcium is also lost through sweat
during exercise (Martin et al., 2007). It may then be considered that athletes would benefit from calcium
supplementation. It has been shown that supplementation can attenuate post-exercise reductions in
blood concentrations of calcium, but there is no strong evidence to show any direct effects on exenrcise
performance (Martin et al., 2007).

Calcium has also been identified as one of the important nutritional factors for bone remodelling and
optimal bone mineral density during growth and maturation, and throughout adulthood (Gordon et al.,
2017). Inadequate calcium intake has been suggested to be more common from the dietary minerals that
have been assessed (Volpe, 2007). Deficiencies have been suggested to be caused by entire food groups high
in calcium (Fig 7) being reduced or avoided (Naughton et al., 2017).

MAGNESIUM

Magnesium is an essential mineral and is a cofactor One potential issue faced by individuals is that

for hundreds of enzymatic reactions involved in magnesium absorption is only between 30-50%
processes such as cellular energy production and (Rude, 2000). This may explain why it has been
storage, protein synthesis, and cell growth and shown in a group of bodybuilders that their serum
reproduction. magnesium concentrations were below reference

values, despite dietary intake above recommended
Data on athletes’ typical intakes has shown mixed values (Kleinenr, Bazzarre & Ainsworth, 1994).
results with both adequate and inadequate amounts
being suggested depending on spont, gender and
caloric intake (Newhouse & Finstad, 2000).
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IRON

Considenring the importance of iron contributing to
red blood cell generation, cellular energy production
and immune system support, it is perhaps
surprising how the prevalence of inon deficiency has
been seen to be up to 30% in female athletes (Sim et
al, 2019). But, when you consider the typical dietary
intake levels (Fig 7), you can see one of the reasons
why such deficiencies occur.

For a full breakdown and overview on iron status
testing, dietary intake and supplement strategies,
see The Nutrition X-Change Vol. 13 with Prof. Peter
Peeling.

ZINC

Zinc is involved in the biochemical processes
supporting life, such as cellular respiration, DNA
reproduction and maintenance of cellmembrane
integrity, and is required for the activity of more
than 300 enzymes.

The average dietary intake of zinc seems to

meet the recommended levels, although, when
examined individually, a significant number of
athletes in various sponrts (ranging from 52.6% to
93.7%) are reported to have zinc intake below the
recommended levels (Jordan et al., 2020). There is
limited research on supplementing zinc-deficient
athletes. It has been shown that supplementing
athletes with 20 mg/day of zinc for 6 weeks did

not result in any changes in health status or
performance data, although specific details on
performance data were not provided (Grosshausenr
et al., 2006). Figure 7 illustrates how some of the
minerals may be ingested via foods.

Figure 7. Fat soluble vitamins, dietary sources, and the reference nutrient intake minerals.
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Conclusions

Athletes are regularly exposed to intense training
stress, which necessitates matching their energy
intake with the energy demands. Howevern, several
factors contribute to inadequate replenishment

of energy needs, leading to potential deficiencies
in vital vitamins and minerals. This puts athletes

at an increased risk of nutrient deficiencies. To
address this risk, practitioners should utilise a
comprehensive framework that assesses the
athlete’s overall energy requirements, current
dietary practices, and biological and clinical status.
This assessment helps identify the need for
nutritional intervention when a nutrient deficiency
is detected. If a deficiency is identified, it is crucial
to consider the appropriate approach to resolve
the issue. This includes considering factors such
as nutrient recommended daily intake, supplement
dosage and timing, concurrent consumption of
other foods and potential interactions between
food and drugs. These considenrations are vital for
optimising the effectiveness of the chosen approach
to correct the nutrient deficiency.
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