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Benefits of micronutrient supplementation on nutritional status, energy metabolism,

and subjective wellbeing
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Abstract

The human body, particularly the brain, requires energy, stored in the form of adenosine triphosphate. Energy metabolism during cellular respi-
ration is dependent on the presence of multiple micronutrients, which act as essential components, coenzymes, or precursors at every stage. An
adequate supply of multiple micronutrients is vital for efficient energy production. However, micronutrient intakes below the recommended dietary
allowance are common, even in industrialized countries. Intakes of vitamins A, D, E, folate, iron, zinc, and selenium are suboptimal across all age
groups. Suboptimal micronutrient levels have been shown to contribute to low energy levels, physical and mental fatigue, and impaired cognitive
performance and wellbeing — symptoms frequently present in the general population. When supplemented in combination in well-conducted
trials, multiple micronutrients + coenzyme Q10 reduced oxidative stress in chronic fatigue syndrome; in healthy people they increased cerebral
blood-flow hemodynamic response, energy expenditure, and fat oxidation; reduced mental and physical fatigue; improved the speed and accuracy
of cognitive function during demanding tasks; and reduced stress. The results from these clinical trials suggest that even in industrialized coun-
tries, where adults might be assumed to have a healthy, balanced diet, there is a rationale to supplement with multiple micronutrients, including
coenzyme Q10, to improve nutritional status, support energy metabolism, and improve subjective wellbeing.

Resumen

El cuerpo humano, particularmente el cerebro, requiere energia, almacenada en forma de adenosina trifosfato. EI metabolismo de la energia
durante la respiracion celular depende de la presencia de multiples micronutrientes, que acttian como componentes esenciales, coenzimas o
precursores en cada etapa. Un aporte adecuado de multiples micronutrientes es vital para una produccion eficiente de energia. Sin embargo,
la ingesta de micronutrientes inferior a la recomendada es frecuente, incluso en los paises industrializados. Las ingestas de vitaminas A, D, E,
folato, hierro, zinc y selenio son suboptimas en todos los grupos de edad. Se ha demostrado que las situaciones subdptimas en relacién con
diversos micronutrientes contribuyen a tener niveles bajos de energia, fatiga fisica y mental, y deterioro del rendimiento cognitivo y el bienestar,
sintomas presentes a menudo en la poblacion general. Sin embargo, cuando se suplementa en ensayos bien controlados, con una combinacion
de diversos micronutrientes + coenzima Q10, se constata una reduccion del estrés oxidativo en el sindrome de fatiga cronica y, en las personas
sanas, se observa un aumento de la respuesta hemodinamica del flujo sanguineo cerebral, el gasto energético y la oxidacion de la grasa; una
reduccion de la fatiga mental y fisica; una mejora de la velocidad y la precision de la funcién cognitiva durante la realizacion de tareas exigentes,
y una reduccion del estrés. Los resultados de estos ensayos clinicos sugieren que, incluso en los paises industrializados, donde se podria suponer
que los adultos tienen una dieta saludable y equilibrada, hay motivos para complementarla con mdltiples micronutrientes, incluida la coenzima
Q10, con el fin de mejorar el estado nutricional, respaldar el metabolismo energético y mejorar el bienestar subjetivo.
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INTRODUCTION

Low energy, physical and mental fatigue, and consequent ad-
verse effects on cognitive performance (1) frequently occur in the
general population. Most people who go to their doctor with an un-
explained complaint (particularly females) present with fatigue (2).
Micronutrient intakes below the recommended dietary allowance
(RDA) are also common, even in industrialized countries (3-5). But
are there any links between these two factors? And is there a ra-
tionale and evidence to indicate that supplementation with multiple
micronutrients can help to restore micronutrient levels and thereby
have a beneficial effect on energy, cognition, and hence wellbeing?

MULTIPLE MICRONUTRIENTS ARE ESSENTIAL
FOR ENERGY METABOLISM

To stay alive, grow and reproduce, all parts of the human body
require energy for processes such as cell division, homeostasis,
active transport (i.e., moving molecules against concentration
gradients), and transmission of nerve impulses. Even planning
complex tasks and making decisions require a lot of energy, and
the brain is the largest consumer of energy in the body (6).

During energy production, ingested macronutrients are broken
down into glucose, fatty acids, and/or amino acids and utilized by
cells to form energy, primarily stored in adenosine triphosphate
(ATP) (7). The body’s preferred dietary source for synthesizing
ATP is glucose, which undergoes a series of metabolic reactions
mainly in the mitochondria, collectively known as cellular res-
piration (Fig. 1). The brain, which is unable to store energy and
therefore requires a continuous supply of glucose, consumes ap-
proximately 20 % of glucose-derived energy at rest, with acute
dynamic variations corresponding to neuronal signaling in the
brain. Metabolic regulation is critical to neuronal function.

Every stage of energy metabolism is dependent on the pres-
ence of multiple micronutrients, which act as essential compo-
nents, coenzymes, or precursors (Fig. 1). These include B vita-
mins and vitamin C, iron, magnesium, zinc, copper, manganese,
and sulfur, as well as coenzyme Q10 (CoQ10), a driver of ATP
formation. CoQ10, which has antioxidant properties, also helps
to regulate reactive oxygen species and reduce oxidative stress
(8,9), known to play a role in chronic fatigue (10). In addition to
energy production, B vitamins have vital roles in many aspects of
brain function, such as DNA/RNA synthesis and/or repair, and the
synthesis of numerous neurochemicals and signaling molecules
(Fig. 2) (11). Other micronutrients also play a role in brain func-
tion, including zinc in receptor binding and the formation of met-
alloproteins, calcium in signal transduction and the membrane
potential, and zinc and magnesium in neurotransmission (12).

SUBOPTIMAL NUTRITION CAN AFFECT
ENERGY METABOLISM - AND IS COMMON
IN THE GENERAL POPULATION

Even mild deficiencies in micronutrients in ‘healthy’ adults
may decrease enzymatic activity and impair energy production,
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resulting in lack of energy and general fatigue (13). Suboptimal
levels of B vitamins and the inability to meet metabolic demands
lead to poor mood and irritability, and may also have a negative
impact on the ability to concentrate, general mental processes,
and ultimately cognition (11,14) (Fig. 2). Several factors can af-
fect micronutrient stores, including dietary intake, physical and
mental exertion (multiple micronutrients are necessary to replace
the energy that is consumed), illness, seasonal demands (such
as lower vitamin D levels in the winter), and factors specific to
women (e.g., menstruation leads to low iron levels and reports of
tiredness in 71 % of women [15]) (13).

Ideally, a sufficient and balanced diet should cover daily mi-
cronutrient requirements. Yet a healthy diet can be difficult to
achieve and is dependent on a wide range of social, economic,
educational, ethnic, and cultural factors. Thus, suboptimal (i.e.,
below the RDA) micronutrient intakes are surprisingly common
— even in industrialized countries (Fig. 2). Reported suboptimal
micronutrient intakes vary according to age, but in Europe in-
clude vitamins A, D, E, folate, iron, zinc, and selenium across all
age groups, vitamin C and copper in adolescents and adults, and
B vitamins, calcium, and copper in older adults (16). In a recent
evaluation of healthy blood donors in Italy, only a low proportion
had adequate plasma levels of folate and vitamin B12, but a high
proportion had elevated levels of the potentially toxic amino acid,
homocysteine (17).

SUPPLEMENTATION WITH MULTIPLE
MICRONUTRIENTS MAY IMPROVE
NUTRITIONAL STATUS AND SUPPORT
ENERGY METABOLISM

Even when used alone (mostly in trials conducted in women
[13]), micronutrients reduced fatigue (vitamins B1 and D, iron),
increased activity and feelings of being energetic (vitamin B1),
increased muscle endurance (zinc), improved exercise tolerance
(magnesium) and physical capacity/performance (CoQ10 [18]),
and improved physical recovery (CoQ10 [19]). They also had a
beneficial impact on wellbeing and the feeling of being clear-
headed and composed (vitamin B1), and on symptoms of sea-
sonal affective disorder, including depression (vitamin D). Thus,
it is logical to include such vitamins and minerals in multiple mi-
cronutrient supplementation (MMS) to improve/support several
aspects of mental and physical wellbeing.

Due to their strong interrelationship in metabolic pathways, an
adequate supply of multiple micronutrients is vital for efficient
energy production. However, as seen in figure 2, deficiencies of
multiple micronutrients are prevalent in the general population.
Hence, there is a strong rationale to use a supplement containing
a combination of micronutrients, particularly B vitamins, to improve
energy levels. Several clinical trials have demonstrated that MMS
can improve nutritional status (20-22). Benefits of MMS included
increased energy levels, reductions in physical and mental fatigue,
improvements in concentration, mental stamina, and mood, and
reductions in feelings of depression, anxiety, and stress (13).
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BENEFITS OF MICRONUTRIENT SUPPLEMENTATION ON NUTRITIONAL STATUS, ENERGY METABOLISM,
AND SUBJECTIVE WELLBEING

B vitamins (B1, B2, B3, B5): coenzymes and precursors in cellular functions, cofactors in energy production
via roles in ATP formation. Vitamins B1 and B2: involved in complexes | and Il of mitochondrial respiratory chain.
Vitamins B5, B12, folate: necessary to maintain mitochondrial one-carbon transfer cycles by regulating mitochondrial
enzymes. CoA: contains vitamin B5. Vitamin B7: involved in heme biosynthesis (essential component of cytochromes
involved in respiratory chain). FAD: derived from vitamin B2. Vitamin C: role in citric acid cycle, converting fat and
amino acid to pyruvic acid and ATP. Fe and S: essential for electron transfer in electron transfer chain.

A combination of
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CoQzo: found in mitochondria; an essential electron carrier in the electron transfer chain.
Transfers electrons from primary substrates to oxidase system, while transferring protons to
outside the mitochondrial membrane - results in proton gradient across the membrane.

As protons return to the interior via enzymatic machinery for making ATP, they drive ATP formation.

ATP, adenosine triphosphate; CoA, coenzyme A; CoQ10, coenzyme Q10; Cyt C, cytochrome C;
FADHz2, flavin adenine dinucleotide; NADH, hydrogenated nicotinamide adenine dinucleotide.

Figura 1.
Multiple micronutrients are required for efficient energy metabolism, and are essential to support every step of cellular respiration.
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« Even in industrialized countries, micronutrient intakes are often insufficient*

Suboptimal (<RDA) micronutrient

intakes are common - Need to achieve RDA - higher levels may be required to ensure optimum micronutrient levels?

+ Insufficient micronutrient intake could decrease enzymatic activity:?3
- Leads to impaired energy metabolism and inability to meet metabolic demands
+ Resulting tiredness, fatigue and low energy affect 5-45% of the general population®#
+ Even mild micronutrient deficiencies in *healthy’ adults can reduce energy levels and cause fatigue?

« Deficiency is associated with cognitive impairment, depression, dementia®

+ Supplementing with multiple micronutrients can improve general mood and wellbeing®®

- Micronutrients have roles in brain function:3
- Directly, via neurotransmitter synthesis, receptor binding, membrane ion pump function, etc.
- Indirectly, via involvement in energy metabolism, modulation of cerebral blood supply, etc.

peciendesiniegener popHiEion

Fatigue Ve

Suboptimal micronutrients levels

Folic acid, vitamin C, iron, zinc,
electrolytes

Vitamin C, vitamins B1, B2, and B6, iron,

- 3 Reduced physical fitness/performance
zinc, calcium

J/ (notvitamins B1 & B2 or calcium)

Diminished work capacity

Vitamin C, iron, zinc, copper / (not copper)

Zinc Decreased cardiorespiratory function /
Vierine Impaired connective tissue, /
shortness of breath

Vitamin C, iron, zinc, magnesium, Misele weakiEss /
electrolytes
Vitamin C, folic acid Anemia v
Iron Wellbeing / (particularly women)

- . Increased mood disorders (e.g.,
yilzmin D seasonal affective disorder, depression) ‘/
Iron Mental development / (including children, Elmadfa 2009)

Rippin 2017 (Europe): (country-dependent) deficiencies in vitamin D, folic acid, iron (mostly premenopausal-age females), calcium (especially older people), iodine,
potassium (mostly females), sodium (some females only).

Elmadfa 2009 (Europe): deficiencies in vitamins A, C, D, E, B2, B6, and B12, folic acid, iron, selenium, and zinc.

Cowan 2019 (USA): deficiencies in vitamins A, B6, B12, C, D, E, and K, magnesium and potassium (males and females), iron (adolescent and premenopausal females),
phosphorous, selenium, and zinc (males).

RDA, recommended dietary allowance

1. Elmadfa et al. Forum Nutr 2009:62:1-405 8. Kennedy et al. Psychopharmacology (Berl) 14. Kennedy et al. Hum Psychopharmacol 2011;26:338-47
2. Wishart. Vitamin Miner 2017,6:1-16 2010;211:55-68 15. Sarris et al. Evid Based Complement Alternat Med
3. Huskisson et al. J Int Med Res 2007:35(3):277-89 9. Harris et al. Hum Psychopharmacol 2011,26:560-7 2012:809653
4. Ricci et al. J Occup Environ Med 2007;49(1):1-10 10. Stough et al. Hum Psychopharmacol 2011;26:470-6  16. Jaatinen et al. Int J Food Sci Nutr 2014,65:507-14
5. Kennedy. Nutrients 2016;8(2).68 11. Pipingas et al. Appetite 2013,69:123-36 17. Seematter et al. Am J Physiol Endocrinol Metab
6. Kaplan et al. Psychol Bull 2007:133:747-60 12. White et al. Nutrients 20157:9005-17 2000;279:E799-805
7. Haskell et al. Hum Psychopharmacol 2010; 13. Macpherson et al. Evid Based Complement 18. Rippin et al. Nutrients 2017,9(12)
25:448-61 Alternat Med 2016:3092828 19. Cowan et al. Nutrients 2019;12(1)
Figura 2.

Multiple micronutrients are necessary to support metabolic energy production. Suboptimal nutrition, which can have adverse effects on energy, cognition, and wellbeing, is

common even in industrialized countries.

One prospective open-label trial (10) and three double-blind,
randomized, controlled trials (23-25) have evaluated the effects
of MMS + CoQ10 on energy, cognition, and wellbeing (Fig. 3).
The formulation (Supradyn®, Bayer) differed slightly within each
trial, but mostly contained the water-soluble vitamins in amounts
that were three times their RDA (10,23-25).

The open-label study was carried out in women with chronic
fatigue syndrome (CFS) (10). Oxidative stress (due to diminished
antioxidant capacity and/or decreased activity of antioxidant en-
zymes) plays a prominent role in CFS, and can lead to fatigue, pain,
gastrointestinal problems, and cognitive impairment (10). Thus,
treatment with a micronutrient supplement could improve symp-

[Nutr Hosp 2021;38(N.2 Extra. 2):3-8]
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Prospective, open study

Double-blind RCT

Double-blind RCT

& Healthy
(n=97; 25-49 years)
MMS (1RDA) + CoQ10 or
MMS (3RDA) vs. PBO
(56 days supplementation)

Double-blind RCT
& d Healthy, physically
active people
(n=82; 18-35 years)
MMS (3RDA) + CoQ10 vs. PBO
(28 days supplementation)
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& female; & male; == no significant change: CFS, chronic fatigue syndrome; CT, cognitive tasks; HCY, homocysteine; MMS, multiple micronutrient supplement;
NA., not assessed; PBO, placebo; PE, physical exercise; RCT, randomized controlled trial; RDA, recommended daily allowance; SOD, superoxide dismutase.

Assessment 60 min after first
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Figura 3.

Overview of the effects of MMS + CoQ10 (Supradyn) on factors of energy, cognition, and nutritional status.

toms in CFS patients. In women with CFS, MMS for two months
was prospectively evaluated to determine objective parameters of
antioxidant capability, including superoxide dismutase (SOD) ac-
tivity, and self-assessment of improvement (10). Results indicated
that MMS significantly reduced fatigue and SOD activity (suggest-
ing that antioxidant activity improved with supplementation). There
were also significant improvements in sleep disorders, autonomic
nervous system symptoms (e.g., dizziness, anxiety, etc.), frequen-
cy and intensity of headaches, and subjective feelings of infection.

The other three randomized, double-blind, placebo-controlled
studies evaluated the effects of MMS = CoQ10 in healthy sub-
jects (23-25).

In healthy females (n = 216), the effects of MMS (3RDA)
for two months on indicators of energy (fatigue and cognitive
function) were compared with placebo (23). Supplementation

[Nutr Hosp 2021;38(N.2 Extra. 2):3-8]

reduced fatigue and improved the speed and accuracy of mul-
titasking, and the authors suggested that MMS could ultimately
help in the completion of demanding tasks. It is likely that the
addition of CoQ10 (essential for ATP production) to MMS could
have further beneficial effects.

In another study in healthy women (n = 97), the effects of acute
and chronic administration of MMS + CoQ10 (1RDA) or a higher
dose of MMS with no CoQ10 (3RDA) were compared to placebo
(24). During the cognitive task performance, only the single dose
of MMS + CoQ10 was able to increase the cerebral blood-flow
hemodynamic response in the frontal cortex during tasks that ac-
tivate this brain area. Supplementation with the higher dose led
to a dose-dependent increase in total energy expenditure after
acute (60 minutes) and chronic (8 weeks) supplementation, and
fat oxidation after a single dose. Both supplements significantly



increased vitamin D3 levels and decreased homocysteine levels
compared with placebo after 8 weeks. However, there were no
interpretable effects on mood or cognitive performance with ei-
ther dose of supplement compared with placebo.

To assess the impact of MMS + CoQ10 (3RDA) on metaboli-
cally challenging exercise and cognitive tasks, supplementation
for 28 days was compared to placebo in healthy young women
and men with moderate activity levels (25). Supplementation was
found to increase energy expenditure during cognitive tasks even
after a single dose, and this effect was sustained when measured
a day after chronic administration had concluded; the observed
effects were greater in males. Carbohydrate oxidation and energy
expenditure during exercise also increased in males — the first
time this has been demonstrated. In females, subjective mental
and physical tiredness were reduced during exercise, and stress
ratings were lower after cognitive tasks. The effects on subjective
mental tiredness during exercise in males and females were not-
ed after acute assessment (commencing 45 min after intake) but
were greatest after chronic intake. Ferritin levels were higher in
males and females after 28 days supplementation in the subset
who provided blood samples. Males were found to have sufficient
levels at baseline, while females were marginally deficient. The
study is important because it shows that even a single dose of
MMS + CoQ10 can modulate energy expenditure and subjective
tiredness and highlights the cumulative and sustained effect of
chronic supplementation.

CONCLUSIONS

Suboptimal (i.e., below the RDA) micronutrient intakes are
common, even in industrialized countries. This can have a direct
impact on energy levels, cognitive performance, and general well-
being. Suboptimal nutrition, combined with the interrelationship
between numerous vitamins and minerals in metabolic pathways,
suggests that supplementation with multiple micronutrients is jus-
tified in the general population. Several trials have evaluated the
effects of MMS + CoQ10 in healthy women and men and in wom-
en with CFS, and have shown that is has clinically-proven benefi-
cial effects on energy, cognitive performance, and wellbeing.
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