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Abstract Vitamin B complex plays a vital role in cellular metabolism and is discussed in
this second article in a series on vitamins and minerals. A deficiency in B group vitamins
can hamper efficient energy production in cells, leading to adverse health effects.
Deficiency of vitamin B1, common in people with alcohol use disorder or AIDS, can
cause beriberi, which affects the nervous system and heart. Vitamin B3 deficiency leads
to pellagra, characterised by dermatitis, diarrhoea, depression and dementia.
Deficiencies in vitamins B9 (folate) and B12 can lead to anaemia and neurological issues.
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he vitamin B complex consists of

a large group of water-soluble B

vitamins and their derivatives.

This article, the second in a series
on vitamins and minerals, examines the
nature and physiological roles of the key B
complex vitamins (Fig 1), as well as the
pathological effects associated with their
deficiencies.

An adequate supply of B vitamins is
required for healthy metabolism and effi-
cient energy release in cells as all the B vita-
mins except for vitamin Bg (folate) are
involved in at least one step of the bio-
chemical processes of cellular metabolism.
Insufficient levels of these vitamins can
become a rate-limiting factor for energy
production, resulting in significant meta-
bolic decline and negative health conse-
quences (Tardy et al, 2020).

Cellular metabolism

For cells to release the energy to function,
they must absorb and use various organic
macromolecules for fuel (primarily carbo-
hydrates, fats and proteins) along with
(vitamins and minerals), many of which

act as essential cofactors for cellular
enzymes. Once inside the cell, organic
macromolecules undergo thousands of
chemical reactions, known as cellular
metabolism, which are facilitated by cel-
lular enzymes. Metabolism can be divided
into two types of reactions:

e Anabolism - building larger and more
complex substances from simpler
building blocks (for example, joining
amino acids into proteins);

e Catabolism - breaking down larger,
more complex substances into simpler
substances (for example, breaking
down complex food molecules in the
gut, or cellular respiration involving
metabolism of glucose to facilitate
synthesis of adenosine triphosphate
(ATP) for energy storage and use in cells.

Vitamin B1 (thiamine)

Vitamin B1 or thiamine (Fig 1) plays a role
in cell metabolism and the functioning of
the nervous system. The current recom-
mended dietary allowance (RDA) is 1000p1g
a day for men and 8oopg for women (NHS,
2023). Food sources of vitamin B are:
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Fig 1. B complex vitamins
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e Whole grains (for example, whole
wheat, barley, brown rice, oats);

e Legumes (for example, lentils, beans,
and peas);

e Nuts and seeds (for example, sunflower
seeds, flaxseeds and peanuts);

e Pork;

e Enriched cereals.

Thiamine deficiency

Thiamine deficiency can be due to low

intake, impaired intestinal absorption or

increased excretion rate of thiamine; defi-
ciencies are also common in people with
alcohol use disorder and patients with
acquired immunodeficiency syndrome

(AIDS) (Martel et al, 2022). Fig 2 shows the

signs of vitamin Bi deficiency.

Prolonged thiamine deficiency is asso-
ciated with beriberi (Fig 2), a disease that
can significantly affect the nervous system
and heart. There are two manifestations of
beriberi:

e Dryberiberi - characterised by nervous
system-related symptoms, such as
muscle weakness, tingling or numbness
in the extremities, difficulty walking
and loss of coordination. Severity
correlates with the degree and duration
of deficiency and can be accompanied
by the neurological disorder Wernicke’s
encephalopathy and Korsakoff syndrome.
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These neurophathologies are
characterised by confusion, poor
memory, eye muscle paralysis
(nystagmus) and problems with muscle
coordination (Shible et al, 2019).
Long-term thiamine deficiency is often
associated with alcohol use disorder,
which can lead to Wernicke’s
encephalopathy and Korsakoff
syndrome.

e Wet beriberi —associated with
cardiovascular symptoms that can lead
to cardiomyopathy (diseases of the
heart muscle). Clinical features of wet
beriberi can include tachycardia (heart
rate >100 beats/min), shortness of breath
and fluid retention (Jankovic et al, 2021).
Thiamine supplements can be effective

in preventing the onset of cognitive

impairment in patients at risk of cognitive
dysfunction due to thiamine deficiency. In
one study of 10,000 patients diagnosed
with alcohol use disorder, those who
received thiamine therapy compared with

a control group who received no therapy

were at lower risk of developing dementia

(Chouetal, 2019).

Early identification of thiamine defi-
ciency as the cause of neurologic symptoms
is essential as high-dose thiamine supple-
ments offer an effective and inexpensive
treatment (Wiley and Gupta, 2023).
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Vitamin B2 (riboflavin)
Vitamin B2 or riboflavin (Fig 1) plays cru-
cial roles in energy production, cell growth
and metabolism (Ross et al, 2020). It has a
key role in redox reactions (involving the
transfer of electrons between two reac-
tants), which play a crucial part in the pro-
duction of energy during cellular respira-
tion. It also acts as a protective antioxidant
due to its association with the regenera-
tion of glutathione, a potent free radical
scavenger in cells (Vale et al, 2022).
The current RDA for vitamin B2is 1,3001g
a day for men and 1,100pg for women (NHS,
2023). Vitamin B2-rich foods include:
e Dairy products (for example, milk,
yoghurt and cheese);
e Eggs;
e Lean cuts of red meat (for example, beef
and pork);
e Organmeats (for example, beef liver);
Leafy green vegetables (for example,
spinach);
Chicken breast;
Salmon;
Fortified cereal and bread;
Almonds (Harvard TH Chan School of
Public Health, 2023).

Riboflavin deficiency
Vitamin B2 deficiency is relatively
uncommon in developed countries, being
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most frequent in poorer areas of Asia and

Africa (Mahabadi et al, 2023). People at a

higher risk for riboflavin deficiency include:

e Pregnant/lactating women since
riboflavin crosses the placenta for
use by the developing foetus and is
also a water-soluble component of
breast milk;

e Infantsand children with inadequate
levels of milk and meat in their diet;

e Patients with eating disorders such as
anorexia nervosa;

e Older people and patients with
malabsorption syndromes, such as
coeliac disease and short bowel
syndrome;

e People with alcohol use disorder;

e Athletes, asriboflavin is used in the
metabolic pathways so can be depleted
by vigorous exercise;

e Some women on birth control pills,
which lead to poor absorption of
vitamin B2 (Mahabadi et al, 2023;
Peechakara and Gupta, 2022).
Riboflavin deficiency can cause skin

disorders including: cracks and sores

around the corners of the mouth (angular
cheilitis); inflammation and redness of the
tongue (glossitis); and scaly rash on the
face and genitals (seborrheic dermatitis).
It can also lead to sore throat, difficulty
swallowing and swollen or purple-col-
oured tongue (magenta tongue). Eye prob-
lems may also occur, especially sensitivity
to light (photophobia), blurred vision and
itching and burning sensations in the eyes.

In some cases, riboflavin deficiency can

lead to anaemia, characterised by fatigue,

weakness and reduced red blood cell pro-

duction (Aljaadi et al, 2022).

Vitamin B3 (niacin)

Vitamin B3 or niacin is also essential for
cellular metabolism, playing a key role in
the Kreb’s cycle (a key part of the aerobic
respiration pathway) and the synthesis of
many diverse molecules in the body
(Makarov et al, 2019). Chemically, vitamin
B3 is known as nicotinic acid and its amide
as nicotinamide; both molecules are pre-
cursors of two important co-enzymes in
metabolic reactions, as well as being
involved in deoxyribonucleic acid (DNA)
repair.

The recommended daily allowance of
vitamin B3 is 16.5mg for men and 13.2mg for
women (NHS, 2023). It can be obtained
from a wide variety of foods, including
meats (such as chicken and beef), fish and
plant-based products (for example, nuts,
legumes and grains) (National Institutes of
Health (NIH), 2022a).

Fig 2. Signs and symptoms of vitamin B1 deficiency
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Niacin deficiency

Severe niacin deficiency can lead to a con-
dition called pellagra (sour skin); pellagra
is characterised by varying degrees of der-
matitis, diarrhoea, depression, seizures
and dementia (National Institute of Dia-
betes and Digestive and Kidney Diseases
(NIDDKD), 2021).

Historically, pellagra was endemic in
populations reliant on corn-based diets,
but today is a condition primarily associ-
ated with malnourished people with
alcohol use disorder (NIDDKD, 2021).
Although pellagra is rare in developed
countries due to niacin being readily avail-
able from a balanced diet, the risk of niacin
deficiency is higher in people with certain
medical conditions, such as classical der-
matitis and Crohn’s disease, or who have
dietary deficiencies (NIDDKD, 2021).

Niacin at high doses has been associ-
ated with the risk of significant liver injury
(NIDDKD, 2021); a recent study has also
suggested excessive amounts may increase
risk of heart attacks and strokes, possibly
by inflaming blood vessels (Ferrell M et al,
2024).

Vitamin B5 (pantothenic acid)

Vitamin Bs is also called pantothenic acid;
this is derived from the Greek word
“pantos” meaning everywhere. It is known
as an “anti-stress vitamin” and acts as the
precursor for biosynthesis of coenzyme A

Racing pulse,
metabolic acidosis
(build up of acid in
the body)
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(CoA) and acyl carrier protein (ACP), both
of which are involved in cellular metabo-
lism (Gheita et al, 2020).

Vitamin Bs is found in varying
amounts in most vegetables, whole grain
foods and animal products, including
eggs, beef, poultry, liver and kidneys
(NHS, 2023). It is also artificially added to
many fortified breakfast cereals. It cannot
be stored in the body, so must be continu-
ally consumed as part of a well-balanced
diet. Currently there is no established rec-
ommended daily intake of vitamin Bs in
the UK (NHS, 2023). However, as implied
by its Greek-derived name, its widespread
availability in a diverse variety of foods
normally means enough can be obtained
from the daily diet.

Pantothenic acid deficiency

Pantothenic acid deficiency, although rare,
may be present in individuals with eating
disorders or with severe malnutrition due
to starvation. Where present, a deficiency
typically leads to fatigue, numbness,
muscle cramps, and poor wound healing
(Sanvictores and Chauhan, 2023).

People with a mutation in their panto-
thenate kinase 2 (PANK2) gene may also
display pantothenic acid insufficiency.
This is because the mutation potentially
decreases the conversion of pantothenic
acid to CoA, impeding cellular metabolism
(Sanvictores and Chauhan 2023).
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Pantothenate kinase associated neuro-
degeneration (PKAN) (previously known as
Hallervorden-Spatz syndrome) is a genetic
degenerative disease of the brain caused by
mutation of the pantothenate kinase 2
(PANK?2) gene. Individuals with PKAN dis-
play excess iron accumulation in the basal
ganglia, which is apparent on MRI scans. In
the transverse (horizontal) plane, this
results as a tiger-like image with promi-
nent eyes, known as the “eye-of-the-tiger”
sign (Chang and Lin, 2011).

PKAN causes progressive motor dys-
function, cognitive decline and visual
impairment. Neuropsychiatric manifesta-
tions include behavioural difficulties,
obsessions,  aggression,  personality
changes, intense emotions and rapid
mood shifts. Informally, it is reported that
vitamin Bs supplement in PKAN patients
is well tolerated, with no known toxicity,
and can lead to improved motor symp-
toms, speech, cognition and general well-
being (Kurian and Hayflick, 2013).

Vitamin B6 (pyridoxine)

Vitamin B6 or pyridoxine plays a vital role
in metabolism of carbohydrates, lipids,
amino acids and nucleic acids. It is an anti-
oxidant with the ability toreduce advanced
glycation end products (AGEs). AGEs are
harmful compounds that form when sugar
reacts with proteins/fats in the blood
stream and are seen as exacerbating many
long-term conditions, such as atheroscle-
rosis, renal disease and diabetes (Stach et
al, 2021).

The recommended dietary allowance
for vitamin B6 is 1400ug a day for men and
1200p1g for women (NHS, 2023). Good die-
tary sources are:

Pork;

Poultry;

Many fish;

Peanuts;

Soya beans;

Wheatgerm;

QOats;

Bananas;

Milk;

Some fortified breakfast cereals
(NHS 2023).

Other sources include:
Beefliver;

e Darkleafy greens;

e Chickpeas;

e Potatoes (Franco etal, 2022).

Pyrodoxine deficiency

Vitamin B6 functions as an essential
cofactor for numerous enzyme systems,
particularly those involved in amino acid

Fig 3. Spina bifida due to vitamin B9 (folate) deficiency
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biosynthesis, lipid metabolism, haeme syn-
thesis, neurotransmitter synthesis and cel-
lular metabolism (Franco et al, 2022). It also
plays arole in supporting a healthy immune
system; deficiency can impair immune
function and increase susceptibility to
infection. Severe pyrodoxine deficiency can
result in significant neurological symp-
toms, such as confusion, depression, irrita-
bility, seizures, numbness or tingling in the
extremities (Stach etal, 2021).

Although pyridoxine deficiency is rare,
it can occur in people with significant mal-
nutrition or reduced/poor pyridoxine
absorption and may be seen in people with
alcohol use disorder, where liver damage
impedes the release of pyridoxal phosphate
(PLP). PLP is the active coenzyme form and
the most common measure of B6 blood
level in the body (Franco et al, 2022).

Since pyridoxine is essential to haem
synthesis, deficiency can contribute to the
development of anaemia, with reduced
oxygen transport leading to weakness and
fatigue; other symptoms of deficiency
include dermatitis, rashes, and dry cracked
skin around the mouth (angular cheilitis)
(Franco et al, 2022; NIDDKD, 2021).

Certain medications, such as isoniazid,
L-dopa, penicillamine and cycloserine,
interact with pyridoxine and can increase
the risk of pyridoxine deficiency (Hem-
minger and Wills, 2023). Therefore,
vitamin B6 supplements are frequently
given with these drugs (typically 10-25mg
daily) (NIDDKD, 2021). High doses of

vitamin B6 (s0-soomg daily) have been
suggested to treat many diverse condi-
tions, including carpal tunnel syndrome,
schizophrenia, autism and diabetes
(NIDDKD, 2021). However, the effective-
ness of such doses for these conditions has
not been scientifically proven.

Vitamin B7 (biotin)

Vitamin By is also known as biotin or
vitamin H. It plays a key role in various
metabolic processes, including the metab-
olism of carbohydrates, fats and proteins
(Saleem and Soos, 2023), and is essential to
maintaining a healthy skin and nervous
system (Sirithanakorn and Cronan, 2021).

As mammals lack the ability to synthe-
sise vitamin By, it is an essential vitamin that
must be acquired from the diet and|or intes-
tinal microflora. Biotin-rich foods include:

e Eggyolk (especially when raw, as biotin
is partially destroyed by cooking);

e Liver;

e Soybeans;

e Fish;

e Dairy products;

e Leafyvegetables (such as spinach)

e Rice.

A healthy gut microbiota can also syn-
thesise significant amounts of biotin to
supplement dietary intake (Saleem and
S00s, 2023).

Although a formal recommended daily
dietary intake for biotin has not yet been
established, the required amount is gener-
ally small, with the average dietary intake
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in western populations estimated at
30-70pg daily (Saleem and Soos, 2023).

Biotin deficiency
As the dietary requirement appears so low,
biotin deficiency is relatively rare due to
biotin being widely available in various
foods and being produced by intestinal
bacteria. However certain conditions, such
as genetic disorders, or prolonged con-
sumption of raw egg whites (which contain
a protein called avidin that binds to biotin,
inhibiting its absorption) increase the risk
of biotin deficiency (NIDDKD, 2021).
Significant deficiencies, although rare,
may lead to growth retardation and skin
and neurological disorders (Sirithanakorn
and Cronan, 2021). Long-term treatment
with oral antibiotics can also lead to biotin
deficiency. This is caused by depletion of
the biotin-producing gut microbiota and
skewing of the microbial populations in
favour of increased populations of biotin-
consuming bacteria (Hayashi et al, 2017).
Skin and neural cells appear more sensi-
tive to biotin deficiency than most other cell
types (Suormala et al, 2002). Consequently,
deficiency is commonly associated with hair
loss, brittle hair, dry-scaly skin, and weak
brittle nails (Patel et al, 2017). More rarely, it
can also cause a diverse range of neurolog-
ical symptoms, including depression, leth-
argy, hallucinations and tingling sensations
in the extremities (Mikkelsen et al, 2016).
More severe neurological conditions
associated with biotin deficiency pri-
marily arise from genetic defects in biotin
metabolism. One example is biotin-
responsive basal ganglia disease. This is
characterised by recurrent encephalop-
athy and dystonia along with more vari-
able symptoms, including muscle spas-
ticity, seizures, dysphagia (difficulty
swallowing) and slurred speech. This con-
dition predominantly affects children and
adolescents, and potentially results in
death if not effectively treated with high
doses of biotin (Kassem et al, 2014).

Vitamin B9 (folate)
Vitamin Bg, also known as folate (available
synthetically as folic acid), is essential for
the replication and synthesis of DNA,
required for normal cell division (Franco et
al, 2022). Folate is converted into tetrahy-
drofolic acid (THF), which plays a critical
role in various transfer and methylation
reactions vital to the synthesis of the
nitrogenous bases of DNA and RNA
(Franco et al, 2022).

Folate is present naturally in many food
sources including: dark leafy green

Fig 4. Transportation and absorption of vitamin B12 in
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vegetables (such as spinach); asparagus
and Brussels sprouts; fruit and fruit juices;
nuts; beans; peas; seafood; eggs; meats;
poultry; milk; and grains (NIH, 2022b).

Folate needs to be regularly consumed
as part of a balanced diet since humans
lack the ability to synthesise it (Merrell and
McMurry, 2022). The current RDA for
vitamin Bg is 20oug a day for both men
and women (NHS, 2023).

Folate deficiency

Folate deficiency is commonly due to poor
dietary intake, alcohol use disorder, mal-
absorption disorders or by the diet not
being adapted to compensate for increased
folate requirements during pregnancy
(Merrell and McMurry, 2022).

Deficiency can cause macrocytic mega-
loblastic anaemia due to the stem cell pre-
cursors of erythrocytes (red blood cells) no
longer being able to divide efficiently,
leading to much larger macrocytic cells.
Symptoms classically include fatigue,
weakness, shortness of breath and pale
skin (Socha et al, 2020).

Adequate folate intake is vital for normal
embryonic development to allow closure of
the neural tube (the early precursor of the
brain and spinal cord). Pregnant women
may require additional folate supplementa-
tion (as advised by health professionals) to

prevent congenital neural tube defects such
as spina bifida (Fig3).

Neural tube defects affecting the brain
and the spinal cord due to folate deficiency
may lead to lifelong disabilities (Pei et al,
2019). Deficiency in infants and children
can cause delayed growth, poor weight
gain and developmental issues. Folate also
plays a key role in reducing levels of the
amino acid homocysteine where these are
elevated, which is important as elevated
homocysteine is associated with increased
risk of heart disease (Jakubowski, 2019).

Vitamin B12 (cobalamin)
Vitamin B12 or cobalamin plays a crucial role
in DNA synthesis and the formation of red
blood cells; it is also essential for a healthy,
propetly functioning nervous system (Cal-
derén-Ospina and Nava-Mesa, 2020).
Cobalamin is primarily found in
animal-derived foods, such as meat, fish,
eggs and dairy products, making it more
challenging for individuals on strict vegan
diets to obtain adequate levels (Hariz and
Bhattacharya, 2023). The current RDA for
cobalamin is 1.5pg a day for both men and
women (NHS, 2023). To reach these levels,
individuals reducing or eliminating the
consumption of animal products may
require vitamin supplementation or con-
sumption of fortified foods.
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Cobalamin and the nervous system

The role of cobalamin in the functioning
of the central nervous system includes
conversion through the methionine syn-
thase pathway of the amino acid homo-
cysteine to methionine, an amino acid
vital for DNA and RNA synthesis. A defi-
ciency of cobalamin can impair DNA and
RNA synthesis, therefore, causing homo-
cysteine to accumulate at the expense of
methionine. This leads to abnormalities in
the myelin-producing oligodendrocytes of
the nervous system (Bagur et al, 2017).

Transportation and absorption of
cobalamin

Cobalamin binds to intrinsic factor (IF), a
small glycoprotein produced by gastric
parietal cells of the stomach (Fig 4). Binding
of cobalamin to IF occurs within the duo-
denum and jejunum of the small intestine,
before IF acts to facilitate the subsequent
absorption of cobalamin in the ileumn (Cal-
derén-Ospina and Nava-Mesa, 2020)
(Fig 4). The liver stores approximately
2-3mg of cobalamin, which is enough to
sustain the body for 2-4 years.

Cobalamin is also absorbed and carried
by complex mechanisms involving other
transport proteins, such as haptocorrin
(HC) (Fig 4) and transcobalamin (TC), and
their respective membrane receptors
(Guéant et al 2022).

Cobalamin deficiency

The primary cause of cobalamin deficiency
is pernicious anaemia, an autoimmune
disorder that leads to gastric atrophy and
reduced production of IF (Toh, 2014).
People with certain medical conditions,
who have undergone gastrointestinal sur-
geries (gastrectomy, ilial resection) or have
chronic inflammation (ileitis) that affect
nutrient absorption may also have
increased risk of cobalamin deficiency
(Montoro-Huguet et al, 2021).

Other causes for impaired cobalamin
absorption include Zollinger-Elliston syn-
drome, blind loop syndrome, fish tape-
worm infestation and pancreatic insuffi-
ciencies (Hariz and Bhattacharya, 2023).

The classical treatment of pernicious
anaemia includes administration of Bi2
through the intramuscular route every
other day for 1-2 weeks, followed by weekly
injections for a month, then adjusted to
monthly injections for life.

As with vitamin Bg deficiency, vitamin
B12 deficiencyis also associated with mega-
loblastic anaemia due to the vitamin’s vital
role in DNA synthesis (Socha et al, 2020).
Multiple sclerosis has also been linked with

vitamin Bi2 deficiency due to impaired
DNA synthesis in the myelin-producing
oligodendrocytes (Calderén-Ospina and
Nava-Mesa, 2020; Bagur et al, 2017).

Conclusion
Vitamin B complex includes key B vita-
mins that play important roles in the body.
Generally, most people can get sufficient
levels of B vitamins in their diet. However,
certain conditions can increase the risk of
deficiency, including dietary choices,
medical conditions, medications, alcohol
dependency and genetics. Vitamin B defi-
ciencies, when they do occur, can cause
significant health problems.

The next article in the series will
examine vitamin D, commonly known as
the ‘sunshine vitamin’. NT
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