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NUTRITION

Vitamin

deficiencies and treatment

Vitamins are organic
compounds that
are essential for
normal physiological
functions and the
maintenance of
optimal health.
They cannot be
synthesised by the
body and hence are
required in small
quantities in the diet.
A deficiency thereof
may cause specific
nutritional medical
disorders.1,2

T

he B-group (or B-complex) vitamins act
as important co-enzymes in numerous
metabolic processes and help the body
convert carbohydrates into glucose for energy
production, as well as to metabolise proteins and fats. B
vitamins are also needed for the maintenance of healthy
skin, hair, eyes, the liver and nervous system.3-7 Some of
the B vitamins are involved in the synthesis of red blood
cells, neurotransmitters and nucleic acids such as RNA
and DNA.1,6,7 Refer to Figure 1. There are eight essential
B vitamins that cannot be synthesised in the body and
hence need to be ingested daily. Of these, deficiencies
in the so-called BIG 5 (B1, B3, B6, B9, and B12), can result
in serious medically defined disorders.2 See Table 1.
A well-balanced diet, including both plant and animalbased foods, will prevent the occurrence of Vitamin
B deficiencies.1 However, there are certain conditions
that may predispose a person to the development of a
vitamin B deficiency by either decreasing their intake
or absorption of the B vitamins and/or increasing
their need for or excretion of the B vitamins. Vitamin
B deficiencies seldom occur in isolation.1 Active
supplementation of vitamins should generally only be
used to correct documented deficiencies, after which
a well-balanced diet should be resumed to provide all
necessary nutrients.1 Daily requirements of some of the
B vitamins is listed in Table 2.

Table 2. Daily requirements of
Vitamins B1, B2, B3, B6, B9 and B123-7
Daily requirements 3-7
Vitamin B

Adult
males

Adult
females

Pregnant
females

B1 (thiamine)

1,2mg

1,1mg

1,4mg

B3 (niacin)

16mg

14mg

18mg

B6
(pyridoxine)

1,3-1,7mg*

1,5mg

1,9mg

B9 (folic acid)

400µg

400µg

600µg

B12
(cobalamin)

2,4µg

2,4µg

2,6µg

* 1,3mg up to age 50 years, 1,7 mg from 51 years

Conditions that predispose
to vitamin B deficiencies
The elderly
In the elderly, pathophysiological changes, multiple
comorbidities and increasing dependency can lead
to malnutrition due to the inadequate intake and
malabsorption of nutrients, vitamins and minerals. 9
See Table 3. B vitamin deficiencies, even subclinical
deficiencies, in the elderly are important, as they have
been linked to cognitive impairment, memory loss,
depression, and dementia.10-14

Table 1. Vitamin B complex1,8
Vitamin B complex

Essential Vit B’s

Vitamin B1 (thiamine)

Guidelines by the Merck
Vitamin B Advisory Board
Merck Vitamin B Advisory Board
Professor Tess van der Merwe
Dr Gary Hudson
Dr Barry Shmeizer
Dr Taniel Townsend
Professor Natalie Schellack
Ms Nathalie Mat
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Vitamin B2 (riboflavin)

Thiamine

Vitamin B3 (niacin)

Riboflavin

Vitamin B5 (pantothenic acid)

Niacin

Vitamin B6 (pyridoxine)
Vitamin B7 (biotin)
Vitamin B8 (inositol)
Vitamin B9 (folic acid)
Vitamin B12 (cobalamin)
Para-aminobenzoic acid
Choline

Pantothenic acid
Pyridoxine

BIG 5

Deficiency

Thiamine

Beriberi, polyneuritis,
Wernicke-Korsakoff syndrome

Niacin

Pellagra
(dermatitis, dementia, diarrhoea)

Pyridoxine

Anaemia, dermatitis, depression,
confusion, peripheral neuropathy

Folic acid

Megaloblastic anaemia,
neural tube defects

Cobalamin

Megaloblastic anaemia,
peripheral neuropathy

Biotin
Folic acid
Cobalamin
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Medication
Certain chronic medications
can increase risk for a Vitamin B
deficiency.18 These medications
can decrease absorption, deplete
stores, and increase clearance of
the B vitamins.3-7,18-21 See Figure 2.
Higher doses and prolonged

Table 3. Causes of
Vitamin B deficiencies
in the elderly
Poor intake
• Poor health and increasing
dependency 9,15
Poor absorption
• Increased comorbidities and
use of chronic medications
that interfere with Vitamin B12
absorption e.g. metformin,
H2-receptor blockers, PPIs,
antacids, cholestyramine9,10
• Increased prevalence of
Pernicious Anaemia with
advancing age9
• Atrophic gastritis (20-50%
of elderly) with decreased
acid-pepsin secretion and
decreased release of protein
bound Vitamin B129
• Overgrowth of bacteria, due to
hypochlorhydria associated with
atrophic gastritis, which bind
Vitamin B12 for their own use9
Increased requirements
• Age-related metabolic changes
and health problems can lead
to increased requirements of B
vitamins e.g. Vitamin B615,16
Increased excretion
• Use of diuretics can lead to
the increased excretion of B
vitamins e.g. Vitamin B117

Figure 1. Simplified summary of some of the B-complex vitamins
and their major areas of physiological functioning

administration (> 3 years) of
metformin has been significantly
associated with an increased
risk of Vitamin B12 deficiency. 18

Although the exact mechanism is
unknown, metformin is thought
to compete with Vitamin B12 at
the ileal receptor sites and thus
decrease its absorption.18 Gastric
acid suppressive agents, such as
H2-receptor blockers and proton
pump inhibitors, are another group
of medications that are often used
long-term and that have been
linked to Vitamin B12 deficiency.18
These medications cause a
hypochlorhydric state, which
results in malabsorption of proteinbound B12.18

Malabsorption

Figure 2. Medications that increase the risk of Vitamin B
deficiencies.
8

|

June 2017

As B vitamins cannot be
manufactured by the body and
are not stored in large amounts,
they need to be ingested on a
daily basis.3-8,28 Gastrointestinal
absorption of the B vitamins takes
place mainly in the small intestine

and there are many disorders that
can negatively impact their uptake
and result in deficiencies.24,28-31
See Figure 3. Vitamin B12
specifically is absorbed through a
complex process requiring normal
functioning of several areas of
the gastrointestinal tract.18 Pepsin
and hydrochloric acid separate
free B12 from the protein bound B12
compound in the stomach. Free
B12 then combines with R-proteins
secreted from the salivary glands
and gastric mucosa. This B12-Rprotein complex travels to the small
intestine where free B12 is released
by pancreatic enzymes in the
alkaline environment. The released
B12 then combines with intrinsic
factor and passes through to the
ileum where it is absorbed by the
enterocytes.18 Any alterations in
the function and anatomy of the
gastrointestinal tract such as gastric
or ileal resection, inflammatory
disorders, malabsorptive disorders,
hypochlorhydria, a lack of intrinsic
factor (pernicious anaemia) can
therefore lead to Vitamin B12
malabsorption and deficiency.18

Excessive alcohol intake
Malnutrition and micronutrient
deficiencies are common in chronic
alcoholics.32 30-80% of alcoholics
have thiamine deficiency, 50%
have pyridoxine deficiency, 35%
have niacin deficiency and 6-80%
have folic acid deficiency.32 Severe
vitamin deficiencies (Vitamin B1,
B3, B6, and B12) in chronic alcoholics
may result in severe functional
impairment and tissue damage,
particularly in the brain.32 Excessive
alcohol consumption not only
decreases the intake and absorption
of B vitamins, but it also interferes
with the storage, metabolism,
utilisation and excretion of these
vitamins.32 See Figure 4.

HIV/AIDS
B vitamin deficiencies are widely
seen in HIV, even in asymptomatic
patients. 34,35 See Table 4. The
B vitamin deficiencies in these
patients are most likely due
to the cachexia and catabolic
state characteristic of AIDS. 36
In fact, HIV-infected patients
require levels of B vitamins in
multiples of the recommended
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dietary allowance (RDA) to
achieve normal plasma levels. 34
Malabsorption of Vitamin B12
occurs in HIV/AIDS patients
and is due to many mechanisms
including AIDS-related
inflammation of the small intestine,
gastric acid hyposecretion and
production of antibodies to
intrinsic factor. 34

Diagnosis of vitamin B
deficiencies
Severe deficiencies of some
of the B vitamins may result
in recognised disease entities
such as pellagra, Beriberi and
Wernicke’s encephalopathy,
megaloblastic anaemia and
peripheral neuropathy.1 However,
the non-specific symptoms
of milder deficiencies such as
headache, confusion, weight loss,
and fatigue may require a high
index of suspicion to make an
accurate diagnosis. See Figure 5
for symptoms of B vitamin
deficiencies. Multiple Vitamin B
deficiencies are quite common.1
Therefore, if at least one B vitamin
is found to be deficient, other
B vitamin deficiencies should
be considered and excluded.1
Also, a simple ‘gold standard’
diagnostic test may not be
available – as is the case with
Vitamin B12. 9 When a B12 deficiency
is suspected, the initial laboratory

* Roux-en-Y gastric bypass and Biliary Pancreatic
Diversion with Duodenal Switch (BPD-DS) surgery

assessment includes serum B12
concentrations, a full blood count
and a blood film examination to
check for megaloblastic anaemia
(which is often not seen in mild
cases of B12 deficiency). 9 There
is also no universally accepted
serum Vitamin B12 cut-off to
define deficiency – the WHO
recommends the value of < 150
pmol/L, however, higher levels of
220 to 258 pmol/L based on more
sensitive indicators of B12 status
(raised homocysteine and MMA
levels) have been suggested. 9
Refer to Table 5 for diagnostics
measurements for Vitamin B
deficiencies.

Figure 4. Mechanisms of vitamin B deficiencies in chronic alcoholism
•
•
•
•

Food displacement32
Suppressed appetite32
Economic factors32
Vomiting33

• Inhibits active transport
processes32
• Impairs folate
coenzymes32
• Atrophy of small
intestinal villi16
• Reduces thiamine
phosphorylation32
• Acetaldehyde decreases
PLP formation24,32
• Interferes with folate
metabolism32

Treatment
Active replacement treatment
should be instituted in documented/
diagnosed vitamin deficiencies.
Since Vitamin B deficiencies

B Vitamin

Incidence of deficiency in clinical studies

B1 (thiamine)

• 23% of patients with AIDS or AIDs-related complex36
• 10% of patients with AIDS had Wernicke’s
encephalopathy at autopsy28

B6 (pyridoxine) • 34% of asymptomatic HIV patients34
• 53% of CDC Stage III patients34
• 41% of HIV-infected patients37
• 64% of HIV-infected individuals at all stages of
infection34

B12 (cobalamin) 10%-35% of patients with HIV/AIDS34
CDC = Centres for Disease Control and Prevention
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Pancreas
• Chronic pancreatitis
leading to
pancreatic
insufficiency - B1218

Figure 3. Causes of Vitamin B
malabsorption

Table 4. Incidence of vitamin B
deficiencies in HIV/AIDS

B9 (folic acid)

Stomach
• Pernicious anaemia
- B1218
• Atrophic gastritis
- B1218
• Gastrectomy - B1218
• Obesity and
metabolic surgery*
- B126 B927 B1218

Small intestines
• Bacterial overgrowth
- B122 B322 B1218
• Malabsorption syndromes
(e.g. Coeliac disease)
- B323 B624 B96 B1218
• Ileal resection (>20cm) - B1218
• Parasites (fish tapeworm) - B1225

• Decreases liver storage
and uptake32

• Greater metabolic
demands32
• Need for tissue repair32

• Accelerates folate
breakdown31
• Increases urinary loss of
thiamine, pyridoxine and
folate32,32
* Only at high alcohol intake levels
PLP = pyridoxal-5-phosphate (a coenzyme and active form of pyridoxine)
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Table 5. Diagnosing Vitamin B deficiencies

Table 6. Treating Vitamin B deficiencies

B Vitamin

Measurements

B Vitamin

B1
(thiamine)28,38

• TDP effect*: 15-25% for marginal deficiency
>25% for deficiency

B1 (thiamine)

Replacement Therapy
1

• Direct measurement of erythrocyte TPP: <70nmol/L
B3 (niacin)

39

Moderate or advanced polyneuropathy*
• 20-30mg orally, once daily, for several weeks after
the symptoms disappear

• Serum niacin <0,5µg/L

• Most common measure of vitamin B6 status is
B6
(pyridoxine)16,24
serum PLP

Cardiovascular beriberi
• 100mg IV, once daily for several days

• PLP <20nmol/L

Wernicke-Korsakoff syndrome
• 50-100 mg IM or IV, twice daily, for several days
• Then 10-20mg orally, once daily, until therapeutic
response obtained

B9 (folic acid)31 • Serum folate** <3ng/ml
• Erythrocyte folate <140ng/ml
• Increased homocysteine >16mmol/L
B12
(cobalamin)9,30

• Serum B12 <150pmol/L
• Increased homocysteine >13mmol/L†
• Increased MMA >0,4mmol/L
• Full blood count and blood film examination
showing megaloblastic anaemia

* TDP effect reflects the extent of unsaturation of transketolase enzyme with
thiamine diphosphate, the main metabolically active form of thiamin (also known
as thiamine pyrophosphate).28 Now considered an inadequate method as it is
nonspecific and less sensitive than erythrocyte TPP38
** Sensitive to diet, so may not reflect long-term status. † Not specific to Vitamin
B12 deficiency as affected by low Vitamin B6 and B9 levels. TPP = thiamine
pyrophosphate, PLP = pyridoxal 5’ phosphate, MMA = methylmalonic acid

Mild polyneuropathy
• 10-20mg orally, once daily, for two weeks

B3 (niacin)1

• 250-500mg daily orally, in divided dosages 3-4
times a day or 100mg 8 hourly

B6 (pyridoxine)1 • 50-100mg orally, once daily
B9 (folic acid)1

• 400-1000µg orally, once daily
• The normal requirement is 400µg per day

B12
(cobalamin)1

•
•
•
•

Mild deficiency or no neurological symptoms and signs
1000-2000 mg orally, once daily
Severe deficiency or neurological symptoms and signs
I mg IM, 1-4 times per week for several weeks, then
given once a month for severe deficiency

IV = intravenously, IM = intramuscularly
* Neuropathy will not respond to treatment if the nerve cells have died off

seldom occur in isolation, multiple
deficiencies should be suspected
and investigated.1 In cases where
underlying conditions or chronic
medication usage places patients
at continued risk, there should
be ongoing vitamin replacement
therapy.18 The stricter control of
vitamin treatments and supplements
by the Medicine Control Council
(MCC) puts decision-making
and treatment protocol back
into the hands of the healthcare
professional, who is best able to
diagnose deficiencies, manage and
monitor patient’s progress. See
Table 6 for guidelines.

Conclusion

Figure 5 Symptoms of Vitamin B deficiencies.
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B vitamins are essential for
important physiological functions
and are significant contributors to
the maintenance of optimal health.1
Generally, a well-balanced diet will
prevent Vitamin B deficiencies;
however certain conditions and/or
the use of chronic medication may
predispose patients to low vitamin
levels.1,3-7 Active treatment should
be instituted in documented/
diagnosed vitamin deficiencies. In
cases where underlying conditions
or chronic medicine usage
places patients at continued risk,
there should be ongoing vitamin
replacement therapy.18
References available on request. SF
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Multiple choice questions
SURNAME

INITIALS

YOUR HPCSA REGISTRATION NO.

MP

Address:
Telephone:

Fax:

E-mail:

YES! I would like to receive The Specialist Forum for FREE monthly.
Please note that the answer sheet for the CPD article is also available online. To complete the
questionnaire go to www.specialistforum.co.za, click on the CPD button and select June. The
article and the questionnaire will appear.

1

The B-group (or B-complex)
vitamins act as important coenzymes in numerous metabolic
processes and help the body
convert carbohydrates into
glucose for energy production,
as well as to metabolise proteins
and fats.
a. True
A
b. False
B

2

Some of the B vitamins are
involved in the synthesis of
_________________ such as
RNA and DNA.
a. Red blood cells, nerve
transmitters and nucleic
acids
b. White blood cells,
neurotransmitters and
stomach acids
c. White blood cells,
neurotransmitters and
nucleic acids
d. Red blood cells,
neurotransmitters and
nucleic acids

3

a.
b.
c.
d.

A
B
C
D

Eight
Seven
Five
Ten

4

A well-balanced diet, including
both plant and animal based
foods, will prevent the occurrence of
Vitamin B deficiencies.
a. True
A
b. False
B

5
A
B
C
D

There are ________ essential
B vitamins that cannot be
synthesised in the body and hence
need to be ingested daily.

Increased comorbidities and
use of chronic medications
that interfere with Vitamin B12
absorption e.g. _________, H2receptor blockers, PPIs, antacids,
cholestyramine.
A
a. Magnesium
B
b. Metformin
C
c. Potassium
D
d. Methadone

6

Gastrointestinal absorption
of the B vitamins takes place
mainly in the large intestine and
there are many disorders that can
negatively impact their uptake and
result in deficiencies.
A
a. True
B
b. False

7

a.
b.
c.
d.

___________ of alcoholics
have thiamine deficiency
30-50%
A
20-50%
B
30-80%
C
20-80%
D

8

Severe deficiencies of some
of the B vitamins may result in
recognised disease entities such
as pellagra, Beriberi and Werner’s
encephalopathy, megaloblastic
anaemia and peripheral
neuropathy.
a. True
A
b. False
B

9

There is also no universally
accepted serum Vitamin B12
cut-off to define deficiency – the
WHO recommends the value of <
______ pmol/L.
a. 150
A
b. 200
B
C
c. 220
D
d. 300

10

B vitamin deficiencies are
widely seen in HIV, even in
asymptomatic patients.
a. True
A
b. False
B

This is to state that I have participated in the CPD-approved programme and that these are
my own answers.

Signature

Date

INSTRUCTIONS:
To complete the questionnaire online, go to www.specialistforum.co.za and click on the CPD articles button.
Click on the article on the right to access the online questionnaire. Alternatively, complete the questionnaire
manually and submit it via e-mail to john.woodford@newmediapub.co.za or fax it through to +270862702680.
Your certificate will be send to you within 10-15 working days.
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