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Executive
summary
An effective, fully functioning immune system – the body’s
natural defense system – is essential in safeguarding the
body from infection and disease and helping to maintain
good health throughout life. While it has always been an
important health focus for consumers, the increasing
threat of new pathogens – like SARS-CoV-2 – means that
immunity is now a top priority for many individuals
worldwide. Public health measures are central to limiting
the spread of illness in communities. In addition, the Food
and Agricultural Organization (FAO) emphasizes the
importance of good nutrition in supporting immune health,
especially before, during and after infection.1 The World
Health Organization (WHO) agrees that adequate nutrition
is crucial for health, particularly at times when the immune
system might need to fight back.2 This is because vitamins
and minerals are essential to building a strong immune
system and are required for immune cells to function
optimally. Vitamin D, in particular, is gaining increasing
interest among the nutrition and medical communities.
A growing bank of evidence suggests that vitamin D has
important benefits for immunity, especially in supporting
the body’s response against respiratory infections. To
support immunity in the general (non-infant) population,
experts recommend 2000 IU (50 µg) of vitamin D daily.3
This whitepaper reviews the latest scientific research
exploring the role and benefits of vitamin D in immune
health, including its positive effects on respiratory tract
infections, and why these new insights are creating
innovation opportunities in the dietary supplement and
food and beverage markets. The paper does not discuss
the use of vitamin D in pharmaceutical medications for
treatment purposes, and vitamin D supplements should not
be consumed in amounts over those recommended as safe.
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Immunity: a top health
priority worldwide
With new threats to health, including the COVID-19 pandemic, supporting
immunity will remain high on the list of health priorities. Optimal nutritional
status is important for supporting immunity, especially after periods of infection
because the body’s demand for energy, vitamins and minerals increases for
recovery.4–6 Since the COVID-19 pandemic, the positive influence of adequate
nutritional intakes on immune health have been increasingly recognized and
recommended by multiple national and international organizations.7–10
To understand consumers’ perceptions and attitudes towards immune health
and nutrition, DSM conducted a worldwide survey in September 2020 – interviewing
12,000 people across 24 countries.11

Key findings from the report include:
• 65% of consumers are currently worried about immunity
• 55% of those surveyed agree that nutritional intake maintains
good immunity
• 62% associate vitamin D with ‘boosting’ immunity
• Immunity is the top reason for taking supplements, with almost
70% saying that they consume supplements for this health benefit
• Some consumers take supplements more frequently since COVID-19
– 33% said that they take dietary supplements more frequently now
– More than 13% have started taking dietary supplements since
the pandemic began
With these insights in mind, the global market for immunity products (dietary
supplements and food and beverage products) is expected to grow significantly,
surpassing $17 billion by 2025.12 This is creating considerable opportunities for
innovation in the nutrition industry, especially for dietary supplement manufacturers
– with this category forecast to grow at a CAGR of over 9% during the period
2019-2025, therefore maintaining its major share in the immunity market.13
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Together, specific
nutrients help to
support the immune
system in several
ways:

1. Support growth and
function of immune cells
2. Work as antioxidants to
protect healthy cells
3. Support antibody
production
4. Help to resolve
inflammation

The impact of suboptimal
immune function
When the immune system is not functioning optimally – because of age, disease,
immunodeficiency or lifestyle factors, like smoking and alcohol, or poor
nutrition – individuals may be more at risk of infection, including respiratory
tract infections. Acute respiratory tract infections are usually the result of a
virus, but may also be caused by bacteria. Upper respiratory tract infections
involve the ear, nose and throat, as well as the upper air passageway. Lower
respiratory tract infections affect the lower air passageway and lungs.
Respiratory tract infections can have a significant impact on an individual’s
health and quality of life, and in many cases, may even be fatal. In 2017, for
instance, respiratory tract infections (mainly lower) accounted for 4% of all
deaths globally, ranking them as the second biggest burden of disease
worldwide.14 Seasonal influenza alone – an important respiratory pathogen
– is estimated to result in 3-5 million hospitalizations globally and between
290,000-650,000 deaths annually.15
Given the prevalence and seriousness of these types of infection, solutions on the
market that help to support optimal immune function and minimize the risk of
infection are therefore important. Moreover, increased economic globalization,
urbanization and mobility – which have led to heightened and faster spread of
viral infections – means innovation in the field has never been more critical.16
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Substantial evidence puts
vitamin D in the spotlight
While most well-known for its role in bone health and muscle health, it is also
well-recognized that vitamin D is essential for the proper functioning of the
immune system.17 The evidence is so significant that there is an approved health
claim for vitamin D and immune function in the EU.18

How does vitamin D benefit immune health?
A roundup of the scientific evidence
Emerging scientific evidence suggests that vitamin D has benefits for both the
innate and adaptive immune systems after pathogen exposure, where it is
thought to positively influence the immune response, while simultaneously
helping to suppress excessive inflammation in the body. 3,17,19,20 Below is a
roundup of the current scientific evidence highlighted in the Calder and
Gombart reviews, which explored the role of vitamin D in immune health,
including its mechanisms of action. 3,6
• Many immune cells have vitamin D receptors, including monocytes,
macrophages and dendritic cells. When bound to these cells, vitamin D affects
their functionality. Through this mechanism of action, vitamin D helps to
support the development and phagocytic capacity of macrophages.
• Vitamin D supports antigen presentation – a vital immune process that is
essential for ensuring the T cell immune response is initiated to remove
invading pathogens.
• It also modulates cytokine production. Vitamin D reduces the expression of
pro-inflammatory cytokines and increases the expression of antiinflammatory cytokines by macrophages – which in turn helps to control the
inflammatory response.
• In addition, vitamin D stimulates the expression of potent antimicrobial
peptides, such as cathelicidin21 and β-defensin 2, 22 which directly kill a wide
range of pathogens, including respiratory viruses. 23

Lowering the risk of respiratory tract infections
Substantial evidence indicates that vitamin D supplementation may reduce the
risk of contracting acute respiratory tract infections, especially in individuals
who are already deficient in the nutrient. One review found that low vitamin D
status is strongly linked to a higher risk of developing an acute lower respiratory
tract infections, for instance.14 Multiple meta-analyses have also demonstrated
that vitamin D supplementation lowers the risk of developing an acute
respiratory tract infections in all age groups. 24–27 In a meta-analysis by Martineau
and his team, which included the data from 25 randomized controlled trials, it
was found that daily or weekly vitamin D supplementation reduced the risk of
experiencing at least one acute respiratory tract infections by 19%. 25 In the same
study, a subgroup analyses revealed vitamin D supplementation had a strong
protective effect among individuals who were vitamin D deficient
(vitamin D <25 nmol/L), with a risk reduction of 70%.
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When an individual becomes
infected, their immune
system works across two
specific lines of defense: the
innate immune system – a
fast, non-specific response –
and adaptive immune system
– a slower, specific response.
Following immune activation,
a specific immunological
memory is generated, so
that a very rapid, adaptive
response is generated if
the host experiences a
repeated infection by the
same pathogen.

Vitamin D status and COVID-19
Due to its effects on respiratory infections, there is mounting evidence to
suggest that there is an association between vitamin D status and COVID-19
incidence, severity and, in some reports, mortality.
• An observational study in May 2020, evaluating the same
link between vitamin D levels and COVID-19 cases and
deaths, found a significant link between a country’s
vitamin D status and its COVID-19 cases. 28 There was also
an association between vitamin D levels and mortality,
but it did not reach statistical significance.
• In a large US-broad cohort study that included more than
190,000 patients, the rate of SARS-CoV-2 infection was
higher in patients that had a deficient vitamin D status
compared to patients that had adequate or sufficient
vitamin D values. 29 Importantly, the relationship between
vitamin D status and infection rate persisted regardless
of age, gender or race.

• A smaller cohort study in 489 patients found that the risk
of testing positive for COVID-19 was higher for patients
with likely deficient vitamin D status, compared to those
with likely sufficient vitamin D status. 30
• A recent systematic review and meta-analysis of 27
studies published concluded that inadequate vitamin D
status is associated with both increased severity and
mortality from COVID-19. 31
Because of the associations between high vitamin D status
and better COVID-19 outcomes, several randomizedcontrolled trials with vitamin D supplements have been
initiated to explore the response effects of vitamin D on
the outcomes of COVID-19, such as risk of contracting the
infection and severity. 32
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Enhancing immunity in the general
population with vitamin D
Despite its benefits, vitamin D deficiency is highly prevalent worldwide, especially in
autumn and winter seasons when individuals are exposed to less sunlight.
Surveys report that globally an estimated 88% of
individuals have insufficient vitamin D status (<75 nmol/L),
37.3% have low vitamin D levels (<50 nmol/L) and 7% are
deficient (<25 nmol/L). 33 In the elderly – an already
vulnerable group that require more nutritional support –
vitamin D deficiency is even more common, thought to
affect up to 80% of senior adults. 34 Considering the many
benefits of optimal vitamin D status, such as reducing bone
diseases, including rickets in children and osteomalacia in
adults, and its more recently recognized effects on acute
respiratory illness and SARS-CoV-2 infection, vitamin D
inadequacy has become an important public health issue.

A growing number of experts in nutrition and
immunity are recommending supplementation
with vitamin D to support immune health.3,25,35–37
A recent publication investigating the impact of
optimal nutritional status for a well-functioning
immune system advised a higher intake of
2000 IU/d (50 µg/d) of vitamin D in the general
population (non-infants) to reach a vitamin D
status in the blood that is sufficient (≥75 nmol/L)
and will help to support immunity.3
Increasing vitamin D status in the global population
Referred to as the ‘sunshine vitamin’, vitamin D is mostly
obtained from production in the skin following exposure to
ultraviolet B rays. However, most people worldwide are
deficient in this nutrient, especially during the winter
months when sunlight is limited. Some individuals may
also have a reduced ability to make vitamin D, like those
with darker skin or older adults. Adequate intake of vitamin
D is therefore essential in many countries worldwide, to
recover the insufficient vitamin D levels present in many
populations globally and to optimally support immunity.
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Unlike many other nutrients though, most foods do not
provide the adequate levels of vitamin D that are needed
by the human body. Therefore, consumers do not usually
achieve adequate levels via their diet alone. For this
reason, fortified foods and supplements play an important
role in helping individuals achieve optimal vitamin D intake,
with many consumers depending on these nutritional
products to achieve a good vitamin D status. 38
Vitamin D-fortified dairy products, cereals and fat spreads
significantly contribute to vitamin D intake. Similarly,
vitamin D supplements are a safe and effective option that
help to bridge the nutrient gap. One study in the US that
supplemented women aged between 51-70 years of age with
vitamin D, observed that vitamin D intake was increased
from 26% of the recommended levels to 66%. 39 In women
aged 70 years or older, intake was increased from 22% to
50% of the recommended amount. Currently, more than 70%
of consumers say that they are familiar with vitamin D
products on the shelves, and nearly 40% of consumers take
vitamin D supplements to support their health.40 To increase
vitamin D status and support immunity, innovative
development of appealing, safe and effective nutritional
products in the nutrition market is necessary. Education is
also important, to ensure that consumers are aware of the
health benefits vitamin D offers beyond its well-known,
positive influence on bone health.

Calcifediol: a more potent form of vitamin D
Depending on an individual’s pre-supplemental vitamin D
status, it can take a significant amount of time (weeks to
months) to reach sufficient levels of vitamin D (≥75 nmol/L)
via vitamin D3 supplementation. This can leave a person
more vulnerable, as low blood concentrations of calcifediol
are associated with increased rates of infections, particularly
respiratory tract infections. While vitamin D2 and D3
supplementation is most common, alternative options – like
calcifediol supplementation – are being explored to increase
vitamin D concentration.43,44 Higher intestinal absorption of
calcifediol increases its ability to raise vitamin D levels
compared to vitamin D3. A recent review of the current
literature concluded that calcifediol is approximately three
times more effective as vitamin D3 (increase per µg) at raising
Vitamin D status.45 A daily dose of 10 µg calcifediol allows
vitamin D levels to be maintained between 75 and 100 nmol/L.46

Vitamin D2 vs D3
Vitamin D exists in two main forms:
vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol).
While both vitamin D2 and D3 help to meet the body’s
vitamin D requirements, there are some notable
differences between the two. Vitamin D3 is the most
common form of vitamin D. It is found in animalsourced foods, or fortified foods, and is also
synthesized in the skin in response to ultraviolet B
rays. Vitamin D2 mainly comes from plant and fungi
sources, but can be found in fortified foods too.
Vitamin D2 and D3 also differ when it comes to raising
vitamin D status. Both are effectively absorbed into the
blood and metabolized by the liver. However,
vitamin D2 is converted into 25-hydroxyvitamin D2
(25(OH)D2) and vitamin D3 into 25-hydroxyvitamin D3
(25(OH)D3). The latter form, also called calcifediol, is
the main circulating form of vitamin D in the body and
its blood levels reflect the body’s vitamin D stores.
Most studies show that vitamin D3 is about 90% more
effective than vitamin D2 at raising
25-hydroxyvitamin D (or vitamin D) blood levels.41,42
Vitamin D3 is therefore preferred over vitamin D2 for
fortification or supplementation.
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Your end-to-end, purpose-led
partner for innovation
There is a need to develop nutritional products and solutions that address
consumer health concerns, including immunity. However, creating insight-led
nutritional solutions takes more than ingredients. It takes a partner that is
inspired by consumers to continuously innovate to meet their needs. As a
purpose-led company, DSM is passionate about supporting the health and
wellness of consumers worldwide, as well as reducing the burden on global
healthcare systems resulting from infection and disease. DSM takes an insight-led
and human-centric approach to innovation; to ensure consumer trends, needs
and preferences are addressed in a way that will ultimately enhance their health
and enable them to live better for longer. At DSM, we know that purpose can be
the difference between simply driving consumer interest and elevating your
product as unique on supermarket shelves. That’s why we bring our insatiable
curiosity, insights and innovation to every idea and product we help to develop.
When you partner with DSM, you get access to our broad portfolio of sciencebacked products, customized solutions and expert services at every stage of
your product’s development process, so you can meet the ever-evolving
nutritional needs of consumers.

DSM offers ingredients and solutions
for dietary supplements and fortified
foods and beverages designed with
the benefit of:

In-depth consumer
insights

Extensive industry
expertise

Unrivalled formulation
and application
knowledge

High-quality products
DSM provides a complete portfolio of science-based and high-quality nutritional
ingredients. From vitamin straights as individual ingredients to nutrients such
as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) omega-3 fatty
acids from marine and algae sources, DSM’s ingredients can be used in a range
of dietary supplement formulations and food and beverage products.

Customized solutions
DSM's customized solutions are designed to help bring your products to market
faster, more efficiently, and with enduring success. From offering global
blending capabilities that allow for the creation of fully customizable nutrient
blends in one single, homogeneous premix, to providing tailored market-ready
solutions that dramatically simplify a customer's supply chain, DSM helps you
turn people-inspired insights into products that consumers will love.

Expert services
It takes more than ingredients to bring a product to market. DSM is committed to
adding value at every stage of development – from concept to consumption –
through a broad range of expert services available across its global network.
These services, which bring scientific and technical, innovation, market insight,
and regulatory expertise to customers, support the development of nutritional
solutions that successfully address the needs and format preferences of
individuals worldwide.

YOUR END-TO-END PARTNER
PRODUCTS
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CUSTOMIZED SOLUTIONS

EXPERT SERVICES

Science-led innovation
capabilities

A global network and
local support
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Europe
DSM Nutritional Products Europe Ltd.
P.O. Box 2676, 4002 Basel
Switzerland
Phone: +41 61 815 7777
Fax:
+41 61 815 7860
Email: marketing.dnpe@dsm.com
Asia Pacific
DSM Nutritional Products Asia Pacific
30 Pasir Panjang Road #13-31
Mapletree Business City
Singapore 117440
Phone: +(65) 66326500
Fax:
+(65) 66326600
Email: marketing.dnpap@dsm.com
North America
DSM Nutritional Products, LLC
45 Waterview Boulevard, Parsippany, NJ
07054
United States of America
Phone: +1 800 526 0189
Fax:
+1 973 257 8675
Email: hnh-marketing.dnpna@dsm.com

Latin America
DSM Produtos Nutricionais Brasil S.A.
Av. Brg. Faria Lima, 2066 – 6º. Andar A
Jardim Europa, São Paulo – SP, 01450-010
Brazil
Phone: +55 (11) 3760-6300
Fax:
+55 (11) 3760-6492
Email: america-latina.dnp@dsm.com
China
DSM (China) Ltd.
No. 476 Li Bing Road ZhangJiang High Tech Park
Pudong Area, Shanghai 201203
P. R. China
Phone: +86 21 6141 8188
Fax:
+86 21 6141 8088
Email: china.vitamins@dsm.com
South Asia
DSM Nutritional Products India Pvt. Ltd.
Windsor House, 401 Fourth Floor, CST Road, Kalina,
Santa Cruz (E), Mumbai 400 098 India
Phone: + 91 22 4034 9100/101
Fax:
+ 91 22 4034 9199
Email: marketing.dnpsa@dsm.com

This publication does not constitute or provide scientific or medical advice, diagnosis, or treatment. This information is based on DSM’s current knowledge. DSM makes
no representation or warranty of the accuracy, reliability, or completeness of the information and as to results to be obtained. Use of this information shall be at your
discretion and risk. It does not relieve you of your obligation to comply with all applicable laws and regulations and to observe all third-party rights. The content of this
document is subject to change without further notice.
© DSM Nutritional Products 2020

