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ABSTRACT

India is a heliophobic country; despite ample sunshine, almost 490 million people are vitamin D deficient in the country.
Additionally, the Indian diet has not been successful in providing the daily need for vitamin D, leading to a vitamin D
deficiency. The need to fortifying food with vitamin D has been raised several times. Besides, there have been discussions
about whether vitamin D is a hormone or a vitamin? In this review, the authors have reviewed vitamin D deficiency and
its status in India, assessment and screening, the role of vitamin D in various disease conditions, dosage recommendation

and regimen.
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ith approximately 490 million people deficient

in vitamin D in a sun-rich country like India,

it is important to emphasize the significance
of vitamin D sufficiency. Besides, the Indian diet
generally fails to provide the daily need for vitamin D,
resulting in a deficiency. There is a need to fortify
various foods with vitamin D through national health
programs and raise awareness about the importance of
diet, lifestyle and vitamin D supplementation. Another
ongoing discussion is whether vitamin D is a vitamin,
prohormone or hormone precursor. Hence, this silent
epidemic needs to be addressed appropriately. In this
article, the authors have reviewed the present status
of vitamin D deficiency in India, its positioning as a
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vitamin or hormone, clinical implications in various
conditions, and given recommendations on the use,
dosage and duration of vitamin D use. An algorithm
has also been suggested for managing the population’s
vitamin D deficiency and sufficient conditions.

EPIDEMIOLOGY OF VITAMIN D DEFICIENCY

Vitamin D deficiency has been cited for having assumed
pandemic proportions, despite being the most under-
diagnosed and under-treated nutritional deficiency
globally.! In the general population across the world,
vitamin D deficiency ranges from 20% to 80% and in
critically ill patients, the prevalence increases with
a simultaneous rise in disease severity.? With an
exponential rise in prevalence, recent observational
studies have revealed that almost 40% of Europeans are
vitamin D deficient, while 13% are severely deficient.?
Vitamin D deficiency or insufficiency has been reported
from several countries across the globe, including the
United States, South America, Canada, the Middle
East, Australia, South Asia, Europe and Africa. Studies
from India have reported a wide range of vitamin D
deficiency, from 30% to as high as 100%. Other parts
of the world, like the Middle East, China and South
America, have also reported an alarmingly high
prevalence of vitamin D deficiency.*

Several countries worldwide report a very high pre-
valence of low vitamin D status. Vitamin D [25(OH)D]
levels below 30 nmol/L occur commonly in India,
Tunisia, Pakistan and Afghanistan in over 20% of
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the population. Studies have shown that 490 million
individuals have vitamin D deficiency in India.?

Another study amongst South Asian adults revealed
a high (68%) and variable prevalence of vitamin D
deficiency among the adults of different South Asian
countries, which was hypothesized to be linked to
the high prevalence of several other health issues in
this region. A country-wise comparison revealed that
Sri Lanka had the lowest prevalence of vitamin D
deficiency (48%), while Pakistan had the highest
prevalence (73%). Bangladesh and the Indian population
had about 67% prevalence of vitamin D deficiency.?

Community-based studies conducted in the last
10 years have shown a prevalence range of 50% to
94% of vitamin D deficiency in India. A high prevalence
of vitamin D has been noted in the country.® A study
conducted in South India showed a high prevalence
of vitamin D deficiency among pregnant women,
attributed to reduced physical activity, sun exposure,
darker skin complexion, lower socioeconomic status
and lack of awareness.” A single-center cross-sectional
study in North India revealed a prevalence of vitamin D
deficiency of 55.55% and inadequacy of 38.46%.

While sun exposure can suffice for vitamin D sufficiency,
it is a frequently witnessed nutritional deficiency. Even
though India is a tropical country with abundant
sunshine, it seems to be a heliophobic country as
vitamin D deficiency has been prevalent. Vitamin D
deficiency is commonly present in individuals of all
ages, gender, race and geography.!

As per a report by the International Osteoporosis
Foundation in 2009, 96% of neonates, 91% of healthy
school girls, 78% of healthy hospital staff and 84% of
pregnant women in North India were diagnosed with
hypovitaminosis D.?

A cross-sectional multicenter study has demonstrated
a high prevalence of vitamin D deficiency across India
in healthy, middle-aged health care professionals.!
Vitamin D deficiency is particularly pronounced in
special categories of patients, including patients with
chronic renal failure and on hemodialysis, renal trans-
plant recipients affected with liver disease or after liver
transplantation, ranging from 85% to 99%.

Besides, critically ill patients have an extremely high
prevalence of vitamin D deficiency, and low vitamin D
levels are also associated with increased illness
severity, morbidity and mortality in patients admitted
to intensive care units (ICUs) and medical and surgical
ICUs.? In a study conducted in South India, vitamin D
deficiency was present in all patients with active
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tuberculosis despite adequate sunlight exposure in 72%
of the cases.!!

The Eradication of Vitamin D Deficiency

Vitamin D deficiency is a global issue manifesting several
clinical signs and symptoms with major consequences.
Vitamin D deficiency has a high global prevalence
and leads to many health risks, including bone health,
chronic pain in cancer, musculoskeletal, fibromyalgia,
autoimmune conditions, cardiovascular diseases (CVDs)
and even neurological system disorders. The benefits
of vitamin D are undisputable in bone health. An
early application of vitamin D is further supported by
extraskeletal benefits.!? Considering the high prevalence
of vitamin D and its overarching consequences, it is
important to take steps toward eliminating vitamin D
deficiency.

Iodine deficiency, at one point, was the world’s single
most important preventable cause of brain damage
and mental retardation. Thirty-eight million newborns
in developing countries remain unprotected from
the lifelong impact of brain damage associated with
iodine deficiency disorders. A massive worldwide
effort led to a dramatic rise in the proportion of
people consuming iodized salt, from under 20% in the
1990s to about 70% by 2000.!* The Iodine Deficiency
Disorder Control Programme in India is a public
health success story. The successful translation of
research to policy to program, sustained political
commitment, the increased production of iodized salt
and involvement of the private sector, the institution
of legislation to ensure iodization of salt and the
catalytic role played by academic institutes, civil
society and international agencies are key factors in
establishing the success of Iodine Deficiency Disorder
Control Programme.'* Taking cues from the successful
programs implemented to eradicate iodine deficiency,
measures such as nutritional replenishment of iodine,
robust health and nutrition education activities to
create demand for iodine insufficiency and developing
monitoring information systems for ensuring that
iodine is sufficiently available to the population,'*!> we
can facilitate evidence to policy transition to eradicate
vitamin D from Indjia.

IS VITAMIN D A VITAMIN OR HORMONE?

There has been a discussion amongst clinicians and
researchers about whether vitamin D is a prohormone or
hormone precursor, as it has to be synthesized by the
sunlight for activation. Unlike other vitamins such as A,
B and C, vitamin D is the only vitamin that the body can



make. It plays an important part in the neurobiological
pathways and cascading effects associated with mental
health. Other evidence has also shown that it has a
crucial role in various endocrine pathways, reiterating
that vitamin D deficiency is a hormonal deficiency.
Besides, vitamin D is also involved in brain development
on a hormone level. Hence, vitamin D fits more
appropriately in the criteria of a hormone replacement
rather than a vitamin supplement.'?

Technically, the term vitamin D is misleading, as it cannot
be considered a true vitamin. The body has the capacity
to synthesize its own cholecalciferol (D3). Hence, it is
more accurately referred to as a steroid hormone or an
oxysterol. The International Union of Pure and Applied
Chemistry’s Commission on the Nomenclature of
Biological Chemistry defines vitamin D3 as a ‘steroid or
secosteroid’!® (Refer Box).

Box. Vitamin D: Vitamin vs. Hormone

Evidence suggesting that vitamin D is a hormone

Prohormone  Vitamin D is a prohormone, the body converts
the substance Vitamin D into a hormone for it
to be used."?

It is a key regulator of bone metabolism and
calcium and phosphorus homeostasis through
negative feedback with the parathyroid
hormone. "’

Hormone Vitamin D is a hormone precursor, as it must

precursor be synthesized by the sunlight for activation.'®

Synthesized  The only vitamin that can be made by the

by the body  body, unlike other vitamins.8

The endogenous synthesis occurs by ultraviolet
light exposure of 7-dehydrocholesterol within
the microvessels of the skin resulting in its
conversion into cholecalciferol.®

Vitamin D Formulations

Vitamin D preparations may be administered orally,
subcutaneously, intraperitoneally or intravenously. They
may be administered daily, sometimes in divided doses
or intermittently in large bolus doses, usually 3 times
per week. The timing of the dose is also important
which may be at night, as the gut calcium load is at a
minimum at night."

Vitamin D is available in two forms in India: Vitamin D2
(ergocalciferol) and vitamin D3 (cholecalciferol). A
market assessment in India has shown that over 99.9%
of the preparations contain vitamin D3 in the form of
alfacalcidol, calcitriol or cholecalciferol. Most of the
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preparations have vitamin calcitriol or alfacalcidol.
About 10% of preparations contain cholecalciferol.?’

The most common formulation for oral administration
is in the form of tablets and capsules. Alfacacidiol
and calcitriol are commonly available as tablets and
capsules; cholecalciferol is in the form of granules in
sachets. Other dosage forms include syrups and soft gel
capsules. More than 75% of alfacalcidol preparations
also contain calcium. Most of the calcitriol preparations
are combined with zinc or zinc sulfate. Several
vitamin D preparations also contain various other
minerals/vitamins such as magnesium, cupric, boron,
methylcobalamin, vitamin E, vitamin K, vitamin C,
pyridoxine, folic acid, beta-carotene, glutamic acid,
manganese, omega-3 and docosapentaenoic acid.?

Tablets and capsules contain 10-10,000 IU of vitamin D
and are usually administered on a daily basis. Cholecal-
ciferol soft gel capsules, syrup and sachets containing
granules of vitamin D (60,000 IU) are given weekly.
Vitamin D2 preparation is available in tablet form
in two formulations containing 20 IU and 100 IU,
respectively.2

The parenteral route has been shown to be effective and
safe in patients with hypovitaminosis D caused by severe
intestinal malabsorption. Intramuscular vitamin D is
the preferred treatment for malabsorption disorders
like intestinal bowel disorders, pancreatic insufficiency,
short-bowel syndrome, gluten enteropathy, post-
bariatric surgery and any need to total parenteral
nutrition.?! Table 1 depicts the different preparations of
vitamin D formulations available in India.

Recommended Vitamin D Levels in the Body

Maintaining adequate serum levels of 25(OH)D for
skeletal and extraskeletal physiologic effects is important.
Studies have shown that the desirable and safe levels
of serum 25(OH)D levels should be 30-100 ng/mL
because, at the level of 30 ng/mL, the intestinal calcium

Table 1. Different Formulations of Vitamin D

Formulation Vitamin D strength  Administration
Tablets/Capsules 10-10,000 IU Daily
Sublingual tablets 10-10,000 IU Daily

Soft gel capsules/ 60,000 IU Weekly
granules/syrup/tablet

Intramuscularinjection  6,00,000 IU/mL Weekly

Soft gelatin 10-10,000 U Daily

capsules/tablets
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absorption reaches its highest level and parathyroid
hormone (PTH) levels are continually reduced until this
level of 25(OH)D is reached.®

Vitamin D deficiency is described as a serum/plasma
level of 25(OH)D below 75 nmol/L (or 30 ng/mL).
A threshold of <25 or <30 nmol/L (or 10/12 ng/mL) can
raise the risk of osteomalacia and nutritional rickets,
thus determining severe vitamin D deficiency.?

The clinical practice guidelines of the Endocrine Society
Task Force on vitamin D have described a cut-off level
of 50 nmol/L as vitamin D deficient.?? In addition,
various societies and expert bodies worldwide define
50 nmol/L as the vitamin D requirement of all normal,
healthy individuals, primarily considering bone health.

We recommend that desired serum level of vitamin D
should be between 40 and 60 ng/mL, and hence, appro-
priate vitamin D dose should be administered.

INDICATIONS FOR VITAMIN D

Musculoskeletal Effects of Vitamin D Deficiency

Rickets and osteomalacia

Vitamin D, a secosteroid hormone, is crucial for calcium
absorption and bone mineralization absorption, which
positively associates with bone mineral density.? It is
known that prolonged and severe vitamin D deficiency
causes rickets in children and osteomalacia in adults.
Results from several clinical studies have shown
that vitamin D supplementation can improve muscle
strength contributing to a reduction in the incidence of
falls.??

It has been established that insufficient vitamin D
intake over a prolonged period can result in bone
demineralization. Vitamin D deficiency reduces calcium
absorption, eventually reducing the calcium concen-
trations in the circulation. Vitamin D deficiency
also causes secondary hyperparathyroidism, which
structurally weakens the bone and increases the risk of
fractures.?

Maternal vitamin D deficiency passes on to the infant
who is at high risk of presenting in the first few days or
months of life with hypocalcemic complications,
including seizures, tetany and dilated cardiomyopathy.
Vitamin D deficiency in older children can result
in motor delay, proximal myopathy and dental
complications. Osteomalacia in girls can result in pelvic
deformities and lead to obstructed labor later in life.?

Vitamin D deficiency triggers the release of PTH, which
enhances urinary phosphate excretion, resulting in
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hypophosphatemia and osteomalacia.®® Low calcium
intake and/or low vitamin are the primary reason for
body calcium deprivation across the world, and their
combined deficiency accelerated bone demineralization.*

Osteoporosis

Osteoporosis is defined as a bone mineral density (BMD)
2.5 standard deviations below the mean of healthy
young individuals. Also, there is a direct relationship
between BMD and fracture risk. Hence, vitamin D plays
a key role in osteoporosis and fractures.

The results of vitamin D deficiency are secondary hyper-
parathyroidism and bone loss, resulting in osteoporosis
and fractures, mineralization defects, which may lead
to osteomalacia in the long-term, and muscle weakness,
causing falls and fractures. Several randomized controlled
trials have shown that vitamin D and calcium showed a
significant reduction in the incidence of fracture.?®

Research has shown that vitamin D supplementation
improves BMD and enhances muscle function, leading
to reduced falls. It can also modulate the effect of pro-
inflammatory cytokines on bone metabolism.?®

Vitamin D sufficiency is, therefore, pivotal for normal
skeletal development both in utero and in childhood
and sustaining bone health in the adult population.
A deficiency of vitamin D in mothers can lead to a
considerable reduction in infant bone mineral acquisition,
which is persistent in nature.”

Sarcopenia

Sarcopenia refers to a loss of skeletal muscle mass with
aging. It is marked by the progressive and generalized
loss of skeletal muscle mass and strength with a risk
of adverse outcomes such as physical disability, poor
quality of life and death. Studies have shown a positive
correlation between serum 25(OH)D concentration
and muscle function. A decline in serum 25(OH)D
concentration with rising age leads to reduced bone
density, leading to a higher risk of falling and bone
fractures.?®

Studies have shown that older people with vitamin D
deficiency may be at risk of sarcopenia, a geriatric
syndrome featured by the progressive loss of skeletal
muscle mass and strength frequently complicated by
adverse events, including falls, disability, hospitalization
and death.?

MOAN syndrome

MOAN refers to the musculo-osteo-arthro-neuropathic
syndrome. Osteoporosis is often related to sarcopenia
and osteoarthritis and is attributed to calcium and



vitamin D deficiency, which may eventually result in
metabolic neuropathy and myopathy. While conditions
such as sarcopenia or loss of muscle mass or strength
or function may occur as a primary condition, which
may result in secondary such as osteoporosis and
arthritis. Even though the associations have been
shown to occur individually, it is important to address
MOAN syndrome as one entity. Vitamin D may play an
important role in preventing and managing the MOAN
syndrome.*

Mitogenic Disorders

that
31

Strong preclinical data have demonstrated
vitamin D is linked with cell cycle control and cancer.
It was shown in a Cochrane systematic review that
cancer mortality was modestly reduced by vitamin D
supplementation in individuals receiving a mean daily
dose of 1,146 IU compared to no supplementation
during a mean follow-up for more than 6 years.>?
Several large randomized controlled trials, including the
VITAL trial, showed that a vitamin D supplementation
group had a nonsignificant trend of reduction in total
cancer mortality.

The vitamin D endocrine system influences all cells and
most cytokines of the immune system.3> As per the results
of the LUNG-ViDA trial, vitamin D supplementation
may have a modest impact in improving expiratory
lung function.®

Some studies have also shown a strong link between
poor vitamin D status and increased risk of infection or
autoimmune diseases such as multiple sclerosis, infla-
mmatory bowel diseases, or type 1 diabetes mellitus.®®
A causal relationship between increased risk of multiple
sclerosis and genetically low serum 25(OH)D levels has
also been confirmed.

Besides, pregnant women frequently report poor
vitamin D status compared to nonpregnant women
of the same age. Studies have shown that vitamin D
supplementation may lead to a considerable reduction
in maternal mortality and improve the health of the
baby.3

Psoriasis

Vitamin D has a significant role in the treatment of
psoriasis, owing to its activity in the proliferation and
maturation of keratinocytes. Significant associations
between low vitamin D status and psoriasis have been
systematically observed. A bi-directional relationship
between low vitamin D status and psoriasis is
also important for delineating the risk profile for
comorbidities that may result from psoriasis, including
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type 2 diabetes and metabolic syndrome.” Clinicians
should consider general vitamin D supplementation in
individuals who are at high risk of vitamin D deficiency,
such as psoriatic patients.

Glucometabolic, Cardiometabolic and
Barometabolic Disorders

Cardiovascular diseases

Vitamin D deficiency has been implicated in cardio-
metabolic disorders, including obesity, type 2 diabetes
mellitus, CVD and polycystic ovary syndrome.*

Epidemiologic studies have revealed that low vitamin D
levels are linked with an increased risk of cardiovascular
events. 25(OH)D plays a role in diabetic CVD, myo-
cardial infarction (MI), heart failure and peripheral
vascular disease. Decreased vitamin D levels are strongly
associated with a high prevalence of coronary artery
disease, a 3-times rise in the rate of myocardial ischemia
among individuals with hypertension. Besides, the rate
of cardiovascular complications, including MI and
heart failure, was higher in individuals with vitamin D
deficiency who were followed for about 5 years.*

It was seen in a clinical trial that vitamin D treatment
may be effective in patients with cardiometabolic
disorders having vitamin D deficiency.*’ Another study
has shown that vitamin D supplementation given
at a dose of 50,000 IU for 16 weeks brought about a
considerable reduction in triglyceride level.4!

Another Iranian study demonstrated an inverse link
between plasma vitamin D levels and cardiometabolic risk
factors in children and adolescents.*? Supplementation
also significantly reduces blood pressure in elderly
women.®® A systematic review and meta-analysis have
shown that high vitamin D levels in middle-aged and
elderly populations are related to a significant reduction
in CVD, type 2 diabetes and metabolic syndrome.**

Vitamin D deficiency is highly prevalent and may lead
to arterial hypertension. Vitamin D exerts its effect
by suppressing renin and PTH levels and its anti-
inflammatory and vasculoprotective properties. Low
vitamin D levels may be an independent risk factor for
incident arterial hypertension. Results of cross-sectional
studies have shown that low vitamin D is linked with
higher systolic blood pressure and a higher incidence of
hypertension.%

Real-world data has shown that high vitamin D levels
are associated with a favorable serum lipid profile.
While there have been mixed results from different
studies, some randomized controlled studies have
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indicated that vitamin D supplementation provided a
statistically significant rise in low-density lipoprotein
cholesterol (LDL-C), with a tendency towards a rise
in total cholesterol. Besides, the effect of vitamin D
supplements on serum LDL-C levels is more pro-
nounced in obese individuals.*® Supplementation of
vitamin D (1,000 mg) for a month in healthy school
children demonstrated a significant improvement in the
high-density lipoprotein (HDL) level.46

Type 2 diabetes

Poor vitamin D levels may act as one of the driving
factors for the development of type 2 diabetes. This has
been corroborated by the fact that low vitamin D status
is linked with an increased risk of glucose intolerance
or diabetes. Longitudinal studies have exhibited that
poor vitamin D level is associated with an increased
incidence of type 2 diabetes. Changes in calcium and
vitamin D homeostasis are related to insulin resistance,
decreased {3-cell function, metabolic syndrome, glucose
intolerance and diabetes.* Vitamin D supplementation
(60,000 IU) for 1 year period significantly reduced the
glycemic parameters, including fasting blood glucose
(FBG), postprandial blood glucose (PPBG) and glycated
hemoglobin (HbA1c).¥

Obesity and overweight

Studies have shown that fluctuation in serum
25(0OH)D concentrations may be associated with a
myriad of problems. It has been shown that an increase
in body mass index (BMI) levels per unit is associated
with a 1.15% lower concentration of 25(OH)D, with
adjusted age and sex. Other evidence points towards
an association between obesity, high concentration of
PTH and 1,25-dihydroxyvitamin D [1,25(OH),D] with
low serum 25(OH)D concentrations. Additionally,
changes in behavior, low synthetic capacity, intestinal
absorption and a changed metabolism play a major role
in controlling vitamin D levels. Obese individuals are
exposed to less sunlight, resulting in reduced synthesis
of vitamin D. Besides, it has been suggested that weight
loss is associated with improved serum vitamin D
concentration in overweight or obese women.>

However, a few studies have also suggested that there
are no evident benefits of vitamin D supplementation in
cardiometabolic disorders.*

Miasma-related Disorders

Vitamin D deficiency has been shown to occur frequently
in patients with chronic airway inflammatory and
infectious diseases, correlated with increased disease
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severity. Research has shown that vitamin D modulates
ongoing abnormal immune responses in chronic
respiratory diseases and is shown to restrict bacterial
and viral colonization into the lungs.%®

Various studies have highlighted the association between
low levels of vitamin D deficiency with increased risk
of asthma and other respiratory disease symptoms,
including lower lung function. Several studies involving
clinical trials of vitamin D supplementation on asthma
symptoms have reported positive results.*®

Among the published clinical studies, a hospital-based
cross-sectional study has reported that increased tumor
necrosis factor (TNF)-a levels and low serum vitamin D
concentrations are related with airway obstruction
in chronic obstructive pulmonary disease (COPD)
patients.® It has been assessed that around 40% to 90%
of cystic fibrosis patients are vitamin D deficiency, with
vitamin D serum levels below 30 ng/mL. Almost 15% to
20% have vitamin D levels below 15 ng/mL. While
patients usually are given vitamin D supplementation
when they present exocrine pancreatic insufficiency, but
it normally appears at birth or during the first months
of life. Hence, supplementation usually starts with the
diagnosis.”

ASSESSMENT AND SCREENING

With the increasing awareness about the importance of
vitamin D for maintaining musculoskeletal health, there
has been a rise in vitamin D testing. However, uniform
screening for vitamin D deficiency is not recommended
in the general population as it is an expensive test.
However, given that certain individuals are at high
risk of vitamin D deficiency, it is important to perform
targeted testing of the susceptible population.®!

Once the treatment is initiated, timely retesting following
3 to 6 months of treatment must confirm adequate
treatment and prevent potential toxic over-treatment.
Vitamin D levels undergo seasonal variations and hence
should be considered when tests and interpretations
are conducted. In addition, risk factors for vitamin D
deficiency should be considered to ensure targeted testing
of patients.>> The screening of vitamin D deficiency should
be considered in the case of osteoporosis, osteomalacia,
chronic kidney disease, hepatic failures, malabsorption
syndromes, hyperparathyroidism, chronic treatment
with medications that influence vitamin D metabolism,
pregnant and lactating women, institutionalized
or hospitalized patients, older adults (>65 years)
in general, older adults with a history of falls or a
history of nontraumatic fractures, granuloma-forming



disorders, chronic autoimmune diseases, obesity, dark
skin pigmentation, different types of cancer, certain
cardiovascular disorders, diabetes mellitus and its
comorbidities, some neurological conditions and recurrent
acute respiratory tract infections; in symptomatic patients
with musculoskeletal pain; before initiating osteoporosis
treatment with antiresorptive medications.>!

Clinical Presentation of Vitamin D Deficiency

The common clinical presentations of vitamin D
deficiency are listed in Table 2.5

Markers to Assess Vitamin D Deficiency

Total serum 25(OH)D concentration is the primary
marker for assessing vitamin D status, reflecting
vitamin D supply from all sources, including endogenous
vitamin D synthesis in the skin, diet, supplements and
mobilization from tissue stores. Patients suffering from
vitamin D deficiency and other and other related health
issues, such as bone diseases, require testing of additional
laboratory parameters, including serum calcium,
phosphate, alkaline phosphatase, PTH, creatinine
and magnesium to guide further the diagnostics and
treatment of these patients.”!

Vitamin D deficiency is also accompanied by normal
blood levels for calcium and phosphorus, high normal
or increased levels of PTH, normal to high levels
of total alkaline phosphatase, a low 24-hour urine
calcium excretion rate and low levels of total 25(OH)D.
Patients suffering from severe and chronic vitamin D
deficiency may present with overt hypocalcemia and/or
hypophosphatemia.® Based on risk factors and seasonal
alteration in the serum levels of vitamin D, it is
recommended that:

o> Targeted testing based on risk factors is performed.

o Seasonal variations in vitamin D levels are consi-
dered before ordering testing for patients.

Table 2. Clinical Manifestations of Vitamin D Deficiency
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o Retesting for individuals on therapy is ordered
after 3 months following the initiation of vitamin D
treatment.

HYPERVITAMINOSIS D

An increased administration of vitamin D supplements
may sometimes result in a higher risk of exogenous hyper-
vitaminosis D, displaying symptoms of hypercalcemia,
also referred to as vitamin D toxicity. Hypervitaminosis
may develop as a result of using vitamin D analogs.
Hypervitaminosis D with hypercalcemia may also be
a manifestation of excessive production of 1,25(0OH),D
in granulomatous disorders, in lymphomas and during
idiopathic infantile hypercalcemia.>

PREVENTION, TREATMENT AND MANAGEMENT

Sunlight

Insufficient sun exposure is the main reason for
vitamin D insufficiency. The ultraviolet portion of
the sunlight enters the skin and is converted to pre-
vitamin D3. Pre-vitamin D3 rapidly converts within
the plasma membrane to vitamin D3, which is
released in the extracellular space. Factors affecting the
cutaneous synthesis of vitamin D are sunscreen use,
skin pigmentation, time of day, year’s season, latitude
and aging. Limited sensible exposure to sunlight or
ultraviolet B radiation is more effective in raising blood
levels of 25(OH)D than 1,000 IU vitamin D3 taken daily
for most skin types.>

Vitamin D-fortified Foods

Vitamin D-fortified foods usually contain 100 IU
per serving of vitamin D. It has been reported that
consumption of vitamin D-fortified, especially milk,
increased vitamin D intake and effectively increased
25(OH)D levels. Cereal, juices, other dairy products
and margarine are other food items that can be fortified

Children

Adults

Infants
Symptoms  Difficult breathing, irritability
Signs Seizures, tetany stridor

Dilated cardiomyopathy, craniotabes, open
anterior fontanelle and frontoparietal bossing

Repeated infection, bone pain,
difficulty in squatting/standing/
walking

Hypotonia, delayed dentition,
enamel hypoplasia, dental
caries, wrist widening, Rachitic
rosary, knock knees, bowlegs

Bone pain, muscle pain, muscle
weakness, difficulty in squatting/
standing/walking, frequent falls

Waddling gait, anterior tibial
weakness, rib cage tenderness,
fractures, pelvic deformities,
kyphoscoliosis
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with vitamin D.! Considering limited dietary sources
of vitamin D, enhancing foods with vitamin D is a
probable mode for ensuring increased consumption
and improved vitamin D status.” Vitamin D food
fortification is also an effective method to improve
25(OH)D levels, prevent vitamin D deficiency and
improve the intelligence quotient in the pediatric
population.®® Besides, it has been seen that milk fortified
with ergocalciferol has effectively eliminated rickets as
an important health problem, and when used in high
doses, ergocalciferol can effectively treat osteomalacia
in adults.”

Pharmacological Therapy

Vitamin D supplementation

Sunlight and the skin are the primary sources of
vitamin D; changes in sunlight exposure to the skin
may alter vitamin D levels. There are several reasons
for the low levels of vitamin D in the South Asian
population, including dark skin, individuals whose
skin is not exposed to sunlight because of clothing,
sunscreen use or lack of outdoor activities. Besides, in
winter, ultraviolet irradiation is reduced, particularly
in temperate climates and air pollution leads to further
vitamin D deficiency. Exclusive sunlight exposure
is not adequate to achieve recommended vitamin D
levels, and supplementation is necessary.> Vitamin D is
included in the WHO Essential Medicines List 2021 and
the Indian National List of Essential Medicines 2022 as
micronutrient supplements.®

To ensure that non-specific symptoms of vitamin D
insufficiency are not over-treated, patients are reco-
mmended to use over-the-counter vitamin D supple-
ments or fortified food supplements such as cereals.>
An empiric vitamin D supplementation without testing
is suggested for patients without any risk factors or signs
of deficiency but are suspected of having insufficient
sun exposure or dietary intake.>*

Vitamin D supplementation can be used to treat almost
all individuals except those with an increased sensitivity
to vitamin D treatment, a rare condition. Daily, weekly
or monthly vitamin D supplementation at equivalent
doses can adequately lead to a similar increase in
25(0OH)D serum concentrations, while a daily vitamin D
dosing is preferred.!

Individuals with an assessment of vitamin D level to be
below 20 ng/mL should be treated with vitamin D supple-
mentation. When aiming for a minimum 25(OH)D
concentration of at least 30 ng/mL, a daily vitamin D
supplement dose of about 1,000 IU per day is sufficient
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for all individuals, irrespective of the season. 100 IU
of vitamin D per day increases serum 25(OH)D
concentrations by about 1 ng/mL is one of the factors
modulating the individual treatment response. Evalua-
tion of treatment success should be considered in
individuals with insufficient and deficient vitamin D
levels after 3 months of treatment initiation.!

DOSAGE AND DURATION

Currently, bolus dosing with long dosing intervals
is not used in the general population because of an
increased risk of adverse effects such as falls and
fractures related to them.®® A 2017 metadata analysis
showed that vitamin D leads to a significant benefit in
case of acute respiratory infection with daily or weekly
dosing but not with longer dosing intervals.®? In the case
of intensive care, an upfront loading dose, followed by
a daily dose, is important to improve vitamin D levels
quickly.?

Vitamin D dosing regimen should be such that it
can maintain stable availability of several vitamin D
metabolites. Vitamin D supplementation is necessary as
only sunlight exposure and dietary intake are usually
insufficient in most individuals. Currently, there is
no international consensus on the standard level of
vitamin D supplementation, and recommendations
vary in different categories ranging from a daily dose
of 400 to 2,000 U3

Endocrine Society has given a safe upper level for
vitamin D supplementation as 10,000 IU, while the
Institute of Medicine (IOM) and the European Food and
Safety Authority recommend a value under 4,000 IU per
day (100 pg). Most countries have recommended the
upper level as 2,000 IU per day (50 pg) for adults.®

However, clinical studies on dose-response relationships
or toxicity studies have shown that there are no adverse
effects following an intake of 1,250 ug (50,000 IU)
once every 2 weeks for several years. High doses
do not cause hypercalcemia or other evidence of
hypervitaminosis D.%® Clinical studies conducted on
smaller populations have also shown that even a daily
consumption of up to 250 pg (10,000 IU) of vitamin D
over long periods did not result in any adverse events
in healthy adults.

Considering that the recommended daily dose of
vitamin D supplementation of up to 2,000 IU may lead
to severe side effects in the general population. Since,
800 IU is the lowest dose associated with a bone benefit,
a recommended daily dose of 20 to 50 g is reasonable.®*
A daily vitamin D of 800 IU is adequate to achieve a



Table 3. Daily Vitamin D Dosage Recommended by
Different Societies and Organizations

Recommendationfrom Vitamin D recommendation

REVIEW ARTICLE IS

Asymptomatic Symptomatic Symptomatic
No signs + signs + signs
Screen Vitqn‘}in D ) Vital_ni_n D Vite_m:\in D
sufficiency insufficiency deficiency

United States RDA 200 IU/day in men and women

<50 years

Vitamin D Council 2,000 IU vitamin D daily <60 years

IOF 800to0 1,000 1U/day inmen and women

ICMR-NIN 600 1U/day in adult men and women

800 IU/day in men and women
>60 years

RDA = Recommended Dietary Allowance; I0F = International Osteoporosis Foundation;
ICMR-NIN = Indian Council of Medical Research-National Institute of Nutrition.

target of at least 20 ng/mL in most healthy individuals.
However, 2000 IU is sufficient to achieve a level at least
30 ng/mL. Clinical data has also pointed out that a level
higher than 20 ng/mL may be needed for optimal risk
reduction in several cases.’

The results of a study showed that after a normal level
of 25(OH)D is reached, the daily maintenance dose of
2,000 IU was inadequate to achieve and stabilize the
level of 25(OH)D at <30 ng/mL. The daily dosage has
increased from 400 to 2,000 IU per day to maintain
normal levels. However, an adequate maintenance dose
is required to prevent recurrent deficiency, irrespective
of the initial dosage. National Health Service in
the United Kingdom has recommended a daily dose
ranging between 800 to 2,000 IU per day but opined to
raise the dose up to 4,000 IU daily. However, the study
supported the fact that supplementation is the only
source of vitamin D, and obese individuals require 2 to
3 times higher doses compared to individuals with
normal weight.®® Table 3 shows the recommended doses
of vitamin D by different societies and official bodies.

Based on several studies, it has been suggested that
vitamin D deficiency is defined as 25(OH)D below
20 ng/mL, insufficiency as 25(OH)D of 21 to 29 ng/mL,
and sufficiency as a level of 25(OH)D of 30 to 100 ng/mL.*
Figure 1 gives an algorithm giving a step-by-step approach
to assessing and managing vitamin D deficiency.

7 Ds OF VITAMIN D SUPPLEMENTATION

Demand

o> Vitamin D deficiency has assumed pandemic
proportions.

> Indian studies show prevalence ranging from 50%
to 94%.

A4 4 4

Diet adequate in calcium/vitamin D sunlight
exposure outdoor exercise

Y \

Lifestyle
)

Calcium, as per RDA, dietary or as supplement

o Ir!;qica:'lon Comorbid condition management and prevention
ptimizati Concomitant medication review and rationalization

o 60,000 1U 60,000 1U
Vitamin D once a week once a week
Initiation for 8 weeks for 12 weeks

A4

Clinical/Biochemical
response

v

[ Satisfactory } [ Unsatisfactory }47
A

\ 4

Y
i Repeat 60,000 IU once
once a
month
Y
[ Reassess |
Y
Reinforce need for healthy diet, lifestyle,
adherence and persistence with therapy

Figure 1. The clinical approach to managing individuals with
vitamin D insufficiency.

> India is a heliophobic country leading to an
inadequate exposure to sunlight, resulting in
insufficient levels of vitamin D.

(3]

Vitamin D deficiency has been implied in multiple
systems; cardiometabolic disorders, essential for
bone health in children and adults, and MOAN
syndrome.

2  Included in WHO Model List of Medicines 2021
and National List of Essential Medicines 2022.

Dosage

o> Asymptomatic individuals: 800 to 2,000 IU per day.

o Symptomatic, vitamin D insufficient: Up to 60,000
once a week.
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o Symptomatic, vitamin D deficient: Up to 60,000 IU
once a week.

Duration
> Asymptomatic individuals: 800 to 2000 IU per day.
o Symptomatic vitamin D insufficient: Up to 60,000 IU
o Initiation dose: Once a week for 8 weeks
e If unsatisfactory, once a week for 8 weeks

e Maintenance dose: Up to 60,000 IU, once a
month.

Symptomatic vitamin D deficient: Up to 60,000 IU

(3]

o Initiation dose: Once a week for 12 weeks
e If unsatisfactory, once a week for 8 weeks

e Maintenance dose: Up to 60,000 IU, once a
month.

Dynamics

o> The recommendation for supplementation should
be indication based.

o Vitamin D supplementation dependent on season,
age, body weight and other risk factors including
susceptible individuals including elderly >65 years,
hospitalized individuals, women planning preg-
nancy and in patients with osteoporosis with an
increased risk of falls. OR

o DPatient should be referred for vitamin D supple-
mentation

e Lack of improvement

e Malabsorption

e Hypercalcemia

e Associated kidney disease or hepatic disease

e Inindividuals post-bariatric surgery.

Delivery

o Available in the form of tablet, capsules, soft gel
capsules and syrups.

o> Preferred drug formulation may be customized
based on ease of administration and the patient
compliance.

Desirability

o> In the general population, desired serum levels
following supplementation with initiation and
maintenance dose should be 40 to 60 ng/mL.

o Vitamin D insufficient levels: 220 to <30 ng/mL.

(3]

Vitamin D deficient levels: <20 ng/mL.
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Direction

o> Education and awareness of general practitioners
on vitamin D deficiency

o Desired serum levels, recommendations for
indications, loading and maintenance dosages
needed.

o Reinforce need for healthy diet, lifestyle,
adherence and persistence with therapy.

Public awareness about

(3]

e Importance of sunlight exposure for vitamin D
production.

o Lifestyle factors, diet, vitamin D-fortified food.

e Vitamin D supplements availability, required
dosage and formulations.

AWARENESS OF VITAMIN D DEFICIENCY

It is known that a lack of knowledge and awareness of
vitamin D deficiency acts as a potential risk factor for
vitamin D deficiency.®® A study on children showed
that most individuals with vitamin D deficiency are
unaware of vitamin D sources.” There is a need for
an improved campaign for awareness, knowledge and
attitudes regarding vitamin D.

Several factors work at the heart of a successful
eradication program. In case of vitamin D deficiency, it
can be integrated with other programs running under the
Ministry of Health and Family Welfare, such as maternal
and child health programs (Janani-Shishu Suraksha
Yojana, Janani Suraksha Yojana, Pradhan Mantri
Surakshit Matritva Abhiyan, etc.), national program
for health care of the elderly and noncommunicable
disease control programs. Health care professionals
need educational programs to create awareness about
vitamin D assessment and supplementation.

CONCLUSION

Vitamin D deficiency could be symptomatic or
subclinical, with a continuously rising prevalence.
Hence, there is a clear need to educate the public
and health care professionals about the prevention of
deficiency through supplementation, diagnosis through
targeted testing, especially in high-risk individuals, and
adequate treatment, maintenance and monitoring.

Vitamin D is implicated in bone health, attributing
to increased fractures and susceptibility to falls in
individuals who are vitamin D deficient. Unarguably,
vitamin D has also emerged as an independent risk
factor for various CVDs, including MI and coronary
heart disease.



Considering vitamin D prevalence in the general popu-
lation and its clinical manifestations, we recommend
the following dosage and duration of vitamin D: (a)
Asymptomatic individuals — 800 to 2,000 IU per day,
or 60,000 IU once every 30 days. (b) Symptomatic
vitamin D insufficient — Up to 60,000 IU - initiation
dose is once a week for 8 weeks and maintenance
dose up to 60,000 IU, once a month. (c) Symptomatic
vitamin D deficient - Up to 60,000 IU - initiation dose is
once a week for 12 weeks and maintenance dose up to
60,000 IU, once a month.
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