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Adopting sun exposure as a low-cost sustainable strategy in tropical countries needs critical analysis for its
feasibility and inclusion in national policy. This review explores the opportunities and challenges associated
with sun exposure in tropical countries and discusses potential strategies that may be adopted for promoting
sun exposure. For this, two strands of evidence were reviewed; trials on sun exposure, analysed for risk of
bias and, the environmental factors that influence acquisition of vitamin D from sun exposure in the context
of on-going ecological and nutritional transition. Compilation of data from available databases in terms of
deficiency, per cent rural population, status of fortification, air pollution, ultraviolet index, skin reflectance
and skin cancer prevalence were done. In the context of environmental and lifestyle-related challenges,
opportunities go hand-in-hand in terms of built environment, variability in air pollution and personal
factors such as skin pigmentation, precursor availability and general nutritional status. Contextual policy
decisions should consider urban and rural development planning, control of air pollution, targeted guidelines
for indigenous and immigrant population and use of space technology in educating general population for
balanced sun exposure as essential components for a sustainable strategy. Important opportunities exist for
tropical countries to develop sun exposure as a strategy for acquiring vitamin D and these need to be explored.
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Vitamin D deficiency is now known to be a
global public health problem, irrespective of sunlight
availability'. This has challenged the concept that
natural sun exposure and the downstream events would
fulfil the bodily demands. While rapid correction of the
current deficiency requires short-term strategies such
as supplementation or fortification, there needs to be a
sustainable solution to the problem in the years to come.

Sun exposure is so far the most sustainable solution
to the problem of widespread vitamin D deficiency

especially in case of tropical countries. Moreover,
vitamin D-independent benefits of sun exposure have
also been indicated, and therefore, sun exposure
cannot be completely replaced by fortification or
supplementation. For example, ultraviolet (UV)
exposure is postulated to promote the synthesis of
opioid beta-endorphins which are mood elevators, and
UVA-generated nitric oxide can improve cardiovascular
health?. Higher sun-seeking behaviour has been linked
to reduce all-cause mortality in a dose-dependent
manner in Sweden®. Further, a latitude dependency has
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Table I. Vitamin D inadequacy in developing countries lying partially between the Tropic of Cancer and Capricorn

Country Latitude Percentage Rural PM, ¥ Status of
<50 nmol/I* population® Weighted annual concentration fortification®

Malaysia 4°21 70 25 13.2 Mandatory
Tanzania 6°37 23 68 23 Mandatory
Sri Lanka 7°87 49.5 82 28 Voluntary
Nigeria 9°08 19.5 52 30 Mandatory
Vietnam 14°06 35 66 29 Nil
Fiji 17°71 11 46 7 Nil
Brazil 23°6 77 14 21.7 Nil
Bangladesh 23°68 80 66 83.3 Nil
India 26° 66 67 60.6 Voluntary
Pakistan 30°37 58 61 115.7 Voluntary
Chile 35°67 40 10 26.8 Voluntary

been observed in the case of carotid artery atheroma and
cardiovascular mortality®. There is therefore a need to
explore the possibilities of a balanced sun exposure in
the population groups residing in tropical countries. The
aim of the present review was to examine the scientific
evidence related to the challenges and opportunities
for using sun exposure as a sustainable strategy for
combating vitamin D deficiency by reviewing trials
that used sun exposure as an intervention. Studies
which used artificial sources of UVB as an intervention
were not considered. Environmental and other factors
(precursor, skin colour, calcium status, safety, and other
micronutrient deficiencies) that influence acquisition of
vitamin D from sun exposure in the context of ongoing
ecological and nutrition transition were also reviewed.
Although the global evidence was considered for this
review, for specific analysis of environmental factors,
India was taken as a case study.

Exploring sun exposure as a strategy to enhance
vitamin D status: Inadequacy of vitamin D in tropical
countries is thought to be a paradox. Table I presents
the reported data on vitamin D inadequacy in tropical
countries. The inadequacies reported were variable
with a lower prevalence of 11 per cent in Fiji to >70 per
cent in Bangladesh*¢. The environmental and personal
factors such as air pollution and dress code could be
the major factors underlying these differences. Even
though there are Nation wide efforts to fortify vitamin D
in commonly consumed foods, the major source of
vitamin D remains to be sun exposure’ (Table I).

Metabolic fate of vitamin D (synthesis storage and
longer biological half-life): The precursor for vitamin D

in human skin is 7-dehydrocholesterol (DHC). The
main source of 7-DHC is the Malpighian layer of the
epidermis®. The circulating 7-DHC is not considered to
have a significant role in the formation of vitamin D°.
Some studies have shown a relationship between
systemic high-density and low-density lipoprotein
cholesterol levels and DHC reductase-7 activities in
keratinocytes'’. An increase in 25-hydroxyvitamin D
[25(OH)D] level after UVB exposure has also been
positively correlated with baseline total cholesterol
level (P<0.005)". Ecological studies on the association
between latitude, sunlight and cholesterol have also
shown some interesting findings'>. Blood cholesterol
increased with distance from the Equator (4.14 nmol/L
at 33° N to 6.86 nmol/L at 63° N), and there was an
increase in age-adjusted death rates with decreasing
hours of sunshine exposure per annum. This was
however, attributed to the progression of squalene
metabolism to cholesterol synthesis rather than to
vitamin D synthesis.

Following sun exposure, the peak concentrations
of circulating cholecalciferol (vitamin D3) are achieved
between 24 and 48 h. In liver, cholecalciferol is
hydroxylated to 25-hydroxyvitamin D3 [25(OH)D3],
which is the major circulating form of vitamin D.
Production of 1,25(0OH),D3 is effected by the enzyme
25(OH)D-1a-hydroxylase and is tightly regulated by
serum phosphorus, parathyroid hormone (PTH) levels
and a number of other factors'’. Unaltered vitamin D
(cholecalciferol) is the major storage form in the
adipose tissue'. Storage in the adipose tissue forms the
largest exchangeable pool for vitamin D, increasing its
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half-life to 2-4 months. The serum half-life of 25(OH)
D3 is approximately 15 days'.

Skin-fold thickness, a measure of adiposity, has
shown a positive association with Body Mass Index
(BMI) and a negative association with 25(OH)D in
normal weight post-menopausal women. An age-related
decline in 25(OH)D was also observed!®. However, in
case of obese subjects, this relationship seems to be
different. A meta-analysis on the association between
vitamin D deficiency and obesity among Asians and
European-Americans has reported higher odds of
deficiency in obese as compared to healthy controls'®.
Several reasons have been proposed for this association
including low sun exposure and physical inactivity'’,
volumetric dilution or sequestration of vitamin D in
subcutaneous fat depots'®and decreased bioavailability
of vitamin D because of its deposition in body fat
compartments'’. Therefore, the role of the precursor
availability as a determinant of vitamin D deficiency is
a research area, which is in the nascent stage and needs
to be understood further.

Cutaneous vitamin D and skin colour: Darker skin
absorbs more UVB in the melanin than the skin of
White people and, therefore, to acquire the same
amount of vitamin D, they may require a higher
amount of sun exposure*?2, The amount of vitamin D
production based on skin type can be optimized using
minimal erythemal dose (MED, a measure of redness
of skin with UV radiation). Studies using artificial
UV sources, which have equalized the dose of sun
exposure based on MED, have reported a similar
capacity of producing vitamin D by Asian skin types
as compared to Caucasians®. Since MEDs are higher
for Asian/African skin types, the sun exposure time
required may be more, but the insolation is also
abundant in the tropical countries®*?. Immigrant Asian
population, in temperate countries where the intensity
and duration of sunshine are less, show higher incidence
of vitamin D inadequacy and therefore result in higher
incidence of inadequacy?!. One study from the UK
reported that an optimized sun exposure that equals to
holiday sunshine in the UK did not produce sufficient
vitamin D in immigrants with darker skin type?'.

Experiences from the African continent
(Tanzania, 2-4°S of Equator) among indigenous
population also support the above evidence? %,
The participants from different African five ethnic
groups were found to have high concentrations of
25(OH)D in their blood (115 nmol/L), irrespective
of the fish consumption and their darkest complexion

(skin type VI)**%, Therefore, available evidence from
Asia and Africa suggests that despite the darker skin
type of people, sun exposure may be an effective
strategy to prevent vitamin D deficiency.

Global evidence for sun exposure meeting daily
requirements of vitamin D: The controlled trials which
utilized sun exposure as a strategy for enhancing
vitamin D status are summarized in Table II. The
studies found a positive effect in enhancing 25(OH)D3
status, with increment ranging from 0.6 to 13.9 nmol/L.
However, two of these studies were not randomized
and were pilot studies?!.

Cross-sectional studies have also been conducted
to understand the association between sun exposure and
vitamin D. One study from Delhi, India, has examined
the role of sun exposure in acquiring daily requirement
of vitamin D*2. Men with varying degrees of outdoor
sun exposure were studied during August-September
2015. Outdoor workers with prolonged sun exposure
had sufficient vitamin D based on blood markers.
Sun exposure was the only significant determinant of
vitamin D status, increasing serum 25(OH)D by about
2 ng/ml/h of sun exposure per day [95% confidence
interval (CI) 1.8-2.3; P<0.001] after adjusting for
serum vitamin D-binding protein levels*. Outdoor
workers with an average exposure of 4.4 h daily have
been reported to have higher serum 25(OH)D compared
to indoor workers with an exposure of 0.9 h per day
from Israel**. Rural women in Malaysia who spent
more hours in sun had mean 25(OH)D levels almost
double than that of urban women®. This is despite a
lower body surface area exposure among rural women.

A systematic review including 71 studies across
the globe with representations from tropical developing
countries, such Bangladesh, Pakistan, Malaysia,
India and China, assessed the relationship between
occupation and vitamin D deficiency. Compared to
outdoor workers, indoor workers had a significantly
lower 25(OH)D (40.6+13.3 vs. 66.7£16.7 nmol/l),
indicating the influence of lifestyle factors including
sun exposure on vitamin D. Shift-workers, healthcare
workers and other indoor workers were at the highest
risk of deficiency?.

Other host-related factors: The most important
factors that regulate the production of 1,25(OH),D3
are serum calcium, phosphorus and PTH levels. The
wide individual differences in vitamin D status may
also be related to the differences in calcium status®.
Previous studies done in this area had proposed
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Table II. Intervention studies using sun exposure as a source for vitamin D
Country/ Type of Group Duration Time Change in 25(OH)D  Conclusion Risk of bias
latitude study status/baseline and analysis
end-line
Al Ain, Pilot RCT, 8 Four 15 min, face, Mean increase of Deficiency related Pilot study
UAE, 34.0° parallel women weeks  arms and hands 5.4 nmol/l to sun exposure
N2 group trial behaviours and
supplements
Sydney, Cluster 602 elderly 12 30-40 min/day,  Increment of 5.9 Sun exposure Concerns with
Australia, RCT aged 70 or months  early morning, nmol/l in status. Risk strategy is in respect to start
33.87° S7 more from with or without  of falls decreased with effective most and adherence
51 aged care calcium increase in number of likely due to poor to intervention,
facilities sun exposure sessions adherence to missing outcome
attended (IRR, 0.52; intervention data
95% CI, 0.31-0.88;
P=0.01)
Abu Dhabi, Pilot 20 female 12 wk Face,arms and ~ Mean increment of Sunlight exposure Pilot study
UAE, 24°  parallel students hands for 60 min 3.6 nmol/l compared could be an
N30 group trial, per week to a drop in control effective way
Natural sun group to improve the
exposure vitamin D status
among females
Delhi, India, Parallel 36 boys, 35  Four 30 min between  Increase of 0.6 nmol/l Significant Risk with respect
28.61°N*®  group trial  girls weeks 11:15 and 11:45 increase in serum to deviation
AM in summer 25(0OH)D from intended
intervention,
selection of
reported result
Delhi, India, Pre-post School Four 30 min/day Decrease of 0.48 Supplementation Elements of RCT
28.61° N3 trial children aged weeks in with 10 per cent nmol/l predominant  required in winter missing for RoB
10-15 yr winter  exposure between decrease in girls analysis
50 boys and 11:00 AM and 12
155 girls noon in winter
Pune, India, Prospective, Adult men Six 20 min daily on ~ Mean increment of Significant Concerns with
18.52° N¥  randomized 40-60 yr months  face and forearms 13.9 nmol/l increment respect to
(1:1), between 11:00 in 25(OH)D missing outcome
open-label, AM and 3:00 PM with exposure data and
parallel over and above between June and measurement of
group current exposure December outcome data
RoB, risk of bias; RCT, randomized controlled trials; IRR, incidence rate ratio; CI, confidence interval; 25(OH)D, 25-hydroxy vitamin D

two mechanisms to explain the role of low calcium
intakes as a determinant of vitamin D deficiency®’*%.
A shorter half-life of serum 25(OH)D on account of
an increased conversion to 1,25(OH)D to enhance
calcium absorption to compensate for the low calcium
intake is one such mechanism. An increase in hepatic
conversion of vitamin D to polar inactivation products
in conditions of calcium deprivation is another
mechanism, but it has been demonstrated only in
animals®’. Hypotheses on similar lines have been
proposed regarding the possibility of a secondary
vitamin D deficiency with low calcium intakes based

on two studies among outdoor workers with different
calcium intakes®®. More research is, however, needed
to shed light on these mechanisms.

Genetic predisposition has also been associated
with vitamin D insufficiency*’. However, since it is a
non-modifiable factor and conclusive evidence has not
been generated in this area.

Methodology for assessment of 25(0OH)D: The
reported prevalence of vitamin D deficiency in a given
population depends on the method used®. It is also
known that optimum levels of vitamin D are also not
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established with lack of dose-response studies and
studies on calcium absorption and vitamin D.

The reporting on the prevalence of deficiencies
needs to be supported by standardized methodologies
considered as gold standard*'. Often, the methodology
used is immunoassays*’, which have wide variances
compared to methods such as high-performance
liquid chromatography. Standardized methodologies
with more specific biomarkers are required to define
deficiency in the population®.

Co-existence of vitamin D deficiency with other
micronutrient deficiencies: Unlike developed countries
where single nutrient deficiency is common, in
developing countries, the manifestations of vitamin
D deficiency are quite complex with concurrent
deficiencies of several nutrients*, the cumulative
effect of which is not known. As in the case of other
micronutrients such as iron or vitamin A, a situation
where multiple nutrient deficiencies would be leading
to exacerbation of vitamin D deficiency cannot be
ruled out.

Safety of cutaneous versus supplemental vitamin D:
The UV radiation-induced  production  of
vitamin D precursors is counter balanced by
degradation of vitamin D and its precursors to photo
end-products®. During prolonged exposure to UV
radiation, a steady state is attained with a 10-15 per
cent cutaneous conversion of 7-DHC to pre-vitamin
D3. It is postulated that this process of photo-
regulation ensures that under conditions of excessive
sun exposure, toxicity does not occur*. On the
other hand, for vitamin D supplementation, counter-
regulatory mechanisms are reported to operate at
a dose range of 800-20,000 IU by maintaining the
serum 25(OH)D concentration at a range of <75-220
nmol/l. However, at doses higher than that mentioned
above, a sharp rise in dose-response curve has
been reported probably exceeding the capabilities
of wvarious mechanisms regulating 25(OH)DY.
High doses of >50,000 IU ingested weekly from
one to four months have reported to cause adverse
effects*®#. The cautions that need to be followed
for a successful supplementation regimen and the
varying bioavailability reported for different forms
of supplements®*! add on to the desirability of sun
exposure as a source of vitamin D.

Nutrition—ecological transition

Transition from adequacy to inadequacy (the
urban—rural differences in prevalence of vitamin D

deficiency): Urbanization and lifestyle changes over
the past few decades have affected the vitamin D status
globally®>*. Non-agricultural activity, consequent
migration and resultant overcrowding, pollution of air,
water and noise in cities due to industrial development
are major problems associated with urbanization. In
addition, on account of the known adverse effects of
extreme sun exposure such as skin cancer, people tend
to spend more time indoors in several countries.

In contrast to Europe and the United States,
where only <20 per cent population is rural, in
several developing countries, about 40 per cent
of the population® lives in rural areas. The rural—
urban differences in vitamin D status are significant
with urban residents having a higher prevalence of
vitamin D deficiency as reported in South-East Asian
nutrition surveys* and surveys in tropical countries,
such as Malaysia, Ethiopia and Thailand3*3%,
However, even among rural agricultural labourers who
spend around eight hours per day outdoors and have
a considerable body surface area exposed, a higher
prevalence of vitamin D deficiency has been reported
to the order of 44-70 per cent’’. Therefore, it appears
that the determinants of vitamin D deficiency in rural
and urban contexts need to be understood separately
before developing strategies for tackling vitamin D
deficiency.

How vitamin D status is affected by air pollution [trends

in aerosol optical density (AOD) and particulate matter
(PM)]: Particulate matter (PM) is made up of a number
of components, including acids (such as nitrates and
sulphates), organic chemicals, metals and soil or dust
particles and is a derived parameter from AOD. As per
the standards set by the WHO®, the annual mean PM,
value should be around 10 pg/m?, while all the cities in
India have been reported to have an average above this*.

The extent of solar UVB that reaches earth surface
is negatively affected by the level of air pollution®.
In two cities of Iran with high and low air pollution
(Tehran and Ghazvin), a study was undertaken in
200 free living women aged 20-55 yr, to understand
the effect of air pollution and vitamin D status. The
ground-level UVB was measured to be almost double
in the less polluted area compared to the area with
higher pollution. Although the altitude differences
between the two places accounted for around 12
per cent of the difference in ground-level UVB, the
influence of air pollution had a significant effect. The
odds of vitamin D deficiency was five times (OR, 5.22;
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Table III. Challenges and opportunities associated with utilizing sun exposure as a feasible strategy for tropical developing countries

Opportunities Challenges

Way forward

Longer half-life and safety of

25(0OH)D during lean period

Scattered evidence on positive
impact of sun exposure under
controlled settings

Less prevalence of deficiency
in rural areas

Regional differences in air

pollution especially in urban areas

Adaptive darker skin colour
in tropics

Multiple strategies to control
multiple micronutrient
deficiencies

to multiple deficiencies

Cutaneous synthesis of
vitamin D is not affected
by cutaneous precursor
availability

related decline in cutaneous

Balanced seasonal exposure for storage

Translating the strategy requires careful
analyses of associated factors

Low outdoor activity and low body
surface area exposure in urban areas

Polluted air hindering insolation
Immigrant population not adaptive

Interactions among micronutrients due

Associations with cholesterol/
body weight reported. Also, age-

7-dehydrocholesterol has been reported.
Source: Refs 9,10,20,28,68. 25(0OH)D, 25-hydroxyvitamin D; UV, ultraviolet

Season-specific guidelines using satellite data
Popularization of UV index using mobile applications
and monitoring

Generating high-quality evidence

Policy directions to promote out-door physical activity
Facilitative built environment changes conducive for
sun exposure especially for females

Policy directives to reduce pollution

Native and immigrant populations require separate
policy decisions guidelines

National health policy on holistic approach, establish
dose-response relationship with calcium

Understand the interactions between precursor
and 25(OH)D syntheses in the current scenario of
malnutrition. Specific guidelines/strategies for elderly

95% CI, 2.2-12.2; P<0.001) in the higher polluted area
compared to the area with lower pollution®.

Vitamin D status and sun exposure index (SEI)
among rural and urban residents were examined by a
group of researchers from Belgium®!. SEI was derived
from their reported sun exposure times and percentage
of body surface area exposed. 25(OH)D serum levels
increased linearly as the index of sun exposure increased.
For the same 25(OH)D level, the urban inhabitants
required about three times more SEI when compared to
the rural counterparts. For any given SEI, the vitamin D
status was lower when compared to the rural dwellers.
This indicated that the amount of UVB reaching the earth
may have been significantly altered due to air pollution in
case of urban setting®'. In Romania, where the prevalence
of vitamin D deficiency was about 65 per cent, it was
found that the total body bone mineral density was
inversely associated with indicators of air pollution®.

Risk of high exposure and skin cancer: The Ultraviolet
Index (UVI) is a measure of the amount of skin damaging

UV radiation expected to reach earth’s surface at the time
when the sun is highest in the sky, i.e. around midday®.
The compilation of TEMIS (Tropospheric Emission
Monitoring Internet Service) satellite data among tropical
countries shows abundant insolation across the year®
almost double than that of a temperate country. This

necessitates a guideline on sun exposure which would
prevent over exposure but would recommend limits of
exposure for synthesis of vitamin D across seasons.

Skin reflectivity also appears to be in favour of
tropical countries in protecting against cancer. The
latitudinal dependence of skin colour is already well
known; farther from Equator, lighter the skin colour®.
This evolutionary change is considered to be protective
against UV radiation®. An association between darker
skin typology and lower DNA damage has been
reported which indicates skin cancer protective effects
of darker skin types®.

Exposure to intense ambient radiation is a risk
factor for cataract®’. Therefore, balanced sun exposure
avoiding high-intensity radiation or protecting eyes while
exposing to the sun should be practised for optimum sun
exposure. In tropical countries, UVI, which indicates
over exposure would aid in practising appropriate
protective measures to prevent sunburn in summer and
sun exposure for vitamin D in other seasons.

Way forward in developing sun exposure as a
sustainable strategy for vitamin D: The opportunities
and challenges that tropical countries need to face for
strategizing sun exposure for acquiring vitamin D are
summarized in Table III and Figure.
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Generating high quality evidence on optimal sun exposure
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Figure. Schematic representation of strategies to be adopted for prioritizing sun exposure in tropical developing countries.

Region-specific guidelines for balanced sun exposure:
Detailed guidelines in countries such as the UK and
the USA concentrate on preventing skin cancer and
safe sun exposure for vitamin D%, Such guidelines
are, however, lacking in the Asian context and needs
to be incorporated in the dietary guidelines to increase
awareness on UVI in the general population. It is also
necessary to create targeted guidelines for indigenous
and immigrant populations since the immigrant
population will not have the advantage of latitude-
dependent adaptive changes®!2.

Use of space technology for creating guidelines: Space
technology can be a powerful tool for estimating the
time and duration of sun exposure and thereby help
in creating a guideline for promoting balanced sun
exposure’®’!, This technology can prove to be beneficial
in generating database on estimating the sun exposure
time required for adequate synthesis of vitamin D at
a given place and time on a day-to-day basis. Due to
large geographical area coverage and the resolution the
technology can provide guidance for promoting sun
exposure.

Creating built environment conducive for vitamin D

and synergizing sun exposure with other lifestyle
interventions: Built environment has a significant

impact on the health of people residing in an urban
environment. Planners need to be innovative on
constructing built environment which would facilitate
natural vitamin D synthesis by designing open spaces

conducive for sun exposure’. Building models which
would optimize sun exposure during different seasons
and utilization of sun control and shade devices
wherever appropriate need to be thought about. For
instance, when UV radiation transmitted through
different types of glass was studied, it was found that
all glasses (laminated, ordinary, coloured) blocked
UVB radiation totally while smooth ordinary glass
(4 mm thick) transmitted 66.6-74.3 per cent of UVA,
depending upon the distance from the source and
intensity of radiation falling on the surface™.

Built environment changes in schools and
neighbourhood, such as ‘walking school bus’, where
children move in groups to school, sidewalks and
bicycle routes for safe commutation to school in order
to prevent overweight would help in enhancing sun
exposure too’,

Utilizing shade: Shaded environments may also be
utilized for sun exposure without experiencing the high
levels of UVA of full sun’7. At 27.6° S (Australia),
diffuse UV under shade has been proved to be capable
of providing the human body with adequate levels of
UVD3 (290-315 nm) radiation”” 78,

Utilizing sun of less intensity in summer and possibility
of storage for winter: Tropical areas receive a relatively

high UVB to UVA ratio which requires less exposure
per day for acquiring vitamin D. Based on in vitro
studies, vitamin D effective radiation is also high,
ranging with conversions from 3.4 per cent at 9:00 AM
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to a maximum of 16.1 per cent at 1:00 PM and drop
there on (latitude 13.40° N)”.

The ideal time of sun exposure for maximum
conversion of 7DHC to 25(OH) D is therefore during
11:00 AM to 2:00 PM*. However, photo-conversion
occurs from 9:00 AM onwards. These early hours may
be utilized for vitamin D synthesis during summer
when UVI is maximum in India. At 6° South (Jakarta),
exposure to sunlight at 9:00 AM which contained
about 0.6 MED/h, exposing to sunlight for 25 min with
25 per cent BSA exposure, three times a week for six
weeks led to an increase of mean 25(OH)D levels of
participants from 59 nmol/l at the baseline to 84 nmol/I
in elderly®!.

Overall, it appears that sun exposure can be
effective for tropical countries in enhancing vitamin D
status, but excessive sun exposure needs to be avoided
due to associated risks of skin cancers. Robust research
needs to be taken up in the area of sun exposure for
vitamin D synthesis. Outdoor physical activity and
suitable modifications in built environment need to
be included in national guidelines for promoting a
balanced sun exposure for vitamin D. The policy
level initiatives are required globally for changes in
environment with respect to air pollution, in addition
to individual efforts in designing and creating an
enabling environment. Implementation of guidelines
and applying recommended methods of monitoring
vitamin D status also lead to creating evidence for
sustainability of this approach.
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