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Abstract
Summary Evaluation of ultraviolet B index (UVBI) and its
impact on vitamin D synthesis is important. We observed the
maximum UVBI between 11 am and 1 pm. There was no
increase in serum 25(OH)D levels following sun exposure
during winter as the UVBI was significantly low, emphasizing
the need for vitamin D supplementation during these months.
Introduction The amount of vitamin D3 synthesizing UVB
irradiation (290–320 nm) reaching the earth’s surface at dif-
ferent altitudes and seasons in different parts of India and it’s
impact on vitamin D synthesis has not been well studied.
Methods The hourly UVB index (UVBI) from 10 am to 3 pm
everyday for 12 months was measured by a solar meter in 4
different zones (North, Northeast, West and South) of the coun-
try. To study the impact of sun light exposure on vitamin D

synthesis during winter, healthy school children aged 10–
15 years were exposed to sunlight for a period of 30 min per
day, between 11 am to 12 noon with 10 % body surface area,
for 4 weeks. The main outcome measures were serum
25(OH)D, PTH, calcium, phosphate, and alkaline phosphatase
levels before and after sun exposure.
Results The mean UVBI was highest between 11 am and
1 pm throughout the year in all locations. The highest UVBI
was recorded from the North zone (4.5±2.7 μW/Cm2), while
the least was recorded in the Northeast zone (2.1±1.2 μW/
Cm2). UVBI readings in the Northeast zone were consistently
low throughout the year, while all the other three zones
showed significant seasonal fluctuations.

Surprisingly, we observed a significant decrease in serum
25(OH)D levels from baseline (6.3±4.6 to 5.1±2.7 ng/mL;
p<0.001) despite sun exposure.
Conclusion The mean UVBI was highest between 11 am and
1 pm throughout the year in all locations. No increase in the
serum 25(OH)D levels was observed following sun exposure
in winter, emphasizing the need for vitamin D supplementa-
tion during these months.
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Introduction

India is a tropical country extending from 8.4° N to 37.6° N
latitude. Majority of the population live in areas of ample
sunlight throughout the year, and hence there was disbelief
that vitamin D deficiency is uncommon in India. However,
published data on bone mineral health from different parts of
India have shown widespread vitamin D deficiency (25 (OH)
D<20 ng/mL) in up to 90 % of healthy subjects in all age
groups [1–6]. It may be related to poor vitamin D formation,
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probably as a result of inadequate sun exposure due to lifestyle
modification, crowded houses with limited sun exposure,
work culture of staying indoors, dark skin color, atmospheric
pollution, and lack of national policy on fortification of foods
with vitamin D.

Sun exposure in the present scenario may be able to alle-
viate the burden of vitamin D deficiency as more than 90% of
endogenous vitamin D is synthesized through solar ultraviolet
B (UVB) irradiation of the skin [1, 6]. The maximum conver-
sion of 7-dehydrocholesterol (7-DHC) to previtamin D3 oc-
curs at about UVB 298 nm with wavelength on either side of
298 nm becoming progressively less efficient in driving the
conversion. About 60 % of vitamin D is produced between
290 and 300 nm [7].

We had recently shown that the effective vitamin D
forming UVB irradiation in Delhi (28.61° N) is maximum
between 11 am and 1 pm during the months of March–June
and September–October. Thirty minutes of sun exposure dur-
ing summer between 11 am and 12 noon with 15–30 % body
surface area for a period of 4 weeks is able to increase serum
25(OH)D levels by 3.5 to 4.9 ng/mL [8]. However, no study
till date has evaluated the UVB index (UVBI) across the coun-
try to see its regional and seasonal variations, before advocat-
ing sun exposure.

The present study is conceptualized to quantify the amount
of vitamin D3 synthesizing UVB irradiation reaching earth’s
surface at different altitudes and seasons in different parts of
the country and to study the impact of sun exposure on vita-
min D synthesis during winter.

Materials and methods

Measurement of vitamin D3 synthesizing UVB irradiation

The amount of vitamin D3 synthesizing UVB irradiation
reaching the earth’s surface was measured by Solarmeter 6.4
(Solartech Inc, Michigan,USA), specifically standardized to
measure only UVB rays of 280–320 nm [9]. Hourly UVBI
(μW/cm2) and weather status were recorded from 10 am to
3 pm everyday for 12 months (March 2014 through February
2015). The UVBI was measured in free field areas at a fixed
point in all these centers, with the sensor pointing straight
upward toward the sun. Four different zones of the country,
South [Madurai (Oddanchatram, Dindigul), Hyderabad],
North [Delhi and Leh], Northeast [Guwahati], andWest [Pune
and Goa], were studied. The seasons were divided into sum-
mer (March–June), autumn (July–October), and winter (No-
vember–February). The latitude, longitude, altitude, and the
distance from the equator of all these centers are depicted in
Fig. 1 and Table 1. The central co-coordinating body in the
Department of Dermatology of All India Institute of Medical

Sciences, New Delhi, reviewed monthly UVBI data from all
the seven regional centers.

Impact of sunlight exposure on vitamin D synthesis
during winter

To study the impact of sunlight exposure on vitamin D syn-
thesis during winter, apparently healthy school children (50
boys and 155 girls) in the age group of 10 to 15 years from two
schools located in New Delhi were recruited after obtaining
permission from the school management. Children from all
sections of class 8 from both schools, whose parents gave
written consent, were included in the study. Children with
any systemic illnesses or those taking medications or supple-
ments that interfere with the evaluation of bone mineral met-
abolic parameters like anticonvulsants, antitubercular drugs,
barbiturates, vitamin D, and steroids were excluded. The in-
stitute ethics committee approved the protocol.

Intervention

Children were allowed to play in an open sunny ground in
school during the usual recess for 30 min, between 11 am and
12 noon everyday for 6 days in a week. Participants were
instructed to expose themselves at home for a similar duration
at the same time on Sundays/holidays. Based on the school
uniform, they had approximately 10 % body surface area
(hands, neck, and face) exposed. The participants were
instructed not to use sunscreen during the study period. UVBI
and weather status were recorded everyday for the entire study
period. Blood samples collected at baseline and after 4 weeks
of sun exposure, were analyzed for serum 25(OH)D and para-
thyroid hormone (PTH) by Chemiluminescence assay
(Diasorin, Stillwater, MN, USA) and calcium, phosphates
and alkaline phosphatase by an autoanalyzer.

Statistical analysis

UVBI data were summarized, and average values depicted
diagrammatically. Since the maximum UVBI was recorded
between 11 am and 1 pm in our earlier report, in the present
study, we recorded peak UVBI as a mean of 3 (hourly) read-
ings between 11 am and 1 pm. Generalized estimating
equation analysis was used to compare seasonal differ-
ences in UVBI. Paired t test was used to compare the
mean levels of 25(OH)D, PTH, calcium, phosphate, and
alkaline phosphatase, before and after sun exposure. P
value of <0.05 was considered significant. All statistical
analysis was implemented on Stata 12.1 (Stata Corp,
College Station, TX, USA).
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Results

UVB Index at different geographic locations

The mean UVBI was highest between 11 am and 1 pm
throughout the year in all locations as shown Fig. 2. The

highest UVBI was recorded in the north (4.5±2.7 μW/cm2,
while the least was recorded in the northeast zone (2.1±
1.2 μW/cm2). South and west zones recorded UVBI of 4.2±
1.7μW/cm2. The UVBI in the northeast zonewas consistently
low throughout the year, while the other zones showed signif-
icant seasonal fluctuations (Fig. 3 and Table 2).

Fig. 1 Map of India depicting the
study centers and their
coordinates

Table 1 Geographic parameters
of different study centers City Zone Latitude Longitude Distance

from equator
Altitude (MSL)

Goa West 15.4989° N 73.8278° E 1714 km +1022 ft

Guwahati East 26.1833° N 91.7333° E 2915 km +182 ft

Hyderabad South 17.3700° N 78.4800° E 1935 km +1778 ft

Madurai South 9.9000° N 78.1000° E 1104 km +331 ft

Leh North 34.1454° N 77.5676° E 3803 km +11,562 ft

Delhi North 28.6100° N 77.2090° E 3190 km +709 ft

Pune West 18.5203° N 73.8567° E 2062 km +1840 ft

MSL mean sea level

Osteoporos Int (2016) 27:1611–1617 1613



Seasonal differences in UVBI readings

The maximum UVBI was recorded during monsoon/autumn
in the north (6.3±2.4 μW/Cm2) and northeast (2.8±1.3 μW/
Cm2) zones, while south (4.9±1.3 μW/Cm2) and west (5.1±
1.3 μW/Cm2) zones recorded maximum UVBI during sum-
mer. In contrast, the maximum UVBI was observed in the
west zone (3.6±1.2 μW/Cm2), and the least UVBI was re-
corded in northeast zone (1.2±0.5 μW/Cm2) during winter.
When the peak hour UVBI (11 am–1 pm) was calculated, the
trend remained the same in all the zones (Table 3).

Change in serum 25(OH)D levels following exposure
in winter

The mean baseline serum 25(OH)D for the intervention group
was 6.3±4.6 ng/mL with no significant difference between
boys and girls (6.4±4.7 ng/mL vs 5.9±4.0 ng/mL; P=0.5).
An overall decrease in serum 25(OH)D from 6.3±4.6 to 5.1±
2.7 ng/mL (P<0.001) following sun exposure was primarily
because of a significant decrease in girls (girls −1.7±3.8 ng/
mL vs boys +0.1±1.7 ng/mL, P=0.006). Table 4 illustrates
the changes in biochemical parameters following sun expo-
sure in the study group.

Vitamin D deficiency (serum 25(OH)D<20 ng/mL) was
observed in 95.6 % (172/180) and secondary hyperparathy-
roidism (PTH≥65 pg/mL) in 49.2 % (88/179) of study
subjects.

Discussion

Vitamin D deficiency is considered a global problem affecting
nearly 1 billion people worldwide [10]. It is also a major
public health problem in India, needing urgent attention, as
it leads to rickets in children and osteomalacia in adults be-
sides being implicated in several systemic illnesses such as
diabetes mellitus, autoimmune diseases, cutaneous disorders,
and malignancies [1–6]. Hence, maintaining adequate levels
of circulating 25(OH)D is crucial for good health.

Dietary measures and supplementation strategies are un-
likely to be effective public health measures in India as ma-
jority of Indians are vegetarians with a maximum intake of
1.5–2.8 μg of vitamin D daily, and a very small proportion of
them consume vitamin D supplements regularly [1, 6, 8]. Ex-
posure to sunlight and food fortification are the only other two
ways of dealing with this health issue. Unfortunately, there are
still no uniform regulations regarding fortification of food
with vitamin D, and therefore, sun exposure may be the only
practical solution to this major public health problem at this
stage [8].

Solar UVB irradiation is critical for conversion of 7-DHC
to previtamin D3. The quantity of UVB irradiation reaching
the earth’s surface is affected by season (rotation of the earth
around the sun), time of the day, and the solar zenith angle.
There is paucity of literature with regard to the influence of
season, latitude, altitude, and time of the day on the cutane-
ous production of vitamin D [11–13]. The present study
aims to fill this gap partially by evaluating the UVB irradi-
ation at different latitudes during different seasons and time
of the day in India. Furthermore, we studied the impact of

Fig. 2 Hourly pattern of mean UVB index at different geographic
locations

Fig. 3 Monthly mean UVB
Index at different geographic
locations
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sunlight exposure on vitamin D synthesis during winter
season.

We observed that UVBI peaked between 11 am and
1 pm in all the zones of the country. Harinarayan et al.
reported similar observation in their in vitro study using an
ampoule model consisting of 7-DHC at Tirupati in southern
India (latitude 13.40° N and longitude 77.2° E) where
maximal formation of vitamin D3 and its photoproducts
was between 11 am and 2 pm. They also observed that
28.9 % of 7-DHC was converted to vitamin D3 at 1 pm
with the solar zenith angle of 5° when compared to
only 1.3 % conversion of 7-DHC at 9 am when the
solar zenith angle was 67° [14]. Terushkin et al. from
Miami and Boston also reported highest UVB irradiance
between 12 noon and 1 pm, both during summer and
winter months [15]. Our observations, together with
these studies, suggest that the best time of the day for
maximal vitamin D synthesis is between 11 am and 1
pm.

The maximum UVBI was recorded during summer
(March to June) and monsoon/autumn (July to October)
months followed by winter months (November to Feb-
ruary). Similarly, maximum UVB irradiation was ob-
served during summer months (March to June) in our
earlier study from Delhi [8]. The fact that maximum
UVBI was recorded during both sunny and cloudy days
of monsoon/autumn season followed by summer and the
least during winter suggests that atmospheric pollution
could be responsible for preventing UVB rays from
reaching the earth’s surface. Similar observation was
recorded in an earlier report where the authors noted a
significantly lower haze score from a heavily polluted
zone of Delhi as compared to a lesser-polluted zone in
the periphery of Delhi [16].

The overall trend of UVBI in the four zones evalu-
ated showed that there was a significant increase in the
UVBI in the north zone, from March through October
followed by a steep decline from November to January.
Interestingly, the northeast zone showed the lowest
UVBI throughout the year when compared with the oth-
er zones without any significant increase in summer.

The lower UVBI in northeast may also be due to the
least number of sunny days observed during the study
period. However, the south zone showed a constant
UVBI throughout the year except in the months of July
and August, where there was a slight dip probably due
to cloudy and rainy weather as reported. These differ-
ences recorded in the UVBI in different zones could
possibly be due to differences in altitude, latitude, solar
zenith angle, ozone layer, atmospheric pollution, and
aerosol layers in these cities [13]. However, this study
provides UVBI data (season and zone wise, monthly
and hourly) of different zones in India for the first time.

In our earlier study, we have shown a significant
increase of 3.4 to 4.9 ng/mL of serum 25(OH)D follow-
ing 4 weeks of sun exposure with 15–30 % BSA during
summer months [8]. In contrast, a significant decline in
the serum 25(OH)D levels was observed following
4 weeks of sun exposure of ∼10 % BSA during winter
months. This was because of very low UVBI recorded
during the study period in winter (2.0±0.9 μW/Cm2) as
compared to that in summer (5.7±3.2 μW/Cm2). In
winter, with increase in solar zenith angle, the strato-
spheric ozone absorbs much of the UVB irradiation,
and hence, less UVB rays reach the earth’s surface.
Therefore, any exposure to sunlight during winter may
not result in any significant increase in the serum
25(OH)D levels. This is consistent with the observations
made by Webb et al. [17] Hence, it would be appropri-
ate to suggest vitamin D supplementation for mainte-
nance of adequate serum 25(OH)D levels during winter
months.

The limitations of the study include:

& Impact of atmospheric pollution on UVB rays reaching
the earth’s surface in different zones could not be studied.

& Measurement of UVBI between 8 and 10 am were not
recorded because of administrative reasons.

In conclusion, this communication provides data on UVBI
and its seasonal and regional variations in India. The least
UVBI recorded during winter months corroborating with no
increase in the serum 25(OH)D levels following 4 weeks of
sun exposure suggests that vitamin D supplementation is vital
during winter months.
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Table 4 Change in biochemical parameters among school children
with sun exposure during winter

Biochemical
parameter

Number of
children

Pre exposure Post exposure P

25(OH)D (ng/mL) 180 6.3±4.6 5.1±2.7 <0.001

PTH (pg/mL) 179 82.1±73.2 77.6±68.6 0.20

Calcium (mg/dl) 190 10.2±0.6 10.0±0.7 0.004

Phosphate (mg/dl) 190 4.1±0.7 4.1±0.6 0.74

ALP (IU/mL) 191 197.5±93.7 214.7±111.0 0.002
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