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Assessment of the feasibility of using sunlight exposure
to obtain the recommended level of vitamin D in Canada

Pavandeep Gill MD, Sunil Kalia MD MHSc

Background: Endogenous vitamin D synthesis can be affected by a number of variables, including skin colour, amount of skin
exposed and levels of ultraviolet radiation. The objective of this study was to assess the feasibility of using only sunlight exposure in
Canada to meet the daily recommended level of vitamin D, given differences in these variables and adherence to guidelines for sun
protection.

Methods: Ultraviolet index data for 13 Canadian sites were obtained from Environment Canada. The sun exposure times required to
synthesize 1000 IU of vitamin D in fair- and dark-skinned people who exposed either 1/4 or 1/8 of their body surface area to the sun
were calculated for each hour of the year. These times were then classified according to whether the ultraviolet index was 3 or more
(when sun protection is advised) or less than 3.

Results: During the fall and winter months and in the more northern sites, ultraviolet radiation levels were too low for all skin types to
use sun exposure alone to obtain enough vitamin D within one time period. The required exposure time became longer when a
smaller surface area was exposed. For people with darker skin, it can be difficult even in the summer to find opportunities outside of
when sun protection is advised to use sunlight to obtain the recommended dose of vitamin D.

Interpretation: Although sun exposure is an important source of vitamin D, Canadians should look to other safe sources to meet the

body’s vitamin D requirements throughout the year.

itamin D is a major steroid hormone that helps
maintain homeostatic levels of calcium and phospho-
rus in the body and plays an important role in the
maintenance of bone health and prevention of osteoporosis.!
Studies have also linked deficiencies of vitamin D with breast
cancer,”® depression* and cardiovascular disease.” To miti-
gate the adverse effects of vitamin D deficiency, Osteoporo-
sis Canada® and the International Osteoporosis Foundation’
recommend 1000 IU as the standard daily dose of vitamin D
in adults. Vitamin D can be obtained from dietary sources
and synthesized endogenously.®
Sunlight contains ultraviolet radiation: ultraviolet B radia-
tion acts on the epidermis and causes erythema.” Vitamin D is
produced when ultraviolet B radiation interacts with 7-
dehydrocholesterol in the skin.!®!! Several variables can affect
this endogenous vitamin D synthesis. Increased age,'? dark
skin colour,” area of skin surface exposed’ and low levels of
ultraviolet radiation are some factors that can decrease the
ability of the skin to produce vitamin D. The ultraviolet index
is a scale that measures the intensity of ultraviolet radiation. It
ranges from 1 to 14, and each unit is equal to 25 mW/m? of
erythemal ultraviolet radiation.!* Solar angle, cloud cover,
altitude, latitude,” ozone thickness and snow on the ground
can affect ultraviolet index values.'®
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Although sun exposure has its benefits in vitamin D pro-
duction, ultraviolet radiation is a risk factor for skin cancer!
and sun protection actions should be considered, especially in
the spring and summer. Environment Canada, the Canadian
Cancer Society and the Canadian Dermatology Association
have produced guidelines for the use of sun protection when-
ever the ultraviolet index is above 3. These guidelines recom-
mend avoiding the outdoors when the ultraviolet index is
above 3 or, when outside during those times, seeking shade,
wearing hats, sunglasses, shoes, long pants and long-sleeved
shirts, and using a sunscreen of at least SPF 15."% Although
these guidelines help reduce the risk of skin cancer, adherence
to these guidelines greatly reduces the skin surface area
exposed to ultraviolet radiation. Therefore, wearing protec-
tive clothing® and sunscreens!” have been shown to reduce
vitamin D production.
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The objective of this study was to assess the feasibility of
only using sunlight exposure in Canada to meet the standard
daily dose of vitamin D by using ultraviolet index data obtained
from Environment Canada. Other factors, such as skin colour,
amount of skin exposed and adherence to sun safety guide-
lines, were also analyzed.

Background

The minimal erythemal dose is the minimum amount of
exposure to ultraviolet radiation that causes erythema of the
skin. The minimal erythemal dose correlates with Fitzpatrick
skin type classification (Table 1). For fair-skinned individuals
with type II skin, the average minimal erythemal dose is
250 J/m? and for dark-skinned individuals with type V skin,
the average dose is 600 J/m?.?° Holick’s rule makes the
assumption that 1/4 of 1 minimal erythemal dose directed at
1/4 of the body surface area (i.e., the face, neck, hands and full
arms) allows for the production of the equivalent of 1000 IU
of oral vitamin D, and this assumption has been used in sev-
eral past studies.’!* To produce the standard dose of vitamin
D when a smaller body surface area, such as 1/8 of the skin,
was exposed (e.g., the full head), a dose of 1/2 of 1 minimal
erythemal dose was calculated to be required.

Data source

Average hourly ultraviolet indices were calculated using
Environment Canada data for the period from 1991 to 2004.%
Data were available for 13 Canadian sites: Bedford/Dart-
mouth, Nova Scotia; Happy Valley-Goose Bay, Newfound-
land and Labrador; Montréal/Dorval; Toronto/Downsview;
Winnipeg; Churchill, Manitoba; Resolute, Nunavut; Eureka,
Nunavut; Alert, Nunavut; Bratts Lake (Regina), Saskatche-
wan; Saskatoon; Stony Plain, Alberta; and Saturna Island,
British Columbia. The ultraviolet index values were converted
to erythemal ultraviolet in W/m? using the following conver-
sion factor: 1 unit of ultraviolet index = 90 J/(h-m?) erythemal
ultraviolet.

Table 1: Minimal erythemal dose (MED) for different skin
types using the Fitzpatrick scale?

MED,
Type Skin colour J/m? Description
| White or very pale 200 Always burns, never tans

Always burns, sometimes
tans

Il Pale white with beige tint 250

1 Beige to light brown 300
(olive)

Sometimes burns, always
tans

\Y Light to moderate brown 450 Rarely burns, always tans

\% Medium to dark brown 600 Rarely burns, tans more

than average

\Y| Dark brown to black 1000 Never burns
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Outcome measures and statistical analysis

Using the calculated erythemal ultraviolet values, we used
SPSS statistical software to calculate the exposure times for
each hour of the day between 300 and 2000 (when measurable
ultraviolet index values were available for most sites) that were
required for people with type II skin to obtain 1/4 of the min-
imal erythemal dose when 1/4 of their body surface area was
exposed to the sun. The required fluence for a person with
type II skin to acquire the standard dose of vitamin D is
62.5 J/m?*. The erythemal ultraviolet during each time period
was divided by this number, and this value was then converted
to minutes to provide the required exposure time. Similar cal-
culations were made for exposure times required for people
with type II skin to acquire 1/2 of the minimal erythemal dose
when 1/8 of their body was exposed and for individuals with
type V skin to acquire 1/4 and 1/2 of the minimal erythemal
dose with 1/4 and 1/8 of the body exposed. These results were
recorded in tabular format showing the lowest exposure times
for each month at each site.

Figure 1 shows the lowest sun exposure times required to syn-
thesize the standard dose of vitamin D for each month at each
site. To include the guidelines for sun protection, periods
when the ultraviolet index was less than 3 and sun protection
was not necessary are in green if it was possible to synthesize
the standard dose of vitamin D in 30 minutes or less and in
orange if it was possible to synthesize 1000 IU between 31
and 60 minutes. Periods when it was impossible to synthesize
1000 TU or when the ultraviolet index was too low to report
are in grey, and periods when the ultraviolet index was 3 or
greater and sun protection was recommended are in yellow.

The average, fair-skinned person with type II skin and with
1/4 of their skin exposed (Figure 1A) had no opportunities to
synthesize 1000 IU of vitamin D during 1 hourly time period
in December at 11 of the 13 sites studied. In Montréal/Dorval
and Toronto/Downsview, where opportunities existed during
this month, required exposure times ranging between 53 and
60 minutes (Appendix 1, available at www.cmajopen.ca/
content/3/3/E1/suppl/DC1). During the summer months,
people with type II skin and with 1/4 of their skin exposed
were able to produce 1000 IU of vitamin D by sun exposure at
all 13 sites. Adequate levels of vitamin D could be acquired in
less than 30 minutes outside of imes when sun protection was
advised during the summer months. Exposure times ranged
between 14 and 30 minutes (Appendix 1). In January, Novem-
ber and December, there were no opportunities for people
with type II skin and with 1/8 of their skin exposed (Fig-
ure 1B) to produce 1000 IU of vitamin D using sun exposure
during an hourly time period. There were few opportunities
to produce 1000 IU in less than 30 minutes.

Dark-skinned people with type V skin and with 1/4 of their
skin exposed (Figure 1C) were unable to produce 1000 IU of
vitamin D within 1 hour at any of the 13 sites during January,
November and December. At 2 of the 13 sites (Montréal/
Dorval and Bratts Lake), it was possible to produce vitamin D
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A. Persons with type Il skin exposing 1/4 of their body surface area to the sun to obtain 1/4 of the minimal
erythemal dose

Ultraviolet index and duration

Environment Canada site

Bedford/Dartmouth, NS

Happy Valley-Goose Bay, NL

Montréal/Dorval

Toronto/Downsview

Winnipeg

Churchill, MB

Resolute, NU

Eureka, NU

Alert, NU

Bratts Lake (Regina), SK

Saskatoon

Stony Plain, AB

Saturna Island, BC

B. Persons with type Il skin exposing 1/8 of their body surface area to the sun to obtain 1/2 of the minimal erythemal
dose

Ultraviolet index and duration

Environment Canada site

Bedford/Dartmouth, NS

Happy Valley-Goose Bay, NL

Montréal/Dorval

Toronto/Downsview

Winnipeg

Churchill, MB

Resolute, NU

Eureka, NU

Alert, NU

Bratts Lake (Regina), SK

Saskatoon

Stony Plain, AB

Saturna Island, BC

Figure 1 (part 1): Lowest sun exposure time (in min) required to synthesize the standard vitamin D dose of 1000 IU, by site and month. (A)
People with type Il skin who exposed 1/4 of their body surface area to 1/4 of the minimal erythemal dose. (B) People with type Il skin who
exposed 1/8 of their body surface area to 1/2 of the minimal erythemal dose.

CMAJ OPEN, 3(3) E3



OPEN

C. Persons with type V skin exposing 1/4 of their body surface area to the sun to obtain 1/4 of the minimal erythemal
dose

Ultraviolet index and duration

Environment Canada site Jan. Feb. Mar. | Apr. May | June | July | Aug. | Sept. | Oct. Nov. Dec.

Bedford/Dartmouth, NS

Goose Bay, NL

Montréal/Dorval

Toronto/Downsview

Winnipeg

Churchill, MB

Resolute, NU

Eureka, NU

Alert, NU

Bratts Lake (Regina), SK

Saskatoon

Stony Plain, AB

Saturna Island, BC

D. Persons with type V skin exposing1/8 of their body surface area to the sun to obtain 1/2 of the minimal erythemal
dose

Ultraviolet index and duration

Environment Canada site Jan | Feb | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Bedford/Dartmouth, NS

Goose Bay, NL

Montréal/Dorval

Toronto/Downsview

Winnipeg

Churchill, MB

Resolute, NU

Eureka, NU

Alert, NU

Bratts Lake (Regina), SK

Saskatoon

Stony Plain, AB

Saturna Island, BC

Figure 1 (part 2): (C) People with type V skin who exposed 1/4 of their body surface area to 1/4 of the minimal erythemal dose. (D) People with
type V skin who exposed 1/8 of their body surface area to 1/2 of the minimal erythemal dose. Green areas, ultraviolet index < 3 and exposure
duration < 30 min; orange areas, ultraviolet index < 3 and exposure duration = 31— 60 min; gray areas, ultraviolet index < 3 and exposure dura-
tion > 60 min, or exposure duration < 60 min and ultraviolet index > 3 (sun protection was recommended); yellow areas, ultraviolet index > 3
(sun protection was recommended).
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during 1 hourly period in February, and required exposure
times ranged between 57 and 58 minutes (Appendix 1). Peo-
ple in Nunavut with type V skin and 1/4 of their skin exposed
to the sun for 1 hour were only able to produce 1000 IU of
vitamin D in May, June and July (site dependent). No oppor-
tunities existed outside of the times when sun protection was
advised for people with type V skin and with 1/8 of their body
exposed to produce 1000 IU of vitamin D within 1 hour dur-
ing any month of the year at any site (Figure 1D).

Main findings

Exposure times were much higher during the fall and winter
months, for people with darker skin, for people with less skin
exposed and in more northern sites. In Canada, especially
during the winter months, ultraviolet radiation levels are too
low for it to be feasible for people to use only sunlight expo-
sure to synthesize the recommended level of vitamin D. Fair-
skinned people with type II skin and with 1/4 of their skin
exposed had the most opportunities to synthesize 1000 IU of
vitamin D throughout the year, even when the periods when
sun protection was recommended were excluded. However, it
was impossible at many of the sites during the winter months
to synthesize 1000 IU within 1 hour with that area of skin
exposed. With 1/8 of the skin exposed, people with type 11
skin had no opportunities to synthesize 1000 IU in January,
November and December at any site. Opportunities outside
of when sun protection was advised also decreased with a
reduced skin surface area exposed. Darker skin types required
longer exposure times compared with lighter skin types. Peo-
ple with type V skin and with 1/4 of their skin exposed may
not be able to synthesize 1000 IU in February and October at
some sites, in addition to January, November and December.
People with type V skin and with 1/8 of their skin exposed,
who adhered to sun protection guidelines, may not be able to
synthesize 1000 IU of vitamin D during any month of the
year at any site.

Comparison with other studies
The results in this study are similar to those reported in a
study that assessed the feasibility of using sun exposure for
vitamin D synthesis in Australia.” It also showed that opportu-
nities to produce enough vitamin D outside of the periods
when sun protection is advised also decreased and when a
smaller area of skin surface was exposed. Times when sun
protection was recommended were included in this study,
similar to a study done in Australia;” therefore, if these guide-
lines are adhered to, people are not likely to be out in the sun
at those times or, if they are, the skin surface area available for
vitamin D synthesis should be minimal. In the spring and
summer months, people with type V skin did not have any
opportunities outside of when sun protection was advised to
synthesize 1000 IU in 30 minutes or less.

Two earlier studies in North America?'*? also showed that
people with darker skin types had increased difficulty in produc-
ing enough vitamin D through sun exposure alone. Although it
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was possible for fair-skinned people with type II skin to synthe-
size the standard dose of vitamin D all year at 2 sites if 1/4 of
their skin surface area was exposed, this was based on the unreal-
istic assumption that people would expose that much skin during
the colder months. This limitation was discussed in one of the
previous North American studies.!

Increased age,'? pregnancy and lactation,” and obesity’*
can lower the skin’s ability to synthesize vitamin D; these per-
sons may find it more difficult to rely on sun exposure alone.
Specifically, in people over 70 years of age, there is a 50%
reduction in the production of vitamin Dj this is important in
Canada with its aging population.”” The Canadian Pediatric
Society recommends 2000 IU of vitamin D daily for pregnant
women.’® People who catabolize vitamin D in skin fibroblasts
at a faster rate via 24-hydroxylase also need substantially more
vitamin D.

Limitations

The average ultraviolet index data obtained from Environment
Canada were collected over a large period of time and therefore
yearly variations in factors that can affect ultraviolet index val-
ues should have been accounted for at most of the sites.
Because this study relied on data already obtained from Envi-
ronment Canada, it was difficult to standardize the specific time
period for all of the sites or obtain more current data. The
results may have been different a decade later. Location selec-
tion was also limited by what data were publicly available from
Environment Canada. The anatomic areas corresponding to
1/4 or 1/8 of the total body surface area as described in this
study are for adults weighing less than 80 kg and may not apply
to children and people who are obese. Doses of 1/4 and 1/2 of
a minimal erythemal dose are unlikely to cause sunburn because
a full minimal erythemal dose only produces a small amount of
erythema. Although we tried to assess the number of variables
(skin type, amount of skin exposed and adherence to sun pro-
tection guidelines) that could affect the feasibility of obtaining
the standard dose of vitamin D, there are many other factors
that can affect the skin’s ability to synthesize vitamin D that
were not included. We chose to use 1000 IU as the standard
dose of vitamin D; however, it should be noted that this value
has been under debate. A report on dietary reference intakes for
vitamin D by the Institute of Medicine recommended doses
between 600 and 800 IU daily.?* However, other studies have
recommended higher levels of vitamin D in blood*-! and
reported that 2000 IU daily may not be adequate.*?

Conclusion

Although sun exposure is an important source of vitamin D,
it is not feasible to rely solely on sunlight in Canada. Differ-
ences in ultraviolet radiation levels across different sites and
individual factors such as skin colour, amount of skin exposed
and adherence to sun protection guidelines make it difficult
and sometimes impossible to obtain daily recommended levels
of vitamin D from the sun throughout the year. Along with
sun exposure, Canadians should look to other safe sources,
such as supplements and foods rich in vitamin D.?* The
Canadian Dermatology Association, Health Canada and the
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World Health Organization have outlined that the use of tanning
beds to obtain required recommended vitamin D levels is not a
safe alternative.”
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