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Introduction

Sunlight can affect human health because it contains UV radia-
tion (290–400 nm) that has both detrimental (skin cancers) and 
beneficial (vitamin D

3
) health effects. Vitamin D

3
 is formed in 

human skin when the UVB photons (290–315 nm) in sunlight 
break the B ring of the precursor molecule, 7-dehydrocholes-
terol or provitamin D

3
 forming previtamin D

3
, which thermally 

isomerizes (37°C) to vitamin D
3
 by a membrane enhanced 

mechanism.1,2

Vitamin D
3
 affects a variety of adult health problems besides 

osteoporosis and osteomalcia. It lowers blood pressure in hyper-
tensive patients3,4 and the incidence and severity of cardiovas-
cular disorders.5-8 Vitamin D decreases the incidence of type 2 
diabetes,9,10 rheumatoid arthritis,11,12 and it prevents tooth loss13 
and falls that can result in hip fractures of the elderly.14-16 The 
most hormonally active form of vitamin D, 1,25-dihydroxyvi-
tamin D (1,25(OH)

2
D), can affect a variety of cancers because 
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cancer cells produce 1,25(OH)
2
D from either 25(OH)D17 or 

vitamin D,18 which can kill them via apoptotic cell death. This 
hormonal conversion to 1,25(OH)

2
D inside the cancer cell 

may be responsible for reducing the mortality from different 
cancers:19 colon, breast, prostate, ovarian and melanoma.20-26 
In support of those findings, is the reverse observation that 
about half the patients attending an outpatient, cancer-care 
clinic in Boston were vitamin D deficient during the summer.27 
Production of 1,25(OH)

2
D in skin cells may be important 

for decreasing the incidence of melanoma28 because it causes 
growth inhibition and apoptosis in vitro and in vivo of mela-
noma cells.29-31 Ironically, regular, moderate sun exposures 
increase the survival of melanoma patients.20 In fact, more 
deaths occur from internal cancers and disorders associated 
with low UV exposures (50,000–63,000/yr), which are often 
related to lower serum levels of 25-hydroxyvitamin D (25(OH)
D), than from high UV exposures that are often related to skin 
cancers, especially melanoma (about 10,000/yr).32,33
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doses relative to the horizontal plane to UV doses relevant 
to the human body using geometric conversion factors 
(GCF).49 We calculated both male and female indoor-
working adult Americans’ (22–40, 41–59, 60+ yr) vita-
min D

3
 production in international units (IU) produced 

by Fitzpatrick skin types II, III, IV and V50 during each 
season of the year in the north (45°N) and south (35°N). 
We also take the decreasing capacity to make vitamin D

3
 

with increasing age into account51 and calculate the average 
amount people make everyday during the summer with or 
without a 1–3-week mixed vacation.

Results

Figure 1 shows a decreasing capacity to make vitamin 
D

3
 with increasing age. We normalized the data from 

MacLaughlin and Holick (1985) 51 using the American chil-
dren (0–20 yr) because they have the highest capacity to 
make vitamin D

3
 (100% or 1.0). Compared to American 

children (<22 yr), the youngest adult Americans (22–40 yr) 
have 83% (or 0.83) and the middle-aged adults (41–59 yr) 
have 66% (or 0.66), while the senior adults (60+ yr) only 

have 49% (or 0.49) their capacity to make vitamin D
3
. We used 

these fractions in the vitamin D
3
 calculations for the different age 

groups of adults presented in Figures 2–5.
Figure 2 shows the average amounts of vitamin D

3
 (IU/day) 

made by indoor-working adult Americans of reproductive/child-
rearing ages (22–40 yr) with Fitzpatrick skin types II–V during 
each season of the year, excluding vacations and sunscreen use 
(see in ref. 44) in the north (45°N, Fig. 2A) and south (35°N, 
Fig. 2B). Caucasians with skin type II (also includes type I) can 
make the minimum amount of vitamin D

3
 (~600 IU/day) during 

the summer so that they are not deficient, but only if they wear 
“sporty” clothing and do not wear sunscreens except on beach 
vacations. Almost no one else, except some outdoor workers, in 
the young adult age group can make enough vitamin D

3
 to meet 

his or her needs all year.
Figure 3 shows the average amounts of vitamin D

3
 (IU/day) 

made by middle-aged (41–59 yr) indoor-working Americans 
with Fitzpatrick skin types II–V during each season of the year, 
excluding vacations and sunscreen use, in the north (45°N;  
Fig. 3A) and south (35°N, Fig. 3B). Again, only Caucasians with 
skin type II (and type I) can make enough vitamin D

3
 to meet 

their needs during the summer, but only if they wear “sporty” 
clothing and do not wear sunscreens except on beach vacations. 
Almost no one else, except some outdoor workers, can make 
enough vitamin D

3
 to meet his or her needs all year.

Figure 4 shows the average amounts of vitamin D
3
 (IU/day) 

made by senior (60+ yr) indoor-working or retired Americans 
with Fitzpatrick skin types II–V during each season of the year, 
excluding vacations and sunscreen use, in the north (45°N;  
Fig. 4A) and south (35°N; Fig. 4B). Almost no one in the senior 
group can make the minimum amount of vitamin D

3
 (600–800 

IU/day) all year so that they are not deficient. No senior can meet 
their vitamin D need all year from everyday exposures even with 
a 3-week vacation (see Fig. 5), unless they either work or stay 

For most people, their major source of vitamin D comes from 
exposing their skin to sunlight,34 which creates a public health 
dilemma because the UV radiation in sunlight also causes skin 
cancers. Skin cancers have been increasing at the alarming rate 
of about 4% (±1%) each year, so that health organizations have 
been warning the public to avoid sun exposure between 10 A.M. 
and 4 P.M. and have been advising them to wear protective cloth-
ing, sunglasses and sunscreens with sun protection factor (SPF) 
≥15 while outdoors.35 However, the vitamin D status, measured 
in serum as 25(OH)D (where the ‘D’ represents D

2
 or D

3
), shows 

many American adults have insufficient levels (<75 nmol/L or 
<30 ng/ml) 17 for most of the year, especially during and after 
winter.36-41 These observations disagree with a recent publication 
by the American Academy of Dermatology that claims Americans 
are getting adequate “casual,” or everyday, UV exposures even if 
they diligently wear SPF 15 sunscreen, to make ample (≥1,000 
IU/day) vitamin D

3
.42

However, we found many American children (<20 yr) are not 
getting enough everyday outdoor UV exposures43 to meet either 
their minimum (600 IU/day) or optimum (>1,200 IU/day) vita-
min D

3
 needs for most of the year, except some Caucasian chil-

dren during the summer, but only if they do not wear sunscreens 
except on beach vacations.44 African American children are not 
even making the minimum amount of vitamin D all year due to 
the increased sunscreening effect of the melanin in their skin.45

Here we investigated the indoor-working adult American’s 
(≥22 yr) situation by calculating the amount of vitamin D

3
 they 

make from their everyday exposure to sunlight. We used UV 
doses calculated46 from an Environmental Protection Agency 
two-year survey of 9,386 Americans,47 over 7,000 of which were 
adults, located all over the contiguous United States (US). We 
first adjusted their erythemally-weighted UV doses to previtamin 
D

3
-weighted UV doses using action spectrum conversion factors 

(ASCF),48 and then adjusted those previtamin D
3
-weighted UV 

Figure 1. The percent drop in the ability to make vitamin D3 in human skin 
with age. We normalized values to 100% using the children’s values (0–20 
yr). The data plotted is the average of vitamin D3 formed in the epidermis 
and dermis from 0–20 yr (100%), 22–40 yr (83%), 41–59 yr (66%) and 60+ yr 
(49%); calculated from the data in Figure 1 of MacLaughlin and Holick (1985). 
Note that some seniors over 70 yr make less than 25% of the vitamin D that 
children <21 yr can make.67
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<30 ng/ml) among adults in the US.36-41 Vitamin D deficiency 
and insufficiency increases with increasing latitude, age and skin 
color, so that almost all adult African Americans are deficient in 
vitamin D during and after winter and about half have insuf-
ficient levels during the summer. Unless an adult works outdoors 
for most of the day, especially the darker skin types, they can-
not get enough UV exposure to make the minimum amount of 
vitamin D (~600 IU/day) so that they are not deficient, and they 
cannot possibly make optimal amounts of vitamin D to be suffi-
cient (≥1,200 IU/day) without supplementation unless they work 
outdoors (~5% US population).

The average time indoor-working adults stay outdoors during 
the summer months in the US is 93.5 ± 2.5 min/day in the south 
at ~35°N and 102.5 ± 5.5 min/day in the north at ~45°N.46 If 
that increasing time trend from south-to-north continues dur-
ing the summer, we would expect people living around 55°N to 
stay outdoors for about 111.5 ± 9 min/day or less than 2 hr/day. 
However, Thieden et al. (2009) found Danish workers at ~56°N 

outdoors for most of the day, to have suffi-
cient blood levels of 25(OH)D (>50 nmol/L 
or >20 ng/ml).

Figure 5 shows the average amount of vita-
min D

3
 indoor-working adults over 21 yr can 

make each day during the summer without 
and with a 1-, 2- or 3-week summer vacation. 
These vacation estimates include the use of 
the equivalent of SPF 4 sunscreen only during 
a beach vacation and are averages of four dif-
ferent types of vacations: beach, sightseeing, 
country and home.46 Only some skin type II 
Caucasians (22–40 yr) will meet their mini-
mum vitamin D needs (~600 IU/day) dur-
ing the summer, and some can possibly meet 
their optimum vitamin D needs (≥1,200 IU/
day) if they take a 2-week vacation. The older 
Caucasians (60+) and skin type III will need 
at least a 3-week vacation. However, no other 
indoor-working adult will meet their mini-
mum vitamin D needs (600–800 IU/day), let 
alone their optimum needs (≥1,200 IU/day), 
all year even with a 3-week vacation at 40°N.

Discussion

According to current findings, people need 
~2,000 IU/day to maintain blood levels of 
25(OH)D above 75 nmol/L or 30 ng/ml.52,53 
Our calculations revealed that only some 
“outdoorsy” indoor-working Caucasians of 
skin type II (22–59 yr) may make optimal 
amounts of vitamin D

3
 (≥1,200 IU/day) dur-

ing the summer, but only if they expose more 
than 30% of their body every day to sunlight, 
take a 2–3 week vacation at latitudes ≤40°N, 
and do not wear sunscreens except on beach 
vacations. The summer values shown in the 
figures are very optimistic because most adults work indoors 
(>90%) and, consequently, wear more clothing during their 
workweek, exposing only ~10–15% of their body to UV. Thus, 
most indoor-working adults that wear professional clothing will 
actually make about half the values shown in the figures dur-
ing the summer and will not meet their minimum vitamin D 
needs. As people age, their ability to make vitamin D

3
 from the 

same UV exposure decreases (Fig. 1) so that only the most active 
“outdoorsy” Caucasian adults over 60 yr can make the minimum 
amount of vitamin D (800 IU/day) they need during the sum-
mer to prevent deficiency (>50 nmol/L; Figs. 2–4). Caucasians 
over 60 yr with skin type II, and all other skin types over 21 yr 
do not meet their minimum vitamin D

3
 needs from everyday 

outdoor exposures all year and would need to be supplemented,54 
except some people during the summer if they wear sporty cloth-
ing to work and also take a 2–3 week vacation (see Fig. 5).

Overall our findings agree with reports of vitamin D defi-
ciency (<50 nmol/L; <20 ng/ml) and insufficiency (<75 nmol/L; 

Figure 2. The average amount of vitamin D3 (IU/day) indoor-working adult men and women 
of reproductive age (22–40 yr) with skin types II–V make from everyday outdoor UV exposures 
each season in the (A) Northern (45°N) and (B) Southern (35°N) US.
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day) from “casual” sun exposure, even if they 
diligently wear SPF 15 sunscreen. However, they 
did not convert the erythemally-weighted UV 
doses to previtamin D

3
-weighted UV doses and 

they did not convert horizontal plane doses to 
full-cylinder or actual body doses; they also did 
not take age into account. In contrast to their 
claims, we find the majority of indoor-working 
adult Americans are not going outside enough 
all year to get adequate everyday sun exposure 
to make the minimum amounts of vitamin D

3
 

(600–800 IU/day) they need. Only some “out-
doorsy” indoor-working Caucasians can make 
optimal vitamin D

3
 (≥1,200 IU/day) during the 

summer and some other skin types if they wear 
sporty clothing to work, take a 2–3 week vaca-
tion at latitudes ≤40°N (see Fig. 5), and do not 
wear sunscreens except on beach vacations. The 
only other people who can make enough vita-
min D are some of the outdoor-working adult 
Americans (~5% of the population). The most 
serious situation occurs with seniors (60+ yr) 
who cannot even make the minimum amount 
of vitamin D

3
 (600–800 IU/day) all year even 

with a 3-week vacation. Furthermore, if anyone 
wears sunscreens with SPF ≥15, they will make 
virtually no vitamin D

3
 (see in ref. 44).

We also find that almost all indoor-working 
adult Americans are not getting adequate every-
day UV exposures all year to make optimal 
amounts of vitamin D

3
 (≥1,200 IU/day).53,59-61 

Some people with skin type II and some men 
with skin types III and IV can make the opti-
mal amounts of vitamin D

3
 during the summer 

if they also take a 2–3 wk vacation (Fig. 5). However, if they 
wear sunscreen of SPF ≥15, they will make virtually no vitamin 
D

3
 all year including during the summer (see in ref. 44). Thus, 

as found in the NHANES III study, Caucasian adult Americans 
with Fitzpatrick skin type II, and especially the darker skin types 
III, IV and V/VI, are not getting adequate everyday UV expo-
sures for most of the year to make the minimum amounts of vita-
min D

3
 to prevent deficiency. The situation would be much worse 

if they diligently wore sunscreens with SPF ≥15. The African-
Americans have a similar situation from melanin protection, 
which may explain the disparity in health found between whites 
and blacks.62 Furthermore, neither diet nor supplements correct 
this situation.63-65 In fact, 83% of Australian dermatologists, 
who advise people to take vitamin D supplements rather than 
get more UV exposure, have insufficient blood levels of 25(OH)
D.66 Because the UV doses of indoor-working people around the 
world are similar to ours at similar latitudes (25–50°N),58 vita-
min D deficiency (<50 nmol/L or 20 ng/ml) and insufficiency 
(<75 nmol/L or 30 ng/ml) is also found around the world, espe-
cially at higher latitudes (>50°N) and in countries that do not 
fortify foods.63 As a result, vitamin D deficiency is a worldwide 

stay outdoors for almost 3 hr/day during the summer and have 
25(OH)D blood levels ~82 nmol/L, similar to outdoor work-
ers.56 Their study mixed outdoor worker’s (gardeners) times with 
indoor worker’s times, which increased the overall time outdoors. 
In addition, they only measured the UV exposures and 25(OH)D 
blood levels of 25 people, but they failed to disclose how many of 
those people worked outdoors. In contrast, a very large European 
study (>12,000 people) found about 60% of the English workers 
at 52°N had blood levels of 25(OH)D below 75 nmol/L during 
the summer months.57 Their findings agree with our estimates 
that about half the “optimistic” (clothing) amount of vitamin 
D

3
 Caucasian Americans make at 40°N (≤800 IU/day) can be 

made at 52°N (≤400 IU/day) based on erythemally-weighted 
doses measured at the same latitude in the Netherlands.58 People 
at 52°N receive about half the annual erythemally-weighted UV 
dose that Americans get at ~40°N, and consequently would make 
about half the amount of vitamin D

3
 Americans make during any 

season of the year.
The epidemiology results and our calculated amounts of vita-

min D
3
/day produced by Americans (>21 yr) significantly dif-

fer from what the American Academy of Dermatology claims.42 
They claim people can make “ample” vitamin D

3
 (≥1,000 IU/

Figure 3. The average amount of vitamin D3 (IU/day) indoor-working adult men and wom-
en of middle age (41–59 yr) with skin types II–V make from everyday outdoor UV exposures 
each season in the (A) Northern (45°N) and (B) Southern (35°N) US.
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(10 A.M.–4 P.M.) UVB exposures and the diligent use of SPF 
≥15 sunscreens may not only increase the incidence of a vari-
ety of adult diseases and the mortality from some internal can-
cers, but may also paradoxically be increasing the incidence of 
and mortality from melanoma.28 However, fair-skinned people 
who are prone to burning should wear sunscreens during beach 
vacations or if they are outside for a while in the strong mid-
day summer sun (11 A.M.–3 P.M.) to prevent sunburn and the 
initiation of melanoma. Because the overall population probably 
should not increase their UV exposure and consequently their 
risk of getting skin cancers, and because most people do not take 

problem with serious health consequences,67 which occurs from 
too little sun exposure.

However, too much sun exposure can result in skin can-
cer, which is also a potentially serious health consequence. 
Paradoxically, while intermittent UVB sunburns increases 
indoor workers incidence of melanoma, regular, moderate UVB 
exposures keeps outdoor workers incidence of melanoma at the 
same level68,69 although they get 3–10 times more UV exposure 
as indoor workers get.58 Furthermore, regular moderate outdoor 
UV exposures increase the survival of melanoma patients.20 
Thus, complete avoidance of or protection from all peak hour 

Figure 4. The average amount of vitamin D3 (IU/day) indoor-working adult men and women seniors (60+ yr) with skin types II–V make from everyday 
outdoor UV exposures each season in the (A) Northern (45°N) and (B) Southern (35°N) US. Note that senior’s ≥70 yr might only make about half the 
amount shown in the figure.
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FBE x AF. Where VDD is the “Vitamin 
D Dose” or the person’s standard erythe-
mally-weighted, average seasonal solar UV 
dose in SED/day at either 45°N or 35°N 
multiplied by its corresponding ASCF48 to 
convert it to a standard vitamin D

3
 dose 

(SVD), and then multiplied by its corre-
sponding GCF.49 The later step converts it 
from a horizontal plane dose to a person’s 
body dose. The ASCF for each season in the 
northern (45°N) and Southern (35°N) US 
are 1.034 and 1.104 for summer, 0.879 and 
1.029 for fall, 0.565 and 0.842 for winter, 
and 0.9 and 1.049 for spring, respectively.48 
The GCF conversion factors in the north-
ern (45°N) US are 0.434 for clear skies dur-
ing the summer and spring, and 0.508 for 
clear skies during the winter and fall. The 
GCF conversion factors in the Southern 
(35°N) US are 0.417 for clear skies dur-
ing the summer and spring and 0.484 for 
clear skies during the winter and fall.49 
Note here that although the typical effect 
of cloud cover is a slight increase (<3%) in 
the average GCF, it can reduce UVB radia-
tion drastically (up to ~50%).58 FBE is the 
fraction body exposed (described below), 
and AF is the age factor (described below 
and see Fig. 1).

The amount of vitamin D
3
 adults make 

from outdoor UV exposures will depend 
on how much skin they expose to the sun 
while they are outside or their Fraction 
Body Exposed (FBE), so that one needs 
to multiply the FBE by the amount made 
from a whole body exposure (4,861 IU/
SED).44 We get the best estimates of how 
much body area adult Americans expose 
during each season of the year using the 
“rule of nines,” originally developed to esti-
mate burn areas.70 To make these estimates, 

we assumed most adults would expose their face (3.5%), the 
front half of their neck (1%) and the front and back of both their 
hands (5%) during all seasons of the year, including winter (FBE 
is 9.5%; long-sleeved shirts/blouses and long pants/skirts). In 
addition to those body areas, we assumed most adults would also 
expose their lower arms (6%) during the spring and fall (FBE 
is 15.5%). In addition to those body areas, we assumed most 
adults would also expose half of their upper arms (4%; short-
sleeved shirts or tee shirts) and all of their lower legs (14%; knee-
length shorts/skirts) during the entire summer (FBE is 33.5%). 
However, adults have to work during the summer, so that they 
tend to expose only about 9.5–15.5% of their body (face, neck, 
hands and sometimes their lower arms) during their workweek. 
Thus, the amounts made during the summer are closer to half 
the values shown in the figures. For the children and adult body 

supplements on a regular basis, the best approach for maintaining 
healthy blood levels of 25(OH)D may be to supplement foods 
and drinks.

Materials and Methods

We give the details of these calculations in Godar et al.44 so that 
only the changes needed for the adult calculations are included 
below. We obtained the outdoor solar doses every season of the 
year for indoor-working adults (~95% population) from reference 
46.

The equation for calculating the amount of vitamin D
3
 pro-

duced by people from an average daily, erythemally-weighted 
UV exposure during each season of the year is: Vitamin D

3
 

(IU)/day = VDD x (4,861 IU/SED for skin type II) x STF x 

Figure 5. The average amount of vitamin D3 made by indoor-working adults every day during 
the summer without taking a summer vacation compared to the amount made by indoor-
working adults of different ages and skin types if they take a 1-, 2- or 3-week “mixed” summer 
vacation at latitude ~40°N in the continental US. The dashed lines indicate the recommended IU/
day of vitamin D for people under (600 IU/day) and people over 70 yr (800 IU/day). A mixed sum-
mer vacation is the average of four types of vacations: beach, country, sightseeing and home; (A) 
skin types II and III and (B) skin types IV and V.
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them prior to going outdoors, covering their entire body and they 
reapply them every 2 hours.

To convert IU of vitamin D to ng/ml blood levels of 25(OH)
D multiply by 0.01,60 and to convert 25-(OH)D ng/ml to 25(OH)
D nmol/L multiply by 2.599,71 or multiply IU of vitamin D by 
0.0385 to get 25-(OH)D nmol/L directly.

Basically, 100 IU of ingested vitamin D
3
 raises blood levels of 

25(OH)D by 0.6–1 ng/ml.52,53
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percentages exposed during each season see Table 1 of reference 
44. The FBE is the percent body area exposed divided by 100%.

The final part of the calculation involves the ability of an adult 
to make vitamin D

3
 with age because it decreases with increasing 

age due to epidermal thinning.51 Because children (<22 yr) have 
the highest ability to make vitamin D

3
, they have an age factor 

(AF) of unity compared to older adults; all other values are rela-
tive to theirs (Fig. 1): 0–20 yr (100% or 1.0), 22–40 yr (83% or 
0.83), 41–59 yr (66% or 0.66) and 60+ yr (49% or 0.49). Note 
that adults over 70 yr can make as little as 25% of what children 
can make,67 so that our calculations are on the “optimistic” side for 
the eldest adults (60+ yr).

One can do the sunscreen calculations by simply dividing the 
amount of vitamin D

3
 made without sunscreen (equation above) 

by the SPF factor.71 These numbers only apply to people who  
diligently wear sunscreens correctly, i.e., they generously apply 
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