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Abstract—The vast majority of the Earth’s population lives between the 20th and 40th parallel north and south. It seems that
right here humans have found the best living conditions relating not only to temperature and food recourses, but also to UV
radiation necessary for the production of vitamin D by human skin. An exception to this general rule is Europe. Nearly half
a billion people live between the 40th and 60th parallel north of the equator despite the fact that the amounts of UV radia-
tion there are much lower. Moreover, since the time of the Vikings, there has always been a part of the European population
that lived even further north than the 60th parallel (the northern parts of Europe, including Greenland). In this work, we
present the potential role that vitamin D deficiency might have played in the extinction of the Vikings of Greenland. We ana-
lyze factors that contribute to the discrepancy between the theoretical distribution of areas with vitamin D deficiency and
today’s reality, like the impact of civilization, religious traditions, as well as vitamin D supplementation in food products and
as a biologically active dietary additive. The global migration of people on a scale and speed never seen before is now even

more important for this discrepancy.
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In our previous review on vitamin D [1], we exam-
ined the biological background of the role of vitamin D in
animal and human life. It seems appropriate to analyze
the epidemiological side of the role of vitamin D in
human life to better understand its function and possible
mechanism of its action in the organism.

Nowhere else on Earth do so many people live as far
away from the equator as in Europe. What does it mean for
their lives?

EUROPE: IS IT THE BEST PLACE
FOR HUMAN EXISTENCE?

It has been established that modern humans (as a
species) emerged close to the equator, in the highlands of
East Africa. Their predecessors, the first representatives
of the Homo genus, lived there already 2.8 million years
ago. The H. sapiens species is believed to have appeared
only 200,000 years ago [2]. In this area, “the naked new-
comer” was in the optimal conditions: (i) sufficient
amount of suitable food; (ii) suitable temperature despite
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the proximity of the equator; (iii) high intensity of solar
radiation (including UV-B-radiation), which stimulates
the formation of cholecalciferol known as vitamin D [1].

Obviously, over time, the population was growing
and living conditions were deteriorating, which stimulat-
ed the beginning of human migration around 120,000
years ago. Humans migrated in search for food sources
and suitable climatic conditions. It turned out that the
optimal environmental conditions for human existence
were located almost exclusively between 20° and 40° lati-
tude N and S (Fig. 1) [3]. Small regions of moderate cli-
mate can be found also up to 50°N and S, especially in
coastal areas. Nevertheless, there is one huge exception —
Europe. Moderate climate in Europe extends to 60°N, i.e.
up to the southern regions of Greenland due to the favor-
able effect of the warm Gulf Stream. Hunters-gatherers
could find food in abundance in European forests, and
temperature conditions were no longer as significant, as
H. sapiens was already at such a developmental stage that
they could resist the winter cold.

However, European people moved too far away from
the equator. In Europe, the sun rises high enough for UV-
B-radiation to reach the Earth’s surface for only a short
time period. In winter, the daily dose of UV-B-radiation
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Fig. 1. Climatic zones of the Earth (after Képpen [39]) are shown
in the form presented by [3]. All the regions of temperate and dry
climate are located almost entirely at the same distance from the
equator between 20° and 40°N and S. Note the only exception:
Europe, which is between 35° and 70°N.

at 20° latitude is about 50% of its maximal value at the
equator, while at 40° latitude it is already only 10% [4].
According to the results obtained by Jablonski and Chaplin
[5], humans can exist under natural conditions without
extra vitamin D supplement only up to 42° latitude [6]. At
55° latitude (Newfoundland, Newcastle, Copenhagen,
Smolensk, Moscow, Novosibirsk, Kamchatka), the daily
dose of UV-B radiation during four winter months is
already so low that no vitamin D can be synthesized in
human skin [4].

On the other hand, the length of a summer day gets
longer when moving further away from the equator. That
is why the summer daily dose of UV-B radiation at 40°
latitude is hardly different from the equatorial one. Thus,
the conditions at 40° latitude (Denver, Philadelphia,
Madrid, Ankara, Beijing) are quite suitable for providing
humans with vitamin D throughout the year given that we
spend enough time in the air under the sun. The situation
changes significantly when people move to the regions of
higher latitude.

According to data published by Kummu and Varis
[3], the majority of people living geographically above the
40° latitude are European (Fig. 2). The greater part of
Europe is located between 40° and 60° latitude, i.e. exact-
ly in the region where a markedly pronounced shoulder is
observed on the population curve. Currently about 700
million people reside in Europe. Europeans constitute 53
and 86% of the population living above 40°N and 50°N
latitude, respectively [3]. (If we could estimate the num-
ber of indigenous people who had lived in these latitudes
several hundred years ago, the dominance of Europeans
over the rest of the inhabitants would have probably been
even more significant.) The remaining 16% are mostly
Asians and people of North America, and they constitute
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only a tiny part of this population. In absolute terms, very
small numbers of people living around 80°N latitude are
residents of North America and Greenland (Inuit).

Holick et al. [7] showed that in the regions above 35°
latitude vitamin D synthesis in human skin is virtually
absent in winter months (data were obtained in Boston
located at 42.21° latitude). In model experiments con-
ducted by Holick et al., 7-dihydroxycholesterol dissolved
in ethanol (in ampoules), was exposed for 1 h to the sun
at noon in June and in October. In October, the efficien-
cy of solar radiation in regard to vitamin D formation was
five times lower than in June [8]. Similar results were
obtained in 1988 in Edmonton (53.33°) [9].

Jablonski and Chaplin [10] used data from specific
measurements of the intensity of UV-B radiation incident
directly on the Earth’s surface (it became possible only
based on long-range measurements from space). They
clearly showed a strong correlation between the degree of
human skin pigmentation, absolute value of geographical
latitude, and the level of UV-B radiation. While a con-
stant high intensity of UV-B radiation with two intensity
peaks in spring and fall is observed throughout the year in
the equator region, moving further away from the equator
results in a pronounced reduction of the radiation inten-
sity with one peak in summer [5]. Ability for temporal
increase of skin pigmentation (summer tan) has become
an important result of human adaptation to the increase
in the intensity of UV radiation in summer in the geo-
graphical area within 23-46° latitude. In addition, given
sufficient amount of food, people in these latitudes are

Population (x10°)

Q° 800 600 400 200 0
P
P
7
———————population —_— +
L ]
e
—opitation _——
ELG,C“Q—
Z
——
o
0 C
b] =Y
— b
~
<
~
P
36°E 72°E 108°E 144°E 180°E
0° 2000 1500 1000 500 0

Average annual precipitation level, mm

Fig. 2. Distribution of the total population depending on the geo-
graphical latitude [3] based on data from [40]. Distribution of the
human population around the globe is shown within 5° of geo-
graphical latitude. Note the shoulder at 40-60°N latitude.
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well provided with vitamin D. This might be the reason
for the extremely dense population in these regions of the
globe.

SCOTTISH PARADOX?

Over half a billion people live in Europe on a rela-
tively small area far away from the equator. How can such
a life in the far north provide people with enough vitamin
D? At some point, Gillie drew attention to this special
position of Europeans using the example of Scotland
[11]. Compared to neighboring England, Scotland faces
significantly higher mortality in all segments of the popu-
lation. At the same time, the risk of serious diseases is also
much higher in Scotland. The author suggested that the
northern position of the country (55-61°N) and very
cloudy maritime climate resulting in insufficient duration
of solar radiation are the reasons for this situation.
Whereas in the south of England the sun shines for 1500-
1900 h per year, in Scotland this parameter is less than
1000 h. This surely affects the level of vitamin D supply
for the residents of Scotland.

Gillie et al. discuss in detail the situation in Scotland
located at latitude above 50°N [12, 13]. Even in Spain
(~40° latitude), the winter season when vitamin D syn-
thesis in human skin is completely absent due to weak UV
radiation lasts for about three months. And in Scotland,
such “solar starvation” lasts six months. In addition, high
mortality rate observed in Scotland cannot be explained
only by such factors as smoking, alcohol abuse, poor
nutrition, or poverty [14].

Chaplin and Jablonski [15] described the situation in
Scotland as “the vitamin D compromise”. When people
migrated to Scotland at the end of the last Ice Age
(~14,000 years ago), two factors became crucial: maxi-
mally depigmented skin (which contributed to a better
vitamin D synthesis) and high-calorie diet rich in vitamin
D (especially fatty fish). Then the living conditions
changed. The Scots were engaged in farming, which dra-
matically reduced vitamin D supply. Over the last 200
years, living conditions have deteriorated even further due
to urbanization and industrialization.

The position of Scotland is extremely unfavorable
from the perspective of ensuring direct vitamin D supply
by UV-B radiation. However, compared to certain other
European regions, its geographical position is not
extreme. Scandinavian countries are mostly located fur-
ther north. Even St. Petersburg in Russia is located at 60°
latitude, i.e. practically at the same level as the southern
regions of Sweden and Norway, the northern border of
Scotland, and the southern part of Greenland. Taking into
account the climatic conditions, the situation in Scotland
is extremely unfavorable for human life, but everything
which has been said about this country applies to a lesser
or greater degree to almost all of Europe [16, 17].

GORING, KOSHUCHOWA

WAS VITAMIN D SUPPLY SUFFICIENT
FOR VIKINGS IN GREENLAND?

How could the Vikings live for almost 500 years so far
in the north when even in Scotland living conditions were
so unfavorable for humans due to insufficient vitamin D
supply? Many people sailed to Greenland from
Scandinavia and the northern islands of Scotland. What
do we know about their way of life?

Systematic archeological research started in
Greenland in 1921. Paul Norlund, the first supervisor of
this work, put together a detailed description of all the
data obtained by that time [18]. Careful study of his book
reveals a fairly clear picture of the life of the Vikings in
Greenland.

Erik the Red (Eirikr enn raudi) gathered in Iceland
~700 people; they sailed to Greenland on 25 ships. Of
these, 14 ships with 400 settlers and livestock on board
reached the destination in 985 or 986. Norlund believed
that a total of about 3000 people lived in Greenland
(other sources say up to 6000). In the early days of colo-
nization, the population mainly increased due to resettle-
ment of people from Iceland, Norway, and northern
Scottish islands.

This small population of Vikings lived mainly in two
centers, Eystribygd and Vestribygd (western and eastern
settlements, the first at ~60°N, and the second at ~64°N).
The distance between them was almost 300 km. Within
the settlement, the distance between the outer houses was
measured in tens of kilometers. Even the yards located
close to each other were often separated by high ridges,
i.e. they were accessible only through the fjords cut deep
into the island. Up to 20-30 people lived in each house-
hold. Vikings lived in Greenland for ~450 years. About 15
generations changed during that time. They were marry-
ing mainly within the same household or, in the best case,
within the settlement. Over the years, inbreeding became
inevitable. Let us recall the attributes that appear in the
offspring due to inbreeding. In the case of birds and mam-
mals, significant reduction of offspring weight, survival
rate, reproduction, and resistance to diseases and stressful
environmental conditions are observed [19-22]. Negative
effects on survival rate and fecundity are also observed in
plants [23-25].

What was happening to the Vikings during the
change of their generations in Greenland? The estate of
Erik the Red, Brattahlid, was the most significant in the
eastern settlement. Even the remains of a chapel were
found there. One hundred forty four skeletons, among
them 65 men, were unearthed in the area around the
chapel. These men had lived for at least 40-60 years.
Many of them were taller than 1.80 m. This discovery
helped to understand why such tall men had called the
people from the Dorset Culture II, and later also Inuit
Skraelings (i.e. scallywag). According to genetic rules, the
Vikings were hardly changing during the first few genera-
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tions. However, later the effects of inbreeding began to
manifest with increasing rate.

Skeletons unearthed at the cemetery in Herjolfsnes
date back to the late XIV-early XV century. They belong to
the people from the last generations of Vikings in
Greenland. It was found that men were 1.55-1.70 m tall,
and the average height of women was only 1.40 m. Judging
from the number of graves, high infant mortality and short
lifespan were characteristic of that time. Moreover, the
study of skulls showed that the brains of these last Vikings
were surprisingly small. Thus, Paul Norlund stated:
“Powerless handful of individuals debilitated by diseases,
scrubby and ugly, that’s all that was left of them”.

Another biological factor was also essential to the
disappearance of the Vikings in Greenland. The Vikings
were mainly farmers, and unlike the aboriginal inhabi-
tants of the extreme northern regions, they did not have a
sufficient amount of marine animal meat or oily fish
(salmon, cod, etc.) in their diet. Relatively small amounts
of vitamin D, which they obtained from food, could not
compensate for the lack of UV-radiation at northern lat-
itudes. Although it is no longer possible to calculate the
degree of vitamin D deficiency, their unearthed skeletons
provide compelling evidence of the significant lack of this
compound. Spine curvature, deformation of arms and
legs, narrowed pelvis, rickets, and osteomalacia that is
manifested in adults in the form of bone deformation,
pathological fractures, hypotension, and muscle hypotro-
phy were found in many skeletons. Such bone softening
develops in women in the pelvis, lumbar spine, and upper
femur. Women with such pelvis pathology were destined
to die in childbirth. Paul Norlund provides numerous
data in support of those changes in his book [18]. Other
studies also discuss the wide spread of rickets among the
Vikings in Greenland [26, 27]. Thus, we can assume that
the lack of vitamin D as well as inbreeding played an
important role in the reduction of the Viking population.

ENSURING PEOPLE WITH VITAMIN D
IN NATURAL CONDITIONS AND EFFECT
OF CIVILIZATIONAL FACTORS ON IT

Homo sapiens are known to have originated near the
equator, that is, under high intensity of UV-radiation.
Strong melatonin pigmentation of skin protected them
against the harmful effects of high doses of UV-radiation.
However, radiation reaching the skin epidermis was more
than enough to provide them with vitamin D [28]. It was
proven that the higher the latitude of human habitat, the
lower is skin pigmentation [5, 10]. This adaptation to the
low intensity of UV-radiation resulted from the long time
of human migration to new regions from the equator to
northern Europe. Many studies have shown the depend-
ency between the vitamin D level in human blood and lat-
itude of their habitat [29-31]. However, recently pub-
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lished results indicate that data expected based on such
ideas do not correlate with the results obtained by meas-
uring vitamin D level in the regions of various latitudes
[4]. What are the reasons for this?

Geographical features. Intensity of UV-radiation
depends not only on geographical latitude, but also on the
altitude above the sea level [8]. In addition, the composi-
tion of the atmosphere (e.g. clouds, fog, pollution) also
affect the absorption of UV-radiation [11].

Civilization and religion. This includes primarily the
presence of clothes. Humans started to cover their bodies
with clothes for a substantial part of the year. They began
to build protective facilities for greater comfort, and it
resulted in a significant body deprivation of solar radia-
tion [1]. On the other hand, some people should avoid
solar radiation due to certain diseases [32] or due to poor
physical condition [33]. However, even in case of good
solar radiation, for example, in Arab countries, many
people, and especially women, cover their entire bodies
with clothing because of religious canons, which leads to
the acute lack of vitamin D [34]. The same applies to
ultra-orthodox Jewish culture [35].

Migration of people. In the course of evolution, peo-
ple migrated to new regions. This was happening over rel-
atively long periods. To some extent, people had enough
time to adapt. This applies in particular to the sufficient
vitamin D supply due to a sharp decrease in skin pigmen-
tation (see above). But the development of effective trans-
portation systems has enabled the fast relocation of peo-
ple (even large masses), which greatly facilitates migra-
tion. As a result, the number of people living in environ-
mental mismatch dramatically increases. Many people
from the southern regions move (or were forcibly relocat-
ed in the past) to the northern regions: black Africans —
to America, Mexicans — to the United States, black
Africans and people of Mediterranean countries — to
more northern European countries, people from Asia,
Central Asia, and Middle East — to the central and north-
ern European countries including Caucasians and
Central Asians migrating to the center of European
Russia. On the other hand, residents of European coun-
tries and North America move temporarily (vacation,
temporary work) or even permanently to countries with
abundant solar radiation.

Martin et al. [36] analyzed data published in 34 med-
ical research reports. It turned out that almost 70% of
examined people had vitamin D deficiency (9562 out of
13,974 people). Vitamin D deficiency was particularly
common among people with a dark skin type, in particu-
lar, in immigrants from the regions of the enlarged
Middle East. Another study has shown that in the case of
the European population, vitamin D deficiency was
found in 37% of people, whereas among the residents of
elderly homes and immigrants of non-European origin,
this figure rises to 80% [37]. The authors studied the
spread of tuberculosis and acute respiratory infections
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among Europeans. Based on data obtained in randomized
controlled studies, they provided evidence of the protec-
tive role of vitamin D in both tuberculosis and acute res-
piratory infections. Therefore, they recommend daily
intake of 1000 IU of vitamin D for high-risk people as an
inexpensive way to provide its required Ievel in blood.

The above-listed features are all affecting the meas-
ured vitamin D levels and can account for significant
deviations from the values that we expect based on geo-
graphical position [4]. However, vitamin D deficiency in
the population is a global problem [7, 38]. High-risk
groups may vary in different regions. For example,
Europe with its relatively large population and significant
influx of refugees from sunnier countries is obviously dif-
ferent from all the other regions, but the official health
authorities of the European Union and individual coun-
tries currently do not consider this in their policies.
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