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Abstract

ETHNIC HETEROGENEITY OF THE NORTH-SWEDISH POPULATION 
Its origin and medical consequences

Per-Olof Nylander, Department o f Medical Genetics, University ofUmeât Umeå, Sweden

Northern Sweden shows a unique population structure with remarkable geographical variations in 
the distribution of genetic disorders as well as genetic markers like blood groups, serum groups and 
red cell enzyme types. The present-day population of northern Sweden is a mixture of people of 
Finnish, Saamish (Lappish) and Central-Swedish origin.

In this thesis the ethnic heterogeneity of the North-Swedish population (counties of Väster
botten and Norrbotten) was studied using genetic blood markers, and the epidemiological impact of 
the ethnic heterogeneity was exemplified by studying the geographical correlation between Finnish 
admixture and risk factors for cardiovascular diseases. The following results were found:

1 Two new ethnic marker genes were discovered: the GC*1F allele (GC serum groups) for 
Saamish influence and the TF*C3 allele (transferrin serum groups) for Finnish influence.

2 Regional gene frequency variations in the A1A2B0 blood groups, 6-phosphogluconate 
dehydrogenase (6-PGD) types and transferrin and GC serum groups were studied in a sample 
of 4100-5600 individuals from northern Sweden distributed according to birth place into 23 
subpopulations. A significant regional heterogeneity was found in all systems. The ethnic 
marker genes (AB0*A2, GC*1F, TF*C3, PGD*C) showed clineal variations consistent with 
the expected patterns of Finnish and Saamish admixture.

3 Finnish and Saamish admixture was estimated in the 23 subpopulations using AB0*A2,
GC*1F and PGD*C as Saamish markers and TF*C3, TF*DCHI, TF*B0-1 and SODI*2 as 
Finnish markers. The Saamish admixture varied between 0 and 34% and was strongest in the 
northern and northwestern parts of northern Sweden. The Finnish influence varied between 0 
and 84% and was strongest in the northern and northeastern parts of the area. The ethnic 
marker genes showed significant geographical intercorrelations.

4 Hypercholesterolemia showed a significant heterogeneity between the 23 subpopulations, and 
there was a significant geographical covariation with the degree of Finnish admixture. These 
results are consistent with the hypothesis that Finnish genetic influence may contribute to the 
development of hypercholesterolemia and thereby to the increased rate of cardiovascular 
diseases found in northern Sweden.

The results of this study suggest that in addition to the founder effect ethnic heterogeneity is an 
important determinant of the structure of the North-Swedish population.

Key Words: Ethnic heterogeneity, Northern Sweden, Population genetics, Finns, Saamis, Genetic 
markers, Hypercholesterolemia
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INTRODUCTION AND AIMS

Northern Sweden shows a unique population structure with remarkable geographical 
variations in the distribution of genetic disorders as well as genetic markers like blood 
groups, serum groups and red cell enzyme types. From historical records it is known that 
the present-day population of northern Sweden is a mixture of people of Finnish, Saamish 
(Lappish) and Central-Swedish origin. Thus ethnic heterogeneity can a priori be expected 
to be a major cause of regional variations in genetic blood markers and genetic disorders 
found in northern Sweden.

The aims of this thesis were:

to study genetic blood markers in Finns, Swedes and Swedish Saamis in a search for 
genes which can be applied in studies of ethnic heterogeneity and genetic admixture

to employ ethnic marker genes in estimating the degree of Finnish and Saamish 
admixture in 23 subpopulations of northern Sweden (the counties of Västerbotten 
and Norrbotten)

to exemplify the epidemiological impact of the ethnic heterogeneity by studying the 
correlation between Finnish admixture and hypercholesterolemia in northern Sweden.
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BACKGROUND

Migration history and population structure

The two northernmost counties of Sweden, Västerbotten and Norrbotten, have a population 
size of about half a million and covers about 40% of the area of Sweden.

The present-day North-Swedish population is the result of rather complex migrations 
and admixtures in the past. A more detailed summary of archaelogical and historical 
background data has been presented in VI. A brief description of the migrations of Finns, 
Saamis and Swedes is given below.

The Saamish population had previously a rather wide-spread distribution covering 
e.g. the whole of Finland. The Saamis appear to have reached northern Fennoscandia 
during later bronze age (1), and thus they have existed in northern Sweden for about 2000- 
3000 years. They were retreating to the north as the result of the spread of the Finnish 
tribes, which probably reached northern Sweden around 500 AD. The major Finnish 
immigration to northern Sweden was via northern Finland, but there has also been some 
Finnish immigration to the southern parts of northern Sweden via central Sweden in the 
15 th and 16th centuries.

Around 1300 AD a colonization of the coastal area by people of Central-Swedish 
origin started (2), and the further colonization of the inland area mostly along the river 
valleys took place, mainly during the last 3-4 centuries. Thus the mixture between this 
Central-Swedish population and Finns and Saamis is to a large extent of a fairly recent 
date, and therefore ethnic heterogeneity and gene frequency clines can still be expected to 
remain in the present-day population.

The population density is higher in the coastal region bordering to the Gulf of Bothnia 
than in the mountainous western and northern parts (Lapland), which have a settlement 
mainly consisting of small and previously rather isolated villages. After about 1930 there 
has been a considerable decrease in the isolation and inbreading (3, 4).

Distribution of genetic disorders

Previous investigations of genetic disorders have frequently revealed situations where a 
particular monogenic disease shows a striking frequency increase in a restricted area (often 
one or a few parishes), whereas it is very infrequent or absent in other parts of northern 
Sweden. Examples of such situations are the high frequency of acute intermittent porphyria 
in the inland part of Norrbotten county, particularly in the parish of Arjeplog (5) and the 
concentration of hereditary macula degeneration of the southwestern part of Västerbotten
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county (6). These disorders are dominantly inherited, but there are also examples of 
autosomal recessive disorders with a restricted geographical distribution e.g. infantile 
genetic agranulocytosis with a gene source in the parish of Överkalix (7).

Most of these geographical concentrations of genetic disorders are believed to have 
been caused by the founder effect. This founder effect appears to be associated, mainly 
with the above-mentioned colonization of northern Sweden by people from central Sweden. 
In fact none of the monogenic disorders showing distinctly increased frequencies in 
different areas of northern Sweden has so far been traced to Saamis or Finns. On the other 
hand increased cholesterol levels and coronary heart disease are more common in northern 
Sweden than in the rest of the country, which can be suspected to be due to Finnish 
influence.

Previous studies of genetic markers

During the last two decades the North-Swedish population has been subjected to a series of 
investigations of genetic markers like blood groups (4, 8-11), red cell enzyme types (12,
13) and serum groups (14, 15). Significant regional gene frequency variations have been 
found in the ABO (4, 8 , 9), Rh (4), MN (10) and Duffy blood groups (11), in the red cell 
superoxide dismutase (SOD) types (12), and in the transferrin (TF) (14) and haptoglobin 
(HP) (15) serum groups.

A brief summary of the main findings in previous investigations concerning the 
systems included in this investigation (ABO, GC, TF, SOD and 6 -PGD) is given below:

The ABO blood groups

The ABO blood group system (without A subtyping) has three alleles (A, B and 0) and six 
genotypes. Since the A and B alleles are codominant and dominate over the 0 allele there 
are four phenotypes (A, B, AB and 0). The blood group A can be subdivided into two 
subgroups Al and A2. The Al allele dominates over A2 leading to six phenotypes (Al,
A2, B, A1B, A2B and 0). The ABO locus is on chromosome 9 (16).

High frequencies of blood group A are found in Europe, especially in northern 
Scandinavia. The blood group B shows high frequencies in Asia with a decreasing trend 
from east to west in Asia and Europe. In Europe the highest frequencies of blood group 0 
are found in Iceland, the British Isles and western Scandinavia (for review see Mourant,
17). Allison et al (18, 19) were the first to describe a high frequency of the blood group A2 
allele in Saamis.
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In Swedish Saamis the A2 allele frequency has been found to be as high as 37% (20). 
It is higher in northern Sweden (up to 18%) than in southern Sweden (8) and Finland (21) 
where it rarely exceeds 10%. The B allele frequencies in Swedish Saamis (20) and Finns 
(21) are 3 and 13% respectively with the Swedish average occupying the intermediate value 
of 8 % (8). The frequency of the 0 allele varies between 50 and 75% in northern Sweden 
and has been found to be 53% in Swedish Saamis (20) and 56% in Finns (21).

The GC serum groups

The vitamin-D binding serum protein GC (group specific component) was first described 
by means of immunoelectrophoresis (22) and was later identified also by starch gel 
electrophoresis (23). Originally two electrophoretic variants controlled by two autosomal 
alleles GC*1 and GC*2 were distinguished. By isoelectric focusing the GC*1 variant could 
be separated into two components (see figure 1) controlled by two new alleles GC*1F and 
GC*1S (24). The GC locus has been mapped to chromosome 4 (25). In addition to the 
three common variants a large number of rare variants have been described. The world 
wide distribution of GC allele frequencies seem to correlate to skin pigmentation and 
intensity of sunlight (for review see Kamboh and Ferrell, 26).

Very high frequencies (up to 80%) of GC*1F have been found in Africa and Asia. In 
the European populations the GC*1F frequency varies between 6 and 21 %. The highest 
GC*1S (51-66%) and GC*2 (20-41%) frequencies have been found in Europe.

In a previous study from central Sweden the frequencies of the GC*1F, GC*1S and 
GC*2 alleles were found to be 14, 61 and 25% respectively (27).

1 2 3 4 5  6

Fig 1 GC subtypes after isoelectric focusing in polyacrylamide gel and immuno-
blotting. 1 = IF, 2 = 1F-1S, 3 = IS, 4 = 2-1S, 5 = 2-F, 6 = 2

The TF serum groups

Genetic variation in the iron transporting serum protein transferrin was first observed by 
Smithies (28) using starch gel electrophoresis. The most common electrophoretic variant 
was called C, and the ones with faster and slower anodal mobility were designated B and D
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respectively. By isoelectric focusing the TFC variant can be separated into three common 
variants (Cl, C2 and C3) and a number of rare variants (29-32). The TF locus has been 
assigned to chromosome 3 (33). A schematic presentation of the TF*C system can be seen 
in figure 2 .

The frequencies of the transferrin C alleles show considerable variations between 
different populations (32). The most common allele in all populations studied is TF*C1, 
which in Europe shows rather small variations (70-75%) between populations.

— BO-1

— Dem 
1 2 3 4 5 6 7 8

Fig 2 Transferrin subtypes after isoelectric focusing in polyacrylamide gel. 1 — Cl,
2 = a ,  3 = C2-1, 4 = C3-1, 5 = C3, 6 = C3-2, 7 = Cl-DCHI, 8 = Cl-BO-1. 
The positions o f the different transferrin variants are indicated to the right.

In European populations the frequency of the TF*C2 allele varies between 9 and 20% 
(32). The TF*C2 allele frequency has been found to be 9% in central Sweden, 17% in 
northern Sweden, 11% in Finland and 15% in Swedish Saamis (34, 35). In European 
populations the TF*C3 allele frequency varies between 4-13% (32, 36).

In addition to the common TF*C subtypes five different rare TF variants (BO, BO-1, 
B2, DCHI and DFIN) have been found in northern Sweden (14). Significant regional 
variations were found for the BO-1 and DCHI variants, and the highest allele frequencies 
were found along the Finnish border. By using the TF*B0-1 and TF*DCHI alleles as 
markers of Finnish admixture in northern Sweden it was suggested that approximately 70% 
of the gene pool along the Finnish border was of Finnish origin (14).

In previous investigations the frequency of the TF*B0-1 allele was found to be 1.1% 
in Finns (21, 37), 0.1% in Swedes (38) and 0% in Swedish Saamis (39). The frequency of 
the TF*DCHI allele has been found to be 1.0% in Finns (21, 37), 0% in Swedes (38) and 
0.6% in Swedish Saamis (39).

Transferrin types have been found to be associated with both spontaneous abortions 
and different disorders (32).
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SOD types

Superoxide dismutase, SOD (EC 1.15.1.1), catalyses the dismutation of O2 '  radicals to 
hydrogen peroxide and oxygen (40, 41). In man the soluble (SODI) and mitochondrial 
(SOD2) superoxide dismutase isoenzymes are controlled by loci on chromosome 6  and 21 
respectively (42). The SOD2 locus is monomorphic, and the SODI locus has one common 
allele SODl*l and a relatively rare allele SODl*2, which appears to be absent in most 
populations of the world. A schematic representation of the SOD isoenzymes and SODI 
variants is given in figure 3.

1 2-1 2

Fie 3 Phenotypes o f soluble superoxide dismutase 
(SODI) after starch gel electrophoresis

Relatively high frequencies of the SOD 1*2 allele (>2%) have been found in Finland 
(43) and in northern Sweden, especially along the Finnish border (12). Considerably lower 
frequencies (0.2%) have been observed in Swedish Saamis (12) and in central Sweden (44).

6-PGD types

The enzyme 6-phosphoghiconate dehydrogenase, 6-PGD (EC 1.1.1.44), catalyses the 
oxidative decarboxylation of 6-phosphogluconate to ribulose-5-phosphate in the 
hexosemonophosphate shunt. The gene locus is on chromosome 1 (45). There are two 
common alleles (PGD*A and PGD*C) and a number of rare alleles (17). A schematic 
picture is shown in figure 4.

A AC C

Fig 4 Phenotypes o f 6-phosphogluconate dehydrogenase 
in red cells after starch gel elctrophoresis
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In European populations the PGD*C allele frequency varies between 1 and 4% (17). 
In Swedish Saamis and Swedes the PGD*C frequency has been found to be 13 and 2% 
respectively (13).

MATERIALS AND METHODS 

Population samples

The Swedish blood samples studied in papers I-VI (4,100-5,600) were obtained from con
scripts and blood donors bom in the forties and fifties. The individuals were distributed 
according to their place of birth into 23 subpopulations (regions) consisting of one or a 
group of parishes (see table 1 and figure 5).

23
16

20

Fig 5 Division o f nonhem Sweden into 23 regions. The numbers 
o f the regions correspond to those in table 1. Regions 1-14 
= Västerbottens county; regions 15-23 = Norrbotten county

The Finnish blood samples were from blood donors from northern Finland 
(Uleåborg), and the Saamish blood samples were from children attending the Swedish 
nomad schools where most of the children were of pure Saamish descent (13).
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Table 1 Regional subdivision

Region No. Parishes and groups av parishes

1 Dorotea, Fredrika, Åsele
2 Vilhelmina
3 Stensele
4 Sorsele, Tärna
5 Lycksele, Örträsk
6 Malä, Norsjö
7 Byske, Jöm
8 Bureå, Lövånger, Skellefteå
9 Burträsk
10 Degerfors
11 Bygdeå, Nysätra
12 Holmön, Sävar, Umeå
13 Bjurholm, Vännäs
14 Hömefors
15 Arjeplog
16 Gällivare, Jokkmokk
17 Jukkasjärvi, Karesuando
19 Nederluleå
20 Edefors, Överluleå
21 Nederkalix, Råneå, Töre, Överkalix
22 Hietaniemi, Karl Gustav, Nedertomeå, Övertomeå
23 Junosuando, Korpilombolo, Pajala, Tärendö

Regions 1-14 = Västerbottens county; regions 15-23 = Norrbotten county

The blood samples studied in paper VII with respect to cholesterol levels were 
obtained from about 3,200 individuals in two surveys (1986 and 1990) of cardiovascular 
risk factors in the northern Sweden MONICA area, with a participation rate of 80.2%. 
Individuals who were bom outside Västerbotten and Norrbotten counties were excluded and 
the remaining 2,673 individuals were included in this investigation. The individuals were 
distributed according to their place of birth as described above.
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Laboratory methods

The A1A2B0 blood groups were typed according to standard laboratory methods.

The serum protein systems were studied by the following methods, which are 
described in more detail in the separate studies:

6-PGD by horizontal starch gel electrophoresis and subsequent enzyme staining (I).

TF by polyacrylamide gel electrophoresis and protein staining (III).

GC by immunoblotting after isoelectric focusing in polyacrylamide gel (TV and V). 

Selection of ethnic markers

In order to be useful in studies of Finnish and Saamish admixtures ethnic marker genes 
should show distinct and statistically significant frequency differences between Finns, 
Swedes and Swedish Saamis. The fact that the North-Swedish population is a mixture of 
three population elements complicates the selection of suitable ethnic markers. Ideally a 
Saamish marker gene should e.g. show a large frequency difference between Saamis on one 
hand and Finns and Swedes on the other hand and a small difference between the latter two 
populations.

A special type of ethnic marker genes are those which occur in a particular popula
tion, often in a modest frequency, but are absent or very infrequent in other populations. 
Genes which are more or less specific for a certain population or tribe may be called ’tribal 
genes*.

Of the four markers of Finnish influence used in this study three viz. the TF*B0-1, 
TF*DCHI and SODI *2 alleles are of the ’tribal gene* type and were discovered in previous 
population studies, whereas the fourth (TF*C3) is more frequent as was found in this study 
(IV). TF*B0-1, TF*DCHI and SODI*2 occur in polymorphic ( ^  0.01) frequencies in 
Finns, but are absent or very infrequent in Swedish Saamis and Swedes with the exception 
for TF*DCHI, which has a relatively high frequency (0.6%) in Swedish Saamis. However, 
from the distribution of the DCHI allele in northern Sweden, Finland and Asia, it is 
obvious that it is a marker of eastern influence. Originally the three above-mentioned 
marker genes appear to have been absent in the Swedish and Swedish Saami populations, 
and their occurrence in low frequency among Swedes and Swedish Saamis is most likely 
due to Finnish admixture in the past.
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All three Saamish marker genes (AB0*A2, GC*1F and 6-PGD*C) showed much 
higher frequencies among Swedish Saamis compared to Finns and Swedes. The GC*1F 
marker was found in this study (II).

Table 2 Frequencies o f Finnish and Saamish marker genes
in Finns, Swedes (central) and Swedish Saamis

Genes Population

Finns Swedes Swedish Saamis

ABO*A2 0.096 0.075 0.372
GC*1F 0.103 0.139 0.412
TF*C3 0.137 0.062 0.024
TF*B0-1 0.011 0.001 0.000
TF*DCHI 0.010 0.000 0.006
SODl*2 0.024 0.002 0.006
6PGD*C 0.053 0.025 0.131

Table 3 Significance o f gene frequency differences between 
Finns, Swedish Saamis and Swedes (central)

Genes Population

Sw.S.-Sw. Sw.S.-Fi. Fi.Sw.

ABO*A2 p< 0.001 p< 0.001 p< 0.001
GC*1F p< 0.001 p < 0.001 p<0.05
TF*C3 p< 0.001 p< 0.001 p< 0.001
TF*B0-1 n.s. p<0.05 p < 0.001
TF*DCHI pCO.Ol n.s. p < 0,001
SODI *2 n.s. p<0.05 p < 0.001
6PGD*C pCO.001 p < 0.001 p < 0.001

Sw.S. = Swedish Saamis; Sw. = Swedes; Fi. = Finns; 
n.s. non-significant (p< 0.05).
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The identification of ethnic markers was based on comparisons of gene frequencies in 
Finns from northern Finland, Swedish Saamis and Swedes from central Sweden, since 
these are believed to be the main contributors to the gene pool of the present-day North- 
Swedish population (Tables 2 and 3).

Statistical methods

The ABO gene frequencies were calculated by square roots and adjusted to unity according 
to Bernstein (46) and for the other systems gene frequencies were calculated by gene 
counting. The x 2 test was used for measuring the goodness of fit between observed and 
expected numbers assuming a Hardy-Weinberg equilibrium.

The inbreeding coefficient FST (I) was calculated as described by Wright (47). 
Geographical clines with respect to gene frequencies were calculated by regression analysis, 
and in these calculations geographical midpoints of the regions were used.

Genetic admixture was estimated using the gene frequecies in Finns, Swedes and 
Swedish Saamis and in the 23 regions (VI). The principle of calculation of admixture can 
be illustrated by the following fictitious example: If the frequency of a marker gene is 0.14 
in Finns, 0.06 in non-Finns and 0.10 in a mixed population, then the Finnish admixture 
(X) can be obtained from the equation 0.14X+0.06(1-X)=0.10 which gives X=0.5 or 
50%. The final estimate of admixture is the average of estimates based on different 
markers, three for Saamish admixture and four for Finnish admixture.

When studing cardiovascular risk factors, averages of estimated energy and nutrient 
intakes were standardized for sex and age, and regional variations in intakes were studied 
by analysis of variance using the GLM procedure in SAS (48).

Standard statistical methods were used to calculate proportions, heterogeneity between 
regions and univariate correlations. Multiple regression analysis was performed as 
described in VII.

RESULTS

6-phosphogluconate dehydrogenase (U

The PGD*C allele showed a significant heterogeneity between the 23 regions (p<0.05), 
with gene frequencies ranging from 5.3% in the north to 0.0% in the south. The PGD*C 
frequency was significantly higher (p<0.001) in Norrbotten county (4.0%) compared with
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Västerbotten county (2.7%). There was a cline with an increasing PGD*C frequency in the 
northern direction. In the Finnish population the PGD*C allele frequency was found to be 
5.3%.

The variations in the PGD*C allele frequency in northern Sweden could be explained 
in terms of a combined Saamish and Finnish influence.

A1A2B0 blood groups (ID

The AI, A2, B and 0 alleles showed a significant heterogeneity between the 23 regions in 
northern Sweden.

The Al allele frequency displayed significant north-south (p<0.05) and west-east 
(p< 0.001) variations. The Al allele showed a cline, with an increasing frequency in the 
north-eastern direction.

The frequency of the A2 allele was significantly higher (p< 0.001) in the western 
parts of the area. The A2 allele also showed a cline, with an increasing frequency in the 
northern direction (p< 0 .001).

The B allele frequencies varied between 5 and 11%, but no significant clineal 
variation was found.

For the 0 allele frequency significant variations in the north-south (p< 0.001) and west- 
east (p<0.05) directions were found. The 0 allele showed a cline, with an increasing 
frequency in the southwestern direction.

With exception for the B allele the geographical patterns could be explained in terms of 
ethnic heterogeneity.

Transferrin C subtvpes am

TF*C1, C2 and C3 and the rare alleles displayed a significant heterogeneity between the 23 
regions.

The TF*C1 allele frequency varied between 64 and 8 6% and was significantly higher 
(p< 0.001) in Västerbotten county. Significant north-south (p<0.05) and west-east 
(p<0.01) variations were observed and TF*C1 showed a cline, with an increasing 
frequency in the southwestern direction.

The TF*C2 allele frequency varied between 11 and 28% in northern Sweden and no 
clineal variation was found.
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The frequency of the TF*C3 allele varied between 3 and 15%, with a significantly 
higher frequency in Norrbotten county (p< 0.001). Statistically significant north-south 
(pCO.Ol) and west-east (p<0.05) variations were found and the TF*C3 allele showed a 
cline with an increasing frequency in the northeastern direction.

The frequency of the rare TF genes varied between 0.0 and 2.6% and was 
significantly higher in Norrbotten county (pCO.001).

Significant allele frequency differences were found between Finns, Saamis and 
Swedes. The TF*C3 frequencies found in northern Sweden and Finland (15 and 14%) are 
the highest so far reported in the world. The geographical picture of the TF*C3 allele could 
to a large extent be explained in terms of Finnish influence.

GC subtvpes (TV. V)

GC subtypes were studied in Finns, Swedes and Swedish Saamis (IV). The GC*1F 
frequency was found to be as high as 41 % in Swedish Saamis, significantly higher than that 
in Finns (10%) and Swedes from northern (12%) and central (13%) Sweden. Although the 
high GC*1F frequency in Swedish Saamis resembles that in Asiatic populations, it is more 
likely to be due to founder effect or selective forces in the past than to Asiatic ethnic 
influence.

In a study of the North-Swedish population (V) a significant heterogeneity between 
the 23 regions was observed concerning the GC*1F, IS and 2 alleles.

The GC*1F allele varied between 5 and 25%, with a significantly higher frequency in 
Norrbotten county (p< 0.001). GCTF showed a cline with an increasing frequency in the 
northern direction (p< 0 .001).

The frequency of the GC*1S allele was significantly higher in Västerbotten county 
(p< 0.001) and varied between 57 and 67% in northern Sweden. GC*1S showed a cline 
with an increasing frequency in the southern direction (pcO.Ol).

The GC*2 allele frequency varied between 16 and 34%, with a significantly higher 
frequency in Västerbotten county (p< 0.001). There was also a cline, with an increasing 
gene frequency in the southern direction (p<0 .01).

The geographical pattern of the GC*1F frequency was obviously due to Saamish 
influence.
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Estimates of Finnish and Saamish influence (VI)

The Finnish influence in northern Sweden was estimated using TF*C3, TF*B0-1, 
TF*DCHI and SOD 1*2 as marker genes. The Finnish influence varied between 0 and 
84%. As expected, the Finnish influence was strongest in the northern and northeastern 
parts of the area. In the subpopulations along the Finnish border, between 60 and 80% of 
die gene pool of the present-day population might be Finnish in origin.

The Saamish influence was estimated using AB0*A2, GC*1F and 6PGD*C as marker 
genes. The Saamish influence varied between 0  and 34%, and the strongest influence was 
found in the northern and northwestern parts of the area. In the northern parts of the area, 
between 1/3 and 1/4 of the gene pool of the present-day population was estimated to be 
Saamish in origin.

The geographical patterns of the Finnish and Saamish influence in northern Sweden 
were in fair agreement with known historical data. Other mechanisms as founder effect and 
genetic drift have also contributed to the genetic diversity of the North-Swedish population.

Significant correlations were found between Finnish marker genes and between Saamish 
marker genes. There were also correlations although weaker between Finnish and Saamish 
marker genes, which mainly could be explained by the geographical overlapping of Finnish 
and Saamish influence.

Geographical covariation between hypercholesterolemia and Finnish genetic influence (VII)

In the 23 subpopulations hypercholesterolemia varied between 34 and 58%, with a signifi
cantly higher frequency in Norrbotten county (p<0.0001) compared with Västerbotten 
county. The frequencies of obesity and high consumption of 'boiled' coffee were also 
significantly higher in Norrbotten county. Hypercholesterolemia, obesity and high 
consumption of 'boiled' coffee showed a significant regional heterogeneity. - Other dietary 
factors displayed no significant regional variation.

Hypercholesterolemia showed significant univariate correlations with Finnish influence 
(p<0.01) and high consumption of 'boiled' coffee (p<0.05). In multiple regression 
analysis only Finnish influence and high consumption of 'boiled' coffee had significant 
effects on cholesterol levels.

The correlation between Finnish influence and hypercholesterolemia suggests that in 
addition to environmental factors Finnish genetic influence might contribute to the 
development of hypercholesterolemia and thereby to the increased rate of cardiovascular 
diseases found in northern Sweden.
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DISCUSSION

The starting point of this investigation was the historically documented occurrence in 
northern Sweden of three different ethnic groups, Finns, Saamis and Swedes and the 
significant gene frequency differences between these groups found in a number of previous 
investigations. Thus there appeared to be a good opportunity to study the ethnic hetero
geneity of the North-Swedish population using genetic markers.

The two northernmost counties, Norrbotten and Västerbotten, were selected as the 
area of investigation, since the major part of the historical and recent Finnish and Saamish 
populations in Sweden have been found in this area. The area was divided into 23 regions 
(subpopulations), and the study was designed as a comparison between three (assumed) 
ancestral populations and 23 hybrid populations having variable parts of their gene pools 
derived from their Finnish, Saamish and Swedish ancestors.

The samples of individuals from northern Sweden were conscripts and blood donors 
all bom in northern Sweden, most of them in the 40thies and early SOthies. This was 
deemed to be a suitable and representative sample of the North-Swedish population.

Estimates of gene frequencies of the three ancestral populations were obtained by 
studying population samples of Finns from northern Finland, Swedes from central Sweden 
and Swedish Saamis. Swedes from northern Sweden would e.g. not be suitable since they 
already have some degree of Finnish and Saamish admixture. There are some gene fre
quency differences between the Saamish populations of Finland, Norway and Sweden. 
There is, however, no evidence for an admixture by other Saamish populations, and there
fore Swedish Saamis should be the most representative Saamish group in our studies of 
admixture in the North-Swedish population. The Swedish Saamis studied were children 
attending the nomad schools, thus they were mostly of pure Saamish descent. It is obvious 
that there has been some exchange between the Finnish and Saamish gene pools in the past 
(43). In spite of these admixtures, which makes it difficult to assess with certainty which 
the genetic constitutions of the 'pure' ethnic groups were, we feel that it is still feasible 
to estimate the Finnish and Saamish influence in northern Sweden, provided that the gene 
frequency differences between the ethnic groups are sufficiently large and distinct. The 
Finnish and Saamish marker genes used in this study meet these requirements (VII). The 
frequencies of the Saamish marker genes were about 2.5-5 times higher than those in Finns 
and Swedes, and the frequencies of the Finnish marker genes were about 2-12 times higher 
than those in Saamis and Swedes. The only exception is TF*DCHI, but as discussed before 
under material and methods, there can be no doubt that TF*DCHI is a useful marker of 
Finnish influence in Sweden. It is notable that e.g. the M gene in the MN blood group 
system, although the differences between Finns (64%), Swedes (57%) and Swedish Saamis
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suitable marker (10). The frequency differences are not large enough to give a clear 'ethnic 
signal' in the 'background noise' of random variation due to e.g. founder effect and 
statistical error.

In the earlier papers in the series of population studies in northern Sweden the F g j 
parameter was studied in addition to a chi square analysis of heterogeneity. In the later 
papers we discontinued the F$t  calculations, and the interest was focused more on studying 
patterns of gene frequency variations.

This procedure included the following steps 1) testing the significance of the 
heterogeneity between regions 2) analysis of clineal variations of gene frequencies using 
north-south and east-west coordinates 3) analysis of correlations between the geographical 
patterns of gene frequencies.

All marker genes used in the final estimates of admixture showed a significant 
heterogeneity, clineal variation and significant regional intercorrelations. The regional 
correlations are also apparent from simple visual inspection of the maps e.g. those of the 
three 'tribal genes' TF*B0-1, TF*DCHI and SOD 1*2 (see figure 6). There are similarities 
between all three geographical patterns, but it is also notable that TF*DCHI distribution 
differs somewhat from those of the TF*B0-1 and SODl*2 genes, which both have been 
found in some of the regions in the southwestern part of Västerbotten county. Beckman et 
al (14) have speculated that TF*DCHI and TF*B0-1 may have been introduced through two 
historically different immigrations where TF*DCHI may represent the older immigration.

27

28

Fie 6 Geographical gene frequency patterns (per mille) o f three Finnish
'tribal' genes, from left to right SODI*2, TF*B0-1 and TF*DCH1
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The final estimates of admixture are, even if they are based on highly significant gene 
frequency differences, of course to some extent influenced by the assumptions and approxi
mations which have been made (VI) and also by statistical sampling errors. Low admixture 
estimates may therefore be less informative and should be interpreted with caution. Some 
of the figures for Finnish influence may be overestimated e.g. those in regions 1 and 2 in 
the southwestern part of Västerbotten county (20%), since they are based on two markers 
sensitive to sampling errors. However, the overall pictures of Finnish and.Saamish influ
ence appear to be valid, and they indicate that ethnic heterogeneity is a major determinant 
of genetic differentiation in the North-Swedish population. As discussed before another 
major determinant is no doubt the founder effect. Finally an effect of natural selection, e.g. 
mortality in connection with epidemics and starvation periods in the past can not be 
excluded but would be very difficult to prove. In this context we may consider the origin of 
the high frequency of the AB0*B gene in the central part of Västerbotten county, which has 
been documented not only in this study (III) but also in two previous investigations (4, 8). 
This enigmatic high AB0*B frequency is not explainable in terms of Finnish admixture.
The four Finnish marker genes used in this study give no indication of a Finnish admixture 
in this area. A founder effect on a relatively frequent gene like AB0*B in a large area does 
not seem plausible. Remaining and very speculative explanations would be natural selection 
(historical epidemic favouring AB0*B) or the influence a fourth to us unknown non-Finnish 
population but with an eastern origin explaining the high AB0*B frequency.

The occurrence of a fourth prehistorical population in northern Sweden can not be 
excluded, but the available information with exception for the AB0*B distribution indicates 
that the major part of the ethnic heterogeneity of the North-Swedish population can be 
explained in terms of a mixture of Finns, Swedes and Swedish Saamis.

The very pronounced ethnic heterogeneity of the North-Swedish population has 
obvious epidemiological consequences. Finland and Sweden show distinct differences with 
respect to the occurrence and prevalence of a number of monogenic disorders. The inci
dence of hypercholesterolemia and cardiovascular disease is also considerably higher in 
Finland compared to Sweden. Thus areas in northern Sweden with a high degree of Finnish 
admixture are expected to show an increased incidence of hypercholesterolemia and 
cardiovascular disease. In an attempt to exemplify the consequences of the ethnic 
heterogeneity of the North-Swedish population we have studied the relationship between 
hypercholesterolemia and Finnish admixture (VII) in the 23 subpopulations. We found a 
significant correlation between hypercholesterolemia and Finnish influence which appears 
to be independent of dietary factors. These results should of course be interpreted with 
caution. They suggest, however, that Finnish ancestry may be a determinant of hyper
cholesterolemia and cardiovascular disease in northern Sweden.
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Most of the genetic disorders which have been studied in northern Sweden appear to 
have been introduced with the colonization by people from central Sweden and probably 
also during the last 300-400 years. Furthermore it is remarkable that no genetic disorder in 
northern Sweden has been found to have its gene source in the Saamish population. We 
think that it is likely that further and more detailed studies in northern Sweden will reveal 
examples of genetic disorders with an origin in the Finnish population.

SUMMARY

Northern Sweden shows a unique population structure with remarkable geographical 
variations in the distribution of genetic disorders as well as genetic markers like blood 
groups, serum groups and red cell enzyme types. The present-day population of northern 
Sweden is a mixture of people of Finnish, Saamish (Lappish) and Central-Swedish origin.

In this thesis the ethnic heterogeneity of the North-Swedish population (counties of 
Västerbotten and Norrbotten) was studied using genetic blood markers, and the epidemio
logical impact of the ethnic heterogeneity was exemplified by studying the geographical 
correlation between Finnish admixture and risk factors for cardiovascular diseases. The 
following results were found:

1 Two new ethnic marker genes were discovered; the GC*1F allele (GC serum groups) 
for Saamish influence and the TF*C3 allele (transferrin serum groups) for Finnish 
influence.

2 Regional gene frequency variations in the A1A2B0 blood groups, 6-phosphogluconate 
dehydrogenase (6-PGD) types and transferrin and GC serum groups were studied in a 
sample of 4,100-5,600 indiviuals from northern Sweden distributed according to birth 
place into 23 subpopulations. A significant regional heterogeneity was found in all 
systems. The ethnic marker genes (AB0*A2, GC*1F, TF*C3, PGD*C) showed cli- 
neal variations consistent with the expected patterns of Finnish and Saamish 
admixture.

3 Finnish and Saamish admixture was estimated in the 23 subpopulations using 
AB0*A2, GC*1F and PGD*C as Saamish markers and TF*C3, TF*DCHI, TF*B0-1 
and SOD 1*2 as Finnish markers. The Saamish admixture varied between 0 and 34% 
and was strongest in the northern and northwestern parts of northern Sweden. The 
Finnish influence varied between 0 and 84% and was strongest in the northern and 
northeastern parts of the area. The ethnic marker genes showed significant 
geographical intercorrelations.
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4 Hypercholesterolemia showed a significant heterogeneity between the 23 subpopula
tions, and there was a significant geographical covariation with the degree of Finnish 
admixture. These results are consistent with the hypothesis that Finnish genetic 
influence may contribute to the development of hypercholesterolemia and thereby to 
the increased rate of cardiovascular diseases found in northern Sweden.

The results of this study suggest that in addition to the founder effect ethnic 
heterogeneity is an important determinant of the structure of the North-Swedish population.
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