
Introduction

The Leiden mutation is a mutation of factor V pro-

tein, which is a liver-synthesized multidomain

glycoprotein encoded by a gene located on chro-

mosome 1q23. Activated factor V is normally one

of the key factors in the coagulation cascade,

forming an enzymatic complex with factor X, in-

volved in thrombin formation. In the physiological

cascade, activated factor V (FVa) is able to bind to

the phospholipid cellular membrane with high af-

finity, forming a prothrombinase complex with

factors II, Xa, and calcium ions.

A guanine to adenine transition at nucleotide
1691 in the factor V gene (FV) causes arginine to
glutamine substitution (R506Q) and results in the
formation of an altered Factor V protein (factor V
Leiden), bearing resistance to protein C (APC)
cleavage. This has been found to be the cause of
approximately 90% of APC resistance cases, re-
sulting in an increased risk of deep vein thrombo-
sis (DVT) (Rosendorff and Dorfman 2007).

A major clinical observation was that the pres-

ence of the Leiden mutation significantly in-

creases the risk of DVT (Koster et al. 1993; Ridker

et al. 1995). The Leiden mutation is therefore a

widely recognized risk factor for DVT, with an in-
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creased cumulative risk in the case of hormone re-

placement therapy or oral contraceptive use,

pregnancy and labor, and other factors, such as

surgery or necessary immobilization (Schambeck

et al. 1997). The frequency of DVT is strongly

linked with age, being rare among children (with

usually 3–4 risk factors involved) (Andrew et al.

1994). In adults � 55 years of age and in the el-

derly, usually 2 risk factors are sufficient for de-

velopment of the disease (Rosendaal 1997). One

such factor is age, with altered blood coagulation

properties and changes in the function of blood

vessel endothelium (Rosendaal 1997), resulting in

an increased number of observed cases of throm-

bosis. The second factor can be the Leiden muta-

tion, and the mutation alone is the most frequent

cause of inborn thrombophilia. The mutation is

also the most widely acknowledged genetic risk

factor for DVT, found in 21% of Caucasian pa-

tients with DVT (Koster et al. 1993).

In contrast, some researchers claim that the

high frequency of Leiden in the Caucasian popula-

tion (up to 15%; Rees et al. 1995; Dahlbäck 1996)

might result from an advantageous role for the car-

rier, namely protection of childbearing women

from excessive bleeding during labour (Lindqvist

and Dahlbäck 2008). Data from other research

groups indicate that this mutation increases the

probability of survival in severe sepsis (Kerlin

et al. 2003; Sipahi et al. 2006). Beneficial effects

of the Leiden mutation are also noted in haemo-

philiacs, with only mild or medium bleeding pres-

ent among carriers of both haemophilia and

Leiden (van’t Veer et al. 1997). The hypothesis

that G1691A can be favourable seems to be sup-

ported by the pooled analysis published in 2001 by

Emmerich et al. Those authors discovered that

among DVT patients bearing the Leiden mutation,

pulmonary embolism is less frequent (Emmerich

et al. 2001).

The distribution of the Leiden mutation varies

worldwide, with differences observed between

geographic locations and ethnic populations. For

example, among individuals of Asian descent, the

mutation is only found incidentally (Kodaira et al.

1997), while in African- Americans it is 0.5%

(Conroy et al. 2000). It is estimated that a single

mutational event, which occurred approximately

20–30 thousand years ago, produced the G1691A

variant, and subsequently has spread over Europe

from this common ancestry (Zivelin et al. 1997).

Based on data from studies performed on groups

in various populations, a hypothesis that the

Leiden mutation has variable distribution in Eu-

rope was postulated (Hermann et al. 1997), and

our survey of previously published reports on fac-

tor V Leiden prevalence in neonates or long-lived

subjects confirms this (see Table 1).

This is the first study to analyse the frequency

of the G1691A mutation in a large (N = 1016)

group of Polish people, with special emphasis on

age, to provide comparison with other geographic

areas and populations. The Polish population is

well suited for an association study because of its

relative genetic homogeneity, without extensive

non-European immigration during the last millen-

nium (Cybulski et al. 2006). Additionally, the pop-

ulation now inhabiting the West Pomeranian

province has resulted from extensive mixing of

Polish people from all regions of Poland after the

Second World War (displacing the German inhab-

itants). Therefore, this region can provide a repre-
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Table 1. Studies examining the Leiden variant (A1691 allele) frequency in Caucasian infants and long-lived

subjects

Country Population (N) A1691 allele frequency
(%)

References

Poland newborns (400) 2.2 present study

Turkey newborns (126) 6.3 Atasay et al. 2003

USA(Caucasians) newborns (502) 1.7 Conroy et al. 2000

Denmark newborns (4188) 3.4 Larsen et al. 1998

Greece healthy infants (38) 5.3 Aronis et al. 2002

Average (excluding Polish) newborns or infants (4854) 3.3

Poland long-lived individuals (432) (> 95 years old) 0.1 present study

Italy centenarians (124) 2.0 Mari et al. 1996

French centenarians (410) 2.8 Faure- Delanef et al. 1997

Denmark centenarians (188) 3.5 Kristensen et al. 1998

Northern Ireland elderly individuals (72), (76-97 years old) 2.8 McNerlan et al. 1997

United Kingdom nonagenarians (87) 2.9 Rees et al. 1997

France geriatric patients (79)(70-102 years old) 5.7 Andre et al. 1998

Average (excluding Polish) elderly to centenarians (960) 3.1

N = sample size



sentative sample of the whole Polish population,

while the newborns and adults constitute a good

control group for the centenarians.
The aim of this study was to verify the hypothe-

sis of neutral or favourable association between
the Leiden variant and longevity in the Polish pop-
ulation. For this purpose, the G1691A mutation
frequency was compared among Polish groups of
healthy neonates, adults, and long-lived individu-

als (aged � 95 years).

Materials and methods

This study was performed on a group of 1016 Pol-
ish individuals, divided into 3 subgroups: 400 neo-
nates (187 female and 312 male), 184 healthy
adults of various age (population group with mean
age of 44.0 years, range: 17–70 years) (129 female
and 55 male), and 432 long-lived individuals (age

� 95 years) (343 women and 89 men). The ethical
committee of the Pomeranian Medical University
approved the protocol of the study. Genomic DNA
from newborns, healthy adults, and 300 persons

� 95 years old (all inhabitants of the West Pomera-

nian province) was extracted from 100 �L of
blood with the QIAamp DNA Blood Mini Kit
(QIAGEN). DNA yields were estimated using
absorbance measurements at a wavelength of
260 nm (A260). DNA samples from 132 centenari-
ans were collected at the International Institute of
Molecular and Cell Biology in Warsaw (inhabit-
ants from all regions of Poland) during a Polish
Centenarians Programme (Mossakowska et al.
2008) and were isolated from ca. 3 mL of blood
using the Nucleospin Blood L kit (Machery and
Nagel), or immobilised on FTA matrix (Whatman,
UK) buccal swabs. Material from these individu-
als was isolated from saliva samples collected on
Whatman blotting-paper and DNA isolated by
Sherlock AX sets (A&A Biotechnology, Gdynia,
Poland). The use of DNA extracted from the
buccal swabs for factor V Leiden analysis was val-
idated by Hartel et al. (2006), while the use of
Whatman matrices was described by Johanson
et al. (2009).

For a 10-�L PCR, ~20 ng of genomic DNA
was used. The PCR mixture contained 10× buffer
(pH 8.3, 1.5 mM MgCl2), 0.2 mM each of
deoxynucleotide triphosphates, 0.5 U of Polymer-
ase Taq (MBI Fermentas, Lithuania), and 4 pmol
each of the forward and reverse primers as de-
signed by Gandrille et al. (1995). The following
primers were used: forward 5’-TCA GGC AGG
AAC AAC ACC-3’ and reverse 5’-GTT ACT
TCA AGG AAC AAA ATA CCT GTA AAG

CT-3’ (TIB MOL BIOL, Poland). PCRs were per-
formed in a Mastercycler Gradient device
(Eppendorf, Germany) with the following temper-
ature profile: the initial denaturation at 94°C for
5 min; 35 cycles of 20 s at 94°C, 40 s at 56°C, and
40 s at 72°C; and the final extension step at 72°C
for 7 min. Amplification was followed by diges-
tion of a 241-bp product with restriction enzyme

Hind III (5’-A�AGCTT-3’) (MBI Fermentas,
Lithuania) for 16 h at 37°C. The PCR digestion
products were separated on 3% agarose gels,
stained with ethidium bromide and recorded with
a DS-34 Polaroid Instant Camera (Polaroid, Ger-
many) under UV light (Transilluminator 4000,
Stratagene). The Hind III digestion yields frag-
ments of 241 bp for GG homozygotes, 241, 209,
and 32 bp for GA heterozygotes, or 209 and 32 bp
for AA homozygotes. For statistical comparisons,
the chi-square or Fisher exact test (for a number
below 5) were used and calculated using the
Statistica 8.0 package (Statsoft, Poland).

Results

The G1691A genotype distribution in the whole
group as well as in neonates, adults, and long-lived
subjects conformed to the expected Hardy-Wein-
berg equilibrium. In the group of 1016 Poles, we
identified 992 GG homozygotes, 23 GA heterozy-
gotes, and 1 AA homozygote. The A1691 allele
frequency for the entire study group (N = 1016)
proved to be 1.3%. A significant difference in
G1691A genotype frequency distribution was de-
tected between long-lived subjects when com-
pared to neonates (431 GG homozygotes and
1 GA heterozygote versus 383 GG homozygotes,
16 GA heterozygotes, and 1 AA homozygote,
chi-square test, P < 0.003) or to adult individuals
(178 GG homozygotes and 6 GA heterozygotes,
P < 0.002). The frequency of G1691A carriers
among long-lived individuals (1 in 432 = 0.2%)
was significantly lower as compared both to neo-
nates (17 in 400 = 4.2%, Fisher’s test,
P < 0.00004) and to adults (6 in 184 = 3.3%,
P <0.004). The A1691 allele frequency in
long-lived individuals (1 in 864 = 0.1%) was also
significantly lower as compared both to neonates
(18 in 800 = 2.2%, Fisher’s test, P < 0.00004) and
to adults (6 in 368 = 1.6%, P < 0.002).

Discussion

The Leiden mutation is present in 2.2-15.0% of in-

dividuals in the population of healthy Caucasians
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in Europe depending on the region (Table 1;

Herrmann et al. 1997; Rees et al. 1995; Dahlbäck

1996). The first study on the factor V Leiden mu-

tation prevalence in a range of populations

(Hermann et al. 1997), included a group of 200

healthy Poles as controls. In that analysis, the

A1691 allele frequency was 2.5%, which is simi-

lar to the population described in our study. The

A1691 allele frequency in Polish neonates was

lower (2.2%) than in Turkish newborns and Greek

infants (6.3% and 5.3%, respectively) and slightly

higher than among American neonates (1.7%).

Recently some research groups have per-

formed genetic association studies on long-lived

individuals with young controls to identify alleles

that are either positively or negatively selected in

successful ageing. So far, data from studies else-

where in Europe or worldwide have indicated that

the frequency of the Leiden variant is similar be-

tween long-lived individuals and the general pop-

ulation, despite an increased risk of thrombosis

and a higher likelihood of serious thrombotic com-

plications (Larsen et al. 1998).

In a study by Larsen et al. (1998), the A1691 al-

lele frequency in a group of 4188 Danish new-

borns was 3.4%. It did not differ significantly from

the result of the study by Kristensen et al. (1998),

performed on a group of 188 Danish centenarians

(A1691 allele 3.5%). The latter study was per-

formed largely on female subjects (139 females

versus 49 males), with only one heterozygous per-

son found among the observed women. This com-

parison suggests that factor V Leiden frequency

does not differ with age in the Danish population.

In the Polish population the observed

age-related decrease in A1691 allele frequency in

our study, with low values in the group of individ-

uals aged � 95, is probably a result of shorter life

expectancy among its carriers due to a higher like-

lihood of fatal thrombotic incidents. This trend

might be associated with the lack of access to qual-

ity medical care and lack of prevention guidelines

and screening for DVT in the past, strongly affect-

ing older individuals in the observed group.

To further this research, it would be necessary

to: (1) assess differences between the quality of

medical care and prognosis after DVT among the

countries involved in this study; and (2) confirm

whether the low prevalence of the A1691 allele in

the Polish population and subsequent age-related

reduction is related to a higher death rate after

DVT in Poland – removing this allele from the

population.

Conclusions

The frequency of factor V Leiden decreases with

age in the Polish population, which indicates a

shorter survival time among Polish A1691 allele

carriers, at least for the population above 95 years

of age.
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