Interaction of Coagulation Defects and
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Leiden or Prothrombin 20210A
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Background—A genetic varation located 1n the 3'-untianslated region of the prothiombin gene (prothtombin 20210 G— A)

was recently described as a risk factor for venous thrombosis We examined how the presence of this mutation affected the
sk of myocardial infarction 1n a population-based case-control study Furthermote, we studied the nisk of myocardial
infarction associated with the sumultaneous piesence of a coagulation defect (ie, the 20210 AG genotype of prothrombin
ot the factor V Leiden mutation) and major cardiovascular risk factors

Methods and Results—Among 560 men with a first myocardial infaiction before the age of 70 years, 1 8% were heterozygous

carriers of the 20210 vauant of the prothiombin gene The control group consisted of 646 men who weie fiequency
matched by age In the latter group, the fiequency of the 20210 AG genotype was 1 2% The risk of myocardal infarction
m the presence of the AG genotype was mncreased by 50% (odds 1atio, 1 5, 95% confidence intetval {95% C1}, 0 6 to 3 8)
The 115k of myocardial infaiction for caneiship of factor V Leiden mutation was mcreased by 40% (odds ratio, 1 4, 95%
CIL, 08 to 2 2) When a coagulation defect was present (ic, the 20210 AG prothiombin genotype or the factor V Leiden
mutation), the risk of myocaidial infarction for caiters versus noncairiers was 14 (95% CI, 09 to 22) This risk was
substantially mcreased when one of the majo1 cardiovascular risk factors of smoking, hypertension, diabetes mellitus, or
obesity also was present, with odds ratios varying between 3 and 6 Thesc risks exceeded those of the single effects of the
cardiovascular risk factois (i¢, 1n the absence of the coagulation defect)

Conclusions—We conclude that in men the 20210 G— A variant of prothrombin 15 associated with an incireased risk of

myocardial infarction The combined presence of major cardiovascular 115k factors and cariership of a coagulation defect

mncreases the risk consideirably (Cireulation. 1998;97:1037-1041.)
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Rccmtly, a genctic varnaton m the 3’ -untianslited region of
the prothrombin (clotting factor 11) gene was desciibed
that was associated with an elevated prothrombin level '
Individuals with a G—A transiion at nucleotide 20210 (AG
genotype) had a mean prothrombm level of 132 U/mL,
whereas individuals with the GG genotype had a significantly
lower mean prothrombin level of 1 05 U/mL Individuals with
the AG genotype had a 2 8-fold ncreased 115k of venous
thrombosis compared with individuals with the 20210 GG
genotype i the Laden Thiombophilia Study (LETS) In this
population-based case-control study, 6 2% of 474 unselected
consecutive patients with a firse, objectively confirmed episode
of deep-vemn thiombosts canied the prothiombin 20210A
allele compared with 2 3% of 474 conuol subjects matched for
age and sex In a population of selected patients with a paisonal
and fammly history of venous thiombosts, 18% were carners of
this allele !

In only onc study hr the acwion been studied of the
prothrombin variant (20210 G— A) and myocardial infarction
In this case-control study m women 18 to 44 years old, the
presence of the AG genotype maeased the nisk of myocardial
infarction by 4 1-fold? In the same study, the 1691 G—A
mutation m the gene of clotting factor V (factor V Leiden),
which causes resistance to activated protemn C, was shown to
be related to the occuirence of artaal thrombosis at a young
age the 11sk of myocaidial infarction was 2 3-fold increased m
hetcrozygotes for the factor V Leiden mutation > The AG
genotype of prothrombin genc and fictor V Leiden mutation
both increased the 115k of myocardial infarction, particularly in
the piesence of other cardiovascular sk factors, such as
smoking or metabolic sk factors (obesity, diabetes, hyperten-
sion, hypeicholcsterolenna) 2

In men, the association of the prothrombin 20210 G—A
genetic variant and myocardial mnfarction 15 unknown, we
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therefore studied the association of the genctic varation in the
3'-untranslated region of the prothrombin gene and the factor
V Leiden mutation with myocardial infarction 1n the popula-
tion-based case-control Study of Myocardial Infarctions Lei-
den, which includes 560 men waith a first myocardial infarction
and 646 contro] subjects Second, we examined the nteraction
between these genetic vanations and other known cardiovas-

cular risk factors with regard to the rsk of myocardial
mnfarction

Methods

Subjects

We conducted the population-based case-control Study of Myocardinl
Infarctions Leiden between July 1994 and February 1997

Cases consisted of men with a first myocardial infarction before the
age of 70 yews who were hospitahized mn a umiversity or general
hospital 1n Leiden, the Netherlands, between January 1990 and
January 1996 Two of the three characteristics of typical chest pain, a
transient rise m cardiac enzymcs to more than twice the upper limat,
and ECG changes typical for myocardial infarction had to be present
m the discharge report or hospitil record of a patient with myocardial
mfarction The study protocol was approved by the ethics committees
of both hospitals

Control subjects also were men, who were frequency matched to
the paticnts (cases) by 10-year age groups, had undergone an ortho
pedic intervention between January 1990 and May 1996, and had
recetved prophylactic anticoagulants for a short period after the
mtervention The orthopedic intervention varied from a plaster cast
for a ruptured hamstring to hip replacement The control subjects
were 1dentificd 1n the records of the Leiden Anticoagulant Clinue, they
did not have a hustory of myocardial infarction and had not recerved
nticoagulants for =6 months beforc participation m the study

Both pauents and control subjects were born 1n the Nethalands and
were living m the Leiden region Excluded were men with renal
diseasc (n=10), severe (ncuro)psychiatric problems (n=28), or a life
expectancy of <1 year (n=16) The rcsponse 1mong the remaining
patients and control subjects was 84 3% (560) and 77% (646),
respcctively

All persons completed a questionnaire concerning the presence of
cardiovascular risk factors such as smoking habits and alcohol con-
sumption For patients, all questions referred to the period before the
myocardial infarction The quetelet index was denved by dividing
weight (kg) by squared height (m?) Persons were consideted obese 1f
then quetcler index cxceeded 30 kg/m® Medication use and history of
diabetes were determined through an interview with control subjects
and rctrieved from discharge letters for the patients A person was
classificd s hypertensive or hypercholesterolemic when he was taking
prescription drugs for these conditions The vaiables of obesity,
dmbectes hypertension, and hypercholesterolemia were grouped to-
gether a5 “nietabolic risk factors ™

Blood Collection and Laboratory Analysis
A morning fasting blood sample was drawn from the antecubital vein
mto two Sarstedt Monovette tubes contatning 0 106 mmol/L triso-
dwum curate We separated the blood sample mto plasma and cells
through centrufugation High-molecular-weight DNA was extracted
from the white blood cells according to 2 salting-out method * The
DNA was stored at 4°C unul amplificatton Analyzable DNA was
availible for 560 paticnts and 646 control subjects

The status of the prothrombin varint (20210 G—A) was detcr-
mined by the prescnce of a HindIll restriction site 1n the polymerasc
chain rcaction fragment according to the method of Poort et al'
Genctic analysts of the factor V Leiden mutation (1691 G—A) was
performed with polymerase chain reaction as described previously °

Heterozygous or homozygous carnership of the prothrombin
20210A allele or heterozygous or homozygous carniership of factor V
Fadan mutation wis defined as 1 “coagulition defect ”
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Statistical Analysis

An odds ratio (OR) was calculated as a measure of relative nisk Thas
OR_ estimates the risk of a myocardial infarction 1n the presence of a
rsk factor rclative to the absence of the particular nsk factor, the
reference category A 95% confidence mterval (CI) was calculated
according to the method of Woolf© When the CI did not include
unity, the OR was different fiom unuty at a significance level of 5%

Muluple logistic regression was performed to adyust for age, with CIs
for the adjusted ORss calculated with the use of the standard ertors of
the coefficients estimated according to the maximum likelihood
methods Mean values are presented with standard deviation (SD) All
computations were carried out with the SPSS for Windows Version
7 0 staustical packagc

Results
The characteristics of all patients and control subjects and
separately for those below the age of 50 years are shown m
Table 1 The mean age of the patients was 56 2 years (SD, 9 0
years), and that of control subjects was 57 3 years (SD, 108
years) A higher peicentage of patients smoked and a lower
percentage used alcochol compared with the control subjects
(62 3% and 33 3% smokcd and 80 4% and 86 8% consumed
alcohol, respectively) The nsk factors of obesity, diabetes,
hypertension, and hypercholesterolemia were more often
found i patients than i control subjects, with the most
striking contrast i younger persons

Prothrombin 20210A and Factor V
Leiden Mutation
In 10 of 560 patients (1 8%), the heterozygous (20210 AG)
genotype of prothrombin variant was detected compared with
8 of 646 control subjects (1 2%) Homozygous (20210 AA)
carriers werc not found The relauve nisk of myocardial
mfarction associated with prothrombin 20210A carniership was
15 (95% CI, 0 6 to 3 8) (Table 2) In the subgroup of 314 men
aged =50 years, no mcreased nsk was found (OR, 09, 95%
CIL, 01 to 67) Only 4 persons in this young group were
carriers of the prothrombin 20210A allele 2 patients and 2
control subjects

The relative risk of myocardial infarction 1n the presence of
factor V Lerden mutation was 1 4 (95% CI, 0 8 to 2 2) (Table
2) One patient was a homozygous carrter of factor V Leiden
mutation (age 63 at the time of infarction) For the 314 men
below the age of 50, the risk was 18 (95% CI, 08 to 3 9)

Coagulation Defect

Overall, 48 patients (8 6%) and 39 control subjects (6 0%) had
a coagulation defect (1e, was a carrier of either prothrombmn
20210A or factor V Leiden mutation) One mdividual (age 64
years) who was member of the control group was heterozygous
for both mutations The relative sk of myocardial mfarction
in the presence of a coagulation defect was 1 4 (95% CI, 0 9 to
2 2) overall and 1 6 (95% CI, 0 8 to 3 4) for men below the age
of 50

Coagulation Defect and Interaction

Among smokers with the coagulation defect, the nisk of a
myocardial infarction was ncreased sixfold compared with
nonsmokers without the abnormality In comparison, smokers
without the abnormality had a relative risk of ~3 (Table 3) A
sumilar indication of a synergutic effect was found for other risk
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TABLE 1. Characteristics of Patients* and Control Subjects in the Study of

Myocardial Infarctions Leiden

Overall <50y
Control Control

Patients Subjects Patients Subjects
Characteristic {n=560) (n=646) (n=154) (n=160)
Age, y {mean [SD]) 562 (90) 573 (10 8) 444 (42) 425 (69)
Smoker % 623 333t 773 4131
Alcohol user, % 804 86 8t 89 875
Obesity %% 172 164 227 13 1%
Diabetes % 46 34 45 19
Hypertension %§ 189 166 71 44
Hypercholesterolemia %§ 21 17 19 06
Metabolic risk factor, %|| 366 3051 312 18 8t
Coagulation defect %9 86 6 123 81

*Data refer to the penod before myocardial infarction

Ty test P<<05

tFor two persons length and weight were not available
§A person was classified as hypertensive or hypercholesterolemic 1f he was taking prescription drugs for

these conditions

liPresence of one of the four metabolic nisk factors of obesity diabetes hypertension, and

hypercholesterolemia

fiCamership of the prothrombin 20210A allele or factor V Lerden mutation was defined as a coagulation

defect

factors (Tables 3 and 4) The single effect of obesity, diabetes,
hypertension, or hypercholesterolemia (1e, the presence of one
or more metabolic risk factors) was small without the concom-
itant presence of coagulation defect, whereas a substantial

TABLE 2. Frequency of the 20210 GA Genotypes in the
Prothrombin Gene, 1691 GA Genotypes in the Factor V Gene,
and Risk of Myocardial Infarction in 560 Patients and 646
Control Subjects

Control
Patients, Subjects, 0Odds Ratio
Genotype n (%) n (%) (95% Ch)*
Prathrombin (Fil)
20210 GG 550 (98 2) 638 (98 8) 10t
20210 AG 10 (18) 8(12) 15(06-38)
20210 AA
Factor V (FV)
1691 GG 522(932) 614 (95 0) 101
1691 AGH 37(66) 32(50) 14(08-22)8
1691 AA 1(02)
Coagulation defect
Fil 20210 GG and 512(914) 607 (94 0) 10t
FV 1691 GG
FIl 20210 AG or 48 (8 6) 38(59) 14(09-22)|
FV 1691 AG/AA
Fil 20210 AG and 1(02)
FV 1691 AG

*95% confidence interval

TReference category

1Thus AG 1s heterozvgous for facter  Lardan, and AA is homozygous for factor
V Leiden

§0dds ratio of AG and AA genotypes versus GG genotype

1{0dds ratio of factor 20210 AG and/or factor V Letden mutation versus neither
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increase 1n the nisk of myocardial infarction was found when
the abnormality was present in combination with one of these
risk factors, ranging from a threefold to sixfold increase relative
to those with neither nisk factor nor coagulation defect No
clear evidence for synergy was found for persons using alcohol
The individuals who account for the excess risks mn the
different strata are not the same 1n each stratum 1n that only 21
of 87 persons with a coagulation defect had two or more
carcdhovascular risk factors simultaneously

Discussion

The results of our population-based case-control Study of
Myocardial Infarctions Leiden show that the mutation 1n the
prothrombin gene (20210 G—A) ncreases the risk of myo-
cardial infarction by 50% (OR, 15, 95% CI, 06 to 38) In
patients, 1 8% were heterozygous for the prothrombin 20210A
allele compared with 12% of control subjects The nsk of
myocardial nfarcuon was mcreased considerably when a
coagulation defect (ie, the prothrombin 20210A allele or factor
V Leiden mutation) was present simultaneously with a cardio-
vascular nisk factor, such as smoking

In a population-based case-control study among women
aged 18 to 44 years, the nisk of myocardial infarction associated
with carniership of prothrombin 20210A allele was 4 1 (95%
ClI, 11 to 15 2), with 51% of the patients and 1 3% of the
control subjects being carriers of the prothrombin 20210A
allele 2 This nisk was more pronounced than among men aged
=50 years m the present study, in whom we found no
increased nisk It should be noted, however, that only 4 young
men carried the prothrombin 20210A allele and that the Cls
were wide Factors such as hormonal status and the use of oral
contraception mught interact in the association of the pro-
thrombin 20210 G— A genetic vanant and myocardial infarc-
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TABLE 3. Risk Effect of Smoking and a Metabolic Risk Factor, Without and With a Coagulation Defect
Patients, Gontrol Subjects,
Cardiovascular Risk Factor Presence of Coagulation Defect n (%)* n (%)* 0dds Ratio (95% Cl)t
No smoking No coagufation defect 193 (91 5) 403 (93 5) 1
FYL/20210A% 18(85) (6 5) 13(07-25)
Smoking No coagulation defect 319(914) 204 (94 9) 33(25-42)
FVL/20210A 30(8 6) MG 61(30-125)
Non metabolic No coagulation defect 332(93 5) 420 (93 5) 1
FVL/20210A 23(65) 29 (6 5) 10(06-18)
Metabolic risk factor No coagulation defect 180 (87 8) 187 (94 9) 13(10-16)
FYL/20210A 25(122) 10(51) 32(15-67)

“Percentages are calculated within each stratum of cardiovascular risk factor (1e among the nonsmoker control subjects 6 5% were carriers of the factor V Leiden or

prothrombin 20210A)

10dds ratios adjusted for age with 95% confidence interval Reference categories are noncarriers without the particular cardrovascular nsk factor

Factor V Leiden or prothrombin 20210A

tion i women and account for the varying results betwecn the
sexes In addition, the previous study mcluded women hving
in westcrn Washington, whereas our study was conducted
men born 1n the Netherlands

The prothrombin 20210A allele was found to be a risk factor
(OR, 2 8,95% CI, 1 4 to 5 6) for deep-vein thrombosis 1n the
LETS study' and two other recent reports ’* This relative risk
for venous thrombosis was more pronounced than that m our
case-control study of myocardial infarction A discrepancy 1n
relative risks for venous and arterial thrombosis has also been
demonstrated for genetic vamations 1 other clotung factors
Factor V Lerden mutation (1691 G—A), for example, 1s the
most common risk factor for venous thrombosis Heterozy-
gous carrters of the mutation have a sevenfold increased risk of

venous thrombosis’, homozygous individuals have a sk that 1s
increased up to 80-fold ' However, results of studies 1n which
the factor V Laden mutation was ¢xanuned as a potential risk
factor for myocardial mfarction are mconsstent,’ ! most likcly
because the excess risk 1s less pronounced o1 present only 1n
specific groups

When we consider the nisk of myocardial infarction m the
presence of a coagulation defect (1e, carrershup of the pro-
thrombin 20210A allele or factor V Leiden mutation), syneigy
15 found Smokers, the obese, and persons with diabetes or
hypertension (ie, persons with onc or moie metabohc risk
factor) have, m combmation with a coagulation defect, a
higher risk of myocardial mfarction compared with noncarners

with the particular cardiovascular uisk factor In each mstance,

TABLE 4. Risk Effect of Obesity, Diabetes Mellitus, Hypertension, and Hyperchelesterolemia, Without and With a

Coagufation Defect

Patients, Contra! Subjects,
Cardiovascular Risk Factor Presence of Coagulation Defect n (%)* n (%)* Odds Ratio (95% CI)t
Nonobese No coagulation defect 427 (922) 505 (937) 1
FVL/20210A% 36(78) (63) 13(08-20)
Obese No coagulation defect 84 (87 5) 101 (95 3) 10(07-13)
FVL/20210A 12(125) 5(47) 28(10-81)
Nondiabetic No coaguiahion defect 491 (92 0) 586 (93 9) 1
FVL/20210A 43(80) 38(6 1) 13(09-21)
Diabetic No coagulation defect 21(80 8) 21 (95 5) 12(07-23)
FVL/20210A 5(192) 1(45) 59(07-500)
Nonhypertensive No coagulation defect 419 (92 3) 505(937) 1
FVL/20210A 35(77) 34 (6 3) 12(08-20)
Hypertensive No coagulation defect 93(877) 102 (95 3) 12(09-16)
FVL/20210A 13{123) 5(47) 33(12-94)
Nonhypercholesterolemic No coagulation defect 502 (91 6) 597 (94 0) 1
FVL/20210A 46 (8 4) 38(60) 14(09-22)
Hypercholesterolemic No coagulation defect 10 (83 3) 1090 9) 12(05-29)
FVL/20210A 2(167) 1@91) 24{(02-267)

“Percentages are calculated within each stratum of cardiovascular nisk factor (ie among the nonobese control subjects 6 3% were carriers of the factor V Leiden or

prothrombin 20210A)

10dds ratios adjusted for age with 85% confidence interval Reference categories are noncarriers without the particular cardiovascular rsk factor

tFactor V Leiden or prothrombin 20210A
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the nisk of the combination of the coagulation defect with a
sk factor exceeded the risk of the single nsk factor This 15 1n
accordance with the results of the previous study in young
women although the syneigy was far more striking in that
study * It should be notcd that the overall risk of myocardial
infaiction 1s much lower 1n young women than in middle-aged
and elderly men (based on Dutch estimates (SIG Health Care
Information, National Medical Registration, tables on hospital
admissions, 1992 to 1994 available from Mahebaan 50, PO
Box 14066 3508 SC Utrecht, Netherlands), with an incidence
of 1 5/10 000 person years for women aged 35 to 39 years and
60/10 000 person-years for men aged 55 to 59 years) This
mplics that 1n terms of public health or individual rnsk
estumatces an 1 5-fold ncreased nisk in elderly men may be
more mmportant than a fourfold increase m the nisk among
young women For every group of 10 000 men aged 55 to 59
years, there 1s an 1ncicase i the number of individuals
experwencing a myocardial mfarction of 30 whereas among
every 10 000 women aged 35 to 39 years the additional
number of patients with a myocardial infarction patents 1s 5
The high background usk m elderly men also expluns why
even with the large study population and powerful case-
control design of the present study, effects are more difficult to
detect than among young women and often do not reach
statistrcal significance

The frequency of the prothrombin 20210 AG genotype n
control subjects 1n the Study of Myocardial Infarctions Leiden
was 1 2%, which 1s simuilar to that of the control group of the
case~control study among young women” and equal to the
prevalence 1 164 healthy plasma donors from the United
Kingdom” In the LETS study, however, the percentage
among healthy persons was 2 3% ' We studied additional
control groups mn the Netherlands to mnvestigate this apparent
disciepancy m patients with theumatic arthntis 5 of 291
(17%) were carmieis of the prothrombm 20210A allele,
whereas 1n 249 blood donors 8 cainteis (3 2%) were found
(data not shown) These figures are m line with the actual
fiequency of the prothrombin varant of 2% '

The prescnt study has two limutations  Fust, the 1esults are
derived from men born in the Netherlands and do not
necessanily apply to other populations The second 1s that of
necessity we studied patients who survived the myocardial
mfarction It cannot be excluded that patients who died during
the acutc phase of the myocardial infarction more often carried
the prothrombm 20210A allele or factor V Leiden mutanion
We think this 15 unhkely however, because survival of an
mdividual after myocardial infarction 1s mfluenced by other
factors, such as pattent-induced delay and delay 1n receipt of
effective assistance which affect the tume petiod from the onset
of symptoms to the start of interventions such as thrombolytic
therapy '* Several other factors nfluencing 30-day mortality
rates are the level of systohic blood pressure heart rate, Killip
class, and localization of myocardial mfarction ” It does not
seem likely that the prothrombotic genotypes would play a
majo1 role

In conclusion, the results of the present study show that
senetic variations m thiombotic risk factors, such as prothrom-
bin 20210A and factor V Leiden mutation, increase the risk of
myocudial mfirction i men The risk 15 particulaily mcieased
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when other cardiovascular risk factors are present 1s well
Given the high frequency of these genetic abnormalities mn the
general population and the high prevalence of cardiovascular
risk factors, the need for prevention or treatment of these latter
sk factors 1s supported
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