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Abstract Major thrombophilic mutations have been

identified as risk factors for nontraumatic osteonecrosis of

the femoral head (ONFH) in Caucasians. We asked

whether the genetic background of patients with ONFH

in the Korean population was similar. We analyzed factor

V G1691A mutation (factor V Leiden), prothrombin

G20210A mutation, and methylenetetrahydrofolate reduc-

tase C677T and A1298C polymorphisms in 71 patients (53

men, 18 women) with ONFH. We classified these patients

as 51 alcohol-induced, 18 idiopathic, one steroid-induced,

and one dysbaric. We recruited 200 normal control subjects

(128 men, 72 women). We used multiplex PCR/restriction

fragment length polymorphism for each genotyping. We

observed neither factor V Leiden nor prothrombin

G20210A mutation. Although methylenetetrahydrofolate

reductase A1298C genotypes were not associated with

osteonecrosis, methylenetetrahydrofolate reductase C677T

variant genotypes increased the risk of ONFH compared

with 677CC. Odds ratios of 677CT and 677CT+TT were

2.00 (95% confidence interval, 1.05–3.81) and 1.96 (95%

confidence interval, 1.07–3.59), respectively, compared

with 677CC. Our data suggest methylenetetrahydrofolate

reductase C677T polymorphism plays a role in the patho-

genesis of osteonecrosis in the Korean population. It also

implies the genetic risk profile of ONFH may differ among

ethnic populations.

Level of Evidence: Level II, diagnostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Osteonecrosis of the femoral head (ONFH) is an ischemic

injury, which results in necrosis of the subchondral bone,

collapse of the femoral head, and degeneration of the hip

[28]. The incidence of ONFH in Korea is relatively higher

compared with that in other countries [11, 17]. ONFH is

one of the most common diseases of the hip in Korea,

occupying more than a half of the underlying causes of

total hip arthroplasty, whereas it is relatively rare in the

United States. Furthermore, the incidence of alcohol-

induced ONFH is also higher in Korea [5].

Although ONFH can be caused by various conditions

such as trauma, glucocorticoid therapy, alcoholism, storage

diseases, and diseases resulting in vasculitis, except for

traumatic conditions, the pathogenesis of osseous ischemia

is not yet completely understood [3, 4, 28]. Recently, a

number of authors have proposed intravascular coagulation

as a pathogenetic mechanism of ONFH [10], with resulting

interruption of the fine osseous blood supply. Several

studies suggest a higher prevalence of coagulation abnor-

malities in patients with ONFH compared with control

subjects [10, 15, 25].
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Major genetic mutations related to coagulation abnor-

malities are factor V G1691A mutation (factor V Leiden),

prothrombin G20210A mutation, and 5, 10-methylenetet-

rahydrofolate reductase (MTHFR) C677T and A1298C

polymorphisms [4, 9, 22]. The presence of these genetic

variations is associated with a hypercoagulable state, and

increases the risk of thromboembolic events. Such phe-

nomena, however, have been observed mainly in

Caucasians, and an association between genetic predispo-

sition and thrombotic tendency may differ between ethnic

groups [1, 13, 14, 16, 20]. Recent studies suggest these

genetic predispositions play a role in the risk of ONFH [26,

27], but it is unclear whether they apply to non-Caucasian

populations.

We therefore asked whether there was an association

between major thrombophilic mutations (factor V Leiden,

prothrombin G20210A mutation, and MTHFR C677T and

A1298C polymorphisms) and the risk of ONFH in the

Korean population, and whether the risk was related to the

presumed etiology.

Materials and Methods

We recruited 271 individuals (181 men, 90 women): 71

consecutive patients with nontraumatic ONFH (53 men, 18

women) and 200 normal control subjects (128 men, 72

women) between September 2005 and November 2006.

If the true change in the dependent variables is 0.20 stan-

dard deviations per one standard deviation change in the

independent variable, this sample size would have approxi-

mately 90% power (alpha = 0.05, two-tail). We enrolled

healthy individuals without any clinical disorders or history

of thrombosis as normal control subjects. Their health

status was decided by a physician by routine physical

checkup consisting of clinical, radiographic, and laboratory

evaluations. Alcohol or medication history was checked by

questionnaire and interview, and the presence of pelvic or

hip lesions by plain radiograph. The control group was

used for estimation of the frequency of factor V Leiden,

prothrombin G20210A mutation, and MTHFR C677T and

A1298C polymorphisms in the general population. The

median ages of patients with ONFH and normal control

subjects were 55 years (range, 18–80 years) and 34 years

(range, 21–63 years), respectively. We obtained prior

approval of our Institutional Review Board, and informed

consent on genetic analysis from the subjects at enrollment.

Each patient underwent complete clinical, radiographic

and laboratory evaluations. In all the 71 patients (102 hips),

the diagnosis of ONFH depended on the combination of

clinical symptoms and both plain radiographs and MRI.

According to the Association Research Circulation Osse-

ous (ARCO) classification [8], 23 hips were classified as

stage II, 34 hips as stage III, and 45 hips as stage IV. In the

clinical evaluation, we paid special attention to cortico-

steroid medication, alcohol abuse, and history of

thromboembolic events, and established a presumed etiol-

ogy for the osteonecrosis in each patient. To be considered

as having alcohol-induced osteonecrosis, patients had to

have had an estimated regular alcohol consumption of

more than 400 mL per week before developing symptoms

[5, 12]. To be considered as having corticosteroid-induced

osteonecrosis, patients had to have been taking continuous

corticosteroid medication of more than 20 mg prednisone

per day for a minimum of two months before developing

symptoms [9]. We considered patients with no obvious

underlying etiology as having idiopathic osteonecrosis.

Fifty-one patients had alcohol-induced osteonecrosis, one

had steroid-induced, one had dysbaric osteonecrosis, and

18 had idiopathic (Table 1).

Peripheral blood samples were used for molecular

analysis. DNA was extracted using proteinase K treatment

followed by phenol-chloroform extraction and ethanol

precipitation [21].

For factor V Leiden and prothrombin G20210A muta-

tions, the previously described multiplex polymerase chain

reaction (PCR) method was modified [23]. Primers for

factor V Leiden were FV1 (50-tgcccagtgcttaacaagacca-30)
and FV2 (50-tgttatcacactggtgctaa-30), and those for pro-

thrombin G20210A mutation were PT1 (50-tctagaaacagtt

Table 1. Demographic data of patients with osteonecrosis of the femoral head

Cause Number of patients Age* (years, range) Gender Involvement

Male Female Unilateral Bilateral

Idiopathic 18 54 (18–76) 3 15 12 6

Alcohol-induced 51 55 (29–80) 49 2 28 23

Steroid-induced 1 41 0 1 0 1

Dysbarism 1 46 1 0 0 1

Total 71 55 (18–80) 53 18 40 31

*Age expressed in median value.
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gcctggc-30) and PT2 (50-atagcactgggagcattgaagc-30). PCR

temperature cycling parameters were: 94� C for 15 minutes

followed by 40 cycles of 94� C for 30 seconds, 55� C for

30 seconds, and 72� C for 30 seconds. After final extension

at 72� C for 10 minutes, two amplification products (345-

bp band for factor V Leiden and 267-bp band for pro-

thrombin G20210A) were simultaneously digested with

Mnl I and Hind III restriction enzymes. Informative bands

for both factor V Leiden (wild type, 272-bp band; hetero-

zygote, 272- and 249-bp bands; mutant type, 249-bp band)

and prothrombin G20210A (wild type, 163-bp band; het-

erozygote, 200- and 163-bp bands; mutant type, 200-bp

band) were identified by electrophoresis on a 2.5% agarose

gel.

For simultaneous detection of MTHFR C677T and

A1298C polymorphisms, another multiplex PCR was per-

formed following the previously described method [24].

Primers for C677T genotyping were 677F (50-tgaagga

gaaggtgtctgcggga-30) and 677R (50-aggacggtgcggtgagag

tg-30), and those for A1298C were 1298F (50-caaggagga

gctgctgaaga-30) and 1298R (50-ccactccagcatcactcact-30).
After 40 cycles of PCR, amplification products were indi-

vidually digested with Hinf I and Mbo II restriction

enzymes for C677T and A1298C genotypings, respec-

tively. Informative bands for both C677T genotyping (wild

type, single 198-bp band; heterozygote, 198- and 175-bp

bands; homozygote variant, single 175-bp band) and

A1298C genotyping (wild type, single 72-bp band; het-

erozygote, 72- and 100-bp bands; homozygote variant,

single 100-bp band) were identified by electrophoresis on a

4% NuSieve GTG agarose gel (Cambrex BioScience

Rockland, Rockland, ME) (Fig. 1).

Two sets of multiplex PCR were conducted in a Peltier

Thermal Cycler-200 (MJ Research, Inc, Waltham, MA),

and all restriction enzymes were purchased from Promega

(Madison, WI).

Odds ratio (OR) as an estimate of relative risk and 95%

confidence interval (CI) were calculated using MedCalc

software (MedCalc Software, version 9.30; Mariakerke,

Belgium). If the value 1 was not in the range of CI, we

determined there was an increased relative risk in one

group compared with the other.

Results

For MTHFR C677T polymorphism, MTHFR C677T vari-

ant genotypes increased the risk of ONFH compared with

677CC genotype. The presence of the 677CT genotype was

associated with twofold increase (95% CI, 1.05–3.81) in

risk of ONFH compared with the CC genotype. The pres-

ence of combined CT and TT genotypes also increased the

risk of ONFH (OR, 1.96; 95% CI, 1.07–3.59) compared

with the CC genotype. None of the 271 subjects (71

patients with ONFH, 200 normal control subjects) was a

carrier of factor V Leiden and prothrombin G20210A

mutations. For MTHFR A1298C, the presence of variant

genotypes, 1298AC, 1298CC, or both, showed no differ-

ence in the risk of ONFH when using 1298AA as a

reference (Table 2).

When patients were divided into idiopathic (n = 18)

and alcohol-induced groups (n = 51), only in the alcohol-

induced group was the presence of the 677CT genotype

related to the 2.15-fold increase (95% CI, 1.04–4.46) in the

risk of ONFH compared with the CC genotype (Table 2).

Discussion

Major thrombophilic mutations are apparent risk factors for

nontraumatic osteonecrosis of the femoral head (ONFH) in

Caucasians but these have not been confirmed in other

populations. We asked whether there was any association

between major thrombophilic mutations (Factor V Leiden,

prothrombin G20210A mutation and MTHFR polymor-

phisms) and the occurrence of ONFH in the Korean

population. Because current knowledge on the thrombo-

philic genetic background of ONFH was mainly obtained

from the Caucasian populations, we questioned whether

any difference exists in other ethnic groups. Our second

question was whether the risk was related to the presumed

etiology, considering the higher prevalence of an alcohol-

induced ONFH in Korea [5].

Our data are, however, limited in that they were

obtained from a relatively small study population. In

Fig. 1A–B Restriction fragment length polymorphism analysis of

MTHFR polymorphisms is shown. (A) Shown are gels for Hinf I

digestion for C677T genotyping. Informative bands were 175-bp and

198-bp bands. A, molecular marker; B, CC type; C, TT type; D, CT

type. (B) Shown are gels for Mbo II digestion for A1298C

genotyping. Informative bands were 72-bp and 100-bp bands. A,

molecular marker; B, AA type; C, CC type; D, AC type. MTHFR,

methylenetetrahydrofolate reductase.
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particular, the tendency of increased risk in the idiopathic

ONFH group (n = 18) might have been significant with a

larger sample size (Table 2). When allele frequencies were

analyzed in MTHFR C677T polymorphism, although the

presence of T allele tended to increase the risk of ONFH, it

did not reach a statistical significance (OR, 1.46; 95% CI,

0.99–2.14). Accordingly, the modest statistical significance

of MTHFR C677T variant genotypes with about twofold

increased risk of ONFH should be verified in the future

large-scale studies. The possibility of underestimation of

alcohol abuse in both patients and control subjects may be

another limitation, considering the difficulties in detecting

and confirming the degree of alcohol consumption.

Although the exact pathophysiology of nontraumatic

ONFH is still unclear, an increased tendency for intravas-

cular coagulation has been recently proposed as a

pathogenetic mechanism leading to the interruption of the

osseous blood supply and osteonecrosis. Several authors

propose that if thrombosis occurs, it is followed by a

sequential process of obstruction of the venous drainage,

progressive rise of venous pressure, impairment of arterial

perfusion, and osseous necrosis [9, 10, 28].

Factor V Leiden generates coagulation factor V, which

is less effectively degraded by activated protein C resulting

in a hypercoagulable state, and has been established as an

important and unequivocal risk factor for venous throm-

bosis [2, 7]. Prothrombin G20210A mutation leads to

higher levels of prothrombin, increased generation of

thrombin, and thrombophilia. Factor V Leiden and pro-

thrombin G20210A mutations are the most common

genetic risk factors predisposing to thrombosis in Cauca-

sians, and their role in the occurrence of ONFH has been

also identified in several studies. One study reported that

either mutation was present in 22.2% of patients and in

7.3% of control subjects, and their presence was related to

osteonecrosis with an OR of 3.6 [28]. Such a higher

prevalence of factor V Leiden and prothrombin G20210A

mutations in patients with ONFH than in control subjects,

however, was observed only in Caucasians, leaving room

for further investigation in the other ethnic groups.

We found neither factor V Leiden nor prothrombin

G20210A mutation occurred in the study population. This

implies factor V Leiden and prothrombin G20210A

mutations are not genetic risk factors for ONFH in Asians,

or at least in the Korean population. Our finding confirms

previous reports, demonstrating the absence of these

mutations in the Korean and Chinese populations [16, 18].

It provides more evidence that the genetic risk profile of

ONFH, likewise those of the other hypercoagulable dis-

eases including deep vein thrombosis or pulmonary

embolism, may be variable in different ethnic populations.

Hyperhomocysteinemia is an established risk factor for

thrombosis. MTHFR polymorphisms, C677T and A1298C,

decrease the enzyme activity regulating the intracellular

metabolism of homocysteine and thereby mildly elevate

the plasma homocysteine level [6, 22]. In the present study,

MTHFR A1298C genotypes were not associated with the

risk of ONFH. However, MTHFR C677T variant geno-

types increased the risk of ONFH compared with 677CC.

When patients were further divided into etiologic groups,

such a statistical significance was observed only in the

alcohol-induced group (Table 2). Most of our patients (51

of 71 patients, 71.8%) had alcohol-induced ONFH in

contrast to studies of Caucasians, in which most patients

had idiopathic or steroid-induced ONFH [4, 26–28]. Ours

may be the largest genetic study on alcohol-induced

Table 2. MTHFR polymorphisms and the risk of ONFH

Genotypes Number of patients with ONFH (%) Control subjects

(%) (N = 200)

Odds ratio (95% CI)

Total

(N = 71)

Idiopathic

(N = 18)

Alcohol-induced

(N = 51)

Total versus

control subjects

Idiopathic versus

control subjects

Alcohol-induced

versus control subjects

MTHFR C677T

CC 18 (25.4) 4 (22.2) 13 (25.5) 80 (40) 1* 1* 1*

CT 36 (50.7) 8 (44.4) 28 (54.9) 80 (40) 2.00 (1.05–3.81)� 2.00 (0.58– 6.91) 2.15 (1.04–4.46)�

TT 17 (23.9) 6 (33.3) 10 (19.6) 40 (20) 1.89 (0.88–4.05) 3.00 (0.80–11.24) 1.54 (0.62–3.81)

CT + TT 53 (74.6) 14 (77.8) 38 (74.5) 120 (60) 1.96 (1.07–3.59)� 2.33 (0.74–7.34) 1.95 (0.98–3.89)

MTHFR A1298C

AA 49 (69) 10 (55.6) 37 (72.5) 116 (58) 1* 1* 1*

AC 22 (31) 8 (44.4) 14 (27.5) 78 (39) 0.67 (0.37–1.19) 1.19 (0.45–3.15) 0.56 (0.29–1.11)

CC 0 (0) 0 (0) 0 (0) 6 (3) ND ND ND

AC + CC 22 (31) 8 (44.4) 14 (27.5) 84 (42) 0.62 (0.35–1.10) 1.10 (0.42–2.92) 0.53 (0.27–1.03)

Two patients with steroid therapy (n = 1) and dysbarism (n = 1) were included in total patients with ONFH; *reference category (odds ratio,

1.0); �statistically significant; MTHFR = methylenetetrahydrofolate reductase; ONFH = osteonecrosis of the femoral head; CI = confidence

interval; ND = not determined.
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ONFH. Our data suggests alcohol-induced ONFH is also

related to coagulation abnormalities likewise the other

etiologic types of ONFH, although the genetic risk profile

may be different. Taken together, variable incidences and

causes of ONFH may be implicated with an ethnic differ-

ence or a sociocultural difference, which may affect the

pathogenesis of ONFH.

In one small case-control study of Korean subjects, sev-

eral thrombotic (protein C activity, protein S activity,

antithrombin, anticardiolipin antibody, and immunoglobu-

lins), and fibrinolytic factors (tissue plasminogen activator,

plasminogen activator inhibitor-1, lipoprotein[a], and plas-

minogen) were compared among 24 patients with

nontraumatic ONFH and their age- and gender-matched

control subjects [19]. There were no differences in the levels

of these factors, and data could not confirm an etiologic role

for thrombotic and fibrinolytic disorders in East Asian

patients with nontraumatic ONFH. However, homocysteine

levels were not measured in that study, and the role of

thrombophilia in the risk of ONFH cannot be exactly elu-

cidated with the measurement of coagulation profile alone,

which may be affected by a variety of acquired conditions.

We found neither factor V Leiden nor prothrombin

G20210A mutation in our Korean study population.

Although MTHFR A1298C genotypes were not associated

with the risk of ONFH, MTHFR C677T variant genotypes

increased the risk of ONFH compared with the 677CC wild

genotype. The data suggest the MTHFR C677T polymor-

phism may play a role in the pathogenesis of ONFH in the

Korean population, especially in that of alcohol-induced

ONFH. It also implies the genetic risk profile of ONFH

may be variable in different ethnic populations. Further

studies in various ethnic groups are awaited to support the

present findings.
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