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Abstract Background. Previous studies have suggest-
ed that hyperhomocysteinemia may be a risk factor for
venous thrombosis. To assess the risk of venous throm-
bosis associated with hyperhomocysteinemia, we stud-
ied plasma homocysteine levels in patients with a first
episode of deep-vein thrombosis and in normal control
subjects.

Methods. We measured plasma homocysteine levels
in 269 patients with a first, objectively diagnosed epi-
sode of deep-vein thrombosis and in 269 healthy con-
trols matched to the patients according to age and sex.
Hyperhomocysteinemia was defined as a plasma ho-
mocysteine level above the 95th percentile in the control
group (18.5 umol per liter).

Resuits.  Of the 269 patients, 28 (10 percent) had plas-

ILD hyperhomocysteinemia is an established risk

factor (or atherosclerosis and vascular disease."?
In classic homocystinuria, hall the vascular complica-
tions are of venous origin,® but until recently it has been
unclear whether mild hyperhomocysteinemia is also a
risk factor for venous thrombosis.%** In a case—control
study, Talcon ct al. found that hyperhomocysteinemia
was a risk [actor [or thrombosis in people younger than
40 years of age.® They rcported that the difference in
homocysteine levels between case patients and control
subjects was particularly cvident after methionine load-
ing (sincc methionine is a precursor of homocysteine).
Recently, we found hyperhomocysteinemia to be a risk
[actor for recurrent venous thrombosis in patients be-
tween 20 and 70 years of age, as compared with controls
from the general population.” Although the results of
these studies support the hypothesis that mild hyperho-
mocysteinemia is a risk factor for venous thrombosis,
the studies were not designed to estimate the risk in the
gencral population.

We measured homocysteine concentrations in paticnts
and maltched control subjects participating in the Leiden
Thrombophilia Study.*'" This is a population-based
casc—control study designed to measure the effect of sev-
eral acquired and genetic risk {actors for thrombosis in
the gencral population. Because of the data available
on the study subjects, we were able to investigate wheth-
er the cffect of hyperhomocysteinemia was independent
of other well-established risk factors for thrombosis,
such as a dcficiency of protein C, protcin S, or anti-
thrombin; usc of oral contraceptives; and pregnancy or
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ma homocysteine levels above the 95th percentile for the
controls, as compared with 13 of the conirols (matched
odds ratio, 2.5; 95 percent confidence interval, 1.2 to 5.2).
The association between elevated homocysteine levels
and venous thrombosis was stronger among women than
among men and increased with age. The exclusion of
subjects with other established risk factors for thrombosis
(e.g., a deficiency of protein C, protein S, or antithrombin;
resistance to activated protein C; pregnancy or recent
childbirth; or oral-contraceptive use) did not materially af-
fect the risk estimates.

Conclusions. High plasma homocysteine levels are a
risk factor for deep-vein thrombosis in the general popu-
lation. (N Engl J Med 1996;334.759-62.)
©1996, Massachusetts Medical Society.

recent childbirth. Recently, resistance to activated pro-
tein C caused by a single point mutation in the factor
V gene (lactor V Leiden) has been reported to be the
most common hercdilary cause of venous thrombosis.'?
Since hyperhomocysteinemia also appears 1o be com-
mon, we examined the risk of thrombosis in persons with
both abnormalitics.

METHODS

The methods by which blood samples were obtained and interview
data were collected have been described elsewhere #!' The study pro-
tocol was approved by the local cthics committce, and all participants
gave their informed consent. Briefly, consccutive patients younger
than 70 ycars of age who had a first episode of decp-vein thiombosis,
objectively confirmed (by impedance plethysmography, Doppler ul-
trasonography, compression ultrasonography, or contrast venogra-
phy), between 1988 and 1993 and who had no known cancer were sc-
lected from the files of three anticoagulation clinics in the Netherlands
(in Leiden, Amsterdam, and Rotterdam). These clinics monitor the
anticoagulant treatment of virtually all patients in well-defined geo-
graphic areas. Ilach patient was asked to find his or her own healthy
control subject of the same sex and age (within five years) by asking
ncighbors or friends. We restricted the present analysis to case pa-
tients and controls who were seen at the Leiden Anticoagulation Clin-
ic and whose blood samples were processed and frozen on site with
minimal dclay. (Blood samples from participants in Amsterdam and
Rotterdam were also processed in Leiden, which caused delays of sev-
eral hours, and homocystcine measurements were therefore less accu-
ratc than those measurcd in samples from subjects in Leiden.'?)

The total homocysteine concentration was measured in citrated
plasma by automated high-performance liquid chromatography with
reverse-phase scparation and fluorescent detection (with a Gilson 232-
401 sample processor, Spectra-Physics 8800 solvent-delivery system,
and Spectra-Physics 1.C 304 fluorometer). We used the method de-
scribed by Fiskerstrand et al.¥ with some modifications.! If not other-
wise stated, hyperhomocysteinemia was defined as a homocysteine lev-
cl above the 95th percentile in the control group (18.5 wmol per liter).

We calculated matched odds ratios as cstimates of the relative risk
of thrombosis for homocysteine values above a given point, with the
matching factor taken into account. The univariate matched odds ra-
tio is the ratio of the number of pairs of case patients and controls in
which the homocysteine value for the case patient was above the spec-
ified level and the value for the control was below that level to the
number of pairs in which the homocysteine value for the control was
above the specified level and the value for the case patient was below
that level. The 95 percent confidence intervals were caleulated from
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a conditional logistic-regression algorithm by the maximum-likeli-
hood method, with Lgret software. We also investigated a possible
dosc—response relation by calculating odds ratios for several ranges of
homocysieine concentrations in a conditional logistic model. In addi-
tion, we calculated odds ratios for men and women separately and for
several age groups in order to study possible differences in risk among
these subgroups.

We further explored the differences in risk between men and wom-
cn by taking risk factors specific to women into account — specifical-
ly, the usc of oral contraceptives, pregnancy, and recent childbirth.
We analyzed the risk of thrombosis among women less than 50 years
old, both with and without the inclusion of women with thesc risk fac-
tors, by calculating unmatched odds ratios. The use of unmatched
odds ratios was necessary becausc in the restricted groups many
matched pairs would not have been complete. Since the matched and
unmatched odds ratios did not differ substantially in any of our anal-
yses, we considered this approach justified.

We also assessed whether the increased risk associated with hyper-
homocysteinemia in both sexes was confounded by other risk lactors,
such as a deficicney of protein G, protein S, or antithrombin. We re-
peated the analysis after excluding subjects with abnormally low lev-
cls of these proteins (mcasured, as previously reported, with a single
test”) and estimated the risk associated with hyperhomocysteinemia
in persons with normal protein G, protein S, and antithrombin levels.

Finally, we looked at the possibility of an interaction between hy-
perhomocysteinemia and heterozygosity (carrier status) for factor V
Leiden, a rather common defect that causes resistance to activated
protein C. We analyzed this intcraction by calculating univariate odds
ratios for thrombosis in persons with both or cither of these risk fac-
tors, as compared with persons with neither risk factor.

RESULTS

The ratio of male to female subjects among both the
casc paticnts and the controls was 1:1.3, and the mcan
age was 44 years (rangc, 16 to 70 for the case patients
and 16 to 71 for the controls); both these variables were
uscd in matching the case patients and the controls.

The median plasma homocysteine level in the pa-
tients was 12.9 pwmol per liter (range, 4.8 to 60.2), and
that in the controls was 12.3 umol per liter (range, 6.4
to 37.3). The homocysteine concentrations of individual
casc patients and controls are shown in Figure 1.
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Figure 1. Plasma Homocysteine Levels in 269 Patients with
Deep-Vein Thrombosis and 269 Controls.

Values shown have been rounded.
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The 95th percentile of the homocysteine levels in the
control group was 18.5 wmol per liter. Of the 269 pa-
tients, 28 (10 pcrcent) exceeded this cutoff, as com-
pared with 13 (5 percent, by definition) in the control
group. The matched odds ratio for decp-vein thrombo-
sis in subjects with a homocysteine concentration above
the 95th percentile, as compared with those whose ho-
mocysteine levels were at or below that value, was 2.5
(95 percent confidence interval, 1.2 1o 5.2). When the
cutoff was set at the 90th pereentile, the matched odds
ratio was 1.9 (95 pereent confidence interval, 1.1 to 3.3);
it was 4.0 (95 percent confidence interval, 1.4 to 12.0)
when the cutofl was the 97.5th percentile (Table 1).

In order to evaluate the possibility of a dosc—responsc
relation, we stratified the paticnts and controls accord-
ing to their homocysteine concentrations and calculated
odds ratios for thrombosis in the paticnts at the higher
levels as comparcd with thosc at the lowest level. As
Figurce 2 shows, the risk of thrombosis did not increase
among subjccts with homocysteine levels up to 18 wmol
per liter; the risk was greatly increased above 22 pmol
per liter, however, indicating a threshold effeet rather
than a continuous dosc—response relation.

Odds ratios for several age groups and for men and
women separately arc shown in Table 2. For both sexcs,
there was a sharp increasc in the risk of thrombosis as-
sociated with hypcerhomocysteinemia at increasing ag-
es. The overall odds ratio for thrombosis associated with
hyperhomocysteinemia in women was 7.0 (95 percent
confidence interval, 1.6 to 30.8), and in men it was 1.4
(95 percent confidence interval, 0.6 1o 3.4), with the
cutoff sct at the 95th percentile of the homocysteine
levels in the control group (P=0.067 for the compari-
son between the sexes). When we calculated the 95th
percentile of the distribution of homocysteine levels for
mcen and women separately, we found a 95th percentile
of 171 pmol per liter among women and 20.0 pwmol per
liter among men in the control group. Using these cut-
offs for hypcrhomocysteinemia, we found an odds ratio
for thrombosis of 3.8 (95 percent confidence interval,
1.4 1o 10.2) for women and 1.8 (95 percent confidence
interval, 0.6 to 5.4) for men.

The higher rate of hyperhomocysteinemia in wom-
en than in men was present at all ages, making it un-
likely that the difference was duc to risk lactors spe-
cific to women, such as the usc of oral contraceptives,
recent childbirth, or pregnancy. Indeed, when we cx-
cluded women with these risk [actors, the unmatched
odds ratio for thrombosis that was associated with hy-
perhomocysteinemia (with the 95th percentile for both
sexes — 18.5 pmol per liter — as the cutolt for hyper-
homocysteinemia) among women under the age of 50
was 11.3 (95 percent confidence interval, 2.7 to 16.0),
whercas it was 2.8 (95 percent confidence interval, (0.9
to 8.7) for all women, both those with and those with-
out these risk factors, under the age of 50.

Of the 269 paticnts, 15 had protein G deliciency, 7 had
protein S deficieney, and 10 had antithrombin deficicn-
cy. In the control group, [our had protein C deliciency,
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Table 1. Pairwise Distribution of Plasma Ho-
mocysteine Values in 269 Case Patients and
Their Matched Controls, According to Vari-
ous Definitions of Hyperhomocysteinemia.*

Cutorr 90Ti PCRCINTILE (16 6 pmol per liter)
CASL PATIENTS CONIROL'S

Above cutoff Below cutoff
6 parrs 38 pau’j
20 pans 205 pais
Matched odds 1atio for thrombosts,
19(95% CI, 11-33)

Above cutoff
Below cutoff

Curorr 9510 Pircentis (18 5 pmol per Iiter)
CAST PALITNTS CONTROI S

Above cutoff Below cutoff

Above cutott
Bcelow cutofl

3 pans 25 pamrs

231 pairs

10 pairs

Matched odds 1atio for thrombosis,
2595% CL 12-52)

Curorr 97 St Pirceninr (21 1 umol per Iiter)
CASL PATIENTS CONIROLS

Above cutoff Below cutoft

16 pairs W
247 pars ‘

Above cutoft
Below cutotf

2 pawrs

4 paurs

Matched odds 1atio for thiomboss.,
40(95% CIL, 14-120)

For cach cutolf pomnt, subjects classified as having hyperho-
mocystememia were those with plasma homocysteine levels
above the cutolf value, and subjects classified as not having hyper
homocystememia weie those with levels at o1 below the cutotf
value (‘ below cutoli’) The percentiles used as cutoffs were for
the distuibution of homocysteme values m the contiol group Odds
ratios were caleulated as the risk of thiombosis in the subjects with
hypethomocystememia as compared with that m the subjects
without hyperhomocystememia CI denotes confidence mtersal

cight had protein S deficiency, and cight had antithrom-
bin deficiency. Afier excluding these subjects, we found
a matched odds ratio for decp-vein thrombosis of 2.6 (95
percent confidence interval, 1.2 to 5.9), as comparced
with 2.5 (95 pereent confidence interval, 1.2 to 5.2) when
thosc subjects were included; this result shows that the
clfect of homocysteine is largely independent of thesc
deficiencies in clotting-factor inhibitors.

With respect to the combination of factor V Leiden
and hyperhomocystcinemia, we calculated odds ratios for
thrombosis in subjects with both risk factors or either once
in relation to subjeets with neither. A total of 47 of the pa-
tients carried the [actor V Leiden mutation, as compared
with 7 of the controls. The small number with both de-
[eets made the results statistically unstable and some-
what scnsitive o the cutolf chosen for clevated homocys-
teine levels. When the 90th percentile was used as the
cutof, the odds ratio for thrombosis associated with the
presence of both risk factors (factor V Leiden and hyper-
homocystememia) was 3.5 (95 percent confidence inter-
val, 0.7 10 16.9); the odds ratios o1 thrombosis associated
with factor V Leiden alone and hyperhomocysteinemia
alone, caleulated separately, were 9.5 and 2.2, respective-
ly. With the 95th pereentile used as the cutofl, the odds
tatio for the combination of risk [actors was 2.0 (95 pei-
cent confidence interval, 04 to 10.9), whereas the odds
ratios for cach tisk factor separately remained virtually
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unchanged. The statistical uncertainty of results based
on these data is reflected in the wide confidence inter-
vals, which do not exclude a relative risk as high as 16.9.

DI1SCUSSION

Our study shows that hyperhomocysteinemia is a risk
factor for deep-vein thrombosis in the gencral popula-
tion. Moreover, our results suggest that the association
between mild hyperhomocysteinemia and venous throm-
bosis is similar in degree to that reported for hyperhomo-
cysteinemia and arterial vascular discase."® An unex-
pected finding was the substantial increase in the risk of
thrombosis at the highest plasma homocysteine levels.
Our data suggest that there may be a threshold level
above which homocysteine has a thrombogenic cflect.

Falcon et al. reported that hyperhomocysteinemia was
a risk factor for juvenile thrombosis.® Our data imply
that hypcrhomocysteinemia is a risk factor for thrombo-
sis in adult subjects as well, since we found an increasing
odds ratio with increasing age.

When we analyzed men and women separately, we
found a difference in the risk of thrombosis associated
with hyperhomocysteinemia. Even when we used differ-
ent cutoff points for hyperhomocysteinemia in men and
women by calculating the 95th percentiles of their ho-
mocystcine distributions in the control group scparate-
ly, we found that the odds ratio was roughly twice as
high for women as for men. This suggests that women
may be more susceptible to the pathologic effects of el-
cvated homocysteine levels, even though their homocys-
teine levels arc in general lower than those of men.! This
effect cannot be explained by risk factors specific to
women (such as pregnancy, recent childbirth, and oral-
contraceptive usc); an clfect of these risk factors was
unlikely in any casc because the difference between
men and women who did not have such risk factors was
even more pronournced.

Hyperhomocysteinemia remained a risk factor for

Odds Ratio

<12 12-14 >14-16 >16-18 >18-22 >22
Plasma Homocysteine (umol/iter)

Figure 2 Odds Ratio for Thrombosis According to Plasma Ho-
mocysteine Level.

The reference category was the subjects with plasma homocys-
teine values of <12 umol per liter.



762 TIIL NEW ENGLAND JOURNAL OI' MEDICINL March 21, 1990

Table 2. Odds Ratios for Thrombosis Associated B, or vitamn B, — contributes to the prevention of 1¢-

with Hyperhomocysteinemia, According to Age current venous thrombosis. 2 23
and Sex.*
We arc mdebted to Mis T Visser, Mis Alvan Bedk, Mis M1 WB
AGH (y1) MIN WoMI N Botu Sixis te Poclc-Potholf, and Mis A dc Graal-Iless for then oxcellent as-

sistance

odds ranto (95% CI)

<30 05(01-55 10(01-160) 07(01-40)
30-50 13(03-46) 70(09-569) 24(08-68)
=50 25(05-129) oa] 55(12-248)
All ages 14(06-34) 70(16-308) 25(I2-52)

'Odds tatios were calculated as the risk of deep vem thirombosis m sub
Jects with hyperhomocysteinemia (defined as @ homocystune level above
the 95th percentile m the control group [18 5 wmof per liter]) as compared
with the 115k 1n those without hypethomocystememia CI denotes confi
dence nterval

1The odds ratio was 120 (95 percent confidence interval 16 to 923)
when the cutoff used was the 90th percentile n the contiol gioup

deep-vein thrombosis after we excluded subjects with
other well-established risk factors; that is, the associa-
tion with thrombosis was not explained by the presence
ol other hereditary risk factors for thrombosis, such as
a deficiency of protemn G, protemn S, or antithrombin. The
same was truc of the most common hereditary risk [ac-
tor for deep venous thrombosis, resistance (o activated
protein C, since hyperhomocysteinemia also increased
the risk of thrombosis in those without this abnormal-
1ity. We 1nvestigated a possible interaction between re-
sistance to activated protemn G (factor V Leiden) and hy-
perhomocysteinemia. Although we found that the risk
of thrombosis may be higher in carriers of the mutation
who have hyperhomocysteinemia than in noncarriers
with hyperhomocysteinemia, the combined effect in our
subjects seemed smaller than for factor V Leiden alone.
Because of the small numbers mnvolved, the only rea-
sonable conclusion is that the two factors do not poten-
tiate each other.

Many hypotheses have been proposed to cxplain how
hyperhomocysteinemia may lead to venous thrombosis
and atherosclerosis. One hypothesis is that homocys-
teine has a toxic effect on the vascular endothelium and
on the clotting cascade."® Scveral in vitro studies seem
to support this view.""® However, virtually all these stud-
1es used amounts of homocysteine that produced high-
er-than-physiologic concentrations. Alternatively, hy-
perhomocysteinemia may reflect abnormal methionine
metabolism that affects the methylation of DNA and
cell membranes.!®

Elevated homocysteine levels may result from low lev-
els of folic acid, vitamun By, or vitamun B, ,. Moreover, sev-
eral genetic alterations in enzymes involved in homocys-
teine metabolism have been described.?# It remains
unclear whether hyperhomocysteinemia of diflerent caus-
es entails the same risk ol thrombosis. Nevertheless, it 1s
well known that vitamin supplementation lowers ho-
mocysteine concentrations in almost all subjects with hy-
perhomocysteinemia, rcgardless of the underlying causc.

We conclude that mild hyperhomocysteinemia is a
risk factor for deep-vein thrombosis in the general pop-
ulation. The next question to be answered is whether
homocysteine-lowering therapy — folic acid, vitamin

20

21

22

23

24

25

REFERENCES

Ueland PM, Relsum I1, Brattsttom L Plasma homocysteine and cardiovascu-
lar disease In Francis RB I ed Atherosclerotic cardiovascular discase he-
mostasts, and endothelial tunction New Yotk Maicel Dekker, 1993 183-236
Rees MM, Rodgers GM  Homocystememia  association of a metabolic
disordet with vasculai disease and thrombosis Thromb Res 1993 71 337
59

Mudd SH, Skovby F, Levy HL, et al The natural history of homocy stinuia
due to cystathionme S-synthase deficiecncy Am J Hum Genet 1985,37 1
31

Bicnvenu T, Ankrt A, Chadelaux B, Kamoun P Dosage de | homocysteme
plasmauque dans I’exploration des thromboses du sujet jaune Piesse Med
1991,20 985 8

Brattstrom L, Tengbotn L, Lagerstedt C, Istaelsson B, Hultbetg B Plas-
ma homocysteine m venous thromboembolism Haemostasis 1991,21 51
7

Falcon CR, Cattanco M, Pansci1 D, Martmellt I, Mannucer PM High prev-
alence of hyperthomocyst(e)inemia mn patients with juvenile venous thiom
bosis Atrterioscler Thiomb 199414 1080-3

den Herjer M, Blom HI Geirits WBT, ct al Is hypethomocystemacimia a
risk factor tor 1ecurrent venous thrombosts? Lancet 1995,345 882 5
Koster T, Rosendaal FR, Biiet E, et al Protemn C deficiency m a controlled
serics of unselected outpatients an infrequent but clear 1isk factor for venous
thiombosts (Lerden Thrombophilia Study) Blood 1995,85 2756 61

Koster T, Rosendaal FR, de Ronde 11, Biiet E, Vandenbioucke JP, Berting
RM Venous thiombosis due to poor anticoagulant 1esponse to activated
protein C Leiden Thrombophiha Study Lancet 1993,342 1503 6

Koster T, Blann AD, Brict E, Vandenbroucke JP, Rosendaal FR Role ol
clotting factor VIIT 1n cifect of von Willebrand factor on occurnience of
deep-vein thrombosts Lancet 1995,345 152-5

Vandenbroucke JP, Koster T, Brict E, Reitsma PH, Bertina RM, Rosendaal
FR Increased risk of venous thrombosis in oral-contiaceptive usets who
are carriers of factor V Leiden mutation Lancet 1994344 1453-7

Bertina RM, Kocleman BPC, Koster T, et al Mutation mn blood coagulation
factor V assoctated with resistance o activated protem C Nature 1994 369
64-7

Fiskerstiand T, Refsum H, Kvalheim G, Ueland PM Homocystemne and oth
ct thiols 1n plasma and urine automated detetnunation and sample stability
Chin Chem 1993,39 263-71

te Poele-Pothoff MTWB, van den Beig M, Franken DG, et al Three diflei-
ent methods for the determmation of total homocysteine m plasma Ann
Clin Biochem 1995,32 218 20

Selhub J, Jacques PF, Bostom AG, et al Association between plasma ho-
mocystemne concentrations and extiactanial caiotid-aitery stenosts N Engl
J Med 1995,332 286 91

Stampfer MJ, Malinow MR, Willett WC, et al A prospective study of plas-
ma homocyst(e)ine and risk of myocardial mfarction in US physicians
JAMA 1992,268 877-81

Rodgers GM, Kane WH, Pitas RE Formation of factor Va by atheroscle-
rotic rabbit aorta mediates factor Xa-catalyzed prothrombin activation
J Chin Invest 1988,81 1911-9

Rodgers GM, Conn MT Homocysteine, an atherogenic stimulus, 1educes
protein C activation by aitetial and venous endothelial cells Blood 1990,
75 895-901

Blom HJ, van der Molen EF Pathobiochemical implications of hyperthomo-
cysteinemia Fibimolysis 1994,8 Suppl 2 86-7

Boers GHI, Smals AGH, Trybels FIM, ct al Heterozygosity for homocys-
tinuria m prematute peripheral and cerebral occlusive arterial disease
N Engl I Med 1985,313 709-15

Engbersen AMT, Franken DG, Boers GHJ, Stevens EMB, Trybels FIM,
Blom HI Theimolabile 5,10-methylenetetrahydiofolate 1eductase as a
cause of mild hyperhomocystemnemia Am T Hum Genet 1995,56 142-
50

Frosst P, Blom HJ, Goyette P, ¢t al A candidate genetic risk tactor for vas-
cular disease a common mutation 1 methylenctetrahydiofolate reductase
Nat Genet 1995,10 111-13

den Heger M, Bos GMJ, Geinits WBIJ, Blom HT Will a decrease of blood
homocysteme by vitarmn supplementation 1educe the risk for vascular dis-
case? Fibinolysis 1994,8 Suppl 2 91-2

Stampfer MJ, Willett WC Homocysteme and marginal vitamin deficiency
the importance of adequate vitamin mtake JAMA 1993,270 2726-7
Stampfer MJ, Malinow MR Can lowering homocystemne levels 1educe car-
diovascular risk? N Engl J Med 1995,332 328-9

©Copyright, 1996, by the Massachusetts Medical Society
Prmted in the U.S.A.



