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Summary

Toenr myon

We studied the association of D-dimer with the risk of deep vein
thrombosis (DVT). D-dimer was measured in 474 patients more than
6 months after diagnosis of a first DVT and in 474 age- and sex-
matched controls. For D-dimer above the 70th percentile (130.5 ng/ml),
the odds ratio (OR) for DVT was 2.2 (95% CI, 1.6-2.9). The association
was unchanged with adjustmen for other rish factors. Excluding parti-
~  cipants with Factor V Leiden™prothrombin 20210A, or factors VIIc or
¢ IX above the 90th percentile, the OR was 1.6 (95% CI, 1.1-2.3). The
risks of DVT with the joint presence of high D-dimer and either factor V
- Leidén or prothrombin 20210A were increased 12.4-fold (95%

C1 5.6-21.7) and 7.2-fold (95% CI 2.1-25.1), respectively. Higher D-

dimer concentration was associated with the risk of DVT, and was

supra-additive to the risks associated with factor V Leiden and the pro-
¢ thrombin 20210A variant. Persistence of this association in the absence
v of other hemostatic risk factors for DVT suggests that high D-dimer
may be related to other, as yet unknown, risk factors for venous
i, thrombosis. Confirmation of these findings is desirable.
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] Deep vein thrombosis (DVT) has an incidence of 1 to 3 per 1000 per
E:  year Factor V Leiden (1) and the prothrombin 20210A variant (2) are
; genetic risk factors for venous thrombosis, and are seen in 254 of
unselected DVT patients (3). Recently, high levels of coagulation fac-

tors VIII and IX have also been associated with venous thrombosis risk
< (4,.5). A particular area of controversy is the association of fibrinolytic
i activity with risk of DVT (6-9).

i: -During fibrinolysis, fibrin fragment D-dimer is liberated upon
w ' degradation of fibrin by the major fibrinolytic cnzyme plasmin. Thus,
4" D-dimer concentration indicates both the recent production of and
‘ degradation of fibrin. D-dimer concentration increases with acute DVT
(10) however, we are aware of only one study of this marker in relation
1o venous thrombosis risk. This recent case-control study showed an
+ association betwcen higher D-dimer and thrombosis in women aged

- 45-64 (9).

Others have studied the fibrinolysis markers plasminogen activator
" inhibitor-1 and tissue plasminogen activator in relation to venous
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thrombosis. Most studies included patients during or a short time after
thrombosis, and were not conclusive (6, 8, 11). The largest prospective
study to date of bascline fibrinolytic state in healthy subjects and risk of
futare DVT failed to show a link between the two (7).

We measured concentrations of fibrin fragment D-dimer in a popu-
lation-based case-control study. We hypothesized that a higher concen-
tratiofl of D-dimer, as an indicator of ongoing thrombin generation and
fibrinolysis, would be associated \yith an increased risk of DVT.

Methods

Study Design and Subjects

The Leiden Thrombophilia Study (LETS) is a population-based case-con-
trol study of risk factors for first DVT (12). There were 474 patients recruited
from three anticoagulation clinics in the Netherlands: Leiden, Amsterdam, and
Rotterdam. In the Netherlands, anticoagulation clinics monitor all patients on
coumarin treatment for venous thrombosis. Inclusion criteria were: (1) patients
living in the geographical area of the anticoagulation clinics, (2) age under 70,
(3) objective diagnosis of first DVT (positive compression ultrasound, impe-
dance plethysmography, or venogram), (4) DVT occurring between January 1,
1988 and December 31, 1992, and (5) absence of mahgnancy. Evaluation for
inclusion in the study was performed using medical records from the hospital
and the anticoagulation clinics, and information from primary physicians.
Patients received at least three months of anticoagulant therapy and were seen
at Jeast six months after their DVT diagnosis. Ninety percent of eligible indivi-
duals participated. Control subjects were 474 healthy persons with no prior
history of venous thrombosis, the same sex and age within 5 years of the
patients, and no biological relationship to the patients. They were recruited by
asking each patient to find a control with the above characteristics, living in the
same geographic area. Patients’ partners were also invited to participate in the
study. If a patient was unable to find a control, the first eligible person on the
list of patients’ partners was chosen. Two hundred and twenty-five (47%) of the
controls were partners of other patients.

Participants provided informed consent allowing access to hospital records
and use of stored specimens for research. The Medical Ethics Committee of the
Leiden University Medical Center and the Institutional Review Board at the
University of Vermont approved this analysis.

All subjects completed a questionnaire regarding acquired risk factors for
venous thrombosis in a certain time period prior to the index DVT, or a similar
date for the controls. The acquired risk factors considered were: surgery or
hospitalizations in the year prior to the DVT, postpartum period within 30 days
of the DVT, pregnancy at the time of DVT, and hormone use at the time of
venipuncture and at the time of DVT.

Body mass index (BMI) was calculated (weight in kilograms/[height in
meters]?). Obesity was defined as a BMI =30 kg/m2. Elevated factors VHic and
IX antigen were defined as values above the 90th percentile of the control
populatton distribution. Considering factor V Leiden and the prothrombin 20210A

allele, heterozygotes and homozygotes for each disorder were pooled for ana-
lysis.
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Table I Characteristics of the participants

Characteristic Controls DVT Patients
(n=474) (n=474)

Mean age in years (SD)* 45 (13.5) 45 (13.7)

Male Sex (%)* 43% 43%

BMI > 30 (%) 14% 22%

Coumarin use at phlebotomy 0.2% 10%

OCuseat DVT 39% 67%

OC use at phlebotomy * 33% 22%

* Matching Variable

+ among controls, at the time the matched case had DVT

1 women aged 16-45

DVT, deep vein thrombosis; BMI, body mass index; OC, oral contraceptive

Laboratory Methods

At the interview, blood was collected by venipuncture from the antecubita]
vein into tubes contaming 106 mmol/L trisodium citrate. Plasma was prepared
by centrifugation at room temperature for 10 min at 2,000 X g and stored at
-70° C D-dimer was measured by enzyme-linked immunosorbent assay
(ELISA) using two monoclonal antibodies against specific non-overlapping
antigenic determinants (antibodies kindly provided by D. Collen and P.
Declerck). This assay detects fragment D-dimer of cross-hinked fibrin but not
fragments of fibrinogen or non-cross-linked fibrin (10). The nterassay coeffi-
cient of variation (CV) was 7.0%. The expected normal range (mean + 2 SD),
established in 26 healthy volunteers is 6.8-189.9 ng/ml. As previously reported,
factor VIIIc was measured using a 1-stage clotting assay (4), and factor IX was
measured by ELISA (5).

Patients Controls

Fig. I Distribution of D-dimer 1n patients and controls. Each symbol repre-
sents the mean of five closest values. Horizontal lines represent median values
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Statistical Analysis

-
Among control subjects, assoctations between D-dimer and other characte-
ristics were analyzed using linear regression. Mean baseline D-dimer concen-
tration was compared between cases and controls using t-tests. The measure of
association between D-dimer and DVT was the odds ratio (OR), as determined
by unconditional logistic regression, adjusting for the matching factors of age
and sex. Assessment of confounding was done using multivariate logistic
regression with D-dimer as the main independent variable. Analyses were
repeated in subgroups defined by age, sex, oral contraceptive use, presence of
elevated factor VIIIc or IX levels, and presence of factor V Leiden or pro-
thrombin 20210A. To determine whether the association of D-dimer and DVT
could be explained by the presence of other hemastatic risk Tactors, we repea

ted the analy~is aiter excludire pensorpants 2in enker tactes v Teiden, pro
thrombin 20210\, e elesied e Ve o sacwy 1X. We inveangated the
influence of fime between thiombe sts 2 philebotomy on results using logidic
regression ariiv ~1s 107 QILIICHT DL Sl Ty eis

Results

Characteristics of patients and controls are shown in Table 1. The
mean age was 45 years (16-70 for patients, 16-73 for controls), 43% of
participants were men. Patients were more likely than controls to have
used oral contraceptives at the onset of DVT and were more likely to
be overweight. Among women aged 16-45, 67% of patients were using
oral contraceptives at the time of DVT, compared to 39% of controls.
In the same age group among women, at the time of venipuncture 22%
of patients and 33% of controls were taking oral contraceptives. Twenty-
two percent of patients had a BMI =30 kg/m?, compared to 14% of the
controls. Only one control, compared to 48 patients (10%) was using
coumarin derivatives.

Among controls, D-dimer was positively associated with age. For
each 10-year increase in age, D-dimer was 19.8 ng/ml higher (95% ClI,
11.0 to 28.6 ng/ml). Median D-dimer was 64.4 ng/ml in men, and
87.1 ng/ml in women (in controls). Ax}}%&g obese control subjects
median D-dimer was 99.2 ng/mL, comparéd to 71.8 ng/mL in non- .
obese subjects. Among women aged 16-45, D-dimer was higher among
47 women using oral contraceptives; median 94.2 ng/ml compared to
72.8 ng/mL among non-users. When we take into account the bio-
chemical thrombophilic defects, factor V Leiden, prothrombin 202104,
or elevated factors VIIIc or IX, median D-dimer was 104.7 ng/ml
among 106 subjects with any one of these defects compared to
70.4 ng/ml among 361 subjects without any defect.

Figure 1 illustrates that the distribution of D-dimer differed in
patients and controls, with higher values in patients. The median value
among patients was 102.4 ng/ml (range 9.1-1946.3 ng/ml) and among
controls it was 74.5 ng/ml (range 4.0-1608.9 ng/ml).

Table 2 shows the risk of DVT with each increasing decile of D-
dimer, compared to the lowest decile. The relative risk of DVT was
increased for values above the 70th percentile of the distribution of
D-dimer. For values in the 8th, 9th and 10th deciles, relative to the first
decile, the crude odds ratios of DVT were 1.6 (95% CI 0.9-2.9), 1.8
(95% CI 1.0-3.2), and 3.2 (95% CI 1.8-5.6), respectively. The associa-
tion of D-dimer with DVT was not substantially altered with adjust-
ment for age, oral contraceptive or coumarin use, and obesity (Table 3).

With adjustment for these factors, the risk of DVT remained higher
than 2.0 for values above the 70th percentile, and higher than 3.0 for
values above the 90th percentile (compared to those with values below
the 70th and 90th percentiles, fespectively). Adjustment for C-reactive
protein concentration also did not influence the odds ratios substantially
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Table 2 Odds ratio of DVT by decile of the total distri-
bution of D-dimer Decile of D-dimer Number of Number of OR (95% CI)
(ng/ml) Controls Patients
1(40-348) 46 13 1 (ref)
2 (34 8-48 6) 47 29 09 (05-16)
3(486-59 1) 47 45 13(07-24)
4(591-702) 47 27 08(04-15)
5(702-88 1) 47 36 11(06-20)
6 (88 1-1079) 46 41 12(07-23)
7 (107 9-130 5) 47 36 11(06-20)
N 8(1305-1657) 47 53 16(09-29)
/ 9 (165 7-223 6) 47 59 18(10-32)
10 (223 6-1946 3) 46 105 32(1856)
#
OR, odds ratio, CI, confidence mterval
-
Table 3 Odds ratio of DVT fpf D-dumer greater than
the 70th or 90th percentiles of the total distribution D-dimer* Number of Number of OR (95% CI)t  OR(95% CI)}
b 8 Controls Patients
<P 70 327 247 10 (ref) 10 (reh
2P70 140 217 22(16-29) 25(18-35)
<P 90 421 359 10 (ref) 10 (ref)
2P 90 46 105 28(19-4 0) 33(22-49)
* D-dimer 70th percentile = 130 5 ng/ml, 90th percentile = 223 6 ng/ml
1 OR adjusted for matching vanables (age and sex)
1 OR additionally adjusted for obesity, and coumann or oral contraceptive use at the time
of DVT and at the tume of phlebotomy
P 70 = 70th percentile
P 90 = 90th percentile

(data not shown). Exclusion of subjects using coumarins at the time of
phiebotomy did not alter these findings. Risks were shightly less after
exclusion of subjects with hemostatic defects (factor V Leiden, pro-
thrombin 20210A, and high Factor VIlIc o1 factor IX) OR 16 (95%
CI 1.1-2.3) for D-dimer above the 70th percentile, and OR 1.9 (95%
CI 1.1-3.2) for D-dimer above the 90th percentile.

There were some extreme values for D-dimer. While these values
may be due to analytical variabilty of 1D-dimer. 1o assess whether very
high values of D-dimer influenced the findings, we excluded 5 patients
and 2 controls with D-dimer >1000 ng/ml trom the analysts The odds
rattos iemained the same (data not shown)

The risk of DVT for D-dumer above the 70th percentile was slightly
higher 1n women than men, with odds ratios of 23 (95% CI 16-2 3)
among women and 17 (95% CI 11-27) among men For D-dimer
above the 90th-percentile these odds ratios were 2.4 (95% CI 1 4-4 1)
and 3.0 (95% C1 1 84 9), respectively. D-dimer over the 70th percentile
mn combnation with exther oral contraceptive use or age =30 increased

the nsk of DVT 12.7-fold (95% CI 4.0-41), and 2 0-fold (95%
CI 12-3 6) compared to groups with lower D-dimer and absence of
these charactenistics

The odds ratio of DVT 1n the jomnt presence of higher D-dimer and
Factor V Lexden was 12.4 (95% CI 5 6-27.7) This value 15 larger than
would be expected from the additive effect of the two factors (Table 4)
A simular supra-additive jomt nisk of D-dimer 1 combimation with
prothrombin 20210A, but not elevated factor VIlIc or factor IX, was
observed (Table 4)

The mean time from DVT to venipuncture among patients was
18 09 years (range 0 5-5 6 years) There was no association of time
between DVT and phlebotomy with D-dimer concentration (r = 0 05)
We analyzed the association of D-dimer with DVT in categories of
tume between DVT and phlebotomy The odds ratios for DVT with
tugher D-dimer 1 six time categories (0 5-1 years, 1-2 years, 2-3 years,
3-4 years, 4-5 years, and more than 5 years) are shown 1n Fig 2, risks
did not vary substantially by time
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Fig. 2 Odds ratio of DVT for D-dimer above the 70th percentile by time
between DVT and venipuncture. The time between DVT and venipuncture was
divided into yearly increments. The odds ratio of DVT for D-dimer above the
70th percentile was calculated for patients and controls enrolled during each
time nterval

Discussion

The main finding of this study is an association of D-dimer with risk
of DVT, with a 2.5-fold increased risk for D-dimer above the 70th per-
centile, and 3-fold increased risk for D-dimer above the 90th percentile.
This association was not influenced by other risk factors such as
obesity and oral contraceptive use, but risks were slightly lower with
adjustment for known hemostatic risk factors for DVT. The joint effects
of higher D-dimer and both the factor V Leiden and prothrombin
20210A variant on the risk of DVT were supra-additive.

50

Table4 Odds ratio of DVT
D-dimer 270" Hemostatic OR (95% CIy** for D'dhngmater than the
Percentile * Defect * Factor V Prothromb High F Def 70th percentile, with or with-
ercentile efect actor V Leiden rothrombin 1gh Factor High Factor Any Defect out hemostatic defects
20210A Ville X
- - 10 (ref) 1.0 (ref) 1.0 (ref) 10 (ref) 1.0 (ref)
- + 73(3.2-16.8) 2.0 (0.8-5.1) 27(1.5-4.8) 1.8(1.032)  28(1.94.2)
+ - 1.8(13-2.4) 2.0(1.52.6) 1.9 (1.42.5) 19(1425)  15(1.0-2.1) L .
+ + 124(56277)  72(21-25.1) 3.9(24-63) 36(22-60)  4.9(34-72) 6 '
* presence of (+) or absence of (-) the listed nisk factor
** unadjusted
Results here suggest a hy pothesis that increased fibrin formation and
81 fibrinolytic activity. assessed as D dimer, is associated with venous
thrombosis, and can ~till be Jdetected years after a DVT. Further. the
7 4 persistent association of D-dimer with the risk of DVT after adjustment
for known biochemical and genctic risk factors, suggests the presence
of as yvet undetermined usk factors. of which D- dlmu may be a marker,
6 There are two lines of . Saom T T T T
o geneticrisk factorsfo  + ~tr v el ol
Cg 5 clear phenotype of heritable thrombophﬂxa approxmately one-thlrd do
% not have a definable hemostatic disorder (3). Second, in other family
A studies known defects do not necessarily explain the tendency to
-8 4 thrombosis (13).
Q‘g Several findings here were compatible with other studies. These
8 3 include the cross-sectional finding of increasing D-dimer with older age
8 (14, 15). Also, as in a recent study of women aged 45-64 (9), we report
an increased risk of DVT with higher levels of D-dimer, and extended
2 1 these results to men. Considering the generally negative findings of
studies that assessed the association of RYT with fibrinolytic factors,
1 - such as tissue plasminogen activator antigen and plasminogen activator
inhibitor-1 activity or antigen, our iindings sugaest that the measure
ment of D-dimer may reflect fibrin lormétion ratiei than the fibrinol
0 T — — T ] tic state, per se.
05-1  1-2 2-3 3-4 >4 Although factor V Leiden is a common risk factor for DVT, the
Time (years) . penetrance of thr'o'mbosis’amo_ng heterozygotes i.s low, especially in Fhe
absence of a positive family history of thrombosis (16, 17). Our finding

of an enhanced risk of DVT with the combined presence of higher D-
dimer and factor V Leiden or prothrorfibin 20210A suggests that D-
dimer might identifv individuals with these defects whe are i higher
risk of DVT. If conhiinad. ihes finding may have clinical imphications
for evaluating the roke oi testing Tor lactor V- Leiden. 1o this comeat.
D-dimer may be a nuurher for the imeraction of other, as yet unknown
risk factors for DV wuth tacton v Lewden or prothrombm 202104

A point to discus~ 1 1he interpretitron of om findings is that blowd
was drawn after the occizrence of thiombosis. and nught not represent
the levels prior to the thzombosis. Therelore higher I dimer nay be a
consequence rather - a marker of the cansal pathophissiology of
DVT. It is possible th.s venons damage from the DV resulting i
venous stasis, might v.iiise iveal thiombus jommation amd iyvsis, and
result in a systemic -ncese 1 D dnner concentration on e chronie
basis. The study design and analysis minimized this potential bias, as
supported by the lack of differences in the association of D-dimer with
DVT by time from DVT to p%lebotomy. Also our finding is compatible
with other observations (9) including those of a prospective association

R R T

P
Ak
(’wg
s

m
o e
£ i
iR

e
RSt

,<,
ey

3}
i

8




“U\ i

‘

i

!
e

&
e, T -

Andreescu et al. D-dimer and the Risk of Deep Vemn Thrombosis

between higher D-dimer and inciden¢e of myocardial infarction,
(18, 19). Regardless, prospective confirmation of these findings is desi-
rable. A significant strength of the study is that it was based on all
admissions to three large anticoagulation clinics, so was generalizable
to a large population region.

In conclusion, we report that D-dimer appears to be a risk factor for
DVT. Independence of this association from known hemostatic risk
factors for DVT suggests that a high D-dimer concentration may be
related to other, as yet unknown, risk factors for venous thrombosis.
A clinical role for D-dimer assessment among patients with thrombosis
requires further elucidation.

Acknowledgements

Supported by grants 89.063 from the Netherlands Heart Foundation (FRR),
K08 HL03618 from the National Heart, Lung, and Blood Institate (MC), and
9920221T from the American ‘Heart Association New England Affiliate
(ACMA). The authors are grateful to Ted Koster for interviewing the patients
and obtaining blood samples, and Ank Schreijer, Elaine Comell, Thea Visser
and Cathy Tilley for technical assistance. We appreciate the support of the
project provided by Edwin Bovill and Russell Tracy.

References

1. Bertina RM, Koeleman Bmoster T, Rosendaal FR, Dirven RJ, de Ronde
H, van der Velden PA, Reitsma PH. Mutation in blood coagulation factor V
_ associated with resistance to activated protein C. Nature 1994; 369: 64-7.
2:Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic
variant in the 3’-untranslated region of the prothrombin gene is associated
with elevated plasma prothrombin levels and an increase in venous throm-
bosis. Blood 1996; 88: 3698-703.

3.Lane D, Mannucci P, Bauer K, Bertina R, Bochov N, Boulyjenkov V,
Chandy M, Dahlback B, Ginter E, Miletich J, Rosendaal F, Seligsohn U.
Inherited thrombophilia: Part 1. Thromb Haemost 1996; 76: 651-62.

4. Kraaijenhagen RA, in’t Anker PS, Koopman MM, Reitsma PH, Prins MH,
ven den Ende A, Buller HR. High plasma concentration of factor VIIic is
a major risk factor for venous thromboembolism. Thromb Haemost 2000;
83:5-9.

5. van Hylckama Vlieg A, ven der Linden I, Bertina R, Rosendaal F. High
levels of factor IX increase the risk of venous thrombosis. Blood 2000; 95:
3678-82.

6. Prins M, Hirsh J. A critical review of the evidence supporting a relationship
between impaired fibrinolytic activity and venous thromboembolism. Arch
Intern Med 1991; 151: 1721-31.

7. Ridker P, Vaughn 1, Stampfer M. Manson J. Shen C, Newcomer L, Gold-
haber §, Hennckens C. Baseline fibrinolytic statc and the risk of future

venous thrombosis: a prospective study of endogenous tissue-type plasmi-
nogen activator and plasminogen activator inhibitor Circulation 1992; 85:
1822-7.

8. Schulman S, Wiman B. The significance of hypofibrinolysis for the risk
of recurrence of venous thromboembolism Duration of Anticoagulation
(DURAC) Trial Study Group. Thromb Haemost 1996; 75: 607-11.

9.Lowe G, Woodward M, Vessey M, Rumley A, Gough P, Daly E. Throm-
botic variables and risk of idiopathic venous thromboembolism in women
aged 45-64 years: relationships to hormone replacement therapy Thromb
Haemost 2000; 83: 530-5.

10. Declerck PJ, Mombaerts P, Holvoet P, De Mol M, Collen D, Fibrinolytic
response and fibrin fragment D-dimer levels in patients with deep vewn
thrombosis. Thromb Haemost 1987; 58: 1024-9.

11. Korninger C, Lechner K, Niessner H, Gossinger H, Kundi M. Impaired
fibrinolytic capacity predisposes for recurrence of venous thromboss.
Thromb Haemost 1984; 1984: 127-30.

12. Koster T, Rosendaal FR, de Ronde H, Briet E, Vandenbroucke JP, Bertina
RM. Venous thrombosis due to poor anticoagulant response to activated
protein C: Leiden Thrombophilia Study. Lancet 1993, 342: 1503-6

13. Bovill E, Hasstedt S, Callas P, Valliere J, Scott B, Bauer K, Long G. The
G20210A prothrombin polymorphism is not associated with mcreased
thromboembolic risk n a large protein C deficient kindred. Thromb
Haemost 2000; 83: 366-70.

14. Cushman M, Cornell ES, Macy EM, Psaty BM, Tracy RP. Correlates of the
fibrin fragment D-dimer, a measure of fibrinolysts, 1n an elderly cohort free
of prevalent cardiovascular disease [abstract]. Circulation [Suppl 1] 1995;
92: 624.

15. Lee AJ, Fowkes GR, Lowe GD, Rumley A. Determnants of fibrin D-dimer
in the Edinburgh Artery Study. Arterioscler Thromb Vasc Biol 1995; 15:
1094-7.

16. Lensen R, Rosendaal F, de Ronde H, Vandenbroucke J, Bertina R. Factor V
Leiden: increased risk of venous thrombosis in affected relatives of un-
selected carriers with a first deep vein thrombosis. Thromb Haemost 2000;
83: 817-21.

17. Lensen R, Rosendaal F, de Ronde H, Vandenbroucke I, Bertina R. Factor V
Leiden: the venous thrombotic risk m thrombophilic famulies. Br J Haema-
tol 2000; 110: 939-45.

18. Cushman M, Lemaitre RN, Kuller LH, Psaty BM, Macy EM, Sharrett AR,
Tracy RP. Fibrinolytic activation markers predict myocardial infarction m
the elderly: the Cardiovascular Health Study. Artentoscler Thromb Vasc
Biol 1999; 19: 493-8.

19. Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P,
Rumley A, Lowe G. Fibrin D-dimer and coronary heart disease: prospective
study and meta-analysis. Circulation 2001; 103: 2323-7.

Received August 6, 2001  Accepted after resubmission October 10, 2001

51




