Elevated plasma D-dimer levels are associated with risk of future incident venous thromboembolism
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ABSTRACT

Background: D-dimer, a global biomarker for activation of the coagulation and fibrinolysis
systems, is useful in assessing individual risk of venous thromboembolism (VTE) recurrence.
However, there is limited information on the association between D-dimer and risk of a first
lifetime VTE event.

Objectives: To investigate the association between plasma D-dimer levels and risk of future
incident VTE.

Methods: A population-based nested case-control study, comprising 414 VTE patients and
843 randomly selected age- and sex-matched controls, was derived from the Tromsg Study
(1994-2007). D-dimer was measured in plasma samples collected at cohort baseline (1994-
95). Odds ratios (ORs) for VTE with 95% confidence intervals (Cls) were estimated according
to quartile cut-offs of D-dimer levels determined in controls.

Results: The risk of VTE increased across quartiles of D-dimer levels (Pirend=0.014) in the age-
and sex-adjusted model. Participants with plasma D-dimer levels in the highest quartile
(2152 ng/mL) had an OR for VTE of 1.65 (95% Cl 1.14-2.40) compared with those in the
lowest quartile (<94 ng/mL). The ORs were marginally attenuated after additional
adjustment for body mass index (BMI) (OR 1.51, 95% ClI 1.04-2.20) and C-reactive protein
(CRP) (OR 1.34, 95% CI 0.90-1.98). Similar results were obtained for VTE subgroups, i.e. deep
vein thrombosis, pulmonary embolism, and provoked/unprovoked events.

Conclusion: Our results indicate that elevated plasma D-dimer levels are associated with
increased risk of incident VTE. However, the attenuation of risk estimates upon additional
adjustment for BMI and CRP suggests that D-dimer partly reflects underlying conditions

associated with obesity and an inflammatory state.
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INTRODUCTION

Venous thromboembolism (VTE), a term used to collectively name deep vein thrombosis
(DVT) and pulmonary embolism (PE), is a multicausal disease occurring in 1-2 per 1000
individuals annually [1]. VTE is associated with serious short- and long-term complications
including post-thrombotic syndrome, post-PE syndrome, recurrence and death [1-3]. Despite
an increase in thromboprophylaxis use, the incidence of VTE has not changed or has even
slightly increased during the last decades [4-6]. To mitigate the health burden of VTE, there
is a need to provide insights into novel biomarkers in order to improve risk stratification and
pursue targeted VTE prevention.

D-dimer, a fibrin degradation product, is a global biomarker for activation of the
coagulation and fibrinolysis systems and seems also to reflect activation of inflammatory
pathways [7]. A D-dimer value below cut-off in patients with low clinical probability of VTE is
used in clinical algorithms to exclude further radiological procedures in patients with
suspected VTE [8, 9]. In addition, multiple studies have found that elevated levels of D-dimer
measured mainly after stopping anticoagulant treatment are associated with increased risk
of recurrence in patients with unprovoked VTE [10-12]. Conversely, only a few studies have
investigated the association between baseline D-dimer levels and the risk of a future first
lifetime VTE in the general population [13-16]. In these studies, a higher baseline D-dimer
value was associated with increased risk of incident VTE [13-16].

Several established risk factors for VTE have been shown to influence D-dimer levels,
including obesity, cancer, inflammatory diseases, and genetic factors (e.g. factor V Leiden
and prothrombin G20210A) [13, 14, 17-19]. Of note, data from a genome-wide association
study revealed that the proportion of variation in plasma D-dimer explained by genetic

variants located in hemostatic factor genes was modest [20]. Thus, a high D-dimer may



particularly reflect acquired underlying conditions that predispose to VTE, such as obesity
and inflammatory diseases [14, 18, 19]. However, whether a state of chronic low-grade
inflammation explains, at least in part, the association between D-dimer and incident VTE
remains unclear. In the present study, we therefore aimed to investigate the association
between baseline plasma D-dimer levels and incident VTE in a population-based nested
case-control study while adjusting for high-sensitivity C-reactive protein (CRP), which is
considered a sensitive downstream marker of inflammation. Further, we extended this
investigation to specific VTE subgroups (i.e. DVT, PE, and provoked and unprovoked VTE) and
assessed the potential association of D-dimer with VTE over time by taking into account the

time elapsed between blood sampling at baseline and the occurrence of VTE events.

METHODS

Study population

The Tromsg Study is a population-based cohort with repeated health surveys of the
residents of Tromsg in Norway, details of which have been described elsewhere [21]. Briefly,
all inhabitants aged >25 years living in the municipality of Tromsg were invited to take part
in the fourth survey (Tromsg 4, conducted in 1994-1995), and a total of 27,158 subjects
participated (77% response rate). These participants were followed from the inclusion date
in the survey (1994-1995) until an incident VTE, migration, death, or end of follow-up
(September 1, 2007), whatever came first. All potential first lifetime VTE events were
identified by a thorough search of the hospital discharge diagnosis registry, the radiology
procedure registry and the autopsy registry from the University Hospital of North Norway
(UNN), which is the only provider of hospital care in the region of Tromsg. Trained personnel

confirmed and recorded each VTE event by extensively reviewing medical records, as



previously described [22]. A VTE was confirmed based on the presence of signs and
symptoms of DVT or PE in combination with objective confirmation by imagining methods,
which resulted in treatment initiation [22].

There were 462 individuals who developed a first lifetime VTE during the follow-up
period (1994-2007). To establish a nested case-control study, for each VTE case, two age-
and sex-matched controls (n=924), who were alive at the index date of the thrombotic
event, were randomly sampled from the parent cohort [23, 24]. From this population, we
excluded 48 cases and 81 controls due to insufficient quality of plasma samples. Therefore,
414 VTE cases and 843 controls were included in the final analysis of the nested case-control
study (Fig. 1). In this design, the temporal sequence between exposure and outcome is
preserved, since D-dimer was measured in blood samples collected at inclusion of the parent
cohort in 1994-95. The regional committee for medical and health research ethics approved

the study, and all participants provided written informed consent.

Classification of VTE events

A VTE was classified as provoked or unprovoked depending on the presence of provoking
factors closely preceding the VTE diagnosis. A VTE event was defined as provoked if one or
more of the following provoking factors were present: trauma, surgery, or an acute medical
condition (acute infection, acute myocardial infarction, or acute ischemic stroke) within 8
weeks before the event, active cancer at the time of VTE diagnosis, immobilization
(confinement to a wheelchair or bed rest for longer than 3 days within the past 8 weeks, or
long distance travel lasting 4 hours or longer in the past 14 days), or other factors described

as provoking in the medical record by a physician (e.g. intravascular catheter).



Baseline measurements

Weight (to the nearest 0.5 kg) and height (to the nearest cm) were measured with subjects
wearing light clothing and no shoes [22]. Body mass index (BMI) was calculated as weight
divided by the square of height in meters (kg/m?). Baseline information on history of
previous cancer and arterial cardiovascular disease (CVD) events (i.e. myocardial infarction,
angina pectoris, stroke and transient ischemic attack) was obtained from a self-administered

guestionnaire [23, 24].

Blood sampling and storage

At baseline inclusion in 1994-1995 (Tromsg 4), non-fasting blood was collected from an
antecubital vein into 5-mL vacutainers (Becton Dickinson, Le Pont de Claix, France)
containing EDTA as anticoagulant (K3-EDTA 40 pL, 0.37 mol/L per tube), as previously
described elsewhere [23, 24]. We prepared platelet-poor plasma by centrifugation at 3000g
for 10 minutes at room temperature. The supernatant was then transferred into cryovials

(Greiner Bio-One, Niirtingen, Germany) in 1-mL aliquots and stored at -80°C.

Measurements of D-dimer and high-sensitivity CRP

To measure D-dimer and high-sensitivity CRP in plasma, samples were initially thawed in a
water bath at 37°C for 5 minutes and then subjected to centrifugation at 135009 for 2
minutes in order to obtain platelet-free plasma [24]. D-dimer was measured by an enzyme-
immunoassay (EIA) method, in which a monoclonal antibody (S4H9) [25] was used for
coating together with a monoclonal horseradish peroxidase-conjugated antibody for
detection (ab24474, Abcam, Cambridge, United Kingdom), as previously described [26].

Parallel diluted samples of known concentration were used as standards. The intra- and



inter-assay coefficients of variation of D-dimer were 2.1% and 4.3%, respectively. High-
sensitivity CRP was measured by EIA using commercially available reagents (R&D Systems,
Minneapolis, MN), with intra- and inter-assay coefficients of variation of 2.6% and 9.1%,

respectively [24].

Statistical analysis
Statistical analyses were performed using Stata version 16 (StataCorp LLC, Texas, USA) and R
version 4.0.5 (The R Foundation for Statistical Computing, Vienna, Austria). D-dimer was
categorized according to quartile cut-offs determined in controls (<94, 94-119, 119-152,
2152 ng/mL). We used unconditional logistic regression to estimate odds ratios (ORs) for VTE
with 95% confidence intervals (Cls) according to quartiles of D-dimer, and the lowest quartile
served as the reference category. P-values for linear trend across increasing quartiles of D-
dimer levels were calculated. The association between D-dimer levels and VTE was adjusted
for age and sex in model 1. BMI and inflammation, as reflected by high-sensitivity CRP, can
influence both D-dimer levels [14, 18, 19] and VTE risk [27, 28], thereby acting as potential
confounders in the association between D-dimer and VTE. We therefore added BMI to a
second model and high-sensitivity CRP was further included in a third model.

In addition, separate analyses were conducted for the VTE subgroups (i.e. DVT, PE+
DVT, provoked and unprovoked events). Cancer and arterial CVD have been reported to be
associated with both D-dimer levels [17, 29] and VTE risk [30-32], so we assessed the
association between D-dimer and overall VTE after excluding participants with self-reported
history of arterial CVD or cancer at cohort baseline.

Results based only on baseline measurement of D-dimer could be affected by

regression dilution bias due to the long follow-up time in the parent cohort [33]. To address



this, we took into account the time elapsed between blood sampling at baseline for D-dimer
measurement and the occurrence of VTE events. For overall VTE, we performed analyses
that restricted the maximum follow-up time for the VTE cases, while keeping all controls in
the analyses [23, 24]. The logistic regression analyses on time restrictions were set to require
the occurrence of at least 10 events of VTE. The ORs were generated at every time point a

new VTE occurred and plotted as a function of this maximum time.

RESULTS

The distribution of baseline characteristics across quartiles of plasma D-dimer levels is
described in Table 1. The mean age and BMI, median CRP levels, and the proportion of
subjects with self-reported history of arterial CVD increased across D-dimer quartiles. The
proportion of men was somewhat lower in the highest two quartiles compared with the two
lowest quartiles. The proportion of participants with self-reported history of cancer was low
and showed no consistent trend across quartiles of D-dimer. The characteristics of the VTE
patients are displayed in Table 2. The mean age at the time of the VTE event was 67.8 + 13.6
years, 48.3% were men, and most of the VTE patients presented with DVT (62.6%) and
provoked events (58.2%).

The ORs for VTE across quartiles of plasma D-dimer are shown in Table 3. In the age-
and sex-adjusted model, the ORs for overall VTE increased across D-dimer quartiles (Ptrend =
0.014). Participants with plasma D-dimer levels in the highest quartile (2152 ng/mL) had an
OR for VTE of 1.65 (95% Cl 1.14-2.40) compared with those with D-dimer in the lowest
quartile (<94 ng/mL). Risk estimates for overall VTE were marginally attenuated after adding
BMI to model 2 (OR 1.51, 95% Cl 1.04-2.20), and a further attenuation was noted when CRP

was added to model 3 (OR 1.34, 95% CIl 0.90-1.98).



Next, we analyzed the association between D-dimer levels and thrombosis risk in VTE
subgroups (Table 3). In the age- and sex-adjusted model, the risk estimates increased with
increasing D-dimer levels in DVT (Ptrend = 0.012) and unprovoked VTE (Ptrend = 0.025), with
ORs of 1.80 (95% ClI 1.16-2.80) and 1.64 (95% Cl 1.00-2.70) for the highest vs the lowest
quartile, respectively. Compared with the lowest quartile, the ORs for the highest quartile
were 1.44 (95% Cl 0.83-2.48) for PE and 1.69 (95% Cl 1.05-2.71) for provoked VTE. Similar to
the main analysis for overall VTE, further adjustment for BMI and CRP attenuated the risk
estimates in the subgroup analyses (Table 3) and in the sensitivity analysis where subjects
with self-reported history at baseline of arterial CVD and cancer were excluded
(Supplemental Tables 1-2).

To assess the possibility of underestimating the true association because of
regression dilution bias, we estimated ORs (highest vs lowest quartile of D-dimer) for overall
VTE as a function of time between blood sampling and VTE events. As depicted in Fig. 2, the
ORs for VTE comparing the highest vs lowest quartile of D-dimer were higher with shortened

time between blood sampling and VTE events, especially within the first 3 years of follow-up.

DISCUSSION

In this nested case-control study derived from the general population, we investigated
whether plasma D-dimer levels were associated with incident VTE. The ORs for VTE
increased across quartiles of D-dimer, and participants with D-dimer levels in the highest
quartile had an almost 1.7-fold increased ORs for VTE compared with those in the lowest
quartile in models adjusted for age and sex. However, the risk estimates were attenuated
upon additional adjustment for BMI and CRP. Similar findings were observed for VTE

subgroups and when participants with self-reported history of arterial CVD or cancer at
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baseline were excluded. For the regression dilution analysis, the OR for VTE by plasma D-
dimer levels (highest vs lowest quartile) appeared to increase with shortened time between
blood sampling and VTE events. Our findings suggest that the association between D-dimer
and risk of incident VTE is partially explained by body fat, as reflected by BMI, and an
underlying inflammatory state, as reflected by CRP levels.

D-dimer has been extensively investigated as a biomarker for risk of recurrence in
patients with unprovoked VTE. In previous systematic reviews, the prognostic value of D-
dimer related to recurrent VTE was assessed in patients who had completed the initial
anticoagulant treatment after an unprovoked event [10, 11]. Results from these studies
indicated that an elevated D-dimer was associated with increased risk of recurrent VTE and
could be useful to assess the individual risk of recurrence [10-12]. Additionally, results from
the Tromsg study showed that D-dimer measured at VTE diagnosis had the ability to
discriminate patients with high and low risk of recurrence [34].

In contrast to recurrent VTE, fewer studies have evaluated the association between
baseline D-dimer and incident VTE, especially in the general population. To the best of our
knowledge, this is the first study to stratify on DVT and PE and to perform a detailed analysis
on the role of inflammation when assessing the association between D-dimer and risk of
incident VTE in a population-based cohort. The relationship of baseline D-dimer with
incident VTE was initially addressed in the Longitudinal Investigation of Thromboembolism
Etiology (LITE), which is a pooled study composed of two community-based cohorts, the
Atherosclerosis Risk in Communities (ARIC) Study and the Cardiovascular Health Study (CHS).
Using a nested case-control design that included 307 VTE cases and 616 controls,
investigators found that participants with higher D-dimer levels had an increased risk of VTE

in models adjusted for age, race, sex, BMI, factor V Leiden, prothrombin G20210A, and
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factor VIII [13]. The authors later expanded plasma D-dimer measurements in the ARIC
population and found that D-dimer levels were related to increased risk of future VTE in a
dose-response manner even with more than 10 years of follow-up, in analyses adjusted for
age, race, and sex [14]. Additionally, results from the Multi-Ethnic Study of Atherosclerosis
(MESA), a prospective cohort with a median of 14 years of follow-up, showed that elevated
D-dimer levels were associated with increased risk of incident VTE independently of age, sex,
race/ethnicity, education, field center, BMI, diabetes, and estimated glomerular filtration
rate [16]. In a nested case-control study (215 VTE cases and 867 controls) derived from the
Women'’s Health Initiative hormone trials, which comprised postmenopausal women,
Cushman et al. investigated several biomarkers with regards to risk of future VTE [35]. The
authors found that high plasma D-dimer levels were associated with increased risk of VTE in
analyses adjusted for age, race, BMI, treatment assignment, self-reported VTE and
hysterectomy at screening. Finally, the predictive ability of D-dimer was evaluated in the
Framingham Heart Study, a cohort comprising 3120 participants, of whom 139 experienced
an incident VTE during a median follow-up of 16 years. Among several tested biomarkers,
higher D-dimer levels were associated with increased risk of VTE in multivariable-adjusted
models [15]. Our results are in line with the previous studies [13-16, 35], as we found that
higher D-dimer levels were associated with an increased risk of incident VTE, but according
to our results, such an association was partly explained by BMI and inflammation. In fact,
none of the aforementioned studies [13-16, 35] made adjustment for low-grade systemic
inflammation, as assessed by CRP levels.

D-dimer is a global biomarker for activation of the coagulation and fibrinolysis
systems and its levels are influenced by both environmental and genetic factors [36, 37].

Indeed, twin studies have found a wide range of heritability estimates for D-dimer levels,
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spanning from 23% to 65% in Northern Europeans [36-39]. Further, data from a genome-
wide association study revealed that D-dimer levels were in part explained by genetic
variants located in hemostatic factor genes that encode key procoagulant factors (tissue
factor, factor V, and fibrinogen). However, these genetic variants accounted for only 1.8%
(range 0%-4.2%) of the total variance in D-dimer phenotype [20], suggesting that
environmental factors play an important role in determining D-dimer levels.

An elevated D-dimer can be a marker of acquired VTE risk factors. Obesity, often
assessed by an increased BMI, is a well-known risk factor for VTE [27]. Folsom et al. showed
in the ARIC study that BMI increased across quintiles of D-dimer [14], similarly to what we
observed in our analysis. Additionally, in a twin study, Ariens et al. found that BMI had a
small but significant effect on D-dimer concentration, explaining 2.7% of its variance [36].
When we added BMI to our regression models, D-dimer remained associated with overall
VTE across quartiles, but risk estimates were somewhat attenuated, implying the presence
of confounding due to body fat. Upon additional adjustment for CRP, the risk estimates for
overall VTE decreased further, and similar effects were observed for all VTE subgroups and in
sensitivity analyses. As CRP is a sensitive downstream marker of inflammation, the risk
attenuation by adjustment for CRP may indicate that D-dimer reflects underling conditions
that increase the risk of VTE. In fact, diseases associated with chronic low-grade
inflammation, such as cancer, autoimmune and inflammatory diseases, chronic infections
and kidney disease, have shown to be associated with higher D-dimer levels [17-19, 40, 41]
and increased risk of VTE [30, 42-44]. As an elevated D-dimer may reflect the sum of several
underlying conditions that increase the risk of VTE, D-dimer could potentially be useful as a
global biomarker to identify those at an especially high risk of incident VTE. However, it is

important to address that our study was not designed to investigate the ability of D-dimer to
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discriminate subjects at high and low risk of future incident VTE. Thus, future prediction
studies aimed at assessing cut-off values of D-dimer that could be applied to aid risk
stratification of a first lifetime VTE would be warranted.

Strengths of this study include the nested case-control study design, where a large
population of VTE cases and controls were selected from the same population-based cohort.
D-dimer was measured in blood samples collected at cohort inclusion (1994-95) from
subjects who had no prior history of VTE and were not suspected of having an acute VTE at
blood sampling. Hence, given the prospective nature of our study design, we could make
assumptions on the temporal sequence between D-dimer and incident VTE. Further, since
there is only one hospital in the study area that provides VTE diagnostics and treatment,
there was a low likelihood of VTE cases being missed or misclassified. Some limitations of
this study merit attention. Blood samples were drawn in 1994-1995 and stored for more
than 20 years before analyses, and this could potentially have affected D-dimer levels.
However, because blood samples were stored in the same way and for the same duration in
cases and controls, any potential misclassification would be non-differential with regards to
VTE status, thereby introducing a possibility for underestimation of the true associations. In
addition, intra-individual variation in D-dimer levels during follow-up could have contributed
to attenuation of the true association [33]. The latter is likely, as ORs for VTE by high levels of
D-dimer were higher with shortened time between blood sampling and VTE events.
However, this analysis should be interpreted with caution because there were few events
within the first years after blood sampling. Because information on prothrombotic
genotypes, such as factor V Leiden and prothrombin G20210A mutation, was only available
for a small proportion of the study population, we could not adjust for these factors when

investigating the association between D-dimer and incident VTE. As previously described,
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genetic variants accounted for only a small proportion of the total variance in D-dimer levels
[20]. Moreover, results from the ARIC study showed that risk estimates for VTE across
quintiles of D-dimer were only marginally attenuated after additional adjustment for
common prothrombotic genotypes [14]. Taken together, adjustment for prothrombotic
genotypes would most likely not influence our risk estimates notably. Finally, the majority of
study participants were white, and therefore caution is needed when extrapolating our
findings to other ethnicities.

In conclusion, we found that elevated plasma levels of D-dimer were associated with
increased risk of future incident VTE. However, the attenuation of risk estimates upon
adjustment for BMI and CRP suggests that D-dimer partly reflects underlying conditions

associated with obesity and an inflammatory state.
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TABLES

Table 1. Distribution of baseline characteristics of the study population (n=1257) across

quartiles of plasma D-dimer levels

D-dimer levels (ng/mL)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
<94 94-119 119-152 >152
n 288 319 319 331
Age, years 51.8413.0 58.2+13.1 63.3112.2 66.8112.1
Sex, men 49.3 (142) 53.6 (171) 44.5 (142) 41.4 (137)
BMI, kg/m? 25.3+3.5 26.1+4.0 27.0£4.5 27.1£4.7
hsCRP, mg/L 0.8 (0.5-1.3) 1.3 (0.6-2.5) 1.5 (0.8-2.8) 2.2 (1.1-3.8)
Cancer?® 2.8 (8) 5.0 (16) 6.3 (20) 4.2 (14)
CcvDP 8.0 (23) 11.9 (38) 20.4 (65) 22.1(73)

Continuous variables are shown as mean (* standard deviation) or median (25th percentile -75th

percentile). Categorical variables are shown as percentages with numbers in brackets.

aSelf-reported history of cancer at baseline. PSelf-reported history of arterial cardiovascular disease
(myocardial infarction, angina, stroke) at baseline. BMI, body mass index; CVD, cardiovascular disease;

hsCRP, high-sensitivity C-reactive protein.
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Table 2. Characteristics of the venous thromboembolism (VTE)

events (n=414)

Characteristics

Age at VTE (years) 67.8+13.6
Sex (males) 48.3 (200)
Deep vein thrombosis 62.6 (259)
Pulmonary embolism 37.4 (155)
Unprovoked 41.8 (173)
Provoked VTE 58.2 (241)
Surgery/trauma 22.5(93)
Cancer 21.5(89)
Immobilization 18.1 (75)
Acute medical condition 15.7 (65)
Other factors 4.1(17)

Age is shown as mean * standard deviation, and categorical

variables as percentages with numbers in brackets.
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Table 3. Odds ratios (OR) with 95% confidence interval (Cl) for overall venous

thromboembolism (VTE) and subgroups according to quartiles of plasma D-dimer levels

OR (95% Cl)

D-dimer (ng/mL) Controls Cases Model 1 Model 2 Model 3
Overall VTE

<94 210 78 Ref. Ref. Ref.

94-119 211 108 1.41(0.99-2.01) 1.36(0.95-1.94) 1.27(0.89-1.83)
119-152 212 107 1.43(0.99-2.06) 1.31(0.91-1.90) 1.20(0.83-1.76)
>152 210 121 1.65(1.14-2.40) 1.51(1.04-2.20) 1.34(0.90-1.98)
P for trend 0.014 0.056 0.225

Deep vein thrombosis

<94 210 48 Ref. Ref. Ref.

94-119 211 66 1.44 (0.94-2.20) 1.40(0.91-2.14) 1.32(0.85-2.03)
119-152 212 68 1.54 (0.99-2.38) 1.43(0.92-2.22) 1.33(0.85-2.09)
>152 210 77 1.80(1.16-2.80) 1.65(1.06-2.58) 1.50(0.94-2.39)
P for trend 0.012 0.040 0.115
Pulmonary embolism

<94 210 30 Ref. Ref. Ref.

94-119 211 42 1.36 (0.81-2.28) 1.30(0.77-2.18) 1.19(0.70-2.01)
119-152 212 39 1.27 (0.74-2.18) 1.15(0.66-1.98) 1.02 (0.58-1.78)
>152 210 44 1.44 (0.83-2.48) 1.28(0.74-2.22) 1.10(0.62-1.94)
P for trend 0.270 0.514 0.936

Provoked VTE

<94 210 40 Ref. Ref. Ref.

94-119 211 72 1.78 (1.15-2.77) 1.72(1.10-2.67) 1.64 (1.05-2.57)
119-152 212 61 1.50(0.94-2.40) 1.41(0.88-2.25) 1.33(0.82-2.14)
>152 210 68 1.69(1.05-2.71) 1.55(0.96-2.49) 1.43(0.87-2.34)
P for trend 0.106 0.228 0.415
Unprovoked VTE

<94 210 38 Ref. Ref. Ref.

94-119 211 36 1.00 (0.61-1.65) 0.97 (0.59-1.60) 0.87 (0.52-1.46)
119-152 212 46 1.37 (0.84-2.24) 1.23(0.74-2.02) 1.08 (0.65-1.80)
>152 210 53 1.64 (1.00-2.70) 1.47(0.89-2.43) 1.23(0.73-2.08)
P for trend 0.025 0.085 0.297

Model 1, adjusted for age and sex; model 2, adjusted for age, sex and body mass index; model 3, adjusted
for age, sex, body mass index and high-sensitivity C-reactive protein.
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FIGURES

Figure 1. Flowchart of the study population. The flowchart shows the nested case-control
study derived from the fourth survey (Tromsg 4) of the Tromsg Study, conducted in 1994-
1995. Venous thromboembolism (VTE)
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Figure 2. Plots of estimated odds ratios (ORs) for overall venous thromboembolism (VTE)
as a function of time between blood sampling in Tromsg 4 (T4, 1994-95) and VTE events.
Participants with D-dimer plasma levels in the highest quartile (Q4) were compared with
those with D-dimer levels in the lowest quartile (Q1, reference). ORs were adjusted for age,
sex, body mass index and high-sensitivity C-reactive protein. Risk estimates were not
statistically significant at a P-value <0.05. The number of VTE events are shown above the
plots.
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SUPPLEMENTAL TABLES

Supplemental Table 1. Odds ratios (OR) with 95% confidence interval (Cl) for overall venous
thromboembolism according to quartiles of plasma D-dimer levels in participants without
self-reported cardiovascular disease at baseline (n=1058)

OR (95% Cl)

D-dimer (ng/mL) Controls Cases Model 1 Model 2 Model 3

<94 196 69 Ref. Ref. Ref.

94-119 183 98 1.54 (1.06-2.24) 1.48(1.01-2.15) 1.42 (0.97-2.07)
119-152 167 87 1.52 (1.02-2.25) 1.39(0.93-2.07) 1.30(0.87-1.96)
>152 165 93 1.65(1.10-2.48) 1.49(0.99-2.25) 1.38(0.90-2.11)
P for trend 0.027 0.100 0.241

Model 1, adjusted for age and sex; model 2, adjusted for age, sex and body mass index; model 3, adjusted
for age, sex, body mass index and high-sensitivity C-reactive protein.
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Supplemental Table 2. Odds ratios (OR) with 95% confidence interval (Cl) for overall venous
thromboembolism according to quartiles of plasma D-dimer levels in participants without
self-reported cancer at baseline (n=1199)

OR (95% Cl)

D-dimer (ng/mL) Controls Cases Model 1 Model 2 Model 3

<94 206 74 Ref. Ref. Ref.

94-119 200 103 1.46 (1.02-2.10) 1.41(0.98-2.03) 1.31(0.90-1.89)
119-152 201 98 1.42 (0.98-2.07) 1.30(0.89-1.90) 1.17(0.79-1.73)
2152 205 112 1.62(1.11-2.37) 1.46(0.99-2.14) 1.26(0.84-1.88)
P for trend 0.026 0.111 0.423

Model 1, adjusted for age and sex; model 2, adjusted for age, sex and body mass index; model 3, adjusted
for age, sex, body mass index and high-sensitivity C-reactive protein.
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