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INTRODUCTION

Summary

We examined the associations between haematological and inflammatory variables
with future venous thromboembolism (VTE), in 3494 men aged 60-79 years, with
no previous history of VTE or myocardial infarction, who were not receiving oral
anticoagulants. After a mean follow-up period of 18 years, there were 149 confirmed
cases of fatal or non-fatal VTE (deep vein thrombosis and/or pulmonary embolism).
Among classical cardiovascular risk factors, only obesity and cigarette smoking were
associated with VTE risk. After adjustment for age, obesity and smoking, VTE risk
was associated with coagulation factor VIII, factor IX, von Willebrand factor (VWE),
activated partial thromboplastin time (APTT), and fibrin D-dimer. Hazard ratios
(95% CI) for top to bottom quarters (bottom to top for APTT), were respectively 2.17
(1.37,3.44), 2.15 (1.30, 3.53), 2.02 (1.27, 3.22), 2.43 (1.47, 4.02) and 3.62 (2.18, 6.08). The
11% of men with both the shortest APTT and highest D-dimer combined had a 5.02
(2.37, 10.62) higher risk of VTE. VTE risk was not associated with fibrinogen, factor
VII or activated protein C resistance; full blood count variables or with inflamma-
tory markers, plasma viscosity, C-reactive protein or interleukin-6. The combination

of D-dimer and APTT merits evaluation as an adjunct to VTE risk prediction scores.

KEYWORDS
activated partial thromboplastin time, coagulation factor VIII, fibrin D-dimer, venous
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in the United States and Europe; and 50% of survivors have
long-term complications. Risk factors for VTE include age,

Venous thromboembolism (VTE; deep vein thrombosis and ~ male sex, obesity and cigarette smoking; but not diabetes,
pulmonary embolism) is the third most common cause of  high blood pressure or blood lipids—in contrast to arterial
cardiovascular death in the UK and other developed coun-  thrombosis.>* Half of VTE episodes are provoked in high-
tries." Each year, over half a million people die from VTE  risk medical settings in which routine assessment for VTE
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risk and antithrombotic prophylaxis can reduce the risk.
For the half of VTE episodes which are non-provoked, there
is a need to establish further risk predictors, in addition to
age, obesity and smoking.

Epidemiological studies have identified several prothrom-
botic risk factors for VTE, including genetic mutations in co-
agulation factors II and V; and deficiencies in coagulation
inhibitors antithrombin, protein C and protein S. The low
population frequencies of these mutations make population-
based screening currently impractical in preventing unpro-
voked VTE.* However, two population cohort studies in the
United States (the ARIC and CHS studies, together com-
prising the longitudinal investigation of thromboembolism
aetiology [LITE] study) have reported that high levels of co-
agulation factors VIII,> IX and XI° fibrin D-dimer,”® and
shorter activated partial thromboplastin time (APTT)® are
associated with increased risk of future VTE; independently
of risk factors and of each other. Zakai et al.’ reported inter-
action between shorter APTT and D-dimer; and suggested
further study of these variables in risk assessment for VTE.

There is a need for further population cohort studies of
haematological variables and risk of future VTE,' particu-
larly in older populations at particularly high risk of VTE.
In the British Regional Heart Study of older men, we have
previously reported the associations of a range of haemato-
logical and inflammatory variables with risk of future arte-
rial thrombosis: myocardial infarction'' and stroke.'” In this
study we report their associations with risk of future VTE.

METHODS

The British Regional Heart Study is a prospective study in-
volving 7735 men aged 40-59 years drawn from one general
practice in each of 24 British towns, who were screened be-
tween 1978 and 1980."° The population studied was socio-
economically representative of British men and comprises
predominantly white Europeans (>99%). In 1998-2000,
all surviving men, then aged 60-79years, were invited for
a 20th year follow-up examination. All men completed a
mailed questionnaire providing information on their life-
style, medical history and medication; had a physical exami-
nation and provided a fasting blood sample. 4252 men (77%
of survivors) attended for examination. A total of 4088 men
had at least one haematological or inflammatory marker
measured. We excluded men with baseline doctor diagnosed
myocardial infarction or a history of a diagnosis of deep vein
thrombosis or pulmonary embolism, and all men on anti-
coagulant drugs (n = 594). After these exclusions, 3494 men
were available for analysis.

Cardiovascular risk factors

Details of measurement and classification methods for body
mass index (BMI weight/height®), waist circumference
(WC), smoking status, physical activity, social class, alcohol

intake, blood pressure and blood lipids have been previoiusly
described."* Prevalent diabetes included men with a diagno-
sis of diabetes, or fasting blood glucose >7 mmol/l.

Haematological and inflammatory variables

At the 20-year examination, blood was anticoagulated
with K, EDTA (1.5 mg/ml) for measurement of full blood
count (Coulter S), and plasma viscosity at 37°C in a semi-
automated capillary viscometer (Coulter Electronics). Blood
was also anticoagulated with 0.109M trisodium citrate
(9:1 v:v) for measurement of clottable fibrinogen (Clauss
method); as well as coagulation factors VII, VIII and IX; ac-
tivated partial thromboplastin time (APTT) and activated
protein C (APC) ratio (as a measure of APC resistance) in
an MDA-180 coagulometer (Organon Teknika). Fibrin D-
dimer was measured with an enzyme-linked immunosorb-
ent assay (Biopool AB) as was von Willebrand factor (VWE)
antigen (Dako). C-reactive protein (CRP) was assayed by
ultra-sensitive nephelometry (Dade Behring). Interleukin-6
(IL-6) was assayed using a high-sensitivity ELISA (R & D
Systems). Distributions and laboratory coefficients of varia-
tion have been described previously."?

Follow-up

All men have been followed up from initial examination
(1978-1980) for cardiovascular morbidity and mortality and
follow-up has been achieved for 99% of the cohort." In the
present analyses, all-cause mortality and morbidity events
are based on follow-up from re-examination in 1998-2000
at mean age 60-79years to June 2018. Survival times ended
at the first VTE event or when participants were censored for
death due to any cause, or the end of the follow-up period,
whichever occurred first. Information on death was pro-
vided by the UK National Health Service registers. Incident
VTE included fatal and non-fatal VTE. Non-fatal VTE was
based on a doctor-confirmed diagnosis of VTE from pri-
mary care medical records (including hospital and clinical
correspondence). All cases were verified by a review of avail-
able clinical information from primary and secondary care
records (symptoms, signs, investigations, and treatment re-
sponse) considering information on ultrasound scans, veno-
grams, D-dimer measurements, lung scans and pulmonary
angiograms where available. Incident fatal VTE cases were
those in which the diagnosis of VTE was mentioned as the
underlying cause of death in death certificates. Fatal VTE
events were defined as ICD ninth revision, codes 451 and 453
(DVT) and 415 (PE).

Statistical analysis

Analyses are based on the division of coagulation vari-
ables into quartiles. Chi-squared tests were used to test the
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difference in the distribution of baseline characteristics be-
tween those who developed VTE and those who did not. The
t-test was used to test the differences in mean levels of risk
factors between the two groups. Cox's proportional hazards
model was used to assess the multivariate-adjusted relative
risk for the highest quartile compared with the lowest quar-
tile (reference group). For APTT the reference group was
the highest quartile for comparisons with other factors. In
the adjustment, smoking (long term ex-smokers [>15years],
recent ex-smokers and current smokers) was fitted as a cat-
egorical variable. BMI was fitted as a continuous variable.
Tests for trends were carried out fitting the coagulation
variables in their original continuous form. To identify the
best predictive models, the areas under the curve (AUC) (c-
statistics) were used to assess the ability of blood markers
to predict VTE beyond a score which included conventional
routine risk factors age, BMI and smoking. Finally, analyses
were performed for combinations of tertiles of D-dimer and
APTT.

RESULTS

During the mean follow-up period of 18years (total 48670
person-years of analysis), there were 149 incident VTE cases
in the 3494 men with no history of MI or VTE and who were
not on anticoagulant drugs.

Baseline characteristics

Table 1 compares classical cardiovascular risk factors, and
haematological, haemostatic and inflammatory variables in
men with and without incident VTE. Those who developed
VTE had higher BMI and larger waist circumference than
those who did not develop VTE, but they were less likely to
be current smokers and more likely to have been recent ex-
smokers. D-dimer and coagulation factors VIII, IX, VWEF
were significantly higher, and APTT significantly shorter,
in those who developed VTE. No significant difference was
seen in levels of other haematological variables, or inflam-
matory markers, between those who developed VTE and
those who did not.

Coagulation variables and incident VTE

In age adjusted analyses, D-dimer, factor VIIIL, IX, VWEF
and APTT were positively associated with risk of inci-
dent VTE. Table 2 shows the adjusted hazard ratio (95%
CI) for incident VTE for these variables. They remained
significantly associated with risk of VTE after adjustment
for age, BMI and smoking status. Many were significantly
correlated (Table 3) and the association between factor IX
and risk of incident VTE was markedly attenuated after
adjustment for factor VIII (Table 2). By contrast, factor
VIII remained significantly associated with incident VTE
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after adjustment for factor IX (HR, top quartile vs. bottom
quartile 1.74 [1.04, 2.90]; p = 0.02 for trend). Factor VIII
and VWF were highly correlated (r = 0.70) and when both
were included in the model each became non-significant,
although factor VIII showed stronger associations with
VTE compared to VWF (1.60 [0.90, 2.86], p = 0.09 com-
pared to 1.40 [0.77, 2.54], p = 0.31). Adjustment for D-
dimer made little difference to the association between
APTT and VTE; the associations of VTE with factor VIII
and with factor IX were partially attenuated, but each re-
mained significant.

Table 4 shows the associations between D-dimer, factor
VIII and APTT with incident VTE, adjusting for age, BMI,
smoking and each of the other coagulation variables. D-
dimer showed the strongest association, followed by APTT.
The association seen for factor VIII was markedly attenuated
after adjustment for APTT.

To identify the best predictive models in predicting VTE
we obtained c-statistics for models with and without bio-
markers (D-dimer, APTT and factor VIII). Table 5 shows
the c-statistics for the model with age, BMI and smoking
and the improvement in C-statistics in models with blood
markers D-dimer, APTT and factor VIII. A simple model
with age, smoking and BMI yielded a c-statistics of 0.575
(0.529, 0.593). Adding both D-dimer and APPT improved
prediction significantly (c statistic = 0.657 [0.613, 0.701]).
By contrast adding factor VIII to the model made no im-
provement in the c-statistic (c = 0.653 [0.609, 0.697]). Thus,
a model which included age, BMI, smoking, D-dimer and
APPT provided the best c-statistics.

Combined effect of D-dimer and APTT on
risk of VTE

To assess the combined influence of APTT and D-dimer
on risk of VIE and to achieve sufficient numbers, we
stratified the APTT and D-dimer by tertiles of the distri-
bution. Figure 1 shows the combined analysis of D-dimer
and APTT and the hazard ratio (95%CI) for incident VTE,
adjusted for age, BMI and smoking. The lowest risk of VTE
was in the 12% of men in the lowest tertile of D-dimer,
and the highest tertile of APTT. Compared to that group,
the 36% of men in the middle (33.3-66.6) tertiles of both
D-dimer and APTT had a non-significantly higher risk
of VTE: HR 1.40 (0.67, 2.90). The risk of VTE increased
to two- fold in those with low APTT only, three-fold in
those with high D-dimer only and to five-fold in the 11%
of men with both high D-dimer and low APTT: HR 5.02
(2.37,10.62). Among half the men (47.6%) who did not fall
into either the lowest tertile of APTT or highest tertile of
D-dimer (bottom 2 stratum) the absolute risk was 1.9/1000
person years. Compared to this larger group of men the
HR (95%CI) for those with low APTT only, elevated D-
dimer only and those with low APTT and high D-dimer
were 1.48 (0.92, 2.309), 2.50 (1.63, 3.83) and 3.86 (2.43,
6.11), respectively.
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TABLE 1 Distributions of baseline demographics, cardiovascular risk factors and haematological or inflammatory variables, according to venous
thromboembolism (VTE) status at follow-up

No incident VTE (N = 2848) Incident VTE (N = 148) p-difference between groups®

CVD risk factors
Age (years) 68.6 (5.49) 68.0 (5.24) 0.27
BMI (kg/mz) 26.77 (3.69) 27.56 (3.61) 0.009
WC (cm) 96.8 (10.27) 99.54 (9.61) 0.002
% Inactive 9.8 11.5 0.49
% Current smokers 13.2 6.1 0.01
% Recent ex-smokers 19.3 26.4 0.03
% Diabetes 12.7 10.8 0.51
% Manual workers 53.4 55.4 0.63
% Heavy drinkers 3.8 4.7 0.56
Total cholesterol (mmol/I) 6.04 (1.06) 6.04 (1.04) 0.96
Systolic blood pressure (mmHg) 150.3 (23.9) 146.7 (24.2) 0.08
HDL cholesterol (mmol/I) 1.33(0.34) 1.30 (0.33) 0.27
Blood group (%)
Non-O 52.0 58.1 0.13
(0] 48.0 41.9
A 40.2 44.2
AB 9.2 10.2
B 2.6 2.0

Coagulation factors

Log D-dimer (ng/ml) 4.39 (0.82) 4.63 (0.80) <0.0001
Factor V1I (iu/dl) 118.2 (25.47) 116.8 (23.65) 0.52
Factor VIII (iu/dl) 131.3 (31.35) 138.3 (33.55) 0.007
Factor IX (iu/dl) 131.5 (25.06) 136.6 (24.41) 0.01
VWEF (iu/dl) 138.0 (46.04) 145.7 (42.47) 0.04
APTT (s) 30.97 (3.59) 29.96 (3.02) 0.005
APC ratio 3.28 (0.55) 3.29 (0.59) 0.93
Fibrinogen (g/1) 3.26 (0.73) 3.16 (0.70) 0.12
Inflammation markers
Log CRP (g/1) 0.52 (1.11) 0.66 (1.03) 0.12
Log IL-6 (pg/ml) 0.88 0.84 0.42
Plasma viscosity (mPa.s) 1.28 (0.08) 1.28 (0.11) 0.93
Full blood count
WBC count x10%/1 1.92 (0.27) 1.90 (0.31) 0.36
RBC count x10'%/1 4.86 (0.40) 4.85(0.39) 0.58
Platelet count x10°/1 235.9 (62.7) 235.7 (67.4) 0.96
MPV {1 8.40 (1.71) 8.19 (1.70) 0.13
MCH pg 30.08 (1.83) 30.0 (2.18) 0.36
MCHC g/1 0.32 (0.01) 0.32 (0.01) 0.39
MCV fl 92.9 (5.25) 92.9 (5.76) 0.98
Haematocrit 1/1 45.13 (3.38) 44.93 (3.30) 0.49
Haemoglobin g/1 14.60 (1.18) 14.50 (1.17) 0.31

Abbreviations: MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume; MPV, mean platelet volume;
RBC, red blood cell; WBC, white blood cell; WC, waist circumference.

“Chi-squared and t-tests to obtain p-values for difference in prevalence and mean levels between the two groups, respectively.
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TABLE 2 Coagulation variables and adjusted hazards ratio, HR (95% CI) for incident VTE, per quartile

Age adjusted Model 1
D-dimer
1 1.00 1.00
2 1.21 (0.69, 2.14) 1.22 (0.69, 2.16)
3 2.29 (1.36, 3.85) 2.20 (131, 3.71)
4 3.62(2.18,6.01) 3.57 (2.14,5.94)
Trend p<0.0001 p<0.0001
Factor VIII
1 1.00 1.00
2 1.12 (0.67, 1.87) 1.05 (0.63, 1.76)
3 1.53 (0.94, 2.49) 1.45 (0.89, 2.35)
4 2.17 (1.37, 3.44) 2.01 (1.27, 2.18)
Trend p=0.0002 p=0.0008
Factor IX
1 1.00 1.00
2 1.44 (0.86, 2.42) 1.43 (0.84, 2.43)
3 1.77 (1.06, 2.95) 1.76 (1.05, 2.97)
4 2.15 (1.30, 3.53) 2.02 (1.20, 3.38)
Trend p=0.003 0.01
APTT
1 2.43 (1.47,4.02) 2.49 (1.48, 4.45)
2 1.96 (1.16, 3.31) 1.99 (1.17, 3.39)
3 1.29 (0.74, 2.25) 1.34 (0.76, 2.34)
4 1.00 1.00
Trend p=0.0002 p=0.0001
VWEF
1 1.00 1.0
2 1.07 (0.64, 1.78) 1.04 (0.60, 1.67)
3 1.61 (1.01, 2.59) 1.51 (0.94, 2.43)
4 2.02 (1.27, 3.22) 1.93 (1.21, 3.08)
Trend p=0.0007 p=0.002

Model 1+FVIII

1.00

1.16 (0.66, 2.05)
2.04 (1.20, 3.46)
3.19(1.90, 5.37)
p<0.0001
Model 1 + VWEF
1.00

0.98 (0.58, 1.65)
1.27 (0.75, 2.15)
1.60 (0.90, 2.86)
p=0.09

Model 1+FVIIL
1.00

1.30 (0.76, 2.22)
1.50 (0.88, 2.57)
1.55 (0.88, 2.72)
p=027

Model 1+ FVIII
2.09 (1.21, 3.59)
1.81 (1.05, 3.11)
1.29 (0.73, 2.26)
1.00

p=0.004
Model 1 +FVIIL
1.00

0.94 (0.55, 1.58)
1.26 (0.75, 2.11)
1.40 (0.77, 2.54)
p=026
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Model 1+ D-dimer

1.00
0.97 (0.58, 1.65)
1.31 (0.81,2.13)
1.70 (1.07, 2.71)
p=0.01

1.00

1.42 (0.83, 2.40)
1.72 (1.02, 2.89)
1.85 (1.10, 3.11)
p=0.03

2.31 (1.38, 3.86)
1.92 (1.13, 3.28)
1.33 (0.76, 2.34)
1.00

p=0.0006

1.00

0.98 (0.59, 1.64)
1.39 (0.87,2.24)
1.65 (1.03, 2.64)
p=0.03

Note: Model 1 =adjusted for age, BMI and smoking.

DISCUSSION

We report the first large UK prospective population-based
study of a range of haematological variables and risk of fu-
ture VTE, within a representative sample of older men from
across the UK. We confirm the findings in two prospec-
tive population studies from the United States (the ARIC
and CHS studies, comprising the LITE study) that circu-
lating concentrations of coagulation factor VIIL fibrin D-
dimer,”® and short APTT? are associated with increased risk
of VTE; independently of classical CVD risk factors and of
each other.

We report that D-dimer showed the strongest association
with VTE, independent of age, BMI, smoking and other co-
agulation variables. This confirms previous studies.*'’

Factor VIII and VWF circulate as a high-affinity non-
covalent complex,'® and their plasma levels are highly

correlated in general population sample: r = 070 in our study.
We observed similar associations of factor VIII and VWF
level with risk of future VTE. When both were included in
the model their associations with incident VTE were, un-
surprisingly, attenuated, although factor VIII showed the
stronger association. The LITE study reported that FVIII
and VWF were associated with VTE risk independently of
each other.” While case-control studies including LETS"
and MEGA'® confirmed similar associations of factor VIII
and VWF with VTE risk, on multivariate analysis they did
not show associations independently of each other: similar
to the current study.

A direct causal effect of the factor VIII/VWEFE complex on
risk of VTE is supported by a systematic review and meta-
analysis of studies of ABO(H) blood groups non-O, which
confer higher levels of factor VIII and VWF than group O."”
This reported a pooled odds ratio of 1.79 (95% CI 1.56, 2.05)
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for non-O blood group for VTE. The LITE study reported that
ABO blood group and factor VIII were independently associ-
ated with risk of VTE.?” In the present study, we found that
non-O blood group was non-significantly associated with risk
of VTE: hazard ratio for non-O versus O 1.28 (0.92, 1.77).
Our study appears to be the first population-based co-
hort study of incident VTE and factor IX level. Factor IX

TABLE 3 Correlations between coagulation variables

D

dimer FVIII FIX VWEF APTT
D-dimer 1.00 0.25 0.15 0.28 -0.09
Factor VIII 1.00 0.43 0.70 -0.33
Factor IX 1.00 0.20 -0.43
VWF 1.00 -0.14
APTT 1.00

Note: All p<0.0001.

TABLE 4 Quartiles of D-dimer, factor VIII, APTT and HR (95%CI)
for incident VTE, after adjustment for age, BMI, smoking and each of the
other variables

HR (95%CI)
D-dimer
1 1.00
2 1.16 (0.65, 2.05)
3 2.00(1.18, 3.39)
4 3.13 (1.86, 5.27)
Trend p<0.0001
Factor VIII
1 1.00
2 0.88 (0.52, 1.40)
3 1.08 (0.66, 1.79)
4 1.30 (0.79, 2.14)
Trend p=022
APTT
1 2.06 (1.20, 3.56)
2 1.81 (1.05, 3.12)
3 1.30 (0.74, 2.28)
4 1.00
Trend p =0.006
TABLE 5
APTT and factor VIII
Model C-statistics

1. Age, BMI and smoking

3. Age, BMI, smoking +APTT
4. Age, BMI, smoking+D-dimer+APTT
5. Age, BMI, smoking+APTT+D-dimer+Factor VIII

0.575 (0.529, 0.620)
2. Age, BMI, smoking +D-dimer 0.631 (0.529, 0.673)
0.629 (0.583, 0.674)
0.657 (0.613, 0.701)
0.653 (0.609, 0.697)

was associated with risk of future VTE; but this was atten-
uated by adjustment for factor VIII. Population-based case—
control studies have shown variable results.>'®*** The
largest study, MEGA," which included all coagulation fac-
tors, showed that while factor VIII and VWF had the largest
effect on VTE risk, factor IX (and factor XI) showed weaker,
but significant associations.

The present study confirms the findings of the LITE
study that shortened APTT is independently associated
with risk of future VTE, after adjustment for obesity, factor
VIII, factor IX, and D-dimer; the LITE study also adjusted
for factor XI.” Similar results on APTT were reported from
a case—control study of VTE.** In the prospective, multi-
centre ECAT-DVT study of many haemostatic variables
and risk of DVT after elective hip replacement, APTT was
the only one to show an independent predictive value for
DVT risk.”

Risk of future VTE was not associated with fibrinogen
or factor VII; consistent with reports from the LITE cohort
study™®; and from the large MEGA study of all coagulation
factors."® We found no association of activated protein C re-
sistance, measured as APC ratio, with risk of VTE. This is
likely due to its strong association with the factor V Leiden
mutation, which has a low prevalence in the UK population
of 2.5%.°

Risk of VTE was not associated with full blood count
variables; nor with the inflammatory markers plasma vis-
cosity, C-reactive protein or interleukin-6. The lack of as-
sociations with inflammatory markers is consistent with
reports from the LITE cohort study,” and the Malmo co-
hort study.”

Our findings showed that when FVIII, APTT and D-
dimer were included in the same model, hazard ratios re-
mained significant for D-dimer and lower APTT; but not for
FVIIL This finding suggests that APTT captures the effect
of FVIII on VTE risk, which may reflect complex interac-
tions of coagulation system proteins not captured by indi-
vidual factor assays.'

The most important finding from our study is that it pro-
spectively confirms the suggestion of Zakai et al.” that the
combination of D-dimer and lower APTT identifies men at
highest risk of VTE. The lowest risk of VTE was in men with
low (lowest tertile) D-dimer and high (top tertile) APTT.
Compared to this group those with low APTT alone or high
D-dimer alone showed a two-to-three-fold increase in risk
even after taking age, BMI and smoking into account and

C-statistics (95%CI) for clinical models and improvement in c-statistics for conventional model (age, BMI and smoking) with D-dimer,

p-value improvement

Model 2 vs. Model 1 p=0.007
Model 3 vs. Model 1 p=0.006
Model 4 vs. Model 2 p=0.04
Model 5 vs. Model 4 p=0.50
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FIGURE 1 Combinations of tertiles of APTT and D-dimer and associations with incident VTE, adjusted for age, BMI and smoking. Low, lowest

tertile; mid, middle tertile; high, top tertile. Tertiles of APTT: <29.2, 29.2-31.6, 231.7. Tertiles of D-dimer: <57, 57-99.9, 2100.

this increased to five-fold in men with both high D-dimer
and low APTT. Compared to the 47.6% of men who did not
have low APTT or high D-dimer, the risk of VTE in those
in the top risk category (low APTT and high D-dimer) was
increased over three-fold.

The predictive value of clinical variables for prediction
of VTE in the UK can be assessed by the Qthrombosis
score (Qthrombosis.org). For an average male non-smoker
aged 70years, with average BMI of 26kg/m?, the 5-year
risk of VTE is about 1.5%. We estimate that this average
risk would be more than trebled in the 11% of men who
are in both the top third of D-dimer levels, and the bottom
third of APTT: increasing the 5-year risk of VTE to about
5%. Identification of this level of risk might have preven-
tive value: either focussed lifestyle advice (reducing weight
and smoking habit, increased activity), or consideration
of antithrombotic prophylaxis.* It could also identify this
high risk 11% of the population in whom randomised con-
trolled trials of low dose direct anticoagulant treatment
might be performed.

Thus, it may be feasible to combine APTT and D-dimer
in risk assessment for VTE. Both tests are routinely per-
formed in UK haematology laboratories, to assess bleeding
risk and VTE risk; and are included in a national quality
assessment schemes (NEQAS Blood Coagulation). Our
study was performed on stored frozen plasma samples
from citrated blood, demonstrating that their assay in
batches provides relevant data to inform individual risk
assessment.

Our cohort of older men in the BRHS (men aged 60-
79years) are at high risk of a first episode of VTE. Half of
all population VTE cases occur in this age group, and the
risk is significantly higher in men than women.*® We have
shown in BRHS men significant increases in FVIII and D-
dimer with increasing age in this group,*® which from this

report may be plausible contributors to their increased risk
of VTE. We found no association of APTT with age. While
our population sample is representative of the UK popula-
tion, there is a need to repeat our study of VTE risk factors
in women.

Strengths of our study include a large representative
cohort sample of the older UK male population who are
at high risk of future VTE; and a comprehensive assess-
ment of haematological and inflammatory variables which
may be markers of VTE risk. Limitations include a largely
white European male sample. Further population studies of
FVIII, FIX, VWE, D-dimer and APTT and risk of VTE are
required, and in due course meta-analyses to establish the
strength of these associations, and their potential in risk pre-
diction when added to classical risk factors.
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