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Background: Conflicting data are available on air travel
as arisk factor for venous thromboembolism. To our knowl-
edge, there are no studies investigating whether individu-
als with thrombophilia and those taking oral contracep-
tives are more likely to develop venous thromboembolism
during flights than those without these risk factors.

Participants and Methods: The study sample con-
sisted of 210 patients with venous thromboembolism and
210 healthy controls. DNA analysis for mutations in fac-
tor V and prothrombin genes and plasma measurements
of antithrombin, protein C, protein S, total homocysteine
levels, and antiphsopholipid antibodies were performed.

Results: In the month preceding thrombosis for pa-
tients, or the visit for controls, air travel was reported
by 31 patients (15%) and 16 controls (8%), with an
oddsratio of 2.1 (95% confidence interval, 1.1-4.0).

Thrombophilia was present in 102 patients (49%) and
26 controls (12%), and oral contraceptives were used by
48 patients and 19 controls (61% and 27% of those of
reproductive age, respectively). After stratification for the
presence of air travel and thrombophilia, the odds ratio
for thrombosis in individuals with both risk factors was
16.1 (95% confidence interval, 3.6-70.9). Stratification
for the presence of air travel and oral contraceptive use
gave an odds ratio of 13.9 (95% confidence interval, 1.7-
117.5) in women with both risk factors.

Conclusions: Air travel is a mild risk factor for venous
thromboembolism, doubling the risk of the disease. When
thrombophilia or oral contraceptive use is present, the
risk increases to 16-fold and 14-fold, respectively, indi-
cating a multiplicative interaction.
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ENOUS THROMBOEMBOLISM

(VTE) is a multifactorial

disease resulting from the

interaction between ge-

netic and environmental
risk factors.! The former includes abnor-
malities causing inherited thrombophilia,
such as deficiencies of the naturally occur-
ring anticoagulants antithrombin, protein
C, protein S, and the gain-of-function mu-
tations in genes encoding coagulation fac-
tor V (factor V Leiden) and prothrombin.
The environmental, transient risk factors as-
sociated with an increased risk of VTE are
cancer, recent surgery, pregnancy and pu-
erperium, use of oral contraceptives, and
prolonged immobilization.

Recently, it has been suggested that air
travel should be included among transient
risk factors for VTE. The first observation
thatair or surface travel might be associated
with VTE was made in the mid 1960s* and
was recently confirmed in 2 case-control
studies.>* However, another case-control
study limited to air travel failed to confirm
such an association.” After the recent dem-
onstration of anassociation between air travel
and symptomatic pulmonary embolism
(PE) °simple behavioral measures were rec-

ommended during flights, such asincreased
water consumption, limitation of alcohol,
avoidance of constricting clothes and leg
crossing, and mild leg exercise. It has also
been pointed out that more aggressive pro-
phylactic measures, such as elastic stockings
or anticoagulant drugs, should be imple-
mented in high-risk individuals, such as those
with thrombophilia.” Although this recom-
mendation is clinically meaningful, there is
no evidence that the risk of VTE after air
travelisinfluenced by the presence of throm-
bophilia. To establish whether air travel is
arisk factor for VTE, and to investigate the

See also pages 2674,
2759, and 2766

interaction between air travel and thrombo-
philia, we carried out a case-control study
in which the potential for bias was mini-
mized. We also evaluated the interaction be-
tween air travel and oral contraceptive use,
which is a common and independent risk
factor for VTE. Our study could help to de-
termine whether antithrombotic prophylaxis
should be given duringair travel to individu-
als at a potentially high risk of VTE.
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Table 1. General Characteristics of the Study Population
Patients Controls
Characteristic (n = 210) (n =210)
Sex, M/F, No. 107/103 115/95
Age, median (range), y 42 (20-71) 43 (18-69)
Education level, No.
Grade school 17 18
High school 56 56
College 95 94
University 42 42
Body mass index, mean + SD, kg/m? 253+45 240+3.7

— R

PATIENTS

Consecutive patients attending the Thrombosis Center from Janu-
ary 1, 1999, to September 30, 2001, for a thrombophilia screen-
ing were included in the study if they had a first and docu-
mented episode of proximal deep vein thrombosis (DVT) and/or
PE in the last 24 months. Patients younger than 20 years or older
than 70 years and those with known malignant diseases were ex-
cluded from the study. Proximal DVT was objectively diagnosed
by (Doppler) ultrasound examination or venography and PE by
perfusion or ventilation-perfusion lung scan, computed tomog-
raphy, or angiography. At the time of the visit, patients were asked
about the presence of transient risk factors in the month preced-
ing the event, including air travel, oral contraceptive use or hor-
mone replacement therapy, pregnancy, surgery, trauma, and im-
mobilization. At this time, interviewing physicians were unaware
of the presence of thrombophilia. When air travel was reported,
the distance and duration of the flight and the class of travel were
asked. Long-distance flights were considered those of at least 8
hours’ duration, according to Scurr et al.®

CONTROLS

Control subjects were individuals who volunteered to be
screened for thrombophilia in the same period of referral as pa-
tients. This group consisted of friends or partners of the entire
population of patients referred to the Thrombosis Center, with
the only exclusion criterion being a positive personal history
for thrombosis and overt malignant diseases. A validated ques-
tionnaire was used to ascertain the absence of thrombosis in
their life.® One control was matched to each patient for age (+5
years), sex, and education level (4 different levels from grade
school to university). At the time of the visit, controls were asked
about the presence in the preceding month of the same tran-
sient risk factors for thrombosis that were asked of patients.

All the study participants gave their written consent. The
study protocol is consistent with the principle of the Declara-
tion of Helsinki.

LABORATORY TESTS

Laboratory tests were carried out and interpreted by independent
and blinded technicians. Thrombophilia screening included DNA
analysis for the 1691 guanine to adenine substitution in coagula-
tion factor V gene (factor V Leiden) and for the 20210 guanine to
adenine substitution in the prothrombin gene; plasmalevels of the
naturally occurring anticoagulants antithrombin, protein C, and
protein S; the presence of antiphospholipid antibodies (lupus an-
ticoagulant and anticardiolipin antibodies); and plasma levels of
fasting and post-methionine load total homocysteine.

Blood was collected into vacuum tubes containing 3.8%
(weight per volume) sodium citrate as anticoagulant for co-

agulation tests and EDTA for homocysteine measurements. The
DNA analysis was carried out as described by de Ronde and
Bertina'® for factor V Leiden and by Poort et al'! for the pro-
thrombin mutation. Antithrombin, protein C, and protein S de-
ficiency were diagnosed on the basis of laboratory measure-
ments as described elsewhere.'* Total plasma homocysteine was
measured by high-performance liquid chromatography after
overnight fasting and 4 hours after an oral methionine loading
(3.8 g/m? of body surface area) as previously described."

All individuals included in the study underwent a com-
plete thrombophilia screening, except for 60 patients in whom
protein C and protein S levels could not be evaluated because
of ongoing oral anticoagulant treatment at the time of blood
sampling, since measurements of vitamin K-dependent pro-
teins are unreliable during such therapy.

STATISTICAL ANALYSIS

On the assumption that 2 persons out of 10 fly and that the rela-
tive risk of VTE associated with air travel is 3, we calculated be-
fore starting the study that 100 patients with thrombosis and 100
controls would be necessary for an 80% power of the study. Odds
ratios and 95% confidence intervals (Cls) were calculated to es-
timate the association between VTE and air travel. By means of a
logistic regression model, odds ratios were adjusted for possible
confounders, such as age, sex, and body mass index. The same
model was used to evaluate the interaction between air travel and
the presence of thrombophilia or the use of oral contraceptives.
The analyses were performed using statistical software (SAS ver-
sion 8.1; SAS Institute Inc, Cary, NC).

— T

A total of 232 patients with a first episode of VTE were
identified during the study period. Twenty-two of them
were excluded because the objective documentation of
VTE was inadequate or because of age limits. Therefore,
210 patients were included in the study, and the same
number of controls were selected according to the match-
ing criteria. One hundred seventy-two patients had proxi-
mal DVT of the lower limbs, complicated by symptom-
atic PE in 39. The remaining 38 patients had PE with no
diagnosed DVT. The median time elapsed from VTE to
the visit was 5 months (range, 1-24 months).

Table 1 gives the general characteristics of the study
population. In 100 patients (48%) no transient risk fac-
tors for VTE were identified (Table 2). Air travel was re-
ported by 31 patients (15%) and 16 controls (8%), with
an odds ratio of 2.1 (95% CI, 1.1-4.0). Long-distance flights
were made by 11 patients (9 in economy class) and 4 con-
trols (3 in economy class), for a mean duration of 13 hours
30 minutes and 19 hours, respectively. The odds ratio for
VTE associated with long-distance flights was 3.0 (95% CI,
0.9-9.5). Short-distance flights were made by the remain-
ing 20 patients (16 in economy class) and 12 controls (9
in economy class), for a mean duration of 2 hours and 1
hour 30 minutes, respectively. Among transient risk fac-
tors for VTE, the most common was oral contraceptive use,
both in patients and controls, being present in 61% and 27%
of women of fertile age, respectively.

Table 2 also provides the type of thrombophilic abnor-
malities diagnosed in patients and controls. Thrombophilia
was present in 102 patients (49%) and 26 controls (12%),
with an odds ratio of 6.7 (95% CI, 4.1-10.9). Overall, fac-
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tor V Leiden was found in 40 patients (19%) and 8 controls
(4%, prothrombin mutation in 29 patients (14%) and 6 con-
trols (3%), deficiency of anticoagulant proteins in 5 patients
(2%) (3 antithrombin, 1 protein C,and 1 protein S deficiency)
and in none of the controls, antiphospholipid antibodies in
12 patients (6%) and in none of the controls, and hyperho-
mocystinemia in 35 patients (17%) and 15 controls (7%).
Excludingisolated hyperhomocystinemia, which is a meta-
bolic abnormality, coagulation abnormalities were present
in 72 patients (34%) and 13 controls (6%), with an odds ra-
tioof 7.7 (95% CI,4.1-14.5). The distribution of thrombo-
philia was similar in patients who developed VTE after air
travel and in those who did not fly before the event (58%
and 47%, respectively), as well as the distribution of tran-
sientrisk factors (oral contraceptive use, 67% and 60%; preg-
nancy or puerperium, 8% and 9%; surgery, trauma, or pro-
longed immobilization, 29% and 28%, respectively).

The interaction between air travel and thrombo-
philia in determining VTE is given in Table 3. Consid-
ering as the reference group the individuals who did not
fly and did not have thrombophilia, the risk of VTE was
increased approximately 6-fold in the presence of throm-
bophilia, 2-fold in the presence of air travel, and 16-fold
in the presence of both. When adjusted for age, sex, and
body mass index, data did not substantially change.

Table 4 gives the interaction between air travel and
oral contraceptive use. Compared with the reference group
of women who did not fly or use oral contraceptives, the risk
for VTE was approximately 4 times higher for oral contra-
ceptive users, 2 times higher for those who flew, and 14 times
higher when both risk factors were present. Adjustment for
age and body mass index did not change the results.

B COMMENT

This study demonstrates that air travel is a mild risk factor
for VTE, being associated with a 2-fold increased risk. Ap-
proximately three fourths of the flights reported by pa-
tients and controls were short-distance flights (less than 8
hours) in economy class. The relative risk of VTE was
slightly higher (3-fold) when only long-distance flights were
considered. The risk was markedly increased when other
common risk factors for VTE, such as thrombophilia and
oral contraceptive intake, were concomitantly present. The
approximately 16-fold and 14-fold increased risk of VTE
for carriers of thrombophilia and users of oral contracep-
tives, respectively, indicates a multiplicative interaction be-
tween these risk factors and air travel.

To date, available studies on the association between
air travel and VTE show conflicting results and have vari-
ous drawbacks. The first 2 case-control studies®* that showed
an association between travel and VTE did not differenti-
ate air travel from surface travel and suffered from referral
bias, and one of them had an inappropriately selected con-
trol group.® Referral bias was avoided in another case-control
study’ in which controls were individuals presenting with
clinically suspected DVT that was confirmed or excluded
by objective techniques. Despite the large sample size, this
study”’ failed to show an association between air travel and
DVT. The limitation was that an unusually small number
ofindividuals (4 cases [2%] and 13 controls [2%]) had been
exposed to therisk factor under evaluation (ie, air travel, in

Table 2. Type of Thrombophilia and Transient Risk Factors
for Venous Thromboembolism in the Study Population
Variable Patients Controls
Thrombophilia, No. (%)
Any type 102 (49) 26 (12)
Factor V Leiden 32 (15) 6 (3)
Prothrombin G20210A 13 (6) 4(2)
Antithrombin deficiency 2 (1) 0
Protein C deficiency 0 0
Protein S deficiency 0 0
Antiphospholipid antibodies 9 (4) 0
Hyperhomocysteinemia 30 (14) 13 (6)
Combined abnormalities* 16 (8) 3(1
Transient risk factors, No. (%)
None 100 (48) 202 (96)
Surgery 26 (12) 0
Trauma/immobilization 34 (16) 0
Oral contraceptivest 48 (61) 19 (27)
Hormone replacement therapyf 8 (33) 9 (37)
Pregnancy/puerperiumt 7(8) 0

*In patients, there were 13 double abnormalities: 5 factor V Leiden and pro-
thrombin G20210A, 1 prothrombin G20210A and antithrombin deficiency, 1
prothrombin G20210A and protein C deficiency, 1 prothrombin G20210A and
protein S deficiency, 2 prothrombin G20210A and antiphospholipid antibodies,
and 3 prothrombin G20210A and hyperhomocysteinemia; and there were 3
triple abnormalities: 1 factor V Leiden, prothrombin G20210A, and antiphos-
pholipid antibodies and 2 factor V Leiden, prothrombin G20210A, and hyperho-
mocysteinemia. In controls, there were 3 double abnormalities: 1 factor V
Leiden and prothrombin G20210A, 1 factor V Leiden and hyperhomocystein-
emia, and 1 prothrombin G20210A and hyperhomocysteinemia.

TPercentage calculated on the number of women of reproductive age.

}Percentage calculated on the number of women not of reproductive age.

the month preceding the visit). Possible reasons might be
the advanced mean age of that study population (63 years)
and the inclusion of individuals with malignant disease. Al-
though our control group was selected with different cri-
teria, we are confident that it was appropriately chosen be-
cause thrombosis was ruled out by means of a structured
validated questionnaire.” Inaddition, we adopted strict match-
ing criteria that make the chance of exposure to the risk fac-
tor under evaluation very similar between cases and con-
trols. In fact, there is no reason to think that individuals of
the same sex, age, and, above all, education level have dif-
ferent opportunities to travel by air. Moreover, unlike oth-
ers, we chose not to include individuals with overt malig-
nant disease or previous episodes of VTE, because these are
2 strong and independent risk factors for recurrence that
may affect the results. Another important point is that all
our patients with lower-limb DVT had a proximal loca-
tion of thrombi, therefore avoiding the potential for inac-
curate ultrasonographic assessment of distal thrombosis.
This limitation is a major problem in the randomized trial
by Scurr et al.? in which individuals with DVT were all al-
located to the group not wearing elastic stockings, and all
had distal DVT diagnosed with an inadequate method, such
as ultrasonography.'* Therefore, the possibility of false-
positive results cannot be definitely ruled out in that study.

This study has some limitations. The population of pa-
tients referred to the Thrombosis Center is highly selected,
but exclusion of patients with recurrent VT E is likely to have
limited the selection of the most severe cases. In addition,
there is no reason to think that patients with a certain risk
factor for VTE (for example, air travel or oral contracep-
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Table 3. Interaction Between Air Travel and the Presence of Thrombophilia in Determining Venous Thromboembolism

Air Travel Thrombophilia No. of Patients No. of Controls 0dds Ratio (95% CI) Adjusted Odds Ratio (95% CI)*
No No 95 170 1 (Referent) 1 (Referent)
No Yes 84 24 6.3 (3.7-10.5) 6.6 (3.9-11.3)
Yes No 13 14 1.7 (0.7-3.7) 1.7 (0.7-4.0)
Yes Yes 18 2 16.1 (3.6-70.9) 16.8 (3.8-74.7)

Abbreviation: Cl, confidence interval.
*Adjusted for age, sex, and body mass index.

and 71 Controls of Reproductive Age

Table 4. Interaction Between Air Travel and the Use of Oral Contraceptives in Determining Venous Thromboembolism in 79 Patients

Air Travel Oral Contraceptives No. of Patients No. of Controls Odds Ratio (95% Cl) Adjusted Odds Ratio (95% CI)*
No No 27 47 1 (Referent) 1 (Referent)
No Yes 40 18 3.9 (1.9-8.0) 4.2 (1.9-9.3)
Yes No 4 5 1.4 (0.3-5.6) 1.8 (0.4-7.6)
Yes Yes 8 1 13.9 (1.7-117.5) 23.4 (2.6-211.2)

Abbreviation: CI, confidence interval.
*Adjusted for age and body mass index.

tive use) were preferentially referred to our center instead
of others. Regarding ascertainment bias, we believe that this
was limited by using the same questionnaire to interview
both patients and controls, whereas the possibility of recall
bias cannot be completely ruled out, especially for patients
who were asked about risk factors for VTE in the month
preceding the event at a median time of 5 months (range,
1-24 months) elapsed from the event to the visit.

Although this is the first study, to our knowledge, to
evaluate the interaction between air travel and thrombo-
philia, it has been speculated that VTE after air travel is more
likely to occur in individuals with thrombophilia.”#> We
estimated the magnitude of the risk of VTE associated with
air travel both in carriers of thrombophilia and in users of
oral contraceptives, finding a strong association. The esti-
mates of the risk of VTE after stratification according to
the presence of air travel and thrombophilia or oral con-
traceptive use are statistically significant but rather un-
stable, as shown by the wide Cls. This is due to the small
number of controls who reported recent air travel and had
thrombophilia or used oral contraceptives. However, the
lower limits of the Cls, nearly 4 for air travel plus throm-
bophilia and nearly 2 for air travel plus oral contraceptive
use, indicate that individuals with 1 of these 2 risk factors
who fly need more aggressive prevention measures than
those without. Simple behavioral measures, such as ad-
equate hydration and leg exercise, may not be sufficient to
prevent VTE in individuals with thrombophilia or oral con-
traceptive users, even for short-distance flights. Only 1 trial'®
has been carried out to evaluate the effectiveness of pro-
phylaxis in high-risk individuals, giving results in favor of
a single dose of low-molecular-weight heparin instead of
aspirin. Which kind of prophylaxis should be suggested
before flying for individuals with thrombophilia and women
taking oral contraceptives, either heparin or mechanical
measures, such as elastic compression stockings, remains
to be assessed by specifically tailored studies.
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