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Abstract: Background and Objectives: The influence of smoking habits on mortality, VTE recurrence,
and major bleeding in patients receiving anticoagulant therapy for venous thromboembolism (VTE)
has not been consistently evaluated. Materials and Methods: We used data from the RIETE (Registro
Enfermedad TromboEmbólica) registry to compare mortality, VTE recurrence, and major bleeding risk
in smoking versus non-smoking patients with acute VTE. Results: 50,881 patients (43,426 non-smoking
and 7455 smoking patients) were included. After a median follow-up of 8.8 months, 7110 patients
died (fatal PE 292 and fatal bleeding 281), 3243 presented VTE recurrence, and 1579 had major
bleeding. At multivariate analysis, smoking behavior was associated with a higher hazard of death,
(HR: 1.28; 95% CI: 1.19–1.40). The risk of VTE recurrence was marginally increased in smoking
patients compared to non-smoking patients (1.14; 95% CI 1.02–1.27). Major bleeding did not differ in
smoking and non-smoking patients (1.15; 95% CI 0.96–1.38). The presence of cancer did not appear to
influence the association between smoking habits and death (HR 1.34; 95% CI 1.22–1.47 in cancer
patients and HR 1.23; 95% CI 1.04, 1.45 in non-cancer patients, respectively) Conclusions: the risk of
death after an acute episode of VTE appeared to be higher in smoking than in non-smoking patients
and this risk is higher between patients presenting PE at the onset of symptoms.

Keywords: venous thromboembolism; mortality; cigarette smoking

1. Introduction

Venous thromboembolism is one of most frequent cardiovascular diseases associated
with death and it is considered as a major health problem because cardiovascular diseases
(CVD) are the leading cause of mortality in the general population [1].
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Cigarette smoking (CS) may be considered a major risk factor not only for atherothrom-
bosis [e.g., acute coronary syndrome (ACS), ischaemic stroke (IS), and peripheral arterial
disease (PAD)] [2,3] but also for pulmonary embolism, according to a meta-analysis of
a large cohort of smokers [4]; furthermore, consistent data suggest that CS is associated
with a worse survival and event-free survival in these patients [5]. Yet, CS has been also
frequently associated as risk factor for the morbidity and mortality of patients affected by
venous thromboembolism (VTE), although data in the literature are less compelling [6,7].
In particular, data about the prognostic influence of CS in patients after an episode of VTE
are lacking. Furthermore, the influence of smoking habits during anticoagulation for a
VTE is really complex to understand and its effect on mortality, VTE recurrence, and major
bleeding has not been consistently evaluated after a VTE. In particular, in the literature,
smoking habits have been associated with an increased risk for VTE, but there is scarce
evidence on the risk for VTE recurrences in patients who keep smoking after VTE. We
hypothesized that a big increase in the risk for recurrences (if demonstrated) should be
accompanied by some modifications in the intensity and/or the duration of anticoagulation.
Thus, the aim of the current study was to compare mortality rates and risk of recurrences
of VTE during follow-up according to the use of smoking at the time of the indexed VTE
event, using data from the RIETE (Registro Enfermedad TromboEmbólica) registry.

2. Patients and Methods

The RIETE (Registro Informatizado Enfermedad TromboEmbólica) registry is an ongo-
ing, multicenter, observational registry of consecutive patients with objectively confirmed,
acute VTE (ClinicalTrials.gov identifier: NCT02832245). The rationale and methodology
of RIETE have been published elsewhere. RIETE is an ongoing, multicenter registry of
consecutive patients with objectively confirmed acute VTE (ClinicalTrials.gov identifier:
NCT02832245). It started in Spain in 2001 and, after 6 years, it expanded to other countries.
Currently, RIETE includes 254 collaborating centers in 27 countries.

2.1. Patients

Consecutive patients with symptomatic acute deep vein thrombosis (DVT) confirmed
by compression ultrasonography, or pulmonary embolism (PE), confirmed by helical
CT-scan, and ventilation-perfusion lung scintigraphy or angiography, were enrolled in
the RIETE. Patients were excluded if they were currently participating in a therapeutic
blinded trial with a blinded therapy. All patients or their relatives provided written or
oral informed consent for participation in the registry, in accordance with the local ethics
committee requirements.

2.2. Study Design

For the current study, only patients with information on the smoking use at the index
VTE were considered. As information on current smoking habits were included in the
RIETE registry in February 2009, patients enrolled in the registry before February 2009
were not included in this analysis. In secondary analyses, patients with DVT (without
a concomitant PE), patients with PE (with or without a concomitant DVT), and patients
without active cancer (defined as newly diagnosed cancer or cancer that is being treated
(i.e., surgery, chemotherapy, radiotherapy, support therapy, or combined treatment) were
separately analyzed.

Consecutive patients with symptomatic acute deep vein thrombosis (DVT) or pul-
monary embolism (PE), confirmed by objective tests (compression ultrasonography or
contrast venography for DVT; helical CT-scan, ventilation-perfusion lung scintigraphy or
angiography for PE), were enrolled in the RIETE. RIETE’s rationale and methodology has
recently been published [7,8]. Patients were excluded if they were currently participating in
a therapeutic clinical trial with a blinded therapy. All patients (or their relatives) provided
written or oral informed consent for participation in the registry, in accordance with local
ethics committee requirements.
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For the current study, we selected patients with acute VTE comparing active smokers
to non-smokers. Patients enrolled in the RIETE registry before February 2009 could not be
included, as data on smoking habits were not collected. In secondary analyses, patients
with DVT (without a concomitant PE), patients with PE (with or without a concomitant
DVT), and patients without active cancer (defined as newly diagnosed cancer or cancer
that is being treated [surgery, chemotherapy, radiotherapy, support therapy, or combined
treatments]) were separately analyzed.

2.3. Outcomes

The major outcome was the occurrence of death during follow-up after an acute
episode of VTE. Secondary outcomes were VTE recurrence and major bleeding. In order to
evaluate VTE recurrences, a clinical and instrumental follow up was required for at least
90 days since first documented VTE. Fatal PE, in the absence of autopsy, was defined as any
death appearing within 10 days of a symptomatic objectively confirmed PE event, in the
absence of any alternative cause of death. Major bleeding was defined as retroperitoneal,
spinal, intracranial, or fatal bleeding or as any overt bleeding requiring transfusion of two
or more units of blood. Fatal bleeding was defined as any death occurring within 10 days
of a major bleeding episode, in the absence of an alternative cause of death.

Finally, exploratory analyses of different causes of death were evaluated (e.g., recurrent
PE, bleeding, sudden death, respiratory insufficiency, infection, or disseminated cancer).

2.4. Baseline Variables

The following parameters were recorded when the qualifying episode of VTE was
diagnosed: the patient’s baseline characteristics; clinical status including chronic heart
or lung disease, recent major bleeding, anemia, thrombocytopenia, or renal insufficiency;
site of cancer, presence or absence of metastases and type of oncologic therapy; additional
risk factors for VTE; the treatment received upon VTE diagnosis (drug, dose, date of start,
and date of discontinuation for each drug); concomitant drugs and the outcomes during
the course of anticoagulant therapy. Immobilized patients were defined as non-surgical
patients who had been immobilized (i.e., total bed rest with or without bathroom privileges)
for ≥4 days in the 2-months prior to the index VTE. Surgical patients were defined as those
who had undergone an operation in the 2 months prior to VTE. Anemia was defined as
hemoglobin levels <13 g/dL for men and <12 g/dL for women. Creatinine clearance (CrCl)
levels at baseline were measured according to the Cockcroft and Gault formula.

2.5. Treatment and Follow-Up

Patients were managed according to the clinical practice of each participating hospital
(i.e., there was no standardization of therapy). The type, dose, and duration of antico-
agulant therapy were recorded. After VTE diagnosis, patients were followed up with in
the outpatient clinic for at least 3 months. During each visit, any signs or symptoms sug-
gesting VTE recurrences or bleeding complications were noted. Each episode of clinically
suspected recurrent DVT or PE was investigated by repeat compression ultrasonography,
lung scanning, helical-CT scan, or pulmonary angiography, as appropriate.

2.6. Statistical Analysis

All data are reported as mean ± standard deviations. Specific variables were looked
for, selecting those more commonly associated to our goals between those available to
the registry in an exploratory way. Differences in mean values between groups were as-
sessed using the Student’s t-test analysis. Categorical variables were compared using the
chi-square test or fisher exact test, when appropriate. Associations between smoke and
mortality were assessed using the multivariate Cox proportional hazards regression model,
in which age, gender, risk factors for VTE, prior VTE, recent major bleeding, creatinine
clearance levels, anemia, abnormal platelet count, type, and duration of treatment and
clinical presentation of VTE at baseline (PE vs. DVT alone) were adjusted as confound-
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ing factors. Hazard ratios and corresponding 95% confidence intervals were calculated.
Normality was verified using the Shapiro-Wilks test and graphically using the Q-Q plot.
Given the obvious association between active cancer and smoke, we separately analyzed
patients without active cancer. Statistical analyses were conducted with SAS software 9.4
(SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Clinical Characteristics

From March 2001 to June 2019, 79,301 patients with acute VTE were enrolled in the
RIETE registry. Of these, 43,426 patients were non-smokers and 7455 patients were active
smokers, while for the remaining patients (28,420 patients; 35.8% of the whole sample) data
on smoking attitude was not recorded (because patients were included before February
2009 or because this information is lacking). Thus, 50,881 patients were included in this
analysis. Smoking patients were more likely men, were younger, and were more likely to
have chronic lung disease compared to non-smoking patients. Conversely, they were less
likely to have chronic heart failure, arterial hypertension, diabetes, anemia, or abnormal
platelet count at baseline, Table 1. Overall, 1405 smoking patients (18.9%) and 10,319 non-
smoking patients (23.8%) had active cancer. Median and total follow up were 8.8 months
(interquartile range 4.1–20.2 months) and 68,427.93 patient years, respectively.

Information on acute and long-term antithrombotic therapy was available for 50,728 patients
(99.7% of the whole sample). Duration of anticoagulant therapy was similar in smoking and
non-smoking patients; some small but significant differences were found in the initial and
long-term anticoagulant therapy between these two groups, Table 2. Cancer patients were
more likely to receive low-molecular-weight heparin (LMWH) for long-term treatment but
there were no significant differences in smoking and non-smoking cancer patients (data
not shown).

3.2. Clinical Outcomes

During follow-up, 7110 patients died (10.4 per 100 patients–year; fatal PE 292; fatal
bleeding 281), 3243 presented VTE recurrence and 1579 had major bleeding. As it could
be expected, patients with cancer had higher rates of VTE recurrence, major bleeding, and
death than those without cancer, Table 3. Patients presenting with PE had a lower rate of
VTE recurrence and a higher rate of major bleeding compared to patients presenting with
DVT. Median time for VTE recurrence in smokers was 1.9 years. Mortality was similar in
these two groups.

3.3. Multivariate Analysis

At multivariate analysis analysis, smoking patients appeared to have a slightly higher
VTE recurrence rate (5.6 vs. 5.0; HR 1.1, 95% CI 1.0, 1.2) and a lower rate of death (8.0 vs.
10.8) and of major bleeding (1.7 vs. 2.5). Results obtained in PE and in DVT patients as well
as in patients with and without cancer, were summarized in Table 3.

At multivariate analysis, smoking behavior was associated with a higher hazard of
death, (HR: 1.28; 95% CI: 1.19–1.40), Table 4. Risk of VTE recurrence was marginally
increased in smoking patients compared to non-smoking patients (1.14; 95% CI 1.02–1.27).
Major bleeding did not differ in smoking and non-smoking patients (1.15; 95% CI 0.96–1.38).
Other factors associated with a higher hazard of death were the following: cancer (HR: 5.17;
95% CI: 4.90–5.46), immobility (HR: 1.70; 95% CI: 1.61–1.80), chronic heart failure (HR: 1.50;
95% CI: 1.39–1.62), chronic lung disease (HR: 1.15; 95% CI: 1.07–1.23) and diabetes (HR:
1.18; 95% CI: 1.11–1.26).

In both the subgroup of patients presenting with PE and DVT, the association between
smoking behavior and death was maintained (1.35; 95% CI 1.21–1.50; 1.14; 95% CI 1.00–1.31,
respectively).
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The presence of cancer did not appear to influence the association between smoking
habits and death (HR 1.34; 95% CI 1.22–1.47 in cancer patients and HR 1.23; 95% CI 1.04,
1.45 in non-cancer patients, respectively).

Cardiovascular causes of death (recurrent PE, myocardial infarction, and critical limb
ischemia) appeared more common in smoking patients but this risk did not appear to be
significant. Appendix A.

Table 1. Clinical characteristics of the patients according to smoking behavior at baseline.

Total Non Smoker Smoker p-Value

Patients, N 50,881 43,426 7455

Clinical characteristics

Male gender 24,794 (48.7%) 19,726 (45.4%) 5068 (68.0%) <0.0001

Age (years ± SD) 65.1 ± 17.7 67.1 ± 17.1 53.0 ± 15.8 <0.0001

Body weight (kg ± SD) 76.4 ± 16.6 75.9 ± 16.2 79.6 ± 18.4 <0.0001

VTE characteristics

Symptomatic PE at baseline 28,487 (56.0%) 24,451 (56.3%) 4036 (54.1%) 0.01

Risk factors for VTE

Surgery 5565 (10.9%) 4858 (11.2%) 707 (9.5%) <0.0001

Immobility 11,111 (21.8%) 9788 (22.5%) 1323 (17.8%) <0.0001

Estrogen intake 3217 (6.5%) 2492 (5.7%) 725 (9.9%) <0.0001

Pregnancy/puerperium 641 (2.5%) 573 (2.4%) 68 (2.8%) 0.19

Cancer 11,724 (23.0%) 10,319 (23.8%) 1405 (18.9%) <0.0001

None of the above (unprovoked) 10,611 (20.9%) 9793 (22.6%) 818 (11.0%) <0.0001

Prior VTE 7682 (15.1) 6577 (15.1%) 1105 (14.8%) 0.47

Underlying diseases

Chronic lung disease 6203 (12.2%) 5130 (11.8%) 1073 (14.4%) <0.0001

Chronic heart failure 3623 (7.1%) 3307 (7.6%) 316 (4.2%) <0.0001

Arterial hypertension 23,851 (47.1%) 21,657 (50.0%) 2194 (29.8%) <0.0001

Diabetes 7696 (15.2%) 6877 (15.9%) 819 (11.1%) <0.0001

Laboratory tests

Renal function, N 43499 37154 6345

CrCL levels (mean mL/min ± SD) 87.8 ± 46.1 83.3 ± 46.1 113.8 ± 51.6 <0.0001

CrCL levels >60 mL min 29,943 (68.8%) 24,403 (65.7%) 5540 (87.3%) <0.0001

CrCL levels 30–60 mL min 10,900 (25.1%) 10,223 (27.5%) 677 (10.7%) <0.0001

CrCL levels <30 mL min 2656 (6.1%) 2528 (6.8%) 128 (2.0%) <0.0001

Anaemia 17,264 (34.0%) 15,353 (35.4%) 1911 (25.7%) <0.0001

Abnormal platelet count 9900 (19.5%) 8575 (19.8%) 1325 (17.8%) <0.0001

Percentage calculated on the number of patients with data available. Legend to Table 1: HR, hazard ratio; CI,
confidence intervals; PE, pulmonary embolism; CrCl, creatinine clearance; DVT, deep vein thrombosis. Data of
continuous variables were expressed as mean ± SD.



Medicina 2022, 58, 295 6 of 15

Table 2. Treatment strategies according to smoking behavior at baseline and the presence or absence
of cancer.

Total All With Cancer Without Cancer

Non
Smoker Smoker p-Value Non

Smoker Smoker p-Value Non
Smoker Smoker p-Value

Patients, N 50,728 43,294 7434 10,268 1246 33,026 6039

Duration
of therapy

Mean
months (SD) 10.2 (13.8) 10.2 (13.9) 10.0 (13.1) 0.27 8.5 (12,1) 7.4 (10.9) 0.001 10.8 (14.4) 10.7 (13.5) 0.55

Median
months (IQR)

6.1 (3.4;
11.7)

6.1 (3.4;
11.7)

6.2 (3.5;
11.6)

5.0 (3.0;
9.4)

4.3 (2.6;
8.2)

6.2 (3.5;
12.0)

6.4 (3.7;
12.0)

Initial therapy

LMWH 43,997
(86.7%)

37,654
(87%) 6343 (85.3) 0.0001 9315

(90.7%)
1246

(89.3%) 0.09 28,339
(85.8%)

5097
(84.4%) 0.04

UFH 2544 (5.0%) 2124 (4.9%) 420 (5.7%) 0.01 497 (4.8%) 90 (6.5%) 0.01 1626 (4.9%) 330 (5.5%) 0.08

Penta-saccaride 1376 (2.7%) 1153 (2.7%) 223 (3.0%) 0.10 178 (1.7%) 29 (2.1%) 0.36 975 (3.0) 194 (3.2) 0.28

DOACs 1601 (3.2%) 1366 (3.2%) 235 (3.2%) 0.98 137 (1.3%) 12 (0.9%) 0.14 1229 (3.7%) 223 (3.7) 0.91

Thrombolytics 771 (1.5%) 622 (1.4%) 149 (2.0%) 0.0002 74 (0.7%) 10 (0.7%) 0.99 548 (1.7) 139 (2.3) 0.001

Others 125 (0.2%) 115 (0.3%) 10 (0.1%) 0.04 30 (0.3%) 4 (0.3%) 0.97 85 (0.3) 6 (0.1) 0.02

Biosimilar of
Enoxaparin 15 (0.03%) 13 (0.03%) 2 (0.03%) 0.88 3 (0.3%) 0 (0.0%) 0.52 10 (0.3) 2 (0.03) 0.91

Patients, N 49,633 42,307 7326 9789 1327 32,518 5999

Long-term
therapy

LMWH 16,552
(33.3%)

14,368
(34.0%) 2184 (29.8) <0.0001 6884

(70.3%) 957 (72.1) 0.18 7484
(23.0%) 1227 (20.5) <0.0001

UFH 208 (0.4%) 173 (0.4) 35 (0.5) 0.40 83 (0.9) 22 (1.7) 0.004 90 (0.3) 13 (0.2) 0.41

DOACS 6675
(13.4%) 5694 (13.5) 981 (13.4) 0.87 648 (6.6) 80 (6.0) 0.41 5046 (15.5) 901 (15.0) 0.33

VKA 31,596
(63.7%)

26,659
(63.0) 4937 (67.4) <0.0001 3292 (33.6) 407 (30.7) 0.03 23,367

(71.9) 4530 (75.5) <0.0001

Penta-saccaride 588 (1.2%) 500 (1.2) 88 (1.2) 0.89 173 (1.8) 24 (1.8) 0.91 327 (1.0) 64 (1.1) 0.66

Others 279 (0.6%) 239 (0.6) 40 (0.6) 0.84 46 (0.5) 10 (0.8) 0.17 193 (0.6) 30 (0.5) 0.38

Biosimilar
of Enoxaparin 8 (0.02%) 7 (0.02) 1 (0.01) 0.86 5 (0.05) 0 (0.0) 0.41 2 (0.01) 1 (0.02) 0.40

Legend to Table 2: HR, hazard ratio; CI, confidence intervals; PE, pulmonary embolism; CrCl, creatinine clearance;
DVT, deep vein thrombosis.

Table 3. Clinical outcomes during anticoagulant therapy in the whole sample and according to
smoking behavior.

All Non Smoker Smoker

N Incidence (per
100 PY) N Incidence (per

100 PY) HR (95% CI) N Incidence (per
100 PY) HR (95% CI)

All Patients, N 50,881 43,426 7455

Recurrent VTE 3243 5.1 (4.9; 5.2) 2717 5.0 (4.8; 5.2) 1.0 (ref.) 526 5.6 (5.1; 6.0) 1.1 (1.0; 1.2)

Major bleeding 1579 2.4 (2.2; 2.5) 1412 2.5 (2.3; 2.6) 1.0 (ref.) 167 1.7 (1.4; 2.0) 0.68 (0.58; 0.80)

Death 7110 10.4 (10.2; 10.6) 6297 10.8 (10.5; 11.1) 1.0 (ref.) 813 8.0 (7.5; 8.6) 0.74 (0.69; 0.80)

Fatal PE 292 0.4 (0.38; 0.48) 254 0.4 (0.39; 0.49) 1.0 (ref.) 38 0.38 (0.27; 0.52) 0.9 (0.62; 1.22)

Fatal bleeding 281 0.4 (0.37; 0.46) 256 0.4 (0.39; 0.50) 1.0 (ref.) 25 0.2 (0.17; 0.37) 0.56 (0.37; 0.85)
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Table 3. Cont.

All Non Smoker Smoker

N Incidence (per
100 PY) N Incidence (per

100 PY) HR (95% CI) N Incidence (per
100 PY) HR (95% CI)

Patients with cancer, N 11,724 10,319 1405

Recurrent VTE 979 8.1 (7.6; 8.6) 832 7.7 (7.2; 8.2) 1.0 (ref.) 147 11.5 (9.8; 13.5) 1.46 (1.22; 1.73)

Major bleeding 601 4.7 (4.3; 5.1) 518 4.5 (4.1; 4.9) 1.0 (ref.) 83 6.1 (4.9; 7.6) 1.25 (0.99; 1.58)

Death 4434 33.6 (32.6; 34.6) 3808 32.3 (31.3; 33.3) 1.0 (ref.) 626 44.7 (41.3; 48.3) 1.30 (1.20; 1.42)

Fatal PE 130 1.0 (0.82; 1.17) 107 0.9 (0.8; 1.1) 1.0 (ref.) 23 1.6 (1.1; 2.5) 1.60 (1.02; 2.52)

Fatal bleeding 126 0.95 (0.80; 1.14) 110 0.9 (0.8; 1.1) 1.0 (ref.) 16 1.1 (0.7; 1.9) 1.14 (0.67; 1.92)

Patients without cancer,
N 39,157 33,107 6050

Recurrent VTE 2264 4.3 (4.2; 4.5) 1885 4.3 (4.1; 4.5) 1.0 (ref.) 379 4.6 (4.2; 5.1) 1.08 (0.96; 1.21)

Major bleeding 978 1.8 (1.7; 1.9) 894 2.0 (1.8; 2.1) 1.0 (ref.) 84 1.0 (0.8; 1.2) 0.50 (0.40; 0.63)

Death 2676 4.8 (4.7; 5.0) 2489 5.4 (5.1; 5.6) 1.0 (ref.) 187 2.1 (1.9; 2.5) 0.40 (0.35; 0.47)

Fatal PE 162 0.3 (0.25; 0.34) 147 0.3 (0.2; 0.4) 1.0 (ref.) 15 0.2 (0.1; 0.3) 0.56 (0.33; 0.95)

Fatal bleeding 155 0.3 (0.24; 0.33) 146 0.3 (0.3; 0.4) 1.0 (ref.) 9 0.1 (0.05; 0.2) 0.33 (0.17; 0.65)

Patients with EP (with
or without DVT), N 28,487 24,451 4036

Recurrent VTE 1585 4.3 (4.1; 4.5) 1343 4.2 (4.0; 4.5) 1.0 (ref.) 242 4.6 (4.1; 5.6) 1.10 (0.96; 1.26)

Major bleeding 996 2.6 (2.4; 2.8) 886 2.7 (2.5; 2.9) 1.0 (ref.) 110 2.0 (1.7; 2.4) 0.75 (0.61; 0.91)

Death 4285 11.0 (10.7; 11.3) 3788 11.3 (11.0; 11.7) 1.0 (ref.) 497 9.0 (8.2; 9.8) 0.79 (0.72; 0.87)

Fatal PE 265 0.7 (0.6; 0.8) 234 0.7 (0.6; 0.9) 1.0 (ref.) 31 0.6 (0.4; 0.8) 0.80 (0.55; 1.16)

Fatal bleeding 193 0.49 (0.43; 0.57) 174 0.5 (0.4; 0.6) 1.0 (ref.) 19 0.3 (0.2; 0.5) 0.66 (0.41; 1.06)

Patients with DVT (no
EP), N 22,394 18,975 3419

Recurrent VTE 1658 6.1 (5.8; 6.4) 1374 6.0 (5.7; 6.3) 1.0 (ref.) 284 6.7 (6.0; 7.5) 1.12 (0.98; 1.28)

Major bleeding 583 2.0 (1.9; 2.2) 526 2.2 (2.0; 2.3) 1.0 (ref.) 57 1.3 (1.0; 1.6) 0.59 (0.45; 0.77)

Death 2825 9.6 (9.3; 10.0) 2509 10.1 (9.7; 10.5) 1.0 (ref.) 316 6.9 (6.2; 7.7) 0.68 (0.61; 0.77)

Fatal PE 21 0.09 (0.06; 0.13) 20 0.08 (0.05; 0.1) 1.0 (ref.) 7 0.2 (0.07; 0.3) 1.91 (0.81; 4.51)

Fatal bleeding 88 0.3 (0.2; 0.4) 82 0.3 (0.3; 0.4) 1.0 (ref.) 6 0.1 (0.06; 0.3) 0.40 (0.17; 0.91)

Patients with EP (with
or without DVT)

without cancer, N
22,111 18,837 3274

Recurrent VTE 1143 3.8 (3.6; 4.0) 968 3.8 (3.5; 4.0) 1.0 (ref.) 175 3.8 (3.3; 4.5) 1.03 (0.87; 1.21)

Major bleeding 648 2.1 (1.9; 2.2) 590 2.2 (2.1; 2.4) 1.0 (ref.) 58 1.2 (0.9; 1.6) 0.55 (0.42; 0.72)

Death 1803 5.7 (5.4; 5.9) 1674 6.2 (5.9; 6.5) 1.0 (ref.) 129 2.7 (2.3; 3.2) 0.44 (0.36; 0.52)

Fatal PE 152 0.5 (0.4; 0.6) 140 0.5 (0.4; 0.6) 1.0 (ref.) 12 0.2 (0.1; 0.4) 0.49 (0.27; 0.89)

Fatal bleeding 119 0.4 (0.3; 0.4) 113 0.4 (0.3; 0.5) 1.0 (ref.) 6 0.1 (0.06; 0.3) 0.30 (0.13; 0.68)

Patients with DVT (no
EP) without cancer, N 17,046 14,270 2776

Recurrent VTE 1121 5.1 (4.9; 5.4) 917 5.0 (4.7; 5.4) 1.0 (ref.) 204 5.6 (4.9; 6.4) 1.12 (0.96; 1.30)

Major bleeding 330 1.4 (1.3; 1.6) 304 1.6 (1.4; 1.8) 1.0 (ref.) 26 0.7 (0.5; 1.0) 0.43 (0.29; 0.64)

Death 873 3.7 (3.5; 4.0) 815 4.2 (3.9; 4.5) 1.0 (ref.) 58 1.5 (1.1; 1.9) 0.36 (0.27; 0.47)

Fatal PE 10 0.04 (0.02; 0.08) 7 0.04 (0.02; 0.08) 1.0 (ref.) 3 0.08 (0.02; 0.24) 2.16 (0.56; 8.35)

Fatal bleeding 36 0.15 (0.11; 0.21) 33 0.2 (0.1; 0.2) 1.0 (ref.) 3 0.08 (0.02; 0.24) 0.46 (0.14; 1.49)
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Table 3. Cont.

All Non Smoker Smoker

N Incidence (per
100 PY) N Incidence (per

100 PY) HR (95% CI) N Incidence (per
100 PY) HR (95% CI)

Patients with EP (with
or without DVT) with

cancer, N
6376 5614 762

Recurrent VTE 442 6.6 (6.0; 7.3) 375 6.3 (5.7; 6.9) 1.0 (ref.) 67 10.0 (7.9; 12.7) 1.54 (1.19; 2.00)

Major bleeding 348 5.0 (4.5; 5.6) 296 4.8 (4.3; 5.4) 1.0 (ref.) 52 7.5 (5.7; 9.8) 1.41 (1.05; 1.89)

Death 2482 34.7 (33.4; 36.1) 2114 32.9 (31.5; 34.3) 1.0 (ref.) 368 51.0 (46.0; 56.5) 1.43 (1.28; 1.59)

Fatal PE 113 1.6 (1.3; 1.9) 94 1.5 (1.2; 1.8) 1.0 (ref.) 19 2.6 (1.7; 4.1) 1.52 (0.93; 2.48)

Fatal bleeding 74 1.03 (0.82; 1.30) 61 0.9 (0.7; 1.2) 1.0 (ref.) 13 1.8 (1.0; 3.1) 1.73 (0.95; 3.15)

Patients with DVT (no
EP) with cancer, N 5348 4705 643

Recurrent VTE 537 9.8 (9.0; 10.7) 457 9.4 (8.6; 10.3) 1.0 (ref.) 80 13.1 (10.5; 16.3) 1.37 (1.08; 1.74)

Major bleeding 253 4.3 (3.8; 4.8) 222 4.2 (3.7; 4.8) 1.0 (ref.) 31 4.7 (3.3; 6.7) 1.06 (0.73; 1.54)

Death 1952 32.3 (30.8; 33.7) 1694 32.6 (30.1; 33.1) 1.0 (ref.) 258 37.9 (33.6; 42.9) 1.15 (1.01; 1.32)

Fatal PE 17 0.3 (0.17; 0.45) 13 0.2 (0.1; 0.4) 1.0 (ref.) 4 0.6 (0.2; 1.6) 2.28 (0.74; 6.98)

Fatal bleeding 52 0.9 (0.7; 1.13) 49 0.9 (0.7; 1.2) 1.0 (ref.) 3 0.4 (0.1; 1.4) 0.46 (0.14; 1.47)

Legend to Table 3: HR, hazard ratio; CI, confidence intervals; PE, pulmonary embolism; CrCl, creatinine clearance;
DVT, deep vein thrombosis; Ref., reference.

Table 4. Multivariate analyses for all-cause mortality, VTE recurrences, and major bleeding in patients
with or without cancer. Results are expressed as hazard ratio and 95% confidence intervals.

All Sample

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

All Patients

SMOKE

No 1.0 Ref 1.0 ref 1.0 Ref

Yes 1.14 1.02; 1.27 1.15 0.96; 1.38 1.28 1.19; 1.40

Sex

Male 1.0 Ref 1.0 ref 1.0 Ref

Female 0.89 0.83; 0.97 1.12 1.00; 1.26 0.91 0.86; 0.96

Therapy duration (months) 0.93 0.92; 0.93 0.92 0.91; 0.93 0.96 0.96; 0.97

Age 1.00 0.99; 1.01 1.02 1.01; 1.02 1.03 1.02; 1.03

Symptomatic PE 0.93 0.86; 1.00 1.54 1.38; 1.72 1.31 1.25; 1.38

Surgery 0.55 0.48; 0.64 0.89 0.75; 10.6 0.58 0.53; 0.64

Immobility 0.90 0.82; 0.99 1.21 1.07; 1.37 1.70 1.61; 1.80

Estrogen intake 0.57 0.47; 0.70 0.80 0.61; 1.06 0.50 0.43; 0.57

Cancer 1.76 1.61; 1.92 1.80 1.60; 2.02 5.17 4.90; 5.46

Chronic lung disease 1.05 0.94; 1.19 1.16 1.00; 1.34 1.15 1.07; 1.23

Chronic heart failure 1.06 0.90; 1.26 1.18 1.00; 1.40 1.50 1.39; 1.62

Arterial hypertension 1.07 0.98; 1.17 1.09 0.97; 1.23 0.78 0.74; 0.83

Diabetes 0.97 0.87; 1.09 0.93 0.80; 1.07 1.18 1.11; 1.26
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Table 4. Cont.

All Sample

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

CrCL levels

>60 mL min 1.0 Ref 1.0 ref 1.0 Ref

30–60 mL min 1.12 1.01; 1.24 1.32 1.16; 1.52 1.30 1.22; 1.39

<30 mL min 1.06 0.89; 1.27 1.90 1.58; 2.29 2.14 1.97; 2.32

Anaemia 0.91 0.83; 0.99 1.82 1.62; 2.04 1.65 1.56; 1.74

Abnormal platelet count 1.07 0.98; 1.18 1.39 1.23; 1.57 1.39 1.31; 1.47

Patients without cancer

SMOKE

No 1.0 Ref 1.0 ref 1.0 Ref

Yes 1.08 0.95; 1.23 1.05 0.82; 1.35 1.23 1.04; 1.45

Sex

Male 1.0 Ref 1.0 ref 1.0 Ref

Female 0.87 0.79; 0.96 1.12 0.97; 1.30 0.85 0.78; 0.92

Therapy duration (months) 0.93 0.92; 0.94 0.93 0.92; 0.94 0.92 0.91; 0.93

Age 1.00 0.99; 1.01 1.02 1.01; 1.03 1.06 1.05; 1.07

Symptomatic PE 0.91 0.83; 1.00 1.54 1.33; 1.78 1.60 1.46; 1.74

Surgery 0.59 0.49; 0.71 0.85 0.67; 1.09 0.78 0.66; 0.92

Immobility 0.91 0.81; 1.02 1.16 1.00; 1.35 1.96 1.80; 2.13

Estrogen intake 0.47 0.35; 0.62 0.78 0.49; 1.26 1.16 0.81; 1.67

Chronic lung disease 1.04 0.90; 1.20 1.12 0.93; 1.35 1.39 1.26; 1.54

Chronic heart failure 1.06 0.87; 1.29 1.29 1.05; 1.57 1.74 1.58; 1.93

Arterial hypertension 1.06 0.96; 1.18 1.13 0.97; 1.33 0.80 0.73; 0.87

Diabetes 0.91 0.79; 1.05 0.92 0.77; 1.10 1.40 1.27; 1.54

CrCL levels

>60 mL min 1.0 Ref 1.0 ref 1.0 Ref

30–60 mL min 1.19 1.05; 1.35 1.48 1.24; 1.76 1.47 1.32; 1.63

<30 mL min 1.19 0.96; 1.47 2.17 1.73; 2.73 2.46 2.16; 2.80

Anaemia 0.87 0.77; 0.97 1.81 1.57; 2.09 1.49 1.37; 1.62

Abnormal platelet count 0.99 0.87; 1.12 1.42 1.21; 1.66 1.21 1.10; 1.33

Patients with cancer

SMOKE

No 1.0 Ref 1.0 ref 1.0 Ref

Yes 1.25 1.03; 1.53 1.27 0.98; 1.64 1.34 1.22; 1.47

Sex

Male 1.0 Ref 1.0 ref 1.0 Ref

Female 0.94 0.82; 1.08 1.06 0.89; 1.26 0.86 0.80; 0.91
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Table 4. Cont.

All Sample

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

Therapy duration (months) 0.91 0.90; 0.92 0.88 0.86; 0.90 0.96 0.95; 0.96

Age 0.99 0.98; 1.00 1.00 0.99; 1.01 1.00 1.00; 1.01

Symptomatic PE 0.93 0.81; 1.07 1.52 1.27; 1.81 1.26 1.18; 1.35

Surgery 0.51 0.41; 0.65 0.95 0.74; 1.22 0.50 0.44; 0.56

Immobility 0.91 0.76; 1.11 1.31 1.07; 1.61 1.49 1.39; 1.61

Estrogen intake 0.97 0.73; 1.27 1.09 0.77; 1.54 0.58 0.49; 0.68

Chronic lung disease 1.09 0.89; 1.35 1.22 0.96; 1.54 1.03 0.94; 1.12

Chronic heart failure 1.07 0.79; 1.45 0.90 0.64; 1.26 1.08 0.96; 1.23

Arterial hypertension 1.06 0.91; 1.24 1.05 0.87; 1.27 0.84 0.79; 0.91

Diabetes 1.11 0.92; 1.34 0.97 0.77; 1.22 1.15 1.06; 1.24

CrCL levels

>60 mL min 1.0 Ref 1.0 ref 1.0 Ref

30–60 mL min 1.03 0.83; 1.23 1.15 0.93; 1.42 1.19 1.10; 1.29

<30 mL min 0.87 0.61; 1.23 1.45 1.04; 2.02 1.61 1.42; 1.82

Anaemia 0.92 0.80; 1.06 1.64 1.35; 1.99 1.55 1.45; 1.66

Abnormal platelet count 1.15 0.99; 1.34 1.28 1.06; 1.54 1.35 1.26; 1.44

Patients with EP (with or without DVT)

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

SMOKE

No 1.0 Ref 1.0 ref 1.0 Ref

Yes 1.09 0.93; 1.29 1.28 1.03; 1.60 1.0 1.21; 1.50

Sex

Male 1.0 Ref 1.0 ref 1.0 Ref

Female 0.96 0.85; 1.07 1.16 1.01; 1.34 0.88 0.82; 0.94

Therapy duration (months) 0.92 0.91; 0.93 0.92 0.91; 0.93 0.96 0.96; 0.97

Age 1.00 1.00; 1.01 1.02 1.01; 1.03 1.03 1.02; 1.03

Symptomatic PE

Surgery 0.46 0.37; 0.56 1.01 0.82; 1.24 0.59 0.52; 0.67

Immobility 0.82 0.71; 0.94 1.11 0.95; 1.30 1.59 1.49; 1.71

Estrogen intake 0.47 0.35; 0.62 0.92 0.66; 1.28 0.52 0.44; 0.63

Cancer 1.77 1.56; 2.00 1.71 1.48; 1.98 4.68 4.37; 5.01

Chronic lung disease 1.02 0.87; 1.19 1.14 0.96; 1.35 1.17 1.08; 1.27

Chronic heart failure 1.10 0.89; 1.35 1.01 0.82; 1.24 1.48 1.35; 1.62

Arterial hypertension 1.05 0.93; 1.19 1.08 0.93; 1.26 0.78 0.73; 0.84

Diabetes 0.93 0.79; 1.09 0.94 0.79; 1.12 1.10 1.02; 1.19
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Table 4. Cont.

All Sample

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

CrCL levels

>60 mL min 1.0 Ref 1.0 ref 1.0 Ref

30–60 mL min 1.06 0.92; 1.22 1.28 1.08; 1.51 1.25 1.15; 1.35

<30 mL min 1.09 0.85; 1.40 1.73 1.37; 2.20 2.03 1.82; 2.26

Anaemia 0.89 0.79; 1.01 1.67 1.45; 1.93 1.54 1.44; 1.64

Abnormal platelet count 1.04 0.91; 1.19 1.36 1.17; 1.58 1.36 1.27; 1.46

Patients with DVT (no EP)

VTE Recurrence Major Bleeding Death

HR 95% CI HR 95% CI HR 95% CI

SMOKE

No 1.0 Ref 1.0 ref 1.0 Ref

Yes 1.19 1.02; 1.39 0.96 0.70; 1.31 1.14 1.00; 1.31

Sex

Male 1.0 Ref 1.0 ref 1.0 Ref

Female 0.84 0.75; 0.95 1.06 0.88; 1.27 0.96 0.88; 1.04

Therapy duration (months) 0.94 0.93; 0.95 0.93 0.91; 0.94 0.87 0.86; 0.88

Age 1.00 0.99; 1.00 1.01 1.00; 1.02 1.02 1.02; 1.03

Symptomatic PE

Surgery 0.66 0.54; 0.80 0.71 0.52; 0.97 0.51 0.44; 0.59

Immobility 0.98 0.86; 1.12 1.39 1.15; 1.69 1.80 1.66; 1.97

Estrogen intake 0.69 0.52; 0.91 0.65 0.39; 1.07 0.44 0.34; 0.57

Cancer 1.78 1.57; 2.01 1.95 1.61; 2.36 6.32 5.78; 6.92

Chronic lung disease 1.12 0.94; 1.35 1.24 0.94; 1.62 1.25 1.11; 1.41

Chronic heart failure 1.06 0.80; 1.40 1.69 1.26; 2.27 1.45 1.26; 1.66

Arterial hypertension 1.10 0.97; 1.24 1.12 0.91; 1.36 0.83 0.76; 0.90

Diabetes 1.03 0.88; 1.20 0.91 0.72; 1.15 1.35 1.23; 1.49

CrCL levels

>60 mL min 1.0 Ref 1.0 ref 1.0 Ref

30–60 mL min 1.20 1.03; 1.39 1.39 1.10; 1.75 1.25 1.13; 1.39

<30 mL min 1.02 0.79; 1.33 2.11 1.58; 2.81 1.98 1.74; 2.25

Anaemia 0.94 0.83; 1.06 2.11 1.73; 2.58 1.77 1.62; 1.94

Abnormal platelet count 1.10 0.97; 1.26 1.41 1.16; 1.71 1.36 1.25; 1.49

Legend to Table 4: HR, hazard ratio; CI, confidence intervals; PE, pulmonary embolism; CrCl, creatinine clearance;
DVT, deep vein thrombosis; Ref., reference.

4. Discussion

CS is associated with a worse survival and event-free survival in patients presenting
with arterial cardiovascular events (namely ACS, stroke, and PAD) [4]. To date, to our
knowledge, few studies have addressed the prognostic role of CS in patients presenting
with an acute episode of VTE smoke [9,10]. As the risk of VTE recurrences was only
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marginally increased in smoking patients compared to non-smoking patients (HR: 1.14), no
treatment modifications seem to be justified.

Our findings, obtained from a large cohort of patients with VTE and after adjusting
for a number of potentially confounding variables, reveal that smoking patients presenting
with an acute episode of VTE are at higher risk of death than non-smoking patients. These
results are consistently found in patients with or without cancer, in patients presenting
with DVT and in patients presenting with PE with a stronger association between CS and
mortality in the latter group.

A higher risk of death in smoking patients was uniformly found for most cardio-
vascular causes of death (recurrent PE, myocardial infarction, and critical limb ischemia),
although it did not reach statistically significant differences, most likely because of the sam-
ple size. Risk of VTE recurrence was marginally increased in smoking patients compared to
non-smoking patients (1.14; 95% CI 1.02–1.27), while major bleeding did not significantly
differ in these two groups of patients (1.15; 95% CI 0.96–1.38).

Previous studies with conflicting results have assessed the association between VTE
and smoke [5,6,11,12]. In an old systematic review and meta-analysis of the literature
by Ageno et al., smoke did not appear to be associated with a first episode of VTE [5].
Conversely, Cheng et al. [7] and Mahmoodi M et al. [4] reported a slightly increased
risk of VTE in smoking patients. In another work that used data from the Atheroscle-
rosis Risk in Communities study (ARIC), the association between cardiovascular risk
factors and incident VTE was evaluated in a cohort of 15,340 participants who had no
history of VTE and/or anticoagulant use at enrolment [12]. A mean follow-up time of
15.5 years (237,375 person-years) and smoking status, after adjustment for demographic
variables and BMI, resulted to be associated with an increased risk of VTE (hazard ratio
1.44; 95% CI: 1.12–1.86)

In the Tromsø Study, information on smoking habits was assessed by self-administered
questionnaires in 24.576 subjects aged 25–96 years [11]. After a mean follow-up of 12.5 years,
heavy smoking was found to be a risk factor for provoked VTE in the analyses with VTE
events as the only outcome, but the lack of association between smoking and VTE risk in
the analyses censored at the occurrence of cancer [13] or myocardial infarction, suggests
that smoking-attributable diseases or other predisposing factors are essential to convey a
risk of VTE.

A meta-analysis of 20 studies demonstrated a 36% reduction in the crude relative
risk of mortality for patients with coronary heart disease who quit smoking compared
with those who continued smoking [14]. Smoking cessation also leads to an exponential
reduction in acute cardiovascular events, particularly in the first year after quitting [15].

Evidence on the role of CS as a potential risk factor for VTE recurrence and as a
prognostic factor in patients with an acute episode of VTE is even more limited, as no large
high-quality prospective study has evaluated this aspect.

CS has many potential effects on hemostatic balance [16]: through different mecha-
nisms, it may reduce nitric oxide bioavailability potentially affecting inflammation, leuko-
cyte adhesion, and platelet activation [17,18]; CS may cause an imbalance in endothelial
cell (EC) derived antithrombotic and fibrinolytic factors (i.e., an increase in circulating
tissue factor (TF) activity and a significant decrease in EC-derived tissue factor pathway
inhibitor 1 secretion) [16–18]; platelet α-granule constituents, such as platelet factor-4,
β-thromboglobulin, and the platelet activating factor, are increased in smokers’ plasma,
suggesting increased platelet activation [19–21]. These and other data [22] suggest the
existence of a pro-thrombotic state in these patients leading to an increased risk of arterial
and venous thromboembolic events.

Conflicting results depending on the current smoking status of the patients, with some
authors reporting an increased risk of VTE among current smokers only and also among
heavy smokers only [23], as far as for the risk of mortality in same subgroups of smokers
regarding lung cancer or cardiovascular diseases [24,25]. Yet, in our population we found,
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interestingly, a low bleeding rate (minor and major events) associated with a slight increase
of VTE recurrences.

Although mortality risk appeared only modestly increased in smoking patients, such
an increase becomes relevant and numerically meaningful considering how mortality risk
is already high at baseline and how represented smokers are in this population.

Thus, considering the total number of smoking patients affected by VTE, lowering
said mortality risk by promoting the quitting of smoking habits may result in a relevant
intervention and creates another valuable reason to support the effort of many countries
that have already started tobacco control programs that are showing considerable success.

Furthermore, based on our results on a large population of a real world study, we could
underline that there is a linear correlation starting from the pathophysiological effects of
the prothrombotic effects of smoking on haemostatic balance and clinical events regarding
arterial and venous thromboses to the clinical outcomes that may stress the clinical concept
of increased rate of recurrences in smokers vs. non-smokers as far as the reduced rate
of bleeding complication. Therefore, we should probably speculate that smokers with
recent VTE could take advantage of a stronger anticoagulant treatment regarding intensity
of anticoagulant treatment or its duration but confirmation is needed by randomized
clinical trials.

Our study has some limitations. First, our results should be treated with caution
considering how observational studies could be limited by inferring causality. Confounding
is a potential limitation of the cohort design, due to the absence of random allocation.
However, in our study, we were able to adjust our results for many prospectively collected
variables minimizing this risk. Furthermore, in the RIETE registry, information on smoking
habits is collected only at time of enrolment, while the smoking behavior could change
over time, making it impossible to know whether a smoking habit had been stopped or
taken up during follow-up and thus potentially creating a misclassification in our analysis.
Also, unfortunately, due to limitations in data collection, we could only classify patients
as smokers or non-smokers without further information, and thus have no insights on
the potential role of dose and duration of smoking. Finally, smoking habits were self-
reported, making it possible for such information to be insincere or inaccurate. However,
self-reporting of smoking habits has been proven to have high validity and reliability [26].

In conclusion, risk of death after an acute episode of VTE appeared to be higher
in smoking than in non-smoking patients. This seems to be especially true in patients
presenting with PE. Other studies should confirm our preliminary findings and should
assess if active campaigns to quit smoking may be useful in reducing mortality rates among
these patients.
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