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Introduction

Background Tobacco smoking represents the most preventable cause of several fatal
and disabling diseases worldwide. Several ingredients in tobacco have been suspected
to cause changes in the arterial wall leading to instability of blood vessels. The
association of smoking with major bleeding is largely unexplored. We tested the
hypothesis that smoking and high tobacco consumption are associated with increased
risk of bleeding.

Materials and Methods This is a prospective cohort study with a mean follow-up of
5.9 years including 99,359 individuals from the Copenhagen General Population Study,
with a questionnaire including self-reported smoking status and information on
smoking intensity in cigarettes per day and pack-years. In this study, 17,555 were
current smokers, 40,182 former smokers and 41,622 were never smokers.

Results Multivariable adjusted hazard ratios for current smokers versus never
smokers were 1.49 (95% confidence interval [Cl]: 1.38-1.61) for any major bleeding,
1.71 (1.37-2.13) for intracranial bleeding, 1.35 (1.14-1.60) for airway bleeding, 2.20
(1.84-2.62) for gastrointestinal bleeding and 1.39 (1.26-1.55) for urinary bleeding.
Increased smoking intensity was also associated with increased risk of any major
bleeding, where > 40 pack-years in current and former smokers compared with never
smokers had a multivariable adjusted hazard ratio of 1.59 (95% Cl: 1.45-1.73) (p for
trend across four groups: < 0.001). Also, current smokers smoking > 20 cigarettes
per day compared with former and never smokers had a corresponding hazard ratio of
1.67 (1.51-1.85) (p for trend across four groups: < 0.001).

Conclusion Current smokers have an increased risk of any major bleeding as well as of
intracranial, airway, gastrointestinal and urinary bleeding. Also, increased smoking
intensity was associated with increased risk of major bleeding.

chronic obstructive pulmonary disease and peripheral arter-

Tobacco smoking represents the most preventable cause of
several fatal and disabling diseases worldwide.'™* Smoking
causes lung cancer, other cancers, cardiovascular disease,
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ial disease, among others. In 1964 to 2012, an estimated 17.7
million deaths were related to smoking in the United States
alone.? If current trends continue, tobacco will kill 1,000
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million people prematurely during this century and tobacco
will kill at least one-third of smokers.?

The nicotine in tobacco is proposed to have a damaging
effect on the arterial wall, causing endothelial dysfunction
and harmful haemodynamic effects making the arterial wall
fragile.>® Major bleeding can be caused by local factors such
as trauma or invasive procedures, or by systemic factors such
as the use of anti-thrombotic medication, for example, antic-
oagulants.” Some studies have suggested hypertension as a
risk factor and obesity as a possible protective factor for
bleeding; however, there is no consensus on this.® The
IMPROVE bleeding risk score is used to assess the risk of
bleeding for patients admitted to hospitals when considering
giving prophylactic treatment for deep venous throm-
boses.>'? The score is calculated by adding factors that
was found to be associated with increased risk of fatal or
major bleeding, including renal failure, cancer, rheumatic
disease, hepatic failure, low platelet count and active gastro-
duodenal ulcer. It is currently unknown if smoking is asso-
ciated with increased risk of any major bleeding, and
therefore whether smoking should be included in bleeding
risk scores to better predict patient prognosis.

We tested the hypotheses that smoking and high tobacco
consumption are associated with increased risk of bleed-
ing.%” This was tested for any major bleeding, and separately
for intracranial bleeding, airway bleeding, gastrointestinal
bleeding and urinary bleeding using 99,359 individuals from
the Copenhagen General Population Study.

Materials and Methods

The Copenhagen General Population Study

This study of the Danish general population was initiated in
2003 and ended recruitment for the first examination in 2014.
Individuals were selected based on the National Danish Civil
Registration System, a system that registers all individuals
living in Denmark, from municipalities around Herlev and
Gentofte Hospital covering both high-, middle- and low-income
areas, and city as well as countryside. We invited all adults of
Danish descent aged 20 to 100 years and 42% of those invited,
participated. Data were obtained from a self-administered
questionnaire and, on the day of the examination, a physical
examination was performed, blood samples were taken and the
questionnaire was checked by an examiner. The study was
approved by a Danish ethical committee and by Herlev and
Gentofte Hospital, and written informed consent was obtained
from all participants. See = Supplementary Fig. S1 (available in
the online version) for flowchart on individuals included in the
analyses.

Endpoints

Participants were followed using their unique Central Person
Registration number and the National Danish Patient Registry,
a public registry to which all hospital contacts in Denmark
have beenreported since 1977, and the National Danish Causes
of Death Registry, to which all death certificates have been
reported since 1977. Registers are 100% complete, that is, no
individuals are lost to follow-up. The endpoint of any major
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bleeding was defined as intracranial bleeding (International
Classification of Diseases, 10th edition [ICD-10], codes 160-162,
169.0 and 169.2), airway bleeding (ICD-10 codes ]94.2 and R04),
gastrointestinal bleeding (ICD-10 codes K22.6, K25.0, K25.2,
K25.4, K25.6, K26.0, K26.2, K26.4, K26.6, K27.0, K27.2, K27 .4,
K27.6, K28.0, K28.2, K28.4, K28.6, K92.0, K92.1 and K92.2) or
urinary bleeding (ICD-10 codes NO2 and R31.9) up until
November 2014, emigration (n = 393) or death (n = 5717)
(=Supplementary Table S1, available in the online version).
Diagnoses were collected from inpatient or outpatient hospital
records as either main cause of admission or as a complication
during hospitalization. Information from general practitioners
was not included.

Conditions Used for Stratification

Information on diagnoses of invasive cancers was obtained
from the Danish Cancer Registry, and includes all cancers
except non-melanoma skin cancer. Ischaemic heart disease
was defined with ICD 8th edition (ICD-8)codes 410-414 and
ICD-10 codes 120-125 and ischaemic cerebrovascular disease
with ICD-8 codes 433-435 and ICD-10 codes 163-164 and
G45. Chronic obstructive pulmonary disease was defined as a
forced expiratory volume in one second/forced vital capacity
ratio under the lower limit of normal, the fifth percentile of a
frequency distribution, excluding participants with self-
reported asthma. Low-grade inflammation was defined as
individuals with a high-sensitive C-reactive protein >3 mg/L.

Smoking Status and Intensity

The participants of the Copenhagen General Population Study
answered questions on smoking habits in the self-administered
questionnaire. They were asked if they were current smokers
and, if not, whether they formerly had been smokers. Questions
also included how many years they had been smoking, when
they started/stopped and the number of cigarettes, cigars,
cheroots and/or pipe-tobacco they smoked/had smoked per
day. Based on these answers, the participants were divided into
never smokers, former smokers or current smokers. Current
smokers were individuals smoking one or more cigarettes per
day and/or individuals stating they were current smokers on
the questionnaire. Former smokers were individuals who
previously smoked one or more cigarettes per day and/or
individuals stating they were former smokers on the ques-
tionnaire. Also, for both former and current smokers, cumula-
tive tobacco consumption was calculated as pack-years, where
one pack-year is 20 cigarettes (or equivalent) smoked every day
for 1 year. Finally, we calculated the number of cigarettes (or
equivalent) smoked per day, if the participant was currently
smoking at the time of examination.

Other Covariates

The covariates used for adjustment in our analysis were chosen
because they were associated with smoking and/or risk of
bleeding. All covariates were based on information obtained on
the day of examination by the questionnaire, the physical
examination and/or the blood samples. Hypertension was a
measured systolic blood pressure >140 mm Hg (>135 mm Hg
for diabetics),a measured diastolic blood pressure >90 mm Hg
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(>85 mm Hg for diabetics) and/or use of antihypertensive
medication as stated on the questionnaire. The participants
reported their weekly alcohol intake in units per week (one
unit is equivalent to 12 g of alcohol). Kidney function was
evaluated by estimated glomerular filtration rate using the
Chronic Kidney Disease Epidemiology Collaboration formula
including creatinine, age and sex. Body mass index (BMI) was
calculated as measured weight in kilograms divided by mea-
sured height in metres squared (kg/m?). Level of education was
divided into no education (after secondary school), lower
education (<3 years vocational or academic), higher education
(> 3 years) or university education. Civil status was divided
into married/co-habiting, not married, separated/divorced or
widow/widower. International normalized ratio (INR) for coa-
gulation factor II, VIl and X was measured in all individuals on
fresh samples using a standard hospital assay. Information on
fat intake was retrieved from the questionnaire and indivi-
duals were divided into high and low fat intake. Physical
activity was divided into physical inactivity defined as doing
no or light physical activity in leisure time for less than 4 hours
per week and moderate/vigorous physical activity defined as
doing more than 4 hours of light physical activity or at least
2 hours of vigorous physical activity in leisure time per week.
Co-morbidities were scored using the Charlson comorbidity
index, a severity weighted index of co-morbid conditions
including acquired immunodeficiency syndrome/human
immunodeficiency virus, any malignancy (except malignant
neoplasms of the skin), cerebrovascular disease, chronic pul-
monary disease, congestive heart failure, dementia, diabetes
without chronic complications, diabetes with chronic compli-
cations, haemiplegia/paraplegia, metastatic solid tumours,
mild liver disease, moderate/severe liver disease, myocardial
infarction, peptic ulcer disease, peripheral vascular disease,
renal disease and rheumatic disease.

Statistical Analyses

All statistical analyses were done using Stata 13.1. Cuzick
non-parametric test for trend or Mann-Whitney test were
used to test for differences in continuous and categorical
variables between different smoking statuses.

We analysed age-at-event using left truncation (delayed
entry)and age as time scale. Hazard ratios with 95% confidence
intervals (ClIs) were calculated by Cox proportional hazards
regression for incident bleeding events occurring after the
assessment of smoking history, adjusted multivariable for
covariates associated with smoking and/or risk of bleeding.
Multivariable adjustment was for sex, age (as time scale), BMI,
anticoagulant therapy (by INR activated partial thromboplas-
tin time and coagulation factors II, VII and X), acetylsalicylic
acid use, educational level and civil status.

Information on covariates other than age and sex were
98.5% complete, and if values were missing, these were
imputed based on age and sex using the Stata command
‘mi impute’; if only individuals with complete data were
analysed, results were similar to those reported.

The proportional hazard assumption was judged by visual
inspection of cumulative hazard logarithm plots against age;
no major violations were observed. Individuals with major
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bleeding events before study entry were excluded. Multi-
plicative interaction of smoking status with other risk factors
was evaluated by including two-factor interaction terms
between smoking status and other examined risk factors
continuously or categorized in the multivariable Cox regres-
sion model. Additive interactions were examined by the
synergy index.

Cumulative incidences of smoking status and pack-years
were plotted using a non-parametric cumulative incidence
estimation including competing risk of death, using the user-
written Stata command ‘stcompet’, and differences between
groups were examined using log-rank trend tests.

Incidence rate ratios (IRRs) with 95% CI were calculated
using a negative binomial regression model assessing the risk
of bleeding according to smoking status. IRR is the ratio of
two incidence rates. The incidence rate is defined as the
number of events divided by the person-time at risk. We
used negative binomial regression using the Stata command:
nbreg y x covariates, exposure (follow-up time) irr.

Results

Baseline characteristics of all individuals are shown
in =Table 1. Individuals in the never smoking group were
drinking less alcohol, were better educated and a higher per
cent were married/co-habitant. Note that 17,555 were current
smokers, 40,182 former smokers and 41,622 were never
smokers. During follow-up, 11,339 individuals had an incident
of major bleeding, and of these, 1,119 had intracranial bleed-
ing, 2,788 had airway bleeding, 1,903 had gastrointestinal
bleeding and 6,322 had urinary bleeding (some individuals
had more than one of these types of bleeding endpoints). Mean
follow-up time was 5.9 years ranging from 0.1 to 11 years.

Risk of Major Bleeding by Smoking Status
Multivariable adjusted hazard ratios for current smokers
versus never smokers were 1.71 (95% CI: 1.39-2.13) for
intracranial bleeding, 1.35 (1.14-1.60) for airway bleeding,
2.20 (1.84-2.62) for gastrointestinal bleeding and 1.39
(1.26-1.55) for urinary bleeding (=Fig. 1). When combining
all four types of bleeding endpoints, the corresponding
hazard ratio was 1.49 (1.38-1.61) for any major bleeding.
Corresponding hazard ratios of former smokers versus never
smokers were above 1.0; however, these hazard ratios were
only significant for any major bleeding and for gastrointest-
inal bleeding. Multivariable adjustment was for age, sex,
units of alcohol per week, BMI, INR, educational level and
civil status. When using repeated events, results were similar
(=Supplementary Fig. S2, available in the online version).
When results were further adjusted for fat intake, physical
activity and co-morbidities at baseline, results were similar;
however, results for former smokers were attenuated
(=Supplementary Fig. S3, available in the online version).

For former smokers, the hazard ratio of any major bleeding
compared with never smokers was 1.4 (1.2-1.7) for individuals
who quit smoking 0 to 1 year ago, and 1.0 (0.9-1.1) for those
who quit smoking > 20 years ago (=Supplementary Fig. S4,
available in the online version).
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Table 1 Baseline characteristics of individuals in the Copenhagen
General Population Study

Smoking

Current Former Never
Number 17,555 40,182 41,622
Women, % 53 52 59
Age, y 57 (48-65) | 60 (51-69) | 56 (46-66)
Alcohol, units/d® | 9 (3-18) 9 (4-16) 7 (3-12)
Hypertension, % | 64 70 65
BMI, kg/m? 25 (23-28) | 26 (24-29) | 25 (23-28)
eGFR, mL/ 82 (70-91) | 79 (68-89) | 80 (70-91)
min/1.73 m?
INR > 1.1, % 18 22 25
aPTT, s 28 (26-31) | 28 (26-30) | 28 (26-30)
Factor I, VIl and | 100 95 93
X, % (87-114) (82-109) (81-107)
Platelet count, 282 271 270
10°/L (239-330) | (232-316) | (232-314)
ALAT, U/L 19 (15-26) | 21 (16-28) | 20 (15-27)
ASA, % 13 15 9
> 3 years 31 47 49
education, %
Married/ 66 64 77
co-habitant, %
Pack-years 26 12 -

(14-40) (5-25)

Abbreviations: ALAT, alanine aminotransferase; aPTT, activated partial
thromboplastin time; ASA, acetylsalicylic acid; BMI, body mass index;
eGFR, estimated glomerular filtration rate; INR, international normal-
ized ratio for coagulation factor II, VIl and X.

Note: Continuous variables are median (interquartile range).

“One unit = 12 g of alcohol.

Risk of Major Bleeding by Smoking Status in Different
Sub-Groups of Pre-Existing Disease and Possible
Confounders
For analyses in sub-groups of individuals with or without
cancer, ischaemic heart disease or ischaemic cerebrovascular
disease, chronic obstructive pulmonary disease or low-grade
inflammation at baseline, the multivariable adjusted hazard
ratios for any major bleeding for current smokes versus never
smokers were statistical significant except for in individuals
with cancer (=Fig. 2). For former versus never smokers, the
corresponding hazard ratios were all nominally above 1.0;
however, the risk estimates were not significant except for in
individuals without low-grade inflammation at baseline. The
tests for interaction were significant for with or without
ischaemic heart disease or ischaemic cerebrovascular dis-
ease at baseline; however, the risk estimates were similar.
For all analyses in sub-groups, the multivariable adjusted
hazard ratio for any major bleeding for current smokers
versus never smokers remained highly statistically signifi-
cant (~Supplementary Fig. S5, available in the online ver-
sion). Corresponding hazard ratios for any major bleeding in
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former smokers versus never smokers were all (except for
platelet counts < 200) above 1.0; however, most risk esti-
mates were not statistically significant. Importantly, how-
ever, as none of the tests of interaction for sub-groups in
current or former smokers versus never smokers were
statistically significant (~Supplementary Fig. S5, available
in the online version), the association observed overall will
also be true in the different sub-groups.

Risk of Major Bleeding by Higher Smoking Intensity
Smoking intensity among current and former smokers as
measured in pack-years versus never smokers was associated
with a dose-dependent increased risk of any major bleeding
and of all bleeding endpoints separately (p for trend across
four groups: 0.01 to < 0.001) (=Fig. 3). Individuals with
> 40 pack-years compared with never smokers had a hazard
ratio of 1.59 (95% CI: 1.45-1.73) (p for trend across four
groups: < 0.001) for risk of any major bleeding in multi-
variable adjusted analysis. The corresponding hazard ratios
were 1.59 (1.25-2.06) (p < 0.001) for intracranial bleeding,
1.56 (1.30-1.87) (p < 0.001) for airway bleeding, 2.23 (1.86-
2.70) (p < 0.001) for gastrointestinal bleeding and 1.40
(1.24-1.58) (p < 0.001) for urinary bleeding.

Similarly, number of cigarettes smoked per day among
current smokers versus former and never smokers were
associated with a dose-dependent increased risk of any
major bleeding and of all bleeding endpoints separately (p
for trend across four groups: 0.002 to < 0.001). Current
smokers who smoked > 20 cigarettes per day compared
with former and never smokers had a hazard ratio of 1.67
(1.51-1.85) (p < 0.001) for risk of any major bleeding in
multivariable adjusted analysis. The corresponding hazard
ratios were 2.11 (1.59-2.79) (p < 0.001) for intracranial
bleeding, 1.36 (1.10-1.70) (p < 0.001) for airway bleeding,
2.67 (2.18-3.27) (p < 0.001) for gastrointestinal bleeding
and 1.50 (1.30-1.71) (p < 0.001) for urinary bleeding.

Cumulative Incidences of Major Bleeding for Smokers
versus Never Smokers

The cumulative incidences of any major bleeding as a func-
tion of age were increased in current smokers and in former
smokers compared with never smokers (p for trend: < 0.001
by the log-rank test) (~Fig. 4). The cumulative incidences of
any major bleeding as a function of age were also increased in
individuals with > 40 pack-years, 21 to 40 pack-years and 1
to 20 pack-years compared with never smokers (p for
trend: < 0.001).

Discussion

We found that current smokers compared with never smo-
kers in the general population had an increased risk of any
major bleeding, and increased risk of intracranial, airway,
gastrointestinal and urinary bleeding. Furthermore, we
found that there was an increased risk of any major bleeding
and risk of all four sub-types of bleeding with increased
number of pack-years and increased number of cigarettes
smoked per day.
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Age and sex adjusted
Number/events

Major bleeding overall

Never smoker 39,184/1580 l

Former smoker 37,222/2076 gl

Current smoker 16,352/1195 [a g
Intracranial bleeding

Never smoker 41,067/184 I

Former smoker 39,927/239

Current smoker 17,460/155 —e—
Airway bleeding

Never smoker 40,717/345 ®

Former smoker 39,363/497 —e—

Current smoker 17,225/253 —e—
Gastro-intestinal bleeding

Never smoker 40,989/250 ®

Former smoker 39,727/423 —e—i

Current smoker 17,322/276 —e—
Urinary bleeding

Never smoker 40,044/909 L 4

Former smoker 38,475/1170 -

Current smoker 16,896/649 o

T T
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Multivariable adjusted

HR(95%CI) HR(95%CT)
1.00 1.00
1.10(1.02;1.17) 1.06(0.99;1.13)
1.54(1.43;1.67) e 1.49(1.38;1.61)
1.00 L4 1.00
1.00(0.82;1.22) —e— 0.99(0.81;1.21)
1.77(1.43;2.20) —e— 1.71(1.37;2.13)
1.00 ® 1.00
1.18(1.03;1.36) H-e— 1.10(0.96;1.27)
1.47(1.25;1.73) —e—i 1.35(1.14;1.60)
1.00 1.00
1.27(1.08;1.49) —e— 1.21(1.03;1.42)

2.33(1.96;2.76) —e—— 2.20(1.84;2.62)

1.00 1.00
1.07(0.98;1.17) 1.06(0.97;1.15)
1.39(1.26;1.54) e 1.39(1.26;1.55)

Hazard ratio (95% CI)

1 1
05 10 L5 20 25

1 1
05 1.0 15 20 25
Hazard ratio (95% CI)

Fig. 1 Hazard ratios and 95% confidence intervals for any major bleeding, for intracranial, airway, gastrointestinal and urinary bleeding in
current and former smokers versus never smokers. Multivariable adjustment was for sex, age (as time scale), body mass index, alcohol
consumption, international normalized ratio, activated partial thromboplastin time, acetylsalicylic acid use, educational level and civil status.
Based on 99,359 individuals from the Copenhagen General Population Study. Cl, confidence interval.

Mechanistically, it is plausible that tobacco smoking can
lead to fragile vessels prone to rupture and consequently to
bleeding episodes, as tobacco in cigarettes, cigars, cheroots
and pipe-tobacco contains several thousand chemicals
including a vast amount of toxins.! 1% These toxins can cause
structural damage to the vessel wall by the development of
free radicals, which may be acute as well as long term.
Further, smoking has been shown to impair the production
of nitric oxide in the endothelium,” and nitric oxide, pro-
duced in response to increased blood flow and other phy-
siological stimuli, is an important regulator of the smooth
muscle tone in the vessel wall. Smoking can therefore result
in an impairment of dilation in the endothelium and conse-
quently in more rigid arteries and vessels. This leads to
increased shear stress at the endothelial surface likely lead-
ing to a leaky endothelium allowing different cells and
proteins to pass. Such alterations may in some cases lead
to damage of the endothelium, causing the vessel to rupture
and bleeding to occur. In this study, we found that both
current and former smokers had increased risk of bleeding;
however, it was mainly former smokers who had quit
recently who were at increased risk, indicating that it might
mainly be high doses of toxins present in the bloodstream

that can lead to bleeding events and that the vessels perhaps
regenerate after several years following quitting of smoking.

To the best of our knowledge, the risk of any major
bleeding among smokers versus non-smokers is largely
unexplored as is the association of daily smoking intensity
and number of pack-years with risk of major bleeding and
organ-specific bleeding; however, the risk of a few organ-
specific types of bleeding in relation to smoking status has
been investigated.'3~'° Cigarette smoking has been shown to
be an independent risk factor for both ischaemic and hae-
morrhagic stroke in both men and women.'® Two large
prospective cohort studies, one in 22,022 men and one in
39,783 women found an increased risk of haemorrhagic
stroke, intra-cerebral haemorrhage and sub-arachnoid hae-
morrhage among smokers and an increase in the risk with
increased amount smoked.'”'® One large Finnish prospec-
tive study of 36,686 individuals also found an increased risk
of haemorrhagic stroke among smokers versus non-smo-
kers.'® Another study of 66,820 elderly Chinese found that
smoking was associated with a two- to threefold higher risk
of haemorrhagic stroke, intra-cerebral haemorrhage and
sub-arachnoid haemorrhage.20 Also, in 475,734 Korean
men, it was found that among smokers quitting smoking
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Current versus never smokers

p for interaction

Former versus never smokers
p for interaction

Baseline: Number/  HR(95%CT) Number/  HR(95%CI)
Cancer events Multiplicative Additive events Multiplicative Additive
52,397/2543 1.58(1.46;1. .07(1.00;1.
No o , (1.46;1.71) P 71,371/3245 1.07(1.00;1.15)
0.96 0.07 0.01 0.17
Yes F—e—— 3135229  1.15(0.87;1.52) H—@—— 5033/410  1.15(0.94;1.42)
IHD/ICVD
No 2 52,351/2394 1.53(1.42;1.66) 70810/2995 1.05(0.98;1.13)
0.001 0.69 0.01 0.03
Yes —— 3181/378  1.55(1.26;1.90) H—@—  5594/660  1.13(0.95;1.34)
COPD
No = 45,939/2130 1.52(1.38;1.64) e+ 64,150/2907 1.06(0.99;1.14)
0.02 <0.001 0.07 0.01
Yes —@— 6421/451  1.69(1.37;2.09) H—@—  7698/461 1.17(0.95;1.46)
C-reactive protein
<3 mg/L . 45,129/2001 1.54(1.41;1.68) ial 63,388/2733 1.09(1.01;1.18)
>3 mglL 0.02 0.006 0.02 0.03
- —o— 10,403/771 1.36(1.17;1.56) = o 13,016/922  1.01(0.90;1.17)
1

1
1.0 1.5 2.0
Hazard ratio (95% CI)

1
1.0 1.5
Hazard ratio (95% CI)

Fig. 2 Multivariable adjusted hazard ratios and 95% confidence interval for risk of any major bleeding in current smokers versus never smokers
(left panel), and in former smokers versus never smokers (right panel). Analyses were stratified according to disease or marker of disease
(Greactive protein) at baseline possibly associated with the outcome. Multivariable adjustment was for sex, age (as time scale), body mass index,
alcohol consumption, international normalized ratio, activated partial thromboplastin time, acetylsalicylic acid use, educational level and civil
status. Based on 99,359 individuals from the Copenhagen General Population Study. Cl, confidence interval; COPD, chronic obstructive
pulmonary disease; HR, hazard ratio; IHD, ischaemic heart disease; ICVD, ischaemic cerebrovascular disease.

significantly reduced the risk of sub-arachnoid haemor-
rhage.21 Furthermore, a review from 2005 found that smok-
ing is one of the most important risk factors for sub-
arachnoid haemorrhage.'>*? Taken together, these findings
support our results that current smoking increases the risk of
intracranial bleeding.

Previously, mainly smaller studies have examined the
association of smoking with gastrointestinal bleeding, with
conflicting results, and most studies were case-control
studies and had limited data on smoking status.'®'> Most
studies are made in a sub-group of gastrointestinal bleeding
such as peptic ulcer bleeding. One case-control study of 203
patients with ulcer bleeding and 203 controls found an odds
ratio of 2.2 (95% CI: 1.04-4.7) for risk of ulcer bleeding among
current smokers compared with non-smokers.'* Others have
also found an increased risk of peptic ulcer bleeding among
smokers,>23-24 whereas some have not.'*2> A meta-analy-
sis found a dose-dependent increase in risk of upper gastro-
intestinal bleeding with smoking intensity.26 One
prospective study including 48,000 men did not find an
increased risk of major gastrointestinal bleeding among
current or past smokers or in relation to pack-years of
smoking.?’ However, another prospective including 5,888
elderly men and women found that current smokers had a
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higher risk of hospitalization for gastrointestinal bleeding
than non-smokers.?8

To the best of our knowledge, no studies have examined
the association between smoking and airway bleeding. How-
ever, the possible association of increased risk of cryptogenic
haemoptysis and smoking has been proposed but not inves-
tigated.”® For urinary bleeding, one prospective study of
56,632 individuals found that among asymptomatic healthy
adults, current smoking was associated with an increased
odds of having microscopic haematuria.>®

One limitation of our study is that the diagnoses of
bleeding were based on hospital discharge records and death
certificates, and therefore only include either major bleed-
ings severe enough to result in a hospital visit or bleedings in
relation to a hospital visit or death. Conversely, it could be
argued that this is a strength as we only examine the risk
associated with major bleedings. Further, haematuria could
be microscopic or gross with different aetiologies for each,
some of them are not major bleedings (some patients with
glomerulonephropathies, cystitis and nephrolithiasis) and
some of them are associated with smoking (malignancies);
however, the association between smoking and major bleed-
ing was also observed from intracranial bleeding where most
events represents major bleeding and only a minority will be
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Age and sex adjusted
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Fig. 3 Multivariable adjusted hazard ratios and 95% confidence intervals for any major bleeding, for intracranial, airway, gastrointestinal and urinary
bleeding forincreasing pack-years in current and former smokers and for increasing cigarettes smoked per day in current smokers. Multivariable adjustment
is for sex, age (as time scale), body mass index, alcohol consumption, international normalized ratio, activated partial thromboplastin time, acetylsalicylic
acid use, educational level and civil status. Based on 99,359 individuals from the Copenhagen General Population Study. Cl, confidence interval.
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Fig. 4 Cumulative incidences of any major bleeding by age and as a
function of current, former and never smokers (top panel) and as a
function of pack-years smoked (bottom panel). Based on 99,359
individuals from the Copenhagen General Population Study.

related to cancer. Another limitation is that we only included
individuals of white Danish descent and the result may
therefore not necessarily apply to other ethnicities; however,
we are not aware of any data suggesting that the present
results should not be applicable to most races. Yet, another
limitation is that we may not have adjusted for all potential
confounders such as the use of anti-platelet therapy other
than aspirin, such as clopidogrel, ticagrelor, prasugrel and
cilostazol, and also non-steroid anti-inflammatory drugs and
the presence of Helicobacter pylori, liver cirrhosis, varices,
haemorrhoids, inflammatory bowel disease, trauma, falls or
the use of COX-2 inhibitors could be potential confounders.
Finally, smoking status and number of cigarettes smoked is
based on questionnaire data, and this could result in reporter
bias. However, as such a bias most likely will be non-
differential to major bleeding episodes occurring later in
life; such potential bias would only bias the results towards
the null hypothesis and therefore cannot explain the present
results.

For practical purposes, the finding in this study that
smoking was associated with increased risk of major bleed-
ing suggests that smoking could be included in the IMPROVE
bleeding risk score to better identify patients in need of
prophylactic treatment for deep venous thromboses.’°

In conclusion, in this study current smokers have an
increased risk of any major bleeding as well as of intracranial,
airway, gastrointestinal and urinary bleeding. Also, in this

Thrombosis and Haemostasis  Vol. 119 No. 1/2019

study, increased intensity of smoking as measured by pack-
years as well as cigarettes smoked per day were associated
with increased risk of all four sub-types of bleedings.

What is known about this topic?

* A systematic review from 2005 found that smoking is
one of the most important risk factors for sub-ara-
chnoid haemorrhage.

* Further previous smaller studies have published con-
flicting results as for the association between smoking
and peptic ulcer bleeding. One case-control study
including 406 individuals found an increased odds
ratio of 2.2 for risk of peptic ulcer for smokers versus
non-smokers.

* No studies have to the best of our knowledge analysed
the association between smoking and major bleeding
overall. Also, the association of smoking intensity and
number of pack-years with risk of major bleeding has
not been investigated.

What does this paper add?

* Our study suggests that current smokers have an
increased risk of major bleeding overall as well as of
intracranial, airway, gastrointestinal and urinary
bleeding.

* Also, increased intensity of smoking as measured by
pack-years among current and former smokers as well as
cigarettes smoked per day among current smokers were
associated with increased risk of all types of bleeding.
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