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A B S T R A C T

Background: Previous studies have found that patients with Immune thrombocytopenia (ITP) have an increased
risk of arterial thrombosis (AT) and venous thromboembolism (VTE). However, risk factors for thrombosis in
adults with primary ITP remain unassessed in large cohorts.

Aim
To assess the occurrence and impact of risk factors for AT and VTE in patients with primary ITP in France and

Sweden.
Methods: Both countries have national health databases, including hospital diagnoses and drug dispensing data.
Adults with incident primary ITP identified using algorithms between the years 2009–2015 in France, and
2009–2016 in Sweden were included. Cumulative incidence rates (IR) of AT and VTE were calculated by risk
factors and multivariable Cox models were used to estimate associations.
Results: The study included 7225 patients from France and 2490 from Sweden. The IR of AT were 15.0 (95% CI:
13.4–16.7) and 14.7 (95% CI: 12.4–17.5) per 1000 person-years, respectively. The incidences of VTE were 6.9
(95% CI: 5.9–8.1) and 6.5 (95% CI: 5.1–8.4), respectively. Increasing age, male sex and a previous AT were
associated with AT in both countries and so were exposure to antiplatelet drugs in France and a history of VTE
and chronic kidney disease in Sweden. Increasing age and a history of VTE were associated with VTE in both
countries, in France also cancer.
Conclusion: The IR of AT and VTE were similar in France. Age and male sex remained the most important risk
factors for AT, age for VTE.

1. Introduction

Immune thrombocytopenia is an autoimmune hematologic disorder
characterized by a platelet count below 100 ∗ 109/L, which is classically
associated with an increased risk of bleeding [1]. ITP can be either
primary, where the underlying cause is unknown, or secondary to an
underlying disorder e.g. a systemic auto-immune disease [2]. Some
60–70% of adults with newly diagnosed primary ITP develop a chronic
condition of the disease, defined as ITP lasting>12months [1,3,4].

Chandan et al. found an increased risk of CVD in patients with ITP
compared with the general population [5] and a Danish study reported
an increased mortality risk of 50% in patients with ITP due to cardio-
vascular diseases (CVD) compared with the general population [6]. The
mechanisms behind the increased risk of thromboembolic events in
patients with ITP is to a large extent unknown but could partly be
linked to a pathological complement activation on/by platelets con-
tributing to vascular inflammation and thrombosis [7,8]. An increased
risk of thrombosis after splenectomy has also been reported in other
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studies [9]. Boyle et al. reported an increased cumulative incidence of
venous thromboembolism (VTE) in patients with ITP after splenectomy
[10], and an almost 3-fold increased remaining risk after splenectomy
compared with the general population (adjusted for age) was reported
by Thomsen et al. [11]. In the Nordic countries, Norgaard et al. re-
ported an increased rate of stroke in Danish patients who had a sple-
nectomy for various indications [12]. The knowledge about the risk for
VTE in non-splenectomized patients is limited and the prevalence and
impact of baseline risk factors for arterial thrombosis (AT) and VTE in
patients with ITP have, to our knowledge, not yet been assessed in large
cohorts. Including data from almost 10,000 patients with primary ITP
in France and Sweden made it possible to assess incidence rates (IR) of
AT and VTE, as well as the prevalence and the impact of baseline risk
factors in adults with primary ITP.

2. Methods

We included nationwide data from France and Sweden on patients
with primary ITP and performed a cohort study to estimate occurrences
of AT and VTE. We also undertook an assessment of risk factors.

2.1. Data sources

In France, the national health system database Système National des
Données de Santé, (SNDS) records linkable health information with
virtual coverage of the entire French population (66 million in-
habitants). It links information from the hospital database (named
Programme de médicalisation des systems des informations), that contains
notably inpatient discharge diagnoses in all public and private hospitals
in France; and from the inter-scheme consumption (Données de con-
sommation inter-régimes - DCIR) data set, that contains all outpatient
reimbursed health expenditures, including community dispensing of
reimbursed drugs, as well as chronic diseases allowing full reimburse-
ment that are notified by general practitioners. Diagnoses are coded
using the International Classification of Diseases, version 10 (ICD-10).
An anonymous identifier is derived from the social security number of
insured individuals and can be used for linkage between the registers in
the database [13,14].

The Swedish National Patient Register (NPR) was founded in 1964,
and from 1987 it includes nationwide data for all hospitalizations with
recording covering details of hospitalizations such as date and duration
of stays, hospital and department names, surgical procedures and dis-
charge diagnoses with a main diagnosis and up to 30 contributory di-
agnoses (coded with the ICD, 7th–10th versions). The quality of the
register is of high standard with almost complete coverage of inpatient
care [15]. The coverage on information from outpatient care has in-
creased over the years. The ICD-codes for several diseases have been
validated using information from medical charts with a positive pre-
dictive value of 85–95% [16]. Information on dispensed drugs can be
obtained from the Swedish Prescribed Drug Register (PDR). The register
has been available and linkable to other registers in Sweden since July
2005. The PDR contains detailed information on filled prescriptions
including product, quantity, dates of prescription and dispensing. The
register has complete coverage of all prescribed and dispensed drugs
[17,18]. Drugs given in hospital are not covered in the register. The
unique personal identification number given to each Swedish resident
at birth or immigration is used to link the different registers.

2.2. Identification of patients

In France, patients with a diagnosis of ITP from 2009 to 2015 were
identified with the ICD-10 code D69.3 (immune thrombocytopenia).
Adult patients (≥18 years old) with incident primary ITP were identi-
fied using an algorithm combining diagnosis codes and drug exposures,
which demonstrated high positive predictive values in identifying the
date of ITP diagnosis, detailed elsewhere [19]. In Sweden, NPR was

used to identify adult patients with a diagnosis of incident primary ITP
from 2009 to 2016 in out- or inpatient care using the ICD-10 code
D69.3 (immune thrombocytopenia).

Patients with a D69.3 code at any discharge location were included.
Other codes indicating that the thrombocytopenia was due to secondary
ITP, such as systemic lupus erythematosus (within the year prior to the
diagnosis of ITP or sixth months after), were used to exclude patients
who did not have a primary ITP (Supplementary Table 1). We used
splenectomy as an exclusion criteria and as a censoring variable be-
cause it has been identified as a major risk factor of VTE, both at the
time of the surgery, and also after long-term follow up [9–12,20].
Consequently, because we aimed at assessing the impact of baseline risk
factors without modification by intervention (demonstrated as linked to
thrombosis like splenectomy) we used the surgical procedure code to
exclude the follow-up time after splenectomy.

2.3. Risk factors for thrombosis

History of VTE and/or AT was searched for using discharge diag-
noses in the register (Supplemental Table 3). Solid tumors, chronic
kidney disease (stages 3–5), and liver disease were identified through
ICD-10 codes for both in-and out patients. Mild, moderate and severe
liver diseases were combined into one variable and considered as a
single risk factor for VTE (Supplemental Table 4). Diabetes was iden-
tified through relevant ICD-codes or by dispensed antidiabetics. Drugs
commonly used in the treatment of CVD, were considered as proxies for
CVD. Accordingly, information on antiplatelet, antithrombotic, anti-
hypertensive and lipid lowering drugs (AT only) and antiplatelet and
antithrombotic drugs (VTE only) were included as time-varying cov-
ariates in the multivariable analyses. Only dispensations in the
6months before the date of ITP diagnosis were considered.
(Supplemental Table 4).

2.4. Outcome definition

Relevant ICD-10 codes for AT and VTE were searched for in the
hospital databases among primary discharge diagnoses. The codes used
are indicated in Supplementary Table 3. Only the first event of each
type that occurred after the diagnosis of ITP were considered in the
analyzes.

2.5. Ethical approvals

For the French data, authorizations for use were obtained from the
Institut des Données de Santé in March 2012 (no. 40) and the Commission
Nationale de l'Informatique et des Libertés in July 2012 (no. DE-2012-
076). In Sweden, the Regional Ethics Committee at Karolinska Institutet
and the National Board of Health and Welfare approved the study
(Record no 2009/4:10, addendum 2009 1597–31/4 and 2017/53–32).

2.6. Statistical methods

The cumulative IR of AT and of VTE were calculated by dividing the
number of thrombotic events with person-time in years from the date of
diagnosis of ITP to time of censoring due to either an outcome (AT or
VTE), splenectomy, death or end of follow up (December 31, 2015
France and December 31, 2016 Sweden). AT and VTE were analyzed
separately. The cumulative IRs were first calculated in the overall ITP
population in each country, and then by baseline risk factors. For the
baseline risk factors: cancer, diabetes, chronic liver disease, kidney
disease, exposure to antiplatelet, antithrombotic, antihypertensive or
lipid lowering drugs, incidence rate ratios (IRR) were estimated.
Patients with the risk factor at baseline were compared with patients
who did not have the risk factor. In the sensitivity analysis the baseline
risk factors were adjusted for age and sex.

We chose to carry out a cohort study adjusting for age, sex and other
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relevant covariates [21]. In our main analysis we performed a time
dependent Multivariable Cox counting process to estimate associations
between risk factors of AT and VTE, respectively. All variables were
adjusted for, including both time-varying covariates and fixed covari-
ates. The follow-up time was from the date of diagnosis of ITP to the
time of censoring, defined as above. The following covariates were
considered as time-varying covariates: diabetes, renal disease, liver
disease, cancer, and treatments associated with cardiovascular disease,
such as antiplatelet drugs and antithrombotic drugs. Fixed covariates
were age at ITP diagnosis (categorized in four categories: 18–39 years,
40–59, 60–74 and 75 or older), sex and previous AT and VTE events.
We used the counting process approach to estimate hazard ratios (HR)
and 95% confidence intervals (CI). The counting process approach is an
extended version of Cox regression, which requires that data are split
into several records (time intervals) for each patient, measuring time to
event and taking all covariates into account [22]. The proportional
hazard assumption was tested by plotting Kaplan-curves. SAS statistical
software™ version 9.4 (SAS Institute, Cary, North Carolina, USA) was
used to analyze the data.

3. Results

3.1. Patient selection

The number of included adult patients with incident primary ITP in
the study period was 7225 from France (2009–2015) and 2490 from
Sweden (2009–2016). There were slightly more females in both coun-
tries: 4046 (56.0%) in France and 1270 (51.0%) in Sweden. Median age
at diagnosis of ITP was 61 years in France with interquartile range
(IQR) 39–76 and the corresponding figure in Sweden was 64 years
(IQR) 39–77 (Table 1).

3.2. Risk factors

3.2.1. Incidence rates of arterial thrombosis by country, age, sex and type of
diagnosis

The IR of AT for all included patients with primary ITP was 15.0
(95% CI 13.4–16.7 per 1000 person-years) in France and 14.7 (95% CI
12.4–17.5 per 1000 person-years) in Sweden (Table 1). In female pa-
tients, the IR was 8.4 (95% CI 6.9–10.1 per 1000 person-years) in
France and 11.2 (95% CI 8.6–14.6 per 1000 person-years) in Sweden.
The IR in male patients was 24.1 (95% CI 21.1–27.6 per 1000 person-
years) in France and 19.0 (95% CI 15.2–23.7 per 1000 person-years) in
Sweden.

There were 316 events of AT in France and 131 in Sweden, from
those 68 (22%) and 40 (31%) were cerebral infarction (I63.0–I63.5,

I63.8, I63.9), 50 (16%) and 55 (42%) were acute myocardial infarction
(I21.1, I21.2, I21.4, I21.9), 96 (30%) and 24 (18%) were angina pec-
toris (I20.0, I20.8, I20.9), 102 (32%) and 12 (9%) were other arterial
events (I22.1, I22.9, I24.0, I24.8, I24.9, I74.2 I74.5, I74.8, I51.3, I25.5,
I25.6, I65.2, I66.9), respectively. The median age at the time of the
event was 73 years (IQR 64–82) in France and 214 (68%) of all patients
with AT were male. The corresponding figures in Sweden were 81 years
(IQR 73–87) and 77 (59%). In total, 171 (54%) of those with AT in
France and 17 (13%) in Sweden had a comorbidity (cancer, diabetes or
kidney disease) at the time of the event, 79 (25%) and 8 (6%) received
antithrombotic drugs and 133 (42%) and 6 (5%) respectively received
antiplatelet drugs. In addition, 76 (24%) in France and 32 (24%) in
Sweden had a history of AT.

3.3. Baseline risk factors for arterial thrombosis

IRs increased with age, and in France, those 60 years or older had an
IR of 24.9 (95% CI 20.9–29.7 per 1000 person-years). For the Swedish
cohort the IR was 16.1 (95% CI 11.8–22.0 per 1000 person-years),
Table 2. The most prevalent risk factors of AT other than male sex and
increasing age was a history of AT. A history of an AT at baseline
yielded an IRR of 4.8 (95% CI 3.8–6.1) in France, and 2.6 (95% CI
1.8–3.8) in Sweden. A history of VTE at baseline yielded an IR three
times higher in France IRR=2.9 (95% CI 1.0–8.0) and four times
higher in Sweden IRR=4.3 (95% CI 1.9–9.5) than those without a
history of VTE at baseline.

Those with a baseline risk factor such as any comorbidity or a drug
for CVD had a higher IR of AT compared with not having the co-
morbidity or the CVD drug e.g. the cumulative incidence was higher in
patients with diabetes at baseline compared to not having diabetes. The
IR was 29.2 (95% CI 23.3–36.6 per 1000 person-years) for those with
diabetes, and 13.0 (95% CI 11.4–14.7 per 1000 person-years) for those
without diabetes in France. In Sweden, the IR was 36.7 (95% CI
26.2–51.4 per 1000 person-years) for those with diabetes and 12.2
(95% CI 10.0–14.9 per 1000 person-years) for those without diabetes.
Patients who filled a prescription for drugs used for cardiovascular
conditions, such as antiplatelet drugs had around four fold higher rates
IRR=4.4 (95% CI 3.5–5.5) in France and twofold in Sweden 2.2 (95%
CI 1.3–3.8) compared with patients who did not (Table 2).

3.3.1. Incidence rates of venous thromboembolism by country, age, sex and
type of diagnoses

The IR of VTE was 6.9 (95% CI 5.9–8.1 per 1000 person-years) in
France and 6.5 (95% CI 5.1–8.4 per 1000 person-years) in Sweden. The
IR of VTE was similar in men and women in both countries (Table 1).

There were 148 events of VTE in France and 59 in Sweden, from

Table 1
Characteristics of patients with primary immune thrombocytopenia (ITP) in Sweden and France.

Sweden France

Total Male Female Total Male Female

Patients with primary ITP in study period N (%) 2490 1220 (49) 1270 (51) 7225 3199 (44) 4046 (56)
Age at ITP diagnosis
Median
(IQR)

64
(39–77)

66
(49–78)

60
(34–76)

61
(39–76)

65
(47–78)

57
(35–75)

Mean
(SD)

59
(22)

62
(20)

56
(22)

58
(23)

61
(20)

55
(22)

Number of events
Arteriala 131 77 (59) 54 (41) 316 214 (68) 102(32)
Venousb 59 30 (51) 29 (49) 148 65 (44) 83 (56)

Rate of AT
95% CI per 1000
Rate of VT

14.7
(12.4–17.5)
6.5

19. 0
(15.2–23.7)
7.1

11.2
(8.6–14.6)
6.0.

15.0
(13.4–16.7)
6.9

24.1
(21.1–27.6)
7.1

8.4
(6.9–10.1)
6.8

95% CI per 1000 patient-years (5.1–8.4) 4.9–10.1 4.2–8.7 (5.9–8.1) (5.6–9.1) (5.5–8.4)

a I740 I741 I742 I743 I744 I745 I748 I749 I20 I21 I22 I24 I255 I256 I513 I630 I631 I632 I634 I635 I638 I639 I65 I66
b I800 I801 I802 I803 I808 I809 I81 I821 1822 1823 1828 1829 I260 1269 I636 I676 O22.
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those 80 (54%) and 37 (63%) had pulmonary embolism (I26.9, I26.0),
55 (37%) and 14 (24%) had phlebitis and thrombophlebitis (I80.0-
I80.3, I80.8, I80.9), 13 (9%) and 8 (13%) had other venous embolism
and thrombosis (I82.2, I82.8, I82.9), portal venous thrombosis (I81,
I81.9) or other cerebral venous thrombosis (I63.9 and I67.6), respec-
tively. The median age at the time of the event was 72 (IQR 56–81) in
France and 65 (44%) of all patients with VTE were male. The corre-
sponding figures in Sweden were 78 years (IQR 69–83) and 30 (54%).
In total 43 (29%) of those with VTE in France and 8 (14%) in Sweden
had a comorbidity at baseline (cancer, diabetes, liver or kidney dis-
ease), 51 (34%) and 8 (14%) had a co-medication with antiplatelet or
antithrombotic drugs. In addition, 2 (1%) in France and 8 (26%) in
Sweden had a history of VTE.

3.4. Baseline risk factors for venous thromboembolism

The most prevalent risk factors were increasing age, a history of
VTE, and cancer. In both countries the cumulative incidence was two-
fold higher IR=12.1(95% CI 7.7–19.0) in France, 12.3 (95% 5.9–25.7
CI in Sweden) in the presence of cancer at baseline compared with
absence of cancer, for which the IRs were 6.5 (95% CI 5.5–7.7) and 6.1
(95% CI 4.7–8.0) respectively. All investigated baseline risk factors and
drugs used as a proxy for CVD increased the risk of VTE when studied
separately (Table 3.)

3.5. Sensitivity analysis

Stratifying by age and sex the estimates were imprecise, but in-
dicated that higher age contributed to a higher IR. Male patients
60 years or older had a more than twofold higher IR for AT than females
of the same age (Supplemental Table 1). For VTE, the IR for females and
males 75 years or older were similar. There were no recordings of
certain comorbidities and CVD drugs in the lowest age group, e.g.
cancer and kidney diseases (Supplemental Table 2).

3.6. Cox multivariable analyses

In the multivariable Cox models, risk factors associated with an
increased risk of AT were: age, in age-group 60–74 years, with an HR of
19.7 (95% CI 7.5–51.3) in France, and 23.4 (95% CI 5.5–101.2) in
Sweden; a history of AT, in France the HR was 2.5 (95% CI 1.8–3.5) and
in Sweden it was 3.1 (95% CI (2.0–5.0). In France, exposure to anti-
platelet drugs showed an increased risk, with an HR of 1.6 (95% CI
1.2–2.1) and in Sweden, a history of VTE showed an increased risk,
with an HR of 2.6 (95% CI 1.1–6.5). In Sweden, chronic kidney disease
was also shown to increase the risk of AT, with an HR of 2.6 (95% CI
1.2–6.0), Table 4.

For VTE, the risk factors were being above 60 years of age, in France
the HR was 2.2 (95% CI 1.2–3.8) and in Sweden it was 5.6 (95% CI
1.6–19.8). In France, cancer was shown to increase the risk, with an HR

Table 2
Arterial event rates, baseline variables.

Sweden
Censored on splenectomy, arterial event, death

France
Censored on splenectomy, arterial event, death

Person-time
(years)

Number of events Rate CI0 low Ci high Person-time
(years)

Number of events Rate CI low CI high

All 8898.9 131 14.7 12.4 17.5 21,083.1 316 15.0 13.4 16.7
Sex Male 4064.4 77 19.0 15.2 23.7 8874.5 214 24.1 21.1 27.6

Female 4737.7 54 11.2 8.6 14.6 12,208.6 102 8.4 6.9 10.1
Age group (years) 18–39 2649.8 2 0.8 0.2 3.0 5719.8 5 0.9 0.4 2.1

40–59 1881.5 7 3.7 1.8 7.8 4775.9 42 8.8 6.5 11.9
60–74 2422.4 39 16.1 11.81 22.0 5018.0 125 24.9 20.9 29.7
≤75 1945.3 83 42.7 34.4 52.9 5569.4 144 25.9 22.0 30.4

Diabetes1 No 7972.9 97 12.2 10.0 14.9 18,483.3 240 13.0 11.4 14.7
Yes 926.0 34 36.7 26.2 51.4 2599.8 76 29.2 23.3 36.6

Cardiovascular disease2 No 8874.2 128 14.4 12.1 17.2 19,426.2 221 11.4 10.0 13.0
Yes 24.7 3 121.3 39.1 376.0 1656.9 95 57.3 46.9 70.1

Kidney disease3 No 8845.2 127 14.4 12.1 17.1 20,478.3 294 14.4 12.8 16.1
Yes 53.7 4 74.5 28.0 198.5 604.7 22 36.4 24.0 55.3

Liver disease4 No 8821.5 127 14.4 12.1 17.1 20,374.9 306 15.0 13.4 16.8
Yes 77.4 4 51.7 19.4 137.7 708.1 10 14.1 7.6 26.2

Cancer5 No 8332.0 119 14.3 11.9 17.1 19,534.0 282 14.4 12.8 16.2
Yes 567.0 12 21.1 12.0 37.3 1549.1 34 21.9 15.7 30.7

History of AT6 No 8489.5 99 11.7 9.6 14.2 20,009.8 240 12.0 10.6 13.6
Yes 409.2 32 78.2 55.3 110.6 1073.3 76 70.8 56.6 88.7

History of VTE7 No 8823.3 126 14.3 12.0 17.0 21,012.6 313 14.9 13.3 16.6
Yes 75.6 5 66.1 27.5 158.9 70.4 3 42.6 13.7 132.1

Co-medications
Antithrombotics8 No 8297.9 109 13.1 10.9 15.9 18,996.6 242 12.7 11.2 14.4

Yes 601.0 22 36.6 24.1 55.6 2086.4 74 35.5 28.2 44.5
Antiplatelets9 No 8632.5 117 13.6 11.3 16.3 18,295.0 189 10.3 9.0 11.9

Yes 266.4 14 52.6 31.1 88.7 2788.1 127 45.6 38.3 54.2
Antihypertensives10 No 6484.1 42 6.5 4.8 8.8 13,633.0 112 8.2 6.8 9.9

Yes 2414.8 89 36.9 29.9 45.4 7450.1 204 27.4 23.9 31.4
Lipid lowering11 No 7327.0 76 10.4 8.3 13.0 16,709.3 178 10.7 9.2 12.3

Yes 1571.9 55 35.0 26.9 45.6 4373.8 138 31.6 26.7 37.3

0CI=Confidence Interval. 1E119 E10 E103-E105 E107 E112 E113-E117 E122 E123 E124 E125 E127 E132- E135 E137 E142-E145 E147 A10BA0 2I110 I130 I132 I50.
2N183- N185
3B18 I850 I859 I864 I982 K700-K703 K704 K709 K711 K713 K715 K717 K721 K729 K73 K74 K760 K762-K764 K765 K766 K767 K768 K769 Z944.
4C00-C26 C30-C34 C37–41 C43 C45-C58 C60-C76 C81-C85 C88 C90-C97.
5I740 I741 I742 I743 I744 I745 I748 I749 I20 I21 I22 I24 I255 I256 I513 I630 I631 I632 I634 I635 I638 I639 I65 I66.
6I800I801 I802 I803 I808 I809 I81 I821 1822 1823 1828 1829 I260 1269 I636 I676 O22 7B01AA B01AB B01AE B01AF B01AX 8B01AA B01AB B01AE B01AF B01AX
9B01AC..
10C02 C03 C07 C08C C08GA C09A C09B C09C C09D 11C10AA C10B.
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of 1.8 (95% CI 1.2–2.7). In Sweden a history of VTE increased the risk,
with an HR of 13.5 (95% CI 5.5–33.4), Table 5.

4. Discussion

4.1. Incidence rates of thrombosis in ITP patients

We observed similar IRs of AT and VTE in France and Sweden in
adult patients with primary ITP. The IR of AT was higher than the IR of
VTE. The IR of both AT and VTE in our study are consistent with
findings reported from other countries. The rates of both AT and VTE
are higher than those reported for the general population. A
Scandinavian study reported an IR of 16.0 for AT patients with chronic
ITP and an IR of 8.8 for the general population [23]. A meta-analysis of
observational studies from both Europe and the US (all stages of ITP
were included) reported the IR of AT to be in the range of 10.0–28.0 in
patients with ITP and 7.0–18.0 in populations without ITP. For VTE the
meta-analysis reported an IR of 4.0–7.0 in patients with ITP, and
1.0–4.0 in populations without ITP [24]. The Scandinavian study re-
ported the IR for VTE in chronic ITP to be 9.0 [23] and for the general
population without ITP to be 2.8. In a study from the USA the HR of a
VTE event was 7.7 per 1000 person-years relative to an HR of 1.9 per
1000 person-years for those without ITP [25].

The clinical relevance of our findings, in the light of these other
studies, is the increased risk of AT and VTE in patients with ITP, the
similar rates in France and Sweden strengthen this finding. Treating
patients with ITP can be complex since they have both a risk of bleeding
and of thrombosis, this is especially important in patients with antic-
oagulation, and in an elderly population it is extremely relevant.

4.2. Comorbidities and medications for cardiovascular disease at baseline

We confirmed that having a cardiovascular disease, when diagnosed
with ITP, is associated with an increased risk of both arterial and ve-
nous thrombosis and that an increased risk of AT was associated with
high age, male sex and a previous AT in both countries. Among French
patients with ITP, the exposure to antiplatelet drugs, a proxy for
baseline CVD, was also associated with AT occurrence. In addition,
among the Swedish patients with an ITP diagnosis, a previous venous
thrombosis and chronic kidney disease diagnosis increased the risk.
Increasing age was associated with VTE in both countries, as well as
cancer in France. Cancer is a heterogeneous disease and the slightly
higher risk in France may be linked to the fact that some cancers vary in
incidence from country to country [26]. It could also be due to the
larger population in France, relative to Sweden, meaning there is ad-
ditional power to detect an association. Using the multivariable model

Table 3
Venous event rates, baseline variables.

Sweden
Censored of splenectomy, venous event, death

France Censored of splenectomy, venous event, death

Person-time
(years)

Number of events Rate CI3 low CI high Person-time
(years)

Number of events Rate CI low Ci high

All 9057 59 6.5 5.1 8.4 21,379.6 148 6.9 5.9 8.1
Sex Male 4243.2 30 7.1 4.9 10.1 9160.0 65 7.1 5.6 9.1

Female 4814.5 29 6.0 4.2 8.7 12,219.6 83 6.8 5.5 8.4
Age group (years) 18–39 2649.8 3 1.1 0.4 3.5 5682.3 18 3.2 2.0 5.0

40–59 1891.8 6 3.2 1.4 7.1 4816.4 25 5.2 3.5 7.7
60–74 2496.5 16 6.4 3.9 10.5 5208.1 37 7.1 5.2 9.8
≤75 2019.6 34 16.8 12.0 23.6 5672.7 68 12.0 9.5 15.2

Diabetes1 No 8076.9 47 5.8 4.4 7.7 18,664.2 128 6.9 5.8 8.2
Yes 980.9 12 12.2 7.0 21.5 2715.4 20 7.4 4.8 11.4

Cardiovascular disease2 No 9031.4 59 6.5 5.1 8.4 19,563.9 125 6.4 5.4 7.6
Yes 26.3 0 – – – 1815.6 23 12.7 8.4 19.1

Kidney disease3 No 900.8 58 6.4 5.0 8.3 20,478.3 294 14.4 12.8 16.1
Yes 57.0 1 17.5 2.5 124.5 604.7 22 36.4 24.0 55.3

Liver disease4 No 8979.4 59 6.4 4.9 8.2 20,662.0 141 6.8 5.8 8.1
Yes 78.3 2 25.5 6.4 102.1 717.5 7 9.8 4.7 20.5

Cancer5 No 8486.9 52 6.1 4.7 8.0 19,807.3 129 6.5 5.5 7.7
Yes 570.9 7 12.3 5.9 25.7 1572.3 19 12.1 7.7 19.0

History of VT6 No 8990.7 51 5.7 4.3 7.5 20,166.4 137 6.8 5.8 8.0
Yes 67.1 8 119.3 59.6 238.5 1213.2 11 9.1 5.0 16.4

History of AT7 No 8587.1 55 6.4 4.9 8.3 20,166.4 137 6.8 5.8 8.0
Yes 470.6 4 8.5 3.2 22.7 1213.2 11 9.1 5.02 16.4

Co-medications
Antithrombotics8 No 8439.1 47 5.6 4.2 7.4 19,231.5 115 6.0 5.0 7.2

Yes 618.7 12 19.4 10.0 34.2 2148.1 33 15.4 10.9 21.6
Antiplatelets9 No 8780.9 54 6.2 4.7 8.0 18,359.6 122 6.6 5.6 7.9

Yes 276.8 5 18.1 7.5 43.4 3020.0 26 8.6 5.9 12.6
Antihypertensives10 No 6529.9 38 5.8 4.2 8.0 13,680.4 77 5.6 4.5 7.0

Yes 2527.8 21 8.3 5.4 12.7 7699.1 71 9.2 7.3 11.6
Lipid lowering11 No 7407.0 45 6.1 4.5 8.1 16,809.7 101 6.0 4.9 7.3

Yes 1650.8 14 8.5 5.0 14.3 4569.9 47 10.3 7.7 13.7

0CI=Confidence Interval 1 E119 E10 E103-E105 E107 E112 E113-E117 E122 E123 E124 E125 E127 E132- E135 E137 E142-E145 E147 A10BA0 2I110 I130 I132 I50.
2N183- N185.
3B18 I850 I859 I864 I982 K700-K703 K704 K709 K711 K713 K715 K717 K721 K729 K73 K74 K760 K762-K764 K765 K766 K767 K768 K769 Z944.
4C00-C26 C30-C34 C37–41 C43 C45-C58 C60-C76 C81-C85 C88 C90-C97
5I740 I741 I742 I743 I744 I745 I748 I749 I20 I21 I22 I24 I255 I256 I513 I630 I631 I632 I634 I635 I638 I639 I65 I66
6I800I801 I802 I803 I808 I809 I81 I821 1822 1823 1828 1829 I260 1269 I636 I676 O22
7B01AA B01AB B01AE B01AF B01AX
8B01AA B01AB B01AE B01AF B01AX
9B01AC.
10C02 C03 C07 C08C C08GA C09A C09B C09C C09D 11C10AA C10B.
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where confounders can be simultaneously adjusted for, even though
some residual confounding might remain, we confirmed that increasing
age and a history of VTE are two important risk factors of VTE. The
incidence of ITP increases with age, the median age at diagnosis is
61 years (IQR 39–76) in France and 64 years (IQR 39–77) in Sweden.

4.3. In comparison to other studies

Other studies which have investigated CVD in patients with ITP
have produced similar results to those found in this study. Chandan
et al. found an IRR of 1.4 (95% CI 1.23–1.55) of CVD in patients with
incident ITP compared to a comparison cohort without ITP for

Table 4
Hazard ratio with confidence interval (CI) for the association between potential risk factors and arterial thrombosis.

Variables Sweden France

Person-time
years

Events Univariate
95% CI

Multivariable
95% CI

Person-time
years

Events Univariate
95% CI

Multivariable
95% CI

Overall 30,452 131 NA NA 21,083 316 NA NA
Male 14,648 77 Reference Reference 8875 214 Reference Reference
Female 15,472 53 0.6 (0.4–0.8) 0.7 (0.5–1.0) 12,209 102 0.35 (0.28–0.45) 0.5 (0.4–0.7)

Age at diagnosis of ITP
18–39 7014 2 Reference Reference 5720 5 Reference Reference
40–59 6375 7 5.8 (1.2–28.5) 6.2 (1.3–30.6) 4776 42 9.9 (3.9–25.0) 8.4 (3.2–22.2)
60–74 9595 39 25.1 (6.0–105.0) 23.4 (5.5–101.2) 5018 125 27.8 (11.4–67.8) 19.7 (7.5–51.3)
≥75 7468 83 75.4 (18.1–314.4) 67.2 (15.7–287.8) 5569 144 28.5 (11.7–69.5) 18.6 (7.1–48.7)

Diabetes1 1090 6 1.6 (0.7–3.7) 1.0 (0.4–2.2) 3323 88 2.3 (1.8–2.9) 1.3 (1.0–1.7)
Kidney disease2 652 7 3.9 (1.8–8.4) 2.6 (1.2–6.0) 1776 39 2.3 (1.6–3.1) 1.2 (0.9–1.7)
Cancer3 2014 4 0.6 (0.2–1.6) 0.3 (0.1–0.8) 2916 44 1.3 (0.9–1.8) 0.8 (0.5–1.0)
History of AT4 1563 32 7.1 (4.7–10.7) 3.1 (2.0–5.0) 1073 76 5.6 (4.3–7.3) 2.5 (1.8–3.5)
History of VTE5 301 5 4.9 (2.1–11.7) 2.6 (1.1–6.5) 70 3 2.9 (0.9–8.9) 1.8 (0.5–6.4)
Antithrombotics6 3118 8 0.6 (0.3–1.2) 0.5 (0.2–0.9) 4855 79 0.7 (0.5–1.1) 0.9 (0.6–1.1)
Antiplatelets7 1420 6 1.0 (0.5–2.3) 1.4 (0.6–3.2) 3773 133 2.5 (1.8–3.5) 1.6 (1.2–2.1)
Antihypertensive8 2899 8 0.7 (0.3–1.4) 0.7 (0.4–1.4) 10,328 215 1.3 (0.9–1.9) 0.9 (0.7–1.1)
Lipid lowering9 1301 3 0.5 (0.2–1.7) 0.4 (0.1–1.4) 5155 137 1.7(1.3–2.4) 1.0 (0.7–1.3)

1E119 E10 E103-E105 E107 E112 E113-E117 E122 E123 E124 E125 E127 E132- E135 E137 E142-E145 E147 A10BA02.
2N183- N185.
3 C00-C26 C30-C34 C37–41 C43 C45-C58 C60-C76 C81-C85 C88 C90-C97.
4 I740 I741 I742 I743 I744 I745 I748 I749 I20 I21 I22 I24 I255 I256 I513 I630 I631 I632 I634 I635 I638 I639 I65 I66.
5 I800 I801 I802 I803 I808 I809 I81 I821 1822 1823 1828 1829 I260 1269 I636 I676 O22.
6B01AA B01AB B01AE B01AF B01AX.
7 B01AC.
8 C02 C03 C07 C08C C08GA C09A C09B C09C C09D.
9C10AA C10B.

Table 5
Hazard ratio with confidence interval (CI) for the association between potential risk factors and venous thromboembolism.

Variables Sweden France

Person-time
years

Events Univariate
95% CI

Multivariable
95% CI

Person-time
years

Events Univariate
95% CI

Multivariable
95% CI

Overall 31,613 59 NA NA 21,380 148 NA NA
Male 15,510 30 Reference Reference 9160 65 Reference Reference
Female 16,103 29 0.8 (0.5–1.4) 0.9 (0.5–1.6) 12,220 83 1.0 (0.7–1.4) 1.2 (0.9–1.7)

Age at diagnosis of ITP
18–39 7024 3 Reference Reference 5682 18 Reference Reference
40–59 6437 6 2.8 (0.7–11.4) 2.5 (0.6–10.4) 4816 25 1.6 (0.9–2.9) 1.9 (1.1–3.4)
60–74 10,029 16 5.7 (1.6–19.7) 5.6 (1.6–19.8) 5208 37 2.2 (1.2–3.8) 2.3 (1.3–4.0)
≥75 8124 34 16.1 (4.9–52.7) 15.0 (4.2–54.0) 5673 68 3.6 (2.1–6.1) 3.5 (2.1–6.0)

Diabetes1 1168 2 1.2 (0.3–4.8) 0.8 (0.2–3.2) 3485 25 1.3 (0.9–2.0) 1.0 (0.7–1.5)
Kidney disease2 793 – – – 1859 15 1.9 (1.2–3.2) 1.5 (0.9–2.5)
Liver Disease3 874 3 2.1 (0.7–6.4) 2.3 (0.7–7.3) 1412 11 1.5 (0.8–2.7) 1.3 (0.7–2.4)
Cancer4 2014 3 1.0 (0.3–3.1) 0.6 (0.2–2.0) 2989 27 2.2 (1.5–3.2) 1.8 (1.2–2.7)
History of AT5 1921 4 1.4 (0.5–3.9) 0.9 (0.3–2.4) 1213 11 1.3 (0.7–2.4) 0.9 (0.5–1.7)
History of VT6 236 8 21.1 (9.5–46.7) 13.5 (5.5–33.4) 70 2 4.3 (1.1–17.3) 3.5 (0.8–14.2)
Antithrombotics7 3292 7 1.2 (0.6–2.6) 1.6 (0.6–4.56) 4795 27 0.5 (0.2–0.9) 0.6 (0.4–1.0)
Antiplatelets8 1798 2 0.6 (0.2–2.6) 0.3 (0.1–2.0) 4318 32 0.7 (0.4–1.2) 1.0 (0.7–1.4)

1E119 E10 E103-E105 E107 E112 E113-E117 E122 E123 E124 E125 E127 E132- E135 E137 E142-E145 E147 A10BA02.
2N183–N185.
3B18 I850 I859 I864 I982 K700-K703 K704 K709 K711 K713 K715 K717 K721 K729 K73 K74 K760 K762-K764 K765 K766 K767 K768 K769 Z944.
4 C00-C26 C30-C34 C37–41 C43 C45-C58 C60-C76 C81-C85 C88 C90-C97.
5I740 I741 I742 I743 I744 I745 I748 I749 I20 I21 I22 I24 I255 I256 I513 I630 I631 I632 I634 I635 I638 I639 I65 I66.
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conditions such as hypertension, diabetes, use of lipid lowering drugs
and antiplatelet drugs [5]. Moulis et al. previously reported data from
the clinical CARMEN registry where they found that CVDs are frequent
in patients with ITP at the time of ITP diagnosis; 75.3% had at least one
CVD risk factor and among them 13.9% had diabetes, 18% had anti-
platelet drugs and 39.2% had antihypertensive drugs [27]. Enger et al.
found an increased IRR of diabetes and CVD (IRR=1.7), and kidney
failure (IRR=2.0) in patients with persistent or chronic ITP compared
to a comparison cohort without ITP from a US claims database [28]. A
multicenter study from the Netherlands also reported an increased risk
of AT and VTE in patients with kidney disease [29]. The association
between cancer and VTE found in our study is in line with the results of
other studies [30–32]. The risk of a recurrent VTE is well documented
[33,34] and an increased risk was found in both the French and the
Swedish cohorts, with the strongest association found in the latter.
There is a known risk of recurrent arterial events after a first arterial
thrombosis. In our study, patients with a history of an arterial throm-
bosis did have an increased risk of recurrent arterial thrombosis. A
history of a venous thrombosis also increases the risk of an arterial
event [35,36]. VTE and AT shared common risk factors such as high age
and diabetes [37–39].

The findings of this study and previously published studies on risk of
thrombosis in ITP patients suggest that the patients have increased risk
of both bleeding and thromboembolic events. Although the mechanisms
behind the risk of thromboembolic events in patients with ITP are to a
large extent unknown, it is clear that a low platelet count does not
protect against thrombosis [6,40]. In a recent study, Balitsky
et al.proposed a “Thrombosis and Thrombocytopenia risk assessment
score” to summarize the net risk of thrombosis and bleeding in patients
with ITP, which can help clinicians with decision making when the
patients have indication for treatment with anticoagulation. The study
highlighted the importance of comorbidities, when considering risk of
bleeding and thrombosis, in line with the findings of our study [40].

4.4. What this study adds and future studies needed

With data from two national databases we reported IRs for both AT
and VTE which were higher in patients with ITP compared with IRs for
the general populations. The results from this study confirms certain
risk factors of thrombosis, including increasing age and male sex for AT.
This has applications especially when treating the elderly and in pa-
tients with many comorbidities.

4.5. Strengths

Since the SNDS and the Swedish Health Registers have national
coverage, the risk of selection bias should be a minor issue. Hospital
visits and prescribed drugs dispensed from pharmacies are obliged to be
registered in Sweden, and in France the reimbursement system covers
the entire French population. To our knowledge this is the largest ITP
study population analyzed using the same methods on harmonized data
sets, including 7225 incident patients with ITP from France and 2490
from Sweden. With such a large dataset we were able to use multi-
variable models to adjust for important covariates yielding less biased
estimates.

There is also good consistency between data from France and
Sweden. Both databases contain ICD-10 codes to detect hospital diag-
noses and ATC-codes for drugs, and cover the same type of hospital
visits and dispensed drugs. The quality of the data is good in both
countries: in the French database the codes for ITP have been validated
with the most recently reported PPV being 96% [41] [19],The out-
comes are also validated separately with medical chart review, with a
PPV of 83–99% [42,43]. In Sweden there is an overall PPV of 85–95%
for myocardial infarction and stroke where the codes have been vali-
dated separately with medical chart review [16]. Including data from
separate countries increases the external validity of the study, and the

detailed information about patient characteristics to analyze the impact
of various risk factors is beneficial. There are consistent results between
the two countries and the results are also consistent with clinical data.

4.6. Limitations

There were some unmeasured confounders and potential risk fac-
tors, which we were not able to measure in this study. Examples are
information about known platelet counts, genetic risk factors for AT
and VTE, and immobilization (a risk factor for VTE), smoking, and BMI
(risk factors for both VTE and AT). Moreover, we adjusted for anti-
hypertensive drugs, lipid lowering drugs and other drugs related to
cardiovascular disease. Lack of laboratory data at the time of the event
is also an important limitation. However, the focus of this study was to
investigate the impact of baseline risk factors in a cohort of ITP pa-
tients. Primary ITP is a diagnosis of exclusion and some patients may be
misdiagnosed, for example with myelodysplastic syndrome. However,
in both France and Sweden, the diagnosis is given after an extensive list
of exclusion criteria to rule out other causes of the thrombocytopenia
and validation studies showed that a high proportion of records were
the correct diagnosis [16,19].> 30% of the patients do not require any
treatment for their ITP [44]. According to a validation study from
France>95% of the patients with incident ITP had a hospital code of
D69.3 at diagnosis [19] [45].

5. Conclusion

For patients with primary ITP, the IR of AT and of VTE were of
similar magnitude in France and in Sweden, and for both AT and VTE
the risk was almost two times higher relative to a comparison popula-
tion of similar age. As in the general population, the rate of AT was
higher than that of VTE. Using multivariable methods to adjust for
several risk factors simultaneously, age and male sex remained as the
most important risk factors for AT and age for VTE. When treating
patients with ITP, the occurrence of risk factors associated with the
disease and with thrombosis, should be acknowledged.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.04.016.
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