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A

CUTE INFLAMMATION PRO -

motes a hypercoagulable state
that may increase the risk of
deep vein thrombosis (DVT)
and pulmonary embolism.1 In chronic inflammatory disease such as rheumatoid
arthritis (RA), procoagulatory factors are
up-regulated.2,3 Few studies have assessed how this theoretical inflammationinduced risk of venous thromboembolism (VTE) translates into risk for clinical
events in patients with RA.4-9
In the methodologically most rigorous study to date,4 increased risks for
VTE in RA were suggested, although
small numbers precluded firm conclusions regarding the need for increased
clinical vigilance and intervention (and,
if intervention is warranted, when and
among whom).
In a recent study8 based on hospitalization data a worrisome 6-fold, then declining, risk of pulmonary embolism was
reported in hospitalized patients with RA
compared with the general population.
It was suggested that the risk might
decline over time because of antiinflammatory treatment8,10 and that
thromboprophylaxis should be considered in patients with RA admitted to the
hospital. Because that study identified
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Context Recent reports suggest that rheumatoid arthritis (RA) may be a risk factor
for venous thromboembolism (VTE), particularly in conjunction with hospitalization.
Using hospitalization data to identify RA and VTE may identify patients when they are
at elevated risk for other reasons, obscuring the incompletely understood underlying
association between RA and VTE and leading to inappropriate institution or timing of
interventions.
Objective To estimate risks for VTE in patients with RA, including the relation of
these risks to disease duration and hospitalization.
Design, Setting, and Patients Prospective, population-based cohort study of 1 prevalent RA cohort (n=37 856), 1 incident RA cohort (n=7904), and matched general population comparison cohorts, all from Sweden, with follow-up from 1997 through 2010.
Main Outcome Measure First-time VTE.
Results Patients with prevalent RA were at greater risk of VTE than the general population (rate, 5.9 [95% CI, 5.1-6.6] vs 2.8 [95% CI, 2.6-3.1] per 1000 person-years (adjusted hazard ratio [HR], 2.0 [95% CI, 1.9-2.2]; P⬍.001). By the time of RA symptom
onset, there was no statistically significant association between a history of VTE and RA
(odds ratio, 1.2 [95% CI, 1.0-1.4]; P=.08; 150 events in the RA cohort vs 587 in the
comparison cohort). Counting from RA diagnosis, an increased rate in the RA cohort vs
the comparison cohort (3.8 [95% CI, 2.5-5.2] vs 2.4 [95% CI, 1.9-2.9] per 1000 personyears; HR, 1.6 [95% CI, 1.1-2.5]; P=.02) was detected within the first year and did not
increase further during the first decade. Although rates for VTE following hospitalization
were higher, the 1-year rate of VTE per 1000 person-years was not higher in the RA cohort than in the comparison cohort after hospital discharge (11.8 [95% CI, 8.6-15.1] vs
13.1 [11.3-14.8]; HR, 1.0 [95% CI, 0.7-1.4]; P=.90). The rates of VTE increased with
age but were largely similar across sex and rheumatoid factor status, as were the HRs for
VTE across age, sex, and rheumatoid factor status.
Conclusions Compared with the general population, Swedish patients with RA had
an elevated risk for VTE that was stable over the first 10 years after diagnosis. Although hospitalization was a risk factor for VTE the first year after discharge, the excess risk was not greater in patients with RA than in the general population.
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patient groups but not comparison
groups through hospitalization data, and
because hospitalization is associated with
VTE, reported risks may reflect circumstances unrelated to the inflammatory
disease but associated with VTE. This
may lead to false conclusions regarding the underlying biology of VTE in RA
and the timing of risk development and
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possibly to unnecessary medical hazards related to inappropriate clinical intervention.
The aims of this study were therefore to assess the overall occurrence and
relative risks of VTE in patients with
RA in a population-based RA sample (in
relation to RA onset and disease duration as well as in conjunction with hospitalization) and to assess whether risks
were particularly high in specific patient subgroups.
METHODS
Setting

In Sweden, patients with RA are treated
by rheumatologists. There is universal access to publicly funded health care, including inpatient, nonprimary outpatient, and primary care, for all residents.
Using the unique personal identification number issued to all Swedish residents,11 data from national and virtually complete administrative or clinical
registers on demographics, morbidity,
and mortality can be linked together.
Population registers allow for unbiased
identification of general population comparison groups and enable prospective
assessments of morbidity and mortality
independently of RA disease status.
Study Population

Prevalent RA Cohort. Using the outpatient component of the National Patient Register, initiated in 2001 and including outpatient visits in nonprimary
care, we identified a cohort of individuals with 2 or more visits to a rheumatology or internal medicine clinic with
a diagnosis of RA between January 2005
and December 2009 (n = 39 372; International Classification of Diseases, Tenth
Revision [ICD-10]12 codes used to identify RA are reported in the eAppendix
available at http://www.jama.com).
Treatment patterns in Swedish patients with prevalent RA have been described in more detail elsewhere.13
An index date was assigned to all individuals, representing the date of the
second nonprimary care outpatient visit
listing an ICD-10 code of RA between
January 2005 and December 31, 2009
(regardless of number of visits before

Table 1. Characteristics of the Cohorts of Patients With Rheumatoid Arthritis (RA) and
Matched Individuals From the General Population After Excluding Individuals With VTE Events
Before Index Date
Prevalent RA

Characteristic
Sex, No. (%)
Women
Men
Rheumatoid factor–positive at
index date, No. (%)
Age at index date,
mean (SD), y
Age, No. (%), y
16-52
53-62
63-71
72-94
Age at first VTE, mean (SD), y
Duration of RA at index date,
median (IQR) a
Follow-up, median (IQR), y

Patients
(n = 37 856)

General
Population
(n = 169 921)

Incident RA
Patients
(n = 7904)

General
Population
(n = 37 350)

27 305 (72)
10 551 (28)
30 682 (81)

122 332 (72)
47 589 (28)
NA

5420 (69)
2484 (31)
5296 (67)

25 436 (68)
11 914 (32)
NA

61 (14)

60 (14)

57 (15)

57 (15)

9116 (24)
9931 (26)
9061 (24)

44 219 (26)
46 447 (27)
40 909 (24)

2595 (33)
2133 (27)
1657 (21)

12 572 (34)
10 088 (27)
7691 (21)

9748 (26)
70 (12)
5 (2-12)

38 346 (23)
70 (11)
NA

1519 (19)
6999 (19)
70 (12)
70 (12)
170 (112-244)
NA

4.3 (2.7-5.3)

4.4 (2.9-5.3)

5.8 (3.4-9.0)

5.8 (3.3-9.0)

Abbreviations: IQR, interquartile range; NA, not applicable; VTE, venous thromboembolism.
a Duration of RA was calculated as time (years) since first-ever registration of RA in the National Patient Register in the prevalent cohort and time (days) since first symptom of RA in the incident cohort.

2005). At least 2 visits were required to
increase the specificity of the RA diagnosis. This cohort should reflect the average level of (any) risk increase in patients with RA receiving follow-up
routine rheumatology care.
Incident RA Cohort. The Swedish
Rheumatology Quality Register was initiated in 1995 and includes patients with
RA 16 years or older and fulfilling the
1987 American College of Rheumatology criteria for RA.14 At diagnosis, patients are entered into the register with
information on age, sex, rheumatoid factor status, date of first symptom of RA,
date of RA diagnosis, and personal identification number. For this study, we identified all individuals (n = 8077) diagnosed with RA between January 1997
and December 31, 2009, within 12
months of first symptoms of RA, using
date of RA diagnosis as index date. The
incident cohort specifically allowed the
assessment of risks as a function of time
since clinical onset of RA.
Comparison Cohorts for the Incident and Prevalent RA Cohorts. For
each unique patient, we randomly selected up to 5 individuals from the
Swedish Population Register (which in-
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cludes all Swedish residents), matched
on sex, year of birth, and residential
area. Each individual from the general
population was assigned the same index date as the corresponding patient
with RA. Each of the 2 RA cohorts thus
had its own comparison cohort drawn
from the general population. We did not
exclude individuals with an RA diagnosis (approximately 0.8%13) from the
comparison cohorts.
In this type of register-based study,
complete information on vital status is
a prerequisite for inclusion into the analyses. Less than 0.2% of all individuals were
excluded up front because of incomplete data precluding analysis (eg, missing information on sex or age).
Data Sources Used to Detect
Outcomes During Follow-up

Using the personal identification number, we linked the 2 cohorts of patients with RA and the 2 matched comparison cohorts to the following data
sources, for which data were available
through December 31, 2010: the National Patient Register, the Prescribed
Drug Register, and the Population
Register.
JAMA, October 3, 2012—Vol 308, No. 13 1351
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The National Patient Register contains, in addition to the outpatient component described above, information on
inpatient care since 1964, with nationwide 100% coverage since 1987.15 The
register lists date of admission, date of
discharge, and the discharge diagnosis (primary and secondary diagnoses) as set by the discharging physician and classified according to the
calendar-year–specific ICD version. The
Prescribed Drug Register contains data
(Anatomical Therapeutic Chemical
[ATC] codes) on all drugs dispensed
from pharmacies in Sweden from July
2005 onward. The coverage of the register is complete for filled prescriptions in ambulatory care, whereas inhospital use of drugs is not recorded on
a patient level. The Population Regis-

ter includes information on deaths, emigration, and immigration for the entire Swedish population.16
Through these linkages, we identified all hospitalizations and non–
primary care outpatient visits, before or
after the index date, all filled prescriptions after July 2005, and all deaths and
emigrations during follow-up. The nationwide and near complete coverage of
the National Patient Register ensured
very low (but not formally assessable)
missing data. It is unlikely that such
structural missingness would differ by
exposure status.
Definition of Outcome

The primary outcome was first-time hospitalization for or outpatient diagnosis
of VTE (see eAppendix for ICD codes).

As a sensitivity analysis to increase the
specificity of our outcome definition, we
defined incident VTE as above but also
required 2 filled prescriptions of a vitamin K antagonist or heparin, including
low-molecular-weight heparin, to be
filled within 6 months of the event (see
eAppendix for ATC codes). Secondary
outcomes were DVT and pulmonary embolism separately.
Follow-up

In the prevalent RA cohort, follow-up
started 60 days after index date to reduce the risk of detecting outcome related to inclusion into the cohort. As a
sensitivity analyses, follow-up was
started 1 year after the index date. In
the incident RA cohort, follow-up
started at date of RA diagnosis. For all

Table 2. Number of Events, Person-Years at Risk, and Rates of Venous Thromboembolism in Patients With Prevalent Rheumatoid Arthritis
(RA) Identified Between 2005 and 2009 and Matched Individuals From the General Population, as Well as Patients With Incident RA
Diagnosed Between 1997 and 2009 and Matched Individuals From the General Population a
Prevalent RA Cohort
(n = 37 856)

Overall
Sex
Women
Men
Rheumatoid factor b
Positive
Negative
Age, y
16-52
53-62
63-71
72-94

Matched General Population Cohort
(n = 169 921)

Person-Years

Rate per 1000
Person-Years
(95% CI)

Events,
No.

Person-Years

838

142 909

5.9 (5.1-6.6)

1866

597
241

104 561
38 347

5.7 (4.8-6.6)
6.3 (4.8-7.8)

729
109

119 408
23 501

75
161
238
364

36 329
40 085
34 559
31 934

Events,
No.

Adjusted
HR (95% CI)

P
Value

658 896

Rate per 1000
Person-Years
(95% CI)
2.8 (2.6-3.1)

2.0 (1.9-2.2)

⬍.001

1290
576

480 243
178 652

2.7 (2.4-3.0)
3.2 (2.7-3.7)

2.0 (1.9-2.3)
1.9 (1.7-2.2)

⬍.001
⬍.001

6.1 (5.2-7.0)
4.6 (3.1-6.2)

1866
1866

658 896
658 896

2.8 (2.6-3.1)
2.8 (2.6-3.1)

2.1 (1.9-2.3)
1.6 (1.4-2.0)

⬍.001
⬍.001

2.1 (1.1-3.0)
4.0 (2.8-5.3)
6.9 (5.2-8.6)
11.4 (9.3-13.5)

154
371
578
763

176 780
189 136
159 466
133 512

0.9 (0.6-1.1)
2.0 (1.6-2.4)
3.6 (3.0-4.2)
5.7 (5.0-6.5)

2.4 (1.8-3.1)
2.1 (1.7-2.5)
1.9 (1.6-2.2)
2.0 (1.7-2.3)

⬍.001
⬍.001
⬍.001
⬍.001

Matched General Population Cohort
(n = 37 350)
648
235 603
2.8 (2.2-3.3)

1.6 (1.4-1.9)

⬍.001

Incident RA Cohort
(n = 7904)
49 845
4.5 (3.0-5.9)

Overall

223

Sex
Women
Men

142
81

34 728
15 117

4.1 (2.4-5.8)
5.4 (2.5-8.2)

437
211

162 630
72 972

2.7 (2.1-3.3)
2.9 (1.9-3.9)

1.5 (1.3-1.8)
1.8 (1.4-2.4)

⬍.001
⬍.001

148
75

33 389
16 456

4.4 (2.6-6.2)
4.6 (2.0-7.1)

648
648

235 603
235 603

2.8 (2.2-3.3)
2.8 (2.2-3.3)

1.7 (1.5-2.1)
1.4 (1.1-1.8)

⬍.001
.007

45
61
34
83

13 713
9978
17 830
8322

3.3 (0.9-5.7)
6.1 (2.3-9.9)
1.9 (0.2-3.6)
10.0 (5.0-15.0)

149
164
84
251

64 888
46 866
85 557
38 291

2.3 (1.4-3.2)
3.5 (2.2-4.8)
1.0 (0.4-1.5)
6.6 (4.7-8.5)

1.4 (1.0-2.0)
1.7 (1.3-2.3)
1.9 (1.3-2.9)
1.6 (1.2-2.0)

.03
⬍.001
⬍.001
⬍.001

Rheumatoid factor b
Positive
Negative
Age, y
16-52
53-62
63-71
72-94

Abbreviation: HR, hazard ratio.
a Matching factors were birth year, sex, and residential area. Hazard ratios, 95% CIs, and P values adjusted for age at index date.
b Rheumatoid factor–positive and –negative patients with RA compared separately with all comparison individuals.
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participants, follow-up ended at outcome, death, first emigration, or December 31, 2010, whichever came first.

Figure 1. Failure Functions of Venous Thromboembolism (VTE) in Patients With Incident
Rheumatoid Arthritis Diagnosed With RA Between 1997 and 2009 and Matched Individuals
From the General Population

Statistical Analyses

6

Individuals With VTE, %

Rates were expressed as events per 1000
person-years. Confidence intervals with
a 95% confidence level were estimated
for incidence rates by assuming that the
number of VTE events followed a Poisson distribution. To assess whether there
already were differences in the risk of
VTE by the time of clinical onset of RA,
we compared the proportions of individuals in the incident RA cohort and its
general population comparison cohort
with a history of VTE up until the reported onset of RA symptoms, using conditional logistic regression conditioned
on the matching factors. Participants with
a history of VTE before the index date
were thereafter excluded from the prospective follow-up. We did not include
or exclude individuals on the basis of specific indications/contraindications or
therapeutic exposures other than history of VTE before follow-up. Failure
functions were estimated using KaplanMeier methods.
To compare the risk of incident VTE
in patients with RA with that in individuals in the comparison cohorts, Cox
models were used with time since index date used as time scale, stratified
by birth year, residential area, and sex,
and adjusted for age at index date. In
the incident cohort, we further assessed the role of RA duration by using
time-dependent covariates (⬍1, 1-4,
5-9, and 10-14 years since RA diagnosis). We also assessed stratum-specific
rates and hazard ratios (HRs) for sex,
rheumatoid factor status, age (quartiles), and calendar period of RA diagnosis. The proportional hazards assumption was tested by introducing an
interaction term between follow-up
time and RA status in the prevalent and
incident RA cohorts. The proportional hazards assumption was not violated in the prevalent cohort (P = .30)
or in the incident cohort (P = .50).
We assessed the association of hospitalization with VTE in 2 steps. First,
we identified all individuals in the gen-

7

5
4
Rheumatoid arthritis
3
2
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1
0
0

2

4

6

8

10

Analysis Time, y
Rheumatoid arthritis, No.
At risk
VTE events

7904
0

6886
54

5437
48

3836
53

2525
32

1451
22

Matched general population, No.
37 350
At risk
VTE events
0

32 410
168

25 554
176

18 122
118

12 051
104

6967
48

Incidence rate/100 patientyears (95% CI)
Rheumatoid arthritis
Matched general population

<1 y

1-4 y

5-9 y

3.8 (2.5-5.2)
2.4 (1.9-2.9)

4.1 (2.7-5.5)
2.8 (2.3-3.3)

5.4 (3.3-7.5)
2.9 (2.2-3.6)

Hazard ratio (95% CI)
P value

1.6 (1.1-2.5)
.02

1.4 (1.1-1.8)
.002

1.9 (1.4-2.4)
<.001

Number of events, person-years at risk, and rates were stratified by time since diagnosis of rheumatoid arthritis. Hazard ratios, 95% CIs, and P values were adjusted for age at index date.

eral population comparison cohort
matched to the incident RA cohort who
had been hospitalized, regardless of
cause, after index date. The incidence
of VTE following hospital discharge in
this subset of the comparison cohort,
counting from discharge date of this
first hospitalization until end of followup, was compared with that of the entire comparison cohort originally
matched to the incident RA cohort. Second, to assess whether hospitalization
modified the relative risk of VTE in patients with RA, we identified all individuals in the incident RA cohort and
its comparison cohort with at least 1
hospitalization (regardless of cause) after the index date and compared the incidences of VTE following discharge
from hospital in the 2 groups using Cox
regression.
All significance tests were 2-sided. All
P values ⬍.05 were considered statistically significant. SAS version 9.2 was
used for all analyses.
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RESULTS
In total, 39 372 patients with prevalent
RA and 173 417 matched individuals in
the general population comparison cohort were identified, as well as 8077 patients with incident RA and 37 973
matched individuals. After excluding individuals with a VTE event before the index date, 37 856 patients with prevalent RA and 169 921 matched individuals
in the comparison cohort remained, as
did 7904 patients with incident RA and
37 350 matched individuals (TABLE 1).
VTE in RA and the General Population

Prevalent RA. Of the patients with prevalent RA and the matched individuals in
the general population comparison cohort, 838 patients (2.2%) and 1866
matched individuals (1.1%) had a VTE
event after the index date. The rates were
5.9 (95% CI, 5.1-6.6) per 1000 personyears for patients with RA and 2.8 (95%
CI, 2.6-3.1) per 1000 person-years for the
individuals in the comparison cohort (adJAMA, October 3, 2012—Vol 308, No. 13 1353
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justed HR, 2.0 [95% CI, 1.9-2.2];
P⬍.001) (TABLE 2). Separate analyses of
DVT and pulmonary embolism, respectively, resulted in HRs similar to those for
VTE (eTable 1A).
Incident RA. By the time of RA symptom onset, 150 patients with RA (1.9%)
and 587 matched individuals in the general population comparison cohort
(1.6%) had a history of VTE, corresponding to an adjusted odds ratio for a history of VTE in patients with incident RA
of 1.2 (95% CI, 1.0-1.4; P=.08). Counting from RA diagnosis over a median follow-up of 5.8 years, 223 patients with RA
(2.8%) and 648 individuals in the comparison cohort (1.7%) were registered
with a VTE event. The rates were 4.5
(95% CI, 3.0-5.9) per 1000 personyears for patients with RA and 2.8 (95%
CI, 2.2-3.3) per 1000 person-years for the
individuals in the comparison cohort (adjusted HR, 1.6 [95% CI, 1.4-1.9];
P⬍.001) (Table 2).
The adjusted HRs for DVT and pulmonary embolism separately were simi-

lar to the HRs for VTE (eTable 1B).
Similar results were found when adding a lag of 12 months before start of
follow-up (eTable 2). Sensitivity analyses requiring the combination of ICD
codes and prescriptions for anticoagulants to define the outcome generated
somewhat lower rates but HRs consistent with the main analysis (eTable 3).
VTE in Relation to Time
Since RA Diagnosis

In the incident RA cohort, analyses
stratified by time since index date (RA
diagnosis) demonstrated HRs vs
matched individuals in the general
population comparison cohort similar
to the overall HR for VTE throughout
follow-up. Higher rates of VTE in patients with RA compared with the general population were already observed
within 1 year since RA diagnosis (3.8
[95% CI, 2.5-5.2] per 1000 personyears vs 2.4 [95% CI, 1.9-2.9] per 1000
person-years; adjusted HR, 1.6 [95% CI,
1.1-2.5]; P=.02) (FIGURE 1).

Figure 2. Failure Functions of Venous Thromboembolism (VTE) in Hospitalized Individuals
From the General Population and the Entire General Population Cohort Originally Matched
to the Incident Rheumatoid Arthritis Cohort
7
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Hazard ratio (95% CI)
P value

37 350
0
<1 y

1-4 y

5-9 y
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2.9 (2.2-3.6)

5.1 (3.9-6.6)
<.001

1.5 (1.3-1.9)
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Number of events, person-years at risk, and rates were stratified by time since hospitalization. Hazard ratios,
95% CIs, and P values were adjusted for age at index date.
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VTE in in Relation to Hospitalization

Of the 37 350 individuals in the general population comparison cohort
originally matched to those in the incident RA cohort, 16 894 (45%) were hospitalized for any reason during followup. Of these, 429 (2.5%) experienced
a VTE event, counting from discharge
date of the first hospitalization following the index date until end of follow-up (eTable 4). Among all 37 350
individuals in the entire general population cohort, 648 (1.7%) experienced
a VTE event. The corresponding rates
were 6.2 (95% CI, 5.1-7.4) per 1000
person-years among previously hospitalized individuals and 2.8 (95% CI, 2.23.3) per 1000 person-years among all
individuals in the entire general population cohort (adjusted overall HR, 2.1
[95% CI, 1.8-2.4]; P⬍ .001). The risk
increase was more than 5-fold (adjusted HR, 5.1 [95% CI, 3.9-6.6];
P ⬍.001) during the first year following hospital discharge but decreased
markedly over time and was null after
5 years (FIGURE 2).
In the incident RA cohort, 4364 patients (55%) were hospitalized after RA
diagnosis. Among these, 154 (3.5%) experienced a VTE event, counting from
this hospital discharge until end of follow-up. This corresponded to a rate of
7.8 (95% CI, 5.2-10.5) per 1000 personyears among patients with RA following hospital discharge. When compared with the rate for the 16 894
hospitalized individuals from the general population cohort (6.2 [95% CI,
5.1-7.4] per 1000 person-years), the
overall adjusted HR for VTE was 1.3
(95% CI, 1.1-1.6; P = .01), ie, somewhat lower than the overall HR in the
incident RA cohort. When stratifying
by time since hospital discharge, the risk
of VTE was not higher during the first
year after hospital discharge among patients with RA than among individuals in the general population cohorts but
then increased and was doubled 5 to 9
years following hospital discharge
(FIGURE 3). Subgroup analyses based
on hospitalization specifically for orthopedic surgery resulted in similar HRs
(eTable 5).

©2012 American Medical Association. All rights reserved.
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Risks for VTE in RA
in Specific Patient Segments

The rates of VTE increased with age but
were largely similar in women and men
as well as in patients with rheumatoid
factor–positive and –negative RA
(Table 2). The HRs of VTE were, however, broadly similar across these patient segments. We could not detect any
association of VTE with calendar period of RA diagnosis between 1997 and
2009 (eTable 6).
COMMENT
The results of this study suggest that
patients with RA are at increased risk
of VTE (both DVT and pulmonary embolism) and that the risk of VTE increases shortly after RA diagnosis and
remains similarly elevated during the
first decade. By contrast, we noted no
higher rates of VTE within the first year
following hospital discharge among patients with RA than in the general population, and although we noted higher
rates in the oldest age group, HRs were
broadly similar across age, sex, rheumatoid factor status, and calendar period of RA diagnosis.

DVT. Although workup for DVT during the study period included imaging
(that would differentiate Baker cysts from
DVT events), we cannot formally exclude such misclassification bias. However, the HRs for DVT in patients with
RA remained similar in sensitivity analyses that required not only a DVT diagnosis but also repeated dispensing of antithrombotic medications. Also,
misclassification of DVT events is unlikely to explain the doubled risk observed for pulmonary embolism, which
further requires its own workup.
It may be that rheumatologists are
less likely to include patients in a clinical register intended for long-time follow-up if the predicted survival of the
patient is very short. This could lead to
an underestimation of the true rates in
the incident RA cohort, at least in the
short term. Conversely, it may be that
the 2 rheumatology outpatient visits
used to identify the patients with RA

were somehow related to factors associated with the outcome and that our
60-day lag period used for washout was
too short. However, using a 1-year lag
period did not materially alter the HRs.
We lacked information on certain potential risk factors for VTE, eg, immobilization, and thus the ability to assess their association with VTE in RA.
Our aim was, however, to assess rates
and relative risks for VTE in RA rather
than to attribute risks to specific risk
factors. Although a limitation, their absence is unlikely to affect the validity
of our results.
Considering that the incidence of VTE
to some extent depends on the diagnostic intensity, inflated incidences in the RA
cohorts attributable to surveillance bias
cannot be excluded. We did not exclude individuals with RA from the comparison cohorts. This could in theory lead
to an underestimation of the true HRs.
Given the low prevalence of RA in Swe-

Figure 3. Failure Functions of Venous Thromboembolism (VTE) in Hospitalized Patients With
Incident Rheumatoid Arthritis Diagnosed With RA Between 1997 and 2009 and Hospitalized
Matched Individuals From the General Population
7

Strengths and Weaknesses

6

Individuals With VTE, %

By using nationwide population-based
nonprimary care visit data with almost
complete coverage (approximately
95%)17,18 to identify the prevalent RA cohort, this cohort comprises virtually all
patients with RA in Sweden seen by a
rheumatologist/internist during the study
period (2005-2009). Similarly, using the
Swedish Rheumatology Quality Register allowed for the identification of a large
clinical incident RA cohort with less than
12 months of symptom history at the
time of RA diagnosis as well as estimation of risks in relation to RA onset and
duration.
Further strengths include the large
number of events during follow-up and
the duration of follow-up. Also, the identification of the outcome was independent of RA status and identical for the
RA and general population cohorts.
Patients with RA are at increased risks
for Baker cysts and some other manifestations that might be misinterpreted as

5
4

Hospitalized rheumatoid arthritis

3
Matched hospitalized general population
2
1
0
0
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Analysis Time, y
Hospitalized rheumatoid
arthritis, No.
At risk
VTE events
Matched hospitalized general
population, No.
At risk
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4364
0

3122
70

2146
30

1341
30

746
13

324
5

16 894
0

11 248
256

7345
92

4395
42

2342
22

1014
13

<1 y
Incidence rate/100 patientyears (95% CI)
Hospitalized rheumatoid arthritis 11.8 (8.6-15.1)
Matched hospitalized general
13.1 (11.3-14.8)
population
Hazard ratio (95% CI)
P value

1.0 (0.7-1.4)
.90

1-4 y

5-9 y

6.8 (4.1-9.5)
4.7 (3.5-5.8)

6.3 (2.5-10.0)
3.6 (2.1-5.2)

1.4 (1.0-1.8)
.03

2.0 (1.2-3.4)
.009

Number of events, person-years at risk, and rates were stratified by time since hospitalization. Hazard ratios,
95% CIs, and P values were adjusted for age at index date.
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den (0.6%-0.8%),13 it is unlikely that this
potential misclassification of exposure
would have changed the interpretation
of our findings.
Previous Research

Few studies have reported on risks of
VTE in RA.4-8 Several of these have reported relative risks greater than 1, but
the designs (mainly cross-sectional or
hospital-based) have not permitted estimations of the underlying clinical risks
or rates overall in population-based cohorts or of the risks or rates in relation
to different patient characteristics, such
as rheumatoid factor status or RA duration.5,7 In a recent population-based
cohort study, a tripled risk of VTE in a
cohort of patients with RA compared
with risk in a comparison cohort of individuals without RA was presented4
but because the number of events during follow-up was small (19 in patients with RA, 11 in those without),
the study was underpowered to study
the association between VTE and subgroups of RA. Another recent study
based on hospitalization data to define RA and to detect the outcome (pulmonary embolism) suggested a 6-fold
increased risk of pulmonary embolism in RA (compared with the general population not required to be hospitalized) which decreased over time.8
These results are similar to ours regarding hospitalization in the general
population (HR at ⬍1 year in the absence of RA, 5.1 [95% CI, 3.9-6.6];
P⬍.001; HR at 5-9 years, 1.2 [95% CI,
0.9-1.7]; P=.24) but in sharp contrast
to our observation of no additional increase in the risk of VTE during the first
year following hospital discharge comparing patients with RA following hospital discharge to the general population following hospital discharge. This
observation emphasizes the need to
separate effects of disease (in this case,
RA) from effects of, or associated with,
hospitalization on the risk of VTE. From
a thromboprophylaxis perspective, this
is of importance, because our data lead
to opposite clinical and scientific inferences: in general, patients with RA
should be considered at a moderately
1356

elevated risk of VTE; this risk is present
almost irrespective of disease duration, does not decline with time, and
is not disproportionally higher in patients with RA than in those without following hospital discharge.
In conclusion, RA is associated with
an increase in the risk of VTE. This risk
did not vary with RA duration up to 10
years from RA diagnosis. Hospitalization is a strong risk factor for VTE in
the general population and in patients
with RA, but the short-term (⬍1 year
after hospital discharge) rates for VTE
are similar in both groups. VTE rates
varied with age, less so with sex, calendar period of RA diagnosis, and rheumatoid factor status, but the relative
risks of VTE were largely similar across
these patient subgroups.
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