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Trends of venous thromboembolism risk before and
after diagnosis of gout: a general population-based
study
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Abstract

Objective. To estimate the overall risk and the temporal trend of venous thromboembolism (VTE), deep vein thrombosis
(DVT), and pulmonary embolism (PE) before and after gout diagnosis in an incident gout cohort compared with the
general population.

Methods. We conducted a matched cohort study using a province-wide population-based administrative health data-
base in Canada. We calculated incidence rates (IRs) and multivariable adjusted hazard ratios (HRs) for the risk of VTE,
DVT and PE before and after gout diagnosis.

Results. Among 130 708 incident individuals with gout (64% male, mean age 59 years), 2071 developed VTE, 1377
developed DVT and 1012 developed PE. IRs per 1000 person-years for gout were 2.63, 1.74 and 1.28 compared with
2.03, 1.28 and 1.06 for non-gout, respectively. The fully adjusted HRs (95% CI) for VTE, DVT and PE were 1.22 (1.13,
1.32), 1.28 (1.17, 1.41) and 1.16 (1.05, 1.29). For the pre-gout period, the fully adjusted HRs (95% CI) were 1.51 (1.38,
1.64), 1.55 (1.40, 1.72) and 1.47 (1.31, 1.66) for VTE, DVT and PE. During the third, second and first years preceding gout,
the fully adjusted HRs for VTE were 1.44, 1.56 and 1.62. During the first, second, third, fourth and fifth years after gout,
the fully adjusted HRs were 1.63, 1.29, 1.33, 1.28 and 1.22. Similar trends were also seen for DVT and PE.
Conclusion. Increased risks of VTE, DVT and PE were found both before and after gout diagnosis. The risk increased
gradually before gout, peaking in the year prior to diagnosis, and then progressively declined. Gout-associated inflam-
mation may contribute to venous thrombosis risk.
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Rheumatology key messages

o Increased risks of VTE, DVT and PE were found both before and after gout diagnosis.
e The risk increases gradually before gout diagnosis, peaks in the year prior, and then progressively declines.
o Gout associated inflammation before and after gout diagnosis may be a contributing factor for VTE.

Introduction

Gout is the most common inflammatory arthritis in men
[1], and is associated with increased mortality [2] and a
high economic and hospitalization burden [3, 4]. Data from
different countries suggest that gout is becoming more
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prevalent [1]. Inflammatory arthritides such as rheumatoid
arthritis, systemic lupus erythematosus, and gout have
been associated with an increased risk of cardiovascular
diseases [5-9]. But whether the presence of hyperuricae-
mia as the precursor of gout or gout itself is an independ-
ent risk factor for cardiovascular disease is controversial
[10, 11]. Nonetheless, the majority of studies have shown
that, even after adjusting for cardiovascular risk factors,
hyperuricaemia and gout remain independent risk factors
for cardiovascular disease, particularly stroke and coron-
ary heart disease (i.e. myocardial infarction, angina, is-
chaemic heart disease) [7-9].

Venous thromboembolism (VTE, including pulmonary
embolism [PE] and deep vein thrombosis [DVT]) repre-
sents a relatively common cardiovascular event that is
associated with increased mortality (i.e. one-month fatality
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rate of 9.7% for PE and 4.6% for DVT) [12]. An increased
risk of VTE has been reported in some types of inflamma-
tory arthritis other than gout [13, 14]. Systemic inflamma-
tion associated with those conditions might promote
thrombosis by upregulating procoagulants, downregulat-
ing anticoagulants and suppressing fibrinolysis [15].
However, data on the risk of VTE in patients with hyper-
uricaemia or gout are scarce. Findings from three recent
population-based studies are limited due to failure to
adjust for medications or failure to address potential un-
measured confounders such as obesity [16, 17], use of a
prevalent cohort (which is associated with survival bias)
[17] and a small sample size [18].

The aims of our study, using a province-wide database
of both inpatients and outpatients from the province of
British Columbia (BC)’s universal healthcare system,
were: (i) to estimate the overall risk of VTE, DVT and PE
before and after a gout diagnosis in an incident cohort of
gout; and (ii) to estimate the temporal trend of VTE, DVT
and PE before and after a gout diagnosis compared with
that of the general population.

Methods

Data sources

Universal healthcare coverage is available for all residents
of the province of BC, Canada (population ~ 4.7 million).
Population Data BC includes all provincially funded
healthcare service data since 1990, including all health-
care professional visits [19], hospitalizations [20], demo-
graphic data [21], cancer registry [22] and vital statistics
[23]. Furthermore, Population Data BC includes the com-
prehensive prescription drug database PharmaNet [24],
which captures all outpatient dispensed medications for
all residents living in BC since 1996. Numerous popula-
tion-based studies have been successfully conducted
using this source [25-27]. All inferences, opinions and
conclusions drawn from this research are those of the
authors and do not reflect the opinions or policies of the
data stewards. No personal identifying information was
made available as part of this study. Procedures used
were in compliance with British Columbia’s Freedom of
Information and Privacy Protection Act. Ethical approval
was obtained from the University of British Columbia’s
Behavioral Research Ethics Board (H15-00887).

Study design and cohort definitions

Using Population Data BC, we conducted a 1 : 1 matched
cohort study of the risk of incident VTE, DVT and PE
among patients with newly diagnosed gout (gout cohort)
compared with age-matched, sex-matched and index
date (i.e. gout diagnosis date)-matched individuals with-
out gout who were randomly selected from the general
population (non-gout cohort).

Gout cohort

In this study, the gout cohort included all adult patients
(=>18years of age) who received a gout diagnosis for the
first time from 1 January 2000 through to 31 March 2015 in
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BC. We refer to the time period before the index date as the
pre-gout period. A gout diagnosis was defined as follows:
at least one recorded principal diagnosis of gout
[International Classification of Disease ninth-version (ICD-
9)-CM 274 or ICD-10-CM M10] at either a physician or hos-
pital visit. To ensure incident gout cases, we required all
newly diagnosed gout individuals to have at least ten years
of prior registration in the databases (i.e. ‘run-in’ period)
without a diagnosis of gout at a physician or hospital
visit. The positive predictive value of a similar case defin-
ition was 86% in the US Veterans Affairs database [28].

Non-gout cohort

To establish the non-gout comparison cohort, we
received data for a random sample of ~2 000 000 BC
residents registered with the provincial medical services
plan during the study period, and selected individuals
without any history of a gout diagnosis and matched
them to gout patients (1 : 1 ratio) on age, sex and the
index date. To be comparable to the gout cohort, we
also excluded those non-gout individuals without at
least 10 years’ run-in time before the matched index date.

Individuals were followed until they either experienced
an outcome (VTE, DVT or PE), died, left BC (2.3% in the
gout cohort and 4.8% in the non-gout cohort), or the
follow-up period ended (31 March 2015), whichever
occurred first.

Ascertainment of DVT and PE

The primary outcome was the first ever VTE event (either
DVT or PE) during the follow-up. Incident DVT or PE out-
comes were defined by a corresponding ICD code plus a
prescription for any anticoagulant therapy (heparin, war-
farin or a similar agent) between one month before and six
months after the ICD code date [29]. We identified DVT
(ICD-9-CM: 4583; ICD-10-CM: 182.4, 182.9) from outpatient
or hospitalization data, and PE (ICD-9-CM: 415.1, 673.2,
639.6; ICD-10-CM: 088.2, 126) from hospitalization data
only. Deaths from DVT or PE (including out-of-hospital
deaths) were identified from vital statistics. Given that
VTE is a potentially fatal disease, patients may have
died before they received treatment; thus, for those pa-
tients who died within 2 months after a VTE, DVT or PE
diagnosis, anticoagulant therapy was not needed as part
of the case definition. Similar definitions for VTE have
been used in previous publications, and were found to
have a positive predictive value of 94% in a general prac-
tice database [29].

Covariate assessment

To evaluate the baseline characteristics at index date,
available covariates known to be potential risk factors
for VTE were assessed within the 12 months prior to the
index date. To evaluate baseline characteristics in pa-
tients during the pre-gout period, the same covariates
were also assessed over each 12-month period prior to
the year of interest. Covariates included health resource
utilization (number of outpatient visits and hospitaliza-
tions), medication use (as identified through Drug
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Risk of VTE before and after gout

Identification Numbers: NSAIDs, HRT, glucocorticoids,
cyclooxygenase-2 inhibitors [cox-2], and oral contracep-
tives) and comorbidities (hypertension, varicose veins,
sepsis, inflammatory bowel disease, chronic kidney dis-
ease and alcoholism). In addition, trauma or fracture, a
history of surgery, as well as the Romano modification
of Charlson Comorbidity Index for administrative data
[30] were also ascertained in those periods, respectively.

Statistical analysis

We compared the baseline characteristics of gout patients
with the non-gout cohort using a x? test for categorical
variables and the Wilcoxon Rank-Sum test for continuous
variables. To calculate the risk of VTE after and before the
index date, we identified incident DVT and PE events
during the follow-up periods, post- and pre-gout diagno-
sis, and calculated the incidence rates (IRs) per 1000
person-years for each outcome, individually and together
(as VTE). We used Cox proportional hazard regression
models [31] to calculate hazard ratios (HRs) for the risk
of VTE, DVT and PE in the gout and pre-gout periods
compared with the non-gout cohort, adjusting for poten-
tial confounders.

To evaluate the time trends of VTE risk before and after
the index date, we also estimated HRs within 3, 2 and
1years before the index date and 1, 2, 3, 4 and 5years
after the index date. For the analysis of VTE risk before the
index date, we excluded individuals with a VTE diagnosis
recorded any time before the date of interest. For the ana-
lysis of VTE risk after the index date, we excluded individ-
uals with a VTE diagnosis recorded any time before the
index date.

Sensitivity analyses

To test the robustness of our results, we performed three
sensitivity analyses. First, to estimate the effect of un-
measured confounders (i.e. obesity), we calculated fully
adjusted HRs by adding the simulated unmeasured con-
founder with a prevalence ranging from 30% to 40% in the
gout cohort [32, 33] and a prevalence of 23% for the non-
gout cohort (corresponding to the estimated prevalence of
obesity for the BC general population aged 18 and older)
[34], and odds ratios (ORs) ranging from 2.0-2.5 for the
association between obesity and VTE, DVT or PE [35].
Second, we calculated the cumulative incidence of each
outcome event after taking the competing risk of death
into account using subdistribution models, according to
Lau et al. [36]. Thirdly, we used a more restrictive gout
case definition that only included gout individuals who
satisfied the primary case definition and also had at
least one prescription for urate-lowering therapy (ULT;
allopurinol, febuxostat, probenecid or sulfinpyrazone) be-
tween 1 month before and 3 months after the index date. A
similar case definition using the UK General Practice
Research Database was found to have a positive predict-
ive value of 90% [37].

SAS V.9.4 (SAS Institute, Cary, North Carolina, USA)
was used for all analyses. For all HRs, we calculated
95% Cls.

https://academic.oup.com/rheumatology

Results

Baseline characteristics

After excluding individuals with VTE events before index
date, we identified 130 708 incident gout patients (64%
male, mean age 59 years), and 131 349 non-gout individ-
uals (64% male, mean age 59 years) from 1 January 2000
to 31 March 2015. Table 1 summarizes the baseline char-
acteristics of the cohorts. Compared with the non-gout
cohort, gout patients had a higher number of outpatient
visits and hospitalizations, greater Charlson Comorbidity
Index, higher prevalence of hypertension, varicose veins,
sepsis, inflammatory bowel disease, chronic kidney dis-
ease, alcoholism, trauma, fracture and surgery, as well
as higher use of NSAIDs, cox-2 inhibitors and
glucocorticoids.

Risk of VTE in patients with gout

During the follow-up time after the index date, 2071 inci-
dent VTE, 1377 DVT, and 1012 PE events occurred in the
gout cohort, compared with 1629, 1032 and 854 in the
non-gout cohort, respectively. The cumulative incidence
of VTE, DVT and PE was significantly higher in the gout
cohort compared with the non-gout cohort (Fig. 1). The
IRs for VTE, DVT and PE in the gout cohort were 2.63,
1.74 and 1.28 cases per 1000 person-years, respectively,
while the corresponding IRs in the non-gout cohort were
2.03, 1.28 and 1.06 per 1000 person-years, respectively.
After adjusting for age and sex, the HRs (95% CI) were
1.34 (1.25, 1.44), 1.40 (1.29, 1.53) and 1.26 (1.14, 1.39) for
VTE, DVT and PE, respectively. The corresponding fully-
adjusted HRs (95% CI) were 1.22 (1.13, 1.32), 1.28 (1.17,
1.41) and 1.16 (1.05, 1.29) (Table 2).

Risk of VTE during the pre-gout period

During the pre-gout period, there were 1499 VTE, 1026
DVT and 718 PE events in the gout cohort, and 962 636
and 474 events, respectively, in the non-gout cohort. The
IRs for VTE, DVT and PE during the pre-gout period in the
gout cohort were 1.02, 0.70 and 0.49 cases per 1000
person-years, respectively, and 0.65, 0.43 and 0.32 per
1000 person-years in the non-gout cohort. Compared
with the non-gout cohort, the age- and sex-adjusted
HRs (95% CI) for VTE, DVT and PE in the gout cohort
during the pre-gout period were 1.56 (1.44, 1.69), 1.62
(1.46, 1.79) and 1.51 (1.35, 1.70), respectively. The fully-
adjusted HRs (95% CI) were 1.51 (1.38, 1.64), 1.55 (1.40,
1.72) and 1.47 (1.31, 1.66), respectively (Table 2).

Time trends in the risk of VTE in gout relative to
non-gout before and after the index date

Before the index date, for VTE, DVT and PE, the highest
HRs were observed during the first year prior to the index
date (HRs (95% ClI): VTE: 1.62 (1.30, 2.01), DVT: 1.75
(1.34, 2.28) and PE: 2.04 (1.46, 2.86)) (Table 3). During
the third and second years preceding the index date,
the fully adjusted HRs (95% CI) for VTE were 1.44 (1.26,
1.65) and 1.56 (1.33, 1.82), respectively. Similar trends
were seen for DVT and PE.
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TasLE 1 Baseline characteristics of individuals with and without gout at the time of index date

Variable

Age, mean (s.p.)
Male
Healthcare utilization
Number of outpatient visits, mean (s.p.)
Number with hospitalizations, n (%)
Comorbidities, n (%)
Charlson Comorbidity Index, mean (s.p.)
Hypertension
Varicose veins
IBD
Sepsis
Trauma
Fracture
Alcoholism with liver disease
Chronic kidney disease
Surgery
Medications, n (%)
NSAIDs
HRT
Glucocorticoids
Cox-2 inhibitors
Oral contraceptives

Gout cohort

n=130 708

58.98 (15.64)
84 146 (64.38%)

12.09 (13.15)
26 322 (20.14%)

0.53 (1.23)
49 261 (37.69%)
1083 (0.83%)

893 (0.68%)
919 (0.70%)
378 (0.29%)
1735 (1.33%)
1483 (1.13%)
9276 (7.10%)
439 (0.34%)

37 661 (28.81%)
3870 (2.96%)
8582 (6.57%

Non-gout
n=131 349

59.01 (15.65)
84 515 (64.34%)

8.92 (11.53)
20 861 (15.88%)

0.36 (1.04)
33 725 (25.68%)
954 (0.73%)
726 (0.55%)
655 (0.50%)
324 (0.25%)
1652 (1.26%)
946 (0.72%)
3752 (2.86%)
371 (0.28%)

18 986 (14.45%)
3632 (2.77%)

4283 (3.26%)

(
(
) 5261 (4.01%)
6193 (4.74%) (
) (

1431 (1.09% 1479 (1.13%)

Cox-2, cyclooxygenase-2. Baseline characteristics were measured over one year prior to index date.

During the first, second, third, fourth and fifth year after
the index date, the HRs for VTE decreased over time, but
remained significant, with fully adjusted HRs (95% CI) of
1.63 (1.32, 2.01), 1.29 (1.17, 1.49), 1.33 (1.18, 1.50), 1.28
(1.15, 1.43) and 1.22 (1.10, 1.34). Similar trends were also
seen in DVT and PE (Table 3).

Sensitivity analyses

We performed three sensitivity analyses. Firstly, when as-
sessing the robustness of our results to the potential
effect of the unmeasured confounder, obesity, HRs re-
mained significant, but attenuated at values of 40%
prevalence in the gout cohort and OR of 2.0 for the asso-
ciation between the unmeasured confounder and all out-
comes except PE (Table 4). Secondly, after accounting for
the competing risk of death using subdistribution models,
the results also remained significant, but the effect sizes
were attenuated (Table 4). Thirdly, overall, fully adjusted
HRs remained significant except DVT when using the
stricter gout case definition (i.e. gout diagnosis and ULT)
when assessing the risk before and after gout diagnosis
(Table 5).

Discussion

In this large population-based study of an incident gout
cohort, we demonstrated that the overall risks of VTE,
DVT and PE were significantly increased both before
and after gout diagnosis when compared with the general
population. Furthermore, we observed that the risk
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increased gradually before gout diagnosis, and peaked
during the one year prior to diagnosis and one year fol-
lowing. Though the risks decreased progressively there-
after, with the exception of PE, they remained statistically
significant even five years after the index date when com-
pared with the general population.

Three main precursors to VTE were proposed by
Virchow: damage to the vessel wall, increasing blood coa-
gulability and venous stasis [38]. Inflammation during the
hyperuricaemia phase and gout attacks might be a plaus-
ible key factor responsible for damaging the vascular
endothelium and increasing blood coagulability.
Deposition of uric acid can activate the formation of the
nucleotide-binding domain, leucine-rich-containing family,
pyrin domain-containing-3 (NLRP3) inflammasome, which
increases the production of interleukin-1B and can amplify
the inflammatory response on vascular cells [39]. At the
same time, hyperuricaemia can also activate the produc-
tion of reactive oxygen species, which can increase the
formation of NLRP3 [40] and inhibit the secretion of nitric
oxide, a suppressant of NLRP3 [41]. This inflammatory
process can damage the vascular endothelium in both
arteries and veins through endothelial disturbance by
leading to vascular smooth muscle cells proliferation and
endothelial cells inhibition [18, 42]. In addition, von
Willebrand factor, tissue factor and plasminogen activator
inhibitor V are also produced, which upregulates blood
coagulation [18, 42].

As proposed by previous studies[18, 43], inflammation
may increase gradually in the pre-diagnosis phase of

https://academic.oup.com/rheumatology
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Risk of VTE before and after gout

Fic. 1 Cumulative incidence of VTE, DVT and PE among gout and non-gout
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TasLe 2 Overall risk of VTE, DVT and PE in gout relative to non-gout after and before index date

Gout cohort Non-gout Gout cohort Non-gout
After index date After index date Pre-index date Pre-index date
n=130 708 n=131 349 n=132 207 n=132 311
VTE
No. of events 2071 1629 1499 962
IR per 1000 person-years 2.63 2.03 1.02 0.65
Age- and sex- adjusted HR (95% ClI) 1.34 (1.25, 1.44) 1.00 1.56 (1.44, 1.69) 1.00
Fully-adjusted HR (95% CI)? 1.22 (1.13, 1.32) 1.00 1.51 (1.38, 1.64) 1.00
DVT
No. of events 1377 1032 1026 636
IR per 1000 person-years 1.74 1.28 0.70 0.43
Age-, sex- adjusted HR (95% CI) 1.40 (1.29, 1.53) 1.00 1.62 (1.46, 1.79) 1.00
Fully adjusted HR (95% CI)? 1.28 (1.17, 1.41) 1.00 1.55 (1.40, 1.72) 1.00
PE
No. of events 1012 854 718 474
IR per 1000 person-years 1.28 1.06 0.49 0.32
Age-, sex- adjusted HR (95% ClI) 1.26 (1.14, 1.39) 1.00 1.51 (1.35, 1.70) 1.00
Fully adjusted HR (95% CI)® 1.16 (1.05, 1.29) 1.00 1.47 (1.31, 1.66) 1.00

@Adjusted for all variables listed in Table 1. DVT, deep venous thrombosis; HR, hazard ratio; IR, incidence rate; PE, pulmonary
embolism; VTE, venous thromboembolism.

https://academic.oup.com/rheumatology 1103
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TaeLe 3 Risk trends for VTE in gout relative to non-gout, before and after the index date

Fully adjusted HRs (95% CI)?

Before gout diagnosis

VTE

DVT

Fully adjusted HRs (95% CI)?

1.48 (1.26, 1.74)
1.61 (1.32, 1.95)
1.75 (1.34, 2.28)

PE

Fully adjusted HRs (95% CI)?

1.44 (1.18, 1.75)
1.61 (1.27, 2.05)
2.04 (1.46, 2.86)

—3 years 1.44 (1.26, 1.65)
—2 years 1.56 (1.33, 1.82)
—1 year 1.62 (1.30, 2.01)
After gout diagnosis

+1 year 1.63 (1.32, 2.01)
+2 years 1.29 (1.17, 1.49)
+3 years 1.33 (1.18, 1.50)
+4 years 1.28 (1.15, 1.43)
+5 years 1.22 (1.10, 1.34)

1.68 (1.29, 2.20) 1.71 (1.25, 2.34)
1.37 (1.14, 1.65) 1.24 (1.01, 1.53)
1.45 (1.24, 1.70) 1.21 (1.02, 1.44)
1.34 (1.17, 1.54) 1.18 (1.02, 1.38)
1.25 (1.10, 1.42) 1.13 (0.99, 1.30)

@Adjusted for all variables listed in Table 1. DVT, deep venous thrombosis; HR, hazard ratio; PE, pulmonary embolism; VTE,

venous thromboembolism.

TaBLE 4 Sensitivity analyses (unmeasured confounder and competing risk of death) for the risk of VTE in gout

Analyses

Primary analyses

Sensitivity analyses modeling obesity with prevalence
=30% and OR = 2.0

Sensitivity analyses modeling obesity with prevalence
=40% and OR = 2.0

Sensitivity analyses modeling obesity with prevalence
=30% and OR = 2.5

Sensitivity analyses modeling obesity with prevalence
=40% and OR = 2.5

Sensitivity analyses accounting for competing risk of death

VTE DVT PE
HR (95% CI)? HR (95% CI)® HR (95% CI)®

122 (1.13,1.32)  1.28 (1.17, 1.41)  1.16 (1.05, 1.29)
119 (1.10, 1.28)  1.27 (1.15,1.39)  1.14 (1.03, 1.27)

111 (1.02, 1.20)  1.16 (1.05, 1.28)  1.02 (0.91, 1.14)
1.07 (0.99, 1.16)  1.13(1.03, 1.25)  0.99 (0.89, 1.11)
0.97 (0.89, 1.05)  1.04 (0.93, 1.15)  0.89 (0.79, 1.00)

1.20 (1.14, 1.26) 1.27 (1.20, 1.36) 1.13 (1.06, 1.22)

3Adjusted for all variables listed in Table 1. DVT, deep venous thrombosis; HR, hazard ratio; OR, odds ratio; PE, pulmonary
embolism; VTE, venous thromboembolism; PE, pulmonary embolism.

gout as untreated hyperuricaemia worsens, until the
onset of symptoms causes patients to seek medical
care, leading to the diagnosis of gout. Thus, hyperuricae-
mia and untreated inflammation would peak in the first
year before the index date, with a subsequent decline in
risk after the index date resulting from reduced inflam-
mation following treatment with anti-inflammatory drugs,
as well as ULTs [44].

Our findings of increased risk of VTE after gout diagnosis
are consistent with recent studies. A cohort study from
Taiwan reported adjusted HRs for DVT and PE of 1.66
and 1.53, respectively [16]. However, only one ICD-9 CM
or ICD-10 CM code was used to define DVT or PE, and they
did not adjust for any prescription use that are known as
risk factors for VTE. Another study, using the same dataset,
also reported an adjusted HR for DVT of 1.38 compared
with the general population [17], which is also consistent
with our findings. However, their study design used a preva-
lent cohort that has an inherent survival bias, as the cohort
only includes surviving individuals, who may be less sus-
ceptible to cardiovascular complications such as VTE.
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Our finding that the risk of VTE is increased before the
index date suggests that serum uric acid (SUA) level may
play a role in thrombosis even before the diagnosis of
gout. This finding is consistent with evidence that SUA
itself has a pro-inflammatory effect on vascular cells and
with evidence that SUA level is positively associated with
atherothrombotic cardiovascular diseases [45]. Using the
cohort component of the Atherosclerosis Risk in
Communities Study, Kubota et al. [18] recruited 14 126
participants without history of VTE at baseline and divided
SUA levels into six categories to assess the risk of VTE.
The authors found a positive association between SUA
levels and VTE risk ranging from 1.44 (95% ClI, 1.06,
1.96) to 1.89 (95% CI, 1.15, 3.12) compared with the
lowest SUA level group [18]. A similar trend was observed
for VTE subtypes. The authors concluded that elevated
SUA may increase the risk of VTE through inflammation
and proposed SUA as a low-cost biomarker that could be
studied for adding to VTE risk prediction.

We acknowledge the potential limitations inherent to
our observational study using administrative data. The
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TasLE 5 Sensitivity analyses evaluating the risk of VTE using the alternative case definition

Gout cohort
After index date
n=41 962
VTE
No. of events 717
IR per 1000 person-years 3.17

Age- and sex- adjusted HR (95% ClI)
Fully-adjusted HR (95% CI)?

1.41 (1.25, 1.59)
1.18 (1.03, 1.35)

DVT
No. of events 461
IR per 1000 person-years 2.03

Age- and sex- adjusted HR (95% Cl)
Fully-adjusted HR (95% CI)?

1.30 (1.12, 1.51)
1.06 (0.89, 1.26)

PE
No. of events 363
IR per 1000 person-years 1.60

Age- and sex-adjusted HR (95% CI)
Fully-adjusted HR (95% CI)?

1.49 (1.26, 1.77)
1.29 (1.07, 1.57)

Non-gout Pre-gout Non-gout
After index date Pre-index date Pre-index date
n=42 302 n=42 669 n=42 735
545 707 433
2.33 1.43 0.87
1.00 1.64 (1.46, 1.85) 1.00
1.00 1.65 (1.45, 1.87) 1.00
365 478 302
1.56 0.96 0.61
1.00 1.60 (1.38, 1.85) 1.00
1.00 1.62 (1.38, 1.90) 1.00
275 343 201
1.17 0.69 0.40
1.00 1.69 (1.42, 2.01) 1.00
1.00 1.67 (1.38, 2.01) 1.00

2Adjusted for all variables listed in Table 1. DVT, deep venous thrombosis; HR, hazard ratio; IR, incidence rate; PE, pulmonary

embolism; VTE, venous thromboembolism.

uncertainty for the accuracy of the gout case definition
cannot be completely ruled out, especially as we used
one billing code from outpatient or inpatient visit for the
gout case definition; however, similar results were also
found using our alternative case definition (validity of
90%) in our sensitivity analyses, which restricted the def-
inition to those gout patients who had at least one pre-
scription of ULT [37]. The measurement of disease onset
using administrative data may also be imprecise; for ex-
ample, there would be no record if patients did not have
any healthcare utilization during the first gout flare [46, 47].
The time difference between gout onset and the first clin-
ical billing code might lead to the higher risk of VTE in pre-
gout period than the general population. Finally, we did
not have access to laboratory data to assess the SUA
levels before and after the index date, nor other param-
eters such the C-reactive protein.

While our multivariable Cox models adjusted for many
known VTE risk factors, certain confounding variables
were unavailable in our dataset, such as body mass
index to assess obesity. However, in our sensitivity ana-
lyses adjusting for unmeasured confounders, the results
remained statistically significant for VTE and DVT even
when using values of 40% prevalence of obesity in the
gout cohort and an odds ratio of 2.0 for the association
between obesity and VTE or DVT. Even so, as with other
retrospective observational studies, our results could
have been influenced by other unknown confounders.

Despite these limitations, there are several notable
strengths in our study. We used a large Canadian admin-
istrative database based on the entire BC population,
which makes our findings more generalizable. We were
also able to use the largest gout cohort assembled to
date to study the relationship between gout and VTE in

https://academic.oup.com/rheumatology

a general population-based setting. The sample size pro-
vided sufficient statistical power to find an association be-
tween gout and VTE. Besides, this is also the first study
assessing the yearly trends of VTE risk before and after
the index date. Furthermore, we required at least 10 years
of run-in time before the index date to only include the
purely incident patients as our exposure. Finally, we
used the strictest VTE case definition to capture true
events.

If our results are confirmed by others, the critical ques-
tion is how to maximize the clinical utility of these results.
As is known, VTE is the most common preventable cause
of inpatient death (PE occupies 5% to 10% of death in
hospitalized patients) [48] and prevention should be the
ultimate goal. However, not all patients with gout carry
the same risk and therefore further research to identify
high-risk patients should be the next step, so prevention
or prophylaxis can be implemented. In the meantime,
adequate vigilance and awareness for VTE risk should
be targeted in patients with gout or conceivable hyperur-
icaemia. This could be an additional incentive for patients
and clinicians to adhere to treatment guidelines under the
assumption that this will decrease the risk of gout flares
and, thus, likely VTE.

In summary, this is the largest population-based study to
demonstrate that patients with gout have an increased risk
of VTE, DVT and PE (~20%, 30% and 20%, respectively)
after a gout diagnosis compared with the general popula-
tion. This risk is independent of traditional VTE risk factors.
Moreover, we also demonstrated that the risk is higher in
the years prior to diagnosis, peaking in the first year before
diagnosis (~60-100%) and decreasing with time thereafter,
but remaining elevated when compared with the general
population. Certainly, this risk should also be confirmed in
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future prospective studies, especially among people who
have hyperuricaemia.
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