
Res Pract Thromb Haemost. 2022;6:e12714.	 		 	 | 1 of 9
https://doi.org/10.1002/rth2.12714

wileyonlinelibrary.com/journal/rth2

Received:	15	November	2021  | Revised:	28	March	2022  | Accepted:	10	April	2022
DOI: 10.1002/rth2.12714  

O R I G I N A L  A R T I C L E

Pulmonary embolism and deep vein thrombosis— comorbidities 
and temporary provoking factors in a register- based study of 
1.48 million people

Katarina Glise Sandblad MD1,2  |   Annika Rosengren MD, PhD1,2 |   Jan Sörbo MD, PhD3 |   
Sverker Jern MD, PhD4 |   Per- Olof Hansson MD, PhD1,2

This is an open access article under the terms of the Creative	Commons	Attribution-	NonCommercial-	NoDerivs License, which permits use and distribution in 
any	medium,	provided	the	original	work	is	properly	cited,	the	use	is	non-	commercial	and	no	modifications	or	adaptations	are	made.
©	2022	The	Authors.	Research and Practice in Thrombosis and Haemostasis published by Wiley Periodicals LLC on behalf of International Society on Thrombosis 
and Haemostasis (ISTH).

1Department	of	Medicine,	Geriatrics	
and	Emergency	Medicine,	Östra,	Region	
Västra	Götaland,	Sahlgrenska	University	
Hospital,	Gothenburg,	Sweden
2Department	of	Molecular	and	Clinical	
Medicine,	Institute	of	Medicine,	
Sahlgrenska	Academy,	University	of	
Gothenburg,	Gothenburg,	Sweden
3Department of Clinical Physiology, 
Region	Västra	Götaland,	Sahlgrenska	
University	Hospital,	Gothenburg,	Sweden
4The Wallenberg Laboratory for 
Cardiovascular Research, Institute 
of	Medicine,	Sahlgrenska	Academy,	
University	of	Gothenburg,	Gothenburg,	
Sweden

Correspondence
Katarina	Glise	Sandblad,	Department	
of	Medicine,	Sahlgrenska	University	
Hospital/Östra,	Göteborg	SE	416	85,	
Sweden.
Email: katarina.glise.sandblad@vgregion.se

Funding information
This work was supported by grants from 
the following: the Swedish state under 
an agreement concerning research and 
education	of	doctors	[ALFGBG-	716901,	
ALFGBG-	721351,	ALFGBG-	717211,	and	
ALFGBG-		720711,	the	Swedish	Heart	
and	Lung	Foundation	[2018-	0366];	the	
Swedish	Research	Council	[2018-	02527,	
VRREG	2019-	00193].	The	work	was	also	
supported by grants from funds from the 
Sahlgrenska	Academy.

Handling Editor: Dr Neil Zakai

Abstract
Background: Knowledge on differences in patients who present with deep vein 
thrombosis (DVT) and those with pulmonary embolism (PE) is incomplete.
Objective: To determine comorbidities and temporary provoking factors in patients 
with	a	first-	time	PE	or	DVT.
Methods: This	was	a	nationwide	Swedish	registry-	based,	retrospective,	case-	control	
study	including	298	172	patients	with	first-	time	venous	thromboembolism	(VTE)	and	
1	185	079	controls	matched	for	age,	sex,	and	county	of	residence,	free	of	VTE	at	the	
time of matching.
Results: Patients	with	PE	were	older	than	those	with	DVT	(mean	age,	69	vs	66	years)	
and	included	slightly	more	women	(PE,	53.4%	vs	DVT,	52.1%).	After	multivariable	ad-
justment for comorbidities (within 7 years) and temporary provoking factors (within 
3	months),	heart	failure	(PE:	adjusted	odds	ratio	[aOR],	2.64	[99%	confidence	interval	
[CI],	2.55-	2.73];	DVT:	aOR,	1.66	[99%	CI,	1.60-	1.72]),	ischemic	heart	disease	(PE:	aOR,	
1.51	[99%	CI,	1.47-	1.56];	DVT:	aOR,	1.01	[99%	CI,	0.98-	1.04]),	and	chronic	obstructive	
pulmonary	disease	(PE:	aOR,	2.51	[99%	CI,	2.40-	2.63];	DVT,	1.54	[99%	CI,	1.47-	1.62])	
were among diseases that showed higher odds ratios in patients with PE than in those 
with DVT, compared with controls. Comorbidities registered within 6 months were 
associated with higher aORs than those within 7 years. The highest population attrib-
utable risks for PE were for cancer (13.0%) and heart failure (11.7%).
Conclusion: Cardiopulmonary diseases, particularly with recent onset, imply a higher 
risk	for	PE,	whereas	orthopedic	surgery	and	lower-	extremity	fractures	carry	a	higher	
risk of DVT.

K E Y W O R D S
case-	control	studies,	comorbidity,	deep	vein	thrombosis,	incidence,	pulmonary	embolism,	
registries, venous thromboembolism
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Essentials

•	 There	are	few	large-	scale	studies	on	deep	vein	thrombosis	(DVT)	and	pulmonary	embolism	(PE).
•	 Patients	with	DVT	or	PE	were	compared	with	controls	in	a	nationwide	study	of	1.48	million	people.
• Diseases in heart and lungs were more common among patients with PE than in patients with DVT.
• Orthopedic surgery and fractures were more frequent in patients with DVT than in patients with PE.

1  |  INTRODUC TION

Venous thromboembolism (VTE), comprising deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is the third most frequent car-
diovascular disease worldwide.1

Several previous publications have addressed incidence and 
causes of VTE.1-	11	 However,	 studies	 exploring	 differences	 in	 risk	
factors between patients with PE and those with DVT are sparse. 
The factor V Leiden mutation is more strongly correlated to risk of 
DVT,12 while cardiac diseases have been shown to be a stronger 
risk for PE, which might also be the case for pulmonary conditions 
such as chronic obstructive pulmonary disease (COPD).12,13 Previous 
studies on differences are either small,14,15	are	exclusively	based	on	
old data,5,12,16 or only evaluated a limited number of comorbidi-
ties.13,17	Given	the	difference	in	severity	and	mortality	between	PE	
and DVT, there is a need for a large, comprehensive study focusing 
on differences between patients with PE and patients with DVT.

The	aim	of	 this	 study	was	 to	determine	age-	specific	 incidence	
rates of PE and DVT as well as the prevalence of comorbidities and 
temporary	provoking	factors	at	the	time	of	a	first-	time	PE	or	DVT	in	
comparison with a matched control population.

2  |  METHODS

2.1  |  Study population and design

This	 retrospective	 case-	control	 study	 was	 based	 on	 four	 linked	
Swedish nationwide health and administrative registries. Sweden 
has	 a	 publicly	 financed	health	 care	 system	 that	 provides	 low-	cost	
outpatient and hospital care to all citizens. The Swedish Patient 
Register	includes	diagnostic	and	procedural	codes	of	hospital-	based	
care, including inpatient data with complete national coverage 
since	 1987	 and	 hospital	 outpatient	 data	 since	 2001.	 The	 Swedish	
Cause of Death Register includes all deaths of persons registered 
in Sweden. The Total Population Register has kept a record of all 
Swedish	 residents	 since	 1968.18 The Prescribed Drug Register in-
cludes information on all prescribed medications dispensed at any 
Swedish	pharmacy	since	July	1,	2005.	With	very	few	exceptions,	pa-
tients with PE and DVT in Sweden are cared for in hospital inpatient 
or	specialized	hospital-	based	outpatient	clinics,	and	not	 in	primary	
care by general practitioners. Therefore, our register data has close 
to 100% coverage of all VTE cases in Sweden.

We identified all patients with a registered diagnosis of PE or 
DVT	in	the	Swedish	Patient	Register	between	January	1,	1987,	and	

December	31,	2018.	For	cases	registered	before	July	1,	2005,	a	VTE	
diagnosis was defined as one of the following: (1) a single first inpa-
tient diagnosis of DVT/PE; (2) one first DVT or PE outpatient diag-
nosis and a subsequent, identical diagnosis within 3 months; or (3) a 
single first diagnosis of DVT or PE in the Cause of Death Registry. 
For	individuals	registered	with	VTE	after	July	1,	2005,	a	VTE	diag-
nosis was defined as one of the following: (1) a single first inpatient 
diagnosis of DVT or PE and at least one prescription of anticoagulant 
medication within 6 months after discharge; (2) a single first outpa-
tient diagnosis of DVT or PE and at least one prescription of antico-
agulant medication within 3 months; or (3) a single first diagnosis of 
DVT or PE in the Cause of Death Register. Cases were classified as 
DVT or PE according to the first registered diagnosis. If a first DVT 
and PE were registered on the same discharge date, it was regarded 
as a PE; however, concomitant DVT is not routinely diagnosed in 
patients with PE in Sweden.

For	every	case,	up	to	four	controls	were	selected	from	the	Total	
Population	Register,	matched	by	sex,	year	of	birth,	and	county	of	
residence, who were free of any registered VTE event before the 
date of VTE for the matching case. However, a control could later 
be registered with a VTE and then be registered as a case. Thus, 
the same individual could be registered first as a control and later 
as a case.

To	identify	only	first-	time	VTE	events	as	far	as	possible,	we	ex-
cluded cases and controls with a registered diagnosis of PE or DVT 
between	January	1,	1980,	and	December	31,	1986.

The	study	was	approved	by	the	Ethical	Review	Agency	of	Sweden	
(Dnr	2019-	01956).	No	informed	consent	was	required.

2.2  |  Definitions

PE and DVT were defined according to the International Classification 
of	Diseases,	Revision	8	(ICD-	8:	PE,	450;	DVT,	451);	Revision	9	(ICD-	
9:	PE,	415B,	416W;	DVT,	451	except	451A);	or	Revision	10	(ICD-	10:	
PE,	I26;	DVT,	I80	except	I80.0).	Diagnoses	were	accepted	regardless	
of whether they were considered a primary or secondary diagnosis 
or cause of hospitalization or death.

ICD codes as well as surgical and procedural codes used for the 
definition of comorbidities and temporary provoking factors are 
listed in Table S1 in the Supplement. Comorbidities were defined as 
those registered within 7 years before the VTE event; recent comor-
bidities were defined as those registered within 6 months before the 
VTE event; and temporary provoking factors were defined as those 
registered within 3 months before the VTE event; all comorbidities 
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and temporary provoking factors could be registered on the same 
discharge	date	as	the	index	VTE.

2.3  |  Statistical analysis

Categorical variables are presented as number with percentage, and 
continuous variables are presented as mean and standard deviation, 
as	well	as	median	with	first	and	third	quartiles.	For	comparisons	be-
tween	cases	and	controls,	chi-	square	tests	were	used	for	dichoto-
mous variables and t	 tests	for	continuous	variables.	All	 tests	were	
two-	tailed	and	with	a	1%	significance	level.

Sex-		and	age-	stratified	incidence	rates	were	calculated	by	di-
viding the VTE cases by individuals at risk (Swedish population) in 
the same age group for each year, using population data from the 
statistical database from Statistics Sweden. The total incidence 
rate	was	calculated	by	dividing	the	total	number	of	first-	time	VTE	
cases	by	the	total	person-	years	at	risk	(inhabitants	in	Sweden	each	
year).

Odds	ratios	(ORs)	with	99%	confidence	intervals	(CIs)	were	cal-
culated separately for PE and DVT using conditional logistic regres-
sion	according	to	case-	control	matching.	Population	attributable	risk	
(PAR)	was	calculated	according	to	Bruzzi	et	al.19	PAR	is	used	to	esti-
mate the reduction in percentage of PEs and DVTs in the population 
if a risk factor is eliminated.

Independent variables included in the multivariable analyses 
were diagnoses of heart failure, ischemic heart disease, atrial 
fibrillation	(AF);	ischemic	stroke;	hemorrhagic	stroke;	COPD;	can-
cer; inflammatory bowel disease; depression; psychosis; alcohol 
abuse; and (within 3 months previous to VTE) gastrointestinal sur-
gery, musculoskeletal surgery, other major surgery, and hospital-
ization	for	trauma	and	lower	extremity	fracture	(see	Table	S1	for	
definitions). Separate multivariable analyses were carried out for 
comorbidities registered within 7 years and within 6 months be-
fore the VTE diagnosis. In the multivariable analyses, when each 
risk factor was analyzed, adjustments were made for all other risk 
factors.	ORs	are	presented	as	forest	plots	and	ORs	with	99%	CIs	
are presented.

All	statistical	analyses	were	performed	using	SAS	version	9	for	
Windows	(SAS	Institute	Inc.,	Cary,	NC,	USA).

3  |  RESULTS

3.1  |  Study population

In	total,	298	172	patients	in	Sweden	were	registered	with	at	least	one	
diagnosis	of	VTE	during	the	32-	year	study	period.	Of	these,	141	264	
had a first diagnosis of PE (including 11 516 individuals with a PE and 
DVT	registered	on	the	same	date),	and	156	908	with	a	DVT	(Table 1). 
In total, 220 634 patients were registered in the inpatient register 
and	76	559	 in	 the	outpatient	 register,	whereas	979	patients	were	

first registered with VTE in the Cause of Death Register (Table S2). 
In 222 110 patients, VTE was registered as a primary diagnosis and 
as a secondary diagnosis in 76 062 patients. The matched control 
population	comprised	1	185	079	individuals.

3.2  |  Incidence rates

Age-		and	sex-	specific	incidence	rates	per	100	000	inhabitants	for	PE	
and DVT are shown in Figure 1 and Tables S3 and S4. Corresponding 
figures	for	any	VTE	(PE	or	DVT)	are	shown	in	Figure	S1	and	Table	S5.	
The total annual incidence rates in the population with a first VTE 
were	105.2	per	100	000	inhabitants,	49.8	per	100	000	for	PE,	and	
55.4 per 100 000 for DVT.

For	PE,	the	incidence	increased	from	0.9	to	290	per	100	000	
inhabitants	 from	 ages	 0	 to	 19	 to	 80	 to	 89	 years	 (Figure 1). PE 
was more common in women aged <40 years than in men of the 
same age but was more frequent in men than women aged 40 to 
79	years.

For	 DVT,	 the	 incidence	 increased	 gradually	 from	 1.5	 per	
100	000	at	age	0	 to	19	years	 to	323.6	per	100	000	among	those	
aged	≥90	years	(Figure 1). Women aged <40 years and those aged 
≥80	years	had	a	slightly	higher	 incidence	of	DVT	than	men	of	 the	
same age.

3.3  |  Comorbidity and temporary provoking factors

Baseline	 characteristics	 are	 presented	 separately	 for	 patients	
with DVT and PE in Table 1, with comorbidities registered within 
7 years and temporary provoking factors registered within 
3 months before the VTE event. On average, patients with PE 
were	3	years	older	 than	patients	who	had	DVT	 (69	vs	66	years),	
and the proportion of women was slightly higher among patients 
with PE (53.4%) than those with DVT (52.1%). The most preva-
lent comorbidity among all patients was cancer (PE, 21.3%; DVT, 
19.3%).	Heart	failure	(PE,	18.9%;	DVT,	10.3%)	and	ischemic	heart	
disease	 (PE,	18.6%;	DVT,	11.0%)	were	more	common	 in	patients	
with PE than in those with DVT.

Univariable	ORs	 for	 patients	with	DVT	 and	 PE	 compared	 to	
controls are presented in Table 2, and ORs adjusted for various 
comorbidities registered within 7 years before the VTE and tem-
porary provoking factors are presented in Figure 2A. Several co-
morbidities showed a stronger correlation to PE than to DVT in 
multivariable analysis, including heart failure (PE: adjusted OR 
[aOR],	 2.64	 [99%	 CI,	 2.55-	2.73],	 DVT:	 aOR,1.66	 [99%	 CI,	 1.60-	
1.72]),	 ischemic	heart	disease	(PE:	aOR,	1.51	[99%	CI,	1.47-	1.56];	
DVT;	aOR,	1.01	[99%	CI,	0.98-	1.04]),	AF	(PE:	aOR,	1.29	[99%	CI,	
1.25-	1.34],	DVT:	aOR,	1.10	[99%	CI,	1.06-	1.15]),	COPD	(PE:	aOR,	
2.51	[99%	CI,	2.40-	2.63],	DVT:	aOR,	1.54	[99%	CI,	1.47-	1.62]),	and	
depression	 (PE:	 aOR,	 1.90	 [99%	 CI,	 1.79-	2.01],	 DVT:	 aOR,	 1.47	
[99%	CI,	1.39-	1.56]).	ORs	for	PE	and	DVT	were	similar	 for	other	
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comorbidities, such as ischemic stroke and inflammatory bowel 
disease. Temporary provoking factors, such as musculoskeletal 
surgery	(DVT:	aOR,	9.81	[99%	CI,	9.26-	10.38];	PE:	aOR,	7.43	[99%	
CI,	6.97-	7.92])	 and	 lower-	limb	 fracture	 (DVT:	aOR,	4.56	 [99%	CI,	
4.19-	4.96];	PE:	aOR,	2.56	[99%	CI,	2.33-	2.82])	were	more	common	
among patients with DVT than those with PE.

The	 factors	with	 the	 highest	 PARs	 for	 PE	 in	 the	multivariable	
analysis were cancer (13.0%), heart failure (11.7%), ischemic heart 

disease (6.3%), and musculoskeletal surgery (7.2%). The highest 
PARs	 for	DVT	were	 found	 for	cancer	 (11.9%)	and	musculoskeletal	
surgery	(8.6%;	Figure 2A).

We	 also	 examined	 the	 multivariable	 aORs	 and	 PARs	 for	 re-
cently registered comorbidities (first registered within 6 months 
of the VTE diagnosis). The differences between PE and DVT were 
consistent, but the aORs were considerably higher in this analysis 
(Figure 2B).

TA B L E  1 Baseline	characteristics	for	298	172	patients	with	VTE	and	1	185	079	matched	controls,	presented	for	all	VTE	as	well	as	for	
DVT and PE separately

VTE DVT PE

Case Control Case Control Case Control

n = 298 172 n = 1 185 079 n = 156 908 n = 623 112 n = 141 264 n = 561 967

Demographic factors

Age,	y,	mean	(SD),	
median (IQR)

68	(16.2) 68	(16.2) 66 (16.7) 66 (16.7) 69	(15.4) 69	(15.4)

71	(59-	80) 71	(59-	80) 70	(57-	79) 70	(57-	79) 73	(62-	81) 73	(62-	81)

Female	sex,	n	(%) 157 224 (52.7) 625 117 (52.7) 81	748	(52.1) 324	678	(52.1) 75	496	(53.4) 300	439	(53.5)

n (%) n (%) n (%) n (%) n (%) n (%)

Comorbidities

Heart failure 42	865	(14.4) 72	228	(6.1) 16	229	(10.3) 35	854	(5.8) 26	636	(18.9) 36 374 (6.5)

Ischemic heart disease 43	595	(14.6) 106	065	(9.0) 17 302 (11.0) 52	964	(8.5) 26	293	(18.6) 53	101	(9.4)

Atrial	fibrillation 32	371	(10.9) 69	977	(5.9) 13	474	(8.6) 34	976	(5.6) 18	897	(13.4) 35 001 (6.2)

Ischemic stroke 21	159	(7.1) 44	528	(3.8) 10 302 (6.6) 22 221 (3.6) 10	857	(7.7) 22 307 (4.0)

Hemorrhagic stroke 4363 (1.5) 7062 (0.6) 2154 (1.4) 3584	(0.6) 2209	(1.6) 3478	(0.6)

Chronic obstructive 
pulmonary disease

16	588	(5.6) 26 117 (2.2) 6223 (4.0) 13	148	(2.1) 10 365 (7.3) 12	969	(2.3)

Cancer 60	397	(20.3) 99	373	(8.4) 30	240	(19.3) 49	506	(7.9) 30 157 (21.3) 49	867	(8.9)

Systemic connective 
tissue disorders

11	890	(4.0) 19	371	(1.6) 5625 (3.6) 9577	(1.5) 6265 (4.4) 9794	(1.7)

Inflammatory bowel 
syndrome

6422 (2.2) 11 466 (1.0) 3400 (2.2) 6013 (1.0) 3022 (2.1) 5453 (1.0)

Liver disease 3008	(1.0) 4871	(0.4) 1487	(0.9) 2471 (0.4) 1521 (1.1) 2400 (0.4)

Kidney failure 9751	(3.3) 13 216 (1.1) 4786	(3.1) 6659	(1.1) 4965	(3.5) 6557 (1.2)

Depression 9662	(3.2) 18	895	(1.6) 4510	(2.9) 9991	(1.6) 5152 (3.6) 8904	(1.6)

Psychosis 6819	(2.3) 15	803	(1.3) 3607 (2.3) 7881	(1.3) 3212 (2.3) 7922	(1.4)

Alcohol	abuse 5701	(1.9) 12	820	(1.1) 3049	(1.9) 7038	(1.1) 2652	(1.9) 5782	(1.0)

Temporary provoking factors

Gastrointestinal	surgery 11	930	(4.0) 5518	(0.5) 5027 (3.2) 2871	(0.5) 6903	(4.9) 2647 (0.5)

Obstetric surgery 782	(0.3) 444 (0.0) 432 (0.3) 238	(0.0) 350 (0.2) 206 (0.0)

Surgery of the 
musculoskeletal 
system

26	784	(9.0) 8532	(0.7) 15,111	(9.6) 4193	(0.7) 11	673	(8.3) 4339	(0.8)

Surgery, other major 21 442 (7.2) 11 423 (1.0) 10	129	(6.5) 5846	(0.9) 11	313	(8.0) 5577 (1.0)

Trauma 12	092	(4.1) 4286	(0.4) 6384	(4.1) 2054 (0.3) 5708	(4.0) 2232 (0.4)

Lower	extremity	fracture 16 051 (5.4) 4393	(0.4) 9043	(5.8) 2165 (0.3) 7008	(5.0) 2228	(0.4)

Note: Comorbidities were defined as a diagnosis registered within 7 years before the VTE event and temporary provoking factors were defined as a 
diagnosis registered within 3 months previous to the VTE event.
DVT,	deep	vein	thrombosis;	IQR,	interquartile	range	(Q1-	Q3);	PE,	pulmonary	embolism;	SD,	standard	deviation;	VTE,	venous	thromboembolism.



    |  5 of 9SANDBLAD et AL.

4  |  DISCUSSION

In	 this	 large	 retrospective	 case-	control	 study	 based	 on	 data	 from	
several national registries, we found differences in comorbidities 
and temporary provoking factors between patients presenting with 
PE and those presenting with DVT, when compared to matched 
controls. We also found considerably stronger associations when 

including only recently diagnosed comorbidities. To the best of our 
knowledge, this study among a population of nearly 300 000 pa-
tients with VTE is the largest such study to date, providing us with 
the means to study a large variety of associated factors among pa-
tients presenting with a clinical diagnosis of PE or DVT.

Previously	 reported	 incidence	 rates	 vary	 from	 79	 to	 269	 per	
100	 000	 person-	years	 for	 VTE,	 from	 39	 to	 115	 per	 100	 000	

F I G U R E  1 Incidence	rate	of	pulmonary	embolism	(A)	and	deep	vein	thrombosis	(B),	per	100	000	Swedish	inhabitants	and	age	at	diagnosis,	
shown separately for women and men

TA B L E  2 Unadjusted	ORs	and	PARs	for	comorbidities	within	7	years	of	the	VTE	event	for	156	908	patients	with	DVT	compared	to	
623	112	controls	and	141	264	patients	with	PE	compared	to	561	967	controls

DVT PE

OR case vs control (99% CI) PAR, % OR case vs control (99% CI) PAR, %

Comorbidities

Heart failure 1.98	(1.94-	2.02) 5.1 3.75	(3.69-	3.82) 13.8

Ischemic heart disease 1.35	(1.33-	1.38) 2.9 2.30	(2.26-	2.34) 10.5

Atrial	fibrillation 1.62	(1.59-	1.66) 3.3 2.47	(2.43-	2.52) 8.0

Ischemic stroke 1.93	(1.89-	1.98) 3.2 2.05	(2.00-	2.10) 3.9

Hemorrhagic stroke 2.40	(2.28-	2.54) 0.8 2.56	(2.42-	2.70) 1.0

Chronic obstructive pulmonary disease 1.93	(1.87-	1.99) 1.9 3.43	(3.34-	3.53) 5.2

Cancer 2.95	(2.90-	3.00) 12.7 2.97	(2.92-	3.01) 14.1

Inflammatory bowel disease 2.29	(2.19-	2.39) 1.2 2.24	(2.14-	2.35) 1.2

Depression 1.83	(1.76-	1.90) 1.3 2.38	(2.29-	2.46) 2.1

Psychosis 1.87	(1.80-	1.95) 1.1 1.66	(1.59-	1.73) 0.9

Alcohol	abuse 1.75	(1.68-	1.83) 0.8 1.86	(1.78-	1.95) 0.9

Temporary provoking factor

Gastrointestinal	surgery 7.16	(6.83-	7.50) 2.8 10.82	(10.34-	11.33) 4.4

Obstetrical surgery 7.76	(6.59-	9.14) 0.2 7.48	(6.24-	8.96) 0.2

Surgery of the musculoskeletal system 15.77	(15.22-	16.35) 9.0 11.67	(11.26-	12.10) 7.6

Surgery, other major 7.35	(7.11-	7.60) 5.6 8.76	(8.47-	9.06) 7.1

Trauma 13.36	(12.68-	14.06) 3.8 11.18	(10.62-	11.77) 3.7

Lower-	extremity	fracture 17.89	(17.04-	18.78) 5.4 13.46	(12.82-	14.15) 4.6

CI,	confidence	interval;	DVT,	deep	vein	thrombosis;	OR,	odds	ratio;	PAR,	population	attributable	risk;	PE,	pulmonary	embolism;	VTE,	venous	
thromboembolism.
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person-	years	for	PE,	and	from	53	to	162	per	100	000	person-	years	
for DVT,9-	11,20 and these are strongly dependent on age.9,10,21 Our 
reported numbers are in the lower range of previous estimates, 
which	is	to	be	expected	because	our	analysis	encompassed	all	age	
groups,	including	children;	however,	the	age-	specific	incidence	rates	
are similar to smaller previous studies.16,22,23	We	also	report	a	sex	
difference in VTE presentation. Patients with PE were more often 
women and older than patients with DVT. This is in line with previ-
ous studies.10,24

Adjusted	relative	risk	(RR)	estimates	vary	considerably	depend-
ing on the time frame within which the comorbidities have been reg-
istered. Higher RRs have been reported when including more recent 
comorbidities, as opposed to comorbidities registered over a longer 
period of time,13 in line with our results. Previous studies also vary 
in terms of adjustment for confounding factors, with some studies 
adjusting	for	only	age	and	sex5 or for a limited number of potential 
risk factors and comorbidities.16

In this study, the association of cardiac diseases with VTE was 
greater for PE than for DVT. This confirms previous findings from 
a	large	Danish	register-	based	case-	control	study.	In	that	study,	pa-
tients	with	a	diagnosis	of	myocardial	infarction,	heart	failure,	and	AF	
within 3 months before their VTE had a markedly higher aOR for iso-
lated PE than DVT alone, in comparison with controls.13 When heart 
disease was recorded >3 months before the VTE, the aORs were 
considerably lower, in accordance with our results.13 Other studies 
have found RRs for patients with heart failure ranging from 1.1 to 

1.35 for DVT and 2.15 to 3.03 for PE,5,16,25	 and	a	PAR	associated	
with	heart	failure	of	9.5	(95%	CI,	3.3-	15.8)	for	VTE,4 similar to our re-
sults. Other small studies have also shown a stronger relationship of 
myocardial infarction with PE compared with DVT, with aOR ranges 
of	DVT	0.9	to	2.4	and	PE	1.9	to	8.5,	and	one	study	reported	a	PAR	
for PE of 6.2%.5,16,26 Previous studies with limited sample size have 
shown	a	tendency	toward	higher	frequency	of	AF	in	patients	with	PE	
compared with those with DVT.16,24,27 In recent years, most patients 
with	AF	 are	 treated	with	 anticoagulants,28 and it is reasonable to 
believe	that	the	correlation	between	AF	and	VTE	is	even	stronger	in	
patients	with	AF	without	anticoagulation.

Nearly	15%	of	acute	exacerbations	of	COPD	have	been	reported	
to be caused by PE, which is frequently unrecognized in the clinical 
setting.29 We found COPD to have a stronger correlation with PE 
than with DVT. This is in line with previous, smaller studies.16,30

There	 are	 several	 possible	 explanations	 for	 the	 higher	 OR	 of	
PE compared to DVT in patients with cardiopulmonary disease. 
Overlapping symptoms between cardiopulmonary disease and PE 
could make clinicians more likely to investigate for PE. However, pre-
vious autopsy studies have shown the opposite,31 with many cases 
of PE either undiagnosed or misinterpreted as being respiratory or 
cardiovascular disease.32	Another	explanation	could	be	that	patients	
with lower cardiopulmonary capacity owing to other diseases may 
already	be	symptomatic,	with	small	pulmonary	emboli.	A	third	possi-
bility	is	that	patients	with	inflammatory	processes	in	the	thorax	are	
at higher risk of pulmonary thrombosis,15,33 a theory that has gained 

F I G U R E  2 (A)	Multivariable	ORs	for	cases	of	venous	thromboembolism	compared	to	controls	and	PARs	for	various	comorbidities	(within	
≤7	years)	and	temporary	provoking	factors	(within	≤3	months).	(B)	Multivariable	ORs	for	cases	of	venous	thromboembolism	compared	
to	controls	and	PARs	for	various	recent	comorbidities	(within	≤6	months)	and	temporary	provoking	factors	(within	≤3	months).	Data	was	
divided into patients with PE and those with DVT and adjusted for all other comorbidities and temporary provoking factors. CI, confidence 
interval;	COPD,	chronic	obstructive	pulmonary	disease;	DVT,	deep	vein	thrombosis;	OR,	odds	ratio;	PAR,	population	attributable	risk;	PE,	
pulmonary embolism
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attention	during	the	COVID-	19	pandemic.34	 In	the	case	of	AF,	one	
proposed mechanism is the development of right atrial thrombi.27,35 
A	bidirectional	risk	increase	between	VTE	and	AF	has	been	shown.36

We also report increased OR for ischemic and hemorrhagic 
stroke, inflammatory bowel disease, and psychiatric diseases. Stroke 
is a recognized risk factor for VTE with a markedly increased risk 
especially within the first month of the event.37 The higher risk of 
VTE after hemorrhagic stroke, compared with that after ischemic 
stroke, was reported in a smaller study.38 The increased risk of VTE 
in patients with inflammatory bowel disease has been reported 
previously.39,40	 A	 systematic	 review	 and	 meta-	analysis	 of	 psychi-
atric diseases and VTE showed an association between psychotic 
diseases	and	VTE	but	not	with	depression	and	VTE	in	high-	quality	
studies.41 However, our results should be interpreted with caution. 
Comorbidities typically treated in primary care, such as depression, 
could potentially be diagnosed and registered in hospital records 
more often for patients with VTE than for controls owing to admis-
sion for VTE.

The relationship between cancer and VTE is well known. In a re-
view article by Timp et al., RRs of VTE varied between 4.1 and 6.7.42 
The	adjusted	PAR	of	VTE	owing	to	cancer	has	been	reported	to	be	
11.3%	(95%	CI,	9.4-	13.2)	in	a	cohort	study	in	the	United	States	among	
patients	with	VTE	during	1995	to	2008,	in	line	with	our	results.43

In our study, recent surgery and trauma displayed the strongest 
association with VTE. Comparisons with prior studies on the risk of 
VTE related to surgery are difficult because these risks may vary de-
pending on the type and duration of surgery. We report lower ORs 
for major surgery than in several prior studies,3,4,16 possibly due to 
our adjustment for factors such as cancer and trauma. Our reported 
higher	OR	for	DVT	than	PE	in	lower-	extremity	fracture	confirms	re-
sults from a previous, smaller study.12	 Another	 previous	 study	 in-
cluding	 lower-	extremity	 fracture	 and	musculoskeletal	 surgery	was	
inconclusive with large CIs.16

4.1  |  Strengths and limitations

The two major strengths of this study are the very large study 
population and the nearly complete national coverage. We spe-
cifically	only	excluded	population-	based	controls	with	a	prior	VTE	
event at the time of matching, but not thereafter, aiming to avoid 
bias caused by using a control population that is healthier than the 
general Swedish population. However, there is still a risk that cases 
have a larger number of registered diagnoses in the patient registry 
compared to controls simply because they have been in contact with 
a hospital for VTE care. This limitation mainly concerns diagnoses 
that are commonly diagnosed and treated in primary care. Thus, the 
OR for diagnoses such as depression, COPD, atrial fibrillation, and 
alcohol abuse might be overestimated.

Other	potential	limitations	of	this	study	include	the	lack	of	exter-
nal validation of the VTE diagnoses. The validity of VTE diagnoses 
has been questioned.44,45 In this study, we verified the diagnosis of 

VTE by retrieval of an anticoagulant prescription, a method pre-
viously suggested to increase the accuracy of VTE diagnosis.44 
However, this was possible only after July 2005. We have a low re-
ported number of concomitant PE and DVT. This is probably due 
to	 underreporting;	 imaging	 of	 the	 lower-	extremity	 veins	 is	 rarely	
performed in Sweden following the diagnosis of a PE. Therefore, 
we cannot study isolated PE compared to PE with DVT. In addition, 
patients admitted with a VTE could not be distinguished from those 
acquiring a VTE while in the hospital in our data.

Another	 limitation	 is	 the	potential	ascertainment	bias.	Patients	
with heart failure or COPD more often have shortness of breath 
than patients without these conditions. This could lead to more 
frequent chest imaging. The same could be true for patients with 
recent orthopedic surgery, with leg swelling, and imaging for DVT. 
However, as mentioned above, the opposite could also be true since 
clinicians	already	have	a	plausible	explanation	for	the	symptoms.

The	PARs	for	each	factor	correlated	with	VTE	provide	an	esti-
mate of the influence of each risk factor on a population level but 
should be interpreted with caution. VTE is a multifactorial disease, 
and both genetic and acquired risk factors interact to cause VTE.46 It 
is also important to keep in mind that it is not possible to determine 
causality using these retrospective observational data.

Another	limitation	is	the	lack	of	information	on	body	weight	or	
body	mass	index.	Obesity	is	a	growing	global	problem	and	previous	
studies have found an increased risk of PE and DVT associated with 
obesity.47

Poor socioeconomic status has been found to be associated with 
an increased risk of both VTE48,49 and associated risk factors.50 No 
such information is available in the included registries; hence, we 
were not able to adjust for this potential confounder.

The generalizability of the results is likely to be high for persons 
with similar thrombotic risk and socioeconomic situation as the 
Swedish	population.	However,	the	external	reliability	of	the	results	
for other populations is unknown.

5  |  CONCLUSION

In this study, patients with PE were considerably more likely to have 
cardiopulmonary disease, in particular of recent onset, while those 
who	 had	 recent	 surgery	 of	 the	 musculoskeletal	 system	 or	 lower-	
extremity	fracture	were	more	likely	to	be	diagnosed	with	DVT.
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