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Essentials: 

• The psychological consequences of VTE have not been investigated in depth 

• We assessed the risk of depression after VTE in a large Danish cohort from the general 

population 

• The depression risk remained increased even after adjusting for SES and comorbidities 

• Our findings will guide future research to further identify and manage depression after VTE 
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Abstract 

Background: The psychological consequences of acute venous thromboembolism (VTE) have 

not been investigated in depth. We aimed to examine the association between VTE and the risk 

of subsequent depression.  

Methods: Using Danish nationwide registries, we established a population-based cohort of 

64,596 individuals with incident VTE during 1996-2016 and a comparison cohort (n=322,999) 

selected randomly from the general population and individually matched by birth year, sex, and 

calendar year of VTE. Participants were followed-up for three years, and depression was 

defined as any hospital diagnosis of depression or ≥1 prescription for antidepressants. Incidence 

rates (IR) were computed as the number of events per 1,000 person-years, and hazard ratios (HR) 

with 95% confidence intervals (CIs) as estimates of the risk conferred by VTE, using the 

comparison cohort as reference. We estimated absolute risks using cumulative incidence 

functions treating death as a competing event. 

 

Results: Depression was observed in 6,225 individuals after VTE and in 16,363 comparison 

cohort members (IRs 44.4 and 19.4 per 1,000 person-years, respectively). The absolute risk of 

depression was 10.3% (95% CI 10.1%-10.6%) in the VTE cohort and 5.6% (95% CI 5.5%-

5.6%) in the comparison cohort, corresponding to 4.7 excess depression cases per 100 

individuals with VTE. VTE was associated with a 2.35-fold (95% CI 2.28-2.43) increased 

depression risk compared to the comparison cohort. The association was attenuated after 

adjustments for socioeconomic status and comorbidities (HR 1.91, 95% CI: 1.85-1.97). 

Conclusions: VTE was associated with an increased risk of depression after adjustment for 

comorbidities. 

 

Key words:, antidepressants, deep vein thrombosis, depression,  pulmonary embolism, 

venous thromboembolism.  
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Introduction 

Both venous thromboembolism (VTE) and depression are prevalent causes of disease burden 

and mortality worldwide.[1-3] VTE, encompassing deep vein thrombosis (DVT) and 

pulmonary embolism (PE), is the second-most common contributor to disability-adjusted life-

years in high-income countries,[1] and physical complications of VTE such as recurrence,[4] 

the post-thrombotic syndrome,[5] and the post-PE syndrome[6] have been shown to worsen 

functional impairment and quality of life after a VTE event.[7, 8] Depression is ranked as one 

of the major causes of years lived with disability.[9] It is a frequent complication of chronic 

diseases,[10] and there is strong evidence of a 10-40% increased risk of depression in 

individuals with cardiovascular disease (CVD), compared to individuals without CVD.[11-14] 

However, evidence on the psychological consequences of VTE is scarce. 

Existing studies on mental health after VTE indicate that VTE is associated with symptoms of 

psychological distress and post-traumatic stress disorder (PTSD), particularly after PE.[15-29] 

However, the studies are limited by small sample sizes, inclusion of selected patients, use of 

qualitative methods with self-reported data collected in the months following a VTE diagnosis, 

and limited control of confounding factors such as comorbidities, socioeconomic status (SES), 

and lifestyle. Consequently, the incidence of depression following VTE, confounding factors, 

and time between onset of the two conditions is not well understood.  

Depression after VTE may result in non-adherence to prescribed medication and treatment, 

functional impairment, disability, and increased risk of morbidity and mortality.[30] An 

improved understanding of the psychological consequences of the condition is therefore 

required so adequate supportive and preventive measures can be initiated post-VTE to enhance 

mental health and treatment adherence. To address the knowledge gap concerning the 

psychological complications of VTE, we assessed the risk of depression after incident VTE 

according to sex, age, and VTE subtypes in a nationwide cohort of individuals with VTE.  
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Methods 

Design and setting 

In Denmark, a government-funded tax-supported welfare system ensures free and equal access 

to education and medical care.[31] Upon birth or immigration, a unique identifier assigned to 

each Danish residents enables linkage to individual-level data across all Danish registries.[31] 

This nationwide population-based cohort study linked prospectively collected data from 

January 1, 1996 through December 31, 2016 from six Danish longitudinal nationwide medical 

and administrative population-based registers. Demographic information and data on vital 

status were extracted from the Danish Civil Registration System (CRS). Information on 

diagnoses of VTE, depression, and comorbidities were obtained from the Danish National 

Patient Registry (DNPR) and the Danish Psychiatric Central Research Register (DPCRR).[31, 

32] Data on redeemed prescriptions for an antidepressant were obtained from the Danish 

National Prescription Registry.[33] Data on income was obtained from the Integrated Database 

for Labor Market Research, and The Educational Attainment Register provided data on 

education.[31]  

VTE cohort 

We used the International Classification of Diseases, tenth revision (ICD-10) codes in the 

DNPR to identify all hospital inpatients and outpatients aged 25 to 80 years of age with a first 

lifetime primary or secondary diagnosis of DVT or PE between from January 1, 1996 through 

December 31, 2016. The accuracy of VTE diagnoses in the DNPR has been validated 

previously, yielding positive predictive values of 86% for DVT and 90% for PE,[34] and 

negative predictive values of 99.5% for DVT and 100% for PE.[35] 

VTE was classified as either PE or DVT. Simultaneous PE and DVT diagnoses were classified 

as PE due to its higher mortality rate.[36] VTE with a preexisting cancer diagnosis ei ther 

before or on the VTE/ index date, or trauma, surgery and/or a pregnancy within 90 days 

prior to the VTE diagnosis, was classified as provoked VTE. VTE without the presence of 

any of these factors was classified as unprovoked VTE.[37]  

 



 

5 

 

We excluded individuals with a hospital history of depression (identified using ICD-8 codes 

through 1993 and ICD-10 codes from 1994 onwards), or a redeemed prescription for an 

antidepressant before the VTE. We also excluded VTEs registered only in emergency room 

departments, as they often represent working diagnoses with high rates of clinical 

misclassification.[38]  

General population comparison cohort 

For each individual with VTE, we used the CRS to match up to five individuals from the general 

population by sex, year of birth, and calendar year of the VTE diagnosis, with replacement. The 

index date for the comparison cohort members was defined as the VTE diagnosis date for the 

corresponding individual with VTE. Comparison cohort members could not have been 

diagnosed with VTE, depression, or have a redeemed prescription for an antidepressant prior 

to the index date. Comparison cohort members who subsequently experienced a VTE were 

censored and moved to the VTE exposure cohort as of the date of their diagnosis.  

Depression 

We defined depression as any hospital inpatient or outpatient clinic diagnosis of depression as 

defined in Supplementary Table 1, or a minimum of one redeemed prescription for an 

antidepressant. We used the DNPR and DPCRR to identify depression diagnoses from all 

inpatient admissions to, and outpatient contacts with, Danish hospitals from January 1, 1996 

through December 31, 2016. We excluded referral diagnoses and working diagnoses since these 

are not necessarily confirmed. Using interview responses as reference, the positive predictive 

value in the DPCRR of a single episode of depression has been found to be 83% for severe, 

76% for moderate, and 65% for mild depression.[39] Many patients receive treatment for 

depression in the primary care setting, but the Danish medical registries do not cover complete 

recording of diagnoses from general practice. To compensate for this, we obtained information 

on redeemed prescriptions for an antidepressant.  

Covariates 

Using ICD-8 codes through 1993 and ICD-10 codes from 1994 onwards from the DNPR, we 

collected information on comorbidities diagnosed prior to the VTE/index date. These included 

obesity, cancer, coronary heart disease (including atrial fibrillation, myocardial infarction, and 
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heart failure), diabetes, stroke, chronic obstructive pulmonary disease (COPD), acute kidney 

failure and chronic kidney disease, mental health disorders other than depression, surgery and 

trauma three months prior to the VTE/index date, alcohol-, and drug-related disorders, and 

dementia. We calculated a modified Charlson Comorbidity Index scores (CCIs) excluding the 

listed comorbidities. We also collected information on glucocorticoids used as a co-medication 

≤90 days prior to the VTE/index date (Supplementary Table 1). 

We defined SES as educational level and annual income provided by the Educational 

Attainment Register and the Integrated Database for Labor Market Research for the year prior 

to the VTE/index date. Educational level was divided into categories (I.e., high, medium, and 

low) in age-specific groups based on the distribution of education in each group (Supplementary 

Tables 2 and 3). Annual income was deflated using gross domestic product deflators 

downloaded from the World Bank homepage (www.worldbank.org) and calculated in quartiles 

based on income values for the study population. The two middle quartiles were merged to 

obtain three income categories (i.e., high, medium, and low).  

Statistical analysis 

The study cohorts were followed for up to three years from the VTE/index date until the date 

of a depression diagnosis or a redeemed prescription for an antidepressant, emigration from 

Denmark, death, end of follow-up (three years after inclusion date), or date of study end 

(December 31, 2016), whichever came first. Unadjusted and adjusted hazard ratios (HRs) with 

95% confidence intervals (CIs) were computed using Cox proportional hazards regression 

models, comparing individuals with VTE patients with members of the general population 

cohort. Analyses were conducted in the cohorts overall and within strata of sex and age groups 

(25-34 years, 35-44 years, 45-54 years, 55-64 years, and 65-80 years on the inclusion date). Sex 

and age-stratified subgroup analyses were also conducted, using PE, DVT, unprovoked VTE 

and provoked VTE as exposure variables. In the multivariable regression analyses, we adjusted 

for age, sex, obesity, SES, and comorbidities. The proportional hazards assumption was 

evaluated using log-log plots and was found not to be violated. Overall and sex-specific 

absolute risks of depression in individuals with and individuals without VTE were estimated 

and visualized using cumulative incidence function plots treating death as a competing event, 

as proposed by Fine and Gray.[40] To further address potential confounding by other 

http://www.worldbank.org/
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comorbidities, Cox regression analyses were stratified by CCI score [0 (i.e., no comorbidities 

prior to the VTE/index date) vs. ≥1]. 

To assess the robustness of our estimates, we performed several sensitivity analyses. First, to 

detect any temporal effect of the timing of the depression diagnosis, we performed analyses 

with follow-up restricted to 0-1 year after the VTE/index date. Second, as antidepressants can 

be used for both depression and other conditions such as anxiety, it is hard to separate the 

conditions through medication use. We therefore performed analyses limited to depression 

diagnoses from the DNPR or the DPCRR as the outcome. Finally, as depression can be difficult 

to assess in individuals with alcohol and drug-related disorders or dementia, we repeated the 

analysis excluding individuals with these conditions. 

All analyses were performed using SAS (Statistical Analysis System) version 9.4 (SAS 

Institute, Cary, NC).  

Results 

Baseline characteristics of the study participants are displayed in Table 1. A total of 64,596 

individuals aged 25-80 years were included in the VTE cohort and 322,999 individuals were 

included in the comparison cohort (Table 1). In the VTE cohort, the proportion of individuals 

with low SES was higher, and the proportion of individuals with high SES was lower, compared 

to the general population cohort (Table 1). Comorbidities, such as surgery/trauma within three 

months prior to the VTE/index date, a history of cancer, use of glucocorticoids, coronary heart 

disease (including atrial fibrillation), COPD and obesity, occurred as expected more frequently 

in the VTE cohort than in the comparison cohort (Table 1).  

After three years, 6,225 individuals in the VTE cohort developed depression (IRs 44.4 per 1,000 

person-years) compared to 16,363 in the general population cohort (IRs 19.4 per 1,000 person-

years) (Table 2). The absolute risk of depression taking the competing risk of death into account 

was 10.3% (95% CI 10.1%-10.6%) in the VTE cohort and 5.6% (95% CI 5.5%-5.6%) in the 

comparison cohort, corresponding to 4.7 excess cases of depression per 100 individuals with 

VTE (Figure 1, upper panel). VTE was associated with a 2.35-fold (95% CI 2.28-2.43) 

increased risk of subsequent depression compared to the general population cohort, after 

adjusting for age and sex (Table 2). Adjustments for SES and obesity had a minor effect on the 
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risk estimate (HR 2.29, 95% CI 2.22-2.36), while further adjustment for comorbidities 

attenuated the HR to 1.91 (95% CI 1.85-1.97) (Figure 2, Table 2).  

The risk estimates for PE, DVT, provoked VTE, and unprovoked VTE showed similar trends 

as in the main analysis (Figures 1 and 2, Table 2). The absolute risk of depression was 10.8% 

(95% CI 10.4%-11.2%) for PE, 10.1% (95% CI 9.8%-10.4%) for DVT, 13.4% (95% CI 12.9%-

13.9%) for provoked VTE, and 9.1% (95% CI 8.8%-9.4%) for unprovoked VTE (Figure 1, 

lower panel). After multivariable adjustment, the HR for depression following PE was 2.31 

(95% CI 2.19-2.44), while the HR for depression following DVT was 1.71 (95% CI 1.64-1.78) 

(Figure 2, Table 2). The corresponding HRs were 1.80 (95% CI: 1.73-1.87) for unprovoked 

VTE , and 2.32 (95% CI 2.12-2.55) for provoked VTE. HRs for VTE provoked by cancer was 

2.96 (95% CI 2.58-3.41), and for VTE provoked by other factor than cancer was 1.70 (95% CI: 

1.38-2.10) (Figure 2, Table 2).  

In the VTE cohort, the absolute risk of depression was higher in women (11.2%, 95% CI 10.8%-

11.5%) than in men (9.6%, 95% CI 9.3%-9.9%) (Figure 1, upper panel). However, after 

adjustment for SES, obesity and comorbidities, the relative risk estimates for depression were 

slightly higher in men (HR 1.99, 95% CI 1.90-2.09) than in women (HR 1.83 95% CI 1.75-

1.92) (Figure 2, Table 3).  

The association between depression and VTE displayed a temporal pattern, with a particularly 

strong association during the first years after VTE diagnosis. In analysis adjusted for SES, 

obesity and comorbidities, the HR of depression in the VTE cohort, compared to the general 

comparison cohort, was 2.57 (95% CI: 2.45-2.70) when follow-up was restricted to 0-1 years 

(Supplementary Table 5). 

In the sensitivity analysis in which individuals were stratified on CCI score, the risk estimates 

for depression were somewhat increased for those with scores 1 compared to a score of 0 

(Supplementary Table 7). The results of the sensitivity analysis using only depression diagnoses 

registered in the DNPR and DPCRR, and the sensitivity analysis excluding individuals with 

alcohol or drug-related disorder or dementia were in line with the results of the main analysis 

(Supplementary Tables 8 and 9). However, the HRs for depression in patients with PE, 
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provoked VTE, and cancer-provoked VTE increased when individuals with a redeemed 

prescription for an antidepressant were excluded from the analysis (Supplementary Table 8).  

Discussion 

In this population-based cohort study, we found that individuals diagnosed with VTE were at 

increased risk of subsequent depression compared to the general population, particularly after 

a PE or a cancer-provoked VTE. The risk estimates were moderately attenuated after adjusting 

for SES and comorbidities. 

Our findings extend previous research. Existing self-report and interview studies on the 

psychological and psychosocial consequences of VTE have documented mental and emotional 

distress following a VTE diagnosis.[15, 24-26] This was also the case for young adults, for 

whom a VTE might lead to uncertainty about long-term health and fear of relapse.[18, 19] 

Psychological distress after VTE was found to be long-term and chronic, due to persistent fear 

of VTE recurrence.[16, 18, 24, 25] Qualitative studies of mental health after PE have pointed 

consistently towards a long-term increase in symptoms of anxiety, depression, or PTSD.[16, 

20, 23-25, 27, 29] Major challenges reported by patients included delayed diagnosis, distress 

regarding recurrent PE and comorbid conditions, lack of expert information, and poor follow-

up by the health care system.[16, 17, 23, 28]  

To our knowledge, this is the first population-based study to quantify the long-term risk of 

subsequent depression in individuals who suffer a VTE, compared to the general population 

and taking comorbid conditions at the VTE/index date into account. Our findings are consistent 

with numerous reviews and meta-analyses on the risk of depression following CVD.[11-14] A 

review of eight studies (encompassing 10,785 patients) reported that depression occurred in 

19.8% of acute myocardial infarction patients, among whom almost a third had clinically 

significant depression,[13] while Coronary heart disease patients had an estimated 15-18% 

prevalence of depression.[12] One meta-analysis of 43 studies with a total of 20,293 patients 

reported a depression prevalence after stroke of 29%,[14] while another meta-analysis of 61 

prospective studies (25,488 patients) found a prevalence of 31%.[11] 

There may be multiple psychosocial mechanisms through which VTE can lead to depression. 

VTE is an acute life-threatening event demonstrated to cause functional impairment, early exit 
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from work life, and lower quality of life.[7, 8, 41] In addition, long-term anticoagulant treatment 

is known to negatively affect lifestyle due to the increased risk of bleeding.[42] Depression 

therefore may be a psychological reaction to the consequences of a VTE diagnosis or occur 

secondarily as an adverse effects of VTE treatment. Further, as indicated by qualitative studies 

on mental health after VTE, functional deterioration including pain, swelling, dyspnea, and 

reduced mobility, as well as with complications such as recurrence,[4] post-thrombotic 

syndrome,[5] and post-PE syndrome[6] may lead to depression.  

We observed an increased risk of depression in PE patients. PE is sudden, life-threatening, and 

traumatic event. Several qualitative studies indicate that PE patients experience psychological 

distress, suggestive of PTSD, following their diagnosis.[16, 17, 22] Thus, experiencing a PE 

can lead to existential anxiety, a lost sense of identity, and negative self-perception.[16, 17, 23, 

28] Persisting dyspnea, pain, loss of physical fitness, and need for lifestyle changes due to 

bleeding and recurrence risk, in addition to delayed diagnosis and lack of expert information, 

might additionally increase the psychological distress after PE.[16, 17, 23, 28]  

We found that the association between cancer-provoked VTE and depression was particularly 

high, even after adjustment for potential confounders. A VTE is a serious complication of 

cancer which negatively affect quality of life and overall survival rates.[43] In addition, other 

factors, such as emotional distress and insecurity, poor underlying health, hospitalization, 

immobilization, cancer treatment, and prolonged anticoagulant treatment could all contribute 

to depression in cancer patients after VTE.[44, 45]  

Psychosocial factors, previous depression, antidepressant use, SES and lifestyle factors have 

been associated with increased risk of both VTE and depression.[45-48] Although we did not 

include individuals with a previous diagnosis of depression or former use of antidepressants, 

and adjusted for SES and obesity, we cannot completely rule out that latent but undiagnosed 

depression or lifestyle factors operating prior to the VTE might influence the observed 

association.  

The pathways between depression and VTE are likely bidirectional as they share common risk 

factors.[46] The development and course of both depression and VTE might be triggered by 

several common mechanistic pathways, such as increased platelet activation, pro-coagulant 
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activity, endothelial dysfunction, and inflammatory processes.[49, 50] There is also growing 

evidence relating depression and prothrombotic states to dysfunctions in the stress response 

system.[50] Stress has been proposed as an underlying trigger leading to both depression and 

VTE due to imbalances in the hemostatic system.[21, 25, 50, 51] Despite the plausibility of 

both behavioral and biological mechanisms, existing findings are inconsistent. Further evidence 

is needed to shed light on possible pathways leading to depression after VTE. 

Our study has both strengths and limitations. It was conducted in a setting in which educational 

and health care services are government-funded and provided free-of-charge to residents, 

thereby preventing selection and referral biases. Our outcome measure of depression was based 

on psychiatric diagnoses and prescriptions for antidepressant from highly accurate health 

registries. Although the Danish Prescription Registry is complete[52] and antidepressants are 

not sold over the counter in Denmark, they may be prescribed for a range of conditions. We 

therefore performed sensitivity analyses that included only individuals with a hospital diagnosis 

of depression, but the results were similar. The cohort includes individuals with a VTE between 

1996-2016. Direct oral anticoagulants (DOACs) for treatment of VTE were introduced during 

the last years of the study period, and thus, the majority of the VTE patients (˃80%) were treated 

with vitamin K antagonists (VKA). Even though studies in other patient groups (i.e., atrial 

fibrillation) have shown little impact of VKA treatment on quality of life,[53, 54] a potential 

effect of treatment regimen on depression in VTE patients cannot be completely ruled out. 

Future studies, including more VTE patients treated with DOACs, are needed to differentiate 

to what extent depression after VTE is attributed to the VTE event itself or mediated by the 

treatment regimen.” As we could only include information available in medical and 

administrative registers, we lacked information on the quality and outcome of post-VTE care 

and individual health behaviors, as well as information about recurrence, the post-thrombotic 

syndrome, or the post-PE syndrome during follow-up. Although we adjusted for lifestyle 

factors, SES and multiple comorbidities, residual confounding due to unmeasured factors also 

cannot be completely ruled out.  

In summary, this study showed that VTE is associated with increased risk of depression, 

especially after PE and provoked VTE. The improved understanding of post-VTE depression 
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provided by our findings could inform new strategies for identifying high-risk groups for 

screening, prevention, and treatment of depression after VTE.  
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Table 1. Baseline characteristics of persons with venous thromboembolism and members of 

the general population comparison cohort, Denmark, 1996-2016. 

 

                                                                                 VTE cohort (n=64 596)                                                                                                 
General Population Comparison 

Cohort (n= 322 999) 

Sex (% women) 29 222 (45.2) 146 157 (45.2) 

Age-group   

25-34 years 4 388 (6.8) 22 007 (6.8) 

35-44 years 6 828 (10.6) 34 200 (10.6) 

45-54 years             10 164 (15.7) 50 744 (15.7) 

55-64 years 14 439 (22.4) 72 010 (22.3) 

65-80 years 28 777 (44.5) 144 038 (44.6) 

Pulmonary embolism 25 299 (39.2)  

Deep vein thrombosis 39 297 (60.8)  

Provoked VTE 18 562 (28.7)  

    VTE provoked by cancer 11 237 (17.4)  

Unprovoked VTE 46 034 (71.3)  

Education    

Low 26 001 (40.3) 117 201 (36.3) 

Medium 28 676 (44.4) 147 871 (45.8) 

High 7 333 (11.4) 45 540 (14.1) 

Missing 2 586 (4.0) 12 387 (3.8) 

Income    

Low 17 055 (26.4) 77 335 (23.9) 

Middle 17 396 (26.9) 79 011 (24.5) 

Medium high  15 661 (24.2) 81 975 (25.4) 

High 14 409 (22.3) 84 217 (26.1) 

Missing 75 (0.1) 461 (0.1) 

Comorbidities    

*High-risk cancer prior to VTE/index date 4 028 (6.2) 3 162 (1.0) 

*Low-risk cancer prior to VTE/index date 6 991 (10.8) 17 996 (5.6) 

Coronary heart disease 9 116 (14.1) 32 331 (10.0) 

Diabetes 5 332 (8.3) 20 303 (6.3) 

Chronic obstructive pulmonary disease 5 700 (8.8) 14 263 (4.4) 

Obesity 3 601 (5.6) 7 680 (2.4) 

Stroke 2 090 (3.2) 7 344 (2.3) 

Moderate to severe renal disease 1 665 (2.6) 3 105 (1.0) 

Surgery 3 months prior to VTE/index date 9 530 (14.8) 9 347 (2.9) 

Trauma/fracture 3 months prior to VTE/index date 2 419 (3.7) 2 038 (0.6) 

Other mental health conditions 1 805 (2.8) 5 212 (1.6) 

Alcohol and drug-related disorders 2 586 (4.0) 5 866 (1.8) 

Dementia 404 (0.6) 1 181 (0.4) 

Glucocorticoid use (within 90 days) 5 326 (8.2) 6 192 (1.9) 

Modified Charlson Comorbidity Index (CCI) score 

**CCI score: 0 53 970 (83.6) 291 936 (90.4) 

**CCI score: 1 8 592 (13.3) 26 734 (8.3) 

** CCI score: ≥2 2 034 (3.1) 4 329 (1.3) 

Abbreviation: VTE, venous thromboembolism *Categorized according to 5-year mortality as high-risk cancer (˃70% 

mortality) and low-risk cancer (≤70% mortality). **Charlson Comorbidity Index score excluding International Classification 

of Disease codes used in the covariate definition. Values are numbers, with percentages in brackets. 
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Table 2. Incidence rates per 1000 person-years and hazard ratios with 95% confidence intervals of subsequent depression among persons with 

and persons without venous thromboembolism. 

 

 General Population Comparison Cohort                   VTE Cohort 

VTE At risk Events IR (95% CI) At risk Events IR (95% CI) 
Model 1  

HR (95% CI) 

Model 2  

HR (95% CI) 

Model 3  

HR (95% CI) 

Overall 
322 999 16 363 19.42 (19.12-19.71) 64 596 6 225 44.43 (43.32-45.53) 2.35 (2.28–2.43) 2.29 (2.22–2.36) 1.91 (1.85–1.97) 

Men 
176 842 7 795 16.98 (16.60-17.35) 35 374 3 167 41.16 (39.73-42.59) 2.50 (2.40–2.61) 2.43 (2.33–2.54) 1.99 (1.90–2.09) 

Women 
146 157 8 568 22.33 (21.86-22.81) 29 222 3 058 48.41 (46.69-50.12) 2.22 (2.13–2.32) 2.16 (2.07–2.25) 1.83 (1.75–1.92) 

PE 
126 412 6 252 19.54 (19.05-20.02) 25 299 2 501 53.03 (50.95-55.11) 2.84 (2.71–2.99) 2.79 (2.66–2.94) 2.31 (2.19–2.44) 

DVT 
196 316 10 101 19.35 (18.97-19.73) 39 297 3 724 40.06 (38.77-41.35) 2.11 (2.03–2.19) 2.04 (1.96–2.12) 1.71 (1.64–1.78) 

Unprovoked VTE 229 986 11 644 19.28 (18.93-19.63) 46 034 3 894 36.20 (35.06-37.33) 1.92 (1.85–1.99) 1.87 (1.80–1.94) 1.80 (1.73–1.87) 

Provoked VTE 92 742 4 709 19.77 (19.21-20.34) 18 562 2 331 71.64 (68.73-74.55) 3.77 (3.57–3.98) 3.68 (3.49–3.89) 2.32 (2.12–2.55) 

VTE provoked by cancer 56 177 2 829 19.99 (19.25-20.73) 11 237 1 504 97.46 (92.54-102.39) 5.10 (4.74–5.49) 5.02 (4.66–5.40) 2.96 (2.58–3.41) 

VTE provoked by factor 

other than cancer 

36 565 1 880 19.46 (18.58-20.34) 7 325 827 48.34 (45.05-51.64) 2.56 (2.35–2.78) 2.46 (2.26–2.68) 1.70 (1.38–2.10) 

 
Abbreviations: IR, incidence rate; HR, hazard ratio; CI, confidence interval; VTE, venous thromboembolism; PY, Person years; PE, pulmonary embolism; DVT, deep vein 

thrombosis. 

Model 1: Unadjusted model controlled for matching variables by study design. 

Model 2: Adjusted for socioeconomic status (education and income) and obesity. 

Model 3: Adjusted for socioeconomic status (education and income), obesity, cancer, coronary heart disease (including atrial fibrillation, myocardial infarction, and heart 

failure), diabetes, stroke, chronic obstructive pulmonary disease (COPD), acute kidney failure and chronic kidney disease, mental diseases (other than depression), alcohol 

and drug-related disorders, dementia, surgery, and trauma three months prior to the VTE/index date, Charlson Comorbidity Index score (CCI) excluding the comorbidities 

listed above, and co-medication. 
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Table 3. Incidence rates per 1000 person-years and hazard ratios with 95% confidence 

intervals for subsequent depression among persons with and persons without venous 

thromboembolism, stratified by age and sex. 

General Population Comparison 

Cohort 

VTE Cohort 

 IR (95% CI) IR (95% CI) 
Model 1  

HR (95% CI) 

Model 2  

HR (95% CI) 

Model 3  

HR (95% CI) 

VTE by age      

25-34 years 16.48 (15.46-17.51) 32.63 (29.31-35.94) 1.96 (1.73–2.21) 1.89 (1.67–2.13) 1.62 (1.42–1.86) 

35-44 years 17.17 (16.33-18.01) 37.95 (35.04-40.87) 2.22 (2.02–2.44) 2.02 (1.84–2.23) 1.67 (1.50–1.86) 

45-54 years 16.60 (15.91-17.28) 38.88 (36.39-41.37) 2.39 (2.20–2.58) 2.24 (2.06–2.42) 1.86 (1.70–2.03) 

55-64 years 14.57 (14.03-15.12) 40.41 (38.20-42.61) 2.81 (2.62–3.01) 2.73 (2.54–2.93) 2.18 (2.02–2.35) 

65-80 years 24.10 (23.59-24.60) 53.57 (51.64-55.49) 2.27 (2.17–2.37) 2.25 (2.15–2.35) 1.89 (1.81–1.99) 

VTE Men by age 

25-34 years 12.33 (10.84-13.82) 36.07 (30.16-41.99) 2.94 (2.39–3.63) 2.75 (2.22–3.41) 2.21 (1.72–2.83) 

35-44 years 14.46 (13.36-15.55) 33.51 (29.60-37.41) 2.35 (2.04–2.71) 2.07 (1.78–2.39) 1.62 (1.37–1.92) 

45-54 years 14.14 (13.31-14.98) 33.95 (30.92-36.98) 2.47 (2.21–2.76) 2.30 (2.05–2.57) 1.84 (1.62–2.08) 

55-64 years 13.18 (12.53-13.82) 35.43 (32.85-38.00) 2.70 (2.46–2.96) 2.63 (2.40–2.89) 2.09 (1.88–2.31) 

65-80 years 21.63 (20.97-22.28) 51.35 (48.78-53.92) 2.41 (2.27–2.57) 2.39 (2.25–2.55) 2.00 (1.87–2.14) 

VTE Women by age 

25-34 years 18.77 (17.40-20.13) 30.79 (26.80-34.78) 1.62 (1.39–1.88) 1.57 (1.35–1.83) 1.42 (1.21–1.67) 

35-44 years 19.81 (18.54-21.08) 42.25 (37.94-46.56) 2.13 (1.89–2.41) 1.98 (1.74–2.24) 1.69 (1.47–1.94) 

45-54 years 19.97 (18.81-21.13) 45.97 (41.74-50.20) 2.31 (2.06–2.58) 2.18 (1.94–2.44) 1.89 (1.67–2.14) 

55-64 years 16.95 (16.00-17.91) 49.30 (45.23-53.36) 2.97 (2.67–3.30) 2.88 (2.58–3.20) 2.36 (2.09–2.65) 

65-80 years 26.90 (26.12-27.68) 56.14 (53.24-59.04) 2.14 (2.01–2.28) 2.11 (1.98–2.24) 1.79 (1.67–1.92) 

 

Abbreviations: IR, incidence rate; HR, hazard ratio; CI, confidence interval; VTE, venous thromboembolism; PY, 

person years; PE, pulmonary embolism; DVT, deep vein thrombosis. 

Model 1: Unadjusted model controlled for matching variables by study design. 

Model 2: Adjusted for socioeconomic status (education and income) and obesity. 

Model 3: Adjusted for socioeconomic status (education and income), obesity, cancer, coronary heart disease 

(including atrial fibrillation, myocardial infarction, and heart failure), diabetes, stroke, chronic obstructive 

pulmonary disease (COPD), acute kidney failure and chronic kidney disease, mental diseases (other than 

depression), alcohol and drug related disorders, dementia, surgery and trauma three months prior to the 

VTE/index date, Charlson Comorbidity Index score (CCI) excluding the comorbidities listed above, and co-

medication. 
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Figure legends 

Figure 1. Cumulative incidence (%) of subsequent depression in persons with venous 

thromboembolism (VTE) (VTE+) and those without VTE (VTE−) while taking the competing 

risk of death into account, overall according to (A) sex and (B) VTE subtypes. Provoked VTE 

was defined as VTE with a pre-existing cancer diagnosis either before or on the VTE or index 

date, or trauma, surgery, and/or pregnancy within 90 days prior to the VTE diagnosis. 

Unprovoked VTE was defined as VTE without the presence of any of the abovementioned 

factors. PE, 

 

 

Figure A 

Figure B 
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Figure 2. Forest plot of adjusted hazard ratios with 98% CIs of subsequent depression in 

patients with venous thromboembolism (VTE) and those without VTE according to sex and 

VTE subtypes. 

 

 

HRs adjusted for socioeconomic status (education and income), obesity, cancer, coronary heart disease 

(including atrial fibrillation, myocardial infarction, and heart failure), diabetes, stroke, chronic obstructive 

pulmonary disease (COPD), acute kidney failure and chronic kidney disease, mental diseases (other than 

depression), alcohol and drug related disorders, dementia, surgery and trauma three months prior to the 

VTE/index date, Charlson Comorbidity Index score (CCI) excluding the comorbidities listed above, and co-

medication. 

Abbreviations: HR, hazard ratio; CI, confidence interval; VTE, venous thromboembolism; PE, pulmonary 

embolism; DVT, deep vein thrombosis.  
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