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Table S1. ICD, ATC, and procedure codes used in the study. 
 ICD-8 ICD-10 ATC code/procedure 

code 

Constipation 564.00, 564.09 K590  

Constipation-related conditions    

Hypothyroidism 243–44 E02–3  

Hyperthyroidism 242 E05  

Pregnancy within 90 days of 

the index date 

630-680 O00-O99  

Depression 29609, 29629, 29809, 

30049 

F32-F33  

Parkinson’s disease 342 G20  

Multiple sclerosis 340 G35  

Colon, rectal, and anal cancer 153–154 C18–21  

Other gastrointestinal cancers 150–159 (minus 153–
154) 

C15–17, C22–26  

Crohn’s disease, ulcerative 
colitis, paralytic ileus 

563, 560.19 K50, K51, K56  

Cardiovascular risk factors    

Chronic pulmonary disease 490-493, 515-518 J40-J47, J60-J67, J68.4, 

J70.1, J70.3, J84.1, J92.0, 

J96.1, J98.2, J98.3 

MR03 

 

Valvular heart disease 394-398  I05, I06, I07, I08.0, I09.8, 

I34-I37, I39.0, I39.3, 

I51.1A, Q22 

 

Diabetes mellitus 249, 250 (excluding 

249.02, 250.02) 

E10 (excluding E10.2), 

E11 (excluding E11.2), 

H36.0 

A10B, A10A 

 

Hypertension 400-404 I10-I15, I67.4  

Hypercholesterolemia 272.00 E780  

Obesity 277 E65-E68  

Chronic kidney disease 249.02, 250.02, 753.10-

753.19, 582- 584, 

590.09, 593.20, 792 

E102, E112, E142, N03, 

N05, N110, N14, N16, 

N18-N19, N269, Q611-

Q614 

 

Liver disease 070.00, 070.02, 070.04, 

070.06, 070.08, 573.00, 

456.00-456.09, 571, 

573.01, 573.04 

B15.0, B16.0, B16.2, B18, 

B19.0, K70.0-K70.4, 

K70.9, K71, K72, K73, 

K74, K76.0, K76.6, I85 

 

Alcoholism-related disorders 980, 291.09–291.99, 

303.09–303.99, 571.09–
571.11, 577.10 

F10 (except F10.0), G31.2, 

G62.1, G72.1, I 42.6, 

K29.2, K86.0, Z72.1 

 

Drugs associated with 

constipation 

   

Iron supplements   B03A 

Opioids   N02A 

Calcium channel blockers   C08 

Anticholinergic drugs   N04A 

Dopaminergic drugs   N04B 

Tricyclic antidepressants   N06AA 

Diuretics   C03 

Aspirin   B01AC06, N02BA01 

Non-steroidal anti-

inflammatory drugs 

  M01A 

Laxatives   A06A 

Cardiovascular drugs    

Vitamin K antagonists   B01AA03, B01AA04 
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Table S1. ICD, ATC, and procedure codes used in the study. 
Direct oral anticoagulants 

(bivalirudin, dabigatranetexilat, 

rivaroxaban, and apixaban) 

  B01AE06, B01AE07, 

B01AF01, B01AF02 

Angiotensin-converting 

enzyme inhibitors and 

angiotensin receptor blockers 

  C09A, C09B, C09C, 

C09D 

Beta-blockers   C07 

P2Y12 inhibitors (clopidogrel, 

ticagrelor, and presugrel) 

  B01AC04, B01AC24, 

B01AC22 

Digoxin   C01AA 

Amiodarone   C01BD01 

Nitrates   C01DA  

Statins   C10AA, C10B 

Procedures    

Computed tomography (CT)    UXCA 

Magnetic resonance imaging 

(MRI) 

  UXMA 

Cardiovascular events    

Myocardial infarction 410 I21  

Ischemic stroke 433–434  I63-I64  

Specified ischemic stroke 433–434 I63  

Hemorrhagic stroke 430-432 I60, I61  

Peripheral artery disease 44389-44399 I739  

Atrial fibrillation or atrial 

flutter 

427.93, 427.94 I48  

Deep venous thrombosis 451.00 I80.1-I80.3  

Pulmonary embolism 450.99 I26  

Splanchnic venous thrombosis 452.99, 453.01, 444.29 I81.9, I82.0, K550H  

Heart failure 427.09-427.19 I110, I130, I132, I50  

Abbreviations: ICD, International Classification of Diseases; ATC, Anatomical Therapeutic Chemical classification system. 
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Table S2. Definition of provoked and unprovoked venous thromboembolism. We defined patients 

with ‘provoked’ venous thromboembolism as those with a hospital discharge diagnosis of 
malignancy any time before the venous thromboembolism diagnosis, or pregnancy/delivery, 

trauma/fracture, or surgery within 90 days preceding the diagnosis date of venous 

thromboembolism. 
 ICD-8 ICD-10 Other codes 

Cancer (including polycythemia vera 

and essential thrombocythemia), any 

previous diagnosis 

 

140-209, 28710 C00-C99, D45, 

D473 

 

Fracture/trauma within previous 90 

days 

 

800-929, 950-959 S00-T14  

Surgery within previous 90 days   Previous Danish classification: 

000000-99960; NCSP 

classification: KA-KQ, KX, KY  

Pregnancy within previous 90 days 

 

630-680 O00-O99  
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Table S3. 0 to 10-year cumulative incidence of venous thromboembolism in patients with 

constipation, and hazard ratios compared with the general population comparison cohort. 
 Cumulative incidence per 1000 

persons in the constipation cohort 

(95% CI) 

Adjusted hazard ratio  

(95% CI)* 

Deep venous thrombosis 2.57 (2.32–2.84) 2.06 (1.85–2.30) 

Pulmonary embolism  2.58 (2.33–2.87) 1.94 (1.73–2.17) 

Splanchnic venous thrombosis 6.55 (4.24–10.12) 4.23 (2.45–7.31) 

Provoked venous thromboembolism† 4.31 (3.92–4.74) 2.99 (2.69–3.33) 

Unprovoked venous 

thromboembolism† 

1.58 (1.42–1.77) 1.39 (1.24–1.56) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 

hyperthyroidism, pregnancy within 90 days before the index date, depression, Parkinson’s disease, multiple sclerosis, 
colon, rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, chronic 

pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic 

kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron supplements, 

opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, diuretics, 

aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 

inhibitors, digoxin, amiodarone, nitrates, and statins). 

†Not adjusted for pregnancy within 90 days of the index date. 
Abbreviation: CI, confidence interval. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-037080:e037080. 10 2020;BMJ Open, et al. Sundbøll J



 6 

Table S4. Risk of cardiovascular events among patients with constipation relative to the general 

population cohort, by sex. 
 Cumulative incidence per 1000 persons in 

the constipation cohort (95% CI) 

Adjusted hazard ratio (95% CI)* 

Years since diagnosis Women Men Women Men 

Myocardial infarction    

0-1  3.03 (2.56–3.56) 3.46 (2.86–4.15) 1.75 (1.43–2.14) 1.34 (1.08–1.67) 

>1-5  8.29 (7.22–9.47) 11.48 (9.93–13.21) 1.22 (1.05–1.42) 1.08 (0.92–1.27) 

>5-10  6.34 (4.69–8.42) 11.47 (8.46–15.25) 0.92 (0.67–1.27) 1.32 (0.96–1.81) 

0-10  14.98 (13.28–16.83) 20.91 (18.25–23.85) 1.32 (1.18–1.47) 1.18 (1.05–1.33) 

Ischemic stroke     

0-1  5.00 (4.38–5.68) 6.20 (5.39–7.11) 1.68 (1.45–1.95) 1.81 (1.53–2.14) 

>1-5  16.00 (14.49–17.64) 15.34 (13.52–17.33) 1.38 (1.24–1.54) 1.35 (1.18–1.56) 

>5-10 16.46 (13.24–20.24) 14.37 (10.79–18.80) 1.55 (1.25–1.92) 1.44 (1.08–1.92) 

0-10  31.15 (28.24–34.27) 28.78 (25.62–32.22) 1.48 (1.37–1.61) 1.51 (1.37–1.67) 

Hemorrhagic stroke      

0-1  0.94 (0.69–1.26) 1.03 (0.72–1.43) 1.63 (1.13–2.35) 1.90 (1.26–2.86) 

>1-5  2.82 (2.23–3.54) 2.57 (1.89–3.44) 1.42 (1.10–1.84) 1.31 (0.93–1.82) 

>5-10  4.12 (2.58–6.33) 2.29 (1.14–4.28) 1.67 (1.04–2.67) 0.88 (0.43–1.81) 

0-10  6.52 (5.12–8.21) 4.75 (3.60–6.20) 1.51 (1.25–1.82) 1.40 (1.10–1.77) 

Peripheral artery disease    

0-1 1.28 (0.99–1.64) 1.70 (1.29–2.20) 1.27 (0.93–1.72) 1.10 (0.79–1.54) 

>1-5 5.42 (4.57–6.39) 7.88 (6.59–9.37) 1.44 (1.19–1.74) 1.48 (1.19–1.83) 

>5-10 13.92 (4.73–32.93) 8.26 (4.53–14.07) 1.05 (0.72–1.53) 1.12 (0.72–1.75) 

0-10 16.51 (8.49–29.26) 13.97 (10.78–17.82) 1.33 (1.15–1.55) 1.33 (1.13–1.56) 

Venous thromboembolism    

0-1  6.08 (5.40–6.82) 5.83 (5.05–6.71) 3.52 (3.01–4.13) 3.42 (2.78–4.21) 

>1-5  10.59 (9.37–11.92) 9.03 (7.67–10.58) 1.59 (1.39–1.83) 1.53 (1.26–1.85) 

>5-10  12.66 (8.68–17.91) 3.93 (2.33–6.34) 1.48 (1.13–1.94) 0.74 (0.43–1.26) 

0-10  24.75 (21.26–28.64) 15.99 (14.08–18.08) 2.07 (1.88–2.28) 2.00 (1.75–2.27) 

Atrial fibrillation or atrial flutter    

0-1  7.37 (6.62–8.18) 10.20 (9.15–11.34) 1.66 (1.46–1.88) 1.91 (1.67–2.19) 

>1-5  21.40 (19.63–23.28) 23.09 (20.85–25.51) 1.10 (1.00–1.21) 1.10 (0.98–1.23) 

>5-10  20.06 (15.45–25.64) 21.95 (16.83–28.13) 1.03 (0.85–1.25) 1.06 (0.83–1.34) 

0-10  40.81 (36.77–45.13) 44.28 (39.96–48.92) 1.23 (1.15–1.32) 1.32 (1.22–1.44) 

Heart failure      

0-1  6.25 (5.56–7.01) 7.16 (6.28–8.13) 2.27 (1.96–2.62) 2.03 (1.73–2.39) 

>1-5  15.25 (13.78–16.85) 17.93 (15.94–20.10) 1.30 (1.16–1.46) 1.29 (1.13–1.48) 

>5-10  12.17 (9.63–15.21) 14.17 (10.61–18.58) 1.30 (1.02–1.67) 1.05 (0.78–1.41) 

0-10  28.56 (26.08–31.21) 31.72 (28.48–35.22) 1.55 (1.42–1.68) 1.48 (1.35–1.64) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 

hyperthyroidism, pregnancy within 90 days of the index date, depression, Parkinson’s disease, multiple sclerosis, colon, 

rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, chronic 
pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic 

kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron supplements, 

opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, diuretics, 

aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 

inhibitors, digoxin, amiodarone, nitrates, and statins). 

Abbreviation: CI, confidence interval. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-037080:e037080. 10 2020;BMJ Open, et al. Sundbøll J



 7 

Table S5. 0 to 10-year risk of cardiovascular events among patients with constipation relative to the 

general population cohort, by age groups. 
Age group Cumulative incidence per 1000 

persons in the constipation cohort 

(95% CI) 

Adjusted hazard ratio (95% CI)* 

Myocardial infarction   

<55 years  4.06 (3.07–5.30) 1.57 (1.20–2.05) 

55–64 years 25.11 (19.89–31.26) 1.20 (0.96–1.50) 

65–74 years 29.99 (24.65–36.12) 1.30 (1.08–1.55) 

≥75 years 40.59 (36.14–45.39) 1.14 (1.02–1.27) 

Ischemic stroke   

<55 years  7.80 (6.32–9.54) 2.12 (1.72–2.61) 

55–64 years 35.54 (28.22–44.10) 1.55 (1.28–1.87) 

65–74 years 55.11 (47.21–63.84) 1.53 (1.33–1.75) 

≥75 years 71.02 (64.61–77.81) 1.33 (1.22–1.44) 

Hemorrhagic stroke   

<55 years  1.96 (1.15–3.20) 1.59 (1.05–2.39) 

55–64 years 5.91 (3.12–10.44) 1.03 (0.64–1.67) 

65–74 years 9.05 (6.42–12.48) 1.47 (1.06–2.04) 

≥75 years 13.67 (10.84–17.04) 1.44 (1.17–1.77) 

Peripheral artery disease   

<55 years  2.91 (1.40–5.60) 1.22 (0.82–1.82) 

55–64 years 47.44 (20.76–90.89) 1.68 (1.33–2.14) 

65–74 years 30.22 (23.64–38.02) 1.37 (1.13–1.67) 

≥75 years 15.12 (12.51–18.13) 1.13 (0.94–1.35) 

Venous thromboembolism   

<55 years  7.64 (6.43–9.02) 3.20 (2.67–3.82) 

55–64 years 33.37 (26.77–41.04) 2.32 (1.89–2.87) 

65–74 years 45.16 (34.09–58.44) 2.16 (1.84–2.52) 

≥75 years 34.38 (30.06–39.13) 1.57 (1.39–1.78) 

Atrial fibrillation or atrial flutter   

<55 years  4.83 (3.66–6.29) 1.31 (1.02–1.68) 

55–64 years 39.84 (33.75–46.66) 1.33 (1.13–1.57) 

65–74 years 91.67 (76.56–108.38) 1.34 (1.19–1.49) 

≥75 years 111.48 (104.11–119.12) 1.22 (1.14–1.30) 

Heart failure   

<55 years  4.16 (3.24–5.27) 1.85 (1.40–2.45) 

55–64 years 31.00 (25.63–37.12) 1.62 (1.31–2.01) 

65–74 years 56.37 (47.58–66.15) 1.49 (1.28–1.72) 

≥75 years 82.23 (75.95–88.81) 1.41 (1.30–1.53) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 

hyperthyroidism, pregnancy within 90 days of the index date, depression, Parkinson’s disease, multiple sclerosis, colon, 
rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, chronic 
pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic 

kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron supplements, 

opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, diuretics, 

aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 

inhibitors, digoxin, amiodarone, nitrates, and statins). 

Abbreviation: CI, confidence interval. 
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Table S6. 0 to 10-year risk of cardiovascular events among patients with constipation relative to the 

general population cohort, by patient type. 
 Cumulative incidence per 1000 in the 

constipation cohort (95% CI) 

Adjusted hazard ratio (95% CI)* 

 Outpatients Inpatients Outpatients Inpatients 

Myocardial infarction 11.42 (9.51–13.61) 21.56 (19.47–23.82) 1.03 (0.88–1.20) 1.36 (1.23–1.49) 

Ischemic stroke 22.24 (19.14–25.70) 35.79 (32.87–38.88) 1.32 (1.18–1.48) 1.59 (1.47–1.71) 

Hemorrhagic stroke 3.78 (2.89–4.88) 7.08 (5.65–8.80) 1.50 (1.16–1.94) 1.44 (1.20–1.73) 

Peripheral artery disease 13.63 (7.54–22.94) 16.32 (9.77–25.75) 1.31 (1.09–1.57) 1.38 (1.21–1.58) 

Venous 

thromboembolism 

13.84 (11.73–16.23) 26.12 (22.79–29.78) 1.69 (1.47–1.94) 2.26 (2.05–2.48) 

Atrial fibrillation or 

atrial flutter 

32.81 (27.21–39.19) 49.13 (45.73–52.68) 1.21 (1.10–1.33) 1.30 (1.22–1.39) 

Heart failure  20.32 (17.44–23.53) 36.86 (34.17–39.69) 1.31 (1.15–1.49) 1.61 (1.50–1.74) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 

hyperthyroidism, pregnancy within 90 days of the index date, depression, Parkinson’s disease, multiple sclerosis, colon, 
rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, chronic 
pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic 

kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron supplements, 

opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, diuretics, 

aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 

inhibitors, digoxin, amiodarone, nitrates, and statins). 

Abbreviation: CI, confidence interval. 
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Table S7. 0 to 10-year risk of cardiovascular events among patients with constipation relative to the 

general population cohort, by diagnosis type.  
 Cumulative incidence per 1000 persons 

in the constipation cohort (95% CI) 

Adjusted hazard ratio (95% CI)* 

 Primary diagnosis Secondary 

diagnosis 

Primary diagnosis Secondary 

diagnosis 

Myocardial infarction 17.30 (15.50–19.24) 17.66 (15.03–20.62) 1.20 (1.08–1.33) 1.31 (1.14–1.51) 

Ischemic stroke 31.69 (28.85–34.73) 27.38 (24.26–30.78) 1.53 (1.41–1.65) 1.45 (1.30–1.61) 

Hemorrhagic stroke 5.35 (4.24–6.68) 6.74 (4.94–9.05) 1.32 (1.09–1.59) 1.71 (1.34–2.18) 

Peripheral artery disease 18.52 (11.04–29.27) 9.23 (7.36–11.46) 1.42 (1.25–1.62) 1.20 (0.98–1.46) 

Venous 

thromboembolism 

21.06 (17.93–24.58) 21.44 (19.09–23.99) 1.76 (1.60–1.95) 2.66 (2.34–3.01) 

Atrial fibrillation or 

atrial flutter 

43.89 (39.76–48.30) 39.13 (35.58–42.93) 1.24 (1.16–1.33) 1.31 (1.20–1.43) 

Heart failure  28.83 (26.43–31.37) 32.07 (28.51–35.93) 1.43 (1.32–1.55) 1.68 (1.51–1.86) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 

hyperthyroidism, pregnancy within 90 days of the index date, depression, Parkinson’s disease, multiple sclerosis, colon, 
rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, chronic 
pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic 

kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron supplements, 

opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, diuretics, 

aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 

inhibitors, digoxin, amiodarone, nitrates, and statins). 

Abbreviation: CI, confidence interval. 
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Table S8. 0 to 10-year hazard ratios for cardiovascular events in patients with constipation compared with the general population cohort, 

stratified by constipation-related comorbidities and drugs. 
 Adjusted hazard ratio (95% CI)* 

 Myocardial 

infarction 

Ischemic 

stroke 

Hemorrhagic 

stroke 

Peripheral 

artery disease 

Venous 

thrombo-

embolism 

Atrial 

fibrillation or 

atrial flutter 

Heart 

failure 

Constipation-related conditions 

Hypothyroidism        

Yes 0.69 (0.39–1.23) 1.14 (0.77–1.69) 0.27 (0.07–1.15) 0.57 (0.25–1.29) 2.29 (1.41–3.74) 0.90 (0.63–1.30) 1.58 (1.09–2.27) 

No 1.23 (1.13–1.32) 1.46 (1.38–1.56) 1.41 (1.22–1.62) 1.36 (1.23–1.51) 1.95 (1.81–2.09) 1.25 (1.19–1.31) 1.46 (1.38–1.55) 

Hyperthyroidism        

Yes 1.30 (0.81–2.07) 1.36 (0.94–1.96) 1.37 (0.57–3.34) 1.31 (0.72–2.37) 2.68 (1.79–4.00) 1.11 (0.83–1.50) 1.65 (1.18–2.32) 

No 1.21 (1.12–1.31) 1.46 (1.37–1.55) 1.37 (1.19–1.58) 1.34 (1.21–1.49) 1.93 (1.79–2.08) 1.24 (1.18–1.31) 1.46 (1.37–1.55) 

Pregnancy within 90 

days before the index 

date 

       

Yes – 4.22 (0.26-67.51) – – 1.74 (0.41–7.31) 0.39 (0.01-11.19) – 

No 1.21 (1.12–1.31) 1.45 (1.37–1.54) 1.37 (1.19–1.57) 1.34 (1.21–1.49) 1.95 (1.81–2.10) 1.24 (1.18–1.30) 1.46 (1.38–1.55) 

Depression        

Yes 1.22 (0.82–1.83) 1.34 (1.02–1.76) 1.30 (0.64–2.62) 1.52 (0.86–2.67) 1.21 (0.83–1.77) 1.31 (1.01–1.70) 1.25 (0.95–1.65) 

No 1.21 (1.12–1.31) 1.46 (1.37–1.55) 1.37 (1.18–1.58) 1.33 (1.20–1.48) 1.99 (1.85–2.14) 1.24 (1.17–1.30) 1.47 (1.39–1.56) 

Parkinson’s 

disease 

       

Yes 0.69 (0.25–1.86) 1.73 (1.05–2.84) 1.57 (0.37–6.66) 0.35 (0.06–2.25) 0.41 (0.17–0.99) 0.98 (0.60–1.60) 1.58 (0.93–2.69) 

No 1.22 (1.12–1.31) 1.45 (1.36–1.54) 1.36 (1.18–1.57) 1.35 (1.22–1.50) 1.98 (1.84–2.13) 1.24 (1.18–1.31) 1.46 (1.37–1.55) 

Multiple sclerosis        

Yes 0.44 (0.12–1.69) 0.77 (0.32–1.87) 0.70 (0.11–4.48) 0.90 (0.22–3.68) 1.58 (0.57–4.38) 1.03 (0.45–2.39) 1.05 (0.38–2.93) 

No 1.22 (1.13–1.32) 1.46 (1.37–1.55) 1.37 (1.19–1.57) 1.35 (1.22–1.49) 1.95 (1.82–2.10) 1.24 (1.18–1.30) 1.46 (1.38–1.55) 

Colon, rectal, and 

anal cancer 

       

Yes 0.90 (0.62–1.31) 1.37 (1.02–1.84) 0.96 (0.45–2.07) 1.45 (0.86–2.46) 1.53 (1.12–2.11) 0.92 (0.73–1.16) 1.12 (0.84–1.48) 

No 1.22 (1.13–1.32) 1.46 (1.37–1.55) 1.38 (1.20–1.60) 1.33 (1.20–1.48) 1.95 (1.81–2.10) 1.26 (1.19–1.32) 1.48 (1.39–1.57) 

Other gastrointestinal 

cancers 

       

Yes 0.83 (0.24–2.92) 2.49 (1.19–5.20) – 1.43 (0.35–5.79) 3.18 (1.56–6.50) 0.95 (0.50–1.79) 1.73 (0.79–3.78) 

No 1.21 (1.12–1.31) 1.44 (1.36–1.53) 1.38 (1.20–1.58) 1.34 (1.21–1.49) 1.92 (1.78–2.06) 1.24 (1.18–1.30) 1.46 (1.37–1.55) 

Crohn’s disease, 
ulcerative colitis, 

paralytic ileus 

       

Yes 0.99 (0.69–1.43) 1.08 (0.80–1.47) 0.57 (0.26–1.21) 0.67 (0.39–1.17) 1.69 (1.23–2.31) 0.92 (0.72–1.17) 1.31 (1.00–1.73) 

No 1.22 (1.13–1.32) 1.47 (1.38–1.56) 1.42 (1.23–1.63) 1.37 (1.24–1.52) 1.95 (1.81–2.10) 1.25 (1.19–1.32) 1.46 (1.38–1.56) 
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Constipation-related drugs 
Iron supplements        

Yes – – – – – – – 

No 1.21 (1.12–1.31) 1.45 (1.37–1.54) 1.36 (1.19–1.57) 1.34 (1.21–1.48) 1.95 (1.82–2.10) 1.24 (1.18–1.30) 1.46 (1.38–1.55) 

Opioids        

Yes 1.20 (1.03–1.39) 1.32 (1.17–1.50) 1.61 (1.21–2.14) 1.16 (0.96–1.42) 1.88 (1.64–2.17) 1.11 (1.00–1.22) 1.35 (1.21–1.51) 

No 1.21 (1.10–1.32) 1.47 (1.37–1.57) 1.30 (1.10–1.53) 1.38 (1.23–1.56) 1.89 (1.74–2.06) 1.27 (1.20–1.35) 1.49 (1.39–1.60) 

Calcium channel 

blockers 

       

Yes 1.11 (0.92–1.33) 1.48 (1.27–1.72) 1.25 (0.82–1.90) 1.34 (1.07–1.68) 1.87 (1.53–2.28) 1.26 (1.13–1.41) 1.43 (1.25–1.64) 

No 1.23 (1.13–1.34) 1.45 (1.36–1.55) 1.38 (1.19–1.60) 1.34 (1.19–1.50) 1.95 (1.80–2.11) 1.23 (1.16–1.30) 1.46 (1.37–1.56) 

Anticholinergic drugs        

Yes 0.95 (0.18–5.12) 2.03 (0.89–4.63) 0.09 (0.00–3.51) 0.66 (0.02–19.68) 1.18 (0.40–3.47) 2.96 (1.05–8.33) 1.73 (0.74–4.01) 

No 1.21 (1.12–1.31) 1.45 (1.36–1.54) 1.37 (1.19–1.58) 1.34 (1.21–1.48) 1.95 (1.81–2.10) 1.24 (1.18–1.30) 1.46 (1.37–1.55) 

Dopaminergic drugs        

Yes 1.43 (0.81–2.55) 2.11 (1.45–3.07) 0.84 (0.23–3.06) 0.92 (0.40–2.15) 0.61 (0.32–1.15) 0.80 (0.54–1.20) 1.07 (0.71–1.61) 

No 1.20 (1.11–1.30) 1.44 (1.35–1.53) 1.37 (1.19–1.58) 1.35 (1.22–1.50) 1.99 (1.85–2.14) 1.25 (1.18–1.31) 1.47 (1.38–1.56) 

Tricyclic 

antidepressants 

       

Yes 1.19 (0.79–1.78) 1.53 (1.10–2.12) 1.32 (0.58–3.02) 1.77 (1.12–2.78) 1.41 (0.95–2.09) 1.13 (0.84–1.51) 1.26 (0.92–1.73) 

No 1.21 (1.12–1.31) 1.45 (1.36–1.54) 1.36 (1.18–1.57) 1.31 (1.18–1.46) 1.96 (1.82–2.11) 1.24 (1.18–1.30) 1.47 (1.38–1.56) 

Diuretics        

Yes 1.12 (0.97–1.30) 1.44 (1.28–1.62) 1.30 (0.97–1.75) 1.27 (1.05–1.54) 1.68 (1.44–1.96) 1.17 (1.07–1.28) 1.49 (1.35–1.64) 

No 1.24 (1.13–1.36) 1.45 (1.35–1.55) 1.37 (1.16–1.61) 1.35 (1.20–1.53) 2.01 (1.85–2.18) 1.26 (1.19–1.34) 1.42 (1.32–1.54) 

Aspirin        

Yes 1.20 (1.03–1.41) 1.62 (1.43–1.84) 1.54 (1.13–2.11) 1.14 (0.93–1.40) 1.72 (1.42–2.08) 1.13 (1.02–1.26) 1.54 (1.37–1.73) 

No 1.20 (1.10–1.31) 1.40 (1.31–1.50) 1.32 (1.13–1.55) 1.39 (1.24–1.57) 1.98 (1.83–2.14) 1.26 (1.19–1.34) 1.42 (1.33–1.52) 

Non-steroidal anti-

inflammatory drugs 

       

Yes 1.29 (1.09–1.54) 1.60 (1.40–1.83) 1.91 (1.41–2.57) 1.32 (1.06–1.65) 1.87 (1.60–2.20) 1.13 (1.01–1.27) 1.53 (1.34–1.75) 

No 1.19 (1.09–1.29) 1.42 (1.32–1.51) 1.25 (1.07–1.47) 1.34 (1.19–1.51) 1.96 (1.81–2.13) 1.26 (1.20–1.34) 1.44 (1.35–1.54) 

The dash (–) indicates insufficient data for an estimate. 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, hyperthyroidism, pregnancy within 90 days of the 

index date, depression, Parkinson’s disease, multiple sclerosis, colon, rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic 
ileus, chronic pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic kidney disease, liver disease, 

alcoholism-related disorders, medications associated with constipation (iron supplements, opioids, calcium channel blockers, anticholinergic drugs, dopaminergic 

drugs, tricyclic antidepressants, diuretics, aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 inhibitors, digoxin, amiodarone, nitrates, and statins) 

except the stratifying variable. 

Abbreviation: CI, confidence interval. 
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Table S9. 0 to 10-year risk of cardiovascular events among patients with constipation relative to the general population cohort, by 

cardiovascular risk factor status. 
 Cumulative incidence per 1000 persons in the constipation cohort 

(95% CI) 

Adjusted hazard ratio (95% CI)* 

 No cardiovascular 

risk factors† 

1 cardiovascular 

risk factor 

≥2 cardiovascular 
risk factors 

No cardiovascular 

risk factors† 

1 cardiovascular 

risk factor 

≥2 cardiovascular 
risk factors 

Myocardial 

infarction 

11.78 (10.27–13.45) 27.64 (23.49–32.29) 48.46 (40.32–57.63) 1.11 (0.99–1.24) 1.22 (1.05–1.40) 1.40 (1.18–1.66) 

Ischemic stroke  22.01 (19.89–24.29) 47.82 (41.14–55.20) 70.76 (58.86–84.06) 1.40 (1.29–1.51) 1.47 (1.31–1.65) 1.47 (1.27–1.70) 

Hemorrhagic stroke  4.93 (3.80–6.31) 8.12 (6.21–10.47) 8.85 (5.36–13.92) 1.34 (1.11–1.61) 1.53 (1.17–1.98) 1.03 (0.68–1.55) 

Peripheral artery 

disease 

7.69 (6.44–9.12) 24.65 (12.78–43.05) 69.31 (21.15–157.60) 1.39 (1.21–1.61) 1.26 (1.04–1.54) 1.22 (0.98–1.51) 

Venous 

thromboembolism 

15.95 (14.20–17.86) 32.84 (24.25–43.38) 45.73 (35.57–57.70) 2.02 (1.84–2.22) 1.82 (1.57–2.10) 1.72 (1.43–2.08) 

Atrial fibrillation or 

atrial flutter 

30.62 (27.97–33.44) 69.69 (58.90–81.64) 93.51 (78.81–109.68) 1.24 (1.16–1.32) 1.22 (1.11–1.34) 1.19 (1.06–1.35) 

Heart failure  17.82 (16.11–19.67) 52.43 (46.30–59.07) 96.98 (82.09–113.30) 1.41 (1.30–1.54) 1.40 (1.25–1.56) 1.54 (1.36–1.74) 

*Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, hyperthyroidism, pregnancy within 90 days before the 

index date, depression, Parkinson’s disease, multiple sclerosis, colon, rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic 
ileus, chronic pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic kidney disease, liver disease, 

alcoholism-related disorders, medications associated with constipation (iron supplements, opioids, calcium channel blockers, anticholinergic drugs, dopaminergic 

drugs, tricyclic antidepressants, diuretics, aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, direct oral 

anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, P2Y12 inhibitors, digoxin, amiodarone, nitrates, and statins). 

†Cardiovascular risk factors included chronic pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, chronic kidney 

disease, liver disease, and alcoholism-related disorders.   

Abbreviation: CI, confidence interval. 
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Table S10. 0 to 10-year risk of cardiovascular events among patients with constipation relative to 

the general population cohort. Sensitivity analysis for stroke outcomes. 
 Cumulative incidence per 

1000 persons in the 

constipation cohort (95% 

CI) 

Unadjusted hazard ratio 

(95% CI)* 

Adjusted hazard ratio 

(95% CI)† 

Stroke confirmed by MRI or CT scan 
Ischemic stroke  22.92 (21.03–24.93) 1.52 (1.42–1.62) 1.43 (1.33–1.53) 

Hemorrhagic stroke  4.96 (4.05–6.03) 1.49 (1.28–1.74) 1.38 (1.18–1.62) 

Separate analysis of specified ischemic stroke and unspecified stroke  
Unspecified stroke 12.21 (10.89–13.67) 2.09 (1.90–2.29) 1.81 (1.64–2.00) 

Specified ischemic stroke 18.24 (16.50–20.10) 1.40 (1.29–1.51) 1.33 (1.23–1.44) 

*Controlled for matching factors by study design (age, sex, calendar year). 

†Controlled for matching factors (age, sex, and calendar year) by study design and adjusted for hypothyroidism, 
hyperthyroidism, pregnancy within 90 days of the index date, depression, Parkinson’s disease, multiple sclerosis, 
colon, rectal, and anal cancer, other gastrointestinal cancers, Crohn’s disease, ulcerative colitis, paralytic ileus, 
chronic pulmonary disease, valvular heart disease, diabetes mellitus, hypertension, hypercholesterolemia, obesity, 

chronic kidney disease, liver disease, alcoholism-related disorders, medications associated with constipation (iron 

supplements, opioids, calcium channel blockers, anticholinergic drugs, dopaminergic drugs, tricyclic antidepressants, 

diuretics, aspirin, and non-steroidal anti-inflammatory drugs), and cardiovascular drugs (vitamin K antagonists, 

direct oral anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, 

P2Y12 inhibitors, digoxin, amiodarone, nitrates, and statins). 

Abbreviations: CI, confidence interval; CT, computed tomography; MRI, magnetic resonance imaging. 
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