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Hereditary angioedema is a rare condition, occurring once in 50 000-100 000.[1] It is characterized by 

recurrent swellings of cutaneous and submucosal tissue due to inadequate inhibition of bradykinin 

production caused by inherited C1-inhibitor deficiency. C1-inhibitor controls the complement, 

fibrinolytic, intrinsic coagulation, and contact systems by inhibition of several serine proteases 

including complement C1a, C1r, Mannan-binding lectin Serine Protease 1 (MASP-1), MASP-2, 

plasmin, kallikrein, and coagulation factors XIa and XIIa.[2] D-dimer levels may typically rise during 

angioedema attacks (presumably due to enhanced plasmin generation), but this increase during 

angioedema attacks is not associated with an increased thrombotic risk.[3] Several reviews on 

hereditary angioedema state that HAE, also outside the context of elevated D-dimer levels, is not 

associated with an enhanced risk of venous thromboembolism (VTE). However, no sources are 

available for this claim other than patients’ and physicians’ experience. However, a recent 

retrospective cohort study examining many potential comorbidities of hereditary angioedema with 

C1-inhibitor deficiency reported an association between hereditary angioedema and VTE.[4, 5] 

Notably, these findings could be confounded by indication and misclassification of VTE.[6] It is 

difficult to investigate this finding further with prospective cohort studies given the extreme rarity of 

hereditary angioedema. If HAE is indeed associated with VTE, one could postulate that less 

pronounced variations in C1-inhibitor levels could also be associated with VTE risk. Mendelian 

randomization (MR) is a suitable method to further investigate the potential causal association 

between C1-inhibitor levels and the potential risk for VTE. MR is a method that uses genetic variation 

as an instrument to assess the potential causal nature of an exposure and an outcome. The 

advantage of an MR approach is that it is much less affected by the risks of confounding and reverse 

causation that typically plague observational studies. A comprehensible overview of how Mendelian 

randomization works has been written by Davies et al.[7] In order to explore the causality between 

lower C1-inhibitor levels and venous thromboembolism, we performed a Mendelian randomization 

study.  
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We used data from publicly available GWAS. The studies used here received approval from their 
respective regulating bodies and all patients provided informed consent. For C1-inhibitor levels, we 
retrieved data from an aptamer-based protein GWAS in up to 35 559 Icelanders[8]. We selected the 
variants most strongly associated (p < 5x10-8) with C1-inhibitor levels within 966 kbp around the gene 
(the ideal range according to Fauman and Hyde [9]), with a minor allele frequency > 0.05 and in low 
linkage (R2 < 0.01). As clinical outcomes, we retrieved data on patients with venous 
thromboembolism based on ICD10 codes from the FinnGen[10] cohort (9 176 cases and 209 616 
controls) and data on patients with self-reported deep venous thrombosis from the UK Biobank[11] 
(9 241 cases and 453 692 controls). We employed the inverse-variance weighted method as primary 
analysis and MR-egger, the weighted median and MR-PRESSO methods as sensitivity analyses. We 
used the TwoSampleMR package to perform the analyses.[12]  

Per clinical outcome, eight common genetic variants associated with C1-inhibitor levels within 966 
kbp around the gene and in low linkage disequilibrium were available for the analysis (explaining 9.0-
9.3% of the difference in C1-inhibitor levels). In the main analyses, no association was found between 
genetically proxied C1-inhibitor levels and venous thromboembolism or deep venous thrombosis 
(FinnGen: OR 0.950, 95% CI 0.878;1.027, UK Biobank: OR 1.000, 95% CI 0.998;1.001). Sensitivity 
analyses did not show an association either (figure 1). There was no evidence for any heterogeneity 
(Finngen Cochran’s Q P = 0.20, UK Biobank Cochran’s Q P = 0.19) and MR-egger analyses did not 
show any evidence of pleiotropy (Finngen: P = 0.52, UK Biobank P = 0.20). MR-PRESSO did not 
identify any outlier genetic variants. 

This Mendelian randomization study did not find evidence to support that genetically proxied C1-
inhibitor levels are associated with venous thromboembolism. Our findings are indeed in contrast 
with a previous report that suggested a causal relation between reduced C1-inhibitor activity and 
venous thromboembolism.[5] This discrepancy could be attributable to confounding in the 
retrospective cohort study, since the association was not corrected for medication and could be 
confounded by misclassification[6]. To which extent treatment, e.g. chronic angioedema prophylaxis 
with antifibrinolytics or usage of indwelling central venous catheters for the administration of C1-
inhibitor concentrates, increases the occurrence of venous thromboembolism in patients with 
hereditary angioedema remains to be explored. A retrospective survey among hereditary 
angioedema physicians estimated the frequency of an abnormal clotting event occurring in patients 
using C1-inhibitor concentrates with an indwelling catheter to be 18%.[13] Fortunately, given the 
recent advancements in prophylactic and on demand treatment options for hereditary 
angioedema,[14] usage of antifibrinolytics or indwelling central venous catheters are often no longer 
required nor recommended.[15] As with any MR study, there are limitations: first, we utilized 
common genetic variation with a relatively small and linear effect on C1-inhibitor levels. We cannot 
exclude that substantial C1-inhibitor deficiency as observed in hereditary angioedema could still have 
a significant effect on pathway homeostasis through the activation of positive feedback loops and 
therefor still be associated with increased VTE risk. Furthermore, due to the nature of MR, we could 
not take into account other risk factors for thrombosis that could be more prevalent in clinical HAE, 
like prolonged periods of incapacitation during attacks. Third, the lack of an association could simply 
be due to limited power. We sought to minimize this risk by utilizing data from the two largest 
publicly available GWAS. Ideally, large prospective cohort studies should establish the absence or 
presence of a true correlation between hereditary angioedema and venous thromboembolism. These 
studies should register concomitant medication usage and other risk factors for venous 
thromboembolism, should exclude angioedema attacks as the cause of thrombosis-mimicking 
symptoms such as abdominal pain or extremity swelling, and should confirm diagnoses of 
symptomatic venous thromboembolism with adequate imaging techniques. In the meantime, based 
on our Mendelian randomization analysis with common C1-esterase polymorphisms,  we did not find 
evidence to suspect a causal relation between lower C1-esterase levels and venous 
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thromboembolism. Future prospective research should further explore the effects of lower and/or 
depleted C1-esterase levels and the risk for VTE.  

References 
1 Aygören-Pürsün E, Magerl M, Maetzel A, Maurer M. Epidemiology of Bradykinin-mediated 
angioedema: a systematic investigation of epidemiological studies. Orphanet J Rare Dis. 2018; 13: 73. 
10.1186/s13023-018-0815-5. 
2 Petersen RS, Fijen LM, Levi M, Cohn DM. Hereditary Angioedema: The Clinical Picture of 
Excessive Contact Activation. Semin Thromb Hemost. 2022. 10.1055/s-0042-1758820. 
3 Reshef A, Zanichelli A, Longhurst H, Relan A, Hack CE. Elevated D-dimers in attacks of 
hereditary angioedema are not associated with increased thrombotic risk. Allergy. 2015; 70: 506-13. 
10.1111/all.12587. 
4 Sundler Björkman L, Persson B, Aronsson D, Skattum L, Nordenfelt P, Egesten A. Comorbidities 
in hereditary angioedema-A population-based cohort study. Clinical and translational allergy. 2022; 
12: e12135. 10.1002/clt2.12135. 
5 Grover SP, Sundler Björkman L, Egesten A, Moll S, Mackman N. Hereditary angioedema is 
associated with an increased risk of venous thromboembolism. J Thromb Haemost. 2022; 20: 2703-6. 
10.1111/jth.15870. 
6 Petersen RS, Fijen LM, Cohn DM. “Hereditary angioedema is associated with an increased risk 
of venous thromboembolism”: comment from Petersen et al. Journal of Thrombosis and Haemostasis. 
2023; 21: 179. https://doi.org/10.1016/j.jtha.2022.10.018. 
7 Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation studies: a guide, 
glossary, and checklist for clinicians. Bmj. 2018; 362: k601. 10.1136/bmj.k601. 
8 Ferkingstad E, Sulem P, Atlason BA, Sveinbjornsson G, Magnusson MI, Styrmisdottir EL, 
Gunnarsdottir K, Helgason A, Oddsson A, Halldorsson BV, Jensson BO, Zink F, Halldorsson GH, Masson 
G, Arnadottir GA, Katrinardottir H, Juliusson K, Magnusson MK, Magnusson OT, Fridriksdottir R, 
Saevarsdottir S, Gudjonsson SA, Stacey SN, Rognvaldsson S, Eiriksdottir T, Olafsdottir TA, 
Steinthorsdottir V, Tragante V, Ulfarsson MO, Stefansson H, Jonsdottir I, Holm H, Rafnar T, Melsted P, 
Saemundsdottir J, Norddahl GL, Lund SH, Gudbjartsson DF, Thorsteinsdottir U, Stefansson K. Large-
scale integration of the plasma proteome with genetics and disease. Nat Genet. 2021; 53: 1712-21. 
10.1038/s41588-021-00978-w. 
9 Fauman EB, Hyde C. An optimal variant to gene distance window derived from an empirical 
definition of cis and trans protein QTLs. BMC Bioinformatics. 2022; 23: 169. 10.1186/s12859-022-
04706-x. 
10 Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Donner K, Reeve MP, Laivuori H, 
Aavikko M, Kaunisto MA, Loukola A, Lahtela E, Mattsson H, Laiho P, Della Briotta Parolo P, Lehisto A, 
Kanai M, Mars N, Rämö J, Kiiskinen T, Heyne HO, Veerapen K, Rüeger S, Lemmelä S, Zhou W, 
Ruotsalainen S, Pärn K, Hiekkalinna T, Koskelainen S, Paajanen T, Llorens V, Gracia-Tabuenca J, Siirtola 
H, Reis K, Elnahas AG, Aalto-Setälä K, Alasoo K, Arvas M, Auro K, Biswas S, Bizaki-Vallaskangas A, Carpen 
O, Chen C-Y, Dada OA, Ding Z, Ehm MG, Eklund K, Färkkilä M, Finucane H, Ganna A, Ghazal A, Graham 
RR, Green E, Hakanen A, Hautalahti M, Hedman Å, Hiltunen M, Hinttala R, Hovatta I, Hu X, Huertas-
Vazquez A, Huilaja L, Hunkapiller J, Jacob H, Jensen J-N, Joensuu H, John S, Julkunen V, Jung M, Junttila 
J, Kaarniranta K, Kähönen M, Kajanne RM, Kallio L, Kälviäinen R, Kaprio J, Kerimov N, Kettunen J, 
Kilpeläinen E, Kilpi T, Klinger K, Kosma V-M, Kuopio T, Kurra V, Laisk T, Laukkanen J, Lawless N, Liu A, 
Longerich S, Mägi R, Mäkelä J, Mäkitie A, Malarstig A, Mannermaa A, Maranville J, Matakidou A, 
Meretoja T, Mozaffari SV, Niemi MEK, Niemi M, Niiranen T, O’Donnell CJ, Obeidat Me, Okafo G, Ollila 
HM, Palomäki A, Palotie T, Partanen J, Paul DS, Pelkonen M, Pendergrass RK, Petrovski S, Pitkäranta A, 
Platt A, Pulford D, Punkka E, Pussinen P, Raghavan N, Rahimov F, Rajpal D, Renaud NA, Riley-Gillis B, 
Rodosthenous R, Saarentaus E, Salminen A, Salminen E, Salomaa V, Schleutker J, Serpi R, Shen H-y, 
Siegel R, Silander K, Siltanen S, Soini S, Soininen H, Sul JH, Tachmazidou I, Tasanen K, Tienari P, Toppila-
Salmi S, Tukiainen T, Tuomi T, Turunen JA, Ulirsch JC, Vaura F, Virolainen P, Waring J, Waterworth D, 

https://doi.org/10.1016/j.jtha.2022.10.018


4 

Yang R, Nelis M, Reigo A, Metspalu A, Milani L, Esko T, Fox C, Havulinna AS, Perola M, Ripatti S, Jalanko 
A, Laitinen T, Mäkelä T, Plenge R, McCarthy M, Runz H, Daly MJ, Palotie A. FinnGen: Unique genetic 
insights from combining isolated population and national health register data. medRxiv. 2022: 
2022.03.03.22271360. 10.1101/2022.03.03.22271360. 
11 Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, Motyer A, Vukcevic D, Delaneau 
O, O’Connell J, Cortes A, Welsh S, Young A, Effingham M, McVean G, Leslie S, Allen N, Donnelly P, 
Marchini J. The UK Biobank resource with deep phenotyping and genomic data. Nature. 2018; 562: 
203-9. 10.1038/s41586-018-0579-z. 
12 Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, Laurin C, Burgess S, Bowden J, 
Langdon R, Tan VY, Yarmolinsky J, Shihab HA, Timpson NJ, Evans DM, Relton C, Martin RM, Davey Smith 
G, Gaunt TR, Haycock PC. The MR-Base platform supports systematic causal inference across the 
human phenome. eLife. 2018; 7: e34408. 10.7554/eLife.34408. 
13 Kalaria S, Craig T. Assessment of hereditary angioedema treatment risks. Allergy Asthma Proc. 
2013; 34: 519-22. 10.2500/aap.2013.34.3702. 
14 Fijen LM, Bork K, Cohn DM. Current and Prospective Targets of Pharmacologic Treatment of 
Hereditary Angioedema Types 1 and 2. Clin Rev Allergy Immunol. 2021; 61: 66-76. 10.1007/s12016-
021-08832-x. 
15 Maurer M, Magerl M, Ansotegui I, Aygoren-Pursun E, Betschel S, Bork K, Bowen T, Balle Boysen 
H, Farkas H, Grumach AS, Hide M, Katelaris C, Lockey R, Longhurst H, Lumry WR, Martinez-Saguer I, 
Moldovan D, Nast A, Pawankar R, Potter P, Riedl M, Ritchie B, Rosenwasser L, Sanchez-Borges M, Zhi 
Y, Zuraw B, Craig T. The international WAO/EAACI guideline for the management of hereditary 
angioedema-The 2017 revision and update. Allergy. 2018; 73: 1575-96. 
http://dx.doi.org/10.1111/all.13384. 

Addendum 
The data used for this study is available in the public domain. The list of SNPs used for this study is 
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Figure 1. Results from Mendelian randomization analyses

Legend: In primary and sensitivity analyses, no association was found between genetically proxied 
C1-inhibitor levels and venous thromboembolism or deep venous thrombosis.  


