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Meta-analysis and systematic review of the effects of non-vitamin K antagonist oral

anticoagulants on liver function

YANG Yu, YANG Chengzhi, XU Dong

( Department of Cardiology and Macrovascular Disease Center, Beijing Tiantan Hospital, Capital Medical University , Beijing
100070, China)

[ ABSTRACT] Aim To systematically evaluate the effect of non-vitamin K antagonist oral anticoagulants (NOAC) on
liver function. Methods The PubMed, Embase, Cochrane Library, Wanfang, CNKI and VIP databases were searched
to collect randomized controlled trials (RCT) related to non-vitamin K antagonist oral anticoagulant treatment published
openly before June 30, 2023.  Data were extracted according to the inclusion criteria.  The quality of the included studies
was evaluated. Meta-analysis was performed on the related data using R language. Results A total of 22 RCT studies
were included, with 64 063 patients receiving non-vitamin K antagonist oral anticoagulant treatment. = Compared with the
control group, non-vitamin K antagonist oral anticoagulants did not increase the risk of abnormal liver function (alanine trans-
aminase (ALT)>3 ULN) (RR=0.72, 95%CI; 0.61 ~0.84, I’=59% , P<0.01) , or the risk of severe liver injury (ALT>
3 ULN combined with total bilirubin (TBIL)>2 ULN) (RR=0.98, 95% CI. 0.80 ~1.19, ’=0%, P=0.01). When
used for preventing deep vein thrombosis after orthopedic surgery, compared with the control group, non-vitamin K antagonist
oral anticoagulants reduced the risk of abnormal liver function (RR=0.69, 95% CI: 0.61 ~0.79, ’=0% , P<0.01).
Conclusions Non-vitamin K antagonist oral anticoagulants have high liver safety.  The occurrence of non-vitamin K antago-
nist oral anticoagulant-associated liver injury may be dose-dependent.  Regular monitoring of liver function is recommended
when applying non-vitamin K antagonist oral anticoagulants clinically to patients with a history of liver disease.
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Figure 1. PRISMA inclusion and exclusion flow chart
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Figure 2. Quality assessment of included RCT using Cochrane criteria
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NOAC Control

Study Events Total Events Total Risk ratio RR 95%Cl Weight
Prophylaxis of venous thromboembolism(VTE)
Sakon,20121 4 105 2 51 0.97 [0.18~5.13] 0.7%
Eriksson,2007al® 34 1117 60 1122 — 0.57 [0.38~0.86] 6.1%
Eriksson,2007b'! 34 1124 60 1122 e 0.57 [0.37~0.85] 6.1%
Ginsberg,2009a" 6 857 8 868 ———*1T— 0.76 [0.26~2.18] 1.7%
Ginsberg,2009b®! 9 87 8 868 e L — 1.12 [0.43~2.89] 2.0%
Eriksson,2007al"®! 16 654 24 670 — 0.68 [0.37~1.27] 3.8%
Eriksson,2007b!"%! 20 675 24 670 — 0.83 [0.46~1.48] 4.2%
Eriksson,2011(2) 37 984 55 975 — 0.67 [0.44~1.00] 6.2%
Kakkar,2008™ 6 1101 7 1097 —_—— 0.85 [0.29~2.53] 1.6%
Turpie,2009®! 19 1471 38 1451 —— 0.49 [0.29~0.85] 4.5%
Lassen,20101¢! 37 2635 46 2620 — 0.80 [0.52~1.23] 5.9%
Lassen,2008 20 1150 20 1156 —— 1.01 [0.54~1.86] 3.9%
Eriksson,2008!"! 43 2128 57 2129 — 0.75 [0.51~1.12] 6.4%
Random effects model 14 872 14799 < 0.69 [0.61~0.79] 53.1%
Heterogeneity: P=0%,1?=0,P=0.86
Therapy of venous thromboembolism(VTE)
Schulman,2009's! 42 1220 46 1199 —— 0.90 [0.60~1.35] 6.1%
Schulman,20131"7 24 1430 26 1426 —— 0.92 [0.53~1.60] 4.5%
Bauersachs,20101"! 25 1680 62 1649 —=%— 0.40 [0.25~0.63] 5.5%
Agnelli,2013% 50 2601 145 2598 —=— 0.34 [0.25~0.47] 7.6%
Buller,201324 81 3901 90 3903 - 0.90 [0.67~1.21] 7.9%
Random effects model 10832 10775 —_— 0.63 [0.34~1.16] 31.5%
Heterogeneity: P=86%,1°=0.2037,P<0.01
Nonvalvular atrial fibrillation(AF)
Hori,20121" 14 639 14 639 i 1.00 [0.48~2.08] 3.0%
Granger, 201 1022 100 8790 89 8759 - 1.12 [0.84~1.49] 8.1%
Random effects model 9429 9398 —_ 1.10 [0.68~1.79] 11.1%
Heterogeneity: P=0%,t>=0,P=0.78
Therapy of acute coronary syndrome(ACS)
Alexander,20111 21 3643 25 3672 — 0.85 [0.47~1.51] 4.2%
Random effects model 38776 38 644 < 0.72 [0.61~0.84]100.0%
Heterogeneity: P=59%,1>=0.0503,P<0.01
Test for subgroup differences:y3=48.11,df=3(P<0.01) 0.2 0.5 1 2 5

B 3. AT NOAC HHXBFIIRERE (ALT>3 ULN) BIFR R
Figure 3. Forest plot for the analysis of NOAC-associated abnormal liver function ( ALT>3 ULN)
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Therapy of venous thromboembolism(VTE)

Schulman,2009!"3! 2 1055 4
Schulman,2013!'7 2 1430 1
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Heterogeneity: P=0%,1*=0,P=1.00
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Buller,2012 5 2412 4
Random effects model 40 159

Heterogeneity: P=0%,t?=0,P=0.
Test for subgroup differences: x? 12 51,df=4(P=0.01)

Events Total Events Total

Control

Risk ratio RR 95%Cl  Weight
51 1.46 [0.06-35.33] 0.9%
1122 3.01 [0.12~73.89] 0.9%
1122 2.99 [0.12~73.43] 0.9%
868 1.01 [0.14-7.17] 2.3%
868 0.20 [0.01~4.15] 1.0%
670 0.0%
670 — 2.98 [0.12~72.97] 0.9%
975 ——f——————4.95 [0.24~103.06] 1.0%
1097 —_— 0.66 [0.11~3.97] 2.7%
1451 ———— 0.33 [0.03~3.16] 1.7%
1156 — 5.03 [0.24~104.58] 1.0%
2129 — 1.00 [0.06~15.98] 1.1%
3382 — 101 [0.35~2.86] 8.0%
15 561 > 1.08 [0.65~1.80] 22.2%
1106 e 0.52 [0.10~2.86] 3.0%
1426 —f—  1.99 [0.18~21.97] 1.5%
1648 —_— 0.49 [0.09-2.67] 3.0%
4180 ——r 0.67 [0.13-3.54] 7.6%
639 B 1.00 [0.20-4.94] 3.4%
7125 - 0.94 [0.59~1.52] 38.9%
7764 0.95 [0.78~1.16] 42.3%
5113 _ 1.00 [0.42~2.40] 11.4%
5113 — 1.00 [0.42~2.40] 11.4%
10226 1.00 [1.00~1.00] 22.8%
2405 — 1.25 [0.34~4.64] 5.1%
40 136 0.98 [0.80~1.19] 100.0%
0.01 0.1 110 100
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Figure 4. Forest plot for the analysis of NOAC-associated severe liver injury
(ALT>3 ULN and TBIL>2 ULN)
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Figure 5. Evaluation of publication bias
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