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Summary
Background The management of warfarin therapy presents clinical challenges due to its narrow therapeutic index. We
aimed to evaluate the comparative effectiveness of different management strategies in patients using warfarin.

Methods PubMed, Embase, Cochrane CENTRAL, CINAHL, and EBSCO Open Dissertation were searched from
inception to 8 May 2024. Randomized controlled trials that compared the following interventions: patient self-
management (PSM), patient self-testing (PST), anticoagulation management services (AMS), and usual care in
patients prescribed warfarin for any indication were included. Risk ratios (RR) with 95% confidence interval (CI)
were estimated using a random-effects model. Surface under the cumulative ranking curves (SUCRA) were used
to rank different interventions. The certainty of evidence was assessed using the Confidence in Network Meta-
Analysis (CINeMA) online platform. This study is registered with PROSPERO (CRD42023491978).

Findings Twenty-eight trials involving 8100 participants were included, with follow-up periods of 1–24 months. Mean
warfarin dosages were 4.9–7.2 mg/day. Only PSM showed a significant reduction of major TE risk compared with
usual care (RR = 0.41; 95% CI: 0.24, 0.71; I2 = 0.0%) with moderate certainty of evidence. The 97.6% SUCRA also
supported the beneficial effects of PSM over other interventions. The combined direct and indirect evidence
showed significantly higher TTR in PSM compared with usual care (MD = 7.39; 95% CI: 2.39, 12.39), with very
low certainty. However, direct evidence showed non-significant TTR improvement (MD = 6.49; 95% CI: −3.09,
16.07, I2 = 96.1%). No differences across various strategies were observed in all-cause mortality, major bleeding,
stroke, transient ischemic attack, and hospitalization.

Interpretation PSM reduces the risk of major TE events compared with usual care, tends to improve anticoagulation
control, and should be considered where appropriate.
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Introduction
Vitamin K antagonists are one of the main anticoagu-
lants used in the treatment and prevention of throm-
bosis in various medical conditions, such as venous
thromboembolism, atrial fibrillation, and mechanical
heart valve replacement. Warfarin is the most widely
used VKA in many countries globally,1 although there
has been a declining trend in its use following the
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availability of direct oral anticoagulants (DOACs) since
2010.2 However, warfarin continues to be a vital thera-
peutic option worldwide.3 In addition to its relatively low
cost, warfarin is associated with lower risk of gastroin-
testinal bleeding4 and all-cause mortality5 compared to
some DOACs. Furthermore, warfarin is superior to
DOACs in patients with antiphospholipid syndrome,6

mechanical heart valves, and valvular AF.7 However, to
rsity, Phitsanulok 65000, Thailand.
City, UT, USA.
utah.edu (D.M. Witt).
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Research in context

Evidence before this study
Warfarin remains the main anticoagulant used in the
treatment and prevention of thrombosis in various medical
conditions, especially in patients with antiphospholipid
syndrome, mechanical heart valves, and valvular atrial
fibrillation (AF), where it has been shown to be more
advantageous than direct oral anticoagulants. Several
previous studies have highlighted the beneficial effects on
anticoagulation control and clinical outcomes of
anticoagulation management services (AMS), patient self-
testing (PST), and patient self-management (PSM) when
compared with usual care. Although a previous network
meta-analysis (NMA) has shown the advantageous effects of
certain types of self-care on anticoagulation control, it did not
consider AMS care separately from usual care. Hence, there is
currently a lack of comparative evidence on the effectiveness
of different warfarin management strategies.

Added value of this study
This is the first study to compare the effects of different
warfarin management strategies on clinically important

outcomes, using both direct and indirect evidence. Our
findings have added to the current knowledge regarding the
beneficial effects of PSM, demonstrating that it not only
reduces the risk of thromboembolic (TE) events when
compared with usual care, but also proves to be more
effective than AMS. The certainty of evidence generated in
our study, together with findings from sensitivity analyses,
has supported the robustness of the beneficial effects of PSM
program for patients using warfarin.

Implications of all the available evidence
PSM should be considered for patients who are on warfarin
and capable of performing self-management, provided that
they receive appropriate support and monitoring from
healthcare providers. Further research is needed to gain
insight into the adoption of PSM among warfarin users and
healthcare providers, and to evaluate the cost-effectiveness of
different warfarin management strategies, which could
support successful implementation of PSM in practice.
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achieve the benefits of warfarin, patients require careful
and frequent monitoring with dose adjustment due to
warfarin’s narrow therapeutic index.

Warfarin management encompasses several ap-
proaches tailored to optimize treatment outcomes and
ensure patient safety.8 Usual care typically involves
regular in person clinic visits for International
Normalized Ratio (INR) monitoring, with dose ad-
justments made by healthcare providers based on test
results and patient factors. Anticoagulation manage-
ment services (AMS), or anticoagulation clinics, offer a
more specialized approach where trained healthcare
professionals (often nurses and/or pharmacists) pro-
vide comprehensive management, including INR
testing, education, and dose adjustments using a sys-
tematic approach.9 Patient self-testing (PST) empowers
patients to conduct their own INR tests, with results
reported to healthcare providers for dose advice. To
ensure successful self-monitoring, appropriate patient
education on how to accurately perform and interpret
these tests is essential. Patient self-management (PSM)
goes a step further, enabling patients to adjust their
own warfarin dose based on self-testing results and
dosing decision aids, which requires further education
on effectively managing dosages.10 The proportion of
patients receiving different types of warfarin manage-
ment varies by region, healthcare system, and patient
preference. Generally, most patients are managed by
usual care or AMS, with about 4% managed by PST.11

The proportion of patients managed by PSM is ex-
pected to be significantly smaller than those managed
by PST.
Several previous studies have shown the beneficial
effects on anticoagulation control and clinical outcomes
of AMS,12 PST, and PSM,13 when compared with usual
care. However, there is a lack of comparative evidence
on the effectiveness of these warfarin management
strategies. A previous network meta-analysis (NMA)
assessing warfarin care strategies did not consider AMS
care separately from usual care.14 This is a major limi-
tation considering that AMS have become the standard
of care in many healthcare centers given their central
role in the broader mission of antithrombotic steward-
ship.15,16 Therefore, we conducted this study to evaluate
the comparative effectiveness of different management
strategies in patients using warfarin.
Methods
We conducted this study in accordance with the
Cochrane Collaboration guidelines for systematic review
of interventions17 and followed the PRISMA 2020
statement18 as well as the PRISMA extension statement
for reporting of systematic reviews incorporating NMA
of health care interventions.19 Our study protocol was
registered in PROSPERO (CRD42023491978).

Search strategy
We searched the following bibliographic databases:
PubMed, EMBASE, the Cochrane Central Register of
clinical trials (CENTRAL), and CINAHL from the
inception of each database to August 2023, with an
update on 8 May 2024. We also searched grey literature
using EBSCO Open Dissertation. Our search strategy
www.thelancet.com Vol 74 August, 2024
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comprised both free text and thesaurus to cover possible
synonyms of the following key domains: 1) warfarin; 2)
warfarin management strategies; and 3) randomized
controlled trial (RCT). The complete search terms for
each database are presented in Appendix 1. We also
performed other searching techniques in addition to
database searches.

Selection criteria
We included RCTs that met the following criteria: 1)
conducted in patients who use warfarin for any indica-
tion and at any dose, with a study duration of at least one
month; 2) compared the effect of at least two of the
following warfarin management strategies: AMS, PSM,
PST, and usual care; and 3) measured one of the
following outcomes: all-cause mortality, fatal stroke,
fatal pulmonary embolism, major bleeding, major
thromboembolic events, stroke, myocardial infarction,
hospitalization, and time in therapeutic INR range
(TTR). Three reviewers (KB, WK, and HH) were paired
and independently screened the titles and abstracts of
the search results. Full-text articles that passed the title/
abstract screening process were subsequently assessed
independently by a pair of reviewers (KB, WK, and HH).
Disagreements and uncertainties about inclusion were
discussed and resolved by TD.

Data extraction
KB and WK independently extracted data using a data
extraction form modified from the Cochrane Effective
Practice and Organization of Care Group (EPOC)
guidelines.20 Data extracted included: study design and
duration; study aim; setting; number of participants and
their characteristics; treatment stage (initiation vs
maintenance); inclusion criteria; characteristics of the
intervention and comparator; outcome measurement;
and funding sources. Data extraction was randomly
verified by TD.

Risk of bias assessment
We assessed risk of bias for each outcome using the
EPOC risk of bias tool.21 Each study was classified as
being of low risk, high risk, or unclear risk. KB and WK
independently performed the quality assessment, with
any disagreements resolved through discussion or by
consulting a third reviewer, TD.

Statistics
We drew a network geometry to explore the comparative
relationship among different types of warfarin man-
agement strategies for each comparable outcome. We
performed global network inconsistency tests to evaluate
the extent of disagreement between direct and indirect
effects.22 Statistical heterogeneity between studies with
direct evidence was assessed using the Chi-squared test
and I2. We also conducted transitivity assessments to
www.thelancet.com Vol 74 August, 2024
explore the distribution of clinical variables that might
affect the outcomes of interest.

We conducted NMAs with a random-effects model in
the frequentist framework23 to compare the effect of
different warfarin management strategies, using usual
care as a common comparator in each NMA model.
Direct and indirect evidence were incorporated into the
NMAs when direct comparisons between management
strategies were available. We reported the effect esti-
mates alongside the corresponding 95% confidence in-
tervals (CI). Effect measures for dichotomous data were
presented as risk ratios (RR), whereas mean differences
(MD) illustrated the effects of TTR.

We estimated the probability of which warfarin
management strategies are best by using the surface
under the cumulative ranking (SUCRA).24 SUCRA
values range from 0 to 100%; the larger the SUCRA
value, the better the treatment’s rank.25 We conducted
sensitivity analyses by excluding: small trials (<25th
percentile of sample size); and trials with high risk of
bias.26 Subgroup analyses were based on the country
of origin (US vs others); duration of study (less than
12 months and 12 months or more); warfarin treat-
ment status (initiation and maintenance); proportion
of warfarin treatment for AF indication (less than
50% and 50% or more); and warfarin dose (high dose
of more than or equal to 50 mg/week vs non-high
dose of less than 50 mg/week). Publication bias was
evaluated for small study effects using a comparison-
adjusted funnel plot and Egger’s test. A p-value of
<0.05 was considered statistically significant. All
analyses were conducted using STATA 17 (College
Station, TX).

We assessed the certainty of evidence using the
Confidence in Network Meta-Analysis (CINeMA) online
platform.27 Judgements were summarized into four
levels of confidence for each relative treatment effect
according to the standard Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
assessment28: high (the true effect closely matches the
estimated effect), moderate (the estimate is likely accu-
rate but may differ substantially), low (limited confi-
dence with potential substantial difference from the
estimate), and very low (very little confidence in the
estimate, with the true effect likely being substantially
different).

Ethics
Due to the nature of the present study, informed con-
sent or approval by local ethical committees was not
required.

Role of the funding source
The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the study.
3
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Results
Search results
We identified 2656 articles from bibliographic databases
search after duplicates were removed (Fig. 1). Of these,
75 full-text articles passed title/abstract screening, were
retrieved, and reviewed for eligibility. A total of 52 arti-
cles were excluded after full text review (see the com-
plete list in Appendix 2). Five additional RCTs,
identified from previous relevant systematic reviews and
other search techniques, were included, resulting in a
total of 28 trials29–56 included in our study. Two 3-arm
trials divided their intervention groups based on
different INR measurement frequencies35 and PSM al-
gorithms.47 However, in our analysis exploring the
broad types of warfarin management, we combined the
groups with the same management type in each trial.

Study characteristics
Of the 28 included trials, 8 were conducted in the
United States29,30,34,46,49,51,52,54 (Table 1); 5 in Canada55; 4
each in the UK39–41,43 and Denmark31,35,36,47; 2 in Ireland50;
and 1 each in Australia,37 Brazil,45 Germany,38 Hong
Kong,33 and Turkey.56 The study duration ranged from 1
month to 24 months (interquartile range: 6–12), with 16
trials lasting less than 12 months.30–32,34,39,41–44,47,49,51–55 In
total, these 28 trials involved 8100 warfarin users, with
mean age ranging from 48.5 to 74.7 years. Mean daily
warfarin doses among the included studies varied be-
tween 4.9 and 7.2 mg. Race/ethnicity and socio-
economic status were not well reported among the
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included trials. The proportion of participants
prescribed warfarin for AF ranged from 16.1% to
84.1%. The majority of included trials (19) were
conducted in patients on maintenance warfarin
therapy.29,31,32,35–37,39–43,45,46,48,50,51,53,56

Warfarin management strategies
Twenty-two trials compared usual care with other
warfarin management strategies.29,30,32–40,42,44,45,47,49–53,55,56

The practice of usual care appeared similar across
these trials, although some details of the protocols var-
ied. These variations ranged from physicians adjusting
the warfarin dose based on INR readings and dosing
algorithms to practices where physicians managed INR
monitoring and warfarin dosing adjustments without
the support of an anticoagulation protocol (Appendix 3).
Healthcare providers in the 12 AMS trials were phar-
macists (6 trials),32–34,44,48,49 a multidisciplinary team (1
trial),45 nurses (1 trial),54 and unspecified healthcare
providers (4 trials).29,43,46,52,55 In 9 PST trials, patients
performed their own INR tests during the maintenance
phase at the following frequencies: once a week (5
trials),31,35,43,46,52 every two weeks (3 trials),35,41,48 every
month (1 trial),30 or at an unknown frequency (1 trial).54

Warfarin dosing instruction was received from various
sources, including computer application/software guid-
ing healthcare providers (4 trials),35,46,48,52 physicians (2
trials),31,54 and unspecified healthcare providers (3 tri-
als).30,41,43 The frequency of INR measurements by pa-
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Study
(Year)

Country Setting Total
participants
(No.)

Mean
age (SD)

Male (%) AF
Indication
(%)

Warfarin
treatment
phase

Duration of
study (months)

Outcomes Funding

Banet
(2003)29

USA Eight health care centers 231 72 (NR) AMS (55.3)
UC (45.3)

AMS (56.3)
UC (42.1)

Maintenance 18 Major bleeding Public funding

Beyth
(2000)30

USA Hospital 325 74.7
(6.66)

PST (45.4)
UC (41.4)

PST (17.0)
UC (17.0)

Initiation 6 All-cause mortality; Hospitalization; Major bleeding;
Major TE

Public funding

Brasen
(2018)31

Denmark Anticoagulation Clinic 87 69.39
(NR)

PSM (79.5)
PST (79.1)

PSM (65.9)
PST (62.7)

Maintenance 10 All-cause mortality; Major bleeding; TTR (NR) Not received
funding

Bungard
(2012)32

Canada Anticoagulation Clinic and
primary care practice

62 NR (NR) AMS (62.5)
UC (60.0)

AMS (75.0)
UC (83.0)

Maintenance 6 Hospitalization; Major bleeding; Stroke; Major TE; TIA;
TTR (Rosendaal’s methods)

University
funding

Chan
(2006)33

China
(Hong
Kong)

Anticoagulation Clinic in
Hospital

137 59.01
(14)

AMS (35.3)
UC (55.1)

AMS (54.0)
UC (51.0)

Initiation 24 All-cause mortality; Hospitalization; Major bleeding;
Major TE; TIA; TTR (Rosendaal’s methods)

Public funding

Chenella
(1983)34

USA Hospital 81 48.89
(16)

AMS (45.2)
UC (41.0)

NR Initiation 6 All-cause mortality; Major bleeding Not reported

Christensen
(2006)36

Denmark Hospital 100 48.55
(13.76)

PSM (74.0)
UC (60.0)

PSM (34.3)
UC (34.3)

Maintenance 14 All-cause mortality; Major bleeding; Major TE Public funding

Christensen
(2011)35

Denmark Anticoagulation Clinic in
Hospital

140 63.54
(NR)

PST (68.7)
UC (87.5)

PST (53.6)
UC (67.5)

Maintenance 12 All-cause mortality; TTR (Rosendaal’s methods) Hospital funding

Dignan
(2013)37

Australia Hospital 310 59.71
(11.76)

PSM (67.3)
UC (70.7)

PSM (43.1)
UC (40.8)

Maintenance 12 All-cause mortality; Major bleeding; Major TE Industrial
funding

Eitz
(2008)38

Germany Health care center 765 58.71
(8.04)

PSM (73.0)
UC (63.1)

PSM (28.0)
UC (32.0)

Initiation 24 Major bleeding; Major TE Not reported

Fitzmaurice
(2002)39

UK Six general practices 49 66.18
(NR)

PSM and
UC (75.5)

PSM and
UC (55.1)

Maintenance 6 All-cause mortality; Major bleeding; TTR (NR) Industrial
funding

Fitzmaurice
(2005)40

UK Primary care centers 617 65 (NR) PSM and
UC (64.8)

NR Maintenance 12 All-cause mortality; Stroke; TIA; TTR (Rosendaal’s
methods)

Public funding

Gardiner
(2006)41

UK Anticoagulant clinic 104 NR (NR) PSM (60.0)
PST (61.2)

PSM (41.8)
PST (38.7)

Maintenance 6 TTR (Rosendaal’s methods) Public funding

Grunau
(2011)42

Canada Family practice 11 72.29
(NR)

PSM (66.7)
UC (80.0)

PSM (33.3)
UC (60.0)

Maintenance 8 Major bleeding; Major TE Not received
funding

Khan
(2004)43

UK Anticoagulation clinic 125 NR (NR) PST (65.0)
AMS (48.7)

PST (100)
AMS (100)

Maintenance 6 Major TE; TTR (Rosendaal’s methods) Public funding

Lalonde
(2008)44

Canada Hospital 250 65.42
(11.6)

AMS (49.2)
UC (53.3)

AMS (58.6)
UC (60.6)

Initiation or
maintenance

6 All-cause mortality; Major TE Public and
Industrial
funding

Martins
(2023)45

Brazil Hospital 280 56.8
(13.1)

AMS (43.4)
UC (47.0)

AMS (66.7)
UC (60.9)

Maintenance 12 All-cause mortality; TTR (Rosendaal’s methods) Public funding

Matchar
(2010)46

USA 28 Health care centers 2922 67
(9.41)

PST (98.4)
AMS (98.6)

PST (82.1)
AMS (84.1)

Maintenance 24 All-cause mortality; Major TE; Major bleeding; Stroke;
TTR (Rosendaal’s methods)

Public funding

Rasmussen
(2012)47

Denmark Hospital 54 NR (NR) PSM (57.0)
UC (59.0)

NR Initiation 7 TTR (Rosendaal’s methods) Public funding

Ryan
(2009)48

Ireland Anticoagulation Clinic in
Hospital

132 58.7
(14.3)

PST and
AMS (60.6)

PST and
AMS (32.6)

Maintenance 12 TIA; TTR (Rosendaal’s methods) Public and
Industrial
funding

Schillig
(2011)49

USA Hospital 500 66.05
(14.98)

AMS (54.0)
UC (56.4)

AMS (54.4)
UC (66.4)

Transition after
discharge

1 Major bleeding; Major TE Industrial
funding

Sidhu
(2001)50

Ireland NA 100 60.902
(NR)

PSM (52.9)
UC (38.8)

NR Maintenance 24 All-cause mortality; Major bleeding; Stroke; Major TE;
Hospitalization; TTR (Rosendaal’s methods)

Industrial
funding

Sunderji
(2004)51

USA Tertiary care center 139 59.96
(NR)

PSM (64.0)
UC (77.0)

PSM (29)
UC (39)

Maintenance 8 Major bleeding; Major TE; TTR (Rosendaal’s methods) Public funding

(Table 1 continues on next page)
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(6 trials),31,36,37,47,50,53 every two weeks (4 trials),39–41,56 at
patient’s discretion (2 trials),38,51 or at unspecified in-
tervals (1 trial).42

Risk of bias of included trials
Since the risk of bias may vary for certain steps in
RCTs across different outcomes, the risk of bias in
the included trials was assessed and reported sepa-
rately for each outcome (see Appendix 4). Among the
15 trials reporting all-cause mortality, 9 were justified
as having a low risk of bias,33,35,36,39,40,44,45,53,55 4 an un-
clear risk,30,31,34,46 and 2 a high risk of bias.37,50 For
other outcomes, a higher proportion of trials exhibited
an overall unclear risk of bias. This was attributed to
the need for clearer reporting of outcome assess-
ments. For example, 14 out of 18 trials, and 12 out of
17 trials were justified as having unclear risk of bias
for major bleeding29–34,36,38,39,42,46,49,51,54 and major
TE.30,32,33,36,38,42,43,46,49,51,53,54

Effects on all-cause mortality
There were 15 trials, involving a total of 5631 patients,
that reported all-cause mortality. Direct evidence was
present in almost all treatment comparisons, except
between PSM and AMS (Fig. 2A). There were no sig-
nificant differences in all-cause mortality among the
four different types of warfarin management strategies,
as shown in Table 2 and Appendix 5, with the certainty
of evidence ranging from very low to moderate
(Appendix 6).

Effects on TE events
A network geometry for TE events was constructed from
17 trials (6180 patients), although direct evidence be-
tween PSM vs AMS, and PSM vs PST was lacking
(Fig. 2B). Among the four warfarin management stra-
tegies, only PSM demonstrated a significantly lower risk
of TE events compared to AMS and usual care, RRs
(95% CI) of 0.42 (0.18, 0.99) and 0.41 (0.24, 0.71), with
low and moderate certainty of evidence, respectively
(Table 2). There was no direct evidence comparing PSM
and AMS. The RR from direct evidence of PSM
compared with usual care was identical with the
network meta-analysis findings without heterogeneity
(0.41; 95% CI: 0.24, 0.71; I2 = 0.0%). The cumulative
probability of reducing the risk of TE events, as indi-
cated by SUCRA, also supported these findings,
showing PSM with the highest SUCRA of 97.6%, fol-
lowed by PST at 52.6% (see Appendix 5). This means
PSM is most likely to be better than PST, AMS, and
usual care.

Effects on major bleeding
Eighteen trials involving 6185 participants reported data
on major bleeding. The network geometry had direct
evidence in all treatment comparisons, except for PSM
vs AMS (Fig. 2C). No significant differences were
www.thelancet.com Vol 74 August, 2024
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Fig. 2: Network geometry of treatment comparisons of warfarin self-care. Abbreviations: AMS = Anticoagulation management service;
INR = International normalized ratio; PSM = Patient self-management; PST = Patient self-testing; UC = Usual care. The numbers along the
connection lines in each network geometry indicate the number of studies for each direct comparison.
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Outcomes PSM vs UC PST vs UC AMS vs UC PSM vs AMS PST vs AMS PSM vs PST

All-cause mortality (15 trials), RR 0.51 (0.21, 1.22)
Certainty ⊕⊕⊕◯

0.79 (0.48, 1.30)
Certainty ⊕⊕◯◯

0.75 (0.41, 1.35)
Certainty ⊕◯◯◯

0.68 (0.23, 2.00)
Certainty ⊕◯◯◯

1.05 (0.66, 1.67)
Certainty ⊕◯◯◯

0.65 (0.24, 1.75)
Certainty ⊕◯◯◯

Major TE events (17 trials), RR 0.41 (0.24, 0.71)a

Certainty ⊕⊕⊕◯
0.82 (0.47, 1.45)
Certainty ⊕◯◯◯

0.97 (0.51, 1.87)
Certainty ⊕◯◯◯

0.42 (0.18, 0.99)a

Certainty ⊕⊕◯◯
0.85 (0.55, 1.29)
Certainty ⊕◯◯◯

0.50 (0.23, 1.10)
Certainty ⊕⊕◯◯

Major bleeding (18 trials), RR 0.98 (0.65, 1.46)
Certainty ⊕⊕⊕◯

0.90 (0.48, 1.67)
Certainty ⊕◯◯◯

0.89 (0.48, 1.68)
Certainty ⊕◯◯◯

1.09 (0.52, 2.29)
Certainty ⊕◯◯◯

1.00 (0.81, 1.24)
Certainty ⊕⊕⊕◯

1.09 (0.52, 2.26)
Certainty ⊕◯◯◯

Stroke (7 trials), RR 0.50 (0.10, 2.44)
Certainty ⊕◯◯◯

0.92 (0.09, 9.11)
Certainty ⊕◯◯◯

0.95 (0.10, 8.94)
Certainty ⊕◯◯◯

0.53 (0.03.8.26)
Certainty ⊕◯◯◯

0.97 (0.59, 1.57)
Certainty ⊕◯◯◯

0.55 (0.03, 8.92)
Certainty ⊕◯◯◯

TIA (5 trials), RR 1.66 (0.06, 49.44)
Certainty ⊕⊕◯◯

1.57 (0.20, 12.12)
Certainty ⊕◯◯◯

2.01 (0.31, 12.82)
Certainty ⊕◯◯◯

0.83 (0.02, 39.61)
Certainty ⊕⊕◯◯

0.78 (0.08, 7.88)
Certainty ⊕◯◯◯

1.06 (0.02, 55.42)
Certainty ⊕◯◯◯

Hospitalization (6 trials), RR 1.32 (0.52, 3.31)
Certainty ⊕⊕⊕◯

0.35 (0.10, 1.16)
Certainty ⊕◯◯◯

1.41 (0.27, 7.31)
Certainty ⊕◯◯◯

0.94 (0.14, 6.19)
Certainty ⊕⊕◯◯

0.25 (0.04, 1.51)
Certainty ⊕◯◯◯

3.78 (0.83, 17.25)
Certainty ⊕◯◯◯

TTR (17 trials), MD (%) 7.39 (2.39, 12.39)a

Certainty ⊕◯◯◯
7.85 (1.82, 13.88)a

Certainty ⊕◯◯◯
2.08 (−4.26, 8.42)
Certainty ⊕⊕⊕◯

5.31 (−2.20, 12.82)
Certainty ⊕⊕◯◯

5.77 (−0.52, 12.06)
Certainty ⊕⊕◯◯

−0.46 (−7.20, 6.28)
Certainty ⊕◯◯◯

Certainty of evidence: ⊕◯◯◯ = Very low; ⊕⊕◯◯ = Low; ⊕⊕⊕◯ = Moderate; ⊕⊕⊕⊕ = High. AMS = Anticoagulation management service; INR = International normalized ratio; MD = Mean
difference; PSM = Patient self-management; PST = Patient self-testing; RR = Risk ratio; UC = Usual care. aStatistically significant.

Table 2: Effect estimates among treatment comparisons for studied outcomes.

Articles

8

observed in major bleeding across the four warfarin
management approaches, with very low to moderate
certainty (Table 2).

Effects on TTR
Comparative estimates from a network of 17 trials (5163
patients) showed that, when compared with usual care,
higher TTR was observed in patients practicing PSM
(MD 7.39%; 95% CI: 2.39, 12.39) and PST (MD 7.85%;
95% CI: 1.82, 13.88), although both evidence were
graded as very low certainty. SUCRA findings also
indicated that these two strategies were more likely to be
better than others in anticoagulation control, having
SUCRA of 79.1% for PSM, and 83.4% for PST
(Appendix 5). According to SUCRA findings and the
pooled estimates of these two strategies compared with
usual care, it appears that PST is likely to be better than
PSM for TTR improvement. However, the certainty of
these estimates was rated as very low due to some
concern for within-study bias and major concern for
heterogeneity (Appendix 6).

In contrast to the pooled estimate from the network
meta-analysis, the direct evidence showed no signifi-
cant effect on TTR between PSM and usual care (MD
6.49; 95% CI: −3.09, 16.07). This finding was also
accompanied by high heterogeneity (I2 = 96.1%), which
was one of the reasons for the very low certainty of
evidence in this comparison. We explored the sources
of heterogeneity by excluding trials with a baseline
TTR greater than 65% and trials with a study duration
of more than 12 months. The results indicated that
trials involving participants with a baseline TTR over
65% were the source of heterogeneity. After elimi-
nating trials with baseline TTR greater than 65%, the
effects of PSM and PST remained significantly higher
than usual care, with improved certainty of evidence
from very low to low.
Effects on stroke, TIA, and hospitalization
A small number of included trials measured the effects
of warfarin management strategies on stroke (7 trials),
TIA (5 trials), and hospitalization (6 trials). None of the
four strategies had a significant impact on these out-
comes (Table 2).

Sensitivity and subgroup analyses
Sensitivity analyses revealed trends and effect sizes like
those in the main analysis, although some were not
statistically significant in analyses that excluded trials
with small sample sizes and those with a high risk of
bias (Appendix 7). Subgroup analyses based on the
country of origin and study duration for all outcomes
demonstrated comparable effect estimates across
different subgroups (Appendix 8). However, the
warfarin treatment phase and proportion of AF-treated
patients presented contradictory findings among
different subgroups, suggesting they might be potential
effect modifiers. Notably, PSM significantly reduced the
risk of TE events compared with usual care in studies
lasting 12 months or longer (RR 0.41; 95% CI 0.23,
0.72), and among patients starting warfarin treatment
(RR 0.42; 95% CI 0.22, 0.81). No significant effects were
observed in other subgroups. It was not feasible to
compare the effects of high dose warfarin with low dose
warfarin since there was only one trial using high
dose warfarin. However, the findings of non-high dose
warfarin (less than 50 mg/week) were consistent with
the main analysis.

Exploration for heterogeneity, inconsistency,
transitivity, and publication bias
The pooled estimates from pairwise meta-analyses of
direct evidence appeared similar to those calculated
from network meta-analyses, which consider both direct
and indirect evidence, across various comparisons for all
www.thelancet.com Vol 74 August, 2024
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outcomes (see Appendix 5). No significant heterogeneity
was observed among the majority of direct evidence in
the pairwise meta-analyses. There were no effect esti-
mate inconsistencies between direct and indirect evi-
dence within the network for all outcomes (Appendix
5,7, and 8). Transitivity across treatment comparisons
was assessed with an emphasis on effect modifiers
identified from subgroup analyses. The findings indi-
cated some concern in specific comparisons (Appendix
9), which in turn affected the certainty of evidence.
The funnel plots for all-cause mortality, major TE
events, major bleeding, and TTR outcomes appeared
symmetrical, suggesting no risk of small-study effects as
a proxy for publication bias (Appendix 10). This was
confirmed by non-significant Egger’s tests.
Discussion
Our study provides comparative evidence on the effects
of different warfarin management strategies on clini-
cally important outcomes. The strength of our study lies
in the use of a network meta-analysis approach, which
incorporates both direct and indirect evidence. This
represents the first network meta-analysis to compare all
types of warfarin management strategies. The certainty
of evidence and findings from sensitivity analyses give
us confidence that PSM significantly reduces the risk of
TE events. This effect is likely due to its beneficial ef-
fects on coagulation control, as indicated by a higher
TTR, compared to usual care. However, while PST
improved TTR, effects on clinical outcomes were not
observed. Compared with other interventions, usual
care and AMS offered no advantages for any outcomes
of interest.

The beneficial effect of PSM in reducing the risk of
TE events, when compared with usual care, aligns with
findings from a previous Cochrane review on self-
monitoring and self-management of oral anticoagu-
lant,13 as well as our previous NMA on warfarin self-care
strategies.14 The effect of PSM in reducing the risk of
major TE events was not much different between the
current study and our previous one (RR 0.41; 95% CI
0.24–0.71 vs RR 0.39; 95% CI 0.20–0.77).14 The current
study has also shown a beneficial effect of PSM over
AMS, which was not covered in our previous study. One
plausible explanation is the improved coagulation con-
trol through PSM, possibly due to the enhanced ability
of patients to monitor their INR and self-adjust warfarin
dose accordingly. PSM was also shown to lower the risk
of TE events in a subgroup of trials involving patients
who were initiating warfarin therapy. This finding sug-
gests that warfarin-naïve patients could benefit from
PSM, provided they are capable of self-management.
However, given the requirement for appropriate moni-
toring and support during the course of treatment, the
additional workload on healthcare providers should be
considered. Of note, the effectiveness of PSM observed
www.thelancet.com Vol 74 August, 2024
in our study was derived from findings from RCTs
where practice protocols were strictly followed. Suc-
cessful implementation of a PSM program requires the
following components: creating a dosing algorithm,
providing comprehensive patient education materials,
establishing standard operating procedures, and inte-
grating PSM into clinic workflows with proper training
sessions.57

Although the effect of PSM on TE was shown to be
better than that of AMS, the certainty of this evidence
was rated as low. Furthermore, a sensitivity analysis
excluding trials with a high risk of bias failed to
support this effect. Therefore, advocating for PSM
over AMS based solely on its effect on TE events
should be undertaken cautiously. The impact of
reducing the risk of TE events between PSM and
AMS requires further investigation through high-
quality studies.

PSM and PST were shown to improve TTR when
compared with usual care, aligning well with the find-
ings from our previous study.14 The certainty of this
evidence has changed from very low to low after
removing trials with participants’ baseline TTR greater
than 65%. It is plausible that there was not much room
for significant improvement in this patient group.
Accordingly, we suggest that PSM and PST could be
useful for coagulation control and should be considered
in patients with a baseline TTR of less than or equal to
65%. However, these approaches often require more
frequent INR tests and support from healthcare pro-
viders, which may result in higher costs and require
further investigation of cost-effectiveness. Additionally,
this recommendation is based on low certainty of evi-
dence and requires validation through further well-
designed RCTs.

Unlike the previous Cochrane review by Heneghan
et al.,13 our findings showed no significant effects of
PSM on all-cause mortality. The difference in findings
could be attributed to the methodological variations and
specific inclusion criteria between the studies, with our
study focused solely on warfarin. Additionally, Hene-
ghan et al. conducted a pairwise meta-analysis
combining usual care or AMS as a comparator,
whereas our study used an NMA approach that con-
siders both direct and indirect evidence to enhance the
precision of the pooled estimates and differentiate usual
care from AMS, as these two management programs
showed different effects on the outcomes. We have also
updated the search to include more recent evidence up
to May 2024, while the included trials in Heneghan
et al.’s study were dated to July 2015. Study duration
may also influence the treatment effects, as findings
from subgroup analysis indicated that trials with a study
duration longer than or equal to 12 months have nar-
rower confidence intervals and only slightly cross the
line of no effect compared to trials shorter than 12
months.
9
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Our study has some limitations. Firstly, the details of
warfarin management among the included trials were
not uniform, with variations in management protocols
such as testing frequency, patient education, and sup-
port from healthcare providers. Further study is
required to investigate the impact of these variations on
treatment outcomes. Secondly, while our study high-
lighted significant effects in certain comparisons, most
of the evidence was rated as having low or very low
certainty, largely due to within-study bias. Thirdly, we
focused solely on warfarin self-care, not all vitamin K
antagonists (VKAs). This decision was made to avoid
heterogeneity from different VKAs with varying phar-
macokinetic properties, which have been shown to
significantly impact TTR in patients who conducted
anticoagulant self-management.58 Therefore, the find-
ings from this study cannot be generalized to other
VKAs. Lastly, not all interventions were available for all
outcomes, forcing us to rely solely on indirect evidence
to estimate treatment effects. This approach may reduce
the precision of our findings. We suggest further
research to measure and report all relevant clinical
outcomes, to provide a comprehensive understanding of
the effects of warfarin management.

Further well-designed RCTs on PSM could enhance
the certainty of evidence, strengthen the recommenda-
tions, and provide important insights into key imple-
mentation elements. We also encourage research to
understand the adoption of PSM among warfarin users
and healthcare providers, to refine its implementation,
and to evaluate the cost-effectiveness of different
warfarin management strategies.

Our study highlights the potential of PSM in
reducing TE events compared to usual care and AMS.
PSM and PST also demonstrated improving coagulation
control in patients treated with warfarin. The moderate
certainty of evidence regarding the effects of PSM on
reducing the risk of TE events supports the beneficial
impacts of PSM. We suggest healthcare providers and
policymakers consider adopting and promoting PSM in
appropriate patient populations.
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