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Abstract

Purpose To perform a systematic umbrella review with meta-analysis to evaluate the certainty of evidence on mortality risk
associated with digoxin use in patients with atrial fibrillation (AF) with or without heart failure (HF).

Methods We systematically searched MEDLINE, Embase, and Web of Science databases from inception to 19 October
2021. We included systematic reviews and meta-analyses of observational studies investigating digoxin effects on mortality
of adult patients with AF and/or HF. The primary outcome was all-cause mortality; secondary outcome was cardiovascular
mortality. Certainty of evidence was evaluated by the Grading of Recommendations Assessment, Development and Evalu-
ation (GRADE) tool and the quality of systematic reviews/meta-analyses by the A MeaSurement Tool to Assess systematic
Reviews 2 (AMSTAR?2) tool.

Results Eleven studies accounting for 12 meta-analyses were included with a total of 4,586,515 patients. AMSTAR? analysis
showed a high quality in 1, moderate in 5, low in 2, and critically low in 3 studies. Digoxin was associated with an increased
all-cause mortality (hazard ratio [HR] 1.19, 95% confidence interval [95%CI] 1.14—1.25) with moderate certainty of evi-
dence and with an increased cardiovascular mortality (HR 1.19, 95%CI 1.06—1.33) with moderate certainty of evidence.
Subgroup analysis showed that digoxin was associated with all-cause mortality both in patients with AF alone (HR 1.23,
95%CI 1.19-1.28) and in those with AF and HF (HR 1.14, 95%CI 1.12-1.16).

Conclusion Data from this umbrella review suggests that digoxin use is associated with a moderate increased risk of all-cause and
cardiovascular mortality in AF patients regardless of the presence of HF.

Trial registration This review was registered in PROSPERO (CRD42022325321).

Keywords Digoxin - All-cause mortality - Cardiovascular mortality - Atrial fibrillation - Heart failure

Introduction rate and rhythm control by anti-arrhythmic drugs [1, 2]. Indeed,

beyond anticoagulation therapy, thythm and rate control strategies
The management of patients suffering from atrial fibrillation (AF) are cornerstone for the acute and chronic management of patients
is multifactorial including thromboprophylaxis for cardioembolic with AF [3]. Among anti-arrhythmic drugs, digoxin is a still
stroke by anticoagulant treatment, symptoms management, and  widely used drug to control heart rate in AF patients. The 2020

guidelines from the European Society of Cardiology (ESC) rec-
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patients with left ventricular ejection fraction <40% (class I level
of evidence B) [3]. In addition, the ESC guidelines recommend
the long-term use of digoxin in patients in whom an adequate rate
control cannot be achieved by beta blockers at maximum tolerated
dose or when beta-blockers are contraindicated or not tolerated
with low class of evidence (Ila) [3].

Digoxin is also recommended by the “2021 ESC guide-
lines for the diagnosis and treatment of acute and chronic
heart failure” for the treatment of patients with heart fail-
ure (HF) and sinus rhythm to reduce the risk of hospitali-
zation and symptoms burden (class IIb level B) [4]. A sim-
ilar recommendation is provided by the 2022 AHA/ACC/
HFSA Guideline for the Management of Heart Failure [5].

During the last decades, concerns regarding the safety of
digoxin have been raised. In particular, some studies showed
an increased risk of death in patients with AF treated with
digoxin, especially when supratherapeutic blood concentra-
tions are reached [6, 7]. Given the possibility of the pres-
ence of an indication bias (i.e., administration of digoxin to
sicker patients), also propensity-matched studies have been
performed providing divergent conclusions [8, 9].

However, several systematic reviews and meta-analyses
investigating the association of digoxin with all-cause and car-
diovascular mortality reported conflicting evidence [10, 11].

Given the impossibility of obtaining data from a ran-
domized trial testing the safety and efficacy of digoxin in
addition to standard therapy, we performed an umbrella
review of systematic reviews and meta-analyses, focusing
on patients with AF with and without HF, in whom the use
of digoxin has recommendation by international guidelines.

Methods

This review was registered in PROSPERO (CRD42022325321).
This umbrella review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [12]. (Supplementary Fig. 1).

Data sources and searches

A systematic literature search was conducted by two inde-
pendent authors on MEDLINE, Embase, and Web of Sci-
ence databases from inception to 19 October 2021. Key-
words used to perform the search were “digoxin”, “atrial
fibrillation”, “mortality”, and “meta-analysis” combined
with Boolean operators were used to find articles. Search
strategy was adapted for each database; a complete list of

search strings is available in Supplementary Material 1.
Study selection

Criteria of inclusion were defined as follows: Meta-analysis
of studies investigating digoxin effects compared to standard
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of care on mortality of patients with AF; patients included in
studies must be at least 18 years old; effect sizes must be pro-
vided as relative risk (RR) or hazard ratio (HR) with 95% con-
fidence intervals (95%CI). Only articles with full-text avail-
able were considered. No restrictions were placed on language
or publication date. Meta-analyses which did not report data
concerning mortality were excluded. Multiple meta-analyses
reported in a single paper (e.g., multiple outcomes or based on
different types of studies) were included separately.

Study selection was performed by two independent
authors, and disagreements were resolved through discus-
sion with the senior author. Titles and abstracts of each arti-
cle were screened to remove duplicates, and full texts of
promising articles were read to assess eligibility. Reference
lists of eligible articles were hand-searched to identify addi-
tional relevant meta-analyses.

Data extraction

Two investigators independently extracted the following data
from each eligible study: name of first author; year of publica-
tion; outcomes; databases whose searches were based on; period
of time searched; number and type of included studies; follow-
up period; digoxin indication; number of patients with AF; over-
all mortality; cardiovascular mortality; mortality in patients with
only AF; and mortality in patients with AF and HF.

Outcomes

All-cause mortality was the primary outcome. Secondary
endpoint was cardiovascular mortality. A subgroup analy-
sis in patients with AF alone or AF and HF was performed.

Quality evaluation and risk of bias assessment

Quality of each included meta-analysis was evaluated with
the assessment of multiple systematic reviews (AMSTAR)
2 tool [13]. This tool aims at evaluating systematic reviews
quality by answering “no”, “partial yes”, or “yes” to 16 dif-
ferent items. Items 4, 9, 11, 12, and 15 are considered critical
domains. The quality of studies was defined as follows: high
(no or 1 non-critical weakness), moderate (more than 1 non-
critical weakness), low (1 critical flaw with or without non-
critical weaknesses), or critically low (more than one critical
flaw with or without non-critical weaknesses) (Table 1).

Data synthesis and analysis

Meta-analyses for each endpoint separately were performed
based on random effects, using the logarithm of hazard ratios
(HRs) associated as outcome. Inverse variance weights were
used in all cases. Pooled effects were obtained through maxi-
mum likelihood.
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Table 1 AMSTAR?2 tool evaluation of the quality of the included systematic reviews/meta-analyses

Overall quality

Q11 Q12 Q13 Q14 Q15 QI6

Q9 Q10

Q6 Q7 Q8

Q5

Q2 Q3 o

Q1

Author

Moderate

No Yes Yes No No Yes Yes

Partial Yes

No No Partial Yes
Yes Yes

No

Partial Yes
Partial Yes

No

Yes

Bavishi et al. [25]

Moderate

Yes Yes No Yes Yes Yes

No

Yes No

Yes

No No

Yes

Chamaria et al. [26]

Moderate

Partial Yes Yes No Yes Yes No Yes Yes Yes

Partial Yes

No

Yes

No

Yes

Partial Yes

No

Yes

Ouyang et al. [10]

Critically low

No No No Yes Yes Yes

Partial Yes Yes No No No
No

No No

Yes

Wang et al. [27]

Critically low
Moderate

Yes No No Yes Yes

No

Partial Yes

Yes No
Yes

Yes

No

No Partial Yes
Yes Yes

No

Yes

Chen et al. [28]
Ziff et al. [11]

Yes Yes Yes Yes Yes Yes

No

Yes

No

Yes

Yes

Yes

Critically low
Moderate
High

Low

Yes No Yes Yes Yes Yes

No No

Partial Yes
Partial Yes

No No Partial Yes Yes No No
Yes

Yes

Qureshi et al. [29]
Zeng et al. [30]

No Yes Yes Yes Yes Yes Yes

Yes

Yes

No Yes No
Yes No

Yes

Partial Yes

Yes

Yes

Yes Yes Yes Yes Yes Yes

Yes

Yes Yes

Yes

Sethi et al. [31]

Yes No No No Yes Yes

Yes No

No No Yes

Yes

No No Partial Yes
Yes Yes

Yes

Vamos et al. [32]
Wang et al. [33]

Yes No No No Yes Yes Low

No

Yes

No Yes

Yes

Yes No

Yes

Heterogeneity was evaluated by calculating the I? index.
According to arbitrary cut-offs, low, moderate, and high
heterogeneity was defined as an I? of <25%, 25-75%,
and > 75%, respectively.

Publication bias was assessed for studies reporting out-
comes according to digoxin use, with the use of funnel plots.
Egger’s test was also performed.

Analyses were performed using the R (R Development
Core Team) software version 3.6.1; statistical significance
level was set at 0.05, and all p values were two-tailed.

Certainty of evidence

Two authors independently evaluated certainty of evidence
using GRADEproGDT according to the GRADE Handbook
[14]. GRADE categorizes certainty of evidence into very
low, low, moderate, or high; the higher the category, the
greater the confidence that the true effect is close to the
reported findings. The following characteristics are consid-
ered in order to assess the right category: design of study
(observational, randomized clinical trial), inconsistency
across studies (I statistics), imprecision of the findings,
indirectness (e.g., due to mixed outcome), publication bias,
size effect, and presence of dose-response gradient.

Ethics approval

This is an umbrella review with meta-analysis. No ethical
approval is required.

Results

Three hundred ninety-seven articles were obtained from the
initial search. After duplicates removal, 350 papers were
evaluated. After a first screening, 39 studies were eligible
for detailed analysis, but 5 had no full-text available. Finally,
11 studies met the eligibility criteria and were included in
the umbrella review. The strategy search is summarized in
PRISMA flow diagram (Supplementary Fig. 1).

Table 1 shows AMSTAR 2 items evaluation for every
included meta-analysis. Overall, out of the 11 papers, 1 had
a high, 5 moderate, 2 low, and 3 critically low quality. In
particular, as far as it regards critical domains, each paper
reported a proper use of comprehensive literature search
queries and a significant publication bias assessment (Q4,
11/11, and Q15, 11/11, respectively). Almost every paper
used an appropriate method for statistical combination of the
results (Q11, 10/11), while some critical issues were found
in the evaluation of technique for assessing risk of bias and
in determining its implication on the results of the meta-
analysis (Q9 8/11 and Q12 6/11, respectively).

@ Springer
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Strategy search, year of publication, inclusion, and exclu-
sion criteria are reported in Table 2.

Table 3 summarizes meta-analysis characteristics. Each
study reported synthesis of results expressed as HR or RR.
One paper (Sethi et al.) included only RCTs, while the others
included observational studies and data from registries as
well. A total of 4,586,515 patients were included. The length
of follow-up ranged from 0.4 to 4.7 years. Notably, Ziff and
colleagues [11] reported data on all-cause mortality and car-
diovascular mortality separately for observational and inter-
ventional studies; given the different populations in the two
analyses, we considered them as two different studies.

Funnel plots reported in the Supplementary Fig. 2 did not
show significant publication bias.

All-cause and cardiovascular mortality

All the included studies reported data on the primary out-
come, the all-cause mortality. Figure 1 shows the results
of our umbrella review concerning mortality. Digoxin was
associated with an increased mortality in the overall popula-
tion (HR 1.19, 95%CI 1.14-1.25, panel A) with moderate
certainty of evidence according to the GRADE (Table 4) and
moderate-high heterogeneity (I> 75.8%).

Data on cardiovascular mortality were provided by 5
studies (Fig. 2). Overall, the evidence suggests that digoxin
might result in an increase in cardiovascular mortality (HR
1.19, 95%CI 1.06-1.33) with moderate certainty of evidence
according to the GRADE (Table 4) and moderate heteroge-
neity (12 70.5%).

Subgroup analysis according to the HF

As far as it concerns mortality in AF-only population (Fig. 1B),
only 8 papers provided data concerning this outcome. Our
analysis shows that digoxin may result in an increase in mortal-
ity in this group of patients (HR 1.23, 95%CI 1.19-1.28) with
low certainty of evidence according to the GRADE (Table 4)
and moderate heterogeneity (I 70.8%).

Mortality in patients affected by AF and HF outcome
(Fig. 1C) was explored by 8 papers and provided similar
results. Even in this population, digoxin was associated with
an increase in mortality (HR 1.14, 95%CI 1.12-1.16) with
moderate certainty of evidence according to the GRADE
(Table 4) and no heterogeneity (I2 0%).

Discussion
Results from this umbrella review of meta-analyses indicate

that the use of digoxin may be associated with an increased risk
of all-cause and cardiovascular mortality in patients with AF.

@ Springer

The need for this umbrella review and meta-analysis came
from literature analysis in which a growing number of obser-
vational studies reported a potential harmful effect of digoxin
in AF patients [15, 16]. However, this evidence became con-
flicting after the publication of some meta-analyses providing
discordant results. For this reason, we adopted the methodol-
ogy of the umbrella review, which represents one of the high-
est levels of evidence synthesis currently available [17], to
provide more robust data on the association between digoxin
and mortality in patients with AF, given the lack of data from
a controlled randomized setting. Our analysis indicates an
association of digoxin use with all-cause and cardiovascular
mortality in patients with AF.

Notably, the association with all-cause mortality persisted
in the subgroup of patients with AF and HF, even if with
a lower strength of association. The use of digoxin in AF
patients with HF is well established in clinical practice, but
it should be noted that consolidated evidence showed that
the effect of digoxin may not be so evident when a stable
haemodynamic has been already reached with other drugs
such as diuretics and vasodilators [18], and that digoxin may
work less when an activation of sympathetic system is pre-
sent (e.g., acute decompensated HF) [19]. Thus, HF should
not represent per se an indication to the use of digoxin as
possible harmful effects are also evident in this subgroup
of patients. One of the arguments for the still wide use of
digoxin is its ability to reduce the rate of hospitalization
and the improvement of symptoms in patients treated with
this drug [20]. However, more recently, the TREAT-AF trial
included patients with permanent AF and HF randomized
to receive digoxin or bisoprolol [21]. This study showed
no difference between the two treatments group regarding
symptoms after 6 months of therapy [21].

Strengths of the study are that it is the first systematic
umbrella review of evidence from meta-analyses including a
large sample of patients; even if a number of patients may be
counted more than once given the design of umbrella review,
it still remains the largest number of subjects considered to our
knowledge. Furthermore, we also performed an accurate qual-
ity evaluation, certainty of evidence analysis, and risk of bias.

The different results obtained from the present umbrella
review and meta-analysis in comparison to other previously
published meta-analyses may rely on several reasons includ-
ing different selection of studies, definition of outcomes vari-
able length of follow-up, and lack of quality evaluation of
evidence. In addition, 3 previous meta-analyses had critically
low quality, and 2 had low quality at AMSTAR evaluation.

Clinical implications of our results are relevant consider-
ing that a high number of patients are currently treated with
digoxin worldwide. Clinicians should be aware that digoxin
may be harmful in AF patients, especially in some specific
settings such as in chronic kidney disease or electrolyte



European Journal of Clinical Pharmacology

SYSLI QATIR[QI Yy ‘S[BLI) PI[[ONUOD PIZIWOPUEI 7)Y ‘SONEI pIezey Y ‘QIn[re 11edy JF ‘dn-mo[[0J /)4 ‘S[BAISIUI DUIPYUOD [ ‘UONR[[LIQY [BLN. JV

jurodpud 9y} sem KJI[eIIOW ISNBI-[[ -

sypuow 9 Z ) Jo YSua -

palodar a1om JuaWILAT) UIXOSIP YIIM PIJBIDOSSE SAWOINO JOF S[D%G6 UM SYH -

AV YA sjusned ur Juatiean) [0IU0D 1Ll 118y JOUJo Jo urxoSip ou yim paredwod urxoSi(-
sisATeue 9A1309dson1al ‘[RUOTIBAISSqO ‘1Y -

syuow 9<Ng - 00T oquades Areiqi[ aueIyo0)) ‘osequiy ‘pawqnd 20T [¢€] 'Te 39 Suepp
[D%S6 WM YH st popraoid sozrs 100)4 -
ArerIow asned-[[e uo urxo3JIp Jo $199JJ9 Jo synsal pajsnlpe jo jodoy -
uonendod JH 10 JV -
USISug Ul So[onIe oZIS-[[n] - 810T YoIBIN SUBIYI0D “DUIPIN  610T [z€] 'Te 19 sowrep
Jonny [eLne 1o Jv Yim sjuaned ur SuonuaAIdul SISOI9 ‘papuedxg-1DS
[BIIPAW JYIO JO ‘UONUIAIAIUI OU ‘0qaoe[d sns1oa urxoSip Surredwod s[ern [esuI[d paziopuey- 9107 1290100 ‘SOVIIT ‘@sequi ‘GNI'TAAN “TVILINAD 810T [1€] 12 39 IyIa_s
juopuadopur a1om sArpmg (4)
partodar a1om [D%G6 Surpuodsariod ay) pue WY (€)
ajons 10
[)eop SIUIAYLIE ‘YJeap Je[NOSBAOIPIED ASned AUB WOI) YIeap Sem ISAIJUT JO dwodino Y], (7)
SLDY 10 SAIpPNIS [0NUO0I—ISED ‘SAPNIS 110Y0d d1am suTisop Apnis YT, (1) S10T/LO/TE asequy ‘pANQnd 9107 [0g] 18 39 Suaz,
0UDIOS
S[ELI) [EOTUL[D WOIJ SISATeUE PUE SAIPMIS [BUOHEAIISAQ - Y102/Cl/ST JO gopp “Ie[oydS 9[S000 ‘asequiy ‘NITAAIN 910  [62] Te 99 [ysamQ
SQIpN)s SUIOUO PUE ‘S)ST] OUIIYAT
[01U0J pue UrXo3Ip YIIM SAW0oINo 2AneIedwo)) - $107 AInf ‘ATeIqI] QURIYD0D) ) ‘dsequIT ‘QUIIPAIA  S10T [11]' e PZ
IR 1 <4 Juauean
uIxo3Ip YIIm pajerdosse A)elIow asned-[[e 10J S|D%G6 Pue Yy paisnlpe isreok g pady S102/80/1€ AIe1q[ aueIyo0)) 9y} pue ‘asequy ‘pANQnd  S10T [82] ‘T8 39 UBYD
AV P syuened judysisiad 1o TewsAxored (g
uIxoSIp 9A13I31 JOU PIP 10 saseqejep
PAATOAI JBY) SENPIAIPUT IS0} UT AJI[e1I0W Isned-[[e Jo Ysi oy} Surredwos sarpms [eorury) (| ¥102/21/1 [e1U20 QUBIYO0D) A} pue ‘asequiy ‘PANANd  S10T [L2] 12 39 Suepp
9591]) 2J2[NOEd 0) UONBULIOJUI JUSIDLYNS IO ‘SIOLID PIEPUEIS ‘S[D) UM SAJBWNSI 109JJ9 pajioday -
Surpunojuod enjusjod 10§ Jusunsnipe paqrIosa(q -
1eak | <dn-moy[o -
syuoned Jv ur A)ieliow asned-[e 10y
SLI pUe SN UIX0SIP U99M)Aq UOTIRIOOSSE Y} JUISSISSE SAIpN)s dA1Ndsonal 10 aAndadsolq -
[oTeasal Ueting] - ¥10¢/C1/6C osequi ‘poNQnd  G10C  [01] ‘1239 SuednQ
jurodpua 9y sem A)I[eIIOW ISNBI-[[V -
payrodar sem YH paisnlpy -
syuow 9 < N -
AV P s3d ur Snip ur[onuos-9jer 910 Aue 10 urxo3Ip ou 0) paredwod urxo3I(J -
AH moyim 10 yim JV s syuened ur K)eriow 9sneo-[[e pue urxoSIp uadmiaq UOTBIOOSSE
) 9zATeuE 0} 9A193[qo Arewirid & yiIm SIIpNIS [BUONIBAIISQO 9A1109ds011a1 JO 9A130ads0ld - S10T SOM QUIPIN  ST10Z [9T] ‘Te 19 errewrey)
syquow 92 N - asequuy ‘S[eLn pPA[[0NUOD JO IAISISAI [BNUID
AV pue JH ynm sjuaned ur urxo3Ip Jo asn Ay} Y3Im AJI[elIow asned-[[e uie)-Suof Jo uonenfead - H](g Aleniqaq uoneIoqe[[0d duRIYd0)) ‘sndodg ‘pINgNd  ST10T [s2] '1e 39 Iysiaeg
Yoaeas £3ajeq)s
BLIJJLID UOISNOU]  JOJ JIUI] dUIL], payoaeds aseqeieq JIBIX Joyny

SISA[BUB-RIOUI/SMITAI DJEWIA)SAS [OBS UT PASN BLIJLID UOISN[OXS PUE ‘UOISN[OUT ‘YdIeas ASojeng g ajqeL

pringer

A's



European Journal of Clinical Pharmacology

$1107[00 Areyow
[EUOTIBAIOSqO AD :K1epuooseg
0l ‘LO¥ Jo Aersowr
dH €79°68¢ 8LOTTI 189°10S dH+AV AV s1eak L 40 189105  seskeue dcoy-1sod 6 61 osned-[[e :Arewitld  [67] [& 9 ysanQ
suoIssrupe
[endsoy JH
puUE ‘SUOTSSTWIPE
Teadsoy
AD ‘suolssiupe
Tendsoy
SIDY L sisAfeue  osned [[e ‘AjIfelrour
1D¥ jo -eloW ul 4 :K1epU0d9g
(a4 s1sATeue ooy-jsod MITAJX Kyireliowr
dId/9H ¥869LY €65 vl LTy dH+4dV as) sreak /¢ SP8ITY 6 ‘[RUONEAIASQO 9T  dUEWRISAS UL 7§ osned-[[e :ATewtig [11] e mMZ
snje)s uonouny
1DY Jo 11e9y 0) SuIpI0dJR
sisA[eue doy-jsod Ayperiown :A1epuod9g
G ‘(310402 urxosip
aanpoadsonar ¢ 1M PIJBIOOSSE
pue aAndadsoxd Kyerowr
qd 17686 61L°601 099807 AH+dV AV ek 1< 099°80% L) TeUONBAISSqO L1 osned-[e :Arewtiq [82] 18 10 wOYD
110400 urxogp yrm
sIedk 9 QAn0adsonar pajean sjuaned
dH £69°97C $80°9L 8€LT0€  AH+AV AV 0} 7' wolg 8€LTOE pue 2Andadsorq 8 AV Ul s Aierow [LT] Te 39 Suepm
(eanoadsomnarx urxosIp yym
£ pue aandadsoid pajean syuaned
¥H 1L6°6TC vE8°LS 161°81¢  JdH+dV AV s18ok 9| 161°81€ V) [BUONEAISSQO 1T dv urysufieioy— [01] e 99 SuednQ
JH pue
(eAnoadsomnar 9 AV yim syuened
Xew s1edk 94 pue aanoadsoid 9) ur asn urxosip
dH PIE8€ET 0£9°¢8 Pr6e’1ce  dH+AV AV —urw £ g0 Yr6°12E [eUOneAISSqQ Cl mim Areloy  [97] e 19 eLrewey)
LDod jo
s1sATeue ooy-jsod g
110409
SIOIUQO-9[3UIS AV pue JH
SoLISIZal ym syuaned ur
qd SN SN 001°9L dH+4dV sypuow 9 < 001°9L woly ejep 1 01  Aieiow osned-[1y [zl ‘18 10 ysiaeg
(Tonyuoo) uxoSIq AV yua syuaned papnput
JZIS JO3JJ9  UIXOSIP SUIAIIIAI  SUIAIIIAI papnpur  suonedIpul sjuaned jo papnpur
JO dansedn jou sjudped ;. syudped N JO J_quINN urxosiq Nd Jequnu [Bjo], saIpnys Jo adAy, papnpul sAPpMS sawodnQ loyny

urxoS1p yjim jou 1o pajean sjuaned Jo Joquinu pue SOWodINQ € d|qeL

pringer

Qs



European Journal of Clinical Pharmacology

NSLI QATIR[QI Yy ‘ONRl PIBZRY Y ‘JUAD ISIOAPE SNOLIAS F S ‘TeLI} [BOIUI[D POZIWOPURI 7)Y ‘PayIoads jou S ‘aInjrej Jeay /4 ‘dn-mof[o} 7./ ‘Te[NISBAOIPIED A ‘UONE[[LIQY [eLIE ]V

aos pue
‘KyIreriows AD-uou
(eAanoadsoxd 17 ‘Kirerow AD
pue aan0adsomnar TIN “oons/gdsS
01) SIIpNIS 110400 Surpnjour ‘gvs
[PUOTIBAISSQO pue uonezifendsoy
12109 Jo asned-[[e ‘AJeriowt
dH SN SN 8LY1T9  dH+dV AV sypuow 9 < 8L%'179  sisA[eue ooy-1sod g 6¢ IsSned-[[V [e€] Te 30 Suepm
sLOY Jo
sisA[eue doy-jsod
L ‘(aanoadsoid ¢
pue aanoadsonar av JH U1
dH $00°L6Y 919°0€1 0T9°LT9 dH ‘dv (¢) squowr 9 190°528 1T) [BUOTIBAISSQO €7) SIS Lg  pue v ut Ao [2€] 'Te 19 sowrep

wypAyl snurs

0) UOISIOAUOD pUe
‘[01U0d d)eI 1IBAY
‘ayons ‘aInrey
1129y 1$9WO0JIN0

K1epu0dag
100 ‘(seurfeping
HOI Aq pauyap
se) VS ‘Aierrow
A 144 89¢C 7S dH+AV AV SyooM 7 [ £CTC LOY (129 82) t¢ asneo-[[e :Arewrig [1€] T 30 IYPaS
LDOY¥ jo
sisA[eue doy-jsod
G pue (110402 ayons 10
aAndadsoxd 9 yjeap oruyAyLre
syjuour °'9G pue aAnoadsonar ‘yreap AD ‘osned
T SN SN PIT'ELS dH+AV AV 01 0°9 wolj 65°98S 11) [eUONBAISSGQ (44 Aue 10§ reaq [0¢] T8 19 Sudz
(fon3uo0d) urxo3iq gV Yy spuaned papnput
9ZIS JO9JJ9  UIXOJIP SUIAIIAI  SUIAIIIAI papnpur suonedpur sjuaned jo papnpur
JO dansedN jou sjudped ;. syudped N JO J_quINN urxosiq Nd Jequnu [Bjo], saIpnys Jo 3dAy, papnpul sAPMS sawod)nQ loymny

(ponunuoo) ¢ sjqey

pringer

a's



European Journal of Clinical Pharmacology

Fig. 1 Forest plot for all-cause Panel A: All-cause mortality in the whole population.
mortality. A Overall. B AF only.
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Table4 GRADE tool

Outcome Relative effect (95%CI) Certainty Comments
Ne of participants (studies)
All-cause mortality (12 meta-analyses) HR 1.19 (1.14 t0 1.25) @PHE@B() The evidence suggests that digoxin results in an increase in
Moderate mortality
Cardiovascular mortality (5 meta-analyses) HR 1.19 (1.06 to 1.33) @@ The evidence suggests that digoxin results in an increase in
Moderate cardiovascular mortality
Mortality in patients with atrial fibrillation HR 1.23 (1.19t0 1.28) @@ () Digoxin may result in an increase in mortality in patients
only (8 meta-analyses) Low?* with only atrial fibrillation
Mortality in patients with atrial fibrillation HR 1.14 (1.12t0 1.16) @@ Digoxin likely results in an increase in mortality in patients
and heart failure (9 meta-analyses) Moderate with atrial fibrillation and heart failure

#Critically low/low quality in 5 out of 8 studies included

imbalance, both conditions increasing the risk of adverse
effects. In addition, patients prescribed on digoxin should
be adequately informed about the potential side effects and
the need of regular medical and laboratory follow-up while
taking this medication.

Our results indicate that digoxin should be considered only
in patients who do not achieve an adequate rate control or who
experience symptoms with other anti-arrhythmic drugs. In
addition, digoxin may be considered in patients with contrain-
dication to the use of beta blockers (e.g., pulmonary disease)
or to the use of calcium channel antagonists (such as heart
failure). The use of laboratory monitoring and careful electro-
cardiographic examination may help recognize the early signs
of digoxin toxicity, allowing a prompt intervention to reduce
the risk of mortality associated with supra-therapeutic values
of plasma digoxin. Indeed, values exceeding the therapeutic
range may result in an increased risk of pro-thrombotic [22]
and pro-arrhythmogenic effect and in an increased endothelial
platelet activation [19, 22, 23], all mechanisms leading to an
increased risk of cardiovascular mortality.

There are limitations of this analysis to acknowledge.
First, despite the umbrella review approach provides robust
evidence regarding the association between digoxin and
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Fig. 2 Forest plot for cardiovascular mortality

mortality, the inclusion of observational studies carries
some intrinsic limitations, mainly due to the impossibility
of eliminating the bias by indication, which implicates that
patients prescribed on digoxin may be sicker than those not
treated with this drug despite the multivariable adjustment
for the most common comorbidities [24]. However, it should
be noted that subgroup analysis of propensity-matched
populations provided similar results [11]. However, what
cannot be deduced from clinical studies is the reason for
mortality, so we do not know if toxicity, arrhythmia, and
HF were the causes of death. Indeed, data on serum digoxin
concentration, renal function, acute coronary syndrome,
potassium levels may provide important additional infor-
mation to understand the association of digoxin with clinical
outcomes. Furthermore, we do not know if patients were
adequately followed after digoxin prescription.

In conclusion, despite its wide use, the use of digoxin
should be considered with caution in patients with AF and
should be reserved to those patients in whom an adequate rate
control is difficult to achieve with other anti-arrhythmic drugs.
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