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Aims

Methods
and results

Treatment ‘effects’ are often inferred from non-randomized and observational studies. These studies have inherent
biases and limitations, which may make therapeutic inferences based on their results unreliable. We compared the
conflicting findings of these studies to those of prospective randomized controlled trials (RCTs) in relation to
pharmacological treatments for heart failure (HF).

We searched Medline and Embase to identify studies of the association between non-randomized drug therapy and
all-cause mortality in patients with HF until 31 December 2017. The treatments of interest were: angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, beta-blockers, mineralocorticoid receptor antagonists
(MRAs), statins, and digoxin. We compared the findings of these observational studies with those of relevant
RCTs. We identified 92 publications, reporting 94 non-randomized studies, describing 158 estimates of the ‘effect’
of the six treatments of interest on all-cause mortality, i.e. some studies examined more than one treatment and/
or HF phenotype. These six treatments had been tested in 25 RCTs. For example, two pivotal RCTs showed that
MRAs reduced mortality in patients with HF with reduced ejection fraction. However, only one of 12 non-
randomized studies found that MRAs were of benefit, with 10 finding a neutral effect, and one a harmful effect.

Conclusion This comprehensive comparison of studies of non-randomized data with the findings of RCTs in HF shows that it
is not possible to make reliable therapeutic inferences from observational associations. While trials undoubtedly
leave gaps in evidence and enrol selected participants, they clearly remain the best guide to the treatment of
patients.

Keywords Heart failure e Pharmacotherapy e Associations e Observational studies e Randomized controlled trials

Introduction effectiveness’ and ‘big data’ movements have given non-randomized

studies a new respectability in some peoples’ eyes.""™"* Advocates

Randomized controlled trials (RCTs) are widely acknowledged to be
the gold standard test of whether or not a drug is beneficial."
Although the biases and limitations of non-randomized, observational
studies have been recognized for decades (Figure 1), studies of this type
purporting to describe the effects of treatment continue to be pub-
lished, even in high-impact journals> " Indeed, the ‘comparative

point to the use of more sophisticated analytical techniques than in the
past and increasingly larger ‘real-world’ datasets."*™"” If the findings of
observational studies could validly determine the effect of treatments,
such information would clearly be of considerable value. On the other
hand, if such analyses are inherently flawed they serve only to cause
confusion, e.g. the association between hormone replacement therapy
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Figure | Confounding in non-randomized studies.

and decreased risk of coronary heart disease (CHD)'®"? (Figure 2), and

maybe worse, e.g. lead to discontinuation of effective therapy by physi-
cians or patients misled by the findings.”

There is a particularly strong evidence base for pharmacological
treatments in heart failure (HF), making it an appropriate condition in
which to compare treatment effects established in RCTs with those
reported in non-randomized studies. We have, therefore, compared
the conflicting results of non-randomized studies of the ‘effect’ of
pharmacological treatments with those of RCTs using the same
therapies for HF. Although many publications of this type have used
the word ‘effect’, more correctly they have actually described associ-
ations between treatments and outcomes.

Methods

Search strategy and eligibility criteria

We conducted a comprehensive search of the electronic databases
Medline and Embase to identify observational studies examining the asso-
ciation between non-randomized drug therapy and all-cause mortality in
patients with HF. The drugs of interest were those included in all major
HF guidelines: angiotensin-converting enzyme inhibitors (ACEls), angio-
tensin receptor blockers (ARBs), beta-blockers, mineralocorticoid recep-
tor antagonists (MRAs), statins (3-hydroxy-3-methyl-glutaryl-coenzyme
A reductase inhibitors), and digoxin, where the effect on all-cause mortal-
ity had been tested in at least one large RCT.2"* The term ‘heart failure’
was searched in title and keywords relating to outcome data and pharma-
cotherapy were searched in title or abstract to retrieve all potentially
relevant articles (see Supplementary material online, Figures S1-S5). The
search, updated until 31 December 2017, was limited to studies of adults,

published in the English language, with more than 100 participants in both
the study drug and control groups, with a minimum follow-up period of
six months. Studies of patients with left ventricular systolic dysfunction
and/or HF after myocardial infarction were not included. We also
excluded studies describing only subgroups of patients with HF, e.g. those
with HF and chronic kidney disease, HF and diabetes etc. Bibliographies
of meta-analyses, guidelines, reviews, and manuscripts identified through
the search strategy were also hand-searched for additional eligible stud-
ies. The review was conducted according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.”?

Non-randomized studies were considered for inclusion in this review
if the following requirements were met:

(1) Inclusion of patients with HF

(2) Report of the ‘effect’ of the drug of interest on all-cause mortality

(3) Estimate of treatment ‘effect’ provided as a multivariate-adjusted
hazard ratio (HR), risk ratio/relative risk, or odds ratio

Data extraction, synthesis, and risk of bias
Data from the manuscripts identified through the search criteria were
abstracted and tabulated by one reviewer (CJ.R)). The data were inde-
pendently verified by a second reviewer (R.T.C.), with a third reviewer
(JJ-M.) resolving any discrepancies. The articles retrieved were catego-
rized according to HF phenotype, based on ejection fraction (EF), and
drug class for comparison with the relevant randomized trials. For studies
that reported more than one multivariable-adjusted ‘effect’ estimate, the
estimate which had been adjusted for most confounders was used.
A two-tailed P-value of 0.05 was considered significant.

The quality of each study was assessed with the Cochrane
Collaboration Risk of Bias tool for RCTs and the Risk of Bias Assessment
tool for Non-randomized Studies (RoBANS) tool for observational
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Example 1: HRT use and CHD risk Example 2: Digoxin use in HFrEF Example 3: ARB use in HFpEF
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ARB = anglotensin receptor blocker; BP = blood pressure; CHD = coronary heart disease; eGFR = estimated glomerular filtration rate; HF = heart failure; HFpEF = heart failure with preserved ejection fraction;

HFrEF = heart failure with reduced ejection fraction; HRT = hormone replacement therapy.

Figure 2 Examples of confounding in non-randomized studies.

studies (see Supplementary material online, Tables $1 and §2).2*%° Studies
judged as having a low risk of bias have been presented separately from
those with a high or unclear risk of bias in the Supplementary material on-
line, Figures S6-S19.

Results

We identified 92 publications reporting 94 non-randomized stud-
ies. 2617 Together, these described 158 estimates of the ‘effect’ of
the six treatments of interest on all-cause mortality. These six treat-
ments had been tested in 25 RCTs.""®™'* The results of our analyses
are summarized in Table 1 and described in detail in Tables 2—6. The
forest plots in the Supplementary material online, Figures S6—S19 illus-
trate the treatment effects/association between treatment and out-
comes in the trials and observational studies, respectively, reported
in Tables 2—6 and include a quality assessment of these trials/studies.

Angiotensin-converting enzyme
inhibitors and angiotensin receptor
blockers

Heart failure with reduced ejection fraction

Two landmark randomized trials in heart failure with reduced ejec-
tion fraction (HFrEF) demonstrated a reduction in mortality with an
ACEI""®"2% and one further trial showed a consistent benefit with an
ARB."" We identified one non-randomized study showing lower
mortality in patients with HFrEF treated with an ACEL*® Most stud-
ies, however, examined patients treated with either an ACEl or ARB.
Of six such studies, four reported an association between ACEI/ARB

2629 \whereas two did not.>° Overall, there-

use and lower mortality,
fore, in HFrEF five non-randomized estimates of treatment ‘effect’
found that use of an ACEl or ARB was associated with lower mortal-

ity and two did not (Table 2).

Heart failure with preserved ejection fraction

One moderately large randomized trial showed no effect of perindo-
pril on mortality, although the estimate of treatment effect was not
robust because of limited power.122 However, two large RCTs
showed no effect of irbesartan'** and candesartan (in Candesartan in
Heart failure: Assessment of Reduction in Mortality and morbidity—
CHARM)"* on mortality. Of eight observational studies examining
ACEI use and outcome in heart failure with preserved ejection frac-
tion (HFpEF), four suggested that use of this treatment was associ-
3173% whilst four did not not®>® (Table

2). We identified one observational study of ARB use in patients with

ated with a lower mortality,

HFpEF which suggested no mortality benefit.>’ A further three non-
randomized studies reported estimates of a treatment ‘effect’ for use
of either an ACEIl or ARB in HFpEF. One study found an association
between ACEI/ARB use and better survival®” and two studies did
not>® Overall, therefore, in HFpEF, five non-randomized studies
found that use of an ACEI or ARB was associated with lower mortal-
ity and seven did not (Table 2).

Mixed/unspecified heart failure phenotype

The CHARM Programme showed a neutral effect of candesartan on
mortality in patients with HFpEF and HFrEF combined."”
randomized studies were identified, which reported 10 estimates of a

Nine non-

8102 JoquianoN /z uo 1sanb Aq Z1GE90G// L ¥€/LE/6EMORISqE-0[01E/[LIESYINS/WO0Y"dNO DIWLSPED.//:SA)Y WO} POPEOjUMOQ


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
Deleted Text: ``
Deleted Text: '' 
Deleted Text: 6 
Deleted Text: 6 
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehy407#supplementary-data
Deleted Text: (ACEIs) 
Deleted Text:  (ARBs):
Deleted Text:  (HFrEF): 
Deleted Text: 4 
Deleted Text: 2 
Deleted Text: 5 
Deleted Text: ``
Deleted Text: '' 
Deleted Text: 2 
Deleted Text:  (HFpEF): 
Deleted Text:  &ndash; 
Deleted Text: 8 
Deleted Text: 4 
Deleted Text: 4 
Deleted Text: 1 
Deleted Text: 3 
Deleted Text: ``
Deleted Text: '' 
Deleted Text: 2 
Deleted Text: 5 
Deleted Text: 7 
Deleted Text: HF
Deleted Text: : 

3420

CJ. Rush et al.

Summary of the concordance between the effect of treatment on mortality in randomized controlled trials

and the association between non-randomized use of the same treatments and mortality in observational studies in HF

Table |
Treatment Randomized
controlled trials
HFrEF
ACEI/ARB Benefit
Beta-blocker Benefit
MRA Benefit
Statin Neutral
Digoxin Neutral
HFpEF
ACEI/ARB Neutral
Beta-blocker Neutral
MRA Neutral
Statin —
Digoxin Neutral
Mixed/unspecified HF phenotype
ACEI/ARB Neutral
Beta-blocker Neutral
MRA —
Statin Neutral
Digoxin Neutral

Observational studies

Benefit Neutral Harm
5 2 0
16 2 0
1 10 1
14 3 0
1 4 5
5 7 0
9 4 0
1 2 0
1 3 0
8 2 0
17 2 0
2 3 0
11 1 0
2 7 7

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure

with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist.

‘treatment-effect’ for use of either an ACEl or ARB in patients with
HFrEF or HFpEF (i.e. both major HF phenotypes). Of these analyses,

40-46
t

eight suggested a benefi and two reported a neutral effect®

(Table 2).

Beta-blockers

Heart failure with reduced ejection fraction

Several landmark RCTs demonstrated significant mortality benefit with
the use of beta-blockers in HFrEF."#"13" Seventeen non-randomized
studies reported 18 estimates of beta-blocker ‘treatment-effect’.
Sixteen of these suggested beta-blocker use was associated with a
lower mortality*®*%*™8 and two did not®®** (Table 3).

Heart failure with preserved ejection fraction

The effect of beta-blockers on mortality was examined in one small
randomized trial"*® and a pre-specified subgroup analysis of a
randomized trial which included patients with both HFrEF and
HFpEF."*? Overall, we identified 13 non-randomized studies of beta-
blockers in HFpEF, of which nine reported an association between

46,50,51,55,60-63

beta-blocker use and better survival*> whereas four

did not®%°*%* (Table 3).

Mixed/unspecified heart failure phenotype

One moderately large RCT evaluated the effects of nebivolol in
patients with both HFrEF and HFpEF, demonstrating a neutral effect
on mor'tality.137 We identified 17 observational studies reporting
19 estimates of the ‘effect’ of treatment, with 17 suggesting bene-

fit, 1446356574 and two reporting no difference in outcome

between those treated with and not treated with a beta-blocker™°
(Table 3).

Mineralocorticoid receptor antagonists
Heart failure with reduced ejection fraction

Two pivotal RCTs in HFrEF demonstrated the mortality and hospital-
ization benefits of MRAs."*8"3% |n contrast, of 12 non-randomized
studies only one concluded MRAs were of benefit,”> with 10 finding

30,54,76-82

a neutral effect, and one suggesting a harmful effect®

(Table 4).

Heart failure with preserved ejection fraction

One large RCT showed no effect of spironolactone on mortality in
patients with HFpEF."*’
tral effect,’®® but a further non-randomized study reported an asso-

Two observational studies also found a neu-
ciation between MRA use and lower mortality®* (Table 4).

Mixed/unspecified heart failure phenotype
Of five studies of patients with a mixed HF phenotype, two suggested
benefit,*#¢ and three reported a neutral effect’®*® (Table 4).

Statins

Heart failure with reduced ejection fraction

Two large RCTs showed a neutral effect of rosuvastatin on mortality
in HFrEF (one trial included a small number of patients with
HFpEF).MZ‘144 Sixteen non-randomized studies reported 17 esti-
mates of the ‘effect’ of statin treatment in HFrEF. Of these, 14
reported an association between statin use and better
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Association is not causation 3433

28,59,87-97 30,59,98

outcome,
(Table 5).

whereas only three found no association

Heart failure with preserved ejection fraction

P <0.001)
P <0.068)

The use of statins has not been evaluated in a randomized trial in

All-cause mor-
tality—

0.76 (0.72-0.80;
0.81 (0.65-1.02;

adjusted HR
(95% CI)

patients with HFpEF, therefore, no relevant non-randomized studies

were identified.

Mixed/unspecified heart failure phenotype
One large statin trial included patients with both HFrEF and HFpEF
and showed no effect of treatment on mortality."** Eleven observa-

tality—unadjust-
ed HR (95% CI)

tional studies reported 12 estimates of the ‘effect’ of a statin in

patients with a mixture of HFrEF and HFpEF phenotypes, or where

EF was not specified. Of these, 11 reported an association between
45,68,88,98-104

2344

statin use and better outcome, with only one describing

no relationship between treatment and mortality (Table 5).

(n)
12648 11960
1332

Digoxin

Heart failure with reduced ejection fraction

A single RCT, the Digitalis Investigators Group (DIG) trial, showed
that, in sinus rhythm, digoxin had a neutral effect on death but
reduced the risk of HF hospitalization.'* Nine non-randomized stud-

Patients Study Control All-cause mor-
(n)

(n)
24598
3676

ies reported 10 estimates of the ‘effect’ of digoxin treatment in

Mean fol-
low-up
(months)

HFrEF, with five concluding digoxin was harmful,'”~""° four report-
ing a neutral effect,*>>>"%
cial'® (Table 6).

36

and one suggesting digoxin was benefi-

Heart failure with preserved ejection fraction
A single randomized trial of modest size, the DIG ancillary trial in

Region

HFpEF (n = 988), showed no effect of digoxin on mortality in patients
with HFpEF in sinus rhythm, although the estimate of the effect of
treatment was not robust because of limited power.'*¢ Four obser-
vational studies were identified, one suggesting that non-randomized
digoxin treatment was beneficial,'® and three showing a neutral as-
sociation between treatment and mortality®*> (Table 6).

USA
Japan

Study period

19962004

Mixed/unspecified heart failure phenotype
The combined main and ancillary DIG trials showed a neutral effect
of digoxin on mor‘tality.147 Fourteen observational studies reported

effect estimates for digoxin in patients with HFrEF and HFpEF in com-
bination, or where EF was not specified. These studies reported 16

estimates of ‘treatment-effect’. Seven found an association between

the use of digoxin and a higher mortality,*">""*~""” seven were neu-

l 30,42,55,112,113

study (propensity score

adjusted)

Prospective cohort study 2006-2010

tral and two suggested better outcomes associated with
digoxin use' """ (Table 6).

Discussion

There is a particularly strong evidence base for the treatment of HF,

making it an appropriate condition in which to compare treatment
effects established in RCTs with those estimated in non-randomized

and observational studies.
Looking first at patients with HFrEF, six observational studies

Go, USA, 2006 (KPNC) (25% HFrEF, 26% Retrospective cohort

HFpEF, 49% unknown)'®*
Ushigome, Japan, 2015 (CHART-2) (37%

Observational studies—neutral treatment effect
HFrEF, 63% HFpEF)*°

(reporting seven ‘effect’ estimates) fulfilled our inclusion criteria, and

examined the association between treatment with an ACEI/ARB and
mortality. Of these, five showed a lower mortality in patients

Tohoku district; Cl, confidence interval; CIBIS-II, Cardiac Insufficiency Bisoprolol Study Il; COMPANION, Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure; CORONA, Controlled Rosuvastatin Multinational Trial
in Heart Failure; CRT, cardiac resynchronization therapy cohort; DCM, dilated cardiomyopathy cohort; DEFINITE, Defibrillators in Non-Ischaemic Cardiomyopathy Treatment Evaluation; EFFECT, Enhanced Feedback for Effective Cardiac

Treatment; ELITE-I, Evaluation of Losartan in the Elderly Il; GISSI-HF, Gruppo Italiano per lo Studio della Sopravvivenza nell'Insuffi cienza cardiaca Heart Failure; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; ICD, implantable cardioverter defibrillator cohort; IHD, ischaemic heart disease cohort; IPTW, inverse-probability-

of-treatment weighted study; KPNC, Kaiser Permanente Northern California; NHC, National Heart Care; OR, odds ratio; PEARL, Pitavastatin Heart Failure study; PRAISE, Prospective Randomized Amlodipine Survival Evaluation; PROBE,
prospective randomized open blind endpoint study; PSM, propensity score matched study; RCT, randomized controlled trial; RR, risk ratio/relative risk; SCD-HeFT, Sudden Cardiac Death in Heart Failure Trial; THIN, The Health

—, Not reported; BADAPIC, Registry of the Working Group on Heart Failure, Heart Transplantation and Other Therapeutic Alternatives of the Spanish Society of Cardiology; CHART, Chronic Heart Failure Analysis and Registry in the
Improvement Network; Val-HeFT, Valsartan Heart Failure Trial.

First author, country, year of publication Study design

Table 5 Continued
(study name)

“Median.
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26-29

receiving treatment of this type, whereas two did not,*® i.e. there

2 U5 5
La %% é £9 was relatively good concordance between these non-randomized
o~ A - ~ b . .
% BN >~ 5 2 td By studies and the pivotal RCTs. However, the same concordance was
s = & V§z3 e . -
5 ot < < 7 J 853 é not found in studies in HFpEF (see below).
= x® S - ST O i i
E I Z T = < = S;o.-% < “5’ The non-randomized analyses of beta-blockers in HFrEF also
S ~ 9] £o O . .
§ E = 3 P A £8p 5§ = showed good agreement with the RCTs, with 16 of 18 analyses con-
N N S — (] S c = . . .
93 < < N ; ) g § 8 % = cordant.?83%%>? However, this was not the case in observational
) = - 3 8%
< < - [ O SEeLES studies of patients with a mixed HF phenotype, where the Study of
: SeLfeol
= : * o&89s é’ the Effects of Nebivolol Intervention on Outcomes and
: < O®u 0, T . . . .
'g E S < g '%0 I gz Rehospitalisation in Seniors with Heart Failure (SENIORS) trial had
7] D = h I . .
£ ._g. 6 P S b é “;gol— shown a neutral effect on mor‘callty.137 Of the 19 non-randomized
) : = T 5 £ . . .
@ 82 = s E :‘ _§ analyses, 17 showed a lower mortality among patients of this type
] s ™ 0T Q= . =
9] Ef g - 523% E treated with a beta-blocker 304144746:55.65-74
= S ¥ FSsE ) L .
s = 4 o % = =< However, the picture was quite different for MRAs, which reduce
B : £ ‘éig = mortality in HFrEF. Of 12 observational studies, one reported lower
[No) o~ — =
‘g’ X X o gg ERE mortality in patients treated with a MRA,”> 10 did not find a better or
~ B~ O = 5
(V) ot \ 2 = @ < £ g - worse outcome (i.e. were neutral),’***”¢2 and one found a higher
= c
3 3 © g Jus g mortality (worse outcome) in the MRA treated patients.®? It is worth
o~ — v = . . . . .
;,,3 = e} \ E S %% LI: é j‘zi exploring this discordance in more detail. By far the largest study
@ <8984 included 18 852 patients from Sweden and is worth examining in de-
c U C
g IN © < EELES tail.”” The authors of this study used matching of spironolactone
E= o (g} ¥ =] oW .
E OIS S a 3 ‘-E 5 é 9 treated (n=6551) and untreated (n=12 301) patients. The authors
: = - S 8 = ) . L .
: %’ ST z also attempted to adjust for residual confounding in several different
: 2 . . L
X 7 2 = g ka -g ways. Despite these statistical approaches, the multivariate HR for
£ o L
T g 5 3B ffgj £ all-cause mortality with spironolactone vs. no spironolactone was
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isability. All but three of a remarkable 17 observational ‘effect’
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estimates suggested that statins have a mortality benefit in
HFrEF, 283978798 y.ot two large independent RCTs showed no effect
of this type of treatment on death."**'** In patients with the mixed/
unspecified HF phenotype, a further 11 of 12 analyses reported an as-
sociation of statin use with mortality benefit.2%#>¢8889810% Agajn it
is instructive to examine one of the observational studies in detail.
Go et al'™ used a Kaiser Permanente dataset with almost 25 000
patients to conduct careful propensity score-adjusted analyses of
outcome related to statin treatment; the authors also used time-
varying covariate adjustment for statin initiation during follow-up.
The adjusted HR for all-cause mortality in patients treated with a sta-
tin (compared with those who were not) was 0.66 (95% CI 0.61—
0.71) in individuals with CHD and 0.60 (95% CI 0.54-0.67) in those
without CHD. Apart from the improbably large ‘reduction’ in mortal-
ity (34—40%), the similar ‘effect’ in patients with and without CHD
seems unlikely given everything we know about the actions of statins.
Moreover, the prior arguments made about generalisability and safety
would need to be inverted here as the observational datasets
included broad populations of patients with HF, presumably, receiv-
ing less intense monitoring than in the clinical trials.

Even in HFpEF, there are clearly discrepant findings between a
large observational dataset and two randomized trials with an
ARB'?>12* 3nd one trial with an ACEL'??> Once again, the most obvi-
ous example involves the Swedish HF registry.”” As previously, the
authors of this study used an age- and propensity score-matched co-
hort. The adjusted HR for all-cause mortality in patients treated with
an ACEl or ARB, compared with those not treated with one of these
agents, was 0.90 (95% Cl 0.85-0.96; P=0.001). The authors also
described a ‘dose—response’ relationship whereby the HR for high-
dose treatment compared with no treatment was 0.85 (95% CI 0.78—
0.83) and compared with low-dose treatment was 0.94 (95% ClI
0.87—1.02). For this study, the authors used the issue of generalisabil-
ity to explain why they saw benefit compared with the prior trials, in
contradistinction to the case for MRAs where the opposite argument
was made. Specifically, in this case, with ACEls and ARBs, they argued
that the broader, older and higher-risk population in the registry
responded favourably to treatment compared with the more
selected participants enrolled in the trials.

Much has been written recently in relation to the safety of digoxin
in atrial fibrillation. Indeed, in a very illustrative example of the unreli-
ability of observational data, Bavendiek et al."*® highlighted how in
three separate and independent post hoc analyses of the same dataset,
digoxin treatment was variably associated with increased all-cause
mortality, was not associated with increased mortality and, in the
third analysis, was associated with decreased in mortality in patients
with an EF less than 30%. In HF, there is the same type of discrepancy
between observational data and the single large RCT in HFrEF, an an-
cillary trial in HFpEF, and the combined analysis of the effect of di-
goxin in both HF phenotypes.'* ™ In each of these analyses,
digoxin had a neutral effect on all-cause mortality. A total of 30 ob-
servational analyses variously show better, worse, and neutral out-
comes, 3041:42.55,65.105-117

Why the non-randomized analyses of outcomes related to use of
ACEI/ARB and beta-blockers in HFrEF were generally (but not abso-
lutely) concordant with the RCTs, in contrast to the other treat-
ments examined, is an interesting question. There may be less
confounding by indication, i.e. ACEIs/ARBs and beta-blockers are

recommended in essentially all patients with HFrEF, whereas digoxin
and, at least until recently, MRAs were reserved for patients with
more advanced HF. There may also have been particularly strong
publication bias making it difficult to report studies suggesting that
use of ACEIs/ARBs or beta-blockers is not associated with better
outcomes (or even associated with worse outcomes). Of course,
with both treatments there is also a strong selection bias whereby
the sickest patients are least likely to be prescribed (and to tolerate)
these therapies. The opposite consideration may apply to the non-
randomized studies showing an association between treatments such
as statins and lower mortality, with the possibility of other biases
such as the ‘healthy-user effect’ not fully adjusted for.

Although our analyses show that the findings of non-randomized
studies of the association between treatment use and outcomes are
frequently inconsistent, they do not mean observational studies/
registries are of no value. Registry-based analyses may be all that is
available where randomized trials are not possible, such as in rare dis-
eases or for rare outcomes. The latter forms the basis of pharmaco-
epidemiological surveillance for rare adverse effects of drugs not
identified in clinical trials. Non-randomized analyses may provide in-
formation on under-studied groups or subgroups excluded from clin-
ical trials. However, the results of such analyses must be interpreted
with caution, especially if the results of different analyses of this type
conflict. Registries serve an important function in describing the use
(or under-use) of evidence-based therapies in the ‘real-world’, often
leading to initiatives to improve prescribing. Perhaps the greatest
value of registries is the potential they offer to conduct more ‘real-
world’ randomized trials, i.e. to randomize patients in a registry to
treatment and follow their outcomes within the registry. This ap-
proach has been pioneered in a study of thrombus aspiration in ST-
segment elevation myocardial infarction using the Swedish Coronary

Angiography and Angioplasty Registry'’

and a similar approach is
now being used to conduct the Spironolactone Initiation Registry
Randomized Interventional Trial in Heart Failure with Preserved
Ejection Fraction (SPIRRIT-HFpEF)"° in the Swedish HF Registry
[NCT02901184].

Our study has a number of strengths and limitations. The strengths
include the robust evidence base in HF, with often more than one
randomized trial supporting the use or avoidance of specific thera-
pies. There is a specific limitation in relation to the effect of MRAs in
HFpEF. In the single, prospective, RCT, ineligible patients were
included, and study drug was not administered, at certain investigative
sites.™" As a result, the integrity of the trial has been questioned, as
has the overall treatment effect observed.™" Examination of the ef-
fect of therapy in regions where the trial is thought to have been con-
ducted as intended suggested possible benefit of spironolactone,
compared with placebo."® Consequently, the effect of spironolac-
tone in this RCT and in the one observational analysis which sug-
gested no benefit from MRA therapy may not be in agreement.

Conclusion

This comprehensive comparison of the robust evidence base in HF
with an increasing number of non-randomized data shows that it is
not possible to make reliable therapeutic inferences from observa-
tional associations. While trials undoubtedly leave gaps in evidence
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and enrol selected participants, they clearly remain the best guide to

the treatment of patients.

Supplementary material

Supplementary material is available at European Heart Journal online.
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