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Methods
and results

Keywords

To provide reliable survival estimates for people with chronic heart failure and explain variation in survival by key
factors including age at diagnosis, left ventricular ejection fraction, decade of diagnosis, and study setting.

We searched in relevant databases from inception to August 2018 for non-interventional studies reporting survival
rates for patients with chronic or stable heart failure in any ambulatory setting. Across the 60 included studies, there
was survival data for 1.5 million people with heart failure. In our random effects meta-analyses the pooled survival
rates at 1 month, 1, 2, 5 and 10years were 95.7% (95% confidence interval 94.3—96.9), 86.5% (85.4—87.6), 72.6%
(67.0-76.6), 56.7% (54.0—59.4) and 34.9% (24.0—46.8), respectively. The 5-year survival rates improved between
1970-1979 and 2000—-2009 across healthcare settings, from 29.1% (25.5-32.7) to 59.7% (54.7—64.6). Increasing
age at diagnosis was significantly associated with a reduced survival time. Mortality was lowest in studies conducted
in secondary care, where there were higher reported prescribing rates of key heart failure medications. There
was significant heterogeneity among the included studies in terms of heart failure diagnostic criteria, participant
co-morbidities, and treatment rates.

These results can inform health policy and individual patient advanced care planning. Mortality associated with chronic
heart failure remains high despite steady improvements in survival. There remains significant scope to improve
prognosis through greater implementation of evidence-based treatments. Further research exploring the barriers
and facilitators to treatment is recommended.

Heart failure ® Prognosis @ Survival analysis e Systematic review e Meta-analysis

Introduction

One to two in every 100 adults in the general population, and
more than one in 10 people aged over 70years are diagnosed
with heart failure (HF)."? The true prevalence is likely closer to
4%, as HF often goes unrecognised or misdiagnosed, particularly
in older people.>* Prevalence has risen by almost 25% since
2002 due to factors such as population ageing, improved survival
following coronary events and an increase in the prevalence of HF

risk factors, including hypertension and atrial fibrillation.> HF is
associated with significant morbidity and mortality equivalent to
common forms of cancer.®

Much existing research on HF prognosis has focused on survival
rates for people with ’acute’ HF who have been admitted to
hospital with a sudden deterioration in symptoms.” An acute
decompensation is itself a poor prognostic sign and therefore
these survival estimates are not directly applicable to people
with ’chronic’ HF, who have had an extended period of symptom
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stability.” Previous research suggests 1-year survival in acute HF
is between 55% and 65%,8° compared to 80% to 90% in chronic
HE10,11

The majority of patients have chronic HF and are treated in
ambulatory settings.'? This chronic phase should be a time to dis-
cuss advanced care planning and anticipated disease progression
with patients and their families. These conversations rely on health-
care professionals providing accurate prognostic information, yet
survival estimates for chronic HF vary significantly across studies.
The pattern of disease progression in HF is also unpredictable and
varies considerably between individuals.’3 Uncertainty over disease
trajectory is one reason active HF treatment often persists into the
terminal phases of illness, resulting in a large increase in resource
use in the last 6 months of life.™ It also explains why some clini-
cians lack confidence in discussing HF prognosis and so avoid the
subject.®'® Not all patients wish to know or discuss their progno-
sis, but for those who do, the ambiguity around their future can be
distressing and many would welcome more information.'” Where
patients are not informed of their expected prognosis, they tend
to significantly overestimate their likely life expectancy.'®

Reliable prognostic estimates can help to promote advanced
care planning, improve shared understanding of treatment goals
and facilitate integrated treatment with specialist services, including
palliative care.’® The aim of this systematic review was to assimilate
the existing evidence base to provide accurate survival estimates
for people with chronic HE. We also aimed to identify key factors
which explain the existing variation in prognostic estimates, includ-
ing age at time of diagnosis, left ventricular ejection fraction (LVEF),
decade of diagnosis, and study setting.

Methods

The protocol was published on PROSPERO (registration number
CRD42017075680) and in Systematic Reviews.'> Reporting adheres to
the 'Meta-analysis Of Observational Studies in Epidemiology’ (MOOSE)
guidelines (online supplementary Methods S 7).2°

Search strategy

We conducted a systematic search of relevant databases from inception
to August 2018, incorporating Medical Subject Heading Indexation
(MESH) terms and integrated validated search filters from the Scottish
Intercollegiate Guidelines Network?! (online supplementary Table S 7).
A hand search of the included papers’ references and relevant review
articles was completed to achieve literature saturation.

Eligibility criteria

Eligible studies reported survival time for adult patients with a diagnosis
of HF in the 'chronic’ or ’stable’ phase.’” Survival times were calculated
from diagnosis, or from point of study recruitment if this information
was unavailable. Studies with under 1-year follow-up were excluded
given the lack of information on long-term prognosis. We included
studies reporting outcomes for both acute and chronic HF where it
was possible to extract survival rates for chronic HF If the results
were combined, we attempted to contact study authors. As our
aim was to report survival time in the context of usual care, we

excluded interventional studies, service evaluations and studies where
participants had been recruited on the basis of another co-morbidity.
Conference abstracts were excluded as having insufficient detail for
quality assessment.

Data analysis

Two authors (N.RJ., .A.) independently completed two rounds of
screening, the first based on titles and abstracts and the second a full
text review. Foreign language papers were translated before assess-
ment. Disagreements were checked with a third reviewer (CJ.T.).
Two authors (N.RJ., LA.) also completed independent duplicate data
extraction.

Pooled survival rates were calculated at pre-specified time points
using a random effects model given the anticipated variability in study
methods. We used the metaprop command in Stata 14, designed for
meta-analysis of binomial data.?? We calculated the study-specific 95%
confidence intervals using the score statistic via the cimethod(score)
function and used the fit command to perform the Freeman—Turkey
double arcsine transformation and stabilise variance in our weighted
pooled estimates.?? Heterogeneity and consistency were assessed
using Chi-squared and | statistics respectively. Sources of heterogene-
ity were explored using pre-specified sensitivity and subgroup analyses.

We conducted subgroup analyses and meta-regression for study
date, setting, age and LVEF. To pool study dates, we categorised each
included study or relevant subgroup by the decade of participant
recruitment. Mean participant age was used to categorise results as
either < 65, 65—74 or >75years. Study setting was determined by
point of recruitment and majority of management. Where there was
evidence of significant input across both primary and secondary care,
studies were classified as ’cross-discipline’. HF was categorised as
HF with preserved ejection fraction (HFpEF) if LVEF > 50%, HF with
mid-range ejection fraction (HFmrEF) with LVEF in the range 40—49%,
and HF with reduced ejection fraction (HFrEF) if LVEF < 40%. Some
earlier studies did not include a mid-range group and so categorised
HFpEF as LVEF >40%. Studies reporting pooled outcomes for all
three groups or not measuring LVEF were grouped as 'mixed’ ejection
fraction. Data were unavailable to allow all subgroups of interest to be
included together as covariates in a meta-regression analysis, therefore
each covariate was considered separately in meta-regression models of
survival rates at 1 and 5 years.

Two authors (N.RJ., .A.) independently completed a risk of bias
assessment for each study using the Quality in Prognosis Studies
(QUIPS) tool, recommended by the Cochrane Prognosis Methods
Group.2® We conducted a sensitivity analysis excluding studies at mod-
erate or high risk of bias. We report a Grading of Recommendations
Assessment, Development and Evaluation (GRADE) score to provide
an estimate of confidence in the cumulative outcomes (online supple-
mentary Methods 52).24

Results

Study characteristics

We included 60 studies after screening, 5423 studies at the title and
abstract stage and 97 full texts (online supplementary Figure S7). A
number of studies reported survival rates from the same dataset.
Where these provided relevant information for our pre-specified
subgroup analyses, we included both studies in the review but
only one in any single meta-analysis. Two studies met the inclusion
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criteria but reported survival rates at time points which could not
be pooled; these are reported narratively.'s%

The majority of included studies were conducted in Europe
or North America and recruited participants from primary care
(n = 23), cardiology outpatient clinics (n = 20), or both (n = 15).
Over half were longitudinal cohort studies (n = 34) but many
recent studies have analysed big databases of routinely collected
patient information.” HF diagnosis was most frequently captured
using validated database codes (n = 19), though many studies also
defined HF using Framingham (n = 12), or European Society of
Cardiology (n = 10) criteria (Table 7)."101125-81 |n eight studies
the criteria for defining HF was unspecified or relied on a clinical
diagnosis. There were insufficient data to conduct a meaningful
analysis comparing outcomes by sex.

Demographic and baseline participant characteristics differed
significantly between studies (online supplementary Table S2).
Reporting of this information was inconsistent with ethnicity and
deprivation indices only rarely included. However, co-morbid
cardiovascular disease was common, with hypertension the
most frequent co-morbidity, followed by diabetes and ischaemic
heart disease. Treatment rates of key HF medications including
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers, beta-blockers and mineralocorticoid receptor antago-
nists improved over time. Some recent studies reported treatment
rates close to 90%. Detailed prescribing information was lacking,
meaning it was not possible to determine how many partici-
pants were treated with optimum dosage or the recommended
combination of all three agents.

Summary survival rates and causes
of death

The pooled survival rates at 1 month, and 1, 2, 5 and 10years,
respectively, were 95.7% (95% confidence interval 94.3-96.9),
86.5% (85.4-87.6), 72.6% (67.0-76.6), 56.7% (54.0-59.4) and
34.9% (24.0—46.8) (Figure 7; online supplementary Figures $2—S6).
Only 19 studies reported data on cause of death, but in 14 of these
a cardiovascular cause accounted for over 50% of the total deaths
(Table 2).2526344547.50-53,56.60,61,63.646769.72-7477 F tended to be the
most frequent cause of death but there was significant variation in
the reported proportion of deaths related directly to HF, ranging
from 8% to 64%.

Sensitivity analysis

The majority of studies were rated at low (n =26) or moder-
ate (n = 27) overall risk of bias (online supplementary Table S3).
Excluding the studies at moderate or high risk of bias in a sensitivity
analysis did not alter the results. The pooled survival rate at 1 year
across the remaining studies was 85.9% (84.1—-87.7) and at 5 years
56.9% (52.1-61.7). The GRADE assessment suggests there is "high’
certainty in the summary findings (online supplementary Table $4).

Subgroup analysis by age

Evidence from the forest plots and meta-regression suggests
survival rates decreased with increasing age at diagnosis (1-year

survival: R? = 15.6%, P4 = 0.005; 5-year survival: R? = 42.6%,
P eng <0.001). Pooled survival rates at 1year for people
aged <65years were 91.5% (88.2-94.3) compared to 83.3%
(81.8—84.9) for people aged > 75 years. By 5 years the respective
survival rates were 78.8% (75.5-82.0) and 49.5% (46.3-52.7)
(Figure 2; online supplementary Table S5).

The trend towards a worse prognosis in relation to age
at diagnosis was also reported within individual studies.'™*!

trend

In a recent analysis of survival rates within the UK THIN
database, 5-year survival rates were 50% amongst participants
aged 75-84 years, compared to 81% amongst the youngest par-
ticipants aged 45—-54years."" In both cases, survival rates were
significantly worse than for age-matched participants of 72% and
98%, respectively.!!

Subgroup analysis by study setting

The pooled 1- and 5-year survival rates were significantly better for
participants in secondary care studies compared to cross-discipline
studies (Figure 3). There was some evidence of improved survival
in secondary care studies compared to primary care, with around
5% more participants alive at 1 year and 10% more at 5years.
The association between survival and setting was confirmed by
meta-regression (online supplementary Table S5). Individual sec-
ondary care studies with the poorest survival rates were those
that purposively recruited either elderly frail participants, or those
with a significant reduction in LYEF3%3" The primary care studies
reporting the best survival rates used screening to detect incident
HF cases.®¢? Rates of key HF medication prescribing were consis-
tently better in secondary care.

The four studies3**>*852 conducted in South-East Asia reported
better survival rates compared to Europe and North America,
despite recruiting participants of comparable age and co-morbid
disease burden. One of these studies*® used screening to detect
incident cases and the proportion of participants prescribed HF
medication was also relatively high, which may explain this survival
difference.

Subgroup analysis by left ventricular
ejection fraction

The pooled survival rate at 5years was better for patients with
HFrEF than mixed ejection fraction (Figure 4). There was no signif-
icant difference in the pooled survival rates for HFpEF compared
to HFrEF at either 1 or 5years (online supplementary Table S5).
A number of studies compared the risk of death by LVEF in
their individual populations and found a preserved ejection frac-
tion was associated with improved survival. Survival analysis from
a community-based screened cohort found patients with a LVEF
<40% compared to LVEF >50% had a 1.80 (1.55-2.10) times
greater risk of death over the study period, when adjusted for
key factors such as age and sex.® Other studies found the risk
of death to be even greater for those with HFrEF, with hazard
ratio of 2.62 (1.45-4.75),°° and 3.72 (1.80-7.68) reported.® In
every study reporting cause of death data categorised by LVEF, the
proportion of total mortality attributed to cardiovascular disease

© 2019 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Continued

QUIPS
score

HF Participants

Total
participants

HF definition

Study
design

Study
setting

Country

Study

Year

First

sample

dates

author

Moderate

28914 Incident cases of HF

28914

ICD-9 codes

USA Cross-discipline Routinely

2018  2005-2012

Avula®

among Kaiser

collected data

Permanente Northern
California healthcare

members
Incident HF cases in

Low

9654

9654

Individual clinician

Sweden Cross-discipline Registry

2018  2001-2014

Eriksson8’

Swedish HF Registry,
with LVEF >40%

diagnosis

BNP, B-type natriuretic peptide; BP, blood pressure; CPRD, Clinical Practice Research Datalink; COPD, chronic obstructive pulmonary disease; ESC, European Society of Cardiology; GP, general practice; HES, Hospital Episodes

Statistics; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; ICD-9/10, International Classification of Diseases 9/10 (CM, GM refer to version used); LVDD, left ventricular end-diastolic dimension; LVEF, left
ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; MINAP, Myocardial Ischaemia National Audit Project; NHS, National Health Service; NYHA, New York Heart Association; ONS, Office for National Statistics;

QOF, Quality and Outcomes Framework; QUIPS, Quality in Prognosis Studies.
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Figure 1 Combined survival rates for people with heart failure
over time.

and HF-related mortality was greater for people with HFrEF than
HFpEF (Table 2).

Change in survival rates over time

Survival rates within each decade had high levels of heterogene-
ity (Figure 5), however over time and across the included studies
there was a trend towards improvement in 1- and 5-year survival
rates (1-year survival: R? = 36.3%, P
R? =23.2%, P

trend

rend < 0.001; 5-year survival:
= 0.013). Each decade since the 1970s has seen
improving survival rates. The 1- and 5-year pooled survival rates
were 70.8% (64.7-76.3) and 35.2% (29.3—41.5) from the earli-
est reported time period, 1950—1969.3 By 2010-2019, 1- and
5-year survival rates had reached 89.3% (84.3—-93.4) and 59.7%
(54.7-64.6).

Given the changes in treatment recommendations in the late
1990s, we conducted a subgroup analysis of pooled survival rates
amongst all studies recruiting participants from the year 2000
onwards. The 1-month, and 1-, 2-, and 5-year survival rates for
these groups were 95.2% (92.1-97.6), 89.3% (87.9-90.6), 78.9%
(74.2—-83.2) and 59.7% (54.7-64.6), respectively, slightly better
than the overall pooled survival. Only one study reported 10-year
follow-up data for participants post-2000 with a survival rate of
29.5% (28.9-30.2).""

A number of studies have also demonstrated improving survival
rates over time within their individual population. Framingham
data show an improvement in 5-year survival between 1950—1969
to 1990-1999 from 30% to 41% for men and from 43% to
55% for women.?* This trend is also seen in the Rochester
Epidemiology Project.” Recently, there have been more modest
improvements in survival. A database study of over 400 000 people
with HF in Ontario, found 1-year mortality fell amongst outpatients
with HF from 17.7% in 1997 to 16.2% in 2007.° A study of
600 000 Medicare patients with incident HF reported a reduction
in mortality from 67.5% to 64.9% for men and from 61.7% to 60.2%

for women between 1994 and 2003.4°

© 2019 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Author Year nHF nAlive
<65

Jimenez-Navarro MF 2008 3351 2460
Ammar KA 2007 244 180
Taylor CJ 2017 7006 5357
Al-Khateeb M 2017 1075 889
Huang CH 2007 147 123
Gupta DK 2013 116 101

Subtotal ("2 = 91.094%, p = 0.000)
with estimated predictive interval

65-74

Levy D 2002 1085 422
Sahle BW 2017 145 65
van Jaarsveld CHM 2006 293 132
Avula HR 2018 14031 6716
Farre N (2) 2017 3850 2035
Mamas MA 2017 10309 5752
Pons F 2010 960 568
Cacciatore F 2005 56 36
Gomez-Soto FM 2010 1131 728
Taylor CJ 2017 12127 7822
Jimenez-Navarro MF 2008 1369 958
Eriksson B 2018 1802 1281
Fragasso G 2013 372 301

Subtotal ("2 = 99.106%, p = 0.000)
with estimated predictive interval

ES (95% Cl)
- 0.734 (0.719, 0.749)
—o— 0.738 (0.679, 0.789)
. 0.765 (0.755, 0.774)
- 0.827 (0.803, 0.848)
— 0.837 (0.769, 0.888)
—e— 0.871 (0.798, 0.920)
< 0.788 (0.755, 0.820)

0.389 (0.360, 0.418)
0.448 (0.370, 0.530)
0.451 (0.395, 0.508)
0.479 (0.470, 0.487)
0.529 (0.513, 0.544)
0.558 (0.548, 0.568)
—- 0.592 (0.560, 0.622)
0.643 (0.512, 0.755)
—om 0.644 (0.615, 0.671)
. 0.645 (0.636, 0.653)
- 0.700 (0.675, 0.723)

- 0.711 (0.690, 0.731)
—— 0.809 (0.766, 0.846)

<> 0.587 (0.534, 0.639)

(0.373, 0.785)

1
1
1
1
1
1
1
1
1
1
: . (0.670,0.886)
1
1
1
1
1
1
1
1
1
1

1
I
275 I
Barker WH 2006 1942 611 - ! 0.315 (0.294, 0.336)
Bleumink GS 2004 725 254 —— : 0.350 (0.316, 0.386)
Senni M 1998 163 76 — 1 0.352 (0.291, 0.418)
Taylor CJ 2017 35180 14187 . | 0.403 (0.398, 0.408)
Cacciatore F 2005 64 26 —_— | 0.406 (0.295, 0.529)
Koudstaal S 2017 47228 19762 ° : 0.418 (0.414, 0.423)
Henkel DM 2008 1063 478 —-— | 0.450 (0.420, 0.480)
Avula HR 2018 14883 6787 o | 0.456 (0.448, 0.464)
Roger VL 2004 4537 2125 - I 0.468 (0.454, 0.483)
Curtis LH 2008 218558 103264 . : 0.472 (0.470, 0.475)
Zarrinkoub R 2013 88038 42205 L) | 0.479 (0.476, 0.483)
Mamas MA 2017 9131 4520 - 1 0.495 (0.485, 0.505)
Nielsen OW 2003 115 62 — 0.539 (0.448, 0.627)
Hobbs FD 2007 449 259 —+— 0.577 (0.531, 0.622)
MacCarthy PA 2003 522 331 | —— 0.634 (0.592, 0.674)
James S 2014 285 182 —— 0.639 (0.581, 0.692)
Sarria-Santamera A 2015 3061 1990 [ 3 0.650 (0.633, 0.667)
Eriksson B 2018 7852 6046 ! . 0.770 (0.761, 0.779)
Subtotal (A2 = 99.667%, p = 0.000) < : 0.495 (0.463, 0.527)
with estimated predictive interval 1 (0.354, 0.637)
1
Heterogeneity between groups: p = 0.000 !
Overall (12 = 99.707%, p = 0.000); <> 0.577 (0.547, 0.607)
with estimated predictive interval 1 (0.391, 0.753)
1
1
I I I I
2 6 8 1

Proportion surviving

Figure 2 Survival of people with heart failure (HF) at 5 years by age at diagnosis. Cl, confidence interval; ES, effect size.

Discussion

This is the first systematic review of prognosis in chronic HF and
provides contemporary survival estimates applicable across high
income countries. The analyses draw on survival data from 1.5
million people with chronic HF across 60 studies.

Survival rates have improved over time and 20% more peo-
ple survive at both 1- and 5-year follow-up today compared to
between 1950 and 1969. Survival rates improved sharply from the
1970s to 1990s, but there has been only a modest reduction in
mortality in the past two decades. Increasing age at diagnosis is one
key factor associated with a poor prognosis. Survival rates amongst
people aged < 65 years were almost 10% better at 1 year and over

30% better at 5 years, when compared to people aged > 75 years.
Survival rates were higher in studies recruiting participants from
cardiology outpatient settings compared to cross-discipline or pri-
mary care.

There was no significant difference in survival between HFrEF
and HFpEF in our pooled analysis, though individual studies
reported improved survival rates and lower rates of hospital admis-
sion and cardiovascular mortality for people with HFpEF. Both
survival rates and prescribing of HF medication were significantly
lower for patients where LVEF was not reported or analysed. This
may be due to older trials with worse survival rates not reporting
LVEF. It may also reflect certain populations, such as nursing home
residents or older patients, are less likely to have LVEF measured

© 2019 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Author Year nHF nAlive
Primary care

Levy D 2002 1085 422
Koudstaal S 2017 47228 19762
Sahle BW 2017 145 65
van Jaarsveld CHM 2006 293 132
Roger VL 2004 4537 2125
Cacciatore F 2005 120 61
Taylor CJ 2017 54313 27971
Mamas MA 2017 19440 10272
Hobbs FD 2007 449 259
Sarria-Santamera A 2015 3061 1990
Huang CH 2007 147 123
Gupta DK 2013 116 101

Subtotal (12 = 99.377%, p = 0.000)
with estimated predictive interval

Secondary care (Cardiology)

Farre N (2) 2017 3850 2035
Pons F 2010 960 568
MacCarthy PA 2003 522 331
James S 2014 285 182
Jimenez-Navarro MF 2008 4720 3418
Fragasso G 2013 372 301
Al-Khateeb M 2017 1075 889

Subtotal (2 = 98.989%, p = 0.000)
with estimated predictive interval

Multi

Barker WH 2006 1942 611
Bleumink GS 2004 725 254
Senni M 1998 216 76
Henkel DM 2008 1063 478
Avula HR 2018 28914 13502
Curtis LH 2008 218558 103264
Zarrinkoub R 2013 88038 42205
Nielsen OW 2003 115 62
Gomez-Soto FM 2010 1131 728
Ammar KA 2007 244 180
Eriksson B 2018 9654 7327

Subtotal (142 =99.740%, p = 0.000)
with estimated predictive interval

Heterogeneity between groups: p = 0.004
Overall ("2 =99.624%, p = 0.000);
with estimated predictive interval

— 0.508

ES (95% Cl)
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Figure 3 Survival of people with heart failure (HF) at 5 years by study setting. Cl, confidence interval; ES, effect size.

despite having a worse prognosis. Nevertheless, recognising that
patients who are not categorised by LVEF have a poorer outlook
may have important implications for future assessment and treat-
ment pathways.

The search strategy and eligibility criteria were designed to be
inclusive, drawing studies from a wide range of geographical and
healthcare settings. Source data from developing countries were
less abundant but landmark cross-continental studies provide data
for these healthcare settings. Internationally, the lowest mortality
rates were in South-East Asian studies.

Limitations

The diversity in study design and setting captured by the inclusive
search strategy resulted in high levels of heterogeneity in each
individual meta-analysis. This included variations in participant

characteristics that are likely to impact on prognosis. Screening
was used to detect early HF in a small number of studies.t?
Not all studies reported HF survival from time of diagnosis.
Whilst primary care studies generally used routinely collected data
sources to identify a first coded episode of HF, secondary care
studies tended to calculate survival from first clinic visit, which may
have been several years after diagnosis. Studies were categorised
by setting to account for this potential time lag, though this was
not apparent in our results. In practice, most patients with a
confirmed diagnosis of HF will have input at some point from a
cardiologist, except for some very frail patients who may be limited
by cognitive or mobility issues. It is possible the differences seen
in survival between settings reflect such variation in participant
characteristics, though secondary care studies also reported higher
rates of prescribing for key HF treatment. We plan to report more
detail on prescribing rates in a separate paper. The definitions
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Author Year nHF nAlive ES (95% Cl)
HFmrEF I
Avula HR 2018 4657 2291 s ! 0.492 (0.478, 0.506)
Farre N (2) 2017 504 297 —:0— 0.589 (0.546, 0.631)
Subtotal ("2 =%, p=.) 0 0.501 (0.488, 0.515)
Inestimable predictive distribution with <3 studies 1 (-,-)

1
HFpEF !
Avula HR 2018 14883 6789 o : 0.456 (0.448, 0.464)
Farre N (2) 2017 844 419 -, 0.496 (0.463, 0.530)
Castillo JC 2009 1416 835 e 0.590 (0.564, 0.615)
Hobbs FD 2007 230 143 +—— 0.622 (0.558, 0.682)
James S 2014 169 114 I —— 0.675 (0.601, 0.741)
MacCarthy PA 2003 163 122 ! — 0.748 (0.677, 0.809)
Eriksson B 2018 9654 7327 : . 0.759 (0.750, 0.767)
Ammar KA 2007 195 152 1 —_— 0.779 (0.716, 0.832)
Huang CH 2007 123 106 1 — 0.862 (0.790, 0.912)
Gupta DK 2013 85 78 1 —=&—  0.918(0.840, 0.960)
Subtotal ("2 = 99.645%, p = 0.000) 'o 0.698 (0.579, 0.805)
with estimated predictive interval : (0.239, 0.991)
HFIEF :
Avula HR 2018 9374 4425 - | 0.472 (0.462, 0.482)
Hobbs FD 2007 219 116 — 0.530 (0.464, 0.595)
Ammar KA 2007 49 27 —OJI— 0.551 (0.413, 0.681)
Castillo JC 2009 3304 1883 * 0.570 (0.553, 0.587)
MacCarthy PA 2003 359 208 —— 0.579 (0.528, 0.629)
James S 2014 116 68 —t— 0.586 (0.495, 0.672)
Farre N (2) 2017 2232 1319 e 0.591 (0.570, 0.611)
Pons F 2010 960 568 —— 0.592 (0.560, 0.622)
Huang CH 2007 24 17 :—o— 0.708 (0.508, 0.851)
Gupta DK 2013 31 23 ———— 0.742 (0.568, 0.863)
Fragasso G 2013 372 301 \ —— 0.809 (0.766, 0.846)
Al-Khateeb M 2017 1075 889 | - 0.827 (0.803, 0.848)
Subtotal (12 = 98.599%, p = 0.000) = 0.630 (0.556, 0.702)
with estimated predictive interval : (0.339, 0.878)

1
Mixed 1
Barker WH 2006 1942 611 - | 0.315 (0.294, 0.336)
Bleumink GS 2004 725 254 —— 1 0.350 (0.316, 0.386)
Senni M 1998 216 76 — ! 0.352 (0.291, 0.418)
Levy D 2002 1085 422 —-— : 0.389 (0.360, 0.418)
Koudstaal S 2017 47228 19762 o | 0.418 (0.414, 0.423)
Sahle BW 2017 145 65 —_— 0.448 (0.370, 0.530)
Henkel DM 2008 1063 478 - | 0.450 (0.420, 0.480)
van Jaarsveld CHM 2006 293 132 —_— | 0.451 (0.395, 0.508)
Roger VL 2004 4537 2125 - ! 0.468 (0.454, 0.483)
Curtis LH 2008 218558 103264 . : 0.472 (0.470, 0.475)
Zarrinkoub R 2013 88038 42205 o 1 0.479 (0.476, 0.483)
Cacciatore F 2005 120 61 —_— 0.508 (0.420, 0.596)
Taylor CJ 2017 54313 27971 e | 0.515 (0.511, 0.519)
Mamas MA 2017 19440 10272 ! 0.528 (0.521, 0.535)
Nielsen OW 2003 115 62 —0:— 0.539 (0.448, 0.627)
Gomez-Soto FM 2010 1131 728 |, - 0.644 (0.615, 0.671)
Sarria-Santamera A 2015 3061 1990 1 E 0.650 (0.633, 0.667)
Subtotal ("2 = 99.208%, p = 0.000) Lo 0.470 (0.449, 0.492)
with estimated predictive interval : (0.382, 0.560)
Heterogeneity between groups: p = 0.000 !
Overall (12 = 99.418%, p = 0.000); é 0.567 (0.544, 0.589)
with estimated predictive interval 1 (0.427,0.701)
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I I I I
2 6 8 1

Proportion surviving

Figure 4 Survival of people with heart failure (HF) at 5 years by left ventricular ejection fraction. Cl, confidence interval; ES, effect size.

of cardiovascular and non-cardiovascular death varied between
studies as did the categories used in the cause of death subgroup
analyses, making it difficult to compare these outcomes directly.
Outcome data are pooled from across a wide time period to cap-
ture changing survival rates over time. However, survival rates may
not be directly comparable across these studies given there have
been significant changes in HF management in the past 70 years,
including the introduction of medications proven to improve prog-
nosis for people with HFrEF. The statistical heterogeneity also
reflects the large sample sizes of the included studies, which
resulted in narrow confidence intervals. Even small differences in
survival rates resulted in non-overlapping confidence intervals and

high 12 scores, a recognised limitation of this statistical measure in
observational meta-analysis.

The review included observational studies to present the
real-world outcomes for people with HF, outside of trial settings.
Confounding is a recognised problem in these non-randomised tri-
als and reporting of important covariates was inconsistent. Missing
data were a particular problem in earlier studies and those drawing
on data from large primary care databases. Some meta-regression
results rely on data from a small number of studies, such as
for HFmrEF and general secondary care clinics. However, similar
results were observed when these small subgroups were combined
with adjacent categories. Few studies reported echocardiogram
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Author Year nHF nAlive
1950-1969
Levy D 2002 233 82

Inestimable predictive distribution with <3 studies

1970-1979

Barker WH 2006 387 109 ——
Levy D 2002 222 68 —
Subtotal (I"2=.%,p=") <>
Inestimable predictive distribution with <3 studies

1980-1989

Levy D 2002 307 123

Roger VL 2004 2265 1011

Henkel DM 2008 1063 478

Subtotal (I"2=.%,p=".)
Inestimable predictive distribution with <3 studies

ES (95% Cl)

0.352 (0.293, 0.415)

(-.-)

0.282 (0.239, 0.328)

0.306 (0.249, 0.370)

0.291 (0.255, 0.327)
(-.-)

1

]

]

1

1

]

]

1

]

]

1

1

]

]

X 0.401 (0.347, 0.456)
. 0.446 (0.426, 0.467)
I 0.450 (0.420, 0.480)
I 0.442 (0.423, 0.462)
! (-.-)

]

1

1

]

]

1

1

]

]

1

1

]

1990-1999
Barker WH 2006 1555 502 0.323 (0.300, 0.346)
Bleumink GS 2004 725 254 —— 0.350 (0.316, 0.386)
Senni M 1998 216 76 —o— 0.352 (0.291, 0.418)
Sahle BW 2017 145 65 — 0.448 (0.370, 0.530)
van Jaarsveld CHM 2006 293 132 — 0.451 (0.395, 0.508)
Levy D 2002 323 149 — 0.461 (0.408, 0.516)
Curtis LH 2008 218558 103264 L] 0.472 (0.470, 0.475)
Roger VL 2004 2272 1114 - 0.490 (0.470, 0.511)
Cacciatore F 2005 120 61 — 0.508 (0.420, 0.596)
Nielsen OW 2003 115 62 —0:— 0.539 (0.448, 0.627)
Hobbs FD 2007 449 259 T 0.577 (0.531, 0.622)
MacCarthy PA 2003 522 331 | 0.634 (0.592, 0.674)
Gomez-Soto FM 2010 1131 728 | —— 0.644 (0.615, 0.671)
Ammar KA 2007 244 180 ! — 0.738 (0.679, 0.789)
Fragasso G 2013 372 301 : —— 0.809 (0.766, 0.846)
Huang CH 2007 147 123 . —— 0.837 (0.769, 0.888)
Gupta DK 2013 116 101 | —— 0.871 (0.798, 0.920)
Subtotal (142 = 98.157%, p = 0.000) << 0.562 (0.507, 0.616)
with estimated predictive interval : (0.320, 0.789)
2000-2009 '
Koudstaal S 2017 47228 19762 . | 0.418 (0.414, 0.423)
Avula HR 2018 28914 13502 « 0.467 (0.461, 0.473)
Zarrinkoub R 2013 88038 42205 o | 0.479 (0.476, 0.483)
Taylor CJ 2017 54313 27971 o! 0.515 (0.511, 0.519)
Mamas MA 2017 19440 10272 -: 0.528 (0.521, 0.535)
Farre N (2) 2017 3850 2035 - 0.529 (0.513, 0.544)
Pons F 2010 960 568 | 0.592 (0.560, 0.622)
James S 2014 285 182 I —— 0.639 (0.581, 0.692)
Sarria-Santamera A 2015 3061 1990 ! - 0.650 (0.633, 0.667)
Jimenez-Navarro MF 2008 4720 3418 : - 0.724 (0.711, 0.737)
Eriksson B 2018 9654 7327 | . 0.759 (0.750, 0.767)
Al-Khateeb M 2017 1075 889 1 - 0.827 (0.803, 0.848)
Subtotal (12 = 99.829%, p = 0.000) << 0.597 (0.547, 0.646)
with estimated predictive interval : (0.394, 0.784)
Heterogeneity between groups: p = 0.000 !
Overall (12 =99.560%, p = 0.000); é 0.541 (0.516, 0.566)
with estimated predictive interval 1 (0.392, 0.687)

1

1

I I I I
2 4 6 .8

Proportion surviving

Figure 5 Survival of people with heart failure (HF) at 5 years by study decade. Cl, confidence interval; ES, effect size.

findings or categorisation of HF by LVEF, despite the prognostic
significance of this information. Accurate coding of HF is also a
recognised limitation in routinely collected datasets.®*# However,
this approach to epidemiological research is still felt to be valid and
coding has been improving in line with performance payments and

better access to diagnostic tests in primary care.®

Comparison with existing literature

A recent European secondary care study reported 1-year mor-
tality rates for people with acute and chronic HF of 23% and 6%,
respectively, compared to 3% for matched controls.®’ In our pooled

analysis, 1-year mortality in chronic HF was above 10%. This may be
because some people with a very poor prognosis are never admit-
ted to hospital or referred to secondary care. Categorisation of HF
has changed over time to recognise the importance of LVEF when
considering treatment options and prognosis. Survival rates are
better for people with HFpEF compared to HFrEF, once adjusted
for key covariates including age, sex, and aetiology of HF.3 How-
ever, people with HFpEF are more likely to be older and have signif-
icant co-morbid disease, meaning the unadjusted HFrEF and HFpEF
survival rates are similar. This may explain why there was no signif-

icant difference in survival in our subgroup analysis based on LVEF.

© 2019 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Research implications

Our results provide a reference source for clinicians, patients and
policy makers, to inform population prognostic estimates. The
subgroup analyses help to provide adjusted survival estimates based
on key variables, such as age at time of diagnosis. Further work is
needed to refine prognostic models for individuals with chronic
HF. Existing tools, such as the Seattle Heart Failure Model and
MAGGIC HF risk tool, lack specificity and sensitivity data that
are applicable to clinical practice.®¢%” Reducing uncertainty and
confusion about the outcomes in HF could lead to improvements in
advanced care planning, treatment adherence and integration with
wider healthcare teams such as palliative care.’6%

Survival rates in HF remain poor despite modest improvements
over time. Investment in healthcare infrastructure and public health
initiatives for conditions with similar outcomes such as cancer and
stroke have seen improvements in morbidity and mortality.8%%
This review suggests that targeted allocation of resources towards
improving early diagnosis, prescribing and treatment adherence and
multi-disciplinary models of care may lead to further reductions in
mortality for people with HFE.

Conclusion

There have been modest improvements in survival rates for peo-
ple with chronic HF over the past 70 years. Despite this, the 5-year
survival rate is close to 50% and many people will die directly from
HF or from related cardiovascular disease. Older populations are at
the greatest risk of death, presenting a looming challenge to health-
care systems given changing global demographics. Our results draw
from very heterogeneous data sources and when applying survival
estimates to any individual, consideration should be given to fac-
tors such as their age, co-morbid disease, treatment, and LVEF
Further research is needed to develop the evidence base around
key prognostic indicators for patients with chronic HF that will
enable population estimates to be refined for individuals. Greater
understanding and awareness of chronic HF survival rates can facil-
itate better multi-disciplinary team working and inform advanced
care planning between patients and healthcare professionals.
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