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BACKGROUND Heart failure (HF) readmission rates are low in some jurisdictions. However, international comparisons

are lacking and could serve as a foundation for identifying regional patient management strategies that could be shared

to improve outcomes.

OBJECTIVES This study sought to summarize 30-day and 1-year all-cause readmission and mortality rates of hospi-

talized HF patients across countries and to explore potential differences in rates globally.

METHODS We performed a systematic review and meta-analysis using MEDLINE, Embase, and CENTRAL for observa-

tional reports on hospitalized adult HF patients at risk for readmission or mortality published between January 2010 and

March 2021. We conducted a meta-analysis of proportions using a random-effects model, and sources of heterogeneity

were evaluated with meta-regression.

RESULTS In total, 24 papers reporting on 30-day and 23 papers on 1-year readmission were included. Of the 1.5 million

individuals at risk, 13.2% (95% CI: 10.5%-16.1%) were readmitted within 30 days and 35.7% (95% CI: 27.1%-44.9%)

within 1 year. A total of 33 papers reported on 30-day and 45 papers on 1-year mortality. Of the 1.5 million individuals

hospitalized for HF, 7.6% (95% CI: 6.1%-9.3%) died within 30 days and 23.3% (95% CI: 20.8%-25.9%) died within

1 year. Substantial variation in risk across countries was unexplained by countries’ gross domestic product, proportion of

gross domestic product spent on health care, and Gini coefficient.

CONCLUSIONS Globally, hospitalized HF patients exhibit high rates of readmission and mortality, and the variability in

readmission rates was not explained by health care expenditure, risk of mortality, or comorbidities.
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AB BR E V I A T I O N S

AND ACRONYM S

COPD = chronic obstructive

pulmonary disease

GDP = gross domestic product

HF = heart failure
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H eart failure (HF) is a global pandemic
affecting approximately 64 million persons
worldwide.1 Within both the United States

and Europe, >1 million hospitalizations are attributed
to HF.2 The global cost of HF is approximately U.S.
$346 billion per year,1 a large portion of which is
attributed to HF hospitalizations. The high preva-
lence and costs of HF hospitalizations warrant
consideration and evaluation of factors associated
with admissions on a global scale.
SEE PAGE 445
To date, efforts to understand HF readmission
rates have been conducted in silos for each country
separately. Such studies attribute readmission rates
to factors such as patients’ environment, ethnicity,
and socioeconomic status.3-5 There remains no
global comparison of HF readmission rates across all
countries. However, several recent global clinical
trials (eg, PARAGON-HF [Prospective Comparison of
ARNI (angiotensin receptor-neprilysin inhibitor)
with ARB (angiotensin-receptor blockers) Global
Outcomes in HF with Preserved Ejection Fraction],
EMPULSE [Empagliflozin in Patients Hospitalized for
Acute Heart Failure], ASIAN-HF [Asian Sudden Car-
diac Death in Heart Failure]) have identified regional
and country-level differences in readmission and
mortality rates.6-9 Through comparison across
countries, it may be possible to identify those with
lower readmission rates and potentially identify
mitigating factors that may be adopted by countries
with higher readmission rates to improve care and
outcomes.

Beyond identifying and understanding mitigating
factors that may be adopted across countries, we
sought to explore HF outcomes as a function of health
care expenditure. A previous systematic review
observed that amongst 61 studies reporting on health
care cost and health care quality, 34% reported a
positive association (higher cost associated with
higher quality).10 Therefore, we sought to test the
hypothesis that countries with greater health care
spending, per capita, may observe lower rates of HF
readmission and mortality.

The objectives of our systematic review were as
follows: to identify the best estimates of HF
readmission and mortality rates internationally, to
combine these observations in a meta-analysis to
obtain a global estimate of readmission and
mortality, and to compare readmission and mor-
tality rates across all identified countries to note
and understand patterns of readmission and
mortality.
METHODS

SEARCH STRATEGY. The search strategy of
this systematic review and meta-analysis is
summarized in the following text. With the
help of an experienced information
specialist, we performed a systematic search

of MEDLINE, PubMed, Embase, Cochrane Database of
Systematic Reviews, and Cochrane Central from
January 1, 2010, to March 9, 2021. We restricted our
search to capture only papers published after 2010 to
evaluate the most current rates of readmission and
mortality. We excluded citations for research in
progress, conference proceedings and abstracts, dis-
sertations and theses, and books. Our full search
strategy is shown in Supplemental Appendix 1. Ethics
approval was not required because this study was
based exclusively on published literature.

SELECTION CRITERIA. We included studies that fol-
lowed adult (age $18 years) HF patients who were
previously hospitalized for HF. We included studies
reporting 30-day or 1-year all-cause hospital read-
mission rates (planned and unplanned) or all-cause
mortality rates. To ensure that patients from a given
country were not counted twice in our review, for all
outcomes, we selected studies that were most repre-
sentative of the HF population from each country. For
each country, we selected studies based on an algo-
rithm with the following principles: 1) whenever
possible, select studies that used national adminis-
trative databases to maximize generalizability and
comprehensiveness; 2) exclude studies that required
patient consent for participation to minimize volun-
teer bias and maximize representativeness; 3) priori-
tize studies with more recent data; and 4) when 2
studies used the same source of data and sampling
period, include the study with the larger sample size.
Our selection algorithm is summarized in
Supplemental Appendix 2. Two teams of reviewers,
working in pairs, screened the titles and abstracts
and, from those not excluded during this phase,
determined eligibility through full text review.

DATA EXTRACTION AND QUALITY ASSESSMENT.

Two reviewers (F.F., D.G.R., T.E., A.S., S.S., A.M.,
H.B., T.H.A.L.) independently extracted data on the
characteristics of the study cohort; the number or
proportion of patients with readmission or mortality,
at both 30 days and 1 year; and selected HF comor-
bidities, such as chronic obstructive pulmonary dis-
ease (COPD), diabetes, hypertension, atrial
fibrillation, and renal disease. Our full list of extracted
variables can be found in Supplemental Appendix 3.

https://doi.org/10.1016/j.jacc.2023.05.040
https://doi.org/10.1016/j.jacc.2023.05.040
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To determine risk of bias, 2 reviewers (F.F., D.G.R.)
independently applied a modified Newcastle-Ottawa
Scale on the selected studies which is outlined in
Supplemental Appendix 4. A total score was calcu-
lated by adding each item given a star rating, with
higher scores indicating lower risk of bias.

STATISTICAL ANALYSIS. We conducted 4 different
meta-analyses, 1 for each of the following outcomes:
30-day or 1-year all-cause hospital readmission and
30-day or 1-year all-cause mortality. For each
meta-analysis, we used the number of events and the
sample size of each cohort to calculate the incidence
rate for 30-day and 1-year outcomes. We pooled these
incidence rates using STATA’s Metaprop package,
applying the DerSimonian and Laird random effects
model with a Freeman-Tukey double arcsine trans-
formation, and a back transformation was performed
to visualize results.11,12

Our review assessed heterogeneity through visual
inspection of the individual studies’ point-estimates
and 95% CIs. We did not rely on the I2 as this mea-
sure overestimates heterogeneity in meta-analyses of
large observational studies.13 To identify sources of
heterogeneity, we generated 11 a priori subgroup hy-
potheses. To assess the impact of countries’ socio-
economic status on readmission and mortality rates,
we explored the impact of national gross domestic
product (GDP), proportion of GDP spent on health
care, and the country’s Gini coefficient.14,15 We also
explored the effect of established prognostic factors
for readmission and mortality, including age, pro-
portion of women, proportion of patients with COPD,
diabetes, hypertension, atrial fibrillation, and renal
disease.16-18 Furthermore, we assessed the effects of
time periods and study quality by exploring the effect
of the last year of patient recruitment and Newcastle-
Ottawa Scale scores. Finally, to account for competing
risks, we assessed the impact of 30-day or 1-year all-
cause mortality on 30-day or 1-year readmission
rates, respectively. We estimated a country’s GDP per
capita (2018 estimates) from the International Mone-
tary Fund’s World Economic Outlook (April 2019).19

We obtained health care spending using 2015 esti-
mates of health expenditure from the World Health
Organization’s Global Health Expenditure Database.20

For Taiwan, however, we utilized Taiwan’s National
Health Insurance Administration to obtain 2015’s es-
timates for health expenditure.21 Gini coefficients
(2010-2018 estimates) were obtained from the United
Nation’s 2020 Human Development Report.22

We postulated that risk of 30-day and 1-year hos-
pitalization or mortality would be lower in countries
with the following: 1) a higher GDP; 2) a higher
proportion of GDP spent on health care; 3) a lower Gini
coefficient; and 4) a larger number of contemporary
HF patients. When evaluating risk of bias, we hy-
pothesized that there would be a lower risk of 30-day
and 1-year all-cause hospitalization or mortality in
studies with lower Newcastle-Ottawa scale score
(higher risk of bias) compared with those with higher
scores (lower risk of bias). Moreover, we postulated
higher risk in studies with older mean age, lower pro-
portion of women, and greater proportion of patients
with HF comorbidities. Finally, because all-cause
mortality is a competing event for hospital read-
mission, we postulated lower incidence of read-
mission in countries with higher risk of all-cause
mortality, compared with those with lower risks. If 10
or more studies reported on the potential mediators,
we explored its effect on the risk of 30-day and 1-year
hospital readmission or mortality with the use of
random effects meta-regression. Stata/SE version 17.0
provided the platform for all our statistical analyses.

GRADE ASSESSMENT. To assess our certainty in the
evidence, we applied GRADE guidance for overall
prognosis.13 This certainty is influenced by the risk of
bias of individual studies, imprecision around the
pooled estimate, inconsistency across studies, indi-
rectness of evidence identified, and the risk of pub-
lication bias. Depending on the consideration of these
5 domains, confidence in the evidence is designated
as very low (untrustworthy), low, moderate, or high
(very trustworthy).

RESULTS

Our literature search yielded 63,104 papers, of which
22,144 were duplicates. Of the remaining 40,960 ci-
tations we screened, 1,021 papers were relevant for
full-text review. Among these, 87 papers reporting 30-
day and/or 1-year readmission or mortality rates for
hospitalized HF patient cohorts were included.23-109

24 papers (representing 18 countries)23-46 and 23 pa-
pers (16 countries)23,30,37,39,40,43,47-63 were included in
the meta-analyses for the 30-day and 1-year read-
mission outcomes, respectively. Meanwhile, 33 pa-
pers (24 countries)23,30,32,41-43,45,60,64-88 and 45 papers
(33 countries)23-25,30,40,42,54,55,57,60,61,63,64,66,69,71-74,77,79,
81,86,88-109 were included in the meta-analyses for the
30-day and 1-year mortality outcomes, respectively.
The study characteristics of the included studies are
reported in Supplemental Appendixes 5 and 6. The
PRISMA flow diagram is shown in Figure 1.

30-DAY READMISSION RATES. The studies reporting
on 30-day readmission followed a total of 1,417,462
persons with HF. The median age reported across

https://doi.org/10.1016/j.jacc.2023.05.040
https://doi.org/10.1016/j.jacc.2023.05.040
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FIGURE 1 PRISMA Flow Diagram for Study Selection
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 1. Full-text article could not be found /
     non-English (N = 52)
 2. Not a primary research article (N = 76)
 3. Population not relevant (N = 255)
 4. Study type not relevant (N = 47)
 5. Outcome not relevant (N = 335)
 6. Published prior to 2010 (N = 2)
 7. Source of data (N = 61)
 8. Consent required (N = 87)
 9. Recency of study data (N = 16)
10. Sample size (N = 4)

Studies included in quantitative
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Prisma flow diagram for systematic review showing study inclusion and exclusion criteria. We screened 40,961 unique papers for study eligibility, examined the full text

for 1,022 studies, and included 87 studies in the final study.
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studies was 76.8 years (25th to 75th percentile: 70.2-
79.3 years), with equal numbers of men and women,
with the median proportion of women being 50.6%
(25th to 75th percentile: 49.5%-54.0%). The highest
mean age was observed in Italy, whereas the lowest
was in Uganda. The highest proportion of women was
reported by Uganda, whereas the highest proportion
of men was reported by Greece. The most prevalent
HF comorbidity was hypertension, followed by atrial
fibrillation, diabetes, renal disease, and COPD
(Supplemental Appendix 5A).

Of the 1,417,462 individuals hospitalized for HF,
222,447 were readmitted within 30 days, resulting in
a pooled 30-day readmission rate of 13.2% (95% CI:
10.5%-16.1%, moderate certainty caused by inconsis-
tency) (Figure 2). There was substantial variability
both globally and within continents; the highest
readmission was rate observed in South Korea (27.6%;

https://doi.org/10.1016/j.jacc.2023.05.040


FIGURE 2 Meta-Analysis of 30-Day Readmission Rates Globally
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95% CI: 27.0%-28.3%), whereas the lowest read-
mission rate was observed in Nigeria (1.5%; 95% CI:
0.6%-3.9%).

Among the prespecified subgroup hypotheses
(Supplemental Appendix 7), the proportion of pa-
tients with COPD and diabetes explained some of the
observed heterogeneity. Specifically, for every 1%
increase in the proportion of patients with COPD, we
observed a 0.4% (95% CI: 0.1%-0.7%) increase in the
absolute risk of 30-day all-cause hospitalization
(adjusted R2 ¼ 43.73%). Likewise, for every 1% in-
crease in the proportion of patients with diabetes, we
observed a 0.3% (95% CI: 0.03%-0.5%) increase in the
absolute risk of 30-day all-cause hospitalization
(adjusted R2 ¼ 20.81%). As well, the observed het-
erogeneity was not explained by the countries’ GDP,
proportion of GDP spent on health care, Gini coeffi-
cient, or 30-day mortality rates.
1-YEAR READMISSION RATES. The studies reporting
on 1-year readmission followed a total of 1,036,771
patients. The median age reported across studies was
77.2 years (25th to 75th percentile: 70.1-78.7 years),
and there were equal numbers of men and women,
with the median proportion of women being 49.7%
(25th to 75th percentile: 46.2%-52.4%). The highest
mean age was observed in the United States, whereas

https://doi.org/10.1016/j.jacc.2023.05.040


FIGURE 3 Meta-Analysis of 1-Year Readmission Rates Globally
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the lowest was reported in Uganda. Similar to the
demographic of countries reporting on 30-day read-
mission, among countries reporting on 1-year read-
mission, the highest proportion of women was in
Uganda, whereas the highest proportion of men was
in Greece. Amongst patients at risk for 1-year read-
mission, the most prevalent HF comorbidity was hy-
pertension, followed by diabetes, atrial fibrillation,
COPD, and renal disease (Supplemental
Appendix 5B).

Of the 1,036,771 individuals hospitalized for HF,
465,146 were readmitted within 1 year. The pooled
estimate of 1-year readmission was 35.7% (95% CI:
27.1%-44.9%), with moderate certainty caused by
inconsistency (Figure 3). There was substantial
variability in risk within continents and globally; the
highest readmission rate was observed in the United
States (63.0%; 95% CI: 62.9%-63.1%), whereas the
lowest readmission rate was observed in Israel
(14.0%; 95% CI: 12.6%-15.5%).

Our subgroup analyses (Supplemental Appendix 8)
found that only the proportion of patients with COPD
was significantly associated with 1-year readmission.
Specifically, for every 1% increase in the proportion of
patients with COPD, we observed a 1.0% (95% CI:
0.5%-1.6%) increase in the absolute risk of 1-year all-
cause hospitalization (adjusted R2 ¼ 62.09%). Similar
to the 30-day readmission rates, the observed het-
erogeneity among the studies reporting on 1-year
readmission was not explained by the countries’

https://doi.org/10.1016/j.jacc.2023.05.040
https://doi.org/10.1016/j.jacc.2023.05.040
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FIGURE 4 Meta-Analysis of 30-Day Mortality Rates Globally
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GDP, proportion of GDP spent on health care, Gini
coefficient, or 1-year mortality rates.

30-DAY MORTALITY RATES. The studies reporting
on 30-day mortality followed a total of 1,445,507 pa-
tients, and the median age across studies was 76.3
years (25th to 75th percentile: 70.1-78.4 years), with
equal numbers of men and women with the reported
median proportion of female patients being 49.3%
(25th to 75th percentile: 42.3%-51.8%). The highest
mean age was observed in Italy, whereas the youn-
gest was observed in Botswana. The highest
proportion of women was reported by Slovenia,
whereas the highest proportion of men was reported
by Greece. The most prevalent HF comorbidity was
hypertension, followed by ischemic heart disease,
atrial fibrillation, dyslipidemia, diabetes, renal dis-
ease, COPD, MI, and stroke/transient ischemic attack
(Supplemental Appendix 5C).

Of the 1,445,507 individuals hospitalized for HF,
148,430 died within 30 days. The pooled estimate of
30-day mortality was 7.6% (95% CI: 6.1%-9.3%), with
moderate certainty caused by inconsistency
(Figure 4). There was substantial variability in 30-day

https://doi.org/10.1016/j.jacc.2023.05.040
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mortality rates globally and within continents; the
highest mortality rate was observed in the
Netherlands (17.2%; 95% CI: 17.0%-17.4%), whereas
the lowest mortality rate was observed in South Korea
(3.3%; 95% CI: 2.9%-3.8%). Prevalence of HF comor-
bidities, age, proportion of women, study quality,
final study recruitment year, GDP, proportion of GDP
spent on health care, and Gini coefficients did not
explain the observed heterogeneity (Supplemental
Appendix 9).

1-YEAR MORTALITY RATES. The studies reporting on
1-year mortality followed a total of 1,538,776 patients
and the median age across studies was 75.4 years
(25th to 75th percentile: 68.0-78.2 years), with equal
numbers of men and women; the median proportion
of women across included studies was 49.5% (25th to
75th percentile: 42.4%-54.2%). The oldest age distri-
bution was observed in Spain, whereas the youngest
age distribution was reported by Slovakia. Among
countries reporting on 1-year mortality, the highest
proportion of women was reported by Spain, whereas
the highest proportion of men was reported by
Slovakia. Among patients at risk for 1-year mortality,
the most prevalent HF comorbidity was hypertension,
followed by ischemic heart disease, CAD, atrial
fibrillation, dyslipidemia, diabetes, renal disease, MI,
COPD, and stroke/transient ischemic attack
(Supplemental Appendix 5D).

Of the 1,538,776 individuals hospitalized for HF,
384,718 died within 1 year. The pooled estimate of
1-year mortality was 23.3% (95% CI: 20.8%-25.9%),
with moderate certainty caused by inconsistency
(Figure 5). There was substantial variability in 1-year
mortality rates between countries within continents
as well as globally; the highest mortality rate was
observed in the Netherlands (36.9%; 95% CI: 36.4%-
37.5%), whereas the lowest mortality rate was
observed in Ireland (8.2%; 95% CI: 6.3%-10.5%).

Our subgroup analyses found that the proportion
of patients with COPD and the average age of patients
was associated with 1-year mortality (Supplemental
Appendix 10). Specifically, for every 1% increase in
the proportion of patients with COPD, we observed a
0.2% (95% CI: 0.0%-0.05%) increase in the absolute
risk of 1-year all-cause mortality (adjusted
R2 ¼ 12.97%). For every 1-year increase in average
patient age, we observed a 0.3% (95% CI: 0.03%-
0.6%) increase in the absolute risk of 1-year all-cause
mortality (adjusted R2 ¼ 8.96%). The observed het-
erogeneity was not explained by the countries’ GDP,
proportion of GDP spent on health care, or Gini
coefficient.
DISCUSSION

In this systematic review and meta-analysis of data
from 38 countries, we identified the global estimates
of 30-day and 1-year hospital readmission and mor-
tality amongst patients with HF. Within 30-days of
discharge from their index HF admission, 13% (range:
1.5%-27.6%,) were readmitted to hospital (Central
Illustration) and 7.5% (range: 3.3%-17.2%) died. By
1-year postdischarge, the risk of readmission
increased to 36% (range: 14.0%-63.0%) and mortality
rate was 23% (range: 8.2%-36.9%). For both 30-day
and 1-year readmission and mortality rates, visual
inspection of our forest plots indicated considerable
heterogeneity not only globally, but also between
countries on the same continent.

HF hospitalization is an important event with im-
plications on downstream survival.110 The observed
variability in readmission or mortality rates were
largely unexplained by our subgroup investigations.
Among HF comorbidities, only the proportion of HF
patients living with COPD was associated with both
30-day and 1-year readmission. This observation is
complementary to the large breadth of literature,
including OPTIMIZE-HF (Organized Program to
Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure), supporting the association be-
tween COPD or respiratory decompensation and the
increased hospitalization risk among HF pa-
tients.111,112 This may be reflective of the similarity in
clinical presentation of COPD and HF, potential for
misdiagnosis, or additive comorbidity burden of a
concomitant respiratory disease atop that of HF.113,114

The observed variability in readmission rates was
not associated with the countries’ economic metrics,
health care expenditure, or the competing risk of
mortality. There may, however, be myriad of inter-
acting factors that are difficult to capture through
national/regional reports, including variability in
hospital-level policies and prescribing practices,
clarity of discharge instructions and patient educa-
tion, and sociodemographic factors, which may
explain the observed between-country heterogene-
ity.115-117 Notably, North America was the region with
the highest 1-year readmission rates. Despite the
enactment of the Hospital Readmissions Reductions
Program established under the Affordable Care Act in
2010, readmission rates in the United States remained
among the highest in the world.117 More broadly,
global systemic disparities in health care settings,
access to care, financial and human resources, avail-
ability of affordable prescription medication, pro-
grams for HF management, as well as cultural and
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FIGURE 5 Meta-Analysis of 1-Year Mortality Rates Globally
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personal views of medical care and health may all
vary from country to country, further underlying the
complex relationship between patient care, re-
sources, and hospital readmission.118

The findings of our review partially agree with a
previous attempt to explore HF readmission and
mortality in a global setting.119 The authors of this
review also found that HF patients had high rates of
mortality and readmission globally, which were
partially explained by the usage of oral cardiovascular
therapies. However, our review differs significantly in
our approach for estimating and exploring variability
in global readmission rates. We explored several po-
tential sources of heterogeneity between studies that
were not investigated by Kimmoun et al,119 including
HF-related comorbidities, study quality, and the
countries’ socioeconomic condition (captured
through GDP, percent of GDP spent on health care,
and the Gini coefficient). Moreover, we utilized a
more population-based approach, and opted to only
include studies that were the best representation of
each countries’ population. As a result, nearly all
studies included in our review were assessed as
having a low risk of bias. The review by Kimmoun
et al119 adopted a broader selection criterion and
included all studies with a sample size $100 (inclu-
sive of hospital-based cohort studies as opposed to
regional or national data). These smaller studies may
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not be a good representation of the population and
may mitigate generalizability to all HF patients within
a given nation.120

Our results emphasize the immense burden of HF
readmissions as a worldwide problem. The
geographic variations in readmission rates suggest
that there may be substantial opportunity to reduce
readmission rates in many countries, in part by
learning and adopting strategies of patient manage-
ment from better performing countries. Future
research should aim to identify the infrastructure or
processes of care used by different countries, to
potentially “unmask” the determinants of improved
outcomes manifested as lower mortality and read-
mission rates at national level. These factors may be
complex, and may include differences in rehabilita-
tion programs, social inequality, economic instability,
and crime rates between countries. Identifying these
factors may not only improve care within these
countries, but may also be adopted by other, worse
performing countries.

The findings of our review have several implica-
tions for clinical practice and research related to HF
care. The observed unexplained inconsistency in
outcome rates may, in part, be caused by the differing
definitions of the thresholds that can trigger hospi-
talization for HF with reduced and preserved ejection
fraction (EF) across various countries and regions.
This finding emphasizes the importance of estab-
lishing a uniform HF definition based on objective
markers (eg, natriuretic peptides or ejection fraction)
for the standardization of patient enrollment in global
trials. Moreover, our findings are relevant for clinical
trial planning. Trialists can use our estimates to
anticipate readmission and mortality rates, which
may inform power calculations and sample size esti-
mations in prospective countries. Finally, the
comparative regional and national data presented in
our review may help policymakers in different coun-
tries understand the potential effects of interventions
at the population level vis-à-vis the relative effects on
mortality vs hospitalization outcomes. These data
may inform countries performing more poorly
compared with global benchmarks on the urgency of
adopting new HF therapies shown to provide benefit.

Our review has several strengths. We conducted a
comprehensive search for studies most representa-
tive of countries’ national data on HF patients. As
well, we conducted meta-regression analyses to
explore the impact of risk of bias, metrics of coun-
tries’ economic performance, health care expendi-
ture, competing risk of mortality, and the prevalence
of select HF comorbidities on both 30-day and 1-year
readmission and mortality rates.
STUDY LIMITATIONS. A potential limitation of our
study is that we only considered primary peer-
reviewed articles in our review. We excluded gray
literature and, as such, may have potentially missed
reports on countries that may have published read-
mission and mortality rates in the form of abstracts or
national/regional reports. Such reports may have
provided estimates of readmission and mortality
rates for countries not included in our review. For
countries that did not provide national reports, we
relied on regional estimates of HF readmission and
mortality rates. These regions may not be a true
representation of the national rates of readmission
and mortality. The regions reporting on readmission
or mortality rates may be more representative of
subpopulations with better socioeconomic status,
where there is infrastructure for capturing read-
mission or mortality data. Such regions may have
systematically lower rates of readmission or mortality
than regions where lower socioeconomic status and
worse HF care could lead to higher readmission and
mortality rates. Alternatively, one may also expect
systematically higher readmission and mortality rates
amongst the more urbanized regions within a country
compared with the rural regions. We did not have
access to adequate studies to further explore the
extent to which regional estimates underestimate or
overestimate the true incidence of HF readmission
and mortality as a potential source of bias. Our review
focused on contemporary global readmission and
mortality data. We did not design our review to
explore readmission and mortality trends over time.
In addition, we were unable to explore the impact of
HF phenotypes (HF with reduced EF vs preserved EF
vs mildly reduced EF) on readmission and mortality
rates because of a lack of reporting, which may be one
potential explanation of the substantial heterogene-
ity observed in our meta-analyses. Furthermore, an
additional limitation may be the variation in how
hospital readmission is classified on a global scale.
The individual studies did not provide details on how
they define HF readmission and the thresholds used
for necessitating a readmission. This may also be
another potential explanation for the observed het-
erogeneity. In this review, we strived to capture this
reporting bias limitation in our risk of bias assess-
ments of included studies.

Furthermore, we were unable to fully explore the
underlying reasons for the heterogeneity we
observed, including not only potential variations in
health care systems, but also differences in diagnostic
ascertainment and varying thresholds in the decision
to admit patients to hospital.121,122 In some cases,
there were variations within countries, indicating
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that the latter factors or regional differences in health
systems or organization may have been contributing
factors. Finally, completeness of follow-up may have
contributed to unexplained variations because not all
countries had access to comprehensive outcomes
data at a population level. Nevertheless, we show that
there are marked international disparities in HF hos-
pitalization and mortality rates. Further exploration
for the underlying causes of these variations at both
the country- and region-level should be conducted.

CONCLUSIONS

In this systematic review and meta-analysis, we
found substantial global heterogeneity in 30-day and
1-year readmission rates for hospitalized HF patients.
We demonstrated that the substantial variability
across countries is not simply explained by health
care expenditure, risk of mortality, or prevalence of
HF comorbidities. Future studies are required to
evaluate differences in structure and processes of
care delivery, as well as social and cultural differ-
ences across countries that may be contributing to the
risk of readmission. Successfully addressing this
research goal could lead to the implementation of
readmission reduction programs in health care cen-
ters around the world.
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