This is a post-peer-review, pre-copyedit version of an article published in Clinical Research in
Cardiology. The final authenticated version is available online at: https://doi.org/10.1007/s00392-
018-1283-6

Outcome of Hospitalized Heart Failure in Japan and the United KingdomStratified by Plasma N

Terminal Pro-B-Type Natriuretic Peptide

Yasuyuki Shiraishi, MB, Toshiyuki Nagai, M, Shun Kohsaka, M Ayumi GodaMD?, Yuji Nagatomo,
MD*#, Atsushi Mizuno, MD, Takashi Kohno, MB, Alan Rigby, MSc, Keiichi Fukuda, MDB, Tsutomu

Yoshikawa,MD#4, Andrew L Clark MD” andJohn GF ClelandvD"-8

1. Department of Cardiology, Keio Universi§chool of Medicine, Tokyo, Japan
2. National Heart & Lung Institute, Imperial College, London, United Kingdom
3. Division of Cardiology, Kyorin University School of Medicine, Tokyo, Japan
4. Department of Cardiology, Sakakibara Heart Institute, Tokyo, Japan
5 Departrent of Cardiology, St, Lukebs I nternational Ho
6. Academic Cardiology, Castle Hill Hospital, KingstaponHull, United Kingdom
7. Department of Cardiology, Hull York Medical School, Hull and East Yorkshire Medical Research and
Teaching Ceng, Castle Hill Hospital, Cottingham, Kingston upon Hull, United Kingdom
8. Robertson Centre for Biostatistics & Clinical Trials, University of Glasgow and National Heart & Lung

Institute, Royal Brompton & Harefield Hospitals, Imperial College, London, Utitagdom

Corresponding Author:
Shun KohsakaMD, PhD
Department of Cardiology
Keio University, School of Medicine
35 Shinanomachi Shinjukku
Tokyo, Japan, 168582
TEL: +81-3-33531211
FAX: +81-3-58436167

E-mail: sk@keio.jp

Total words: 2443 words(including text, figure legends)

Page 1 of 15



This is a post-peer-review, pre-copyedit version of an article published in Clinical Research in
Cardiology. The final authenticated version is available online at: https://doi.org/10.1007/s00392-
018-1283-6

ABSTRACT (233 words)

[Background] Mortality subsequent to laospitalization fotheart failureis reported to be much lower in

Japan than in thgnited Kingdom (UK) Thiscouldreflect differences idisease severity or in management.

Accordingly, we directly compared patient backgrounds and outcomes betweeradapaK.

[Methods] Consecutive patients admitted to academic italsgn the UK and Japan with heart failinad
a common set of variables, including plasma concentratiohstefminal preB-type natriuretic peptide
(NT-proBNP) collectedduring admission. Mortality during hosgitztions, at 90 and 180dayswas
recorded and stratified by quintile of NiFOBNP

[Resulty Overall, 935 patients were enrolled; 197 from UK and 738 from JapadiaM (nterquartile
rangg age(UK: 78 [711 88] vs. Japan78 [7(r 84] years p=0.947, glomerular filtration rate YK: 49
[341 68] vs. Japan: 49 [3%5] ml/min/1.73n%; p=0.209 and pasmaNTp r o BNP ( UK: 109@]5 7
vs. Japan: 982B]n&L pEQ186) Rere similar bugystolic blood pressure (SBRjaslower in
the UK( 118 1B1IWs5.T 1 31B9] hmHD;§%0.00). Patients with a higher plasmariroBNP
had a worse prognosis both countries; ifhospitaland postdischargemortality raes werehigher inthe
UK even after adjusting for prognostic variables includingddBNP.

[Conclusiors] This analysis suggests that either unobserved differences in patiemicieristicsor
differencedn care (formal or informaljather than greater heart failure sevenityy account fothe worse

outcome oheart failurein the UK compared to Japan.

Keywords: Heart failure; N-terminal preB-type natriuretic peptide; international compariseisk

stratification;prognosis
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INTRODUCTION

Heart failure is a global problem but patienttcomes are reported to differ markedly amongst couritties

despitethe similarity of international guidelinesn managemerit'® This may reflect differences in the

severity of heart failureén theimplementation of therapinpat i ent sdé wi |l |l i ngnress to ad
ethnicity and culture Natriuretic peptides provide an objixe measure of the severignd prognosisf

heart failureand may therefore shed some light on the reasons for observed diffétehéesordingly,

we compared the outcome of patientspitalized for heart failure ilapan anthe United Kingdom (UK)

stratified by plasma concentrationshterminal preB-type natriuréic peptide (NFproBNP)

METHODS

Data sourcesand study mhort

The chaacteristics and outcomes obnsecutivepatientshospitalizedfor heart failureand who hadNT-
proBNPmeasured were recordadthe WesiTokyo Heart Failure (WETHF) registry and the Hull Lifelab
registry.Data were collected during 2012 in the UK and between 2011 and 2013 in\J4p&HIF is an
ongoing, prospective, multienter regstry of patientsadmittedfor heart failure tdive academidospitals
in metropolitan Tokyd* Dataare collected by trained personrfebm the patienchartsand entered lirsg

a webbased electronic dataptue system The Hull Lifelab is a large epidemiologically representative,
informationrich dataset on the contemporary diagnosis, treatment and natural hisfratiexfts with heart
failure with a main focus on oyiatient referrald® For this analysis, only patients referred during a
hospitdization for heart failure were included.

The clinical diagnosis dieart failurewas maddyy cardiologists with a special interest in heart
failure at each institutionThe British and Japanese datts provide similar information. Each study was
approved by the institutional ethics review boatdgapan, written informed consent is not mandatory and
oral informed consent is sufficient based on government rules, for observational studies that use clinical
information that has already been obtdis a part of usual clinical practice (the report from the Ministry
of Health, labour and Welfare. in only Japanese.

www.mhlw.go.jp/stf/seisakunitsuite/bunfymkabunya/kenkyujigyoukenkyu). In contrast, written

informed consent was obtained from all patients in the UK.
The following data were collected: Patient demographics and comorbidities; \&al
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symptoms and signs ptesentation; 3) laboratodataincluding renal function and NproBNPmeasured
within 3-5 days after admissiod) left ventricular ejection fraction (LVEF)) medicatiorat discharge;
and § in-hospital mortality, 9@lay and 18-day postdischargemortality. The estimatd glomerilar

filtration rate GFR) was calculated using the Modification of Diet in Renal Disease eqgdtion

Statistical Analysis

We compared patiewcharacteristics, meditian at dischargeandmortality betweerpatients inJapan and
UK. Categorical variableare expresskasnumber anghercentageand continuous variables are expressed
asthe mean + standard deviati(®D) or the medianifiterquartile rangflQR]), as appropriateStatistical
comparisons were performed witimpaired t test or ManrWhitney testfor continuous variables and the
Pearsof chi-squaretest for categorical variable$Ve constructed a prognostic model using logistic
regression models rather than Cox proportional hazard models as{euent was unknowrMortality

by quintile of plasmaNT-proBNPwas reported for patients from Japan and the tikntile ranges were
constructed from théwo populations combinedJnivariate prognostic model for logransformed NT
proBNP were constructed for-hospital 90-day and 18@lay postdischage mortality. A parsimonious
multi-variable prgnostic modeffor 180-day mortality (102 events)Wwere constructedising country of
origin andthe followingninevariablesage, ischaemic heart diseasgstolic blood pressureaemoglobin,
serum sodiumeGFR hsCRPR LVEF, and log-transformed NproBNP. Additionally, propensity score
matching analysis was performed to evaluatertfieenceof country on mortality riskafteradjusting for
the potential imbalance of baseline covariates between countries. Matching was petemgett1
matching protocol without replacement, using callpefwidth equal to 0.2 of the standard deviation of
the propensity score. The balancewssn the countries in the matching cohort was estimated using the
absolute standard differenogll probability valueswere 2tailed, and values gf <0.05 were considered
statistically significant. All wtistical analyses were performed with SRE&ian 24.0 software (SPSBc.,

Chicago, Illinois.

RESULTS
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Overall, 935 patients were enrolléd¢luding 197 from theUK and 738rom JapanAll patientsfrom the
UK and 712 (97.0%) Japaese patientsvere followedup for 180 days after discharg&€he age and sex
distribution of patients enrolled in Japan and the UK were sifflildrle 1) However, British patientsad
a higheibody mass indexowersystolic blood pressure (both p<0.001) amare ofterhad ischaemic heart
diseasechronic lungdisease iad areduced VEF compared with Japanese patietiswever,GFR (UK:
49 [341 68] ml/min/1.73nt vs. Japan: @ [331 65] ml/min/1.73n%; p=0.209)and plasmaNT-proBNP
concentrationgUK: 4,957 [2278 10,977] ng/Lvs.Japan4,155[1,9721 9,623] ng/L) were similar.

Length of hospital stay @HS) waslonger in Japafmedian [IQR]13 [9 T 2day9 compared
to the UK (median [IQR],11 [7 18] day9 (p=0.018. Fouteen (7.1%) patigs inthe UK died during
hospitalization compared with Z8.5%) in Japar(p=0.027. Mortality ratesat 90 days (2913.7%] vs. 36
[5.1%]) and 180days (39 [21.3%] vs. ¥ [8.3%]) afterdischargewnere substantidly higher among British
patients §p<0.001 for each comparispiiFigure 1) In addition mortality rates were compardy LVEF
above and below 45%-igure 2) there were profound differences in the mortality rates between the Japan
and UK cohort, especially among patients WithEF (45% Several differencewere observeih terms
of patient characteristidsased oi.VEF (Table S1; online supplemgdnamong patients with LVEB45%,
the British were older andhoweda higher level of blood urea nitrogethan that in thelJapanese.
Medication patterng patients withLVEF G45% also differed betweehe counties

In univariate logistic regression modefdasmaNT-proBNP was associated wittboth in
hospital and pst-discharge mortality rates irapan andJK (Table 2. Mortality rose progressively with
each higher quintile of NproBNP, but within each quintile, morityf was consistentlyhigher amongst
British compared tdapanese patientSigure3). After multivariate adjustment for country as well as other
prognostic indicatorshoth log-transformed NiproBNPand countryremainedindependentlyassociated
with 180-day postdischarge mortalityTable 3) Even after propensity score matchingugherminimize
the differences betwedBritish and Japanese patieff@ble S2; online supplemégntountry dds ratio
0.32; 95% confidence interval0.13 0.79; p=0.AL3) was independently associated with 188y post

discharge mortality.

DISCUSSION
This analysis suggests that the prognosis of patients hospitalized for heart failure is much beften
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than in the UKbut this does not appearlte due taifferencedn the severity of heart failuras reflected
by plasma concentrations NfT-proBNP Natriuretic peptides are powerful predictors of botthdaspital
and posidischarge mortalityas confirmed for both Japanese and British patients in this'$fddortality
at 180 daysvas generally twoto threetimes higher within each quintile of NIroBNP for patiets in the
UK compared to Japan.

Patients from the UK had several features associated with a worse prognosis including a higher
prevalence ofschaemi heart disease aruhronic lung diseasdéower systolic blood pressure and serum
sodium and higher serum urea and hsCRPalaat hadother features associated with a better prognosis
including higher BMI and haemoglobin and slower heart Rigk modelausing similar clinical variables
have been shown to be powerful prognostic markers both in Japanesespatigrihose of European
descent®** However, satisical adjustmenin this analysisndicated thabbserved characteristicgly
partly accounted for differences in outcoimelapan compared to the UKhere were some treatment
differences, including greater use of loop diuretics, ACE inhibitors or angiotensin receptor blockers, MRA
and digoxin in the UK and greatese of catium channel blockersy Japan perhaps due to a higher
prevalence ohypertension as reportauother studies in Japah'® Howevertreatment differencedid not
appear large enough to account for the substintiadrse outcomeof British patents especially among
patients with preserved ejection fracti@though theymight perhapssuggesthat patients from the UK
hadmore advanced heart failure.

Our data are derived from just a few hospitals but they do appear to reflect national data in their
respective countriesn Japan].OHS wasshorterin this studycompared to historical repof%although
LOHS may be falling for heart failuta Japarf® Despite a longer LOH® Japanwhich increases the risk
of in-patient mortality due to the exposure to a greater number of days ,aihffsiient mortality was
lower in JapanAn analyss of data from the United States have suggested hat LOHS is associaten with a
early readmission after discharjewhich leads to a higherpostdischarge mortality? However, the
National Audit for England & Wales suggested that longer LOHS was associated with an adverse post
discharge prognosis, probably reflecting more severe disease amongst those with longér\We kegild
not identify such a relationship either for Japanese or British patients in our study. This may reflect the
inability to show small differences due to sample silifferences in reasons for LOHS or pdgcharge
care in Japan and the UK compared tdth@ed States or the absence of any important relatiorisBigS
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did not result in more patients being dischargedeoim-angiotensiraldosterone system inhibitoos beta
blockersand, historically, patients in Japan are generally treated with lower doses of medioatitius
it is difficult to attribute better outcorsein Japarto better treatment due to longe©HS. The Acute
Decompensated Heart Failure Syndromes (ATTEND) tggishich is the largest prospective midénter
registry in Japanteported an ifhospital mortality of 6.4% and a 1&&ay mortality of approximately
10%'®# which issimilarto the WEFHF registry.

This analysis includediatafrom only one Britishhospital However similar results were
reported from th@ational audibn heart failurdor England & Wales including more than 37,000 patients
frommore than 100 hospitals in 201112, The national audreported a radian length of stay on cardiology
wards of 9 (IQR 5 16) days,anin-hospitalmortality of 11% anda 180-day mortality of approximately
20% 2> Some reports suggest that rradity ratesfor patients hospitalized witheart failure might be higher
in the UK than other European countri&=® However, he First European Heart Failure survegported
the outcome 0£8,000 patient@and suggested similar mortalitgf around 14%within 12 weeks of an
admission for heart failurigom mostof the 24countriesinvolved? Lower mortalites havebeenreported
in some other Europegh? US® and Koreaff registries but this may reflect differences in ease
ascertainment which can have a large effect on mortality.

There are many deficiencies in our data that limit interpretation. The cohortsrelatieely
small but do appear representative of their respective nationallti@taneasurement of NIroBNP was
usually perbrmed several days after hosp#ationrather than on admission. However, this may have been
an advantage as BNP measured ldteing an admission is a stronger marker of progriogdifferences
in variables that were not measured or not included in the statistical (eagleffrailty, nutritional status,
malignancy, ochronic lung disea3enay hae accounted for the better prognosis of Japanese patients.
example, place of care is a key quality metric for HF. The data from the National Heart Failure Audit for
England & Wales showed lower-hospital as well as pastischarge mortality rates foapents treated in
Cardiology than in General Medicine or other wafda.this British cohort, approximately 40% of patients
with HF were admitted to wards other than Cardiology such as General Medicine wards, and this is in
agreement with the nationadth in the UK23 However, such data were not obtained pertaining to Japanese
patients in this study. Additionally, the national report showed that British patients were more likely to
receive specialist followap by a cardiologist and/or in a heart failghmic if treated in a Cardiology ward
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