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Abstract Heart failure (HF) is a common, serious chronic
condition with high morbidity, hospitalisation and mortality.
The healthcare systems of England and the northern Italian
region of Lombardy share important similarities and have
comprehensive hospital administrative databases linked to
the death register. We used them to compare admission for
HF and mortality for patients between 2006 and 2012
(n = 37,185 for Lombardy, 234,719 for England) with multi-
state models. Despite close similarities in age, sex and com-
mon comorbidities of the two sets of patients, in Lombardy,
HF admissions were longer and more frequent per patient than
in England, but short- and medium-term mortality was much
lower. English patients had more very short stays, but their
very elderly also had longer stays than their Lombardy coun-
terparts. Using a three-state model, the predicted total time
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spent in hospital showed large differences between the coun-
tries: women in England spent an average of 24 days if aged
65 at first admission and 19 days if aged 85; in Lombardy
these figures were 68 and 27 days respectively. Eight-state
models suggested disease progression that appeared similar
in each country. Differences by region within England were
modest, with London patients spending more time in hospital
and having lower mortality than the rest of England. Whilst
clinical practice differences plausibly explain these patterns,
we cannot confidently disentangle the impact of alternatives
such as coding, casemix, and the availability and use of non-
hospital settings. We need to better understand the links be-
tween rehospitalisation frequency and mortality.

Keywords Heart failure - Administrative data - Multistate
models - International comparison - Mortality - Readmission

1 Introduction

According to the Global Burden of Disease study [1], non-
communicable diseases accounted for 23 of the leading 25
causes of years lived with disability worldwide in 2015. One
such non-communicable disease, heart failure (HF), affected
40 million people worldwide in 2015; while the age-
standardised prevalence rate was little changed from 2005,
the numbers of people affected rose by nearly a third in ten
years. Heart failure is a common, serious chronic condition
with high morbidity and mortality in many countries [1, 2].
Given its chronic and progressive nature, in many cases it
leads to hospitalisation and rehospitalisation [3]. As with other
chronic conditions, treating HF is costly and puts increasing
pressures on health services around the world. In the USA
under the Hospital Readmissions Reduction Program
established by Section 3025 of the Affordable Care Act,
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hospitals with high readmission rates for HF and some other
conditions incur financial penalties. Hospitalizations represent
the main determinants of costs for care of HF patients. With
many governments looking to do more with less by learning
from overseas, comparisons between countries are increasing-
ly common. In this study, we combine two current projects on
the epidemiology and quality of care of HF and set out to
compare hospitalisation use in patients with HF in Italy’s
northern Lombardy region and England.

Before we describe the study’s aims, methods and findings,
we summarise the main characteristics of each healthcare sys-
tem and the main potential statistical approaches for model-
ling multiple admissions in chronic diseases such as HF.

1.1 Healthcare systems in Lombardy and England

The two systems have some important similarities: univer-
sal coverage backed by the State, a mix of public and pri-
vate providers with the public ones forming a clear major-
ity, and relatively low healthcare expenditure (both just
over 9% of GDP). England and Italy as a whole have the
lowest number of hospital beds relative to population size
in Europe, both under 300 per 100,000 inhabitants in 2014
[4]. The Italian government decentralized the country’s
healthcare system in 1997, giving the regions control over
the public money from the central government. Unlike
most of the other regions, Lombardy has adopted addition-
al quality standards and set their own reimbursement rates
for performance. 22% of inpatient beds for its ten million
citizens are located in private hospitals, either profit or not-
for-profit [5]. For England’s population of fifty million,
comparable information is hard to find, though in the UK
as a whole it was estimated that in 2008 private hospitals
provided around 11,200 beds for in-hospital stays, with the
UK NHS total at 176,679 [4]. 11,200 therefore represents
around 6% of all inpatient beds in the UK. Primary care
physicians have a similar gatekeeper role in both adminis-
trations and have similar supply, though slightly lower in
England: 0.8 per 1000 population in Lombardy in 2007 [6]
and 0.7 per 1000 population in England in the same year
[new 7].

1.2 Modelling options

A number of ways exist to model hospital readmissions.
Readmission rates in patients with HF are high and, to try to
improve outcomes for patients and reduce costs, incur finan-
cial penalties in the USA. These rehospitalisations are usually
measured in terms of 30-day all-cause emergency
readmissions. However, 30 days is an arbitrary follow-up pe-
riod and patients are at risk of poor outcomes for longer [8]. In
addition, many patients have multiple readmissions, some-
times over a period of several years, so this measure loses

information, especially on disease progression [9]. Most stud-
ies of readmissions ignore the competing risk of death or ac-
count for it by using a combined endpoint of death or read-
mission [10], which is unsatisfactory, not least because death
and readmission are far from being of equal importance. Other
modelling options include hurdle models and resource
buckets, which can be useful for some questions [11] but are
not flexible enough to show progression of the underlying
chronic disease. Standard Cox and marginal models are inap-
propriate for the same reason as they ignore the serial nature of
admissions [12]; extensions of these can deal with the cluster-
ing of patients within hospitals and multiple events per patient
but not the serial nature of those events, or they can account
for the competing risk of death under certain assumptions but
not the repeat events.

We approach this problem primarily with multistate
models, which handle both the competing risk of death and
the series of admissions. Multistate models are useful in de-
scribing a stochastic process in which a subject at any partic-
ular time point occupies one of a few possible states. They
have several key features. First, patient states are assumed to
be known only at discrete time points — in this study we have
daily information. A second is that they employ the Markov
assumption that future states depend only on the current state
and time, but not on the whole history. This makes the method
well suited to chronic disease progression modelling [12, 13].
How likely the patient is to change state at any time t is de-
scribed by the transition intensity, which may depend on time t
and on a set of individual and time-dependent variables. The
transition intensities can easily be estimated taking into ac-
count the effect of covariates. Once we know the intensities,
we gain the more interpretable probability of transition under
the Markov assumption. These probabilities refer to whether
each state will be the next one — given that the patient changes
state. Compared with regression or survival analysis, these
models are less familiar as they are not generally taught on
statistics Master’s courses and because implementation in
standard software is either not possible or not as straightfor-
ward as logistic regression, for instance. To date there have
been only a few studies using multistate models in heart fail-
ure, each limited to a small sample [14] or one country [12,
15]. For context, we also use publicly available population
estimates to calculate admission rates and provide estimated
prevalences.

1.3 Aims of the study

We set out to compare hospitalisation use in patients with HF
in Italy’s Lombardy region and England. Specifically, we
compare the unplanned use of inpatient hospital beds for HF
and mortality following a first HF admission in Lombardy and
England both overall and by age and sex. Both areas’ admin-
istrative data sets have population coverage and linkage to
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national death registers and thereby capture deaths both in and
out of hospital.

Given that the population of England is five times that of
Lombardy and that OECD research found that regional differ-
ences in quality of care and outcomes can be considerable,
including in cardiology within Italy [16], we also split
England into its ten government regions (we used the former
Strategic Health Authorities that existed during our study data
period).

2 Methods
2.1 Data source and definition of cohort

Administrative databases were used for both countries. For
England, this was Hospital Episodes Statistics (HES), which
covers all patients admitted to public (NHS) hospitals nation-
ally (see the NHS Digital website). Each record is a finished
consultant episode, which covers the continuous period of
time during which a patient is under the care of a consultant
(senior doctor) or allied health professional: an admission can
comprise more than one episode. Episodes were linked into
admissions, with transfers to other hospitals combined to
avoid multiple-counting. Hospitalizations represent the ob-
servable part of the latent degenerative disease process, and
we therefore examined the set of admissions with a principal
diagnosis of HF. These were defined as those with a primary
diagnosis of HF (ICD10 I50); only people aged 18 or over and
emergency (unplanned) admissions were included. These
were extracted for the period April 2006 to March 2012; we
tracked back three years and excluded patients with other HF
admissions during that period in order to ensure that a set of
index (first) HF admissions were analysed to better capture an
extended course of disease progression. HES data are linked
to the national death registry held by the Office for National
Statistics to capture the fact and date of death if it did not occur
in hospital. Region was defined as the former ten Strategic
Health Authorities (SHAs) within England on the basis of
the location of the hospital as per the HES Online website.
The ten SHAs were established on 1 July 2006 and abolished
on 31 March 2013, which covers our data period. They were
responsible for implementing Department of Health policy
and overseeing the local organisations that ran or commis-
sioned NHS services within their region.

A similar process was followed to extract admissions for
HF in Lombardy. The HF extract used in this study was part of
a bigger dataset of all patients admitted in the region selecting
patients with incident events between January 2006 and
December 2012. For a detailed description of the extraction
criteria to construct the data set of interest see Mazzali et al.
[17]. In brief, the Lombardy project’s aims are to study the
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epidemiology, short- and medium-term outcomes and the var-
iations in processes of care for patients hospitalized for HF.

The maximum follow-up length was reduced slightly and
set equal to that in the English data set (2216 days, or 6.1 years)
to help make a fair comparison. 692 patients had events cen-
sored this way.

Records in both countries were excluded if they had miss-
ing or invalid age, sex, length of stay, admission dates or if the
same patient had two or more admissions with overlapping
admission and discharge dates. For each patient, the time
counter began at time ¢ = 0 on the day of index admission.
Readmissions on the same day as previous discharge were
included, with half a day added to t to allow inclusion in the
multistate models. Similarly, same-day discharges were as-
sumed to last 0.5 days. Transfers between hospitals can be
reliably identified within the data set and were not counted
as readmissions.

2.2 Statistical methods

Patient characteristics were compared by country using de-
scriptive statistics. The length of the hospital stay (LOS) for
each admission was summarised using histograms. In-hospital
mortality for each HF admission and total crude mortality (i.e.
deaths in and out of hospital combined) was compared using
Kaplan-Meier survival plots.

Two types of multistate models were implemented: one
with just three states (alive in hospital, alive out of hospital,
dead) and one with eight states that accommodated up to each
patient’s first four HF admissions. In the second one, all ad-
missions greater than the fourth were combined. Data were
prepared using SAS and analysed using the “msm” package
within R [18]; the development of “msm” was motivated by
disease modelling applications. This package provides a set of
useful functions to describe features of Markov process: in-
tensity matrices, transition probability matrices, mean sojourn
times (e.g. mean time spent in hospital), probability that each
state is next, total period of time spent in a state (e.g. total time
spent in hospital) and others. We report results from
“totlos.msm” (total time spent in each state, both for all pa-
tients combined as an average and for two selected combina-
tions of age and sex) and “sojourn.msm” (the “sojourn time”
or mean time spent in each state: we give this both overall and
for the same selected combinations of age and sex). These can
be used to describe the time spent in hospital — either total time
with three states or the time in the first, second and third
admission separately with eight states — and the time alive in
the community between successive admissions or as expected
survival time. They can be calculated for a set period of fol-
low-up, e.g. five years, or for infinite follow-up, i.e. for the
patient’s whole remaining lifetime — we chose the former op-
tion. The “total stay” measures such as total time spent in
hospital are not applicable for the eight-state model because,
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with each admission counted separately, there are no reverse
transitions.

Multistate models were fitted firstly as crude without co-
variates and secondly with age and sex as covariates. The
latter allowed sojourn and predicted survival times to be cal-
culated by age and sex: for illustration, we present results for
ages 65 and 85 years, representing the lower boundary of
common definitions of ‘elderly’ (65) and very elderly (85).
Lastly, we included some common comorbidities as extra co-
variates and report their hazard ratios. All models were run on
each country’s data set separately.

Model assumptions were checked graphically and statisti-
cally. The relation between in-hospital mortality and length of
stay was investigated using Kaplan-Meier plots for each HF
admission, and the hazard was found to be constant. The pro-
portionality assumption for hazard ratios for covariate effects
was checked visually by Kaplan-Meier plots and formally by
including an interaction with time and testing its significance;
violations of this assumption were found to be insignificant.
The msm package allows for an informal check of the
Markovian assumption via the plot.prevalence.msm function,
and the resulting plots showed good agreement between the
observed and predicted outcomes for each state. More formal-
ly, we tested the association between the time spent in the
previous state and the probability of transition from the current
state as per Section 4.1.2 of [19] via hazard ratios and their
95% confidence intervals from the hazard.msm function. For
example, in the three-state models we tested whether the num-
ber of days spent as an inpatient was associated with the tran-
sition from the community to death or with the transition from
the community back to the hospital. All the resulting hazard
ratios were between 0.993 and 1.008, indicating no apprecia-
ble violation of the Markov assumption (Online Resource 1).

3 Results
3.1 Prevalence, admission and mortality rates

In Lombardy, the Utilization of Regional Health Service
Databases project produced admission and prevalence rate
estimates for each year to 2012. In 2006, the first data year
of this present study, there were 128,697 patients with diag-
nosed HF in a population of 9,475,202, for a prevalence of
1.4%; in 2012, the estimated prevalence was 1.7% (1.8% in
men and 1.6% in women). In the UK, the only national prev-
alence data come from primary care registers created by gen-
eral practitioners (GPs) used in the national pay-for-
performance scheme called the Quality and Outcomes
Framework (QOF). In 2012/13, the HF register from QOF
recorded a prevalence of 0.7% for England as a whole, rang-
ing from 0.5% in London to 0.9% in the North East govern-
ment region [20]. An analysis of primary care records from a

roughly 10% sample of GPs in England known as the Clinical
Practice Research Datalink gave a higher estimated preva-
lence for 2013 of 1.0% (1.2% for men and 0.8% for women)
[20]. While higher than the QOF estimate, this was still ap-
preciably lower than the figure from the Lombardy project.

3.2 Descriptive statistics

Less than 0.1% of records were excluded due to missing data
in England; in Lombardy this was <2%. In our Lombardy data
set there were a total of 37,185 patients with 22,519 deaths
(60.6%) after a mean follow-up of 1.4 years (median
0.9 years). In England, there were 234,719 patients with
130,916 deaths (55.8%) after a mean follow-up of 1.6 years
(median 0.7 years). The maximum follow-up was 6.2 years.
70 English patients (0.03%) could not be matched to a region
and were excluded. Table | summarises the number of admis-
sions for HF per patient, which was higher on average in
Lombardy. More than 2 in 5 patients in Lombardy but fewer
than 1 in 5 patients in England had more than one emergency
HF admission during the follow-up period. Table 2 describes
the patient characteristics and short-term crude outcomes,
which shows similar age, sex and comorbidity distributions
in each country, except for a higher prevalence of hyperten-
sion recorded in England and higher prevalence of diabetes
with long-term complications recorded in Lombardy. Diabetes
without complications was not available for the Lombardy
data set. Following the index HF admission, Lombardy’s 30-
day readmission rate was similar to England’s, but its one-year
mortality was much lower even though, as noted above, the
overall proportion of patients who died was higher in
Lombardy.

Figure 1 is the Kaplan-Meier plot for survival in each coun-
try, which shows that Lombardy gains a survival advantage
very early that it relinquishes only after approximately
1700 days of follow-up since index admission.

The LOS patterns were markedly different for Lombardy
and England, with much more minor variations between each
patient’s first, second and third HF admission (Figs. 2 and 3).
Five percent of England’s admissions were same-day

Table 1  Distribution of number of admissions to hospital between HF
patients in Lombardy and England and related percentages

Number of HF Number of % of Number of % of
adms per patient  patients total  patients total

(Lombardy) (England)

1 21,908 589 191,355 81.5
2 7872 212 30,713 13.1
3 3502 9.4 8023 34
4 1702 4.6 2669 1.2
S5+ 2201 59 1960 0.8
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Table 2 Patient characteristics

and overall crude outcome rates in Factor* Lombardy N % of total England N % of total
Lombardy and England
Age: mean (SD) 78.3 (11.8) n/a 78.5 (11.7) n/a
Males 17,645 47.5 116,949 49.8
Females 19,540 52.5 117,770 50.2
Hypertension 16,180 43.5 114,447 48.8
Diabetes mellitus without complications n/a n/a 60,202 25.6
Complications of diabetes 2847 7.7 6059 2.6
Chronic pulmonary disease 8992 242 51,454 21.9
Arrhythmia 17,675 47.5 116,887 49.8
Dementia 1987 53 10,240 44
Renal disease 7843 21.1 52,296 223
Crude outcomes*
30-day readmission after index 2122 6.2 11,699 6.0
365-day mortality after index 9858 26.5 92,335 39.3

* All comparisons had p < 0.01 except for 30-day readmission rates, p = 0.055

discharges, whereas every Lombardy patient stayed at least
one night. The Lombardy distribution was noticeably less
skewed than the English one. When all patients are combined,
the preponderance of short stays in England leads to a lower
quartile, median and mean that are lower in England than in
Lombardy, whereas the upper quartile and higher percentiles
are similar in both (Table 3). When the results are split by age,
however, whereas the picture for the 65-year-olds matches
that for all patients combined, the upper quartile and higher
percentiles for stays by patients aged 85 years are higher in
England than in Lombardy, meaning that their distribution is
stretched: England’s very elderly short-stay patients stay less
time than their Lombardy counterparts whereas its very elder-
ly long-stay patients stay more time.
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Fig. 1 Kaplan-Meier plot for the proportion of patients alive from time
since first HF admission in each country
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3.3 Results for three-state models

The mean times spent in each state for the three-state model
with age and sex were: 14.0 days alive in hospital (95% con-
fidence interval (CI) 13.9-14.1) for Lombardy, 12.3 days (CI
12.2-12.3) for England; 459.6 days alive out of hospital (CI
455.3-463.9) for Lombardy and 813.0 days (CI 808.7-817.3)
for England. The Figures 14.0 and 12.4 are average lengths of
stay in hospital averaged across both patients and admissions
and so represent how many days a patient can expect to stay
each time they admitted for HF (see Table 4).

For the three-state model with age and sex, the average
total time spent in hospital per patient when summed across
all the HF admissions that each patient had was 37.4 days for
Lombardy and 20.0 days for England. These figures were very
similar for the crude model (19.4 days for England, Table 4).
On average, Lombardy patients could expect to spend nearly
twice as many days in total in hospital for HF than English
ones. This is a better measure of the burden of disease in terms
of hospitalisation and could be converted into a total monetary
cost for economic analysis.

Multistate models also give the estimated probability that
each state will be the next one, given that the patient changes
state. For a three-state model, if the patient is in hospital, the
two possible transitions are live discharge or death; if the
patient is alive in the community, the two possible transitions
are readmission or death. When patients in hospital changed
state in Lombardy, they had a 9% probability of dying while in
hospital; in England this was 16% overall, ranging from 13%
in London to 18% in the North West, East of England and
South West SHAs. When patients alive in the community
changed state, readmission was twice as likely as death in
Lombardy (66% compared with 34%) but less likely than
death in England (44% compared with 56%). Among
English regions, the lowest chance of transitioning to death
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Fig.2 Length of stay distribution 10

for each patient’s first three HF
admissions, Lombardy, with
highest 1% outliers excluded

% of patients

HF admission number
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while in the community was also lowest (50%) in London and
highest in the South West (61%, Online Resource 2).

Table 5 gives the expected time spent in hospital by region
for the same age-sex combinations. Here, the differences be-
tween Lombardy and England were large, with 65-year-olds
spending an average of 68 days in a Lombardy hospital but
only 23 or 24 days in an English one during the follow-up
period; for 85-year-olds, the difference was just over a week.
All these differences were statistically significant at the 5%

level as their confidence intervals from msm did not overlap.
Within England, the shortest time spent in hospital was in the
East Of England region, with the longest times spent in
London for both ages and sexes. Restricting the set of patients
by removing those with the 1% longest stays had only a mod-
est effect on the estimates, reducing them by less than 10%,
and did not change the patterns.

Table 6 gives the expected time alive and out of hospital for
males and females aged 65 and 85 years during one and five

Fig.3 Length of stay distribution 10

for each patient’s first three HF
admissions, England, with
highest 1% outliers excluded

% of patients

HF admission number B 18283

0700 % 86209 157,005 A5 e e R RS SRRIp  0%

Length of stay (nights), capped at 95th percentile
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Table 3 Summary crude

statistics for length of stay for all Age-sex group Number of Lower Median Mean Upper 90th percentile
HF admissions combined for patients quartile quartile
Lombardy vs England
All patients:
Lombardy 37,185 10 14.0 16.2 27.5
England 234,719 8 12.5 16 28
65-yr.-old males:
Lombardy 333 10 142 18 30
England 1678 7 10.3 13 22
65-yr.-old females:
Lombardy 165 10 15.7 19 32
England 894 7 11.5 14 26.3
85-yr.-old males:
Lombardy 1039 10 12.9 15 23
England 4642 9 13.3 17 30
85-yr.-old females:
Lombardy 556 10 12.9 15.5 24
England 5765 8.5 134 17 30

years following live discharge from the index HF admission.
These always favoured Lombardy over England and females
over males. Within England, London had the longest expected
time alive and out of hospital for both ages and sexes. Taken
together, Fig. 1, Tables 5 and 6 show that Lombardy patients
spend more time on average in hospital but also more time
alive in the first one and five years after index discharge than
their English counterparts. Lombardy’s mortality only over-
takes that of England later (Fig. 1).

Lastly for the 3-state model, Table 7 gives the transition-
specific hazard ratios (HRs) for age, sex and the five most
common comorbidities. As in regular survival analysis,

hazards from multistate models estimate the probability of
the outcome after a given number of days given that the pa-
tient has not already had the outcome before that time; HRs
compare these probabilities for one gender relative to the oth-
er, for instance, or for a unit increase in age. Let’s consider
renal disease as an example. We can see that in both
Lombardy and England it is associated with a lower hazard
for live discharge and a higher hazard of death in hospital,
readmission and death in the community. The HRs are above
1 for the latter three outcomes, indicating higher risk of these
outcomes than for patients without renal disease. HRs for live
discharge that exceed 1, however, reflect a shorter length of

Table 4 Number of days spent in hospital by region, three-state model without covariates

Region Number of patients Mean days in hospital per Total days in hospital per
patient on average patient on average
(95% CI)

Lombardy 37,185 14.0 (13.9-14.1) 37.4

All England 234,649 12.3 (12.2-12.3) 19.4

North East Strategic Health Authority 13,523 12.3 (12.1-12.5) 19.7

North West Strategic Health Authority 34,627 12.4 (12.2-12.5) 19.3

Yorkshire and The Humber Strategic Health Authority 26,154 12.4 (12.2-12.5) 19.3

East Midlands Strategic Health Authority 19,323 12.8 (12.7-13.0) 20.4

West Midlands Strategic Health Authority 28,260 11.8 (11.7-11.9) 19.3

East Of England Strategic Health Authority 25,457 11.5 (11.4-11.6) 17.6

London Strategic Health Authority 30,202 12.2 (12.1-12.3) 21.4

South East Coast Strategic Health Authority 18,759 11.7 (11.5-11.8) 17.8

South Central Strategic Health Authority 13,552 12.4 (12.2-12.5) 18.6

South West Strategic Health Authority 24,792 13.4 (13.2-13.5) 19.7
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Table 5 Predicted total days spent in hospital during the years of follow-up, by region for selected ages and sex (figures in brackets are from models

without longest-staying 1% of admissions)

Region Age 65, male Age 65, female Age 85, male Age 85, female
Lombardy 68.0 (62.4) 68.5 (63.3) 26.5 (25.4) 27.1 (26.0)
All England 22.7(21.2) 23.8 (21.7) 18.1 (17.0) 19.2 (17.6)
North East Strategic Health Authority 22.1(20.8) 22.6 (20.6) 18.6 (17.7) 19.4 (17.9)
North West Strategic Health Authority 21.7 (20.2) 22.3 (20.5) 18.3 (16.9) 19.0 (17.4)
Yorkshire and The Humber Strategic Health Authority 21.6 (20.5) 23.0 (21.2) 18.0 (17.3) 19.3 (18.0)
East Midlands Strategic Health Authority 23.8 (21.8) 25.1 (22.7) 19.1 (17.7) 20.2 (18.5)
West Midlands Strategic Health Authority 22.0 (20.4) 23.0 (21.2) 18.1 (16.8) 19.0 (17.5)
East Of England Strategic Health Authority 21.4 (20.3) 22.3 (20.8) 16.6 (15.8) 17.5 (16.3)
London Strategic Health Authority 26.1 (24.0) 27.2 (24.8) 19.7 (18.4) 20.5 (19.0)
South East Coast Strategic Health Authority 21.0 (20.0) 21.0 (19.3) 17.2 (16.2) 17.6 (16.1)
South Central Strategic Health Authority 21.7 (19.3) 23.6 (20.4) 17.1 (15.9) 18.6 (16.9)
South West Strategic Health Authority 229 (21.1) 24.3 (21.9) 18.5 (17.1) 19.9 (17.9)

hospital stay, and we can therefore see that renal disease is
associated with longer stays. Females in either country have
lower readmission and death rates than males but longer hos-
pital stays; these longer stays are compatible with the finding
on mean predicted sojourn times for being in hospital.

3.4 Results for the eight-state model

For the eight-state model, there was little difference in either
mean or total time spent in or out of hospital when either the
crude model was used or when the model included age and
sex. Table 8 gives the mean time spent in and out of hospital.

The probabilities that each state will be the next one, given
that the patient changes state, differed by country but showed
the same pattern for each HF admission (Table 9). The prob-
ability of dying in hospital was 8%—9% for the first three
admissions in Lombardy and 16%—17% for the first three

admissions in England. The chance of death following live
discharge progressively fell after each admission in each
country: 40%, 32% and 28% after the first, second and third
HF discharge respectively in Lombardy compared with 60%,
48% and 40% respectively in England.

4 Discussion
4.1 Main findings

We used descriptive statistics and multistate models to com-
pare hospital inpatient use for heart failure and mortality be-
tween England and the Lombardy region in northern Italy.
Although the distributions of age, sex and the main measured
comorbidities of the admitted patients were rather similar be-
tween the countries, some notable differences emerged.

Table 6  Predicted number of days spent alive and out of hospital in the one and five years following their index HF admission by region for selected
ages and sex, for the two countries (five-year figures in brackets)

Region Age 65, male Age 65, female Age 85, male Age 85, female
Lombardy 299 (1117) 304 (1172) 248 (642) 257 (703)
All England 237 (512) 243 (549) 188 (322) 195 (350)
North East Strategic Health Authority 241 (520) 242 (529) 195 (341) 196 (349)
North West Strategic Health Authority 232 (488) 237 (519) 181 (310) 188 (333)
Yorkshire and The Humber Strategic Health Authority 232 (483) 238 (519) 187 (322) 194 (350)
East Midlands Strategic Health Authority 237 (519) 242 (546) 190 (333) 196 (355)
West Midlands Strategic Health Authority 239 (518) 244 (552) 188 (325) 194 (350)
East Of England Strategic Health Authority 236 (507) 243 (549) 181 (303) 189 (332)
London Strategic Health Authority 247 (558) 251 (586) 201 (362) 205 (384)
South East Coast Strategic Health Authority 239 (508) 249 (563) 184 (302) 196 (343)
South Central Strategic Health Authority 236 (506) 243 (548) 187 (318) 195 (351)
South West Strategic Health Authority 235 (500) 244 (557) 184 (312) 195 (355)
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Table 7 Hazard ratios (95% CI) for age, sex and the five most common comorbidities in Lombardy and England in the 3-state model

Region and Factor Live discharge

Death in hospital

Readmission

Death out of hospital

Lombardy
Age (per year) 1.004 (1.003-1.004)
Female sex 0.98 (0.96-0.99)

Renal disease
Arrhythmias
Chronic pulmonary disease

0.85 (0.83-0.86)
0.99 (0.97-1.00)
0.90 (0.89-0.92)
0.93 (0.90-0.96)
0.98 (0.96-0.99)

Diabetes with complications
Hypertension
England
0.99 (0.99-0.99)
0.92 (0.91-0.93)
0.71 (0.70-0.71)
0.94 (0.93-0.95)
0.99 (0.98-1.00)
0.89 (0.86-0.91)
1.14 (1.14-1.15)

Age (per year)

Female sex

Renal disease

Arrhythmias

Chronic pulmonary disease
Diabetes with complications
Hypertension

1.06 (1.06-1.06)
0.86 (0.82-0.90)
1.15 (1.09-1.22)
0.77 (0.73-0.81)
0.97 (0.92-1.03)
1.02 (0.93-1.12)
0.69 (0.66-0.73)

1.03 (1.03-1.03)
0.94 (0.92-0.95)
1.42 (1.39-1.45)
0.89 (0.88-0.91)
1.03 (1.01-1.05)
0.84 (0.79-0.89)
0.82 (0.80-0.83)

0.98 (0.98-0.99)
0.95 (0.93-0.97)
1.50 (1.46-1.54)
1.23 (1.20-1.26)
1.31 (1.28-1.34)
126 (1.22-1.31)
1.08 (1.06-1.11)

1.01 (1.01-1.01)
0.85 (0.84-0.87)
1.87 (1.83-1.90)
1.31 (1.29-1.33)
1.26 (1.24-1.29)
1.35 (1.30-1.41)
1.11 (1.09-1.13)

1.05 (1.04-1.05)
0.96 (0.93-0.99)
1.35 (1.30-1.40)
0.97 (0.94-0.995)
1.12 (1.08-1.16)
1.26 (1.19-1.34)
0.88 (0.85-0.91)

1.05 (1.05-1.05)
0.87 (0.85-0.88)
1.63 (1.61-1.66)
1.07 (1.06-1.09)
1.28 (1.25-1.30)
1.30 (1.25-1.36)
0.84 (0.82-0.85)

Lombardy patients had more HF admissions per person and
spent more time in hospital both per admission and in total
than those in England, with the mean and median stays for
England driven by the substantial subset of very short stays
there. Summary inpatient length of stay statistics by age re-
vealed the widest spread for patients aged 85 in England,
whose lower quartile was lower and whose upper quartile
was higher than for their Lombardy counterparts. The crude
mortality for Lombardy patients was much lower early on than
in England and remained lower until nearly five years after the
first HF admission.

Using the three-state model, the predicted total time spent
in hospital over the follow-up period by age and sex also
showed large differences between the countries: for example,
in England women spent an average of 24 days if aged 65 at
first admission and 19 days if aged 85, and in Lombardy
women spent an average of 68 days in hospital if aged 65,
falling to 27 days if aged 85. These findings suggest that
Lombardy’s patterns differed much more from England’s pat-
terns than any of England’s regions differed from each other:
patients in the London region stayed the longest in hospital but

had the lowest mortality. The patterns were not affected by
outliers. Taken together, the results show that as well as spend-
ing more time in hospital, Lombardy’s patients spent much
more time alive and out of hospital than those in England
because their survival advantage was maintained for most of
the follow-up period.

Extending the model to eight states allowed us to examine
the sojourn times and transition probabilities for each of the
first three HF admissions separately. This showed that in both
countries the probability of transition to death whilst in hos-
pital was the same during each of the patient’s first three HF
admissions (and constant for each day since admission) and
that the probability of transition to death whilst in the commu-
nity progressively fell after each of the patient’s first three HF
admissions. The gap between successive admissions fell with
each admission by a similar proportional amount in both
Lombardy and England, which suggests similar rates of HF
progression.

Whilst the healthcare systems in the two countries have
some important similarities as outlined in the Introduction,
our analysis of HF outcomes suggests notable differences in

Table 8 Mean time spent in days

in each state for 8-state model, no State Lombardy mean 95% C1 England mean 95% C1

covariates
Admission 1 14.0 13.9-14.2 122 12.1-12.2
Admission 2 13.6 13.3-13.8 12.7 12.6-12.8
Admission 3 13.9 13.6-14.2 12.8 12.6-13.0
Alive after discharge 1 591 584-598 933 928-939
Alive after discharge 2 395 388403 516 510-523
Alive after discharge 3 298 291-306 365 357-374
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Table 9 Probability that each

state will be the next one given State Adm 1 Dis 1 Adm 2 Dis 2 Adm 3 Dis 3 Adm 4+ Death

that the patient changes state from

the 8-state model Lombardy
Adm 1 0.92 0.08
Dis 1 0.60 0.40
Adm 2 091 0.09
Dis 2 0.68 0.32
Adm 3 091 0.09
Dis 3 0.72 0.28
Adm 4+ 1
England
Adm 1 0.84 0.16
Dis 1 0.40 0.60
Adm 2 0.83 0.17
Dis 2 0.52 0.48
Adm 3 0.84 0.16
Dis 3 0.60 0.40
Adm 4+ 1

The 95% Cls in this table are very narrow (at most 1% either side of the point estimates) and have therefore been

omitted

Each patient’s fourth and subsequent admissions have been combined so that the only possible change of state is

death, hence the probability of 1

systems and/or clinical management of these patients, which
we now discuss.

4.2 Potential explanations for these findings

In this section, we first consider artefactual explanations be-
fore discussing what impact differences in quality of care
could have had.

4.2.1 Lombardy’s death rate is consistently lower in hospital
and lower in England overall for most of the follow-up period

Coverage of the national and regional death registers is very
high in both areas, and, whilst linkage with the hospital ad-
missions databases is not 100% successful it is also very good,
so this will not explain the differences. Instead, this finding
could be partly due to casemix if English patients are sicker at
each admission than in Lombardy. There are at least three
arguments against this explanation. First, the demographics
and the prevalence of the main comorbidities were similar in
both, though we lacked information on symptom severity,
frailty and other casemix factors that could have differed; re-
sults from the European Society of Cardiology HF Registry
indicate appreciable regional variations in outcomes and pa-
tient characteristics beyond demographics such as actiology
and ejection fraction [21]. The estimated HF prevalence in
Lombardy was up to twice that in England, which could be
due to many reasons: perhaps there is more underdiagnosis of
HF in England than in Lombardy so that the patients who do

get an HF diagnosis are sicker. Second, the time between
successive admissions shortened by a similar relative amount
in each country, suggesting that the HF cohorts deteriorated at
a similar rate in each country (see Table 8). Third, one would
expect sicker patients to go on to have more admissions than
less-sick ones, which takes us to our next point.

4.2.2 Lombardy patients had more HF admissions each
on average than English ones

This could happen due to coding in two ways. First, some
Lombardy HF admissions might actually have been for non-
HF diagnoses and so should have been excluded from our
cohort. The extraction criteria described in [17] are less restric-
tive than used in England, so this is possible to an extent.
Second, some England non-HF admissions might actually
have been for HF and so should have been included in our
cohort. However, this is not likely to have a big effect, as the
primary diagnosis in English data is well recorded [22].

This difference could also happen if those who survive their
first HF admission in Lombardy are sicker than those who
survive it in England. The probability of transitioning to death
from alive in hospital was 16% in England but only 9% in
Lombardy, so this is possible. This would argue against the
theory raised earlier than English HF patients are sicker on
admission than Lombardy ones, as this would imply an even
greater difference in mortality between the countries.

Another potential scenario is that index admission survi-
vors are equally sick in the two countries but the admission
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threshold is lower in Lombardy. Such a higher willingness and
capacity to (re)admit these patients could also help explain the
in-hospital mortality differences between the countries in all
of'the first three HF admissions (seen in the eight-state model).

4.2.3 Lombardy patients spent more days in hospital in total
for HF than those in England

This is due to a combination of having more admissions per
patient, as just discussed, having higher mean lengths of stay
per admission, and better survival for most of the follow-up
period. The higher mean stays could again be due to more
severe or complex casemix but also factors such as processes
of care, administrative delays around organising tests and dis-
charge, and the availability of community rehabilitation and
care homes. It is notable that within England, the same region
with the longest stays and total time spent in hospital has in
fact the lowest mortality (London): this matches the difference
between the two countries, with both London and Lombardy
having longer average stays, greater total in-hospital time and
lower in-hospital mortality than England as a whole.
Secondly, patients aged 85 had both shorter stays and longer
stays in England than in Lombardy, as seen in their low lower
quartile and high upper quartile and 90th percentiles. Pressure
on acute inpatient beds can lead to some patients being pre-
maturely discharged — it has been previously shown in
England that same-day discharges have a higher 30-day read-
mission rate than those staying one or more nights [23]. At the
same time, the phenomenon of “delayed transfers of care” has
been increasingly seen in the NHS in recent years, with pa-
tients who are deemed ready for discharge having to wait days
or weeks in hospital for residential care. The latter issue will
affect the very elderly more than the young, and both issues
could help explain the LOS distribution differences between
the countries.

For all of the apparent differences between the countries,
clinical practice and quality is also a potential explanation and
of course is the most interesting one. The European Society of
Cardiology international registry, based on a small sample of
centres in each country, found variations in clinical features,
management and mortality between world regions, with
Southern Europe having the lowest one-year mortality [20].
The big question is whether the greater time spent in hospital
in Lombardy (and London) leads to better survival in the short
and medium term and other health benefits. The extra admis-
sions per person in Lombardy offer more opportunities for the
team to apply guideline-based medications, revascularization
and device-based therapy and also educate the patient, thereby
improving survival, at least in the short-term. For this reason,
some commentators have argued that not all readmissions are
bad [24]. The National Heart Failure Audit for England and
Wales reports annually on hospital outcomes and processes
such as prescribing and cardiologist input, but there is no
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equivalent for Italy to allow us to compare quality directly.
The England and Wales Audit has shown falls in in-hospital
and one-year mortality and concomitant improvements in
evidence-based standards such as prescribing and specialist
input over time [25]. It also reported that the average length
of stay in hospital was longer and the mortality rate lower for
patients on cardiology wards than on medical wards. This is
consistent with the claim that specialist cardiology clinicians
spend more time optimising therapies and ensuring stability
prior to discharge, resulting in longer hospital admissions. We
believe that one plausible explanation of our findings is that,
compared with England, in Lombardy there is a greater will-
ingness to admit patients for their HF and to keep them in
hospital longer in order to better tune their therapies and so
reduce mortality. The greater proportion of very long stays
among the very elderly in England’s NHS is more likely due
to problems with appropriate discharge than with better care.
However, ours is an observational study, and so causal infer-
ence is not possible regarding which of the competing expla-
nations for the differences is true.

4.3 Strengths and limitations

This study benefitted from large sample sizes drawn from
databases with regional or national coverage, common advan-
tages with administrative data. As described earlier, multistate
models have some key benefits over standard logistic regres-
sion for 30-day readmission or survival analysis for single or
multiple events. These include handling both the competing
risk of death and the serial nature of admissions due to disease
progression. They are within an inferential framework and are
therefore more powerful than using only the simple descrip-
tive analyses that we presented first. In particular, they allow
for prediction.

We have assumed that the first unplanned admission for the
patient’s HF represents a significant deterioration in the pa-
tient’s health status. This index HF admission is an often-used
and convenient starting point from which to examine their
subsequent admission trajectory, but for cardiologists it repre-
sents an important milestone in the disease progression at
which further intervention is needed and the management
changes. For the patient it means their symptoms have wors-
ened and of course their chance of death at this point is notably
raised.

As the Lombardy data came from a demonstration project,
we did not have non-HF admissions or a flag for diabetes
without complications for that region. Patients with HF usu-
ally have multiple comorbidities and are admitted more for
these conditions than for HF [23]. Some quality of care mea-
sures and some predictors of readmission are associated only
with HF readmissions but not with other readmissions [26].
Administrative databases typically have some underrecording
of comorbidities, though this has been found not to bias
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estimated relations between comorbidity and mortality [27]
and the primary diagnosis is well recorded [22]. We were
unable to capture symptom severity or other physiological
parameters for either country, as these are not included in the
databases.

To enable convergence with the msm package, we had to
restrict the set of comorbidities to the commonest ones and
limit the number of states to eight, allowing for the first three
admissions to be considered separately.

5 Conclusion

This study revealed considerable apparent differences be-
tween England and Lombardy in mortality and HF readmis-
sion patterns. Such studies are useful for generating hypothe-
ses relating to possible mechanisms for these differences, as
we are unable to confidently disentangle the impact of coding,
casemix, clinical practice, and the availability and use of non-
hospital settings. Future work on such cross-country compar-
isons in patients with heart failure should investigate admis-
sions for non-HF diagnoses and the effect of other comorbid-
ities on disease progression. We believe that multistate models
would be a useful component of such work.
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