Open Access Research

National trends in emergency
readmission rates: a longitudinal

analysis of administrative data for
England between 2006 and 2016

BM)J Open

To cite: Friebel R, Hauck K,
Aylin P, et al. National trends
in emergency readmission
rates: a longitudinal analysis
of administrative data for
England between 2006

and 2016. BMJ Open
2018;8:020325. doi:10.1136/
bmjopen-2017-020325

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2017-
020325).

Received 27 October 2017
Revised 3 January 2018
Accepted 1 February 2018

| '.) Check for updates

'School of Public Health,
Imperial College London,
London, UK

%Data Analytics, The Health
Foundation, London, UK

Correspondence to
Rocco Friebel;
rocco.friebel@health.org.uk

Rocco Friebel,"? Katharina Hauck,' Paul Aylin," Adam Steventon?

ABSTRACT

Objective To assess trends in 30-day emergency
readmission rates across England over one decade.
Design Retrospective study design.

Setting 150 non-specialist hospital trusts in England.
Participants 23 069 134 patients above 18 years of age
who were readmitted following an initial admission (n=62
584 297) between April 2006 and February 2016.
Primary and secondary outcomes We examined
emergency admissions that occurred within 30 days of
discharge from hospital (‘emergency readmissions’) as

a measure of healthcare quality. Presented are overall
readmission rates, and disaggregated by the nature of the
indexed admission, including whether it was elective or
emergency, and by clinical health condition recorded. All
rates were risk-adjusted for patient age, gender, ethnicity,
socioeconomic status, comorbidities and length of stay.
Results The average risk-adjusted, 30-day readmission
rate increased from 6.56% in 2006/2007 to0 6.76%
(P<0.01) in 2012/2013, followed by a small decrease to
6.64% (P<0.01) in 2015/2016. Emergency readmissions
for patients discharged following elective procedures
decreased by 0.13% (P<0.05), whereas those following
emergency admission increased by 1.27% (P<0.001).
Readmission rates for hip or knee replacements decreased
(—1.29%; P<0.001); for acute myocardial infarction
(—0.04%; P<0.49), stroke (+0.62%; P<0.05), chronic
obstructive pulmonary disease (+0.41%; P<0.05) and
heart failure (+0.15%; P<0.05) remained stable; and

for pneumonia (+2.72%; P<0.001), diabetes (+7.09%;
P<0.001), cholecystectomy (+1.86%; P<0.001) and
hysterectomy (+2.54%; P<0.001) increased.
Conclusions Overall, emergency readmission rates in
England remained relatively stable across the observation
period, with trends of slight increases contained post
2012/2013. However, there were large variations in trends
across clinical areas, with some experiencing marked
increases in readmission rates. This highlights the need to
better understand variations in outcomes across clinical
subgroups to allow for targeted interventions that will
ensure highest standards of care provided for all patients.

INTRODUCTION

Ensuring that patients receive appropriate
and high-quality care in hospitals followed
by an efficient discharge in a way that leads
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Strengths and limitations of this study

» The use of a large administrative health data source
allowed capturing all patients entering the English
National Health Service between 2006 and 2016.

» This study extended the scope of the previous
literature, by examining changes in readmission
trends and variation for all patients, and for nine
clinical subgroups.

» Our analysis employed the systematic component
of variation, which provides an estimation of the
unobservable part of the variation that is due to
hospital characteristics.

» The risk-adjusted, 30-day readmission rate and
the systematic component of variation assume that
all patient-level predictors of a readmission are
controlled for by the information entered into the
logistic regression model.

» There may be other dimensions of quality of
care that we were not able to measure through
readmission rates.

to the best possible outcomes is a priority
for the English National Health Service
(NHS)." Despite this objective, care received
by patients remains variable in quality across
England,” and while some of this variation
may be explained by differences in patients’
complexity and medical needs,” some varia-
tion may be unwarranted by the character-
istics of patients and point to opportunities
to improve care.® It is a key priority of the
NHS to close this ‘quality gap’, which was
outlined in the NHS Five Year Forward View’
and addressed through initiatives such as the
Right Care Programme® and Getting it Right
First Time.’

Emergency hospital readmission rates are
widely used for measuring health system
performance.*"” They have important and
well-known lirnitations,11 which include
the difficulty in distinguishing readmis-
sions avoidable through actions of health-
care providers from those caused by other
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factors such as the patient complexity, a sensitivity to
omitted variable bias in risk-adjustment models, imper-
fect information about how they relate to other outcome
measures of quality (ie, mortality rates or length of stay),
and their link to factors outside the control of hospitals
(eg, primary care or social isolation). Nevertheless, there
is now mounting evidence that they are correlated with
quality of care provided to patients along the clinical
pathway. This includes quality of care at the initial hospital
stay,'? transitional care services'”™” and postdischarge
support.'® ' Emergency readmission rates were incorpo-
rated into quality frameworks across several healthcare
systems (eg, USA, Denmark, Germany and England),"
with numerous national-level policies aimed at reducing
readmissions in an attempt to improve quality of care.
For example, in England, the government white paper
Equity and Excellence: Liberating the English NHS" led to the
implementation of policies directly aiming at reducing
readmission rates, including via financial penalties for
hospitals reporting excess emergency readmissions.

Previous research on readmissions analysed trends at
the national level by aggregating across all hospitals.”
While national readmission trends can indicate whether
progress was made overall in the healthcare systems, an
aggregate analysis masks differences in the rate of prog-
ress for specific hospitals and patient groups. Analyses in
the aggregate offer little value for the identification of
providers and clinical areas that require specific policy
attention, and works counter the ambition to provide
high-quality healthcare for all patients no matter what
hospitals they attend. Therefore, in addition to investi-
gating national trends in readmissions, examining vari-
ation between providers and for different patient groups
helps to uncover additional dimensions in care quality,
which can direct policy makers in implementing future
improvement efforts in a more targeted fashion. To
measure variation in readmission rates across hospitals,
we used the systematic component of variation (SCV).*'
This is a commonly applied measure of variation in health
system performance.”** To measure variation in read-
mission rates across clinical areas, we undertook separate
analyses of nine patient groups with specific conditions
and procedures. We used a large dataset consisting of the
medical records of all patients admitted to the population
of English hospitals over 10 years. This study provides one
of the most comprehensive assessments of trends in read-
mission rates in England.

METHODS

Study population

Our analysis included a total of 23 069 134 patients
between April 2006 and February 2016 to 150 non-spe-
cialist NHS trusts. Trusts are healthcare providers that
typically manage multiple hospital sites. We obtained
pseudonomised and unidentifiable patient health-
care records from the administrative Hospital Episode
Statistics (HES) database. HES contains information

on patient demographics, diagnoses and treatment.
For each patient, we constructed linked health records
from the patients’ admission to discharge, even when
patients changed hospital as part of the hospital stay.* *°
We studied all adult patients discharged from a non-spe-
cialist NHS trust between 1 April 2006 and 29 February
2016, following any elective (ie, planned) or emergency
(ie, unplanned) indexed (ie, original or first) admission.
This included patients admitted with an indexed admis-
sion as a day-case to account for health system trends that
shifted care from an inpatient to an outpatient setting
during the 10 years.*’Patients discharged in March 2016
were removed from the study sample to allow for a suffi-
cient follow-up period required to calculate 30-day read-
mission rates within the scope of available data. We also
excluded the following elective and emergency admis-
sions from the study sample (total exclusions: 56 401 750
out of 140 709 025 admissions): below 18 years of age
(n=17 860 079), without complete records of variables
required for risk adjustment (n=11 173 561), maternity
cases (n=12 085 711) and any admission related to cancer
or chemotherapy (n=13 985 696). We also excluded any
indexed admission that was not survived by the patient
(n=1 296 703), because they could not result in a read-
mission. Where a patient experienced multiple admis-
sions, we treated each admission as an indexed admission
provided they occurred more than 30 days from each
other.

We followed the definition used by policy makers in
England for identifying emergency readmissions from
administrative health 1records,28 which are described
as any all-cause, emergency admission with a method
of admission via Accident and Emergency department
(A&E); general practitioner; bed bureau; consultant
outpatient clinic; other means, such as arriving via A&E
of another provider where the patient had not been
admitted, and occurring within 30 days of discharge from
an indexed admission. We focused on a period of 30 days
following discharge from any indexed admission as this
reflects common practice when assessing care quality,
and we only counted the first emergency readmission for
patients experiencing multiple emergency readmissions
within the 30-day period. Emergency readmissions may
have comprised of readmissions for conditions unrelated
to the indexed admission.

We first calculated yearly national readmission rates by
averaging across hospital-specific readmission rates. We
then examined yearly trends in readmissions for patients
with nine specific conditions, following the hypothesis
that the patients’ experience with the healthcare system is
likely to differ with health condition. For example, long-
term conditions are usually managed in primary care
settings,” while acute conditions require hospital admis-
sions and rehabilitative care. We used the HES-recorded
primary diagnoses codes (International Classification of
Diseases 10th edition or ICD-10) and procedure codes
(Classification of Intervention and Procedure Codes or
OPCS-4) to identify patients for subgroup analyses. The
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selection of acute conditions and chronic conditions was
based on publicly available statistics on health service util-
isation based on primary diagnosis in 2015/2016,” and as
a result we included acute myocardial infarction, stroke
and pneumonia as acute conditions; we chose conges-
tive heart failure, chronic obstructive pulmonary disease
(COPD) and diabetes mellitus as long-term conditions.
For surgical interventions, we focused on commonly
performed surgeries in the English NHS, which also
capture several surgical subsections.” Thus, we selected
cholecystectomy, total hip and knee replacement, and
hysterectomy. The full list of applied ICD-10 codes and
OPCS-4 codes is presented in the online supplementary
appendix A .

Statistical analysis

We first estimated the average observed emergency
readmission rate (OR) for each trust and financial year
by aggregating from the patient level. We adjusted for
systematic differences in patient complexity across trusts
based on clinical conditions recorded in each patients’
record. We then estimated the predicted emergency read-
mission rates (ER) for each trust and financial year by
performing a logistic regression at the patient level. We
used patient case-mix information, including patient age
on admission, gender, ethnicity, socioeconomic depriva-
tion score (Index of Multiple Deprivation version 2010
based on small geographic areas, each containing on
average 1500 residents),” comorbidities measured by the
Charlson Index™ and length of stay. This Charlson Index
was constructed based on diagnoses codes recorded
at the indexed admission and during previous admis-
sions that occurred within 1year. Because the Charlson
Index may be affected by changes in how health condi-
tions are recorded in HES,34 we entered interaction
terms between the Charlson Index and financial year
into our logistic regression model. Length of stay was
entered into the risk-adjustment process, as every extra
day spent in hospital was found to be associated with an
increased risk of incurring an adverse health event,”
possibly affecting the patients’ likelihood of recovery, but
it might also indicate disease severity in the absence of
any other adequate measures recorded within the HES
database. However, because length of stay is also used as
a measure of quality,” it is possible that adjusting for it
might remove some of the variation in readmission rates.
To calculate the risk-adjusted, 30-day emergency read-
mission rate for each trust and financial year, we divided
OR by ER to assess whether the trust performed below or
above what would be expected given patient case-mix. We
then multiplied this ratio for each trust and financial year
by the average emergency readmission rate observed at
the national level in that financial year.

The amount of trustlevel variation in 30-day, emer-
gency readmission rates in England for each financial
year was calculated with the SCV methodology devel-
oped by McPherson et al’' (see online supplementary
appendix B). The SCV can be described as the variance

of the ratios of OR and ER minus the random component
caused by Poisson variability’ times 100. Since hospital
readmissions are relatively rare events, we assumed that
ER approximates a Poisson distribution. This provided us
with one SCV measure for each financial year, and each
category of readmission. The SCV measures the degree
of variation caused by time-invariant unobservable char-
acteristics related to the hospitals or the populations in
their catchment area that are leading some hospitals to
diverge from the average national emergency readmis-
sion rate. A high SCV means that hospitals in that year
have very different readmission rates due to unobservable
characteristics that we cannot explain by the information
entered into the prediction model. These unobservable
characteristics make a hospital perform above or below
the national average in terms of readmissions. Unobserv-
able hospital characteristics could be good or bad manage-
ment practices, staff satisfaction, whereas unobservable
population characteristics could be socioeconomic
factors that affect medical need, but are not captured by
the socioeconomic deprivation score in HES.*® The esti-
mated SCV score can be categorised into three distinct
groups. An SCV score below 3 indicates small variation
in emergency readmission rates; a score between 5.4 and
10.0 indicates high variation in emergency readmission
rates; and a score above 10.0 indicates very high variation
in emergency readmission rates.”” **** Other studies have
suggested a value above 16 to indicate high variability,*’
while one study that investigated variation in access to
health services commissioned by the National Specialised
Commissioning Team in England suggested high vari-
ability above a cut-off point of 20.*

To test whether trends in risk-adjusted, 30-day emer-
gency readmission rates changed across financial years, we
estimated a regression model with ordinary least squares
estimators. We used the risk-adjusted, 30-day emergency
readmission rate as dependent variable, and entered time
dummies for each financial year, omitting financial year
2006,/2007 as the baseline case. The direction of the coef-
ficient estimates showed whether the readmission rate in
a respective financial year is significantly different from
the values observed in financial year 2006,/2007.

We conducted sensitivity analyses using alternative
time windows for emergency readmissions within 7 and
90 days. In addition to the SCV, we also report the SD as
an alternative measure of variation. We used SAS Enter-
prise Miner for initial data extraction, and the statis-
tical analysis was conducted using STATA V.13.

RESULTS

Study sample

Our analysis included a total of 62 584 297 (n=23 069 134
patients) indexed admissions (corresponding to 43551
indexed admissions per trust per year, with a range from
1195 to 121 500), suggesting that several patients experi-
enced multiple indexed admissions across the observa-
tion period. The characteristics of all patients admitted
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Table 1 Summary statistics of all patients in the study
sample by financial year (FY)

FY 2006/2007 FY 2015/2016
Variable Mean (No) Mean (No)
No of index 5204 263 6219 153
discharges
Patient age (years)  57.42 59.46

Female (%)
White (%)
Black (%)
Asian (%)
Other (%)

Length of stay in
days (total days per
year)

Patients discharged
from quintile 1 (%)—
IMD score (least
deprived)

Patients
discharged from
quintile 2 (%)—IMD
score

Patients discharged
from quintile 3 (%)—
IMD score

Patients discharged
from quintile 4 (%)—
IMD score

Patients discharged
from quintile 5 (%)—
IMD score (most
deprived)

Charlson
comorbidities

Crude 30-day
readmission rate (%)

Number of NHS
trusts

54.02 (2 811 559)
89.40 (4 652 641)
2.26 (118 127)
4.13 (215 017)
1.48 (77 369)
3.16 (16 461 340)

20.90 (1 087 857)
20.39 (1 061 572)

19.93 (1 037 591)
19.49 (1 014 601)
19.26 (1 002 642)

0.23

6.50 (338 565)

150

54.48 (3 391 862)
87.76 (5 463 584)
2.55 (158 949)
5.03 (313 120)
2.17 (135 425)
2.25 (14 029 556)

19.33 (120 3376)
19.74 (1 229 077)

20.15 (1 254 540)
20.17 (1 255 631)
20.60 (1 282 480)

0.45

6.73 (418 949)

139

Summary statistics across all patients for each financial
year. IMD score refers to the Index of Multiple Deprivation.
NHS, National Health Service.

to hospital changed slightly between 2006/2007 and
2015/2016 (see table 1). For example, the average
patient age increased across the study period, from
57.4 years in 2006/207 to 59.5 years in 2015/2016
(P<0.001). Similarly, the average number of comorbid-
ities measured by the Charlson Index increased from
0.23 in 2006/2007 to 0.45 in 2015/2016 (P<0.001).
However, this increase may reflect improvements in
coding practice over time, rather than a real increase
in medical complexity of patients. Patients remained in
hospital for a shorter period, with the average length
of stay decreasing from 3.16 days in 2006/2007 to 2.25
days in 2015/2016 (P<0.001).

8

Trends and variation in national emergency readmission rates
for all NHS patients

The total number of indexed admissions per year
increased by 1 014 890 from 5 204 263 in 2006/2007 to
6 219 153 in 2015/2016 (P<0.001). A total of 338565
discharges following an indexed admission resulted in
an emergency readmission in 2006/2007, whereas a
total of 418949 discharges following an indexed admis-
sion resulted in an emergency readmission in 2015/2016
(P<0.001) (see table 1). The observed crude emergency
readmission remained stable across the study period,
increasing slightly from 6.50% in 2006,/2007 to 6.75% in
2012/2013 (P<0.001), and then remaining constant until
2015/2016 (P<0.001). The SD of crude readmissions
was also constant from 0.95% in 2006/2007 to 0.93%
in 2015/2016 (P<0.30). The risk-adjusted, 30-day emer-
gency readmission rates increased slightly from 6.56% in
2006/07 to 6.76% in 2012/2013 (P<0.01), followed by
a small decrease to 6.64% in 2015/2016 (P<0.01) (see
figure 1). While percentage changes in risk-adjusted,
30-day emergency readmission rates appear insubstantial,
when calculating the total number of patients readmitted
per year from the number of indexed admissions per year,
the small decrease in readmissions between 2012/2013
and 2015/2016 translated into approximately 7000 fewer
readmissions per year.

The average SCV for readmissions following any
indexed admission and across the entire observation
period was 15.11, and we observed a decrease in the SCV
score from 15.60 in 2006/2007 to 14.54 in 2015/2016
(P<0.001) (see figure 1). This means that although read-
mission rates were higher in 2015/2016 compared with
2006/2007, the variation across providers reduced signifi-
cantly. This is confirmed by observed reductions in the
standard deviation (see table 2).

We then performed a regression analysis, using ordi-
nary least squares estimators to test whether risk-ad-
justed, 30-day emergency readmission rates across the
observation period differed from the baseline case
(risk-adjusted, 30-day emergency readmission rates in
2006/2007). We found a statistically significant increase
in risk-adjusted, 30-day emergency readmission rates
across the observation period, with the emergency read-
mission rate in 2010/2011 being 0.21% (P<0.05) above
the baseline emergency readmission rate in 2006,/2007.
The risk-adjusted, 30-day emergency readmission rate
for any other year was not significantly different from
the baseline. Regression output is presented in online
supplementary appendix C.

Trends and variation in emergency readmission rates for
patient subgroups

While overall risk-adjusted, 30-day emergency readmis-
sion rates remained relatively stable, subanalyses by type
and clinical condition of indexed admission reveals
heterogeneous trends that would remain concealed in
an aggregate analysis (see table 2). Risk-adjusted, 30-day
emergency readmissions for all elective procedures did
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Risk-adjusted, 30-day emergency readmission rates (%)
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Variation across trusts due to unobservable factors
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Financial years from 2006/07 to 2015/16

=Risk-adjusted, 30-day emergency readmission rate

Figure 1

not decrease substantially—a reduction from 2.88% in
2006/2007 to 2.61% in 2015/2016 (P<0.05). Similarly,
the SCV reduced from 35.91 in 2006/2007 to 35.30 in
2015/2016 (P<0.05). On the other hand, risk-adjusted,
30-day emergency readmissions following any emer-
gency (ie, unplanned) indexed admission increased by
1.27% (P<0.001), from 11.49% in 2006,/2007 to 12.76%
in 2015/2016. Over the same period, the SCV decreased
by 0.61, from 8.41 in 2006/2007 to 7.90 in 2015/2016
(P<0.01).

Out of the analysed elective procedures, a reduction
in risk-adjusted, 30-day emergency readmissions was

====Variation across trusts due to unobservable factors

Trends in risk-adjusted, 30-day emergency readmission rates and variation in England from 2006/2007 to 2015/2016.

observed for patients undergoing total hip and knee
replacements (-1.29%; P<0.001). Constant or slightly
reduced readmission rates are seen for patients with
indexed admissions for acute myocardial infarction
(-0.04; P<0.49), stroke (+0.62; P<0.05), COPD (+0.41%;
P<0.05) and heart failure (+0.15%; P<0.05). For the
other four conditions, readmission rates have increased,
including pneumonia (+2.72%; P<0.001), diabetes
(7.09%; P<0.001), cholecystectomy (+1.86; P<0.001) and
hysterectomy (+2.54%; P<0.001) (see figure 2).

Except for emergency readmissions following chole-
cystectomy and hysterectomy, the SCV reduced across all

Table 2 Descriptive statistics of crude, 30-day readmission rates and SCV for selected patient subgroups

FY 2006/07 FY 2015/16
Type of indexed No of indexed Mean readmission No of indexed Mean readmission
admission admissions rate (SD) SCvV admissions rate (SD) Scv
All 5204 263 6.50 (0.95) 15.60 6219 153 6.73 (0.93) 14.58
Emergency 2 146 898 11.70 (1.07) 8.41 2 505 047 12.68 (0.97) 7.90
Elective 3 057 365 2.85 (0.46) 35.91 3718 858 2.72 (0.39) 35.30
Acute myocardial 43 416 15.07 (2.70) 6.74 39 037 15.32 (3.32) 6.37
infarction
Stroke 34 835 9.88 (2.45) 9.43 45 601 10.45 (2.07) 9.37
Pneumonia 46 224 13.73 (2.60) 7.14 106 554 15.76 (2.03) 6.48
Chronic obstructive 97 306 16.54 (2.06) 6.15 103 871 16.91 (2.37) 5.97
pulmonary disease
Heart failure 32 051 17.47 (3.12) 5.76 38 349 17.77 (3.22) 5.60
Diabetes 30 280 9.56 (4.48) 9.61 25574 13.58 (3.45) 8.67
Hip and knee 59 267 7.56 (2.11) 13.94 64 155 7.06 (2.15) 13.48
replacement
Cholecystectomy 37 627 6.34 (1.88) 1417 44 488 7.18 (1.92) 14.70
Hysterectomy 18 355 7.09 (2.85) 12.30 13 897 7.59 (3.30) 14.85

Crude 30-day emergency readmission rates are depicted.
SCV, systematic component of variation.
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conditions and (C) surgical interventions from 2006/2007 to 2015/2016.
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conditions, indicating lower levels of variation in quality
of care received by patients across the country. However,
all investigated conditions showed either medium or high
levels of variation, with lowest levels of SCV observed in
patients with heart failure (5.60) and COPD (5.97). More-
over, while the SCV reduced for patient readmitted within
7days (-1.84) and 90days (-0.57), 7-day emergency read-
mission rates were found to increase slightly from 3.20% in
2006/2007 to 3.37% in 2015/2016, and 90-day readmission
rates decreased slightly from 9.99% in 2006,/2007 to 9.78%
in 2015/2016 (see online supplementary appendix D) .

DISCUSSION

Despite an enhanced policy focus aimed at reducing read-
missions, which saw the introduction of national-level
policies, including financial penalties for readmission
reduction in hospitals reporting excess readmission rates'
and a number of local-level initiatives, little is known about
the development of readmission rates over the past decade,
as well as the overall effect of interventions to improve this
aspect of healthcare quality. We examined emergency read-
missions for all non-specialist NHS trusts in England between
2006/2007 and 2015,/2016, and showed that risk-adjusted,
30-day emergency readmission rates following discharge
from any indexed admission increased slightly from 6.56%
in 2006/2007 to 6.76% in 2012/2013, followed by a small
decrease to 6.64% in 2015/2016. At the same time, the
degree of variation measured by the SCV decreased from
15.60 in 2006,/2007 to 14.54 in 2015/2016. However, when
we disaggregated results by type of admission and clin-
ical condition, we observed heterogeneous trends with
decreasing trends for some patient groups, but increasing
ones for others. Disaggregating findings by type of admis-
sion showed that emergency readmissions following any
elective surgery decreased slightly, which could be attribut-
able to initiatives that focused on improving metrics such as
infection rates (eg, Commissioning for Quality and Inno-
vation scheme in the 2008 NHS Stage Review) 22 However,
emergency readmissions following an indexed emergency
admission increased over the observation period. Disag-
gregation by clinical areas showed that readmission rates
decreased for patients initially admitted for hip or knee
replacements. Readmission rates stayed about constant for
patients initially admitted for heart failure, acute myocar-
dial infarction, stroke and COPD, but increased for patients
initially admitted for diabetes, pneumonia, cholecystec-
tomy and hysterectomy. We observed particularly large rises
in risk-adjusted, emergency readmission rates in diabetes
patients, which could have several possible explanations.
For example, it could be linked to significant reductions in
mortality from diabetes and rises in the number of socio-
economically deprived populations,”” but has previously
also been linked to side effects of diabetic drugs.**

While previous studies examined trends in emergency
readmission rates for different types of hospitals® and
surgical emergency readmission rates for selected patient
subgroups as a measure for quality of care in the USA,*

this is the first study that provides a comprehensive over-
view of trends in risk-adjusted, 30-day emergency readmis-
sions and variation in England over a 10-year period and
disaggregated for nine clinical conditions. One study that
had reported on trends of English emergency readmission
rates before focused on a period up to May 2010, but did
not disaggregate by clinical condition."” Our study provides
an updated overview of these changes in emergency read-
missions until February 2016, and for nine subgroups.
Expanding the previous observation period further is
particularly important, since the NHS has focused consid-
erable efforts into reducing readmission rates following the
publication of Equity and Excellencein April 2010. While our
study found similar patterns in trends of emergency read-
mission rates,”” the magnitude of emergency readmission
rates was slightly smaller, 6.67% compared with 7.0%. This
is likely to be caused by differences in the methods used for
linking information from HES, and differences in defining
indexed admissions.

Large variations in the reporting of readmission rates
for specific clinical subgroups exist in the literature. For
example, while one study reported the 30-day readmission
rate for COPD to be approximately 10.2% in the NHS,*
the Royal College of Physicians reported much higher
rates of approximately $1%-34%, over a 90-day period.*
In comparison, we found a readmission rate of 17.0% in
2015/2016. Moreover, research from the USA suggested
readmission rates of 19.9% and 18.3% for acute myocardial
infarction and pneumonia, respectively.”’ We found read-
missions to be lower in the NHS, 15.2% for acute myocar-
dial infarction and 16.0% for pneumonia in 2015/2016.
Other research focused primarily on the examination of
care provided at singular pathway points, which included
the investigation into mortality rates to assess variation of
in-hospital quality between providers’ and the evaluation
of healthcare policies with emergency readmissions as an
outcome indicator."*** %

Strengths and limitations

We examined changes in 30-day emergency readmission
rates across all non-specialist trusts in England between
2006 and 2016. We chose unplanned, emergency readmis-
sions as an outcome measure, as they are mostly undesir-
able for patients and also add potentially avoidable strain
on services. A 30-day follow-up period was chosen to capture
the impact of quality along the clinical pathway, including
the initial hospital stay,' transitional care'™"” and postdis-
charge support.'® '"However, health service quality may also
affect emergency readmissions after 30days, with studies
showing that a follow-up of 90 days may be more appropriate
when assessing quality of care provided to older patients
with debility, after discharge from rehabilitation services.”
Other studies have suggested that 7-day emergency readmis-
sion rates are more closely related to the quality provided at
the initial hospital stay.” To investigate this potential threat
to the validity of this study, we conducted sensitivity anal-
ysis that in addition to 30-day emergency readmissions also
investigated changes in trends and variation for 7-day and
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90-day emergency readmissions. Outcomes from the sensi-
tivity analyses did not materially change our findings, with
small increases found for 7-day readmission rates, but small
decreases in 90-day readmission rates. The SCV for both
outcome measures decreased (see online supplementary
appendix C). While our findings present statistically signifi-
cant differences in readmission rates across financial years,
the relative magnitude of change was small, with their clin-
ical meaningfulness depending on the distribution of their
incremental changes across trusts.

The validity of emergency readmission rates as a measure
for quality of care had been questioned before, mainly due
to their sensitivity to changes in patient case-mix, random
variation and the poor correlation with other indicators of
hospital quality.”**® While the limitations of readmission
rates as a metric might be a particularly relevant concern
for direct provider comparisons, such as in the case of
imposing financial penalties for hospitals with high read-
mission rates and associated fears about unintended conse-
quences,” in this study we aimed to assess overall trends
in readmission rates for all trusts and across 10 years.
This approach helped to deal with random variation and
presented longitudinal changes in readmission rates in
the English NHS. Since quality is multidimensional, future
research should consider examining several quality metrics
to provide a comprehensive picture of changes occurred in
healthcare systems and over time.

We used a large administrative data source that included
all hospital inpatients in England and we risk-adjusted emer-
gency readmission rates at the patient level, accounting
for systematic differences in observed patient characteris-
tics between trusts. We adjusted for patient demographics,
including socioeconomic status. Thus, we assumed that
any variation in emergency readmissions that correlates
with socioeconomic status was outside of the direct control
of the healthcare system. While it is common practice in
England to adjust for socioeconomic status, however, it
is possible that the higher emergency readmission rates
observed among patients living in more deprived areas is
in part due to lower quality healthcare—a possibility that
has been extensively discussed.”® Another concern relates
to omitting variable bias in the risk-adjustment for emer-
gency readmission rates, such as by the lack of information
on clinical severity (ie, acuity determined through labora-
tory test results) that was found to be highly predictive of
a readmission.”” Our study may therefore dilute the true
predicted likelihood (ie, upward or downward depending
on the severity of disease) of a patient having to return to
hospital. We were not able to address this limitation within
our dataset, butwe used the Charlson Index to capture some
of the patients’ clinical complexity’® and further accounted
for improvements in recording practices by including inter-
action terms of the Charlson Index in each financial years
into our risk-adjustment model.

We constructed the SCV, a measure that represented
potentially ‘avoidable’ variation that can be attributed to
differences in quality of care, provided our controls for
patient characteristics that are not under the influence

of the health system within the prediction model. Similar
to the risk-adjusted readmission rates, the interpretation
of the SCV follows the assumption that all ‘unavoidable’
variation in readmissions was sufficiently addressed by the
information that was entered into the prediction model.
However, it is possible that other factors explained the
variation in emergency readmission rates. In particular,
the subgroup analysis showed rises in emergency readmis-
sion rates for many of the selected acute conditions. These
changes might be explained by reductions in patient
mortality, triggered through technological advancements,
which have been found to inversely correlate with emer-
gency readmission rates for patients with hip fracture.”
In fact, increases in readmission rates may reflect posi-
tively on the care provided to patients in the NHS. Our
findings are also susceptible to time-varying confounders,
such as the establishment of Hyper Acute Stroke Units in
London and Greater Manchester in 2010,” leading to a
step change in quality provided to stroke patients across
different parts of the country.

While our study was able to describe overall changes in
emergency readmission rates over time, we were not able to
make inferences about the effectiveness of specific health-
care interventions. Future research should therefore eval-
uate the mechanism of local-level and national-level policies
aimed at improving quality of care in England, such as the
introduction of financial penalties,' or improvements in
access to general practitioners.” Linkages of secondary
care data with information on care received during the
postdischarge period would allow establishing causal rela-
tionships along the patient pathway. Populating risk-adjust-
ment models with information other than those currently
available from secondary care datasets would allow for
more precise estimates of risk-adjusted, emergency read-
mission rates. Future research might also benefit from
additional exploration of audit data that could hold infor-
mation on quality, which is not commonly available within
large administrative health datasets.

CONCLUSIONS

Small initial rises in emergency readmission rates after
discharge from any indexed admission was followed by
stable, or even slightly decreasing emergency readmis-
sion rates after 2012/2013. We also found a decrease
in variation between hospital trusts from 2006/2007 to
2015/2016. These changes in readmission rates fall into
a period of an enhanced focus on reducing readmission
rates in the English NHS, thereby suggesting possible
impacts of local-level and national-level efforts to stabi-
lise, or even contain rises in emergency readmission rates
since 2010. However, changes in both metrics were only
modest, and they varied widely by clinical area, which
might have several possible causes. For example, while
reductions in readmissions for long-term conditions may
indicate changes in quality provided outside the hospital
(ie, in primary care settings), increases in readmissions for
acute conditions such as patients with pneumonia might
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be linked to factors in quality not captured through read-
mission rates, such as improvements in patient survival at
the indexed admission. Finally, and importantly, changes
in readmission rates may be related to changes in other
factors that we could not adjust for in our analysis.

It is the aim of any health system to provide care at
the highest quality standard and equally to all patients
regardless of where they access the health system. While
the focus on reducing emergency readmission rates in
the English NHS may yield certain benefits, policy makers
would ideally develop an understanding about changes in
variation of care quality measured by a range of metrics
over time to introduce targeted and effective improve-
ment strategies.

Acknowledgements We thank the two referees and editor for their detailed and
thoughtful comments which helped us to substantially improve the paper.

Contributors RF had the idea for this study. RF and AS came up with the statistical
analysis plan. RF carried out the analysis. RF, AS, KH and PA drafted and finalised
the paper.

Funding This research was conducted independently, but has received support

by the National Institute for Health Research (NIHR) Imperial Patient Safety
Translational Research Centre, the National Institute for Health Research Health
Protection Research Unit (NIHR HPRU) in modelling methodology at Imperial College
London in partnership with Public Health England (PHE), and by the MRC centre for
outbreak analysis and modelling (funding reference: MR/K010174/1B).

Disclaimer The views expressed are those of the authors and not necessarily
those of the NHS, the NIHR or the Department of Health.

Competing interests None declared.

Patient consent Detail has been removed from this case description/these case
descriptions to ensure anonymity. The editors and reviewers have seen the detailed
information available and are satisfied that the information backs up the case the
authors are making.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement The data controller of the data analysed is NHS
Digital. Patient-level data are available subject to their information governance
requirements.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Department of Health. The NHS Constitution. London, England,
2015.

2. NHS England, Public Health England. The NHS Atlas of Variation in
Healthcare Reducing unwarranted variation to increase value and
improve quality: London, England, 2015. http://www.rightcare.nhs.
uk/atlas/downloads/2909/RC_nhsAtlasFULL_LOW_290915.pdf

3. Mant J. Process versus outcome indicators in the assessment of
quality of health care. Int J Qual Health Care 2001;13:475-80.

4. Wennberg JE. Unwarranted variations in healthcare delivery:
implications for academic medical centres. BMJ 2002;325:961-4.

5. NHS. Five year forward view, 2014.

6. NHS England. What is NHS Right Care? 2017. https://www.england.
nhs.uk/rightcare/what-is-nhs-rightcare/ (accessed 22 Aug 2017).

7. Timmins N. Tackling variations in clinical care: Assessing the Getting
it Right First Time (GIRFT) programme: London, England, 2017.

10.

11.

12.

18.

14.

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

https://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/
Getting_it_right_Kings_Fund_June_2017.pdf

Stefan MS, Pekow PS, Nsa W, et al. Hospital performance
measures and 30-day readmission rates. J Gen Intern Med
2013;28:377-85.

Krumholz HM, Merrill AR, Schone EM, et al. Patterns of hospital
performance in acute myocardial infarction and heart failure 30-

day mortality and readmission. Circ Cardiovasc Qual Outcomes
2009;2:407-13.

Lindenauer PK, Bernheim SM, Grady JN, et al. The performance of
US hospitals as reflected in risk-standardized 30-day mortality and
readmission rates for medicare beneficiaries with pneumonia. J Hosp
Med 2010;5:E12-E18.

Fischer C, Lingsma HF, Marang-van de Mheen PJ, et al. Is the
readmission rate a valid quality indicator? A review of the evidence.
PL0oS One 2014;9:e112282-9.

Hansen LO, Williams MV, Singer SJ. Perceptions of hospital

safety climate and incidence of readmission. Health Serv Res
2011;46:596-616.

Feltner C, Jones CD, Cene CW, et al. Transitional care interventions
to prevent readmissions for people with heart failure. Rockville, MD,
2014.

Rennke S, Ranji SR. Transitional care strategies from hospital

to home: a review for the neurohospitalist. Neurohospitalist
2015;5:35-42.

Lee KH, Low LL, Allen J, et al. Transitional care for the highest risk
patients: findings of a randomised control study. Int J Integr Care
2015;15:1-10.

Harrison JD, Auerbach AD, Quinn K, et al. Assessing the impact of
nurse post-discharge telephone calls on 30-day hospital readmission
rates. J Gen Intern Med 2014;29:1519-25.

Phillips CO, Wright SM, Kern DE, et al. Postdischarge Support for
Older Patients. JAMA 2004;291:1358-67.

Kristensen SR, Bech M, Quentin W. A roadmap for comparing
readmission policies with application to Denmark, England, Germany
and the United States. Health Policy 2015;119:264-73.

Department of Health. Equity and excellence: Liberating the

NHS. London, England, 2010. https://www.gov.uk/government/
publications/liberating-the-nhs-white-paper.

Blunt I, Bardsley M, Grove A, et al. Classifying emergency 30-day
readmissions in England using routine hospital data 2004-2010: what
is the scope for reduction? Emerg Med J 2015;32:44-50.
McPherson K, Wennberg JE, Hovind OB, et al. Small-area variations
in the use of common surgical procedures: an international
comparison of New England, England, and Norway. N Engl J Med
1982;307:1310-4.

Bevan G, Hollinghurst S, Benton P, et al. Using Information on
Variation in Rates of Supply to Question Professional Discretion in
Public Services. Financ Account Manag 2004;20:1-17.

Aylin P, Williams S, Jarman B, et al. Variation in operation rates by
primary care trust. BMJ 2005;331:539-362.

The Dartmouth Atlas of Health Care. Preference-Sensitive Care.
Dartmouth Atlas Heal. Care, 2007:1-6. http://www.dartmouthatlas.
org/keyissues/issue.aspx?con=2938. (accessed 31 Oct 2017).
Digital N. Hospital Episode Statistics. NHS Digit. 2017 http://content.
digital.nhs.uk/hes (accessed 18 Jan 2017).

Busby J, Purdy S, Hollingworth W. Calculating hospital length

of stay using the Hospital Episode Statistics; a comparison of
methodologies. BMC Health Serv Res 2017;17:1-8.

Secondary Care Analysis Team (NHS Digital). Hospital admitted
patient care activity: 2015-16, 2016.

Digital N. NHS Outcomes Framework. 2017 https://indicators.hscic.
gov.uk/webview/

Goodwin N, Curry N, Naylor C, et al. Managing people with long-
term conditions. 2010 http://www.kingsfund.org.uk/document.rm?
id=8757

NHS Digital. Hospital Admitted Patient Care Activity: 2015-16.
London, England, 2016.

Abbott TEF, Fowler AJ, Dobbs TD, et al. Frequency of surgical
treatment and related hospital procedures in the UK: a national
ecological study using hospital episode statistics. Br J Anaesth
2017;119:249-57.

Department for Communities and Local Government. The English
index of multiple deprivation 2015: guidance. London, England,
2015. https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/464430/English_Index_of_Multiple_Deprivation_
2015_-_Guidance.pdf

Sundararajan V, Henderson T, Perry C, et al. New ICD-10 version of
the Charlson comorbidity index predicted in-hospital mortality. J Clin
Epidemiol 2004;57:1288-94.

Friebel R, et al. BMJ Open 2018;8:€020325. doi:10.1136/bmjopen-2017-020325

“ybuAdoo Aq parosioid 1sanb Aq 8102 AelN ST uo Jwod fwqg uadolway/:dny woly papeojumoq ‘8T0Z YdJeIA 2T U0 GZE0Z0-2T0Z-uadolwag/9eTT 0T Se paysiignd 1siy :uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.rightcare.nhs.uk/atlas/downloads/2909/RC_nhsAtlasFULL_LOW_290915.pdf
http://www.rightcare.nhs.uk/atlas/downloads/2909/RC_nhsAtlasFULL_LOW_290915.pdf
http://dx.doi.org/10.1093/intqhc/13.6.475
http://dx.doi.org/10.1136/bmj.325.7370.961
https://www.england.nhs.uk/rightcare/what-is-nhs-rightcare/
https://www.england.nhs.uk/rightcare/what-is-nhs-rightcare/
https://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/Getting_it_right_Kings_Fund_June_2017.pdf
https://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/Getting_it_right_Kings_Fund_June_2017.pdf
http://dx.doi.org/10.1007/s11606-012-2229-8
http://dx.doi.org/10.1161/CIRCOUTCOMES.109.883256
http://dx.doi.org/10.1002/jhm.822
http://dx.doi.org/10.1002/jhm.822
http://dx.doi.org/10.1371/journal.pone.0112282
http://dx.doi.org/10.1111/j.1475-6773.2010.01204.x
http://dx.doi.org/10.1177/1941874414540683
http://dx.doi.org/10.5334/ijic.2003
http://dx.doi.org/10.1007/s11606-014-2954-2
http://dx.doi.org/10.1016/j.healthpol.2014.12.009
https://www.gov.uk/government/publications/liberating-the-nhs-white-paper
https://www.gov.uk/government/publications/liberating-the-nhs-white-paper
http://dx.doi.org/10.1136/emermed-2013-202531
http://dx.doi.org/10.1056/NEJM198211183072104
http://dx.doi.org/10.1111/j.1468-0408.2004.00183.x
http://dx.doi.org/10.1136/bmj.331.7516.539
http://www.dartmouthatlas.org/keyissues/issue.aspx?con=2938
http://www.dartmouthatlas.org/keyissues/issue.aspx?con=2938
http://content.digital.nhs.uk/hes
http://content.digital.nhs.uk/hes
http://dx.doi.org/10.1186/s12913-017-2295-z
https://indicators.hscic.gov.uk/webview/
https://indicators.hscic.gov.uk/webview/
http://www.kingsfund.org.uk/document.rm?id=8757
http://www.kingsfund.org.uk/document.rm?id=8757
http://dx.doi.org/10.1093/bja/aex137
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://bmjopen.bmj.com/

Open Access 8

34. Navid A, Hajibandeh S, Mohan J, et al. Improving the accuracy 47. Blunt |, Bardsley M, Grove A, et al. Classifying emergency 30-day
of HES comorbidity codes by better documentation in surgical readmissions in England using routine hospital data 2004-2010: what
admission proforma. Br J Hosp Med 2015;76:707-12. is the scope for reduction? Emerg Med J 2015;32:44-50.
35. Hauck K, Zhao X. How dangerous is a day in Hospital? Med Care 48. Harries TH, Thornton H, Crichton S, et al. Hospital readmissions for
2011;49:1068-75. COPD: a retrospective longitudinal study. NPJ Prim Care Respir Med
36. Vermeulen MJ, Guttmann A, Stukel TA, et al. Are reductions in 2017;27:1-6. o
emergency department length of stay associated with improvements 49. White PT, Harries TH. Have rates of readmission for COPD been
in quality of care? A difference-in-differences analysis. BMJ Qual Saf overestimated? NPJ Prim Care Respir Med 2016;26:16066.
2016;25:489-98. 50. Dharmarajan K, Hsieh AF, Lin Z, et al. Diagnoses and timing of 30-
37. Newton JN, Seagroatt V, Goldacre M. Geographical variation in day readmissions after hospitalization for heart failure,
hospital admission rates: an analysis of workload in the Oxford gg‘i'ge?’nagoacssrdg infarction, or pneumonia. JAMA
region, England. J Epidemiol Community Health 1994;48:590-5. 10U09:090-00. ) )
38. Appleby J, Raleigh V, Frosini F, et al. Variations in healthcare: The 51. ?(I)IOdacée St Carlr_wtpbefll M, (:J’e;i__'ter A. /\V/\I/hstJd;o?gngltglleo;ta“ty rates
ood, the bad and the inexplicable. London, England 2011. ell us about quality of care Emerg lVie ociefa !
39. ﬁ/lurthy BN, Jabbar S, Venkgtarao T, et al. Comp%nents of small area 52. Galloway RV, Karmarkar AM, Graham JE, et al. Hospital Readmission
variation in fertility rates among married women in south India. Int J C\;’iltlr?‘gggiIﬁ}'ﬁg}f}‘/??_;;:%h”ggg?;j Ezqabllltahon for Older Adults
40. ﬁfzg:ggflSg?jrfi:,sszr_:;belgado E, et al. Is there much variation 53. CH)hin ?LI RBang; H Manif:g?]mrtl‘?Ni ett al. Felt/?inrljtinsg Tgirttty—Dla)é "
in variation? Revisiting statistics of small area variation in health O??)%:Ility?; (?;Sesul)-;:ssa;lth Xﬁzro?;g?f%?'??s & better Indicators
41 (S:ecl’lvel ;:eg ﬁ:ﬁzrﬁhkimc q.’e:{lg Sﬁgvnﬁgfifoggfezgg'to nationall 54. Press MJ, Scanlon DP, Ryan AM, et al. Limits of readmission rates
’ o - renny 1, . 9 . Y in measuring hospital quality suggest the need for added metrics.
commissioned services in England. Orphanet J Rare Dis Health Aff 2013:32:1083-91
2012;7:85-5. , L ) 55. Friebel R, Dharmarajan K, Krumholz HM, et al. Reductions in
42. UK Department of Health. Using the Comm:ss:onmg for Quality and Readmission Rates Are Associated With Modest Improvements in
Innovation (CQUIN) payment framework - 2008 Guidance. London, Patient-reported Health Gains Following Hip and Knee Replacement
England, 2008. http://www.dh.gov.uk/prod_consum_dh/groups/dh_ in England. Med Care 2017;55:834-40.
digitalassets/@dh/@en/documents/digitalasset/dh_091435.pdf. 56. Friebel R, Steventon A. The multiple aims of pay-for-performance
43. Fleetcroft R, Asaria M, Ali S, et al. Outcomes and inequalities in and the risk of unintended consequences. BMJ Qual Saf
diabetes from 2004/2005 to 2011/2012: English longitudinal study. Br 2016:25:827-31.
J Gen Pract 2017;67:e1-e9. 57. Zhou H, Della PR, Roberts P, et al. Utility of models to predict 28-day
44. Medicines and Healthcare products Regulatory Agency. SGLT2 or 30-day unplanned hospital readmissions: an updated systematic
inhibitors: updated advice on the risk of diabetic ketoacidosis. 2016. review. BMJ Open 2016;6:e011060.
https://www.gov.uk/drug-safety-update/sgit2-inhibitors-updated- 58. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying
advice-on-the-risk-of-diabetic-ketoacidosis (accessed 11 Dec prognostic comorbidity in longitudinal studies: development and
2017). validation. J Chronic Dis 1987;40:373-83.
45. Salerno AM, Horwitz LI, Kwon JY, et al. Trends in readmission rates 59. Laudicella M, Li Donni P, Smith PC. Hospital readmission rates:
for safety net hospitals and non-safety net hospitals in the era of the signal of failure or success? J Health Econ 2013;32:909-21.
US Hospital Readmission Reduction Program: a retrospective time 60. Friebel R, Hauck K, Aylin P. Centralisation of acute stroke services in
series analysis using Medicare administrative claims data from 2008 London: Impact evaluation using two treatment groups. Health Econ
to 2015. BMJ Open 2017;7:e016149. 2017:1-11.
46. Tsai TC, Joynt KE, Orav EJ, et al. Variation in surgical-readmission 61. National Audit Office. Improving patient access to general practice,
rates and quality of hospital care. N Engl J Med 2013;369:1134-42. 2017.
10 Friebel R, et al. BMJ Open 2018;8:€020325. doi:10.1136/bmjopen-2017-020325

ybuAdoo Aq paroaloid 1senb Ag 8T0Z AelNl GT uo /w0 fwg uadofwg//:dny woly papeojumod 8102 YdIe ZT U0 G2€020-2T0z-uadolwa/9eTT 0T Se paysiiand 1siiy :uado rINg


http://dx.doi.org/10.12968/hmed.2015.76.12.707
http://dx.doi.org/10.1097/MLR.0b013e31822efb09
http://dx.doi.org/10.1136/bmjqs-2015-004189
http://dx.doi.org/10.1136/jech.48.6.590
http://dx.doi.org/10.1093/ije/dyg178
http://dx.doi.org/10.1093/ije/dyg178
http://dx.doi.org/10.1186/1472-6963-9-60
http://dx.doi.org/10.1186/1750-1172-7-85
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_091435.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_091435.pdf
http://dx.doi.org/10.3399/bjgp16X688381
http://dx.doi.org/10.3399/bjgp16X688381
https://www.gov.uk/drug-safety-update/sglt2-inhibitors-updated-advice-on-the-risk-of-diabetic-ketoacidosis
https://www.gov.uk/drug-safety-update/sglt2-inhibitors-updated-advice-on-the-risk-of-diabetic-ketoacidosis
http://dx.doi.org/10.1136/bmjopen-2017-016149
http://dx.doi.org/10.1056/NEJMsa1303118
http://dx.doi.org/10.1136/emermed-2013-202531
http://dx.doi.org/10.1038/s41533-017-0028-8
http://dx.doi.org/10.1038/npjpcrm.2016.66
http://dx.doi.org/10.1001/jama.2012.216476
http://dx.doi.org/10.1136/emermed-2013-203022
http://dx.doi.org/10.2522/ptj.20150030
http://dx.doi.org/10.1377/hlthaff.2016.0205
http://dx.doi.org/10.1377/hlthaff.2012.0518
http://dx.doi.org/10.1097/MLR.0000000000000779
http://dx.doi.org/10.1136/bmjqs-2016-005392
http://dx.doi.org/10.1136/bmjopen-2016-011060
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1016/j.jhealeco.2013.06.004
http://dx.doi.org/10.1002/hec.3630
http://bmjopen.bmj.com/

	National trends in emergency readmission rates: a longitudinal analysis of administrative data for England between 2006 and 2016
	Abstract
	Methods
	Study population
	Statistical analysis

	Results
	Study sample
	Trends and variation in national emergency readmission rates for all NHS patients
	Trends and variation in emergency readmission rates for patient subgroups

	Discussion
	Strengths and limitations

	Conclusions
	References


