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Geographic variation in long-term health outcomes
following myocardial infarction in England
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ABSTRACT

Background Nationwide studies report the high
incidence of major health outcomes following myocardial
infarction (MI). This cohort study investigates variation

in incidence of health outcomes following MI between
health commissioning areas within England.

Methods All adults =18 years of age with index MI
admitted to hospital within all 106 integrated care
board (ICB) subpopulations in England were included
(2008-2017). The cumulative incidence of all-cause
mortality and non-fatal health outcomes (subsequent Ml
and first hospitalisation for heart failure, atrial fibrillation,
cerebrovascular disease, peripheral arterial disease,
severe bleeding, renal failure, diabetes mellitus and
depression) within 9 years of follow-up was calculated
from flexible parametric survival models adjusted for
age, sex, year of Ml and deprivation. Choropleth maps
and funnel plots were used to visualise the degree of
variation in incidence of outcomes by ICB subpopulation.
The intraclass correlation coefficient (ICC) was used to
determine the degree of variation explained at the area
versus patient level.

Results A total of 381518 individuals with MI
(n=2807 195 hospital admissions) were included in the
study. The crude incidence of post-MI health outcomes
varied between areas, including heart failure (range
20.2%—47.9%), severe bleeding (14.3%—34.6%), renal
failure (23.7%—38.0%) and all-cause mortality (34.3%—
47.7%). The incidence of each major health outcome
following MI fell within expected range (between 95%
control limits) after adjusting for patient demographics
with the exception of two sub-ICBs in Lancashire and
South Cumbria, where rates were higher than expected.
Overall, variation observed was predominantly explained
by region-specific patient demographic profiles rather
than at the ICB subpopulation level (ICC <5% for all
outcomes).

Conclusions This research provides region-specific data
for the incidence of 10 major health outcomes following
Ml in England. The findings can support commissioners
to target resources to those areas with populations at
greatest risk of major health outcomes following MI.

INTRODUCTION

Despite improvements in long-term survival
following myocardial infarction (MI), attributed
to increased use of pharmacological therapies and
percutaneous coronary intervention over recent
decades,' > MI remains a significant contributor to
global mortality rates and is associated with a signif-
icant excess long-term health burden. In the decade
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Individuals who have had a myocardial
infarction (MI) have a greater risk of developing
a number of major health outcomes compared
with individuals without Ml in the adult
population of England. However, the extent
to which the incidence of long-term health
conditions following Ml varies geographically is
unknown.

WHAT THIS STUDY ADDS

= This study provides high-resolution data
regarding the incidence of health outcomes
following M, stratified by integrated care
board (ICB) subpopulations in England. While
the incidence of health outcomes varied
considerably by health commissioning area,
the majority of this variation was explained
by patient-level factors rather than area-level
factors. Nonetheless, a small number of ICB
subpopulations were identified in which the
incidence of post-MI disease was higher than
expected, based on their patient population
profile.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Understanding variation in health outcomes
following MI by health commissioning area
is important to enable targeted resource
allocation to areas of greatest need, in order to
reduce the significant burden of disease for the

growing population of survivors of MI.

following MI, individuals frequently accrue major
health conditions across a range of body systems—
with 3 in 10 developing heart failure or renal failure
and 4 in 10 dying.’

Our earlier work has reported the excess incidence
of all-cause mortality, subsequent MI, heart failure,
renal failure, atrial fibrillation, severe bleeding,
cerebrovascular disease, peripheral arterial disease,
diabetes mellitus, vascular dementia and depres-
sion following MI, over and above that of age- and
sex-matched individuals without MI in England.’
These outcomes were associated with significant
health inequality, including earlier onset of heart
failure with increased deprivation, and increased
risk of depression following MI among women
and for those who experience MI at a younger
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age.® Previous studies have highlighted geographical variation in
the management of MI and its impact on outcomes,*® yet the
extent to which the long-term consequences of MI vary within
regions of England is not known. Given that health and care
in the National Health Service (NHS) is managed through the
local contracting of specialist services, it is important to under-
stand region-specific data. Moreover, the NHS long-term plan
also calls for more accurate assessment of health inequalities
and unmet needs in local areas to support long-term funding
allocations.”

This study aimed to provide a detailed overview of the inci-
dence of long-term health outcomes post-MI for each integrated
care board (ICB) subpopulation in England, assess the degree of
variation between areas and determine the relative contribution
of patient mix and commissioning group. This research aims to
support targeted resource allocation decisions at the commis-
sioning level and enable strategies for enhanced surveillance and
detection of major health outcomes following MI focused on
those areas of greatest need.

METHODS

This is a retrospective cohort study of all adults with index MI,
admitted to one of 229 NHS hospitals within 106 ICB subpop-
ulations in England between 1 January 2008 and 31 January
2017. We analysed all-cause mortality as well as non-fatal health
outcomes including subsequent MI and first hospital-recorded
diagnoses for heart failure, atrial fibrillation, cerebrovascular
disease, peripheral arterial disease, severe bleeding, renal failure,
diabetes mellitus and depression. Health outcomes were identi-
fied a priori based on previous work quantifying the excess inci-
dence over and above that of age and sex-matched population
of England.®> We hypothesise that this incidence differs between
the 106 ICB subpopulations (previously clinical commissioning
groups), which are responsible for planning health services and
driving improvements in the outcomes of their local population.

Data sources

Hospital Episode Statistics (HES) data, containing prospectively
collected clinical and demographic data for every hospitalisation
to NHS hospitals in England,® were extracted from the Admitted
Patient Care dataset by NHS England and linked with all-cause
mortality data from the Office for National Statistics (censoring
date 27 March 2017). This research adheres to General Data
Protection Regulation as per our privacy notice. Data minimi-
sation standards were met through pseudonymisation, month/
year aggregation of exact dates and exclusion of patients aged
<18 years of age.

Cohort definition

The primary analytical cohort included all individuals aged
18 years or over hospitalised with index MI within the study
period. Index MI, as well as the first hospital-coded diagnoses of
each of the included health outcomes, were identified from all
diagnosis and procedure codes across all hospitalisation episodes
per individual. All health outcomes were identified using the
ICD10 and OPCS4.5 codes used in our previous work® (online
supplemental table A). Each individual was allocated to one of
106 ICB subpopulations based on their area of residence (or area
of General Practitioner (GP) practice if area of residence not
recorded) at the closest point in time to the date of their index
MI. All individuals with MI or any hospital-coded diagnoses of
the health outcomes of interest recorded in HES prior to the
study start date or prior to MI were excluded from the study

(at source by NHS England). Furthermore, all individuals with
missing geographical information (area of residence and area of
GP practice), individuals who lived outside of England or indi-
viduals in the Armed Forces at time of MI were excluded.

Statistical analysis

Patient demographics including age at index MI (contin-
uous), sex (male/female), socioeconomic deprivation (Index
of Multiple Deprivation (IMD)), year (single year of index
MI), crude mortality (at 30 days, 5 year and the full follow-up
period), Kaplan-Meier failure rate over the full follow-up period
and diagnosis of subsequent MI and first occurrence of heart
failure, atrial fibrillation, cerebrovascular disease, peripheral
arterial disease, severe bleeding, renal failure, diabetes mellitus,
vascular dementia and depression were summarised for England,
as well as by seven broad NHS regions (North East & Yorkshire,
North West, Midlands, East of England, London, South East and
South West).

The crude and adjusted absolute risk of each outcome over the
9-year follow-up period (overall and by ICB subpopulation) was
calculated through standardised cumulative incidence functions
(CIFs) derived from flexible parametric survival models for each
outcome, stratified by area, using the standsurv post-estimation
command in Stata 19.” Models were adjusted for continuous age,
sex, calendar year and IMD, treating death without outcome
as a competing risk. Nonlinearity of age was modelled using
restricted cubic splines (3 degrees of freedom). CIFs were linked
with 2021 ICB subpopulation boundary data (from ONS Open
Geography Portal'%), to visualise variation by area using choro-
pleth maps. In addition, we developed a web application which
presents the cumulative incidence data and 95% ClIs for each
ICB subpopulation by outcome in a series of interactive maps
(https://multimorbidity-research-university-of-leeds.shinyapps.
io/postMI_CIF _spatial/).

While we implemented a flexible parametric survival model-
ling approach to calculate adjusted CIFs, we implemented a
series of Cox proportional hazards (PH) models with the same
set of adjustments including the non-linear effect of age, sex,
calendar year of MI and IMD to facilitate subsequent analyses of
(1) unwarranted variation in outcomes between sub-ICB popula-
tions and (2) quantification of the degree of variation in outcomes
explained at the ICB subpopulation level, over and above the
variation explained by direct patient demographic variables. This
was necessary given the required methodology (adjusted hazard
ratio (aHR) funnel plots and calculation of the intraclass correla-
tion coefficient (ICC)) is not currently extended to the flexible
parametric framework. The aHRs for each outcome were gener-
ated and plotted against 95% and 99% control limits to produce
a series of funnel plots following methods by Silcocks.!" This
approach enabled us to incorporate the full survival curve when
assessing unwarranted variation in favour of funnel plots of the
incidence rates directly which would provide a cross-sectional
view only. When constructing the funnel plot control limits, we
used a robust variance estimation approach (Winsorisation) to
address over-dispersion. Winsorisation was used solely to stabi-
lise estimation of the dispersion parameter and was not applied
to the ICB-level outcome estimates. This ensured that control
limits reflect typical between-ICB variability and avoid undue
widening of funnels driven by a small number of extreme obser-
vations. In order to quantify the degree of variation in outcomes
explained at the ICB subpopulation level, over and above the
variation explained by direct patient demographic variables, we
calculated the ICC and corresponding 95% ClIs from a Cox PH
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model with a random intercept for ICB subpopulation.'® First,
we determined the unadjusted ICC from the model containing
only the random intercept, and subsequently we derived the
adjusted ICC from a model additionally including the non-linear
effect of age, sex, calendar year of MI and IMD. Finally, in order
to quantify the direct effect of each patient demographic factor
with each outcome, we report demographic-specific aHRs. For
each demographic exposure, the set of covariates included for
adjustment was determined a priori using directed acyclic graphs
(online supplemental figure A) to avoid a Table 2 Fallacy."

This study has been reported against Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

PPIE

The research team have an established patient and public
involvement and engagement (PPIE) group comprised of indi-
viduals who have, or care for someone who has, cardiovas-
cular disease and other multiple long-term health conditions.
The importance of local data to patients and the public was
frequently raised at several of our workshops. These discus-
sions highlighted the desire for our national-level findings to be
disaggregated by geographical area and to make this informa-
tion available to patients. The PPIE group identified the need for
clear lay summaries of research projects to ensure the findings
are accessible to all, which will form part of our post publication
dissemination strategy.

RESULTS

Of the 433361 individuals aged 18 or older with a recorded
hospital admission of index MI in England, 47244 (10.9%)
were excluded due to incomplete geographical information, and
a further 4599 (1.1%) were excluded due to ICB subpopulations
(or clinical commission groups) which are outside of England
(online supplemental table B). The final analytical cohort
comprised 381518 individuals with MI relating to 2807195
hospital admissions across 106 ICB subpopulations within the
seven NHS regions of England (figure 1). Individuals with MI
were admitted to hospital at a mean age of 66.9 years (SD 14.2),
predominantly male (65.8% (n=251077)) and had a 30-day
mortality rate of 7.4% (n=28 042) (table 1). Differences in age at
index MI and sex between regions were minimal; however, indi-
viduals in the South East and South West tended to be slightly

Excluded patients due to
missing geographical data
149,078 episodes
47,244 patients

Patients with M|
15t January 2008 - 31%! January 2017
2,972,215 episodes
433,361 patients

Excluded patients residing
in ICB subpopulations
outside of England
15,942 episodes
4,599 patients

Patients with a valid ICB
subpopulation recorded
2,823,137 episodes
386,117 patients

A
Patients residing in ICB
subpopulation in England
2,807,195 episodes
381,518 patients

Figure 1 Cohort definition for the MI population in England. ICB,
Integrated Care Board; MI, myocardial infarction.

older at index MI (68.2 (14.3) and 68.5 (13.9)) compared with
individuals with MI in London (65.2 (14.9)). There were a
modestly higher proportion of males with MI in London and
the Midlands (67.0% and 67.9%,respectively) compared with
those in the North East & Yorkshire and the North West regions
(64.5% and 64.4%,respectively). Variation in socioeconomic
deprivation of individuals with MI by region was high. The
North West and North East & Yorkshire regions had the highest
proportion of MI individuals in the most deprived quintile of
IMD (34.0% and 29.7%, respectively) compared with only 7.6%
of individuals with MI in the South East region belonging to the
most deprived IMD quintile.

Cumulative incidence of health outcomes and all-cause
mortality by ICB subpopulation

The largest degree of variation in the crude incidence of
health outcomes after MI between ICB subpopulations was
observed for heart failure which ranged from 20.2% to 47.9%
between areas (average incidence of heart failure following MI
in England: 31.8%). The crude incidence of severe bleeding
(England average, 19.2%; range across ICB subpopulations
14.3%-34.6%), diabetes mellitus (20.5%; 14.5%-30.1%), renal
failure (29.2%; 23.7%-38.0%), all-cause mortality (40.1%;
34.3%-47.7%) and atrial fibrillation (23.4%; 17.5%-29.2%)all
varied by more than 10% across ICB subpopulations. While the
overall incidence of subsequent MI, peripheral arterial disease
and depression following MI was lower than that of other health
outcomes investigated in this study (8.9%, 7.2% and 9.3% in
England, respectively), there was a high degree of variation in
crude incidence for each of these outcomes (subsequent MI
range: 5.3% to 12.8%; peripheral arterial disease range 4.0%—
10.4%; depression range 5.8%-14.2%). Choropleth maps of
crude incidence are found in figure 2, and the crude and adjusted
cumulative incidence for each area is provided in online supple-
mental table E.

After standardisation for age, sex, socioeconomic depri-
vation and year of MI, the incidence of each major health
outcome following MI falls within the 95% control limits of
the funnel plot analyses for the vast majority of ICB subpopu-
lations (figures 3-5 and online supplemental figure C), thereby
displaying an expected level of variation in health outcomes
and all-cause mortality after accounting for population demo-
graphics within each area.

Overall, there were five ICB subpopulations where the
excess hazard exceeded the 99% control limits for at least
one of the health outcomes investigated after standardisation
for population demographics (Morecambe Bay, Fylde and
Wyre, Coventry and Warwickshire, Frimley, Calderdale) and
12 ICB subpopulations where the excess hazard fell between
the upper 95% and 99%control limits (Morecambe Bay,
Fylde and Wyre, Calderdale, Trafford, Frimley, Coventry and
Warwickshire, Basildon and Brentwood, Bassetlaw, Blackburn
With Darwin, Brighton and Hove, Cambridgeshire and Peter-
borough, Cheshire) for at least one health outcome (figure 6).
Two ICB subpopulations had consistently higher than
expected incidence of long-term health outcomes following
MI (Morecambe Bay and Fylde and Wyre, both part of the
Lancashire and South Cumbria ICB) which had excess rates
for all outcomes investigated in this study, and all outcomes
except diabetes and severe bleeding, respectively. Conversely,
two ICB subpopulations had consistently lower than expected
incidence of health outcomes following MI (North Stafford-
shire and North East Essex) across all outcomes.
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Figure 2 Choropleth maps of crude cumulative incidence functions by ICB subpopulation for each health outcome. ICB, Integrated Care Board; M,

myocardial infarction.

Determinants of long-term health outcomes following Mi

ICCs, which quantify the degree of variation in incidence
explained by geographical area over and above that of patient
case mix within each area (age, sex, IMD and year of MI), were
below 5% for all health outcomes investigated. The smallest
degree of variation explained at the ICB subpopulation level
was observed for all-cause mortality (0.2% (95% CI 0.1% to
0.39)), atrial fibrillation (0.6% (95% CI 0.4% to 0.8%)) and
renal failure (0.9% (95% CI 0.6% to 1.2%)), with a higher
degree of variation in incidence explained at the area level for
heart failure (2.6% (95% CI 2.0% to 3.5%)) (tables 2 and 3).
Therefore, the majority of the variation in incidence observed
was explained by differences within ICB subpopulations (patient

level factors), rather than variation between ICB subpopulations
(area level factors).

The risk of developing all major health outcomes within
areas, except depression, increased with age. This was most
pronounced for all-cause mortality (HR=2.44; 95%CI 2.41 to
2.47 for age 70 vs 60 and HR=2.59; 95%CI 2.56 to 2.61 for
age 80 vs 70 years) and renal failure (HR=2.53; 95% CI 2.49 to
2.56 for age 70 vs 60 and HR=2.31; 95% CI 2.29 to 2.34 for age
80 vs 70 years) (tables 2 and 3). In the post-MI period, females
had a reduced risk of developing peripheral arterial disease (HR
0.75; 95% CI 0.72 to 0.77), severe bleeding (HR 0.86; 95% CI
0.85 to 0.88), atrial fibrillation (HR 0.91; 95% CI 0.90 to 0.92),
diabetes (HR 0.91; 95% CI 0.90—0.93), renal failure (HR 0.92;

Sturley C, et al. Heart 2026;0:1-11. doi:10.1136/heartjnl-2025-327671
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Figure 3  Funnel plot of the excess hazard of heart failure by ICB subpopulation showing the 95% and 99% control limits. A lookup from the ID in
the plot to ICB subpopulation code and name is provided in online supplemental table C. ICB, Integrated Care Board.

95%CI 0.91 to 0.93), subsequent MI (HR 0.93; 95% CI 0.90 to
0.96), heart failure (HR 0.96; 95% CI 0.95 to 0.97) and all-cause
mortality (HR 0.96; 95% CI 0.95 to 0.98) when compared with
males. Conversely, females had an increased risk of depression
(HR 1.96; 95%CI 1.91 to 2.02)and cerebrovascular disease
(HR 1.13; 95% CI 1.11 to 1.16).

For all health outcomes, the incidence was higher among
people living in more deprived areas compared with those living
in the least deprived areas. This was most pronounced for depres-
sion (HR 1.64; 95%CI 1.57 to 1.72)and diabetes (HR 1.60;
95%CI 1.56 to 1.65). The cumulative incidence of most health
outcomes following MI reduced over the study period including
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Figure 4 Funnel plot of the excess hazard of renal failure by ICB subpopulation showing the 95% and 99% control limits. A lookup from the ID in
the plot to ICB subpopulation code and name is provided in online supplemental table C. ICB, Integrated Care Board.
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Figure 5 Funnel plot of the excess hazard of depression by ICB subpopulation showing the 95% and 99% control limits. A lookup from the ID in the
plot to ICB subpopulation code and name is provided in online supplemental table C. ICB, Integrated Care Board.

subsequent MI (HR 0.91; 95% CI 0.90 to 0.91), atrial fibrillation
(HR 0.96; 95% CI 0.96 to 0.97), cerebrovascular disease (0.97;
95%CI 0.96 to 0.97), peripheral arterial disease (0.97; 95% CI
0.96 to 0.97), severe bleeding (0.96; 0.96-0.97)and diabetes
(0.965 0.95-0.96) per year over the study period. However, the
incidence of heart failure (HR 1.01, 95% CI 1.01 to 1.01), renal
failure (HR 1.04; 95%CI 1.04 to 1.05)and depression (HR
1.04; 95% CI 1.03 to 1.05) increased over the study period.

DISCUSSION
This study provides nationwide insights into geographic variation
in the long-term cumulative incidence of major health outcomes

and all-cause mortality following MI in England. The cumula-
tive incidence of health outcomes within 9years of MI varied
considerably between ICBs, with major differences observed in
heart failure (20.2 to 47.9%), severe bleeding (14.3 to 34.6%),
diabetes mellitus (14.5 to 30.1%), renal failure (23.7 to 38.0%),
atrial fibrillation (17.5 to 29.2%)and all-cause mortality (34.3
to 47.79).

The majority of variation observed in the study fell within
acceptable limits after accounting for patient population demo-
graphics within each area. We found that the observed variation
in outcomes between ICB subpopulations reflects the patient
population profile of that area for the vast majority of ICBs.

NS Morecampe sy [ SN NN [ I
NHS Fyide and wyre [0 [ [ ] |
L]

NHS Calderdale

NHS Brighton and Hove U:2d
NHS Frimley
NHS Bassetlaw o
=]
NHS Cheshire 3
o
NHS Trafford g
NHS Coventry and Warwickshire 0.13 ﬁ
- wn
NHS Cambridgeshire and Peterborough g
NHS Basildon and Brentwood S
Q
NHS Blackburn with Darwen - S
a
N NS 2 ) ©» 5
6‘?\ R S S S 2}\6
RS N N O R N
& & & & @ &L &£ e &Y 0.00
& & R N Q N e & Q :
Ry ks & & & K\ <& &
O @ <
O
X S
(10 O
R’

Figure 6 Heat map showing ICB subpopulations where the excess hazard exceeds 95% control limits for each health outcome. ICB, Integrated Care

Board; MI, myocardial infarction; NHS, National Health Service.
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Table 2 Degree of variation in the incidence of cardiovascular health outcomes following Ml at the ICB subpopulation level based on the intraclass
correlation coefficient (ICC) and 95% Cl and adjusted HRs for the direct effect of age, sex, calendar year of Ml and Index of Multiple Deprivation on

risk of cardiovascular health outcomes following Ml

Peripheral arterial

Subsequent MI Heart failure Atrial fibrillation Cerebrovascular disease  disease Severe bleeding
Unadjusted ICC (%)*  1.5(1.1-2.2) 2.6 (2.0-3.4) 0.9 (0.7-1.2) 1.7 (1.3-2.4) 1.4 (1.0-2.0) 1.9 (1.4-2.5)
Adjusted 1CC (%)t 1.4 (1.0-2.0) 2.6 (2.0-3.5) 0.6 (0.4-0.8) 1.6 (1.2-2.2) 1.4 (1.0-2.0) 1.9 (1.4-2.5)

Exposure of interestt
Non-linear effect of
age in years§
Age 50 vs 40 years
Age 60 vs 50 years
Age 70 vs 60 years
Age 80 vs 70 years

Average linear effect
for single year of age
at Ml

Sex
Male (ref)
Female

Index of Multiple
Deprivation

IMD 5 (least
deprived, ref)
IMD - 4

IMD - 3
IMD - 2
IMD - 1 (most

deprived)
Year of Ml

Adjusted hazard ratio (95% Cl)

0.84(0.82 to 0.87)
1.02 (1.00 to 1.03)
1.27 (1.24 10 1.29)
1.57 (1.55 t0 1.59)

1.03 (1.03 to 1.03)
p<0.001

1

0.93 (0.90 to 0.96)
p<0.001

1.09 (1.04 to 1.15)
p<0.001
1.17 (11210 1.23)
p<0.001
1.31(1.25t0 1.37)
p<0.001
1.39(1.32 to 1.46)
p<0.001
0.91 (0.90 to 0.91)
p<0.001

1.07 (1.05 to 1.09)
1.34(1.33t0 1.35)
1.67 (1.65 to 1.68)
1.65 (1.64 to 1.67)

1.04 (1.04 to 1.04)
p<0.001

1

0.96 (0.95 t0 0.97)
p<0.001

1.08 (1.06 to 1.11)
p<0.001
1.14 (1.1 t0 1.16)
p<0.001
1.21 (1.18 t0 1.24)
p<0.001
1.32(1.29 to 1.35)
p<0.001
1.01 (1.01 to 1.01)
p<0.001

1.80 (1.73 t0 1.88)
2.03 (1.99 to 2.07)
2.19(2.17 10 2.22)
1.83(1.81 t0 1.84)

1.06 (1.06 to 1.06)
p<0.001

1

0.91 (0.90 t0 0.92)
p<0.001

1.03 (1.00 to 1.05)
p=0.024
1.05 (1.03 to 1.08)
p<0.001
1.04 (1.02 to 1.07)
p<0.001
1.09 (1.06 to 1.12)
p<0.001
0.96 (0.96 to 0.97)
p<0.001

1.19 (1.14 t0 1.24)
1.61 (1.58 to 1.64)
2.12 (2.09 to 2.16)
1.92 (1.90 to 1.95)

1.06 (1.06 to 1.06)
p<0.001

1

113 (1.11 t0 1.16)
p<0.001

1.09 (1.05 t0 1.13)
p<0.001
1.14(1.10t0 1.18)
p<0.001
1.21 (1.17 t0 1.25)
p<0.001
1.34(1.30 to 1.39)
p<0.001
0.96 (0.95 to 0.96)
p<0.001

1.43 (1.34 10 1.52)
1.66 (1.62 to 1.71)
1.84 (1.79 0 1.88)
1.40 (1.37 t0 1.42)

)

1.04 (1.04 t0 1.04
p<0.001

1

0.75 (0.72 10 0.77)
p<0.001

1.08 (1.03 t0 1.13)
p<0.001
1.12 (1.07 t0 1.18)
p<0.001
1.20 (1.14 t0 1.25)
p<0.001
1.36 (1.30 to 1.43)
p<0.001
0.97 (0.96 to 0.97)
p<0.001

1.10 (1.07 to 1.13)
1.32(1.31t0 1.34)
1.56 (1.54 t0 1.58)
1.44 (1.43 to0 1.46)

1.03 (1.03 t0 1.03)
p<0.001

1

0.86 (0.85 to 0.88)
p<0.001

1.03 (1.01 to 1.06)
p<0.001
1.07 (1.04 t0 1.10)
p<0.001
1.13(1.10 t0 1.16)
p<0.001
1.17 (11410 1.21)
p<0.001
0.96 (0.96 to 0.97)
p<0.001

*Intraclass correlation coefficient (ICC) and 95% Cl obtained from an unadjusted multilevel mixed effects cox regression models, per outcome.

t1CC and 95% Cl obtained from a multilevel mixed effects cox regression models adjusted for age, sex, Index of Multiple Deprivation and year of MI, per outcome.

The adjusted HR for each exposure-outcome relationship has been derived from a separate mixed effects Cox proportional hazards model, adjusted for appropriate confounders
determined through direct acyclic graphs and accounting for clustering at the ICB subpopulation level.

§P values are omitted as they are not readily available post-estimation of age contrasts derived from a model fitted with restricted cubic splines (3 degrees of freedom) for the

non-linear effect of age.
ICBs, Integrated Care Boards; MI, myocardial infarction.

However, there were a small number of areas for which the
cumulative incidence of at least one health outcome after MI
was higher than expected, exceeding the 95% control limits
following standardisation for patient demographics. These
included Morecambe Bay, Fylde and Wyre, Calderdale, Traf-
ford, Frimley, Coventry and Warwickshire, Basildon and Brent-
wood, Bassetlaw, Blackburn with Darwin, Brighton and Hove,
Cambridgeshire and Peterborough, Cheshire, Frimley and
Calderdale. For two ICB subpopulations, Morecambe Bay and
Fylde and Wyre, which both form part of the Lancashire and
South Cumbria ICB, rates of health outcomes following MI were
consistently higher than would be expected after standardising
for the patient population demographic profile in these areas.
Causes of healthcare variation are numerous and complex.
They may be due to differences in patient demographics which
could be associated with the severity of illness, differences in
local clinical guidelines and policies driving different clinician
behaviours or the effects of incentives in the financing of health-
care.'* ! There is a need to further investigate the small number
of areas in which unwarranted variation in health outcomes

following MI has been identified. Our earlier research has
described the missed opportunities for care among patients who
present to NHS hospitals with MI and that this was significantly
associated with reduced survival.* *® In this study, the between
ICB subpopulation variation was minimal overall (<5%) after
standardising for patient case mix, suggesting that the incidence
of long-term health outcomes following MI predominantly
reflects patient demographic profiles in each area—with the
exception of those areas where rates were significantly higher
than expected. Our findings provide a practical framework to
improve post-MI service planning. Comparison of observed vs
expected outcome rates enables clinical commissioners to iden-
tify regions in which outcomes may be worse than anticipated
given patient case mix, which may warrant targeted review of
specific pathways including (i) cardiac rehabilitation, (ii) provi-
sion of secondary prevention and (iii) access to cardiology-led
follow-up. Conversely, areas with lower-than-expected rates
may offer insights into best practice that could be replicated in
other areas. As most variation was explained by patient demo-
graphics, these results also support aligning resource allocation
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Table 3 Degree of variation in the incidence of non-cardiovascular health outcomes following Ml at the ICB subpopulation level based on the
intraclass correlation coefficient (ICC) and 95% Cl and adjusted HRs for the direct effect of age, sex, calendar year of Ml and Index of Multiple
Deprivation on risk of non-cardiovascular health outcomes following MI

Renal failure Diabetes Depression Mortality
Unadijusted ICC (%)* 0.8 (0.6-1.1) 1.3 (1.0-1.7) 2.2 (1.6-3.0) 0.4 (0.3-0.6)
Adjusted ICC (%)t 0.9 (0.6-1.2) 1.3(1.0-1.7) 1.5(1.1-2.1) 0.2 (0.1-0.3)
Exposure of interestf Adjusted hazard ratio (95% Cl)
Non-linear effect of age§

Age 50 vs 40 years 1.30 (1.25 to 1.35) 1.20 (1.17 t0 1.23) 0.86 (0.83 t0 0.88) 1.34(1.29 t0 1.39)

Age 60 vs 50 years 1.84 (1.81 10 1.87) 1.22 (1.21t0 1.24) 0.81 (0.80 to 0.82) 1.81(1.78 t0 1.84)

Age 70 vs 60 years 2.53 (2.49 to 2.56) 1.20(1.191t0 1.22) 0.79 (0.78 to 0.81) 2.44 (2.41 t0 2.47)

Age 80 vs 70 years 2.31(2.291t02.34) 0.96 (0.95 to 0.97) 0.94 (0.92 to 0.95) 2.59 (2.56 to0 2.61)
Average linear effect for single year of age at MI  1.08 (1.08 to 1.08) p<0.001 1.01 (1.01 to 1.01) p<0.001  0.99 (0.99 to 0.99) p<0.001 1.09 (1.09 to 1.09) p<0.001
Sex

Male (ref) 1 1 1 1

Female 0.92 (0.91 to 0.93) p<0.001 0.91 (0.90 to 0.93) p<0.001  1.96 (1.91 to 2.02) p<0.001 0.96 (0.95 to 0.98) p<0.001

Index of Multiple Deprivation
IMD 5 (least deprived, ref)
IMD - 4
IMD - 3
IMD -2
IMD - 1 (most deprived)

Year of MI

1

1.11 (1.08 to 1.14) p<0.001
1.18 (1.15 t0 1.21) p<0.001
1.27 (1.224 to 1.30) p<0.001
1.47 (1.44 t0 1.51) p<0.001
1.04 (1.04 to 1.05) p<0.001

1

1.11 (1.08 to 1.14) p<0.001
1.24 (1.21 to 1.28) p<0.001
1.38 (1.34 to 1.42) p<0.001
1.60 (1.56 to 1.65) p<0.001
0.96 (0.95 to 0.96) p<0.001

1

1.13 (1.08 to0 1.18) p<0.001
1.24 (1.18 t0 1.29) p<0.001
1.42 (1.36 to 1.49) p<0.001
1.64 (1.57 to 1.72) p<0.001
1.04 (1.03 to 1.05) p<0.001

1

1.09 (1.07-1.11) p<0.001
1.16 (1.13 to 1.18) p<0.001
1.27 (1.25 to 1.30) p<0.001
1.43 (1.40 to 1.47) p<0.001
1.03 (1.02 to 1.03) p<0.001

*Intraclass correlation coefficient (ICC) and 95% Cl obtained from an unadjusted multilevel mixed effects cox regression models, per outcome.
tIntraclass correlation coefficient (ICC) and 95% Cl obtained from a multilevel mixed effects cox regression models adjusted for age, sex, Index of Multiple Deprivation and year

of MI, per outcome.

The adjusted HR for each exposure-outcome relationship has been derived from a separate mixed effects Cox proportional hazards model, adjusted for appropriate confounders
determined through direct acyclic graphs and accounting for clustering at the ICB subpopulation level.
§P values are omitted as they are not readily available post-estimation of age contrasts derived from a model fitted with restricted cubic splines (3 degrees of freedom) for the

non-linear effect of age.
ICB, Integrated Care Board; MI, myocardial infarction.

with local population risk profiles, alongside targeted evaluation
of (and greater support for) outlier areas.

While we observed some reductions in the post-MI incidence
of subsequent MI, atrial fibrillation, cerebrovascular disease,
peripheral arterial disease, severe bleeding and diabetes over
the study period, the incidence of heart failure, renal failure
and depression increased. There is a clear need to shift focus to
preventative measures aimed at reducing the ongoing significant
burden of disease for individuals surviving MI. We identified
an almost twofold increased risk of depression among females
following MI compared with male counterparts, and the cumu-
lative incidence of depression following MI varied by area from
5.8% to 14.2%. While these differences may be partly influenced
by sex-related differences in health-seeking behaviour, our study
captures hospital-coded diagnoses of depression which is likely
reflective of clinically significant and persistent illness. While
some degree of detection bias is likely present, our findings may
be less susceptible to differential health-seeking behaviour than
studies in primary care settings or self-reported symptoms. The
consistent increased risk of depression among females, as well
as higher incidence among younger and more socioeconom-
ically deprived individuals also reported in previous analyses
of post-MI depression,® supports consideration of targeted or
enhanced screening and follow-up for depression in the post-MI
setting with the aim of improving quality of life and longer-term
outcomes.

The strengths of this study are its nationwide population
coverage of individuals with MI, combined with robust statis-
tical methodology producing high-resolution area-specific
maps and tables to support health commissioning decisions.

We do, however, acknowledge the study limitations. While
we were able to examine the degree of variation observed at
the ICB subpopulation level over and above that of key demo-
graphic factors associated with adverse post-MI outcomes
(including age, sex, socioeconomic deprivation and year), the
absence of more detailed clinical and treatment variables (eg,
those relating to MI management, MI severity or uptake of
cardiac rehabilitation) within these routinely collected data
limited further adjustment. Therefore, we acknowledge that
some residual differences between ICB subpopulations may
reflect differences in clinical risk and care pathways rather
than service-related variation. Nonetheless, we believe
that the provision of area-specific rates of health outcomes
will facilitate further local investigation and consideration
of area-specific knowledge of service provision. As in our
earlier study,’ we acknowledge potential underestimation
of the post-MI disease burden of diagnoses typically made
in primary care. Our estimates reflect clinically recognised
disease during hospital admission, rather than true popula-
tion incidence. Geographic variation observed may there-
fore partly reflect differences in healthcare utilisation and,
in particular, deprivation-related differences in healthcare-
seeking behaviour. Despite this, our study provides evidence
that the development of specific health outcomes following
MI are common and have shown no signs of significant
improvement over the study period. Our study identified that
the variation in socioeconomic deprivation of individuals with
MI by region was high; however, we cannot infer whether
this was specific to MI or the population more generally from
our data. Nonetheless, aggregate and crude IMD level data

Sturley C, et al. Heart 2026;0:1-11. doi:10.1136/heartjnl-2025-327671
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for the total population do show that the proportion of the
general population in the most deprived quintile of IMD in
the North West and North East & Yorkshire regions was 34%
and 32% compared with 34% and 29.7% for this study’s MI
population. This suggests that the MI population deprivation
is similar to the general population. We were unable to include
data for individuals where geographical data were missing.
These individuals were more likely to have been admitted
earlier in the study period and had higher observed mortality
(online supplemental table B). While this may indicate some
selection towards a lower-risk cohort in the analytical sample,
exclusion of individuals without geographic assignment is
unlikely to bias comparisons between 1CB subpopulations,
which formed the primary focus of this study. Furthermore,
we accounted for changes over time in our analyses to miti-
gate against potential bias arising from this exclusion.

While high-quality system-wide healthcare databases are
increasingly accessible, major barriers remain in timely data
access and the associated costs of both data access and scalable
computational facilities to handle size, complexity and necessary
security standards.” Addressing these barriers should remain a
priority so that nationwide data can be systematically interro-
gated by health commissioning bodies to generate timely knowl-
edge of health outcomes for an increasingly at-risk population
and drive forward major public health initiatives.

In conclusion, this study found a high degree of variation
in the incidence of severe bleeding, diabetes mellitus, atrial
fibrillation, heart failure, renal failure and all-cause mortality
by geographical area in England for individuals following MI.
The degree of variation was reflective of patient case mix with
minimal unwarranted variation at the ICB subpopulation level
overall—except for in a small number of areas. This study pres-
ents an opportunity for health commissioners to target resource
allocation to prevent the post-MI disease burden in areas with
higher-than-expected rates. Given the increasing trends in inci-
dence of post-MI heart failure, renal disease and depression,
addressing the provision of long-term follow-up care for indi-
viduals surviving MI through stronger networks of post-MI care
or performance-based commissioning is necessary. Overall, there
is a need for enhanced post-MI health surveillance in order to
mitigate increased healthcare usage, reduced quality of life and
premature death for the growing population of survivors of MI.
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