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ABSTRACT

Objective Most current cardiovascular disease (CVD) risk
stratification tools are for people without CVD, but very
few are for prevalent CVD. In this study, we developed and
validated a CVD severity score in people with coronary
heart disease (CHD) and evaluated the association
between severity and adverse outcomes.

Methods Primary and secondary care data for 213088
people with CHD in 398 practices in England between
2007 and 2017 were used. The cohort was randomly
divided into training and validation datasets (80%/20%)
for the severity model. Using 20 clinical severity indicators
(each assigned a weight=1), baseline and longitudinal CVD
severity scores were calculated as the sum of indicators.
Adjusted Cox and competing-risk regression models were
used to estimate risks for all-cause and cause-specific
hospitalisation and mortality.

Results Mean age was 64.5+12.7 years, 46% women,
16% from deprived areas, baseline severity score 1.5+1.2,
with higher scores indicating a higher burden of disease.
In the training dataset, 138 510 (81%) patients were
hospitalised at least once, and 39944 (23%) patients died.
Each 1-unit increase in baseline severity was associated
with 41% (95% Cl 37% to 45%, area under the receiver
operating characteristics (AUROC) curve=0.79) risk for
1year for all-cause mortality; 59% (95% Cl 52% to 67%,
AUR0C=0.80) for cardiovascular (CV)/diabetes mortality;
27% (95% Cl 26% to 28%) for any-cause hospitalisation
and 37% (95% Cl 36% to 38%) for CV/diabetes
hospitalisation. Findings were consistent in the validation
dataset.

Conclusions Higher CVD severity score is associated
with higher risks for any-cause and cause-specific
hospital admissions and mortality in people with CHD. Our
reproducible score based on routinely collected data can
help practitioners better prioritise management of people
with CHD in primary care.

INTRODUCTION
Cardiovascular disease (CVD) is the leading
cause of death globally' and accounts for

Key questions
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What is already known about this subject?

» The majority of current cardiovascular disease (CVD)
risk stratification tools are for people without CVD
with very few tools available for people with prev-
alent CVD.

» Coronary heart disease (CHD) is the most common
type of CVD and a leading cause of death globally.
In the UK, CHD is responsible for one death around
every 8 min.

» |t is estimated that nearly 2.3 million people are liv-
ing with CHD in the UK.

» The importance of assessing disease severity in
people with CHD is well recognised, but validated
CVD severity measures derived from routinely col-
lected health records are lacking, as are applica-
tions of such measures in primary care settings.

What does this study add?

» We developed a new CVD severity score incorpo-
rating 20 severity indicators using patients’ anony-
mised routinely collected electronic health records.

» In people with CHD, a 1-unit higher level of the se-
verity score was linked to up to 59% significantly
higher risk of hospital admission or death.

How might this impact on clinical practice?

» We demonstrate the utility and validity of a CVD-
specific severity measure in people with CHD using
routinely collected data.

» Our severity measure has potential applications
directly relevant to clinical practice and risk strat-
ification which informsadvanced decision making
and provides a reproducible algorithm to other con-
ditions managed in primary care.

more than one in four UK deaths.” Coronary
heart disease (CHD) is the most common
CVD, accounting for nearly 9.5 million deaths
worldwide in 2016.* * Around 15.5million
people had CHD in the USA by 2016, and
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2.3million people in the UK by 2018 at a prevalence of
3%

Most currently available prospective cardiovascular
(CV) risk stratification tools are for people without known
CVD,” including QRISK and Framingham scores’’ with
very few tools available to help assess the disease severity
in people with existing CVD. In the context of this paper,
we adopt the definition of severity of clinical condi-
tions as the manifestation of the progression of under-
lying disease processes with implications on healthcare
resources utilisation, multimorbidity and mortality.®?

To our knowledge, no established CVD severity scores
for primary care patients with CHD exist, and previous
cohort studies are sparse,'” with the majority of literature
based on clinical trials of different sizes or using various
sources of data mainly captured in secondary care facil-
ities. Such attempts either focused primarily on existing
scores/indices (such as SYNTAX,11 Gensini,12 the Duke
CAD Prognostic Severity Index" and CAD-RADS');
the prevalence of multivessel disease; or the degree of
coronary stenosis and/or lesions.”” However, existing
scores are not designed for primary care settings and only
subserve a small minority of patients. While other scores
would need invasive interventions that may not be indi-
cated (or in minority of patients) and therefore resources
needed for such information would be limited and not
routinely available in primary care settings. CV-specific
severity measures derived from routine clinical records
of CVD progression are needed and could support prac-
titioners to provide better clinical management as well
as help healthcare policy makers and planners in devel-
oping services and allocating resources.

Since all of the above approaches rely on data that are
not necessarily available in routine primary care health
records for all patients, they are not useful for informing
decisions at a primary care or public health levels based
on identifying patients at risk of adverse outcomes.
Currently available routinely collected electronic health
records (EHRs) provide a platform for developing
disease severity indices that are informative in stratifying
CHD populations.

We, therefore, developed a severity score derived from
routine EHR in UK primary care to stratify CHD popula-
tions in terms of CVD severity as a means of risk stratifi-
cation. We aimed to: (1) develop and internally validate
baseline and longitudinal CV severity scores in individ-
uals with CHD and (2) assess what the score adds to the
predictive value of sociodemographic variables for the
risks for all-cause and cause-specific hospitalisation and
mortality outcomes.

METHODS

Data source and patient population

In this retrospective cohort study, we used the GOLD
database of the Clinical Practice Research Datalink
(CPRD). The CPRD is one of the world’s largest EHR
databases providing anonymised medical data (including

demographics, tests, diagnoses, referrals and prescrip-
tions) and is broadly representative of the UK popula-
tion.”” *' CPRD provides data linkage to additional data-
sets and disease registries. We used the following linkages:
Hospital Episodes Statistics Admitted Patient Care (HES
APC), Office for National Statistics (ONS) cause-specific
mortality data and index of multiple deprivation (IMD).
The IMD used in our study is recorded at the level of the
patient’s residential postcode in England and is a score
calculated as the weighted sum of 37 individual indicators
organised across seven domains of deprivation: access to
housing and services, crime, employment, education,
income, finance and living environment.”* Theemploy-
ment and income deprivation domains contribute the
most weight to the overall index.

Patients with CHD (defined as patients with =1 CHD
code listed in online supplemental table S1) aged
=35 years and registered in linked general practices in
England were identified between 1 March 2007 and 31
March 2017. The validity of CVD diagnoses in CPRD data
has been acknowledged previously.” For each patient,
the index date was defined as the earliest CHD diagnosis
date. Patients were followed up until the earliest date of:
developing an outcome; leaving the general practice;
study end (31 March 2017); or death. By definition of
multiple event models (as in Poisson models), devel-
oping the outcome of interest was not a censor point for
those analyses. The final cohort of eligible patients was
randomly split into training (80%) and validation (20%)
datasets. The 20% split of the dataset was used to repli-
cate the analyses performed in the training dataset as a
validation.

Severity scores

A scoping review of indicators and markers of disease
severity in people with CHD combined by the team’s clin-
ical expert opinion on CVD severity was used to identify
clinically relevant CV severity indicators in people with
CHD. A total of 20 CV indicators were used: hypertension;
hyperlipidaemia; proteinuria/albuminuria; end-stage
renal disease; peripheral vascular disease; stable angina;
cardiac arrest; atrial fibrillation/supraventricular tachy-
cardia; myocardial infarction/acute coronary syndrome;
heart valve disease; endocarditis; myocarditis; cardiomyo-
pathy; pericardial disease; ventricular tachycardia/fibril-
lation; congestive heart failure; CV procedures; transient
ischaemic attack or stroke; diabetes; and pacemaker/
defibrillator use. The Read codes for severity indicators
recorded in CPRD were identified using the (pcdsearch)
Stata command.**

Based on the timing of severity indicators, the
severity score was calculated as the sum of indica-
tors (each assigned weight=1) recorded at preindex
(on/before first CHD diagnosis date, ie, baseline
severity) or postindex (after first CHD diagnosis, ie,
longitudinal severity) windows (online supplemental
table S2). For preindex scores, indicators recorded in
three look-back windows were considered: ever before
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Coronary artery disease

(unlimited look-back window), up to 10 and up to 5 years
before index. This aimed to investigate the effects of
varying the length of the preindex record on the model
fitness in order to identify the optimal look-back window
for prediction of future adverse outcomes but simulta-
neously considering the data quality that improved in
recent years. For postindex scores, indicators recorded
annually in years 1-10 after index date were considered,
each combined with each of the three look-back windows.
Postindex scores aimed to assess the trends of CV severity
over time and how the risk for adverse outcomes change
up to 10 years after CHD diagnosis.

Covariates

Age at baseline, gender, socioeconomic status (IMD 2015
quintiles 1-5 or unknown) and ethnicity (white, black,
Asian, mixed, other or unknown).

Outcomes

Primary outcome was all-cause mortality. Secondary
outcomes were: clustered CV/ diabetes-related mortality;
any-cause hospitalisation; clustered CV/diabetes-related
hospitalisation; and aggregated any-cause hospitalisation
and mortality.

Data analyses

Cox proportional hazards regression models were fitted
to estimate HRs and 95% CIs to assess the relationship
between the calculated severity score and outcomes in the
training dataset, with the inclusion of sociodemographic
covariates. We developed both single event and multiple
failure-time events models. The single event models were
used to assess the risk for 1-year, 3-year, b-year and 10-year
for each of all-cause mortality and clustered CV/diabetes-
related mortality. We experimented with different predic-
tion horizons (1-10 years) to determine how the risks for
adverse outcomes change over time after CHD diagnosis.
A sensitivity analysis was conducted with the outcome
being l-year all-cause mortality excluding events in first
30 days, as these events may be related to the index event.
Multiple failure-time events models were fitted, using
the Breslow method to handle tied failures, for the risk
of recurrent all-cause hospitalisations. Poisson regres-
sion models were used to estimate the unadjusted and
adjusted incidence rate ratios (IRRs) and 95% CIs for
the association between severity score in a given year
and the number of all-cause hospital admissions in the
following year annually for 1-10 years after index date.
Competing risk analysis was conducted to estimate the
subhazard ratio (SHR) and 95% ClIs for the risk for
l-year any-cause hospitalisation and l-year CV/diabetes-
related hospitalisation while accounting for deaths as a
competing event. Single event Cox models were used
to assess the risk for the 1-10year aggregated any-cause
hospitalisation and mortality outcome. Likelihood ratio
(LR) tests were fitted to assess the statistical significance
of adding each of the developed severity scores (models
2, 3 or 4) to the demographics only model (model 1) in

improving the models fit for predicting the outcomes. We
also modelled the unlimited severity score divided into
four categories: no severity (score=0) as a referent group;
low severity (score=1-2); moderate severity (score=3—4);
and high severity (score =5) to assess the strength of asso-
ciations between the score and outcomes. Kaplan-Meier
survivor function plots for hospitalisation, and mortality
outcomes were fitted using severity score categories. All
fitted models per outcome are summarised in online
supplemental table S3.

The severity scores’ calibration was tested using three
methods: Somer’s D*’; comparing the survival curves for
a given risk group®’; and comparing the observed and
predicted survival probabilities in prognostic groups
derived by the severity score’s cut points.”" Poisson
regression, multiple event regression and competing risk
models’ goodness of fit was assessed using the Akaike
information criterion (AIC), where smaller AIC indicates
a better fit of the data than larger AIC.*® The predictive
value of the single event survival models was assessed
using Gonen and Heller’s K concordance statistic (C-sta-
tistic), a measure of the area under a receiver operating
characteristics (AUROC) curve for censored data.”
C-statistic ranges between 0 and 1, where value close to
1 indicates an accurate model with high separation of
subjects with different outcomes.” *' Hence, AUROCs
are reported for all models except for the three afore-
mentioned models where it was not possible to calculate
them. Given the need to use two different postestima-
tion measures (AIC and C-statistic), both were estimated
and reported. The proportional hazards assumption was
assessed using Schoenfeld residuals. All analyses were
replicated in the 20% split of the data as a validation.
Data were analysed using Stata software V.15.%* The study
is reported according to the RECORD checklist.

Patient and public involvement and engagement (PPIE)

We invited patients with CHD to a PPIE meeting. The
participants agreed on the importance and the relevance
of the study and suggested the need to raise the awareness
about disease severity and to further highlight the fact
that it involves several body organs and other conditions.
Their perceptions about disease severity and indicators
of increased disease severity varied between ‘not thought
about disease severity before’ to listing a few indicators
they considered relevant, such as declined physical func-
tion. The participants shared their views on approaches
for disseminating the results via general practices and
online social media outlets. We plan to disseminate the
study findings widely to patient communities via local
heart centres and general practices, and our social media
platforms.

RESULTS

Overall, 213088 patients with CHD were included
(training dataset: n=170395, validation dataset:
n=42693). Mean (+SD) age was 64.5+12.7 years; 46%
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Severity indicators at baseline

Table 1 Baseline characteristics of the included patients with coronary heart disease
Full cohort Training dataset Validation dataset
Characteristic n=213088 n=170 395 (80%) n=42 693 (20%)
Age (years), mean(xSD) 64.5 (£12.7) 64.5 (£12.7) 64.5 (£12.8)
Gender (female) 98041 (46.0) 78444 (46.0) 19597 (46.0)
Number of general practices 398 398 395
Mean follow-up (years), mean (+SD) 9.4 (+6.0) 9.4 (+6.0) 9.4 (+6.0)
Ethnicity
White 189272 (88.8) 151356 (88.83) 37916 (88.81)
Black 2017 (0.95) 1626 (0.95) 391 (0.92)
Asian 4933 (2.32) 3940 (2.31) 993 (2.33)
Mixed 596 (0.28) 485 (0.28) 111 (0.26)
Other 1649 (0.77) 1299 (0.76) 350 (0.82)
Unknown 14621 (6.86) 11689 (6.86) 2932 (6.87)
Levels of social deprivation (IMD quintiles)
Q1 (least deprived) 45719 (21.5) 36770 (21.6) 8949 (21.0)
Q2 49251 (23.1) 39472 (23.2) 9779 (22.9)
Q3 44543 (20.9) 35474 (20.8) 9069 (21.2)
Q4 39032 (18.3) 31141 (18.3) 7891 (18.5)
Q5 (most deprived) 34412 (16.2) 27435 (16.1) 6977 (16.3)
Unknown 131 (0.1) 103 (0.1) 28 (0.1)

Hypertension 109455 (51.4) 87422 (51.3) 22033 (51.6)
Hyperlipidaemia 33309 (15.6) 26553 (15.6) 6756 (15.8)
Diabetes 22763 (10.7) 18079 (10.6) 4684 (11.0)
Proteinuria/albuminuria 4299 (2.0) 3401 (2.0) 898 (2.1)
End-stage renal disease (ESRD) 623 (0.3) 490 (0.3) 133(0.3)
Peripheral vascular disease (PVD) 7220 (3.4) 5793 (3.4) 1427 (3.3)
Stable angina 30838 (14.5) 24667 (14.5) 6171 (14.5)
Cardiac arrest 1180 (0.6) 919 (0.5) 261 (0.6)
AF/SVT 17810 (8.4) 14270 (8.4) 3540 (8.3)
Myocardial infarction/ACS 38451 (18.0) 30715 (18.0) 7736 (18.1)
Heart valve disease 3587 (1.7) 2891 (1.7) 696 (1.6)
Endocarditis 292 (0.1) 235 (0.1) 57 (0.1)
Myocarditis 157 (0.1) 118 (0.1) 39(0.1)
Cardiomyopathy 1105 (0.5) 886 (0.5) 219 (0.5)
Pericardial disease 682 (0.3) 534 (0.3) 148 (0.3)
Ventricular tachycardia/fibrillation 675 (0.3) 519 (0.3) 156 (0.4)
Cardiovascular procedures 10270 (4.8) 8248 (4.8) 2022 (4.7)
TIA/stroke 18783 (8.8) 15053 (8.9) 3730 (8.7)
Pacemaker or defibrillator use 2460 (1.2) 1972 (1.2) 488 (1.1)
Congestive heart failure 10888 (5.1) 8645 (5.1) 2243 (5.3)

All data are presented as count (%) unless otherwise stated.
ACS, acute coronary syndrome; AF/SVT, atrial fibrillation/supraventricular tachycardia; IMD, Index of multiple deprivation; TIA, transient
ischaemic attack.

were women; 89% white; 16% from deprived areas 10-year before score between 0 and 10 (1.4+1.1) and the
(table 1). The ever before (unlimited) severity score 5-year score between 0 and9 (1.2+1.0) (figure 1). The
ranged between 0 and 10 (mean#SD: 1.5+1.2), the  event rates show an increasing event rate with l-unit
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Figure 1 Distribution of baseline cardiovascular (CV)

severity scores in the training and validation datasets.

increase in baseline unlimited severity score (online
supplemental table S4).

All-cause mortality

Opverall, 39944 deaths occurred in 170 395 patients (23%),
of which 1988 (1%) deaths occurred in the first year (of
which, 544 events occurred within 30 days) and 24130
(14%) by the 10th year after index. Higher levels of the
severity score was positively associated with increasing risk
for all-cause mortality (figure 2A,B). For each one-unit
increase of the ever before (unlimited) severity score,
the risks for both l-year and 3-year all-cause mortality
increased by 41% (l-year adjusted HR 1.41 (95% CI
1.37 to 1.45, AUROC=0.7912); 3-year HR: 1.41 (95% CI
1.39 to 1.43, AUROC=0.7882), 5years by 39% (HR: 1.39,
95% CI 1.37 to 1.40, AUROC=0.7872) and 10years by
35% (HR: 1.35, 95% CI 1.34 to 1.36, AUROC=0.7849).
In comparison, the sociodemographics-only model
(model 1) had AUROC of 0.7865 for l-year all-cause
mortality, indicating that adding the severity score slightly
improved the models predictive value (LR test p<0.0001).
The 1-10year postindex scores showed similar results for
risk of all-cause mortality (online supplemental table S5).
The sensitivity analysis of excluding deaths in the first 30
days showed similar findings as the primary analysis.

Coronary artery disease

CV/diabetes-related mortality

Each one unit increase of the unlimited severity score was
associated with significantly higher risks at 1, 3, 5 and 10
years: HRs: 1.59 (95% CI 1.52 to 1.67, AUROC=0.8030);
1.61 (95% CI 1.56 to 1.65, AUROC=0.8041); 1.60 (95%
CI 1.56 to 1.63, AUROC=0.8024); 1.57 (95% CI 1.55 to
1.60, AUROC=0.8010), respectively (table 2). For 1l-year
CV/diabetesrelated mortality, adding the severity score
improved the models predictive value (LR test p<0.0001)
in comparison to model 1 (AUROC=0.7962). The
1-10year postindex scores showed similar trends (online
supplemental table S6).

All-cause hospitalisation

Overall, 138510 (81% of patients) admissions occurred
in 170395 individuals, of which 43023 (25%) and 127 358
(75%) occurred within 1 and 10 years after index, respec-
tively. Higher severity showed a greater risk for future all-
cause hospitalisation (figure 2E,F). Multiple failure anal-
ysis showed an increased risk for recurrent hospitalisation
for one-unit increase in score (HR: 1.33, 95% CI 1.29 to
1.37) (online supplemental table S7) . For Poisson regres-
sion, unadjusted IRRs for the count of next year's hospi-
talisations ranged between 1.43 (95% CI 1.43 to 1.44) in
1year after index to 1.37 (95% CI 1.35 to 1.40) in 10 years
after index. When also adjusted for covariates, the model
fit improved marginally with IRRs ranging between 1.39
(95% CI 1.39 to 1.40) and 1.37 (95% CI 1.34 to 1.40)
for the same period (online supplemental table S8). The
competing risks analysis showed each one-unit increase
of the ever severity score was associated with 27% higher
risks for 1-year any-cause hospitalisation (SHR: 1.27 (95%
1.26 to 1.28)) improving the predictive value provided
by regression models only including sociodemographic
variables — model 1 (LR test p<0.0001) (table 3).

CV/diabetes-related hospitalisation

Overall, 30282 (18% of patients) events occurred within
lyear in 170395 patients with CHD. For l-year CV/
diabetes-related admissions outcome, each one-unit
increase in the ever before severity score was associated
with SHR: 1.37 (95% CI 1.36 to 1.38) improving the
predictive value provided by model 1 (LR test p<0.0001)
(table 3), and it performed better than the any-cause
admissions model.

Aggregated any-cause hospitalisation and mortality

Each one-unit increase in ever before severity score
was associated with increased risks by 27% (26%-28%,
AUROC=0.6271) at 1year. Similar trends were observed
at 3, 5 and 10 years after index (online supplemental
table S9).

A summary of the estimated AIC and AUROC for
fitted models is presented in table 4. For models where
it was possible to estimate both AIC and AUROC, a
summary is plotted in online supplemental figure SI,
and there was a trend consistently showing improved
model performance predicting cause-specific outcomes

Zghebi SS, et al. Open Heart 2021;8:6001498. doi:10.1136/0penhrt-2020-001498

5

“ybuAdoo Aq parosroid 1sanb Aq Tz0oz ‘€z Mdy uo jwod fwgesyuado//:dny wolj papeojumoq ‘120z 1dy 02 Uo 867 T00-0202-Myuado/ogTT 0T Se payslignd 1sii :LesH uado


https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
https://dx.doi.org/10.1136/openhrt-2020-001498
http://openheart.bmj.com/

Open Heart 8

1-yr all-cause death

Kaplan-Meier survival for 1-year all-cause death by ever before severity score categories

1.00
L

070 080 090
L L L

0.60
L

0.50
L

T T T T T
o 2 4 ¢} 8 1

“Sunvival time {years)

No severity — — — — Lowseventy —------ Maoderate severity — — High sevem+

3-year all-cause death

Kaplan-Meier survival for 3-year all-cause death by ever before severity score categories

1.00
s

070 080 090
L L L

0.60
L

0.50
L

0 1 2 3

Survival time (years)

MNo severity — — — — Low severity ------- Moderate severity — — High sevent+

1-yr CV/DM-cause death

= Kaplan-Meier sunvival for 1-year CV/DM death by ever before severity score calegones
=

T T T T T T
o 2 4 ] 8 1

‘Survival time (ysars)

No seventy —— —— Low seventy ------- Moderate seventy— — High sevwl*'

3-yr CV/DM-cause death

. Kaplan-Meier survival for 3-year CV/DM death by ever belore sevenlty score calegones
=]

Survival time (years)

No seventy — — — — Low severty ------- Moderate severty— — High seveu+/

1-yr any cause hospitalisation

Kaplan-Meier survival for 1-year any cause hospitalisation by ever before severity score categories

1.00

0.75

0.50

0.25

0.00

T T - - - -
0 2 4 6 .8 1
Survival time (years)

No severity — — — — Low severity ------- Moderate severity — — High severity

3-yr any cause hospitalisation

Kaplan-Meier sunvival for 3-year any cause hospitalisation by ever before seventy score categories

1.00
1

0.75
|

0.50
M

0.25
L

0.00
L

Survival time (years)

No severity — — — — Lowseverity -—-—----- Moderate severity — — High severi!J(

1-yr CV/DM-cause hospitalisation

Kaplan-Meier survival for 1-year CV/DM cause hospitalisation by ever before severity score categories

1.00

0.75
!
I

0.50
|

0.25

0.00

v T T T T
0 2 4 -] 8 1
Survival time (years)

No severity — — —— Low severity -------" Moderate severity — — High severil+

3-yr CV/DM-cause hospitalisation

Kaplan-Meier sunvival for 3-year CVIDM cause hospitalisation by ever before severity score categories

Q

Q—K

- N e

o | ————

£ e ___ e

24

=]

; .

| -

=

=

S

o 2 ‘
0 ! ’ :

Survival time (years)

No severity —— — — Low severity -------- Moderate severity — — High sevenl+

Figure 2 Kaplan-Meier survivor plots for adverse outcomes by CV severity score categories — training dataset. CV,
cardiovascular; DM, diabetes mellitus. The survival probability scale (Y-axis) for 1-year and 3-year mortality was curtailed for
improved differentiation of survival plots.
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Model 2

Predictor(s)

Ever before score

Age

Gender (F)

IMD (vs least deprived)

Q5 (most deprived)

Ethnicity (vs white)

Black
Asian
Mixed
Other
Unknown

AUROC
AIC

1year

1.59 (1.52 10 1.67)
112(1.11101.13)
0.81 (0.69 to 0.95)

1.33 (1.02 10 1.73)

2.26 (1.16 t0 4.39)
1.65 (0.97 t0 2.80)
1.73(0.77 10 3.87)
1.49 (1.06 10 2.12)
0.8030

13091.66

3years

1.61 (1.56 0 1.65)
112 (1.11101.12)
0.76 (0.70 t0 0.83)

1.48 (1.28 10 1.72)

1.67 (1.08 0 2.57)
1.49 (1.09 to 2.06)
1.81 (0.75 10 4.36)
1.35(0.80 t0 2.29)
1.59 (1.31 10 1.93)
0.8041

41971.42

S5years

1.60 (1.56 10 1.63)
112 (1.11101.12)
0.76 (0.71 0 0.82)

1.47 (1.31 10 1.65)

1.43 (0.99 t0 2.07)
1.43 (1.1 10 1.84)
1.57 (0.75 0 3.29)
1.27 (0.83 t0 1.96)
1.54 (1.32 10 1.80)
0.8024

68465.3

10years

1.57 (1.55 10 1.60)
1.12(1.11101.12)
0.76 (0.72 t0 0.80)

1.59 (1.46 10 1.72)

1.16 0.87 to 1.56)
1.150.94 t0 1.42)
0.79 0.37 to 1.65)
1.05 0.74 to 1.49)
1.48 (1.32 10 1.65)
0.8010
AIC=135778.9

Continued
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Table 2 Continued

Predictor(s)

1year

3years

Syears

10years

Model 4 5-year before score 1.55 (1.46 t0 1.65)
Age 1.12(1.111t01.13)
Gender (F) 0.79 (0.67 t0 0.93)

IMD (vs least deprived)

Q5 (most deprived) 1.32(1.01t0 1.73)
Ethnicity (vs White)
Black 2.33(1.20 to 4.54)
Asian 1.78 (1.05 to 3.03)
Mixed -
Other 1.75(0.78 t0 3.92)
Unknown 1.41 (1.00 to 2.00)
AUROC 0.8024
AIC 13203.79

1.56 (1.51 10 1.62)
113 (1.12101.13)
0.74 (0.68 t0 0.81)

1.48 (1.27 10 1.71)

1.78 (1.16 0 2.75)
1.62(1.18 10 2.22)
1.83 (0.76 0 4.41)
1.40 (0.82 10 2.36)
1.48 (1.22 10 1.80)
0.8030

42321.24

1.56 (1.52 10 1.60)
112 (11210 1.13)
0.74 (0.69 t0 0.79)

1.46 (1.30 t0 1.64)

1.57 (1.08 10 2.26)
1.55 (1.20 to 2.00)
1.58 (0.75 10 3.31)
1.30 (0.85 t0 2.00)
1.45 (1.25 10 1.69)
0.8010

68960.76

1.52 (1.49 10 1.55)
112 (11210 1.12)
0.74 (0.71 10 0.78)

1.58 (1.4510 1.71)

1.27 (0.95 t0 1.71)
1.241.01 10 1.52)
0.79 0.38 to 1.66)
1.06 0.75 to 1.49)
1.40 (1.26 0 1.56)
0.7983

136620.3

AIC, Akaike information criterion; AUROC, area under a receiver operating characteristics curve; CV, cardiovascular; DM, diabetes mellitus;

IMD, Index of multiple deprivation; SHR, subhazard ratio.

over corresponding all-cause outcomes. When catego-
rised, higher severity category levels were associated
with increasing risks of hospitalisation and mortality
(table 5 and figure 2). Severity score-only models using
the training and validation dataset were also fitted and
the AUROCs were up to 0.70 as summarised in online
supplemental table S10. Models without IMD quintiles
are summarised in online supplemental table S11. The
performed calibration tests showed good calibration of
the severity scores (online supplemental tables S12 and
S13, figure 1 vs online supplemental figures S2 and S3).
Testing for proportional hazards indicated the assump-
tions held true (online supplemental figures S4-S8).
The validation dataset findings were all similar to those
in the training dataset (online supplemental tables
S14-S18 and figures S9-S12). The study methods and
main findings are outlined in summary online supple-
mental figures S13 and S14.

DISCUSSION

Main findings

In this long-term retrospective cohort study, we present
a contemporary and validated scoring system grading
CVD severity in people with CHD. Our developed base-
line and longitudinal severity scores provide important
prognostic information for all-cause and cause-specific
hospitalisation and mortality events in people with CHD
that had marginal but statistically significant better
predictive value in comparison with that provided by
models only including sociodemographic variables.
Each one-unit increase in disease severity was associated
with elevated risks for all-cause mortality by 41%, CV/
diabetes mortality by 59% and any cause hospitalisation

by 27%.

Comparison with other studies

A few observational studies have assessed disease severity
in people with CHD using routine primary care EHRs,
while some studies used data derived from secondary or
tertiary care settings to assess severity of CHD for various
research questions.19 3395 However, the majority of prior
studies assessing the severity of CHD were reporting risk
scores based on the anatomical severity and character-
istics of CAD, and they are used to assess the prognosis
following revascularisation interventions, for example,
SYNTAX and Gensini scores,ll 2 but do not provide
information for the majority of patients with CHD not
undergoing these interventions.

Some symptom-based tools were reportedly used to
categorise disease severity.””® However, the majority of
people with CHD are asymptomatic, which may limit
the application of such tools to the wider population
of patients with CHD in clinical practice. Other studies
classified CHD severity either by the CHD onset type
(myocardial infarction, unstable or stable angina catego-
ries),”>™ or the number of hospitalisation events.*

One observational study based on primary care data in
Italy, estimated the positive predictive value for automated
identification and severity assessment of four chronic
conditions, including CHD.'” The disease severity in 300
people with CHD was categorised into five levels based
on the evidence of presence/absence of heart failure and
coronary angioplasty. They reported a good agreement
score (Cohen’s kappa=0.69) between the automated
algorithm and the general practitioner’s assessment on
the CHD severity level.

In our study, the new CV severity score was developed
in a larger cohort, and it included heart failure and
coronary procedures besides 18 additional severity indi-
cators. Our score can be more applicable to a broader
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Model 2

Model 4

Predictor(s)

Ever before score
Age
Gender (F)
IMD (vs least deprived)
Q5 (most deprived)
Ethnicity (vs white)
Black
Asian
Mixed
Other
Unknown
AIC

5-year before score
Age
Gender (F)
IMD (vs least deprived)
Q5 (most deprived)
Ethnicity (vs white)
Black
Asian

1-year any-cause hospitalisation

1-year

CV/DM hospitalisation

SHR (95% ClI)

1.27 (1.26 10 1.28)
1.01 (1.01 t0 1.01)
0.71(0.70 t0 0.73)

1.05 (1.02 t0 1.08)

0.88 (0.79 t0 0.97)
1.33 (1.25 10 1.40)
0.95(0.79 to 1.14)
1.00 (0.90 10 1.12)
0.24 (0.22 t0 0.26)
992032.8

1.30 (1.29 to 1.31)
1.01 (1.01 to 1.01)
0.71 (0.70 10 0.73)

1.05 (1.02 10 1.08)

0.89 (0.80 to 0.98)
1.36 (1.28 t0 1.44)

SHR (95% CI)

1.37 (1.36 10 1.38)
1.01(1.01t0 1.01)
0.60 (0.59 to 0.62)

1.02 (0.98 to 1.05)

0.68 (0.57 t0 0.78
1.39 (1.31 10 1.49
1.03 (0.84 10 1.27,
0.96 (0.84 t0 1.10
0.24 (0.22 10 0.27)
699582.5

)
)
)
)

1.41 (1.40 t0 1.43)
1.01 (1.01 t0 1.01)
0.60 (0.59 10 0.62)

1.02 (0.98 to 1.05)

0.69 (0.60 t0 0.79)
1.44 (1.3510 1.54)

Continued
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Table 3 Continued

1-year any-cause hospitalisation

1-year

CV/DM hospitalisation

SHR (95% Cl)

Predictor(s) SHR (95% Cl)
Mixed 0.96 (0.80 to 1.16)
Other 1.00 (0.90 t0 1.12)
Unknown 0.24 (0.22 to 0.26)

AIC 992244.2

1.04 (0.85 t0 1.29)
0.97 (0.85t0 1.11)

0.24 (0.22 10 0.27)
699853.5

AIC, Akaike information criterion; CV, cardiovascular; DM, diabetes mellitus; IMD, Index of multiple deprivation; SHR, subhazard ratio.

population of patients with CHD than existing scores.
Current scores either focus on small and highly selected
groups of patients undergoing coronary procedures
(eg, SYNTAX) " or define CHD severity in an overall
simplistic approach by syndrome that does not take into
account the close pathophysiological links between some
of the included CV conditions thereby possibly reducing
clinical relevance. In addition, we included clinically rele-
vant severity indicators (such as diabetes which contrib-
utes to CHD severity42), and we evaluated the association
between severity score and health outcomes. CV severity
indicators may need revising in a few years as newer tests
and measures become available in primary care setting.
Therefore, future studies can include additional severity
indicators, subject to their availability and well recording
in primary care data, such as the coronary calcium score,
ankle-brachial index test, B-type natriuretic peptide
(BNP) or N-terminal pro BNP (NT-pro-BNP) levels
and high-sensitivity C reactive protein (hs-CRP) levels.
The inclusion of social deprivation data highlights the
advantage of used EHRs driven from national health-
care systems, such as the NHS, as patients represent all

social levels unlike what would be recorded from private
medical systems. While social deprivation levels may not
be directly compared with other populations, under-
standing the underlying domains and the allocation of
patients into categories of least deprived versus most
deprived may allow for a rough comparison with other
populations as appropriate.

Potential benefits to clinical practice

People with CHD are mainly managed in primary care
settings. Our severity measure is based on medical data
routinely collected in general practice visits, which
indicates its potential usefulness in risk stratification of
people with CHD. The score calculation method can be
first implemented as a simple table (online supplemental
table S2) to enable clinicians estimate patient’s CVD
severity at baseline and over time. This can help iden-
tify people with CHD at a greater risk for adverse health
outcomes, which informs advanced decision making. On
a wider context, our algorithm is reproducible for other
long-term conditions managed in primary care.

Table 4 Summary of AIC and AUROCSs of fitted Cox and Poisson regression models — training dataset

Any-cause hospitalisation

1-year CV/ 1-year

1-year diabetes- 1-year Poissont 1-year CV/ aggregated any
Predictors/ all-cause related hospitalisation Recurrent (countin diabetes-related hospitalisation
model mortality mortality (single event)* event first year) hospitalisation* or mortality
Demographics-only model

Model 1 AUROC=0.7865  AUR0C=0.7962  AlC=995523 AlC=2.27e+07 AIC=477990 AIC=704241 AUROC=0.6055

(AIC=43050) (AIC=13382) (AIC=1 008 481)
Severity score+demographics models
Model 2 (model AUROC=0.7912  AUR0C=0.8030  AIC=992032.8 AlC=2.26e+07 AIC=456825 AIC=699582.5 AUROC=0.6271
1-+ever before (AIC=42586.52)  (AIC=13091.66) (AIC=1 004 865)
severity score)
Model 3 (model AUROC=0.7912  AUR0C=0.8032  AIC=992096.3 AlC=2.26e+07 AIC=457753 AIC=699635 AUROC=0.6270
1+10-year severity  (AIC=42649.12)  (AIC=13133) (AIC=1 004 939)
score)
Model 4 (model 1 + AUROC=0.7910  AUR0C=0.8024  AIC=992244.2 AlC=2.27e+07 AIC=460109 AIC= AUROC=0.6265
5-year severity (AIC=42732.13)  (AIC=13203.79) 699853.5 (AIC=1 005 101)

score)

*Competing risk analysis.
TAdjusted for age, gender and IMD only.
AIC, Akaike information criterion; AUROC, area under a Receiver Operating Characteristics curve; CV, cardiovascular; DM, diabetes

mellitus.
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Table 5 Adjusted 1-year and 3-year HR or SHR (95% CI) for mortality and hospitalisation outcomes by the cardiovascular
severity score category

Training dataset

Validation dataset

No Moderate Moderate
Outcome severity Low severity severity High severity No severity Low severity severity High severity
1-year all-cause Reference 1.49(1.22t01.81) 3.03(2.46103.72) 5.64 (4.44t07.15) Reference 1.25(0.87 10 1.80) 2.62(1.80103.82) 4.76 (3.06 to 7.40)
mortality AUROC=0.7899 AUR0C=0.7881
3-yearall-cause  Reference  1.40 (1.26t01.54) 2.90 (2.61103.22) 5.34 (4.71106.04) Reference  1.20 (1.00t0 1.45) 2.17 (1.78102.63) 4.63 (3.67 t0 5.84)
mortality AUR0C=0.7863 AUROC=0.7857
1-year CV/diabetes Reference 1.58 (1.06 t0 2.35) 4.09 (2.73t0 6.11) 9.38 (6.04 to 14.54) Reference 1.12(0.58 10 2.18) 3.32 (1.69106.49) 6.53 (3.05 to 13.97)
mortality AUROC=0.8003 AUR0C=0.7951
3-year CV/diabetes  Reference 1.95(1.53102.48) 5.46 (4.28106.96) 11.75(9.00 to Reference 1.14(0.78 10 1.68) 2.96 (2.00t0 4.38) 8.53 (5.54 10 13.12)

mortality 15.33)

AUROC=0.8038 AUROC=0.7953
1-year any Reference 1.62 (1.57t01.67) 2.47 (2.38t02.56) 3.47 (3.27t03.68) Reference 1.65(1.55t0 1.76) 2.51(2.33t02.70) 3.31 (2.94 t0 3.73)
hospitalisation* AIC=992385.1 AIC=219586.1
3-year any Reference 1.41(1.381t01.44) 2.10(2.04t02.15) 2.85(2.73102.99) Reference 1.41(1.35t01.47) 2.05(1.95t02.15) 2.72(2.48102.97)
hospitalisation* AIC=1965741 AIC=433770.1
1-year CV/diabetes  Reference 2.11(2.02t02.20) 3.71(3.54t03.89) 5.51 (5.15t05.91) Reference 2.15(1.98102.34) 3.73(3.39t04.10) 5.26 (4.59 t0 6.04)
hospitalisation* AIC=699933.1 AIC=155656.5
3-year CV/diabetes  Reference 2.03(1.97t02.10) 3.79(3.66t03.92) 5.63(5.34105.92) Reference 2.04(1.921t02.17) 3.73(3.48104.00) 5.45(4.93 10 6.03)
hospitalisation * AIC=1262175 AlC=280208.9

Severity score categories: no severity: score=0 (referent category); low severity: score=1-2; moderate severity: score=3-4; high severity: score >5.

Al results are adjusted for age, gender, IMD and ethnicity (model 2).

*SHR: subhazard ratio estimated for the competing risk models for risk for hospitalisation.
AIC, Akaike information criterion; AUROC, area under a Receiver Operating Characteristics curve; CV, cardiovascular; IMD, index of multiple deprivation.

Study strengths and limitations

The strengths of our study include: first, we analysed a
large cohort of patients with CHD to develop and validate
the severity scores, derived from a high-quality EHR data-
base. Second, our models were based on baseline and
longitudinal severity scores and included important socio-
demographic variables, including social deprivation and
ethnicity. Third, we compared the added predictive value
of the developed score in comparison with that provided
by models only including sociodemographic variables in
all outcomes. In addition to all-cause mortality, which
allows for a broad perspective of the burden of CHD,
and hospital admissions, our measured outcomes also
included CV and diabetes-related events. Fourth, we used
longer term follow-up different from the available 30-day
and 6-month risk scores. Finally, we invited people with
CHD who provided their feedback on different aspects
of the study.

Our study has several limitations. First, there is a risk
of misclassifying the identified cases and severity indica-
tors. However, the high validity of CVD diagnoses using
CPRD data has been reported previously.™ * Second,
other important severity indicators may have been
missed since they are not available or routinely recorded
in primary care, such as NT-pro-BNP levels or ankle-
brachial index. However, using routinely available data
allows the creation of a tool that can be applied to
primary care and relevant research with EHRs. Third, by
the nature of the cohort design, we missed non-survivors

(people who died due to the first event). Fourth, as our
validation was based on replicated analyses in a separate
dataset (internal validation), future study is needed for
external validation in an independent database before
reporting the complete clinical utility and implications
of our score. However, we observed very similar results
when we compared our approach to two additional vali-
dation analyses based on postestimation from training
dataset using CV mortality outcome.” ** Fifth, although
the selection of binary weighting system is practical for
replication of the score in clinical practice, future studies
examining the risks of these indicators considering their
different levels of severity, that is, as severity-weighted
indicators are required. Finally, generalisability to other
healthcare systems and/or other ethnic groups may be
limited, but we believe a similar algorithm can be used in
those circumstances given that the severity indicators are
collected in routine primary care visits.

CONCLUSIONS

While CHD is associated with multiple morbidities and
a leading cause of mortality worldwide,” severity meas-
ures for CHD based on primary care data are limited and
needed. This study provides a contemporary measure
of CVD severity derived by routine primary care EHRs
for people with CHD, which showed high predictive
value of hospitalisation and death outcomes. Our find-
ings indicate that an increase in CVD severity in adult
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people with CHD was associated with higher risks for all-
cause and CV-specific hospital admissions and mortality
outcomes. There is underused informative longitudinal,
multimorbid structure in routine clinical records and
our paper focus on the wider CV spectrum around CHD.
Disease-specific severity tools have direct impact on clin-
ical practice, by stratifying care according to disease
severity, and can help inform service planning and risk
stratification for precision medicine. Future research on
external validation of the severity score is needed before
reporting its complete clinical utility and implications.
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Table S1 inclusion codes for CHD

Medical Read code Description Medical Read code Description Medical code Read code Description
code code
. . . . Referral to cardiac rehabilitation service
1. 240 G3...00 Ischaemic heart disease 29902 G330z00 Angina decubitus NOS 102943 8HkI.00
by secondary care

2. 241 G30..00 Acute myocardial infarction 30171 G5...00 Other forms of heart disease 103046 G210z00 l':lllglsjgna nt hypertensive heart disease

3. 1021 5543.00 Coronary arteriograph.abnormal | 30330 G309.00 Acute Q-wave infarct 103655 187..00 Frequency of angina

a. | 1204 G30..14 Heart attack 30421 | G30..13 Cardiac rupture following 103932 8CMP.00 Coronary heart disease care plan
myocardial infarction (M)

5. | 1344 G340.12 | Coronary artery disease 30963 | 1J61.00 Suspected ischaemic heart 104675 8F97.00 Cardiac rehabilitation programme
disease completed

6. 1414 G33z300 Angina on effort 31464 G21z.00 Hypertensive heart disease NOS 105216 14AW.00 H/O acute coronary syndrome

7. | 1430 G33..00 Angina pectoris 32272 G38..00 |Pn (;Ztrtfizrnat"’e myocardial 105250 G341111 Mural cardiac aneurysm

8. 1431 G311.13 Unstable angina 32450 G33z400 Ischaemic chest pain 105479 G39..00 Coronary microvascular disease

9. 1490 G5z..00 Heart disease NOS 32526 14AA.00 H/O: heart disease NOS 105615 G01yz00 Other acute rheumatic heart disease NOS

10. | 1537 662..11 Heart disease monitoring 32854 G30B.00 ﬁ]cf‘;:‘zt‘i’::te“"atera' myocardial | ;5935 G211200 Benign hypertensive heart disease NOS

11. | 1655 G340.11 | Triple vessel disease of the heart | 34207 | 90b4.00 Coronary heart disease 106812 G383.00 Postoperative transmural myocardial
monitoring 2nd letter infarction unspec site

12. | 1676 G32..00 Ischaemic heart disease NOS 34328 G311300 Refractory angina 107574 8T04.00 Ef;;:;i:]tr::”g'"a Plan self-management

13. | 1677 G30..15 MI - acute myocardial infarction 34329 90b5.00 Coro.nary heart disease 107967 661M000 Angina self-management plan agreed
monitoring 3rd letter

12 | 1678 G308.00 Inferior myocardial infarction 34633 G34y.00 Other speufled chronic ischaemic 108056 SIEY.00 Referral to Angln.a Plan self-management

NOS heart disease programme declined

15. | 1792 G3..13 IHD - Ischaemic heart disease 34803 | G30y.00 Other acute myocardial infarction | 109035 Gyu3500 gif:rbssitegs“e”t myocardial infarction of

16. | 1811 G5yz.00 | Other heart disease NOS 34952 328..00 ECG: Q wave 110535 8F98.00 g?ffr':; rehabilitation programme

17. | 2155 G341000 | Ventricular cardiac aneurysm 35119 G501.00 Post infarction pericarditis 110634 Gyu4000 L’ggat::; specified pulmonary heart

18. | 2491 G30.12 | Coronary thrombosis 35277 | 90b1.00 Rmeofﬁistisricn‘:"nary heartdisease | ,5gq 6574011 Cardiac arrest-ventricular fibrillation

19. | 3468 662..00 Cardiac disease monitoring 35287 3222.00 ECG: myocardial ischaemia NOS | 25814 90b3.00 g:;z:ary heart disease monitoring 1st

Zghebi SS, et al. Open Heart 2021; 8:e001498. doi: 10.1136/openhrt-2020-001498
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Medical Read code Description Medical Read code Description Medical code Read code Description
code code
20. | 3704 G307.00 | Acute subendocardial infarction | 35373 90b0.00 :;i’l’tdosr i;"gm"ary heart disease | ,oq,5 G332.00 Angina pectoris NOS
21. | 3999 G340000 Single coronary vessel disease 35382 5533.00 Angiocardiography abnormal 26863 G33z600 New onset angina
22. | 4017 G32..00 Old myocardial infarction 35674 14A3.00 H/O: myocardial infarct <60 26972 3234.00 ECG:posterior/inferior infarct
h ified chronic isch i
23. | 4656 G311.11 Crescendo angina 35713 G34yz00 ot erspec| led chronic ischaemic 26973 3222.00 ECG:shows myocardial ischaemia
heart disease NOS
24. | 5221 44H3.00 Cardiac enzymes abnormal 36193 G5y..00 Other specified heart disease 26975 3233.00 ECG: antero-septal infarct.
25. | 5254 G340100 Double coronary vessel disease 36423 G36..00 Certain current complhlca.tlon 27484 G341.11 Cardiac aneurysm
follow acute myocardial infarct
2. | 5387 G301.00 | Other specified anterior 36523 | G311.00 Preinfarction syndrome 27951 G31..00 Other acute and subacute ischaemic
myocardial infarction heart disease
27. | 5413 G340.00 | Coronary atherosclerosis 36609 | G342.00 Atherosclerotic cardiovascular 27977 G31yz00 Other acute and subacute ischaemic
disease heart disease NOS
28. | 6331 G341.00 Aneurysm of heart 36854 G332.00 Coronary artery spasm 28138 G34..00 Other chronic ischaemic heart disease
29. | 6336 14A5.00 | H/O: angina pectoris 37657 | G362.00 Ventric septal defect/curr comp | goc, 6332200 Angina pectoris NOS
fol acut myocardal infarctn
30. | 7320 G343.00 Ischaemic cardiomyopathy 37990 8F90.00 Cardiac rehabilitation - phase 1 28736 G30y000 Acute atrial infarction
31. | 7347 G311100 Unstable angina 37991 8F91.00 Cardiac rehabilitation - phase 2 29300 662K300 Angina control - worsening
32. | 7696 G332200 | Syncope anginosa 38609 | G351.00 Subsequent myocardial infarction | g, G344.00 Silent myocardial ischaemia
of inferior wall
33. | 7783 323.00 ECG: myocardial infarction 39449 | G312.00 Coronary thrombosis not 29553 6366.00 Thrombosis atrium,auric
resulting in myocardial infarction append&vent/curr comp foll acute Ml
34. | 8246 322..00 ECG: myocardial ischaemia 39500 90b8.00 Coronary heart disease 29643 G303.00 Acute inferoposterior infarction
monitoring check done
35. | 8516 8F9..00 Cardiac rehabilitation 39546 | Gyu3000 [X]Other forms of angina pectoris | 29758 G30X.00 Acute transmural myocardial infarction
of unspecif site
36. | 8568 G37.00 | Cardiac syndrome X 39655 | G311.12 Impending infarction 37908 90b6.00 ﬁf\’;fa”t?;‘r: heart disease monitoring verbal
. . . L . Referral to cardiac rehabilitation
37. | 8935 G302.00 Acute inferolateral infarction 39693 G31y200 Subendocardial ischaemia 102914 8IE3.00 .
programme declined
38. | 9276 G31y000 Acute coronary insufficiency 39904 3232.00 ECG: old myocardial infarction 66388 G33z000 Status anginosus
39. | 9413 G3ly.00 | Otheracuteand subacute 40399 14A4.00 H/O: myocardial infarct >60 67087 G341100 Other cardiac wall aneurysm
ischaemic heart disease
40. | 9507 G307000 Acute non-Q wave infarction 40429 G301000 Acute anteroapical infarction 68357 G31y100 Microinfarction of heart
a1 | 9555 6332500 Post infarct angina 40624 2162200 Referral to cardiac rehabilitation 68401 Gyu3200 [).(]Other forms of acute ischaemic heart
nurse disease
42. | 10109 G...13 Heart diseases 41032 | 8F92.00 Cardiac rehabilitation - phase 3 | 68748 G382.00 Eg:;c:;::z“’e myocardial infarction,
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M;c:;:al Read code Description M;cg:al Read code Description Medical code Read code Description
43. | 10127 8H7v.00 :Eiigal to cardiac rehabilitation 41179 G5yyz00 (litohser ill-defined heart disease 68849 G01z.00 Acute rheumatic heart disease NOS
44. | 10260 6A4..00 Coronary heart disease review 41221 G30y200 Acute septal infarction 68979 Gyu5.00 [X]Other forms of heart disease
45. | 10562 G307100 | Acutenon-STsegmentelevation | 1oy | 341,09 Aneurysm of heart NOS 69474 G365.00 Rupture papillary muscle/curr comp fol
myocardial infarction acute myocard infarct
46. | 11048 G331.11 | Variant angina pectoris 41835 | G384.00 Postoperative subendocardial 69776 SP00300 Mechanical complication of coronary
myocardial infarction bypass
47. | 11648 gB3kop | Coronary heart disease 42104 | 32E4.00 ECG: S-T depression 70160 90b9.00 Coronary heart disease monitoring
medication review telephone invite
4s. | 11983 G311500 | Acute coronary syndrome 45476 | 14AL.00 H/O: Treatment for ischaemic 71046 G41yz00 Other chronic pulmonary heart disease
heart disease NOS
a9. | 12139 G300.00 | Acute anterolateral infarction 45809 | G350.00 Subsequent myocardial infarction | ;) 5¢, G353.00 Subsequent myocardial infarction of
of anterior wall other sites
50. | 12229 G30xo0p | Acute ST segment elevation 45960 | 8B27.00 Antianginal therapy 91774 6341300 Acquired atrioventricular fistula of heart
myocardial infarction
51 | 12804 6332700 Stable angina 46017 G30y200 Other acute myocardial infarction 95550 8H2V.00 Admit ischaemic heart disease
NOS emergency
52. | 12986 G331.00 Prinzmetal's angina 13250 G...12 Cardiac diseases 97001 44p2.00 Cardiac troponin positive
ial infarcti X ial infarcti f
53. | 13185 662K.00 | Angina control 46166 | G35X.00 Subsequent myocardial infarction | ggqq, Gyu3600 [XISubsequent myocardial infarction o
of unspecified site unspecified site
54. | 13187 662N.00 CHD monitoring 46227 32B2.00 ECG: Q wave abnormal 100139 14AT.00 History of myocardial infarction
Postoperative transmural Postoperative transmural
55. | 46112 G380.00 myocardial infarction anterior 46276 G381.00 myocardial infarction inferior 101164 8LF..00 Coronary angiography planned
wall wall
56. | 13566 G30..11 Attack - heart 46565 8F93.00 Cardiac rehabilitation - phase 4 101373 8L41.00 Coronary angioplasty planned
57. | 13571 G30.16 | Thrombosis - coronary 47637 | Gyussop | (XIOtherforms of chronic 102447 8HKk.00 Referral to cardiac rehabilitation
ischaemic heart disease programme
58. | 14658 G302.00 | Acute myocardial infarction NOS | 47798 90b2.00 Coronary heart disease 19067 7122200 Under care of cardiac rehabilitation
monitoring default nurse
5. | 14782 662K200 | Angina control - improving 48981 66f1.00 ;ac::i':’g’:;cg“'ar disease interim 19185 66f..00 Cardiovascular disease monitoring
60. | 14897 6301200 ﬁg‘:”"r myocardialinfarction | 5325 | 14aH.00 ;'e/ : Myocardial infarctioninlast | 4,5 813a.00 Cardiac rehabilitation declined
61. | 14898 G305.00 kla(;:'a' myocardial infarction 51043 | ZRBN.0O E:;krzs coronary artery disease | ;45,, 662K000 Angina control - good
62. | 15349 662Kz00 Angina control NOS 52517 Gyu3.00 [X]Ischaemic heart diseases 19655 G311.14 Angina at rest
63. | 15373 662K100 | Angina control - poor 52705 3236.00 ECG: lateral infarction 19744 8137.00 f:fruc:;zry heart disease monitoring
64. | 15661 G310.11 Dressler's syndrome 54251 G311z00 Preinfarction syndrome NOS 19827 3213111 Positive exercise ECG test

4
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Medical Read code Description Medical Read code Description Medical code Read code Description
code code
65. | 15754 G342.00 :it:;zrszh,\:gg'c ischaemic heart 54535 | G332100 Stenocardia 20001 G12..00 Chronic rheumatic heart disease NOS
66. | 15782 Galzo | Chronicpulmonary heart disease | oo, 5, 6311011 MI - myocardial infarction 20095 G330.00 Angina decubitus
NOS aborted
67. | 16173 G21zz00 Hypertensive heart disease NOS 55401 3235.00 ECG: subendocardial infarct 20416 G3...12 Atherosclerotic heart disease
68. | 16408 G32..11 Healed myocardial infarction 57062 14A).00 H/O: Angina in last year 21844 G31y300 Transient myocardial ischaemia
69. | 16657 ZV7B011 LYS]:;;‘ZE(TI'_'”Dg)f” ischaemic heart | o2, 3232.00 ECG: myocardial infarct NOS 22383 G3y..00 Other specified ischaemic heart disease
Ruptur cardiac wall w'out
70. | 17133 G30A.00 Mural thrombosis 59189 G363.00 haemopericard/cur comp fol ac 23078 G34y100 Chronic myocardial ischaemia
MI
71. | 17307 G311200 Angina at rest 59193 G341200 Aneurysm of coronary vessels 23098 ZV57900 [V]Cardiac rehabilitation
P | hi f i i i
72. | 17464 G32..12 X erson.a istory of myocardial 59854 G1yzz00 Other rheumatic heart disease 23579 G310.00 Postmyocardial infarction syndrome
infarction NOS
73. | 17681 6622.00 | Cardiac disease monitoring NOS | 59940 | G364.00 Ruptur chordae tendinae/curr 23708 G361.00 Atrial septal defect/curr comp folow acut
comp fol acute myocard infarct myocardal infarct
74. | 17689 G30.17 | Silent myocardial infarction 60664 | 44H3000 f:trd'ac enzymes abnormal -first | o0, G304.00 Posterior myocardial infarction NOS
75. | 17872 G301100 | Acute anteroseptal infarction 61166 | Ga1000 | Mypertensive heartdisease NOS | ¢ G360.00 Haemopericardium/current comp folow
without CCF acut myocard infarct
76. | 18118 G311400 | Worsening angina 61670 | 889A.00 Diab mellit insulin-glucose infus | , G34y000 Chronic coronary insufficiency
acute myocardial infarct
77. | 18125 G330000 Nocturnal angina 62270 32B3.00 ECG: Q wave pathological 24783 G3..11 Arteriosclerotic heart disease
78. | 18134 182A.00 Chest pain on exertion 62626 G30y100 Acute papillary muscle infarction 19044 ZLA2200 Seen by cardiac rehabilitation nurse
79. | 18135 ga2.00 | Coronaryheartdiseaseannual | o010 | Gy10100 Hypertensive heart disease NOS | ) 32BZ.00 ECG: Q wave NOS
review with CCF
80. | 18150 90b..00 Coro.nary heart t.jlsjease. 63467 G306.00 True p9ster|or myocardial 18889 G34z000 Asymptomatic coronary heart disease
monitoring administration infarction
81. | 18218 2677.00 Cardiac rehabilitation class 63538 32B1.00 ECG: Q wave normal 65533 G40z.00 Acute pulmonary heart disease NOS
2. | 18842 635..00 .Subsec.|uent myocardial
infarction
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Table S2 Simple illustration of pre-index and post-index CVD score calculation in people with CHD

Patient ID CHD diagnosis Diagnosis of severity Pre-index severity indicator Post-index severity indicator
indicator eligibility at eligibility at post-index (e.g. 3-year post-index) +
5-yr look-back 10- yr look- Unlimited look- 5-yr look-back | 10-yr look-back | Unlimited look-
window back window back window window? window” back window®
PVD on 13/10/1992 N N Y N N Y
TIA on 01/03/1994 N N Y N N Y
11/07/2007 Stroke on 22/08/2001 N Y Y N Y Y
0001 DM on 06/12/2005 Y Y Y \ Y Y
Ml on 18/03/2010 - - - Y Y Y
Score / window 1 2 4 2 3 5
CABG on 28/01/2014
0002 19/08/2011 - - - Y Y Y
Score / window 0 0 0 1 1 1
HT on 27/05/2002 N N Y N N Y
2/201
0003 03/02/2015 ESRD on 14/12/2016 - - - Y Y Y
Score / window 0 0 1 1 1 2

These data are based on fictional patient IDs and presented for illustrative purpose only.
# this covers 3 years after index and 2 years before index i.e. total of 5 years window.

" this covers 3 years after index and 7 years before index i.e. total of 10 years window.

& this covers 3 years after index and unlimited window before index.

CABG: coronary artery bypass graft; DM: diabetes mellitus; ESRD: end stage renal disease; HT: hypertension; MI: myocardial infarction; PVD: peripheral vascular
disease; TIA: transient ischaemic attack.
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So, we computed a total of 33 pre-index and post-index severity scores using different study windows for each patient:

e Three pre-index severity scores for computing overall severity using the three look-back windows:

o Unlimited look-back window
o] 10-year look-back window
o 5-year look-back window

30 post-index severity scores, based on combining each of windows 1-3 above with post-index windows of length of 1-10 years. For example, for the 1-year
post-index window:

o 1-year post-index window combined with unlimited look-back window

o 1l-year post-index window combined with 10-year look-back window

o 1-year post-index window combined with 5-year look-back window

o And so on for the 2-10 years post-index windows.

Zghebi SS, et al. Open Heart 2021; 8:e001498. doi: 10.1136/openhrt-2020-001498
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Table S3 A total of 212 Cox and Poisson models were fitted for primary and secondary outcomes.

All-cause death

Clustered CV- or
Diabetes-related
death

Any cause
hospitalisation

Clustered
CV/Diabetes-
hospitalisation

Aggregated any
hospitalisation or
mortality

Recurrent
hospitalisation
(multiple event)

Baseline CVD scores (Cox models)

Model 1 (Age, gender, ethnicity, and IMD)

VAAAY

VA'AAY

VAAAY

VAAAY

VAAAY

Model 2

Model 1 + Unlimited score

VAAAY

VAAAY

VAAAY

VAAAY

VAAAY

Model 1 + 10-year before score

VAAAY

VA'AAY

VAAAY

VAAAY

VAAAY

Model 1 + 5-year before score

VAAAY

\AAAY

VAAAY

VAAAY

VAAAY

< L |1<L <

Baseline CVD score categories (Cox models)

Vv

Vv

A%

Vv

Moving CVD scores (Cox models)

Model 1 (Age, gender, ethnicity, and IMD) between
index+1year to index+10 years

VVVVVVVVVVV

VVVVVVVVVVYV

Model 2

Model 1 + Unlimited scores between index+1year to
index+10 years

VVVVVVVVVVYV

VVVVVVVVVVYV

Model 1 + 10-year before scores between
index+1year to index+10 years

VVVVVVVVVVYV

VVVVVVVVVVYV

Model 1 + 5-year before scores between index+1year
to index+10 years

VVVVVVVVVVYV

VVVVVVVVVVYV

Moving CVD scores (Poisson models)

Model 1 (Age, gender, ethnicity, and IMD) at index+1year
to index+10 years

VVVVVVVVVVV

Model 2

Model 1 + Unlimited scores at index+1year to
index+10 years

VVVVVVVVVVYV

Model 1 + 10-year before scores at index+1year to
index+10 years

VVVVVVVVVVYV

Model 1 + 5-year before scores at index+1year to
index+10 years

VVVVVVVVVVYV
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Table S4 Absolute event rates (%) per CV severity score strata — Training and validation datasets

Unlimited 1-year all- 10-year 1-year 10-year 1-year 10-year 1-year 10-year
score cause all-cause CV_DM CV_DM any-cause any-cause Cv_DM CV_DM
mortality mortality mortality mortality hospitalisation hospitalisation hospitalisation hospitalisation
Training dataset
0 0.3 6.2 0.09 1.3 14.9 62.8 7.9 27.0
1 0.7 10.9 0.17 2.5 22.3 73.0 14.7 43.6
2 13 16.7 0.47 4.7 29.1 79.5 21.4 59.5
3 2.3 233 0.89 7.7 35.7 84.6 28.3 71.2
4 3.9 32.3 1.46 11.4 41.8 87.0 34.9 78.3
5 5.7 39.0 2.17 14.9 47.3 89.5 40.5 84.7
6 7.0 45.2 4.10 19.0 50.9 87.9 44.6 82.6
7 9.6 50.0 5.15 23.7 54.5 92.1 51.7 94.8
8 14.3 62.9 10.53 31.6 71.4 94.3 62.9 89.5
9 111 88.9 0.00 333 77.8 88.9 55.6 83.3
10 33.3 100.0 0.00 0.0 66.7 66.7 66.7 100.0
Overall 1.2 14.2 0.36 3.7 25.2 74.7 17.8 48.0
Validation dataset
0 0.4 6.1 0.13 13 14.8 63.3 7.8 254
1 0.7 10.6 0.20 2.2 22.2 72.4 14.5 42.0
2 1.3 16.8 0.35 3.9 29.4 79.6 22.0 57.3
3 2.4 24.2 0.83 7.7 36.1 85.1 28.7 70.7
4 4.7 31.1 2.03 10.5 41.8 86.2 34.4 77.1
5 5.3 38.2 2.36 13.3 44.9 89.8 38.4 80.5
6 9.7 57.8 3.24 23.2 48.6 85.9 43.2 82.7
7 8.7 41.3 4.35 26.1 65.2 95.7 63.0 95.7
8 16.7 66.7 8.33 16.7 58.3 91.7 41.7 83.3
9 0.0 66.7 0.00 66.7 100.0 100.0 66.7 100.0
Overall 1.2 14.2 0.41 3.6 25.3 74.7 17.9 47.9
9
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Table S5 Cox regression models using moving CV severity scores for all-cause mortality HR (95% Cl) — for 2-9 yrs windows models only adjusted HRs for severity
scores are presented for simplicity — training dataset

:::: se Index+1 year Index+2 years Index+3 years Index+4 years Index+5 years Index+6 years Index+7 years Index+8 years Index+9 years Index+10 years
Age Model 1
IG“:'I;‘,"“ AUROC=0.7744 | AUROC=0.7722 | AUROC=0.7697 | AUROC=0.7669 | AUROC=0.7645 | AUROC=0.7622 | AUROC=0.7598 | AUROC=0.7572 | AUROC=0.7552 | AUROC=0.7531
ethnicity AlC=848,222.2 AIC=803,473.9 AlIC=745,513.2 AlC=691,389.6 AIC=638,300.5 AIC=581,226.6 AlC=526,475.7 AlC=470,098.2 AlC=415,919.8 AIC=362,958.9
Only
Model 2 | ¢ 5core e Score
1.28(1.27; 1.29) 1.21(1.20; 1.22)
e Age e Age
1.11(1.11; 1.11) 1.10 (1.10; 1.11)
+Ever e Gender (F) 0.73 1.25(1.24; 1.26) | 1.24(1.23;1.25) | 1.23(1.22; 1.24) | 1.22(1.21; 1.23) | 1.21(1.21;1.22) | 1.21(1.20; 1.22) | 1.21(1.20; 1.22) | 1.21(1.20;1.22) | * Gender (F) 0.76
before (0.72; 0.75) (0.73; 0.78)
score e IMD (Q5) AUROC=0.7802 AUROC=0.7776 AUROC=0.7747 AUROC=0.7722 AUROC=0.7701 AUROC=0.7676 AUROC=0.7654 AUROC=0.7640 | e IMD (Q5)
1.58 (1.53; 1.63) AIC=800,104.8 AIC=742,514.6 AIC= 688,677 AlC=635,824.1 AIC=578,906.6 AlC=524,377.8 AIC=468,110.3 AlC=414,083.5 1.51 (1.44; 1.59)
® Race (Asian) ® Race (Asian)
0.90 (0.81; 0.98) 0.74 (0.64; 0.87)
AUROC= 0.7822 AUROC=0.7620
AlIC= 844,464.5 AIC=361,310.1
Model 3 | e Score e Score
1.27 (1.25; 1.27) 1.19 (1.18; 1.20)
e Age e Age
1.11(1.11; 1.11) 1.10(1.10; 1.11)
e Gender (F) 0.73 e Gender (F) 0.75
+10yrs (0.71; 0.74) 123(1.22;1.24) | 122(1.21123) | 1.21(1.20;122) | 1.20(1.19;1.21) | 1.20(1.19; 1.20) | 1.19 (1.18; 1.20) | 1.19 (1.18; 1.20) | 1.19(1.18;1.20) | (g 7.0.77)
before ¢ IMD (Q5) ¢ IMD (Q5)
score 1.57 (1.52; 1.63) AUROC=0.7789 | AUROC=0.7762 AUROC=0.7733 | AUROC=0.7707 AUROC=0.7686 AUROC=0.7660 AUROC=0.7637 | AUROC=0.7621 1.52 (1.44; 1.59)
. AIC=800,781.2 AIC=743,106.9 AlIC=689,221.3 AlC=636,353 AlIC=579,404.8 AlC=524,842.3 AIC=468,527.3 AlC=414,480.9 .
® Race (Asian) ® Race (Asian)
0.91 (0.83; 1.00) 0.76 (0.65; 0.89)
AUROC=0.7811 AUROC=0.7599
AIC= 845,152.5 AIC=361,717.9
10
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+5yrs
before
score

Model 4

e Score

1.23 (1.22; 1.24)

e Age

1.11(1.11; 1.11)

e Gender (F) 0.72

(0.71; 0.74)

e IMD (Q5)

1.57 (1.52; 1.63)

e Race (Asian)

0.92 (0.84; 1.01)
AUROC=0.7794

AlC= 846,039.7

1.20(1.19; 1.21)

AUROC=0.7771
AIC= 801,618.9

1.19(1.18; 1.20)

AUROC=0.7744
AIC=743,886.8

1.18 (1.17; 1.19)

AUROC=0.7713
AIC=689,968.4

1.16 (1.15; 1.17)

AUROC=0.7685
AIC=637,088.9

1.16 (1.15; 1.18)

AUROC=0.7655
AIC=580,275

1.16 (1.15; 1.18)

AUROC=0.7627
AIC=525,672.3

1.16 (1.15; 1.18)

AUROC=0.7602
AIC=469,352.6

1.17 (1.15; 1.18)

AUROC=0.7583
AIC=415,256.6

e Score

1.16 (1.15; 1.17)

e Age

1.11 (1.10; 1.11)

e Gender (F) 0.71

(0.69; 0.73)

e IMD (Q5)

1.54 (1.47; 1.62)

e Race (Asian)

0.80 (0.68; 0.93)
AUROC=0.7561

AlC=362,395.7

Models were limited to patients contributing to each post-index window
AIC: Akaike information criterion; AUROC: area under a Receiver Operating Characteristics; IMD: index for multiple deprivation.
Q5: most deprived IMD quintile vs. least deprived IMD quintile. Race: Asian vs. White.

11
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Table S6 Cox regression models using moving CV severity scores for CV/DM-related mortality HR (95% Cl) — for 2-9 yrs windows models only adjusted HRs for
severity scores are presented for simplicity — training dataset

gZ; Z‘M Index+1 year Index+2 years Index+3 years Index+4 years Index+5 years Index+6 years Index+7 years Index+8 years Index+9 years Index+10 years
Age Model 1
IGI\:';‘” AUROC=0.7844 | AUROC=0.7823 | AUROC=0.7789 | AUROC=0.7759 | AUROC=0.7739 | AUROC=0.7711 | AUROC=0.7686 | AUROC=0.7657 | AUROC=0.7624 | AUROC=0.7600
ethnicity AlC=219,806.1 AIC=205,935.6 AlIC= 190,182 AlC=176,601.2 AlC=163,333 AlIC= 149,588.6 AlC=135,792.3 AlC=121,937.1 AlC=107,696.1 AIC= 93,469.8
Only
Model 2 e Score e Score
1.50 (1.48; 1.52) 1.42 (1.40; 1.44)
o Age e Age
1.12 (1.11; 1.12) 1.11(1.10; 1.11)
+Ever o Gender (F) 1.47 (1.45; 1.49) | 1.45(1.43;1.47) | 1.44(1.43;1.46) | 1.43(1.41;1.45) | 1.43(1.41; 1.45) | 1.42 (1.40; 1.44) | 1.42 (1.40; 1.44) | 1.43 (1.41;1.45) | e Gender (F)
before 0.77(0.74; 0.80) 0.83 (0.78; 0.88)
score e |IMD (Q5) AUROC=0.7974 AUROC=0.7945 AUROC=0.7921 AUROC=0.7901 AUROC=0.7879 AUROC=0.7857 AUROC=0.7840 AUROC=0.7824 | ¢ IMD (Q5)
1.55 (1.45; 1.65) AlC=203,092 AIC=187,508.5 AlC=174,047.4 AIC=160,964.5 AIC= 147,333 AIC=133,724.7 AIC=119,953.9 AIC=105,807.8 1.40(1.27; 1.54)
e Race (Asian) ® Race (Asian)
1.02 (0.86; 1.22) 0.71(0.52; 0.97)
AUROC= 0.7984 AUROC=0.7803
AlC=216,823.2 AlC=918,30.52
Model 3 e Score e Score
1.48 (1.46; 1.50) 1.38(1.36; 1.41)
® Age e Age
1.12 (1.11; 1.12) 1.11(1.11; 1.11)
+10yrs o Gender (F) 1.44 (1.42; 1.46) | 1.43(1.41;1.45) | 1.42 (1.40;1.44) | 1.40(1.38;1.42) | 1.39(1.38;1.42) | 1.39(1.37; 1.41) | 1.39(1.37; 1.41) | 1.40(1.38;1.42) |  Gender (F)
before 0.76 (0.73; 0.79) 0.81(0.77; 0.86)
score e |[MD (Q5) AUROC=0.7954 AUROC=0.7924 AUROC=0.7899 AUROC=0.7876 AUROC=0.7853 AUROC=0.7828 AUROC=0.7810 AUROC=0.7789 | e IMD (Q5)
1.54 (1.44; 1.64) AIC=203,554.9 AlIC=187,954.1 AlIC=174,460.1 AlIC=161,387.1 AIC=147,746.5 AIC=134,101.6 AlC=120,299.3 AlIC=106,162.1 1.40(1.27; 1.54)
® Race (Asian) ® Race (Asian)
1.05 (0.88; 1.25) 0.74 (0.54; 1.01)
AUROC=0.7968 AUROC=0.7764
AlC= 217,291.4 AIC=92,174.03
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+5yrs
before
score

Model 4

e Score

1.44 (1.41; 1.46)
o Age

1.12 (1.12; 1.12)
e Gender (F)
0.75 (0.72; 0.78)
e IMD (Q5)

1.54 (1.44; 1.64)
e Race (Asian)
1.08 (0.90; 1.28)
AUROC=0.7942
AlC=217,938.5

1.40 (1.38; 1.42)

AUROC=0.7924
AIC= 204,191.6

1.38 (1.36; 1.40)

AUROC=0.7892
AIC=188,572.5

1.37 (1.35; 1.39)

AUROC=0.7863
AIC=175,067.9

1.35(1.33; 1.37)

AUROC=0.7837
AIC=161,964.9

1.35(1.33;1.38)

AUROC=0.7793
AIC=148,485.2

1.36 (1.33; 1.38)

AUROC=0.7761
AIC=134,828.3

1.37 (1.35; 1.40)

AUROC=0.7738
AIC=120,991

1.37 (1.35; 1.40)

AUROC=0.7709
AIC=106,834.5

e Score

1.36 (1.34; 1.39)
e Age
1.11(1.11; 1.12)
e Gender (F)
0.73 (0.69; 0.78)
e IMD (Q5)

1.43 (1.30; 1.57)
e Race (Asian)
0.82(0.61; 1.12)
AUROC=0.7685
AIC=92,737.82

Models were limited to patients contributing to each post-index window.

AIC: Akaike information criterion; AUROC: area under a Receiver Operating Characteristics; IMD: index for multiple deprivation.
Q5: most deprived IMD quintile vs. least deprived IMD quintile. Race: Asian vs. White.
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Table S7 Multiple events Cox regression models using baseline CV severity scores for any cause

hospital admissions HR (95% Cl) using Breslow option — training dataset*

Any hosp_breslow

Predictor(s)

HR (95% Cl)

Multiple failure AIC
Model 1 Age 1.03 (1.02; 1.03) 2.27e+07
w/o severity score Gender (F) 0.80 (0.77; 0.83)
Patient-level IMD
e Q1 (least deprived) Referent
e Q5 (most deprived) 1.37 (1.29; 1.46)
e Unknown 0.98 (0.79; 1.22)
Ethnicity
o White Referent
e Asian 1.56 (1.25; 1.94)
Model 2 Ever before score 1.3.1(1.28;1.34) 2.26e+07
Age 1.02 (1.02; 1.02)
Gender (F) 0.84 (0.81; 0.87)
Patient-level IMD
e Q1 (least deprived) Referent
e Q5 (most deprived) 1.33(1.25; 1.42)
e Unknown 1.00 (0.80; 1.25)
Ethnicity
e White Referent
e Asian 1.45(1.17; 1.79)
Model 3 10 yrs before score 1.31(1.27;1.34)
Age 1.01 (1.02; 1.02) 2.26e+07
Gender (F) 0.83 (0.80; 0.87)
Patient-level IMD
e Q1 (least deprived) Referent
® Q5 (most deprived) 1.33 (1.25; 1.42)
e Unknown 0.99 (0.79; 1.23)
Ethnicity
e White Referent
e Asian 1.46 (1.18;1.81)
Model 4 5 yrs before score 1.31(1.27; 1.34) 2.27e+07

Age

1.02 (1.02; 1.02)

Gender (F)

0.83 (0.80; 0.86)

Patient-level IMD
e Q1 (least deprived)
e Q5 (most deprived)
e Unknown

Referent
1.34 (1.25; 1.42)
0.97 (0.79; 1.22)

Ethnicity
e White
e Asian

Referent
1.48 (1.20; 1.84)

*based on using the longest hospital stay in case of multiple same-day admissions
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Table S8 Poisson regression models using moving severity scores vs. the count of any cause hospitalisation admission(s) in the following year (IRR (95%

Cl)) - for 2-9 yrs windows models only IRRs for severity scores are presented for simplicity — training dataset

,:cr:;/papc Index+1 year Index+2 years Index+3 years Index+4 years Index+5 years Index+6 years Index+7 years Index+8 years Index+9 years Index+10 years
Age Model 1
Gender
IMD, AIC=477,990.9 AIC=430,060.8 AIC=412,502 AIC=399,811.4 AIC=390,006.7 AIC=383,434.3 AIC=369,291.8 AIC=345,273.2 AIC=325,745.9 AIC=309,306
ethnicity
Only
Model 2 e Score e Score
1.38(1.38; 1.39) 1.19(1.16; 1.21)
e Age e Age
+Ever 1.01(1.01; 1.01) | 1.23(1.22;1.23) | 1.17(1.16; 1.18) | 1.13(1.12; 1.15) | 1.13(1.12; 1.14) | 1.15(1.14;1.17) | 1.17(1.15; 1.19) | 1.20(1.18;1.22) | 1.25(1.23;1.27) | 1.01(1.00; 1.01)
before e Gender (F) e Gender (F)
score 0.84 (0.83; 0.85) AIC=221,331.4 AIC=144,601.4 AIC=115,227.6 AIC=94,969.21 AlC=81,186.23 AIC=65,785.7 AIC=55,033.83 AIC=45,422.61 | 1.13(1.07; 1.19)
* IMD (Q5) ¢ IMD (Q5)
1.30(1.27; 1.33) 1.07 (0.97; 1.17)
AIC=456,825 AlC=37,918.6
Model 3 e Score e Score
1.39(1.39; 1.40) 1.37(1.34; 1.40)
® Age e Age
+10 yrs 1.01(1.01;1.01) | 1.23(1.22;1.24) | 1.18(1.17;1.19) | 1.14(1.13;1.16) | 1.15(1.13;1.16) | 1.18(1.17;1.20) | 1.22(1.20;1.24) | 1.28(1.26;1.30) | 1.38(1.35;1.40) | 1.01(1.00;1.01)
before e Gender (F) e Gender (F)
score 0.84 (0.83; 0.85) AIC=221,537.4 AIC=144,624.4 AIC=115,206.7 AIC=94,920.38 AlIC=81,078.77 AIC=65,587.48 AlIC=54,718.66 AIC=44,921.51 | 1.15(1.09; 1.22)
* IMD (Q5) ¢ IMD (Q5)
1.30(1.27; 1.32) 1.04 (0.95; 1.14)
AIC=457,753.5 AlC=37,389.42
Model 4 e Score ® Score
1.40(1.39; 1.41) 1.71(1.66; 1.75)
e Age e Age
+5yrs 1.01(1.01;1.01) | 1.22(1.21;1.23) | 1.18(1.17;1.19) | 1.14(1.13;1.16) | 1.17(1.15;1.19) | 1.32(1.30; 1.34) | 1.47(1.44;1.49) | 1.57(1.54;1.60) | 1.72 (1.69;1.76) | 1.01(1.01; 1.12)
before e Gender (F) e Gender (F)
score 0.83(0.82; 0.84) AIC=221,985.3 AIC=144,758.2 AIC=115,260.8 AIC=94,855.22 AIC=80,588.38 AIC=64,630.33 AIC=53,757.77 AIC=43,891.78 | 1.06(1.00; 1.17)
* IMD (Q5) ¢ IMD (Q5)
1.31(1.28;1.33) 1.03 (0.94; 1.13)
AlIC=460,109 AIC=36,749.45

Models were limited to patients contributing to each post-index window.
AIC: Akaike information criterion; AUROC: area under a Receiver Operating Characteristics; IMD: index for multiple deprivation.
Q5: most deprived IMD quintile vs. least deprived IMD quintile. Race: Asian vs. White.
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Table S9 Survival models for 1, 3, 5, and 10-year aggregated any hospitalisation and all-cause
mortality outcome using baseline scores HR (95% Cl) — training dataset

any hosp or
all-death

Predictor(s)

1-year

3-year

5-year

10-year

Model 1
w/o severity score

Age, gender, deprivation,
ethnicity only

AUROC= 0.6055
AIC= 1,008,481

AUROC=0.6115
AIC= 1,995,512

AUROC= 0.6140
AIC= 2,424,369

AUROC= 0.6169
AIC= 2,915,837

Model 2

Ever before score

1.27(1.26; 1.28)
AUROC=0.6271
AIC= 1,004,865

1.24 (1.23; 1.25)
AUROC= 0.6288
AIC= 1,990,204

1.22 (1.22; 1.23)
AUROC= 0.6294
AlC= 2,418,915

1.21 (1.20; 1.21)
AUROC= 0.6307
AIC= 2,910,327

Age

1.01 (1.01; 1.01)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

Gender (F)

0.72 (0.70; 0.73)

0.80 (0.79; 0.81)

0.83 (0.82; 0.84)

0.85 (0.84; 0.86)

IMD (vs. least deprived)
e Q5 (most deprived)

1.05 (1.02; 1.09)

1.14 (1.12; 1.17)

1.17 (1.14; 1.19)

1.18 (1.16; 1.20)

Ethnicity (vs. White)
e Black
® Asian
® Mixed
o Other
e Unknown

0.89 (0.80; 0.98)
1.33 (1.26; 1.41)
0.96 (0.80; 1.15)
1.02 (0.92; 1.14)
0.26 (0.24; 0.28)

0.97 (0.90; 1.04)
1.28 (1.23; 1.33)
1.02 (0.90; 1.16)
0.98 (0.91; 1.06)
0.25 (0.24; 0.26)

1.01 (0.95; 1.08)
1.26 (1.21; 1.31)
1.08 (0.96; 1.21)
0.98 (0.91; 1.05)
0.25 (0.24; 0.26)

1.02 (0.96; 1.08)
1.23 (1.19; 1.28)
1.02 (0.92; 1.14)
0.95 (0.89; 1.02)
0.26 (0.25; 0.26)

Model 3

10 yrs before score

1.28(1.27;1.29)
AUROC=0.6270
AIC= 1,004,939

1.24 (1.24; 1.25)
AUROC= 0.6281
AIC= 1,990,505

1.22(1.22;1.23)
AUROC= 0.6286
AIC= 2,419,291

1.21 (1.20; 1.21)
AUROC= 0.6296
AIC= 2,910,771

Age

1.01 (1.01; 1.01)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

Gender (F)

0.72(0.70; 0.73)

0.80(0.79; 0.81)

0.83 (0.82; 0.84)

0.84 (0.84; 0.85)

IMD (vs. least deprived)
e Q5 (most deprived)

1.05 (1.02; 1.09)

1.14 (1.12; 1.17)

1.16 (1.14;1.19)

1.18 (1.16; 1.20)

Ethnicity (vs. White)
e Black
e Asian
® Mixed
e Other
e Unknown

0.89 (0.80; 0.99)
1.34 (1.27; 1.42)
0.96 (0.80; 1.16)
1.02 (0.92; 1.14)
0.26 (0.24; 0.28)

0.98 (0.91; 1.05)
1.29 (1.24; 1.34)
1.02 (0.90; 1.16)
0.99 (0.91; 1.07)
0.25 (0.24; 0.26)

1.02 (0.96; 1.09)
1.27 (1.22; 1.32)
1.08 (0.96; 1.21)
0.98 (0.92; 1.06)
0.25 (0.24; 0.26)

1.03 (0.97; 1.09)
1.24 (1.19; 1.29)
1.02 (0.92; 1.14)
0.95 (0.89; 1.02)
0.26 (0.25; 0.26)

Model 4

5 yrs before score

1.30 (1.29; 1.31)
AUROC= 0.6265
AIC= 1,005,101

1.25 (1.24; 1.26)
AUROC= 0.6266
AIC= 1,991,076

1.23(1.22; 1.23)
AUROC= 0.6268
AIC= 2,419,997

1.21(1.20; 1.21)
AUROC=0.6277
AIC= 2,911,543

Age

1.01(1.01; 1.01)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

1.02 (1.02; 1.02)

Gender (F)

0.71(0.70; 0.73)

0.79 (0.78; 0.80)

0.82 (0.81; 0.83)

0.84 (0.83; 0.85)

IMD (vs. least deprived)
e Q5 (most deprived)

1.05(1.02; 1.09)

1.14 (1.12; 1.17)

1.17 (1.14; 1.19)

1.18 (1.16; 1.20)

Ethnicity (vs. White)
e Black
e Asian
* Mixed
e Other
e Unknown

0.90 (0.81; 0.99)
1.36 (1.29; 1.44)
0.97 (0.81; 1.16)
1.03 (0.92; 1.14)
0.26 (0.24; 0.28)

0.98 (0.92; 1.06)
1.31(1.25; 1.36)
1.03 (0.90; 1.17)
0.99 (0.92; 1.07)
0.25(0.24; 0.28)

1.03 (0.97; 1.10)
1.28 (1.23; 1.34)
1.08 (1.00; 1.21)
0.99 (0.92; 1.06)
0.25 (0.24; 0.26)

1.04 (0.98; 1.10)
1.25 (1.21; 1.30)
1.02 (0.92; 1.14)
0.96 (0.90; 1.02)
0.25 (0.25; 0.26)

16

Zghebi SS, et al. Open Heart 2021; 8:€001498. doi: 10.1136/openhrt-2020-001498



BMJPubIlshlr] Grou |m|ted FBMe%t isclaims all li |H§égﬂ onsbll;);ytﬁ\g%%fr m any reliance

Supplemental material |ssupp material whi iCl ppl|ed or(s) Open Heart

Supplementary data to ‘Assessing the severity of CVD in 213,088 patients with CHD’- Zghebi et al. 2020

Table S10 - Summary of AUROCs of fitted severity score-only Cox regression models — training and validation datasets

AUR . _—
u O,C (Gonen and Training dataset Validation dataset
Heller's K)
Outcome Ever before score t%::rzr ::;2?; Unlimited score | Ever before score lbtz:raer SZ‘E?; Unlimited score
(Unlimited) score score categories (Unlimited) score score categories
1-year all-cause mortality 0.6446 0.6367 0.6241 0.6391 0.6445 0.6333 0.6230 0.6307
3-year all-cause mortality 0.6424 0.6333 0.6188 0.6335 0.6399 0.6311 0.6442 0.6203
5-year all-cause mortality 0.6380 0.6288 0.6146 0.6276 0.6406 0.6315 0.6172 0.6269
10-year all-cause mortality 0.6646 0.6203 0.6054 0.6185 0.6340 0.6248 0.6092 0.6194
1-year CV/diabetes 0.6662 0.6584 0.6429 0.6538 0.6617 0.6564 0.6416 0.6383
mortality
- V/di
3-year CV/diabetes 0.6669 0.6582 0.6430 0.6645 0.6671 0.6602 0.6452 0.6347
mortality
5-year CV/diabetes 0.6646 0.6558 0.6413 0.6599 0.6690 0.6609 0.6453 0.6448
mortality
10-year CV/diabetes 0.6598 0.6501 0.6345 0.6518 0.6616 0.6540 0.6376 0.6412
mortality
1-year aggregated any 0.5845 0.5832 0.5801 0.5809 ; ; ; ;
hospitalisation or mortality
3-year aggregated any 0.5829 0.5801 0.5746 0.5747 - - - -
hospitalisation or mortality
>-year aggregated any 0.5812 0.5779 0.5715 0.5718 - ; - ;
hospitalisation or mortality
10-year aggregated any 0.5799 0.5760 0.5692 0.5695 ; ; ; ;
hospitalisation or mortality
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Table S11 f of AIC and AUROCs of fitted Cox regression models without IMD — training dataset

Model 1-year 3-year 5-year 10-year
1-year 3-year 5-year 10-year aggregated | aggregated | aggregated | aggregated
1-year 3-year >-year 10-year CV/diabete | CV/diabete | CV/diabete | CV/diabete any any any any
all-cause all-cause all-cause all-cause o o L o
. . X . s-related s-related s-related s-related hospitalisat | hospitalisat | hospitalisat | hospitalisat
mortality mortality mortality mortality X X ) . ) i i X
mortality mortality mortality mortality ion or ion or ion or ion or
mortality mortality mortality mortality
Model AUROC=0.7 AUROC=0.7 | AUROC=0.7 | AUROC=0.7 AUROC=0.7 AUROC=0.7 | AUROC=0.7 | AUROC=0.7 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6
1a 360 821 808 776 958 955 930 899 051 107 131 160
e (AIC=155,632 (AlC= (AlC= e (AIC=42,933 (AlC= (AlC= (AlC= (AlC=1,995, (AlC= (AlC=2,916,
’ 1) 265,700.5) 533,430.3) ’ .69) 69,906.25) 138,197) 1,008,511) 732) 2,424,698) 288)
Model AUROC= AUROC=0.7 | AUROC=0.7 | AUROC=0.7 AUROC= AUROC=0.8 | AUROC=0.8 AUROC= AUROC=0.6 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6
2a 0.7906 875 866 843 0.8024 033 016 0.8004 269 283 288 301
(AlC=42,597 (AlC= (AlC= (AIC=530,08 (AlC= (AlC= (AIC=68,518 (AlC= (AlC= (AlC=1,990, (AlC= (AlC=2,910,
.87) 154,095.5) 263,462) 7.5) 13,091.68) 42,008.19) .67) 135,915.5) 1,004,876) 366 ) 2,419,175) 691)
Model AUROC= AUROC=0.7 | AUROC=0.7 | AUROC=0.7 AUROC=0.8 AUROC=0.8 | AUROC=0.8 | AUROC=0.7 | AUROC=100 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6
3a 0.7907 872 861 836 026 ’ 031 013 995 4949 276 280 290
(AlC=42,659 (AlC= (AIC=263,84 (AlC= (AIC=13.129) (AlC= (AlC= (AlC= (AlC= (AlC=1,990, | (AIC=2,419, | (AlC=2,911,
.83) 154,364.7) 3.8) 530,648.4) ’ 42,150.3) 68,725.07) 136,260.7) 1,004,949) 664 ) 548 ) 132)
Model AUROC= AUROC=0.7 | AUROC=0.7 | AUROC=0.7 AUROC= AUROC=0.8 | AUROC=0.8 | AUROC=0.7 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6 | AUROC=0.6
4a 0.7905 866 854 824 0.8018 023 003 978 263 261 262 271
(AlC=42,742 (AlC= (AIC=264,31 | (AIC=531,40 (AlC= (AlC=42,357 | (AIC=69,012. | (AIC=136,75 (AlC= (AlC= (AlC=2,420, | (AIC=2,911,
.73) 154,696.2) 6.9) 2.4) 13,199.54) 11) 6) 48) 1,005,112) | 1,991,239) 258) 909 )

*Competing risk analysis; ® adjusted for age, gender, IMD only.
Model 1a: age, gender, and ethnicity.
Model 2a: Model 1a + ever before severity score.
Model 3a: Model 1a + 10-year severity score
Model 4a: Model 1a + 5-year severity score

AIC: Akaike information criterion; AUROC: area under a Receiver Operating Characteristics curve; CV: cardiovascular.
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Table S12 Calibration test results for baseline CVD scores in training and validation datasets using
Somer’s D
Somer’s D Training dataset Validation dataset
Ever before | 10-year | 5-year Unlimited Ever before | 10-year 5-year Unlimited
score before before score score before before score
(Unlimited) score score categories (Unlimited) score score categories
1-year'all-cause 0.2891 0.2734 0.2482 0.2782 0.2889 0.2667 0.2459 0.2615
mortality
3-yeara Il-cause 0.2848 0.2665 | 0.2376 0.2671 0.2799 0.2622 | 0.2349 0.2407
mortality
>-year all-cause 0.2760 02576 | 02292 | 0.2552 0.2812 02631 | 0.2343 0.2537
mortality
10-year all-cause 0.2600 02407 | 0.2109 | 0.2369 0.2680 0.2496 | 0.2185 0.2389
mortality
L-year CV/diabetes 03323 03169 | 0.2858 | 0.3077 03233 03128 | 0.2832 0.2765
mortality
3-year'CV/d|abetes 0.3338 0.3165 0.2861 0.3290 0.3341 0.3205 0.2904 0.2694
mortality
5-year CV/diabetes 0.3293 03116 | 02827 | 03198 0.3380 03218 | 0.2905 0.2895
mortality
10-year CV/diabetes 0.3196 0.3003 | 0.2690 0.3035 0.3232 0.3080 | 0.2752 0.2823
mortality
1-year aggregated
any hospitalisation 0.1691 0.1664 | 0.1601 0.1618 - - - -
or mortality
3-year aggregated
any hospitalisation 0.1658 0.1850 | 0.1491 0.1495 - - - -
or mortality
5-year aggregated
any hospitalisation 0.1624 0.1558 | 0.1431 0.1436 - - - -
or mortality
10-year aggregated
any hospitalisation 0.1598 0.1521 0.1385 0.1390 - - - -
or mortality
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Table S13 Calibration test results for moving CVD scores in training dataset using Somer’s D

Somer’s D Index+1 | Index+2 | Index+3 | Index+4 | Index+5 | Index+6 | Index+7 | Index+8 | Index+9 | Index+10
year years years years years years years years years years
;’c':)'::“ted 02393 | 02324 | 02280 | 02253 | 02234 | 0.2246 | 02241 | 02272 | 0.2295 | 0.2305
Fy
g 10-year
g before
e o 02176 | 0.2098 | 02064 | 0.2037 | 02010 | 0.2022 | 02014 | 0.2055 | 0.2071 | 0.2054
(%]
<
5-year
before 0.1866 | 0.1784 | 0.1744 | 0.1708 | 0.1651 | 0.1492 | 0.1437 | 0.1423 | 0.1396 | 0.1374
score
gc'::em'ted 03081 | 0.3064 | 0.3054 | 0.3066 | 0.3054 | 0.3075 | 03077 | 03128 | 0.3186 | 0.3168
Z
B
E 10-year
f
8 ::o‘:;e 0.2857 | 0.2829 | 0.2822 | 0.2837 | 0.2807 | 02823 | 02825 | 0.2889 | 02926 | 0.2878
a
K
e
~
S
O | 5.year
before 0.2514 | 0.2476 | 0.2458 | 0.2461 | 0.2407 | 0.2161 | 02093 | 02112 | 0.2088 | 0.2047
score
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Table S14 Survival models for 1-year all-cause mortality outcome using baseline scores HR (95% Cl) -

Validation dataset

1-yr all-cause death

Predictor(s)

HR (95% ClI)

AUROC
AIC

Model 1 Age, gender, deprivation, HRs Similar to below AUROC= 0.7862
w/o severity score ethnicity only AIC=10,023.61
Model 2 Ever before score 1.40(1.32 to 1.48) AUROC= 0.7908
Age 1.11 (1.10 to 1.12) AIC= 9,903.685
Gender (F) 0.64 (0.54 to 0.76)
IMD (vs. least deprived)
. 1.33(1.00 to 1.76)
® Q5 (most deprived)
Ethnicity (vs. White)
® Black 1.03 (0.33 to 3.20)
e Asian 1.63 (0.89 to 2.98)
® Mixed 3.44 (0.86 to 13.8)
e Other 0.62 (0.15to0 2.47)
e Unknown 1.37(0.94 to 1.99)
Model 3 10 yrs before score 1.36 (1.28 to 1.45) AUROC= 0.7899
Age 1.11(1.10to 1.12) AIC= 9,935.482
Gender (F) 0.64 (0.53 t0 0.76)
IMD (vs. least deprived) Referent
® Q5 (most deprived) 1.32(1.00 to 1.76)
Ethnicity (vs. White)
® Black 1.08 (0.35 to 3.37)
® Asian 1.66 (0.91 to 3.04)
o Mixed 3.34(0.83t0 13.4)
o Other 0.64 (0.16 to 2.58)
e Unknown 1.31(0.90to0 1.91)
Model 4 5 yrs before score 1.38(1.29t0 1.47) AUROC= 0.7901

Age

1.12 (1.11to0 1.13)

Gender (F)

0.63 (0.53 t0 0.75)

IMD (vs. least deprived)
Q5 (most deprived)

1.30(0.98 to 1.73)

Ethnicity (vs. White)
e Black
® Asian
® Mixed
e Other
e Unknown

1.09 (0.35 to 3.41)
1.71 (0.94 to0 3.11)
3.44 (0.86 to 13.8)
0.67 (0.17 to 2.71)
1.28 (0.88 to 1.86)

AIC=9,946.772

21

Zghebi SS, et al. Open Heart 2021; 8:€001498. doi: 10.1136/openhrt-2020-001498



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Open Heart

Supplementary data to ‘Assessing the severity of CVD in 213,088 patients with CHD’- Zghebi et al. 2020

Table S15 Survival models for 1, 3, 5, and 10-year CV/diabetes-related mortality outcome using
baseline scores HR (95% Cl) - Validation dataset

1-10yr CV/DM

death

Predictor(s)

1-year

3-year

5-year

10-year

Model 1
w/o severity

score

Age, gender,
deprivation, ethnicity
only

HR Similar to below
(AUROC= 0.7934
(AIC=3,295.584

HR Similar to below
(AUROC= 0.7945)
(AIC= 9,555.281)

HR Similar to below
(AUROC= 0.7869)
(AIC= 15,109.95)

HR Similar to below
(AUROC= 0.7852)
(AIC= 29,798.48)

Model 2

Ever before score

1.54 (1.40 to 1.69)
AUROC=0.7993

1.59 (1.51 to 1.68)
AUROC= 0.8018

1.62 (1.55 to 1.70)
AUROC= 0.7958

1.57 (1.52 to 1.63)
AUROC= 0.7959

AIC=3,227.852 AIC= 9,324.133 AIC= 14,734.48 AIC= 29,239.54
Age 111(1.10t01.13)  1.12(1.10t01.13)  1.11(1.10to1.12)  1.11(1.10to0 1.12)
Gender (F) 0.63(0.47t00.86)  0.78(0.65t00.93)  0.78(0.67t00.90)  0.73 (0.66 t0 0.81)

IMD (vs. least deprived)
® Q5 (most deprived)

1.21(0.72 to 2.04)

1.27 (0.94 to 1.72)

1.28 (1.00 to 1.63)

1.37 (1.16 to 1.63)

Ethnicity (vs. White)
e Black
e Asian
® Mixed
e Other
e Unknown

2.11(0.52 to 8.58)
0.44 (0.06 to 3.15)
5.24(0.73 to 37.5)
0.91(0.13 to 6.53)
1.52 (0.80 to 2.90)

1.55 (0.58 to 4.16)
0.64 (0.24 to 1.72)
3.58 (0.89 to 14.4)
1.26 (0.47 to 3.37)
1.45 (0.98 to 2.14)

2.16 (1.11 t0 4.18)
0.98 (0.52 to 1.83)
2.20 (0.55 to 8.84)
1.38 (0.66 t0 2.91)
1.50 (1.10 to 2.03)

1.30 (0.70 to 2.43)
0.79 (0.48 to 1.30)
1.46 (0.47 to 4.21)
0.83 (0.41 to 1.66)
1.44 (1.16 to 1.78)

Model 3

10 yrs before score

1.55 (1.41 to 1.71)
AUROC= 0.7989

1.59 (1.50 to 1.69)
(AUROC= 0.8016)

1.61 (1.53 to 1.69)
AUROC=0.7952

1.57 (1.51 to 1.63)
AUROC=0.7949)

AIC= 3,233.783 AIC=9,353.166 AlIC=14,792.79 AIC=29304.99
Age 1.12(1.10to 1.13) 1.12(1.11to 1.13) 1.11 (0.67 to 0.89) 1.11(1.11t0 1.12)
Gender (F) 0.63 (0.46 to 0.86) 0.77 (0.64 to 0.93) 0.77 (0.70 t0 0.81) 0.73 (0.66 to 0.80)
IMD (vs. least deprived) Referent Referent Referent Referent

® Q5 (most deprived)

1.21(0.72 to 2.04)

1.28 (0.95 to 1.73)

1.28 (1.01 to 1.64)

1.37 (1.16 to 1.63)

Ethnicity (vs. White)
e Black
® Asian
* Mixed
e Other
e Unknown

2.30 (0.57 to 9.35)
0.44 (0.06 to 3.18)
5.05(0.71 t0 36.2)
0.98 (0.14 t0 6.97)
1.47 (0.77 to 2.79)

1.69 (0.63 to 2.65)
0.64 (0.24 to 1.72)
3.39(0.84 to 13.6)
1.35 (0.50 to 3.62)
1.38 (0.93 t0 2.04)

2.04 (1.24 to 4.67)
0.99 (0.53 to 1.86)
2.09 (0.52 to 8.36)
1.51 (0.72 to 3.18)
1.43 (1.05 to 1.94)

1.43 (0.77 to 2.68)
0.80 (0.49 to 1.31)
1.40 (0.45 to 4.35)
0.89 (0.44 to 1.78)
1.39 (1.12t0 1.72)

Model 4

5 yrs before score

1.54 (1.38 to 1.71)
AUROC= 0.7989

1.58 (1.48 to 1.69)
AUROC=0.8014

1.59 (1.51 to 1.68)
AUROC=0.7947

1.54 (1.48 to 1.61)
AUROC= 0.7935)

AIC= 3,247.165 AIC=9,397.813 AIC= 14,863 AIC= 29,416.99
Age 1.12 (1.10 to 1.14) 1.12 (1.11to 1.13) 1.12 (1.11t0 1.12) 1.12 (1.11t0 1.12)
Gender (F) 0.62 (0.46 to 0.85) 0.76 (0.64t00.92)  0.76 (0.66 to 0.88) 0.72 (0.65 to 0.80)

IMD (vs. least deprived)
Q5 (most deprived)

1.18 (0.70 to 1.98)

1.27 (0.94 to 1.71)

1.27 (1.00 to 1.62)

1.36 (1.15 to 1.61)

Ethnicity (vs. White)
e Black
e Asian
* Mixed
e Other
e Unknown

2.34(0.58 to 9.52)
0.46 (0.06 to 3.32)
5.23 (0.73 to 37.8)
1.04 (0.15 to 7.47)
1.39 (0.73 to 2.65)

1.71 (0.64 to 4.59)
0.67 (0.25 to 1.80)
3.54 (0.88 to 14.2)
1.48 (0.55 t0 3.97)
1.32 (0.89 to 1.94)

2.43 (1.25 to 4.71)
1.05 (0.56 to 1.960)
2.14 (0.53 to 8.60)
1.66 (0.79 to 3.50)
1.35 (1.00 to 1.84)

1.44 (0.77 to 2.68)
0.85 (0.52 to 1.39)
1.44 (0.46 to 4.48)
0.96 (0.48 to 1.92)
1.34 (1.08 to 1.66)
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Table S16 Competing risk analysis models for 1-year any cause or CV/DM-related hospitalisation
(competed by all-cause death) using baseline scores - Validation dataset

1-year

1- hosoitalisati
year any cause hospitalisation CV/DM hospitalisation

1-yr hosp

(competing) Predictor(s) SHR (95% ClI) AIC SHR (95% ClI) AIC
Model 1 Age, gender,
w/o severity deprivation, ethnicity HR Similar to below 220,363.5 HR Similar to below 156,705.3
score only
Model 2 Ever before score 1.26 (1.25;1.28) 1.36(1.34;1.38)
Age 1.01(1.01; 1.01) 1.01 (1.00; 1.01)
Gender (F) 0.71 (0.69; 0.74) 0.60 (0.58; 0.63)
IMD (vs. least deprived)
Q5 (most deprived) 1.07 (1.01; 1.14) 1.04 (0.97; 1.12)
Ethnicity (vs. White) 219,487.8 155,549.8
e Black 0.72 (0.57; 0.90) 0.64 (0.48; 0.84)
® Asian 1.13 (1.01; 1.27) 1.30 (0.98; 1.30)
o Mixed 1.25 (0.79; 1.14) 1.26 (0.84; 1.91)
e Other 0.98 (0.80; 1.21) 0.97 (0.76; 1.25)
e Unknown 0.25(0.22; 0.29) 0.26 (0.22; 0.31)
Model 3 10 yrs before score 1.27 (1.25; 1.29) 1.36 (1.34 to 1.39)
Age 1.01(1.01; 1.01) 1.01 (1.01 to 1.01)
Gender (F) 0.71 (0.69; 0.74) 0.60 (0.58 to 0.63)
IMD (vs. least deprived)
Q5 (most deprived) 1.06 (1.00; 1.13) 1.03 (0.96; 1.11)
Ethnicity (vs. White) 219,551 155,634.7
e Black 0.73 (0.59; 0.92) 0.66 (0.50; 0.87)
o Asian 1.14 (1.02; 1.28) 1.14 (0.99; 1.31)
® Mixed 1.25(0.87; 1.78) 1.26 (0.83; 1.91)
e Other 0.98 (0.80; 1.21) 0.98 (0.76; 1.25)
e Unknown 0.25 (022, 029) 0.26 (021, 030)
Model 4 5 yrs before score 1.29(1.27;1.31) 1.39 (1.36; 1.42)
Age 1.01 (1.01; 1.01) 1.01 (1.01; 1.01)
Gender (F) 0.71 (0.69; 0.74) 0.60 (0.57; 0.63)
IMD (vs. least deprived)
Q5 (most deprived) 1.06 (1.00; 1.13) 1.03 (0.95; 1.10)
Ethnicity (vs. White) 219,566.1 155,676.2

® Black

0.74 (0.59; 0.93)

0.67 (0.50; 0.89)

e Asian 1.16 (1.04; 1.31) 1.17 (1.02; 1.35)
* Mixed 1.25(0.88; 1.79) 1.26 (0.84; 1.91)
o Other 1.00 (0.81; 1.23) 1.00 (0.78; 1.28)
e Unknown 0.25 (0.22; 029) 0.25 (0.21; 030)
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Table S17 Summary of AIC and AUROCs of fitted regression models — Validation dataset

Predictors /model

1-year
1-year all-cause 1-year CV/diabetes- 1-year hospitalisation CV/diabetes-
mortality related mortality (Single event)* related

hospitalisa-tion*

Demographics-only model

AUROC=0.7862 AUROC= 0.7934
Model 1 (AIC= 10,023.61) (AIC= 3,295.584) AIC=220,363.5 AIC=156,705.3

Severity score + demographics models
Model 2 (Model 1 +

AUROC= 0.7908 AUROC= 0.7993
ever before severity score) (AIC= 9,903.685) (AIC= 3,227.85) AIC=219,487.8 AIC=155,549.8
Model 3 (Model 1 +
: AUROC= 0.7899 AUROC= 0.7989 ~ ~
10-year severity score) (AIC= 9,935.482) (AIC= 3,233.783) AlC=21,9551 AlC=155,634.7
QAOdeI e o AUROC= 0.7901 AUROC=0.7989 AIC= 219,566.1 AIC= 155,676.2
-year severity score) (AIC= 9,946.772) (AIC= 3,247.165) = 229,200 = 122,676

*Competing risk analysis; ® adjusted for age, gender, IMD only
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Table S18 Summary of AIC and AUROCs of fitted Cox regression models without IMD — validation dataset

Predictors
/model

1-year
all-cause
mortality

3-year
all-cause
mortality

5-year
all-cause
mortality

10-year
all-cause
mortality

1-year
CV/diabetes-
related mortality

3-year
CV/diabetes-
related mortality

5-year
CV/diabetes-
related mortality

10-year
CV/diabetes-
related mortality

Model 1a

AUROC= 0.7859
(AlC= 10,025.01)

AUROC= 0.7841
(AlC= 34,719.34)

AUROC= 0.7836
(AlC= 59,255.96)

AUROC= 0.7785
(AIC= 116,868.5)

AUROC= 0.7930
(AIC= 3,291.006)

AUROC= 0.7945
(AlC= 9,551.787)

AUROC= 0.7869
(AlC= 15,110.67)

AUROC= 0.7851
(AlC= 29,815.99)

Model 2a

AUROC= 0.7905
(AIC= 9,904.208)

AUROC= 0.7888
(AIC= 34,378.47)

AUROC= 0.7890
(AIC= 58,681.04)

AUROC= 0.7851
(AIC= 115,971.3)

AUROC= 0.7990
(AIC= 3,221.004)

AUROC= 0.8018
(AlC= 9,319.359)

AUROC= 0.7959
(AIC= 14,732.54)

AUROC= 0.7958
(AlC=
29,254.44)

Model 3a

AUROC= 0.7896
(AIC= 9,936.146)

AUROC= 0.7884
(AIC= 34,443.99)

AUROC= 0.7883
(AlC= 58,788.02)

AUROC= 0.7842
(AIC= 116,120.1)

AUROC= 0.7986
(AIC= 3,226.968)

AUROC=0.8015
(AIC= 9,350.691)

AUROC= 0.7953
(AIC= 14,791.14)

AUROC=0.7948
(AlC= 29,319.57)

Model 4a

AUROC= 0.7899
(AIC= 9,946.966)

AUROC= 0.7882
(AlC= 34,501.83)

AUROC= 0.7879
(AIC= 58,889.06)

AUROC= 0.7831
(AlC= 116,304.7)

AUROC= 0.7987
(AIC= 32,42.228)

AUROC=0.8013
(AIC= 9,394.803)

AUROC= 0.7947
(AlC= 14,861.42)

AUROC= 0.7933
(AIC= 29,430.88)

*Competing risk analysis; ® adjusted for age, gender, IMD only.
Model 1a: age, gender, and ethnicity.

Model 2a: Model 1a + ever before severity score.
Model 3a: Model 1a + 10-year severity score
Model 4a: Model 1a + 5-year severity score

AIC: Akaike information criterion; AUROC: area under a Receiver Operating Characteristics curve; CV: cardiovascular.
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Figure S1 Scatter plot of estimated AIC and AUROC for models with and without severity scores
for three outcomes at 1 year
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Figure S2 Kaplan-Meier survivor plots for adverse outcomes by CV severity score categories -Validation data
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Figure S3 Calibration test by prediction of population-averaged survival probabilities for CVD
scores for 1-year all-cause mortality (primary outcome) in training and validation datasets
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Figure S4 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr all-cause mortality — training dataset
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Figure S5 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) forl-yr 1-year CV/diabetes-related mortality — training
dataset

a) using unlimited CV severity score
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Figure S6 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr any cause hospitalisation — training dataset
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Figure S7 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr CV/diabetes-related hospitalisation — training

dataset
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Figure S8 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr aggregated any hospitalisation or death — training
dataset
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Figure S9 Schoenfeld residuals for testing proportional hazards of fitted survival models using

unlimited CV severity score (by gender) for 1-yr all-cause mortality — validation dataset

a) using unlimited CV severity score
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Figure S10 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) forl-yr 1-year CV/diabetes-related mortality — validation
dataset

a) using unlimited CV severity score
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Figure S11 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr any cause hospitalisation — validation dataset
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Figure S12 Schoenfeld residuals for testing proportional hazards of fitted survival models using
unlimited CV severity score (by gender) for 1-yr CV/diabetes-related hospitalisation — validation

dataset

a) using unlimited CV severity score
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Figure S13 Summary figure illustrating the study methodology and main findings

Assessing the severity of CVD in 213,088 patients with CHD

Most current CVD risk stratification tools are for people without Retrospective cohort study 2007-2017.
CVD. We developed and validated a CVD severity score in people with CHD N=213,088 aged =35 with CHD from 398 English
and evaluated the association between severity and adverse outcomes. practices; 46% women; 16% from deprived areas; 89% White.

Primary care (CPRD GOLD), secondary * The cohort was randomly divided into training & validation datasets (80%/20%).
care (HES), & mortality (ONS) data. = Each of the 20 severity indicator assigned a weight=1.
* Baseline & longitudinal CVD severity scores were calculated as the sum of indicators.
* Covariates: age, gender, patient-level deprivation, ethnicity.

* Adjusted Cox & competing-risk regressions were used to estimate risks for outcomes.
*Hypertension, PVD

e Atrial fibrillation/SVT
*VT/VF, cardiomyopathy,

Results
CHF
CV severity sHeart valve disease 1-yr all-cause mortality (primary outcome): 41% (95% Cl: 37-45%, AUROC=0.79).
_— *Endocarditis, myocarditis, H 0, 0, . 0, -
indicators pericardial disease 10-yr all-cause mortality 35% (95% Cl: 34-36%, AUROC= 0.78).
sStable angina, MI/ACS, 1-yr CV/DM mortality 59% (95% Cl: 52-67%, AUROC=0.80).
cardiac arest, TIA/Stroke 1-yr any-cause hospitalisation 27% (95% Cl: 26-28%, AIC= 2.26e+07).
sUse of pacemakers or e . o 0 : 0
e 1-yr CV/DM hospitalisation 37% (95% Cl: 36-38%, AlC=699,582.5).

1-yr aggr. any-cause admission & mortality 27% (95% Cl: 26-28%, AUROC=0.63).

- sHyperlipidaemia
Dther sProteinuriaf/albuminuria
indicators *ESRD
*Diabetes (DM)

Higher CVD severity score is associated with higher risks for hospitalisation & mortality. Our
e reproducible score based on routine EHRs can help practitioners better prioritise management
DOI: 10.1136/openhrt-2020-001498 ) L
Funder: NIHR School for Primary Care Research of people with CHD in primary care.
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Figure S14 Visual abstract of the study

Assessing the severity of CVD in 213,088 patients with CHD

» Higher CVD severity \
score is associated with
risks for admissions &
mortality.

» This reproducible score
can help clinicians in
risk stratification of
people with CHD in

(CPRD GOLD, HES, ONS data ir\

England between 2007-2017. - Patients from 398 practices

- 16% from deprived areas

* Baseline & longitudinal CVD
severity scores calculated as the 54%  46%

sum of severity indicators.
1-yr all mortality by 41% (37-45%)

10-yr all mortality 35% (34-36%) \ primary care. /
*CVD including: PVD . \_
oHypertension, atrial 1-Vr CV/DM mortallty 59% (52'67%) =
20 CV fibrilla.tion, CHF ( Zghebi et al. Open Heart (2020). )
*Cardiomyopathy S DOI: 10.1136/0penhrt-2020-001498
severity eHeart valve disease 1-yr any admission 27% (26-28%)
- - o . . Funder Schr:ol fo:aPrImary
indicators TIA/Stroke 1_yr CV/DM admlss'on 37% (36_38%) e NIHR | Care Research
*CV procedures
.Diabetes (DM) ( CHD: coronary heart disease; CHF: congestive \\
sRenal disease heart failure; CPRD: Clinical Practice Research
*Qutcomes per 1-unitincrease in baseline / Delaling oV iovax i, HES-Hoepital
3 i / Episode Statistics; ONS: Office for National
/ severity (training dataset) / Statistics; PVD: peripheral vasculardisease; TIA:
7 transientischaemic attack.
- \ /
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