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Context

Cardiovascular disease (CVD) is a common and cos#gon for hospitalisation and re-
hospitalisation among patients with type 2 diahetes

Objective

This study aimed to develop and externally validate risk prediction models for
cardiovascular hospitalisation and cardiovascu@draspitalisation.

Design

Two independent prospective cohorts.

Setting

The derivation cohort includes 4,704 patients wythe 2 diabetes from 18 general practices in
Cambridgeshire. The validation cohort comprise21 datients with type 2 diabetes from post-
trial follow-up data.

Main Outcome M easure

Cardiovascular hospitalisation over 2 years andicaascular re-hospitalisation after 90 days of
the prior CVD hospitalisation.

Results

The absolute rate of cardiovascular hospitalisadioth re-hospitalisation was 12.5% and 6.7% in
the derivation cohort, and 16.3% and 7.0% in tHelggon cohort. Discrimination of the models
was similar in both cohorts, with C statistics ab@ 70, and excellent calibration of observed
and predicted risks.

Conclusion

Two new prediction models that quantify risks ofdt@avascular hospitalisation and re-
hospitalisation have been developed and extermaligiated. They are based on a small number
of clinical measurements that are available forgods with type 2 diabetes in many developed
countries in primary care settings and could sassthe tools to screen the population at high
risk of cardiovascular hospitalisation and re-htadgation.
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2 prediction models based on common clinical measurements have been developed and externally
validated. They could aid real time decisions on prioritising more intensive diabetes management.
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INTRODUCTION

The prevalence and cost of diabetes is growinglhaprorldwide(1). People with diabetes are
twice as likely to be admitted to hospital, an¢kast 10% of those in hospital have diabetes at
any one time2). In some age groups, it is as many as one indjv&he associated costs of
excess admissions, as well as increased costsipgssaon, are significant contributors to the
financial burden borne by healthcare systems fr@bedes and often reflect preventable
morbidity suffered by patients).

Previously, two prediction tools have been devealppeth based on secondary care data, to
identify those with diabetes, at high risk of erth#-cause excessive length of stay or all-cause
inpatient mortality over four years (5), or all-saue-admission within 30 days among
hospitalised patients (6). However, the practipglization of both prediction models was
limited by lack of external validation, non-specify for people with type 2 diabetes, the use of
predictors derived from secondary care rather gramary care data, variations on predictors
recorded in different datasets (e.g. comorbidity a relative short time-gap between baseline
and outcome (30 days’ readmission).

Among hospital admissions, cardiovascular evergsreg major cause for hospitalisation in
people with type 2 diabetes (7). Although risk éastsuch as blood pressure and HbAlc are
recognised as warranting intervention on their ¢8)n(9), there has been no current algorithm
to estimate the absolute risk of cardiovasculaphaksation and rehospitalisation in people with
type 2 diabetes.

Using a model to make predictions for individualigats with type 2 diabetes is more
comprehensive than using individual risk factors]j & preferred to the risk grouping approach
(10), (12).

The aim of our study was to develop and externalidate new prediction models based on
reliable clinical measurements in primary careisgs$tfor cardiovascular hospitalisation over the
next 2 years and cardiovascular re-hospitalisatpto 90 days following a prior cardiovascular
hospitalisation.
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MATERIALSAND METHODS

Data sour ce and study population

We utilised two cohorts from Cambridgeshire, Engtaone (Derivation) based on the
electronic health record data from primary carérsgs to develop our cardiovascular
hospitalisation and re-hospitalisation risk scaed another (Validation) based on post-trial
cohort data for external validation.

Derivation cohort

Patient lists from 18 general practices across Calgdshire, England, in 2008/2009 were
collated and linked with hospital admissions (Seleoyp Uses Service (SUS)) data as part of an
evaluation of diabetes care across the county édjoital health board, National Health Service
(NHS) Cambridgeshire. This cohort was limited tduvdeer practices using the Egton Medical
Information Systems (EMIS) general practitioner YG&ftware system, from which a predefined
set of data could be extracted. There was no sgsteselection process for these surgeries, and
data extracted were for their entire diabetes @amul. All patients with diabetes had follow-up
hospitalisation data to 2010-2011. Hospital adraissto NHS and private hospitals within and
outside Cambridgeshire were followed-up. No perkmigantifiers were released to researchers,
and all subsequent analyses were conducted on arsety datasets.
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Validation cohort

The design and methods of the RAPSID trial have Ipesolished previously?2), as have its
CONSORT (Consolidated Standards of Reporting Tridisgram and the results of its primary
outcomes (12). Briefly, RAPSID was a 2x2 factodhster RCT comparing 4 groups: Controls,
1:1 (individual) peer support, group peer suppant combined 1:1 and group peer support
among patients with type 2 diabetes. Participaatstheir diabetes for at least 12 months and
those with dementia or psychotic iliness were edetl Participants were recruited from
communities across Cambridgeshire and neighbouariegs of Essex and Hertfordshire. Follow
up data were only available for participants in @adgeshire and neighbouring areas of
Hertfordshire that are served by the CambridgesncePeterborough Clinical Commissioning
Group (CCG). Clusters were defined by local goveann{‘parish council’) boundaries. The
intervention was developed following a pilot (183jng a framework defined by Peers for
Progressi4). Peers facilitating peer support were termed pepport facilitators and there
selection, training, support and the overall pragree are described elsewhere (15). The
intervention lasted 8-12 months and was commenegddancluded, cluster by cluster, between
02/06/11 to 12/04/12. Ethics approval was recefveich the Cambridgeshire REC2 Committee
(10/H0308/72), and signed consent included agreefoeaccess to hospital data.

At baseline, demographic data, blood pressureHo#dLc and lipid profiles information
were collected. Each participant was followed upl dnne 2015 (0.91-4.07 years’ follow-up
from beginning/entry into the trial). Hospitaligat (NHS hospitals & private hospitals),
Accident & Emergency (A&E) and outpatient visitshwm/outside Cambridgeshire and the
included areas of Hertfordshire were completelyeobéd through Cambridgeshire and
Peterborough Clinical CC@se) and the elective/non-elective status, and Inteynat
Classification of Diseases (ICD-10) codes (8).
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Defining car diovascular hospitalisation and re-hospitalisation

The primary outcome of the study was having attleas hospitalisation with cardiovascular
disease (CVD) as the primary diagnosis (ICD-10=128, 160—169 and 173 in the first ICD field)
over the 2-year follow-up and having at least oM®DCe-hospitalisation after 90 days of prior
CVD hospitalisation.

Candidate predictors, missing data, and power calculations

To achieve the maximum extrapolation applicatioowf risk algorithm, objective clinical
measurements were used as predictors in the modeeiding body mass index (BMI) , blood
pressure (systolic (SBP) and diastolic (DBP)) tedmetabolic variables glycated haemoglobin
(HbA1c) and lipid profiles. We also included demegghic characteristics, (age and gender) and
whether the patient was on lipid lowering treatm@&atients with diabetes were invited to have
their blood pressure and metabolic variables medsairleast once a year after the diagnosis of
diabetes and the most recent was taken before iL2089 (a minimum of 50 days before the
first admission). Diabetes duration was not uniallygecorded, and hence was not usefully
available for analysis. Diabetes therapy was nduded in the dataset. Lipid-lowering treatment
was recorded.

Our derivation cohort had missing information omyonass index (3.17%), systolic blood
pressure (9.95%), diastolic blood pressure (9.9%6tg| cholesterol (12.35%), high density
lipoprotein (14.56%), and low density lipoproteil6(27%). We used multiple imputation to
replace missing values by using a chained equappnoach based on all candidate predictors
and outcomes. We created 16 imputed datasets ssingivariables that were then combined
across all datasets by using Rubin’s rule to olftaad model estimates. Limited information
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was missing (<1%) in our external validation datasel the complete dataset was used in our
analysis. On the basis of an estimated 588 cardawar hospitalisations and 316 cardiovascular
re-hospitalisations and 16 predictors or levelsunderivation cohort, we had an effective
sample size of 37 cardiovascular hospitalisatiah2ihcardiovascular re-hospitalisation per
predictor or level, above the minimum requiremerggested by Peduzzi et(ad).

Ethical approval

The derivation cohort work had approval from thenBadgeshire research ethics committee as
part of a wider service evaluation. Ethics apprdealalidation cohort was received from the
Cambridgeshire REC2 Committee (10/H0308/72), agdesi consent included agreement for
access to hospital data.

Statistical analysisfor model derivation and exter nal validation

We treated incidence occurrence of cardiovascuapitalization after the first 90 days since the
start of follow-up and the incident occurrence afdtovascular re-hospitalisation as binary
outcome measures. For each of the 15 candidatecfmexdor levels, we used a univariate
logistic regression model to calculate the unadplistdds ratios. For derivation of the risk
prediction model, we initially included all candtdgredictors in a multivariable logistic
regression model. We used fractional polynomialstalel potential non-linear relationships
between continuous predictors and outcome.

Through backward elimination, we excluded loweidipeatment from the multivariate
model as it was not statistically significant (P>0Based on change in log likelihood). After
elimination, we reinserted the excluded prediatbo the final model to further check whether it
became statistically significant. We also rechedkactional polynomial terms at this stage and
re-estimated them if necessary. We formed theedglations for predicting the log odds of
cardiovascular hospitalisation and cardiovasc@draspitalisation by using the estimated
regression coefficients multiplied by the corresgiog predictors included in our models
together with the intercepts. This process ultityde=l to equations for the predicted
risk=1/(1+&"%°°°"§ hether the “risk score” is the predicted logisaf cardiovascular
hospitalisation or cardiovascular re-hospitalisafiom the developed models.

To facilitate model utilisation in clinical pracécthe logistic regression equations were
transformed into prognostic score charts. The @oefits in the logistic regression equation
were multiplied by 50 and rounded to the neardsgr to obtain the prognostic score per
predictor. Multiplication by 50 was chosen to det thajority of the coefficients close to an
integer, thereby minimizing the effects of roundige sum of all prognostic scores reflects
patients’ probability of cardiovascular hospitalisa or cardiovascular re-hospitalisation.

We assessed the performance of the models in @rthe C statistics and calibration slope
(where 1.00 is ideal). The C statistics represerggprobability that for any randomly selected
pair of people with type 2 diabetes with and withoutcomes, the patient with outcomes had a
higher predicted risks). A value of 0.50 indicated no discrimination an@QLrepresents perfect
discrimination. We then undertook internal validatio correct measures of predictive
performance for optimism (over-fitting) by bootgiping 100 samples of the derivation data. We
repeated the model derivation process in each trbaptsample to produce a model, applied the
model to the same bootstrap sample to quantifyrappaerformance, and applied the model to
the original dataset to test model performancelfcion slope and C-statistics) and optimism
(difference in the test performance and appareribpeance). We then estimated the overall
optimism across all models.
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We applied our risk prediction model to each patweith type 2 diabetes in the external
validation cohort on the basis of the presencenefar more predictors. We examined the
performance of this final model both in the derieatdataset and then in external validation
dataset in terms of discrimination by calculating € statistics. We examined calibration by
plotting agreement between predicted and obsersksl across tenth of the predicted risks.

We used Stata V14.0 for all statistical analyséss $tudy was conducted and reported in
line with the Transparent Reporting of a multivegiprediction model for Individual Prediction
Diagnosis (TRIPOD) guidelings).

Role of the funding source
The sponsors of the study had no role in studygtiesiata collection, data analysis, data
interpretation, or writing of the report.

RESULTS

Study participants

In our derivation cohort, we analysed information4y704 type 2 diabetes patients with 588
cardiovascular hospitalisations within 2 years ah@ re-hospitalisations after 90 days since a
prior cardiovascular hospitalisation. Our validatethort had information on 1,121 type 2
diabetes patients with 183 cardiovascular hospatibins and 78 re-hospitalisations. Table-1
summarises the basic characteristics and potgmadictors of the study population. Patients
with type 2 diabetes in both cohorts had similae, agender, blood pressure and total cholesterol.
Patients in the derived cohort had a higher lef/gigh density lipoprotein, low density
lipoprotein, and HbAlc. Compared with the derivatemhort, those in the validation cohort
were more likely to be prescribed lowering lipiddieene and had more cardiovascular
hospitalisation and re-hospitalisation.
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Model derivation, performance measure, and validation

In the derivation dataset, the absolute risks adiogascular hospitalisation within 2 years and
re-hospitalisation within 90 days post cardiovaschbspitalisation were 12.5% and 6.7%,
respectively. Univariable associations betweeniogascular hospitalisation and cardiovascular
re-hospitalisation are listed in supplemental Tdabl©f the 10 candidate predictors (16
categories), 9 predictors (15 categories) weréesstatlly significantly associated with
cardiovascular hospitalisation and re-hospitalsain the final multivariable modeT @ble-2).
Table-2 shows apparent and internal validationguerénce statistics of the risk prediction
model. After adjustment for optimism, the finalkrigrediction model was able to discriminate
type 2 diabetes patients with and without cardiouls hospitalisation with a C statistics of
0.7094 (95% confidence interval 0.7067 to 0.7286) discriminate type 2 diabetes patients
with and without cardiovascular re-hospitalisatwith a C statistics 0.7118 (0.7077 to 0.7159).
The agreement between the observed and prediaedntion of cardiovascular hospitalisation
and re-hospitalisation showed good apparent caildor@igure-1, top left for cardiovascular
hospitalisation and top right for cardiovasculahospitalisation). The optimism adjusted
calibration slope was 1.0301 (0.9856 to 1.0747)10001 (0.9711 to 1.0247) for
cardiovascular hospitalisation and re-hospitalsgtrespectivelyTable-3).
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External validation

In the external validation cohort, the absolut&sifr cardiovascular hospitalisation and re-
hospitalisation were 16.3% and 7.0%, respectivi@bplying our final risk prediction model to
the independent population gave a C statistic @R (0.7033 to 0.7151) for cardiovascular
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hospitalisation and 0.7098 (0.7014 to 0.7182) &vdmvascular re-hospitalisation, and good
calibration (Figure-1, bottom left for cardiovasauhospitalisation and bottom right for
cardiovascular re-hospitalisation), with the caliimn slope 1.0001 (0.9807 to 1.0195) and
0.9981 (0.9948 to 1.0482) for cardiovascular hadigdtion and re-hospitalisation, respectively.

Performance at thethreshold for 10% and 20% of patientsat highest risk

Table-4 shows the sensitivity, specificity, and observad for the 5%, 10%, 15%, 20% and
25% of patients at the highest predicted risk aheautcome in the validation cohort shown for
illustrative purposes. For example, when a riskshold of 24.53% for cardiovascular
hospitalisation and 7.93% for cardiovascular repitaisation is used to identify the 20% at
highest predicted risk, the sensitivity was 33.40%cardiovascular hospitalisation and 45.20%
for cardiovascular re-hospitalisation, the spettifizvas 84.60% for cardiovascular
hospitalisation and 75.90% for cardiovascular reftaksation, and the observed risk was
30.09% for cardiovascular hospitalisation and 1%98r cardiovascular re-hospitalisation,
respectively.

Clinical examples

Supplemental Chart-1 gives a clinical example efdpplication of prognostic score charts with
graphical illustrations for cardiovascular hosp#ation and re-hospitalisation risk prediction
models to predict 2-year risk of cardiovasculardi@disation and risk of re-hospitalisation
within 90 days of a prior cardiovascular hospitaiisn.

THE JOURNAL OF CLINICAL
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DISCUSSION

We have developed two new risk prediction modelsstomate the absolute risk of
cardiovascular hospitalisation within 2 years aadimvascular re-hospitalisation after 90 days
of prior cardiovascular hospitalisation in a cohafrpatients with type 2 diabetes in England. We
then externally validated this model in another IE&hgcohort. The two prediction models had
excellent calibration and useful discriminationtwC statistics of greater than 0.70 both in the
derivation cohort and external validation cohotieTwo prediction models were built from
clinical variables usually recorded and accessibf@imary care settings, implying that they can
be readily applied in routine primary care.
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Strengths and limitations

Our two risk algorithms have several advantages thse in utilisation in many developed
countries. Our models are based on absolute resiesrdined and validated in two independent
populations. The models are developed from routiretorded demographic and clinical
measurements in primary care settings, which sugdjest they can be straightforwardly applied
in general practice and are readily amenable fidhén external validations in countries that have
routine recorded data accessible for such aims.tAadwo risk algorithms can be easily
integrated into online calculators for implemerdatin general practices.

The methods used to derive and validate the madedimilar to those for other risk
prediction algorithms derived from the CPRD and fech databases), (21). The majority of
predictors in our final model are accurate andbdd clinical measurement) routinely
recorded in primary care settings and updated ewidwed for patients with type 2 diabetes, and
are less varied than in other datasets. Moreokeptoportion of missing values was low, which
would lead to little variation in external applimats, although multiple imputation was still
applied in our study. We acknowledge that our prasih models do not take into account
diabetes duration, antidiabetes treatments, ametignsive treatments, prior history of
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cardiovascular diseases, other diabetes complia{mg. renal failure), lifestyle risk factors

(like smoking), and other comorbidities due to temions in the original data, but we feel that
the clinical measurements included in our modelddcbe proxies for missing predictors. Data
limitations also prevented extending our modelltaiabetes complications rather than those
relating to cardiovascular hospitalisation. THatreely low sensitivities of our models to

identify individuals at high risk of cardiovasculamspitalisation and re-hospitalisation is another
limitation of the study. Due to the similarity begen the derivation and validation cohorts,
further external validation (e.g. cohorts from a@tbeuntries) are warranted.

Comparison with other studies
Nirantharakumar et al. developed a prediction mad®bng patients with diabetes to estimate
adverse events (either excessive length of staypatient mortality) over 4 years using a
secondary care dataset in Birmingham, EnglandT{&g.predictors applied in this model covered
demographic characteristics, clinical pathologteat results, and use of insulin, recorded within
72 hours of hospitalisation. That population représd the people with at least previous
inpatient hospitalisation, and probably reflectohort with more severe conditions, and likely
higher prior probabilities of an event. The ranggslinical measurements during a hospital
admission would tend to be greater than in the conity, as patients would be sicker and e.g.
blood glucose control could be the reason for Habgation, or exacerbated by acute iliness,
making the dataset difficult to use as a basisfprediction tool in routine care. Most
importantly, this prediction model has not beereaxdlly validated and the model performance
needs to be further evaluated in external populatiefore its application in clinical practices.
Rubin et al developed a tool to predict the rislalbtause re-admission within 30 days
among hospitalised patients with diabetes usingitedsed data (6). The short time-gap
between predictor measurements and outcome madediiess useful for clinical practice. The
reasons for hospitalisation could be quite mixeith different pathway and potential
interventions. Therefore, using the all-cause HaBpation risk as the outcome provides
different information and allows less targeted imémtions. As with Nirantharakumar et al's
model (5), this model has also not been externaliglated in any independent population.
Previous studies have not focussed on cardiovasdisiase as both a major cause and cost
for hospital admission among patients with diahelesunderstand the potential risk of
cardiovascular hospitalisation in the next yead #e risk of a new episode (within 90 days) of
a cardiovascular event (re-hospitalisation) cowdelpful for clinicians to facilitate tailored,
more intensive care to those with high risk prafiged to reduce hospitalisation inpatient cost.
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Conclusion and policy implication

As far as we are aware, our study is the firstystoddevelop prediction tools to estimate the 2-
year risk of cardiovascular hospitalisation andhospitalisation within 90 days of a previous
hospitalisation. Our two prediction models have tmportant implications for clinical practice.
First, they can be used as tools to screen popuokatt high risk of cardiovascular hospitalisation
and re-hospitalisation. Both algorithms are bagsedeadily accessible clinical data routinely
recorded in primary care and reviewed by diabet@sagement teams. They can be readily
integrated into primary care computer systems veld@ed into an app for a handheld device
for ease of use. Secondly, our risk prediction nedeuld be used to establish new treatment
thresholds in clinical practice through consensgetbpment of national guidelines.
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§§ Figure-1. Assessing calibration in the derivatiohart (left) and the validation cohort (right) for
r cardiovascular hospitalisation (above panel) amdicgascular re-hospitalisation (below panel)
oo
o0
=0
§2 Table-1. Baseline Characteristics of study popoifesti
(=}
E Derivation cohort External validation cohort
N 4,704 1,121
m Cardiovascular hospitalisation, n (%) 588 (12.5) 3 11.3)
U Cardiovascular rehospitalisation, n (%) 316 (6.7) 8 (7.0)
Age, years 65.0+16.3 65.5+11.4
- Female, n (%) 1,919 (40.8) 444 (39.6)
. . Systolic blood pressure, mmHg 134.5+16.0 139.7+20.2
Diastolic blood pressure, mmHg 76.3+10.0 75.5+11.5
Total cholesterol, mmol/L 4.3+1.2 4.2+1.7
High density lipoprotein, mmol/L 1.3+0.6 1.1+1.2
Low density lipoprotein, mmol/L 2.5%1.4 1.4+3.0
Body mass index, kg/m 30.8+6.9 32.2+6.0
HbAlc, mmol/mol 61.5+17.2 56.2+15.1
Lipid Lowering treatment, n (%) 3,342 (71.4) 7358
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Table-2. Final multivariate analysis for cardiouase hospitalisation and re-hospitalisation risk

among people with type 2 diabetes in derivatiorocbh

Predictors | Coefficient | 95% Confidence Interval
Cardiovascular Hospitalisation
Age> 70 years 0.815914 (0.793045 to 0.838784)
Male gender 0.228943 (0.206719 to 0.251168)
HbAlc> 57 mmol/mol (7.4%) -0.03967 (-0.06088 to -0.01846)
(Body mass index/10)"-2 -1.85384 (-2.39533 to -23H)
(Body mass index/10)0.5 0.690585 (0.551284 to®B82)
(Systolic blood pressure/100)*2 -0.40302 (-0.5840D.22111)
(Systolic blood pressure/100)"*2*In(Systolic blood 0.966205 (0.758028 t0 1.174381)
pressure/100)
(Diastolic blood pressure/100)"-2 0.474014 (0.387#00.56053)
(Diastolic blood pressure/100)*-2*In(Diastolic btbo | 0.2724 (0.188226 to 0.356575)
pa= pressure/100)
‘II In(Total cholesterol/10) 0.514695 (0.27381 to 0585
Lui (Total cholesterol/10)*0 -1.0580: (-1.86382 1c-0.25223
2 In(High density lipoproteir 0.07348! (0.04377 10 0.10320
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(High density lipoprotein)*3 -0.02384 (-0.02699-802069)
(Low density lipoprotein/10)*0.5 -0.55634 (-0.672890.44028)
In(Low density lipoprotein/10)* (Low density -0.83161 (-1.01001 to -0.65322)
lipoprotein/10)"0.5
Constant -3.80246 (-4.67529 to -2.92963)
Cardiovascular Re-hospitalisation
Age> 70 years 0.90054 (0.86384 to 0.93724)
Male 0.22328 (0.188299 to 0.258261)
HbAlc> 57 mmol/mol (7.4%) 0.004076 (-0.0294 to 0.037547)
(Body mass index/10)"-2 -4.17347 (-4.62492 to -3012)
(Body mass index/10)"3 0.001821 (0.001318 to 0.24p3
(Systolic blood pressure/100)"2 -1.16118 (-1.46(028®.85507)
(Systolic blood pressure/100)*3 0.773551 (0.637161B909486)
(Diastolic blood pressure/100)"-2 0.5875 (0.439280.735763)
(Diastolic blood pressure/100)*-2*In(Diastolic btbo 0.4095 (0.260667 to 0.558332)
pressure/10(
(Total cholesterol/10)"-2 -0.00798 (-0.01031 t®ah65)
(Total cholesterol/10)"2 -0.02734 (-0.23117 to 6432)
= In(High density lipoprotein/1( 0.05144. (0.004285 10.0986
2 (High density lipoprotein/10)’ -0.0271¢ (-0.03277 1¢-0.02159
2% Low density lipoprotein/10 -1.34491 (-1.56307 tal2675)
% g In(Low density lipoprotein/10) -0.88347 (-1.28497-0.48196)
B Constar -4.5587¢ (-4.8866 tc-4.23086
58
gg Table-3. Model diagnostics (with 95% CI)
Do
S8 Derivation
% % Measure Apparent performance | Test performance | ayesoptimism | Optimism corrected Validation
Car diovascular Hospitalisation
E 0.7092 (0.7033 to
C statistic 0.7163 (0.7136 t0 0.719¢)  0.7027 (0669©90.7058) +0.0069 0.7094 (0.7067 to 0.72(5) 0.7151)
LLl 7.0001 (0.9807 to
U Calibration slope 1.0000 (0.9806 to 1.019f)  0.9@BS8899 to 0.9966) +0.0067 0.9933 (0.9739 to 1.p1p7 1.0195)
— Cardiovascular Re-hospitalisation

0.7098 (0.7014 to

. = C statistic 0.7154 (0.7113 to 0.719%) 0.7136 (057000.7167) +0.0036 0.7118 (0.7077 to 0.7149) 0.7182)
LIJ 0.9981 (0.9948 to
. Calibration slope [  1.0000 (0.9766 to 1.023}t)  0.9@78949 to 1.0003) +0.0024 0.9976 (0.9742 to 0.97p6 1.0482)
@) Table-4. Predicted risk of cardiovascular hosptdlon and re-hospitalisation the validation
I: cohort based on various cut-offs.

Mean
m Cut-off (%) for | predicted Positive Predictive Observed
< risk risk (%) Sensitivity (%) Specificity (%) Value (%) risk %
Cardiovascular
hospitalisation
LIJ 10.30 (9.70 to 97.40 (97.20 to
O Top 5% 38.17 51.96 10.90) 97.50) 43.50 (41.50 to 45.50) 43.48
17.50 (16.80 to 94.60 (94.40 to
Z Top 10% 31.73 43.35 18.30) 94.80) 38.60 (37.20 to 40.10 38.62
24.70 (23.90 to 90.10 (89.80 to
< Top 15% 27.54 37.71 25.60) 90.40) 32.80 (31.80 to 33.90, 32.83
> 34.00 (33.10 to 84.60 (84.20 to
Top 20% 24.53 33.77 35.00) 84.90) 30.10 (29.20 to 31.00 30.09
D 42.80 (41.80t0 | 78.40 (78.00 to
Top 25% 22.22 31.05 43.80) 78.70) 27.90 (27.20 to 28.60 27.89
< Cardiovascular re-
hospitalisation
26.20 (24.90 to 91.20 (91.00 to
N Top 5% 11.34 15.86 27.50) 91.50) 18.30 (17.40 to 19.30 18.33
I 34.50 (33.10 to 84.30 (84.00 to
Top 10% 9.67 13.63 36.00) 84.60) 14.20 (13.50 to 14.90 14.22
Top 15% 8.69 12.59 40.50 (39.00 to 79.10 (78.80 10 12.70 (12.20 to 13.30 12.73
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42.00) 79.50)
45.20 (43.70 to 75.90 (75.50 to
Top 20% 7.93 12.02 46.70) 76.30) 12.40 (11.90 to 12.90 12.37
50.00 (48.50 to 72.40 (72.00 to
Top 25% 7.1€ 11.4¢ 51.50 72.70 12.00 (11.50 to 12.5 11.9¢
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