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Abstract

Aims—To evaluate the performance of the WATCH-DM risk score, a clinical risk score for heart
failure (HF), in patients with dysglycaemia and in combination with natriuretic peptides (NPs).

Methods and results—Adults with diabetes/pre-diabetes free of HF at baseline from

four cohort studies (ARIC, CHS, FHS, and MESA) were included. The machine learning-
[WATCH-DM(m)] and integer-based [WATCH-DM(i)] scores were used to estimate the 5-year
risk of incident HF. Discrimination was assessed by Harrell’s concordance index (C-index)

and calibration by the Greenwood—Nam-D’Agostino (GND) statistic. Improvement in model
performance with the addition of NP levels was assessed by C-index and continuous net
reclassification improvement (NRI). Of the 8938 participants included, 3554 (39.8%) had diabetes
and 432 (4.8%) developed HF within 5 years. The WATCH-DM(ml) and WATCH-DM(i) scores
demonstrated high discrimination for predicting HF risk among individuals with dysglycaemia
(C-indices = 0.80 and 0.71, respectively), with no evidence of miscalibration (GND £>0.10).

The C-index of elevated NP levels alone for predicting incident HF among individuals with
dysglycaemia was significantly higher among participants with low/intermediate (<13) vs. high
(=13) WATCH-DM(i) scores [0.71 (95% confidence interval 0.68-0.74) vs. 0.64 (95% confidence
interval 0.61-0.66)]. When NP levels were combined with the WATCH-DM(i) score, HF risk
discrimination improvement and NRI varied across the spectrum of risk with greater improvement
observed at low/intermediate risk [WATCH-DM(i) <13] vs. high risk [WATCH-DM(i) =13] (C-
index = 0.73 vs. 0.71; NRI = 0.45 vs. 0.17).

Conclusion—The WATCH-DM risk score can accurately predict incident HF risk in
community-based individuals with dysglycaemia. The addition of NP levels is associated
with greater improvement in the HF risk prediction performance among individuals with low/
intermediate risk than those with high risk.

Keywords
Diabetes; Pre-diabetes; Biomarkers; Risk stratification; Risk prediction; Heart failure

Introduction

Diabetes affects approximately 60 million adults in Europe and confers a more than two-fold
increased risk for developing heart failure (HF).1~3 Besides diabetes, elevated blood glucose
level below the diagnostic thresholds for diabetes — commonly referred to as pre-diabetes
— is also common and associated with greater HF risk.* Moreover, up to 25% of individuals
with pre-diabetes may progress to overt type 2 diabetes within 3-5 years.>

Sodium—glucose co-transporter 2 inhibitors and intensive lifestyle modifications have
recently been identified as effective therapies for preventing cardiovascular disease (CVD),
particularly HF, in individuals with diabetes..” Implementation of such treatments in
individuals with dysglycaemia, who have early stages of cardiometabolic dysregulation,
could be an effective population-level approach to mitigate the risk of HF. Thus, risk
stratification strategies that can efficiently and accurately identify the highest risk individuals
with pre-diabetes or diabetes are crucial for population-based HF prevention approaches.

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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Several risk scores have been developed and validated for HF risk prediction among
community-dwelling individuals.##-11 Recently, risk prediction models specific to diabetes,
such as the WATCH-DM risk score that incorporates readily available clinical data to predict
the 5-year risk of incident HF, have been developed and validated.}? However, WATCH-DM
has not been evaluated in community-based cohorts of patients with pre-diabetes and does
not incorporate prognostic cardiac biomarkers. This is particularly relevant considering the
well-established role of abnormally elevated cardiac biomarkers, such as natriuretic peptides
(NPs), as predictors of HF risk among individuals with dysglycaemia independent of clinical
risk factors.1314 Thus, this study aimed to validate the WATCH-DM risk score among a
community-based cohort of adults with diabetes and pre-diabetes. Additionally, we assessed
the incremental value of adding NP levels to the WATCH-DM risk score for HF risk
prediction.

Study population

Deidentified participant-level data from four community-based cohort studies obtained from
the National Institute of Health Biologic Specimen and Data Repository Coordinating
Center (BioLINCC) were pooled: Atherosclerosis Risk in Communities (ARIC),
Cardiovascular Health Study (CHS), Framingham Offspring Study (FHS), and Multi-Ethnic
Study of Atherosclerosis (MESA). The design of each study has been previously reported
and described in the Methods in online supplementary Appendix S1.15-19 ARIC visit

5, CHS baseline exam, FHS exam 6, and MESA baseline exam were used as baseline
encounters. We included participants with pre-diabetes or diabetes free of HF. Participants
missing either >20% of the WATCH-DM risk score covariates (17 = 107), outcome data
(n=15), or biomarkers (7= 1172) were excluded (online supplementary Figure S1).

Each participant provided written informed consent. Study approval was obtained at the
coordinating centre for each cohort. The present analysis was considered exempt from
Institutional Review Board approval at the University of Texas Southwestern Medical
Center, Dallas, Texas.

Definition of diabetes and pre-diabetes and other clinical covariates

Diabetes and pre-diabetes status was defined at the baseline visit of each cohort

using established criteria as reported previously and detailed in the Methods in online
supplementary Appendix S1.15-17.19 Baseline covariates were assessed using standardized
protocols as previously described and harmonized across cohorts (Methods in online
supplementary Appendix S1).15-17.19 Missing data were imputed using random forest
imputation after excluding participants with >20% missingness.2°

Measurement of cardiac biomarkers

Details of NP level, high-sensitivity cardiac troponin (hs-cTn), high-sensitivity C-reactive
protein (hs-CRP), and left ventricular hypertrophy (LVH) on electrocardiogram (ECG), and
biomarker assessment are described in the Methods in online supplementary Appendix S1.
Elevated NP levels were body mass index (BMI)-specific as follows: N-terminal pro-B-type
natriuretic peptide (NT-proBNP) =125 pg/ml or B-type natriuretic peptide (BNP) =40 pg/ml

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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for BMI <30 kg/m?; NT-proBNP =100 pg/ml or BNP =30 pg/ml for BMI >30 kg/m?2.21
Consistent with prior studies, the following cutoffs were used to identify abnormal elevation
in biomarkers: hs-cTn (hs-cTnT for ARIC and MESA and hs-cTnl in FOS) =6 ng/L and
hs-CRP =3 mg/L.#22.23 Presence of LVH on ECG was determined using Sokolow-Lyon
criteria.24

Outcome of interest

The primary outcome of interest was incident HF, an outcome adjudicated by an
independent panel of investigators for each study. In ARIC, potential HF hospitalizations
were first identified from hospital discharge records or death certificates that indicated HF
with International Classification of Diseases (ICD), 9/10th Revision codes 428x. HF events
were subsequently adjudicated based on clinical history, imaging, and medication use at
the time of hospitalization.2526 In CHS, potential HF events were identified at semi-annual
visits. HF events were confirmed by reviewing medical records for medication use, physical
exam, or imaging findings of HF.27:28 In FHS, medical records were obtained from all
hospitalizations and physician visits related to cardiovascular disease. Events were assessed
using the FHS criteria as previously described.2? In MESA, participants were contacted
semi-annually to inquire about HF diagnoses with subsequent review of medical records to
confirm HF events.3 HF events were initially adjudicated by two paired physicians with
disagreements rectified by a review of the full committee. HF subtype data were available in
participants from the ARIC and MESA cohorts. HF with reduced ejection fraction (HFrEF)
was defined as an ejection fraction <50% at the time of diagnosis and HF events with an
ejection fraction >50% identified HF with preserved ejection fraction (HFpEF). Similar to
our approach, several prior studies have pooled data from these cohorts to evaluate the
epidemiology of incident HF.8:31-33

Clinical risk scores of interest

WATCH-DM risk score—The derivation of the WATCH-DM risk score has been
previously described.12 Briefly, the WATCH-DM risk score was initially developed using
data from the Action to Control Cardiovascular Risk in Diabetes (ACCORD) and externally
validated among participants with diabetes from the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT).3435 The WATCH-DM risk score
includes 10 clinical, laboratory, and ECG variables [age, BMI, systolic blood pressure (BP),
diastolic BP, serum creatinine, fasting plasma glucose, high-density lipoprotein cholesterol,
QRS duration, history of myocardial infarction, history of coronary artery bypass graft].
The risk score includes machine learning- and integer-based models [referred to as WATCH-
DM(ml) and WATCH-DM(i), respectively]. Both the WATCH-DM(mI) and WATCH-DM(i)
models use the same set of covariates and differ only in the modelling strategy to estimate
HF risk. The WATCH-DM(mI) model has been updated by pooling data from multiple
cohorts (ACCORD, ALLHAT diabetes cohort, Look AHEAD cohort, and electronic health
record based diabetes registry) since its original derivation.34-36 The WATCH-DM(i) model
used in this study is the same as that which was derived in the ACCORD cohort.

PCP-HF score—The PCP-HF score incorporates nine variables (age, systolic BP, BMI,
total cholesterol, high-density lipoprotein cholesterol, QRS duration, smoking status, use

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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of antihypertensive medication, use of diabetes medication).8 The score calculates an
estimated 10-year risk of incident HF in the general population free of baseline CVD

using Cox proportional hazard regression. Separate equations are provided for each race-sex
group. Since WATCH-DM estimates the 5-year risk of incident HF, the PCP-HF equation
coefficients were recalculated in the overall cohort to predict 5-year HF risk.

Statistical analysis

Performance of the WATCH-DM risk score—The performance of the WATCH-

DM risk score was assessed separately among participants with overall dysglycaemia
(diabetes/pre-diabetes), diabetes, and pre-diabetes. HF outcomes were censored at 5 years.
Discrimination was assessed by Harrell’s C-index and calibration by the Brier score and the
Greenwood—-Nam-D’Agostino (GND) chi-square statistic.37-39 Participants in the overall
cohort were categorized into ‘low/intermediate’ and *high’ WATCH-DM risk score groups
(below and above the optimal cutoff respectively) determined by the maximum value of
Youden’s index on receiver operating characteristic analysis.? The cumulative risk of
incident HF was assessed across low/intermediate vs. high WATCH-DM categories.

Improvement in heart failure risk prediction with NT-proBNP levels—Analyses
were conducted with categorical measures of biomarker levels (above vs. below cutoff).
First, separate plots of the change in C-index (discrimination performance) and Brier
score (calibration performance) with the addition of NP levels to the WATCH-DM(i)
score were generated in overall, diabetes, and pre-diabetes cohorts. The mean and 95%
confidence interval (CI) were plotted as a continuous variable with locally estimated
scatterplot smoothing (LOESS) curves across WATCH-DM(i) scores using bootstrapping
with 1000 replicates. Second, the clinical net benefit of adding NP levels across increasing
risk thresholds was assessed using decision curves — a measure of the number of

true positive cases identified without an increase in the false-positive rate.! Third, the
discrimination and calibration performance of NP levels alone was assessed separately in
high vs. low/intermediate WATCH-DM(i) categories. Fourth, the risk prediction indices
for discrimination (C-index), calibration (Brier score), net reclassification improvement
(NRI) [categorical (<2%, 2%-5%, 5.1%-15%, and >15% risk groups) and continuous],
and integrated discrimination improvement (IDI) were also compared across the following
models: WATCH-DM(i) only vs. WATCH-DM(i) + NP level assessment among participants
with low/intermediate WATCH-DM risk scores only vs. WATCH-DM(i) + NP level
assessment among participants with high WATCH-DM risk scores only. The improvement
in C-indices was compared using the DeLong test.#243 Differences in NRI and 1D
estimates were compared using Welch’s #test comparison of means. Similar analysis was
also performed to assess the improvement in model performance indices for the WATCH-
DM(mI) model with incorporation of NP levels at different risk thresholds (low/intermediate
vs. high risk).

Sensitivity analysis—Several sensitivity and subgroup analyses were performed in the
overall cohort to assess the robustness of our study findings. First, the performance of the
WATCH-DM maodels was also compared with other established HF clinical risk scores to
predict HF — the PCP-HF risk score, ARIC-HF risk score, and MESA-HF risk score in the

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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overall cohort.8:10:44 Second, the performance of the WATCH-DM risk score was assessed
separately in sex- (men vs. women) and race-based (Black vs. non-Black) subgroups in the
overall cohort. Third, the performance of the WATCH-DM risk score to predict incident
HFpEF and HFrEF outcomes was also assessed in the subset with available data on HF
subtype adjudication in BioLINCC (MESA and ARIC). Fourth, sensitivity analysis was also
performed to evaluate if incorporation of sex and substitution of creatinine with estimated
glomerular filtration rate modifies the performance of WATCH-DM models. Fifth, the
performance of the WATCH-DM maodels in the absence of ECG-based covariates that may
not be commonly available in routine clinical setting was assessed. Sixth, the change in HF
risk prediction performance among individuals with dysglycaemia with the incorporation
of NP levels to WATCH-DM risk score was also evaluated among men and women
separately. Seventh, the change in HF risk prediction performance among individuals with
dysglycaemia was also evaluated with the incorporation of NP levels to another HF risk
score — the PCP-HF score.8 Since PCP-HF was developed in a primary prevention cohort,
patients with CVD at baseline were excluded. High and low/intermediate PCP-HF scores
were defined using Youden’s index. Finally, change in performance of the WATCH-DM
risk score was also assessed with incorporation of other relevant biomarkers such as hs-cTn
(elevated vs. not elevated), hs-CRP (elevated vs. not elevated), and presence of L\VH on
ECG. Analyses were performed using R 3.6.3 (R Foundation, Vienna, Austria) with a
p-value of <0.05 indicating significance.

Among 8938 participants in the overall cohort, 3554 (39.8%) had diabetes and 5384 (60.2%)
had pre-diabetes at baseline (online supplementary Figure S1). Baseline characteristics of
participants with dysglycaemia who were free of HF and were included vs. excluded from
the analysis are shown in online supplementary Table S1. Participants excluded vs. included
from the present study had a higher burden of risk factors and CVD. Over 5-year follow-

up, 245 (6.9%) participants with diabetes and 187 (3.5%) participants with pre-diabetes
developed incident HF (incident rate of HF = 15.7 and 7.5 events 1000 person-years,
respectively).

Validation of the WATCH-DM risk score among participants with diabetes or pre-diabetes

Among participants with diabetes, the WATCH-DM(ml) demonstrated the highest
discrimination with C-index of 0.76 (95% CI 0.73-0.80) and adequate calibration (o =0.12)
(Table 1 and online supplementary Figure S2). Similar performance of WATCH-DM(ml)
was observed among participants with pre-diabetes (C-index = 0.83, 95% CI 0.80-0.85;
GND p=0.14), and in the dysglycaemia cohort pooling participants with diabetes and
pre-diabetes together (C-index = 0.80, 95% CI 0.78-0.81; GND p=0.10) (Table 1 and
online supplementary Figure S2).

The median WATCH-DM(i) score among participants with diabetes and pre-diabetes was 12
[interquartile range (IQR) 10-14] and 11 (IQR 9-12), respectively, with an observed range

of 5-25. The discriminative ability of WATCH-DM(i) among participants with diabetes, pre-
diabetes, and in the overall cohort was adequate with C-indices of 0.69 (95% CI 0.67-0.71),

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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0.72 (95% C1 0.69-0.74), and 0.71 (95% CI 0.68-0.73), respectively (Table 1 and online
supplementary Figure S2). WATCH-DM(i) also demonstrated no evidence of miscalibration
across glycaemic groups (GND p> 0.10 for all).

Risk prediction performance of natriuretic peptide levels across WATCH-DM risk strata

Considering the robust performance of the WATCH-DM risk score in diabetes and pre-
diabetes subgroups, the contribution of NP levels to HF risk prediction across WATCH-
DM(i) risk strata was assessed in the dysglycaemia cohort of participants. The optimal
cut-point of WATCH-DM(i) for predicting HF, as determined by the Youden index, was 13.
Of the 8938 participants in the overall cohort, 32% had high WATCH-DM(i) scores (=13), of
which 8.4% developed incident HF on follow-up. In contrast, the 5-year incidence of HF in
the low/intermediate WATCH-DM(i) score category was 3.2% (Figure 1A).

Baseline characteristics of the overall cohort stratified by low/intermediate vs. high
WATCH-DM(i) score and NP levels are shown in online supplementary Table S2. The
C-index of elevated NP levels alone for predicting incident HF in the overall cohort was 0.69
(95% CI 0.67-0.72) with a significantly higher discrimination performance noted among
participants with low/intermediate vs. high WATCH-DM(i) scores [C-index = 0.71 (95% CI
0.68-0.74) vs. 0.64 (95% CI 0.61-0.66); DeLong p < 0.001] (online supplementary Table
S3). Elevated NP levels also demonstrated better risk stratification among individuals with
low/intermediate vs. high WATCH-DM(i) scores. Among participants with low/intermediate
WATCH-DM(i) scores, there was a near six-fold gradient in the 5-year HF incidence
between those with elevated (8.2%) vs. not elevated NP levels (1.4%) (Figure 1B). In
contrast, among participants with high WATCH-DM(i), there was only a three-fold gradient
in HF incidence across the NP level strata (4.7% vs. 14.1% in low vs. high NP groups). A
similar pattern of results was observed with greater HF risk discrimination and stratification
by NP levels among participants with low/intermediate vs. high WATCH-DM(i) scores

in subgroups of participants with diabetes and pre-diabetes analysed separately (online
supplementary Table S3).

Improvement in WATCH-DM(i) model performance with addition of natriuretic peptide

levels

Addition of NP levels to the WATCH-DM(i) score significantly improved the overall
C-index for predicting incident HF to 0.76 (95% CI 0.74-0.78; DeLong p < 0.001)

with no worsening in calibration (GND p = 0.41). Notably, the improvement in HF risk
discrimination with NP levels varied across the spectrum of the WATCH-DM(i) score.

A greater improvement in the C-index was observed with the addition of NP levels

among participants with low/intermediate WATCH-DM(i) scores with degradation in risk
discrimination at higher WATCH-DM(i) scores (Figure 2A). Specifically, the addition of NP
levels significantly increased the C-index for HF by 0.05 at a WATCH-DM(i) score of 7
compared with no improvement in the C-index at a WATCH-DM(i) score of 20. Calibration
(Brier score) was also improved with the addition of NP levels at lower vs. higher WATCH-
DM(i) scores (Figure 2B). Similar results were observed in subgroup analysis limited to
participants with diabetes or pre-diabetes (online supplementary Figure S3).

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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In decision curve analysis, the addition of elevated NP levels to the WATCH-DM(i) score
increased the number of HF events detected by 4 per 1000 participants compared with the
WATCH-DM(i) score alone at an event rate of 8% (Figure 3A). However, no benefit was
observed with the addition of elevated NP levels to the WATCH-DM(i) scores above a
5-year HF risk threshold of 11%. Similar results were observed in subgroup analysis among
participants with diabetes and pre-diabetes (online supplementary Figure S4).

Optimal risk-based approach of incorporating natriuretic peptide levels with WATCH-DM(i)

The model performance indices for risk prediction approaches using WATCH-DM(i) only
vs. WATCH-DM(i) + NP levels among participants with low/intermediate risk vs. WATCH-
DM(i) + NP levels among participants with high risk are shown in Table 2. Among
individuals with dysglycaemia, compared with WATCH-DM(i) alone (C-index = 0.71, 95%
Cl 0.68-0.73); Brier score: 5.1), a risk prediction model that combined WATCH-DM(i)

with NP level assessment only in low/intermediate risk participants (WATCH-DM(i) score
<13) had significantly improved discrimination [C-index = 0.73, 95% CI 0.71-0.75; DeLong
p<0.001) and model calibration (Brier score: 2.2). In contrast, a risk prediction model
combining WATCH-DM(i) with NP level assessment only among participants with high

risk (scores 213) demonstrated no improvement in discrimination (C-index = 0.71, 95%

C1 0.69-0.73; DeLong p = 0.34) and reduced model calibration (Brier score: 24.7) (Table

2). Furthermore, a significantly greater improvement in the NRI (both continuous and
categorical) was observed by combining the WATCH-DM(i) score with selective NP level
assessment in participants with low/intermediate (score <13) vs. high risk (score =13) (mean
categorical NRI = 0.36 vs. 0.08; p < 0.001; mean continuous NRI = 0.45 vs. 0.17; p<

0.001) (Table 3). Similar improvement in model performance was observed with use of risk
prediction approaches combining the WATCH-DM(i) score with NP level assessment among
participants with low/intermediate risk and not high risk in subgroup analysis of participants
with diabetes and pre-diabetes separately (Tables 2 and 3).

Sensitivity analyses

Comparison of WATCH-DM models to other heart failure risk scores—Among
participants with dysglycaemia, the WATCH-DM(mI) demonstrated superior performance

in discrimination, calibration, and clinical utility than other well established risk scores

(vs. PCP-HF, MESA-HF, and ARIC-HF) (Figure 3B and online supplementary Table

S4). In decision curve analysis, compared to established risk scores, WATCH-DM(ml)
identified an additional 18-23 HF events per 1000 patients. WATCH-DM(i) had comparable
discrimination, but superior calibration and clinical utility compared with the other scores.
In decision curve analysis, WATCH-DM(i) identified an additional 8-13 HF events per 1000
patients.

Performance of WATCH-DM models in different settings—Multiple subgroup and
sensitivity analyses were performed to assess the robustness of the WATCH-DM model
performance in the overall cohort. In subgroup analysis stratified by sex and race, WATCH-
DM models demonstrated good discrimination and no evidence of miscalibration among
sex- and race-based subgroups (online supplementary Table S5). Among HF subtypes, the
WATCH-DM models demonstrated better performance in predicting HFrEF vs. HFpEF

Eur J Heart Fail. Author manuscript; available in PMC 2023 September 28.
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(online supplementary Table S6). Additionally, no change in the performance of WATCH-
DM models was noted in the setting of missing ECG covariate, or with inclusion of sex

as a covariate. Substituting estimated glomerular filtration rate for serum creatinine led to a
modest decline in the model performance (online supplementary Table S7).

Incorporation of other biomarkers to the WATCH-DM(i) model—The addition

of elevated hs-cTn, hs-CRP, or LVH to WATCH-DM(i) did not improve discrimination

or calibration compared with the WATCH-DM(i) model alone (online supplementary

Table S8). In contrast, incorporation of elevated NP level to WATCH-DM(i) improved
discrimination (C-index = 0.76, 95% CI 0.74-0.78; DeLong p < 0.001], calibration (Brier
score: 4.9 x 1074, and reclassification (NRI = 0.81, 95% CI 0.74-0.87). Discrimination and
calibration were similar for the addition of all biomarkers (elevated NP, hs-cTn, CRP, LVH)
or NP alone to WATCH-DM(i).

Incorporation of natriuretic peptide levels to WATCH-DM(mI) model—As
reported previously, the WATCH-DM(mI) model demonstrated very high discrimination and
calibration in participants with dysglycaemia. The optimal cut-point of WATCH-DM(ml) for
predicting HF, as determined by the Youden index, was 0.082.

A significant improvement in categorical and continuous NRI was also observed with the
incorporation of NP levels at low/intermediate vs. high WATCH-DM(ml) strata (online
supplementary Table S9).

Incorporation of natriuretic peptide levels to WATCH DM model across sex-
based subgroups—Addition of elevated NP level status to the WATCH-DM score
significantly improved incident HF risk discrimination in both women (C-index = 0.74)
and men (C-index = 0.77; DeLong p < 0.001 for both). Among both women and men,

a significant improvement in risk discrimination was observed by addition of elevated

NP levels to the WATCH-DM risk score in the low/intermediate risk participants (WATCH-
DM(i) <13) but not high-risk (WATCH-DM(i) =13) participants (online supplementary
Table S10). Similar results were also observed in reclassification (both categorical and
continuous NRI) with elevated NP levels at low/intermediate vs. high WATCH-DM scores
among both women and men (online supplementary Table S11).

Incorporation of natriuretic peptide levels to the PCP-HF score—The
generalizability of our findings was further evaluated by estimating HF risk using the
PCP-HF score. Among 8938 participants with dysglycaemia in the overall cohort, 8221
(92.0%) were free of CVD at baseline, and 374 (4.5%) developed incident HF (10.5 incident
HF events per 1000 person-years). The optimal cut-point of PCP-HF for predicting incident
HF, as determined by the Youden index, was 0.056. Of the 8221 participants in the primary
prevention cohort, 2570 (31.3%) were categorized as high-risk (score =0.056). The C-index
of the PCP-HF score and for elevated NP levels alone was 0.68 (95% CI 0.66-0.70) and
0.65 (95% CI 0.63-0.68), respectively. Addition of elevated NP levels to the PCP-HF

score significantly improved incident HF risk discrimination (C-index = 0.77; DeLong p

< 0.001). Similar to the WATCH-DM risk score, we observed less increase in C-index

with the addition of elevated NP levels across increasing PCP-HF risk estimates (online
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supplementary Figure S5A). Specifically, compared with the PCP-HF score alone, addition
of elevated NP levels among participants with low/intermediate (PCP-HF score <0.056)
but not those with high risk (PCP-HF score =0.056) resulted in significant improvement

in discrimination (low/intermediate risk: C-index = 0.74, DeLong p < 0.001; high risk:
C-index = 0.70; DeLong o= 0.07) (online supplementary Table S12). Similar results were
observed in reclassification (both categorical and continuous NRI) with elevated NP levels
at low/intermediate vs. high PCP-HF scores (online supplementary Table S13). Finally, in
decision curve analysis, no benefit was observed with the addition of elevated NP levels to
the PCP-HF score above a 5-year HF risk threshold of 11% (online supplementary Figure
S5B).

Discussion

In this study, we report several key findings. First, the WATCH-DM risk score was validated
in a pooled cohort of participants with diabetes from four community-based studies. We
observed good discrimination and calibration for predicting 5-year risk of incident HF

with the highest performance observed in the machine learning-based [WATCH-DM(mI)]
method. Second, in addition to predicting HF risk in individuals with diabetes, the WATCH-
DM risk scores performed well in a cohort of participants with pre-diabetes. Third, addition
of NP levels to the WATCH-DM risk score resulted in significant improvement in HF

risk discrimination with the highest benefit observed at the lower WATCH-DM risk scores
(low/intermediate HF risk). Reclassification of participants by the presence or absence of
elevated NP levels was significantly higher in participants with low/intermediate vs. high
WATCH-DM risk scores. Finally, we were able to generalize our findings by showing
improvement in HF risk prediction at low/intermediate HF risk with addition of NP levels by
using an alternative clinical HF risk score (PCP-HF). Taken together, the WATCH-DM risk
score can accurately stratify HF risk in community-dwelling adults with diabetes and pre-
diabetes as well as inform selective use of cardiac biomarker testing for HF risk stratification
by up-classifying otherwise low/intermediate risk patients. The WATCH-DM risk score to
predict 5-year incident HF risk is publicly available at www.cvriskscores.com.

Several novel aspects of our study are noteworthy. First, it validates the performance of

the WATCH-DM risk score in a community-based cohort of participants with diabetes. The
performance of the WATCH-DM(ml) score was superior to other established HF risk scores.
Second, the WATCH-DM models performed well even with missingness in covariates which
may not be routinely available (such as ECG data), highlighting its generalizability in
real-world clinical settings. Unlike traditional Cox models, which require all variables to be
available for risk prediction, machine learning-based models such as the WATCH-DM(ml)
score can better handle missing data and are more flexible in its application across cohorts.
Third, our study also establishes WATCH-DM as a clinical risk screening tool among
individuals with pre-diabetes. This is particularly relevant as individuals with pre-diabetes
despite having abnormalities in cardiometabolic physiology and elevated HF risk, are not
targeted for and may benefit from HF prevention therapies. Finally, our data demonstrate
the value of biomarkers to identify residual risk of HF in low/intermediate risk patients

with diabetes and pre-diabetes. As such, these findings could translate to selective increased
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NP-based screening of HF among individuals with dysglycaemia who are deemed to have a
low/intermediate risk based on the clinical risk factor profile.

Various studies have demonstrated the utility of cardiac biomarkers — especially NP levels
— in informing HF risk prediction among community-dwelling adults. In pooled analyses,
multiple studies have demonstrated the association between elevated NT-proBNP and an
increased risk of incident HF independent of other risk factors.3145 Similar findings have
also been demonstrated among individuals with pre-diabetes and diabetes.*647 In a recent
pooled analysis, a biomarker-based risk score incorporating four biomarkers demonstrated
good risk prediction performance comparable to the best fit clinical risk model.# In the
present study, biomarkers were added to clinical information used to calculate the WATCH-
DM risk score and this combined approach led to superior risk prediction compared with

a model only incorporating risk factors. Recent studies also evaluated the improvement in
risk prediction performance with incorporation of NT-proBNP to clinical risk models. In
the ARIC cohort, the addition of NT-proBNP improved the discriminatory performance

of established clinical risk prediction models.#® De Boer et a/3! demonstrated modest
improvement in risk prediction with addition of NP levels to a clinical model (delta C-index
= 0.005 to 0.02) in a pooled cohort that included community-dwelling participants from
America and Europe. Inclusion of NT-proBNP into the clinical risk models has also been
shown to improve NRI for predicting HF risk.4442 The present study builds on the existing
literature by evaluating the optimal approach to combining clinical risk assessment with
biomarker testing in individuals with dysglycaemia.

The prognostic utility of biomarkers in risk prediction has also been evaluated across
baseline cardiovascular risk strata. In the PREVEND study cohort, Brouwers et a/.*6
demonstrated that addition of NP levels to clinical parameters improved discrimination of
HF risk comparably in high- and low-risk participants as determined by the Framingham
risk score. The PREVEND analysis focused on individuals with baseline kidney disease and
analysed participants based on history of CVD for baseline risk assessment. In contrast, we
observed greater improvement in risk discrimination and calibration with incorporation of
NT-proBNP testing among individuals with dysglycaemia who were at low/intermediate risk
vs. high risk of HF. The differences in observations by Brouwers et a/. and our study may be
related to differences in the study population (all comers vs. diabetes/pre-diabetes), use of a
HF-specific risk score in the present study (vs. only presence of CVD history). Furthermore,
our study findings are consistent with prior observations from the coronary artery calcium
scoring and atherosclerotic CVD literature.>0

Clinical trials of NP level testing, such as STOP-HF (St. Vincent’s Screening TO Prevent
Heart Failure) and PONTIAC (NT-proBNP Selected PreventiOn of cardiac eveNts in a
populaTion of diabetic patients without A history of Cardiac disease), have demonstrated
significant gains for preventing HF.1314 Based on these data, the HF guidelines recommend
NP screening in patients at increased risk for developing HF but there is limited

guidance regarding the optimal approach to incorporating NP screening with clinical risk
assessment.®1 While all patients with diabetes or pre-diabetes may be considered high-risk
for developing HF (stage A), 32% of those had a WATCH-DM risk score =13 with an

8.4% 5-year risk of developing HF irrespective of NP status. In this subset of high-risk
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individuals based on clinical risk factors alone, NP testing did not notably improve HF risk
discrimination beyond the clinical HF risk score, and thus may not improve risk prediction.
However, more than two-thirds of adults with dysglycaemia had a low WATCH-DM risk
score and use of NP level for risk stratification improved HF risk assessment in this
subgroup. Nearly one-third of adults with a WATCH-DM risk score <13 had elevated NP
levels with a 5-year HF risk of approximately 8%.

The two-step approach to HF risk assessment using a clinical risk model followed by
selective biomarker testing in low/intermediate risk individuals has several advantages
(Figure 4). Since biomarker testing is associated with notable costs,>2 our study findings
provide a pragmatic and cost-efficient approach to risk stratification. Pharmacotherapies
such as sodium—glucose co-transporter 2 inhibitors and glucagon-like peptide-1 receptor
agonists, intensive lifestyle interventions with diet and exercise, intensive BP control and
aggressive weight loss therapies such as bariatric surgery are some of the well-established
effective therapies for prevention of HF in patients with diabetes.”-53:54 However, these
therapies are substantially underused in patients with diabetes owing to challenges of high
cost and their resource intensive nature.?> A pragmatic risk-based approach of targeting
effective HF prevention strategies to patients at high risk for developing HF may improve
appropriate use as these individuals are most likely to derive the greatest absolute benefits
from these effective preventive therapies. The two-step approach to risk stratification
combining the WATCH-DM risk score with selective biomarker testing can help match high-
risk patients with dysglycaemia to more intensive risk-lowering therapies. It is noteworthy
that while the benefits of biomarker testing for HF risk prediction are greater among
individuals considered low risk for developing HF, there may also be benefits among those
at high risk and should be considered using shared decision-making. An electronic medical
record-based, clinical decision support-driven randomized controlled trial combining clinical
risk assessment (WATCH-DM risk score) with selective biomarker testing is currently
underway to evaluate if such an approach can guide effective allocation of preventive
therapies for HF among individuals with diabetes (NCT04791826).56

Our study is not without limitations. First, this analysis used data from community-based
cohort studies that primarily began enrolment prior to 1990. Such studies may not represent
a contemporary cohort with access to current glucose-lowering therapies. Second, our study
was limited to only individuals with available biomarker testing and data on hs-cTn were
not available in participants from CHS. However, analyses in over 6500 participants from
ARIC, FHS, and MESA did show similar improvement in HF risk prediction in low-risk
individuals with the addition of cardiac biomarkers. Third, similar to blood-based cardiac
biomarkers, imaging-based measures of cardiac structure and function may also inform HF
risk prediction. However, cardiac imaging data were not consistently available using the
same modality across the three cohorts. Thus, we could not assess the complementary role
of cardiac imaging in addition to clinical risk score for HF risk prediction. Finally, HF
event adjudication differed slightly across each of the four cohorts and HF subtype data
were only available in two of the cohorts. However, each of the cohorts used pre-specified
and well-established criteria for HF event ascertainment and have been pooled together

for prior analyses.31-334557 performance of WATCH-DM was better for predicting risk

of HFrEF compared with HFpEF. This is consistent with our observation from the initial
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external validation analysis in the ALLHAT diabetes cohort.12 The underperformance of
WATCH-DM risk score in predicting risk of HFpEF may be related to greater heterogeneity
and misclassification in diagnosis of HFpEF compared with HFrEF as has been reported in
several clinical trials.>8

In conclusion, the WATCH-DM risk score was able to effectively risk stratify and predict
5-year risk of incident HF among adults with diabetes and pre-diabetes in community-
dwelling individuals. Furthermore, clinical risk prediction models such as the WATCH-DM
score in combination with selective cardiac biomarker testing among individuals at the lower
end of the clinical risk score spectrum may be an effective and efficient HF risk stratification
strategy among individuals with dysglycaemia.
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Refer to Web version on PubMed Central for supplementary material.
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Cumulative incidence of heart failures events (A) across high (scores=13) and low/
intermediate (<13) WATCH-DM(i) scores and (B) additionally reclassifying participants
by presence or absence of elevated natriuretic peptide (NP) levels among individuals with
dysglycaemia. Elevated NP levels were able to identify individuals with high risk of heart
failure in the low/intermediate WATCH-DM risk score strata.
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Figure 2.

Mean improvement in (A) discrimination (C-index) and (B) calibration (Brier score) of

the WATCH-DM(i) score with addition of natriuretic peptide (NP) levels across WATCH-
DM(i) scores in the overall cohort. The dashed lines represent the 95% confidence intervals
obtained from bootstrapping with 1000 replicates. The improvement in C-index and Brier
score with incorporation of NP levels was observed only at low/intermediate risk levels of
the WATCH-DM risk score but not at high levels.
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Figure 3.

Decision curve analysis for comparison of (A) WATCH-DM(i) score with and without
elevated natriuretic peptide (NP) levels in the overall cohort and (B) different heart failure
risk prediction models. The grey dashed line indicates the net benefit of all patients. The
WATCH-DM(i) score detected 8 true positive events per 1000 patients compared with 12 per
1000 patients for the WATCH-DM(i) + elevated NP level model. Thus, addition of NP levels
to the WATCH-DM(i) score increased the number of heart failure events detected by 4 per
1000 patients compared with the WATCH-DM(i) score alone. Above a threshold probability
of 10.9%, addition of NP levels to the WATCH-DM(i) score confers no added net clinical
benefit compared with the WATCH-DM risk score alone. (B) At an event rate of 8%, the
WATCH-DM(ml), WATCH-DM(i), ARIC-HF, MESA-HF, and PCP-HF risk scores detected
28, 18, 8, 10, and 5 true positive events per 1000 patients, respectively (horizontal dashed
green lines).
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Figure 4.
A pragmatic approach to heart failure risk stratification in diabetes. The study findings

highlight the complementary role of natriuretic peptide assessment in patients with low/
intermediate risk of HF as determined by a clinical risk score such as the WATCH-DM
score. High-risk patients as identified by an elevated clinical risk score or by elevated
biomarker levels in the setting of low/intermediate risk can be targeted with guideline-
recommended effective heart failure prevention therapies.
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Table 1

Discrimination (C-index) and calibration (Greenwood-Nam-D’Agostino statistic) of the machine learning- and
integer-based WATCH-DM risk score among participants with dysglycaemia, diabetes, and pre-diabetes

Risk score C-index (95% CI)

Brier score (x107%)

GND statistic (p-value)

Overall

WATCH-DM(mI)  0.80 (0.78-0.81)
WATCH-DM(i)  0.71 (0.68-0.73)
Diabetes

WATCH-DM(mI)  0.76 (0.73-0.80)
WATCH-DM(i)  0.69 (0.67-0.71)
Pre-diabetes

WATCH-DM(mI)  0.83 (0.80-0.85)
WATCH-DM(i)  0.72 (0.69-0.74)

9.0
5.1

140
104

5.8
18

13.3(0.10)
6.2 (0.63)

12.7(0.12)
6.1 (0.64)

12.3(0.14)
11.5 (0.18)

Cl, confidence interval; GND, Greenwood—Nam-D’Agostino.

A GND p> 0.05 indicates adequate calibration. GND is the chi-square statistic (o-value).
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