Research

Original Investigation

Natriuretic Peptide-Based Screening and Collaborative Care
for Heart Failure
The STOP-HF Randomized Trial

Mark Ledwidge, PhD; Joseph Gallagher, MB; Carmel Conlon, PhD; Elaine Tallon, PGDip; Eoin O'Connell, MLitt;

lan Dawkins, DPhil; Chris Watson, PhD; Rory O'Hanlon, MD; Margaret Bermingham, BSc(Pharm); Anil Patle, MBA;
Mallikarjuna R. Badabhagni, RDCS; Gillian Murtagh, MD; Victor Voon, MB; Leslie Tilson, PhD; Michael Barry, MD;
Laura McDonald; Brian Maurer, MD; Kenneth McDonald, MD

66

IMPORTANCE Prevention strategies for heart failure are needed.

OBJECTIVE To determine the efficacy of a screening program using brain-type natriuretic
peptide (BNP) and collaborative care in an at-risk population in reducing newly diagnosed
heart failure and prevalence of significant left ventricular (LV) systolic and/or diastolic
dysfunction.

DESIGN, SETTING, AND PARTICIPANTS The St Vincent's Screening to Prevent Heart Failure
Study, a parallel-group randomized trial involving 1374 participants with cardiovascular risk
factors (mean age, 64.8 [SD, 10.2] years) recruited from 39 primary care practices in Ireland
between January 2005 and December 2009 and followed up until December 2011 (mean
follow-up, 4.2 [SD, 1.2] years).

INTERVENTION Patients were randomly assigned to receive usual primary care (control
condition; n=677) or screening with BNP testing (n=697). Intervention-group participants
with BNP levels of 50 pg/mL or higher underwent echocardiography and collaborative care
between their primary care physician and specialist cardiovascular service.

MAIN OUTCOMES AND MEASURES The primary end point was prevalence of asymptomatic LV
dysfunction with or without newly diagnosed heart failure. Secondary end points included
emergency hospitalization for arrhythmia, transient ischemic attack, stroke, myocardial
infarction, peripheral or pulmonary thrombosis/embolus, or heart failure.

RESULTS A total of 263 patients (41.6%) in the intervention group had at least 1 BNP reading
of 50 pg/mL or higher. The intervention group underwent more cardiovascular investigations
(control, 496 per 1000 patient-years vs intervention, 850 per 1000 patient-years; incidence
rate ratio, 1.71; 95% Cl, 1.61-1.83; P<.001) and received more renin-angiotensin-aldosterone
system-based therapy at follow-up (control, 49.6%; intervention, 56.5%; P=.01). The primary
end point of LV dysfunction with or without heart failure was met in 59 (8.7%) of 677 in the
control group and 37 (5.3%) of 697 in the intervention group (odds ratio [OR], 0.55; 95% Cl,
0.37-0.82; P = .003). Asymptomatic LV dysfunction was found in 45 (6.6%) of 677
control-group patients and 30 (4.3%) of 697 intervention-group patients (OR, 0.57; 95% Cl,
0.37-0.88; P = .01). Heart failure occurred in 14 (2.1%) of 677 control-group patients and 7
(1.0%) of 697 intervention-group patients (OR, 0.48; 95% Cl, 0.20-1.20; P = 12). The
incidence rates of emergency hospitalization for major cardiovascular events were 40.4 per
1000 patient-years in the control group vs 22.3 per 1000 patient-years in the intervention
group (incidence rate ratio, 0.60; 95% Cl, 0.45-0.81; P = .002).

CONCLUSION AND RELEVANCE Among patients at risk of heart failure, BNP-based screening
and collaborative care reduced the combined rates of LV systolic dysfunction, diastolic
dysfunction, and heart failure.
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Natriuretic Peptide-Based Screening and Heart Failure

he increasing prevalence of heart failure (HF) remains
amajor public health concern underlining the need for
an effective prevention strategy.! Present-day ap-
proaches, focusing mainly on risk factor intervention, have
brought about some reduction in new-onset HF.>* However,
recent major reports in the United States and the European
Union underline difficulties in achieving adequate risk factor
control and show that present strategies will not be as effec-
tive as desired.>® This, in turn, may in part be explained by the
uniform direction of resources to a population containing pre-
dominantly lower-risk patients and the lack of risk stratifica-
tion beyond that calculated from standard risk factors.
Refining risk prediction may be aided by the use of brain-
type natriuretic peptide (BNP), which has been shown in large
general and American College of Cardiology Foundation/
American Heart Association stag A/B (asymptomatic) popu-
lations to identify those at highest risk of cardiovascular events
and, more specifically, of newly diagnosed HF.”® Studies have
shown advantages of using this peptide in this regard over con-
ventional risk indicators.®° This may reflect the fact that BNP
is a response to established cardiovascular damage whereas
other conventional risk indicators reflect the potential for
cardiovascular insult. New data suggest that more targeted
surveillance using a combination of risk factors and BNP may
improve identification of those at greatest risk of newly diag-
nosed HF.*°
Therefore, we hypothesized that BNP-based screening and
intervention would target management to those at highest risk
of HF and asymptomatic ventricular dysfunction, providing
an approach to prevention of HF and cardiovascular disease
that would be superior to standard care. The St Vincent’s
Screening to Prevent Heart Failure (STOP-HF) study was de-
signed as a pragmatic, prospective randomized trial in abroad
community population characterized by collaborative care in-
tervention between cardiovascular specialists and primary care
physicians.

Methods

Patient Population

All primary care physicians in the catchment area of St Vin-
cent’s University Hospital, Dublin, Ireland, participating in the
Community Programme for Cardiovascular Risk Evaluation
(COMPARE) study were invited to participate by mail and then
at an initiation meeting. COMPARE was a nurse-provided pri-
mary care cardiovascular risk screening program. Patients were
referred by their primary care physicians to the STOP-HF pro-
gram between 2005 and 2009, with 39 participating prac-
tices.

Patients from COMPARE were eligible to participate in the
STOP-HF study if they were older than 40 years and had a his-
tory of 1 or more of the following: (1) hypertension (medi-
cated for >1 month); (2) hypercholesterolemia, defined as total
cholesterol greater than 193 mg/dL (5.0 mmol/L) (174 mg/dL
[4.5 mmol/L] in high-risk patients) and/or low-density lipo-
protein cholesterol greater than 116 mg/dL (3.0 mmol/L) (97
mg/dL [2.5 mmol/L] in high-risk patients) or receiving lipid-
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lowering therapy; (3) obesity, defined as body mass index (cal-
culated as weight in kilograms divided by height in meters
squared) greater than 30; (4) vascular disease, including coro-
nary artery disease (confirmed by angiography or history of
myocardial infarction), cerebrovascular disease, and periph-
eral vascular disease; (5) diabetes mellitus; (6) arrhythmia re-
quiring therapy; or (7) moderate to severe valvular disease. We
excluded those who refused to provide informed consent, had
established evidence of left ventricular systolic dysfunction,
had evidence or a history of symptomatic HF, or had a diag-
nosis compromising survival over the study period.

Study Procedures

The study protocol was approved by the St Vincent’s Univer-
sity Hospital Ethics Committee and conformed to the prin-
ciples of the Declaration of Helsinki. The study nurse en-
rolled consecutive consenting patients and obtained written
consent. Study group was assigned by the STOP-HF center ac-
cording to a computer-generated random number list cre-
ated by the study statistician. An administrator in the study
center allocated patients consecutively to intervention or con-
trol group. The allocation sequence was concealed from the
investigators until individuals were assigned. The randomiza-
tion process assigned patients 1:1 to control group (receiving
routine primary care physician management) or BNP-driven
collaborative care between the primary care physician and spe-
cialist cardiovascular center. It was not possible to blind par-
ticipants or clinical investigators to group assignment. All pa-
tients in the study underwent BNP blood testing (Triage,
Biosite) at study commencement and annually thereafter. Pri-
mary care physicians did not have access to BNP testing out-
side of the study protocol. Enrollment commenced in Janu-
ary 2005 and ended in December 2009. Follow-up was
completed in December 2011 (Figure 1).

In the control group, patient care continued with advice
on lifestyle modification and risk factor intervention as deter-
mined by primary care physicians without knowledge of BNP
results and with at least an annual patient visit. At the annual
review, the study nurse performed blinded BNP testing on all
control-group patients as part of a structured cardiovascular
risk and lifestyle review. Patients in the control group re-
ceived specialist cardiologist care only if requested by the pri-
mary care physician as part of their usual care.

In the intervention group, BNP results were made avail-
able to primary care physicians with protocol referral of all pa-
tients with a value of 50 pg/mL or higher (50 ng/L) to the spe-
cialist cardiovascular service. Those with BNP values less than
50 pg/mL received the same care as provided in the control
group, albeit with disclosure of BNP values to patients and pri-
mary care physicians. Participants with a BNP level of 50 pg/mL
or higher underwent Doppler echocardiography (see eAppen-
dix in the Supplement) and review by a cardiologist at the study
center, who decided on further investigation and manage-
ment. In addition to disclosure of BNP values to patients and
the primary care physicians, the focus of the specialist inter-
vention for those with elevated BNP was multidimensional.
This approach included optimal risk factor management with
the most appropriate therapy and complete investigation and
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Figure 1. Participant Flow

3123 Patients assessed for eligibility

1749 Excluded
1203 Did not meet inclusion criteria
546 Declined to participate

(1374 Randomized )

697 Randomized to receive BNP screening and
protocol referral for BNP 250 pg/mlL to specialist
cardiovascular center (collaborative care)

697 Received BNP screening as randomized
263 With BNP 250 pg/mL received Doppler
echocardiography and collaborative
care follow-up

677 Randomized to receive usual primary
care physician management
677 Received usual care as randomized

v

535 Completed follow-up
70 Lost to follow-up (not contactable)
92 Withdrew from study
61 Not interested in further participation
17 Unable to attend study visits
9 Moved out of area or changed physician
5 Other reasons

476 Completed follow-up
69 Lost to follow-up (not contactable)
132 Withdrew from study
83 Not interested in further participation
34 Unable to attend study visits
8 Moved out of area or changed physician
7 Other reasons

68

v

v

697 Included in analysis ‘ ‘

677 Included in analysis

BNP indicates brain-type natriuretic

peptide.

treatment of abnormalities defined on examination or on Dop-
pler echocardiography. In addition, all patients received fur-
ther coaching by a specialist nurse who emphasized indi-
vidual risk status and the importance of adherence to
medication and healthy lifestyle behaviors.

Patients with an initial BNP level of 50 pg/mL or higher also
received ongoing collaborative care with at least an annual spe-
cialized cardiovascular review, including repeat Doppler ech-
ocardiography, BNP measurement, and other investigations as
appropriate. In all patients with an initial BNP of less than 50
pg/mL, annual BNP testing by their primary care physician re-
sulted in specialist referral with management as outlined above
if the value increased to 50 pg/mL or higher. Participants’ pri-
mary care physicians were informed of all clinical investiga-
tions performed by the specialist cardiovascular center and
were involved in any change in management strategy.

At study termination, all control and intervention partici-
pants underwent clinical assessment by a cardiologist includ-
ing Doppler echocardiography; the technician and reporting
cardiologist were blinded to study group allocation.

End Points

The original protocol version from June 2004 specified newly
diagnosed HF or left ventricular systolic dysfunction as the pri-
mary end point. However, slower-than-expected recruit-
ment rates resulted in an extension of the study in April 2009
and the redefinition of the primary end point to include sig-
nificant left ventricular diastolic dysfunction as determined
by aratio of mitral peak velocity of early filling (E) to early dia-
stolic mitral annular velocity (E') greater than 15. This change
in the study primary end point was approved by the institu-
tional review board and occurred before completion of recruit-
ment in December 2009. The change was approved and imple-
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mented before the assessment of the study primary end point,
which began in 2010, and prior to any data analysis occur-
ring. Therefore, the primary end point of the study as re-
ported herein is the prevalence of left ventricular dysfunc-
tion (asymptomatic left ventricular systolic dysfunction or
asymptomatic left ventricular diastolic dysfunction) with or
without newly diagnosed HF at study completion.

The inclusion of asymptomatic left ventricular systolic dys-
function or significant diastolic dysfunction as a component
of the primary end point reflects the heightened risk status of
these abnormalities, specifically to the later development of
HF. Left ventricular dysfunction was defined as any combina-
tion of (1) left ventricular ejection fraction less than 50% or (2)
E/E'ratio greater than 15 in the setting of normal left ventricu-
lar ejection fraction on Doppler echocardiography. The pres-
ence of HF was defined as symptoms of HF requiring emer-
gency admission to the hospital, confirmed by hospital
discharge summary.

Secondary end points reported herein include emer-
gency hospitalizations for any of the following major adverse
cardiovascular events: arrhythmia, transient ischemic attack,
stroke, myocardial infarction, peripheral or pulmonary throm-
bosis/embolus, or HF. All major adverse cardiovascular events
were classified based on the discharge summary from the hos-
pitalization event, and the STOP-HF investigators did not have
any influence in the decision to admit. All clinical end points
were assessed by a member of the study team by reviewing the
primary care physician’s records and confirmed by hospital dis-
charge summary. This process was carried out by the same spe-
cialist nurse for consistency of reporting over the study dura-
tion. The nurse who reviewed records to determine outcomes
was blinded to participant allocation. Finally, we also evalu-
ated change in BNP over time. Other end points included in
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the study protocol were evaluation of the relationship be-
tween BNP and severity of left ventricular dysfunction, hos-
pital admissions and death, quality-of-life and cost-
effectiveness analyses, and evaluation of the clinical,
demographic, biochemical, pharmacological, genomic, pro-
teomic, and metabolomic determinants of BNP. These will be
reported in future analyses.

Sample Size Calculation

Sample size calculations were originally based on the pri-
mary end point of HF and/or left ventricular systolic dysfunc-
tion, the prevalence of which was assumed to be 9.6% in the
control group and 5.9% in the treatment group. This yields an
odds ratio (OR) of approximately 0.59. Using an OR of 0.59, an
a=.05 (2-tailed), and power level of 80%, the total required
sample size was n=1644.

Sample size calculations were later adjusted when the pri-
mary end point was changed. The calculations were then based
on a prevalence of left ventricular dysfunction (systolic and
diastolic) with or without HF expected to be 19.6% in the con-
trol group at study end. The treatment effect was expected to
be similar to that observed at 1 year with antihypertensive in-
tervention in the LIFE study.' This implies a prevalence
0f 13.4% in the intervention group and an absolute reduction
of 6.2%.

With an OR of 0.63, an a=.05 (2-tailed), and a power level of
80%, therevised total required sample size was 1129. The prin-
cipalinvestigators agreed that the study would continue until a
sufficient number of patients were followed up for at least 1 year
(accounting for known patient withdrawals) to exceed the num-
bersin the power calculation. Further assumptions were that al-
location to control or intervention group was even and unbiased
(ie, group membership was an independent random binomial
variable with P = .50) and that covariates account for 0% of the
variation in probability of HF or left ventricular dysfunction.

Statistical Analysis

Allanalyses were carried out on an intention-to-treat basis using
R software, version 2.7.2 (CRAN Project). Analyses were per-
formed by a statistician employed by the St Vincent’s Univer-
sity Hospital, the Heartbeat Trust, and the School of Medicine
and Medical Science at University College (E.O.). The analyses
included all 1374 patients as randomized. Missing data were
handled as follows. Study group, age, and sex were available for
all patients. Multiple imputation using chained equations was
then carried out (using R software’s “mice” package) with 10 im-
putations and 10 iterations per imputation. Predictive mean
matching was used for all variables and the variables entered
were E/E', ejection fraction, major adverse cardiovascular events
(HF, myocardial infarction, arrhythmia, stroke, transient ische-
mic attack, and peripheral or pulmonary thrombosis/
embolus), years in study, study group, age, sex, comorbidities
(hypercholesterolemia, diabetes, hypertension, and ischemic
heart disease), baseline blood levels (BNP, low-density lipopro-
tein cholesterol, and triglycerides), baseline anthropometric
measures (body mass index, systolic and diastolic blood pres-
sure, and heart rate), and baseline medication use (3-blockers,
diuretics, antiplatelet therapy, statins, calcium channel block-
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ers, angiotensin-converting enzyme inhibitors, a-blockers, and
angiotensin Il receptor blockers). The results presented herein
(primary and secondary end points) are pooled results from the
multiple imputed data sets with results using a last-observation-
carried-forward analysis (eTables 6 and 7 in the Supplement).

Primary and secondary outcomes were analyzed using gen-
eralized linear modeling with a binomial outcome distribu-
tion for prevalence and a Poisson outcome distribution for in-
cidence rate (adjusted for patient-years). Analyses were
performed both with and without adjustment for the effects
of age, sex, diabetes, hypertension, obesity, and vascular dis-
ease. The effects of the intervention on these outcomes in the
intervention group vs the control group are expressed as odds
ratios (prevalence) and incidence rate ratios (IRRs) herein.

The significance threshold was defined as P<.05 and all
tests are 2-sided.

. |
Results

Participants

From the participating practices, 1374 patients were random-
ized (Figure 1) and followed up for a mean of mean of 4.2 (SD,
1.2) years (Table 1 and eAppendix in the Supplement). Hyper-
tension was the most prevalent risk factor, and most partici-
pants had at least 2 risk factors in addition to age. There were
37 deaths (5.5%) in the control group and 36 (5.2%) deaths in
the intervention group. There were 309 all-cause emergency
hospitalizations in the control group (106.6 per 1000 patient-
years) and 269 all-cause emergency hospitalizations in the in-
tervention group (92.2 per 1000 patient-years) (eTable 9in the
Supplement). The IRR was 0.85 (95% CI, 0.72-1.00; P = .05). A
full list of the cardiovascular and noncardiovascular emer-
gency and elective admissions and outpatient visits is pre-
sented in eTables 11 and 12 in the Supplement.

Primary End Point
The primary end point of left ventricular dysfunction and HF
was met in 59 (8.7%) of 677 control-group patients and 37 (5.3%)
of 697 intervention-group patients (OR, 0.55; 95% CI, 0.37-
0.82; P = .003). Asymptomatic left ventricular dysfunction was
found in 45 (6.6%) of 677 control-group patients and 30 (4.3%)
of 697 intervention-group patients (OR, 0.57; 95% CI, 0.37-
0.88; P = .01). Heart failure occurred in 14 (2.1%) of 677 control-
group patients and 7 (1.0%) of 697 intervention-group pa-
tients (OR, 0.48; 95% CI, 0.20-1.20; P = .12) (Table 2 and eTable
4inthe Supplement). The unadjusted analyses and the covar-
iate-adjusted analyses were similar for the primary outcome
measure (OR, 0.57; 95% CI, 0.38-0.86; P = .007).
Twenty-one cases of new-onset HF requiring hospitaliza-
tion (14 in the control group and 7 in the intervention group)
were identified, the majority of which had preserved ejection
fraction. Ten of those in the control group were admitted once
and 6 of those in the intervention group were admitted once.
The remainder in both groups were admitted on 2 occasions.
Seventeen of the 21 admissions occurred in patients with at
least 1 BNP measurement result of 50 pg/mL or higher before
diagnosis (eTable 8 in the Supplement).
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Table 1. Baseline Participant Characteristics

All Participants

Participants With BNP 250 pg/mL

Control Intervention Control Intervention
Characteristics (n=677) (n=697) (n=235) (n=263)
Age, mean (SD), y 65.4 (10.3) 64.1 (10.1) 70.8 (8.5) 67.9 (9.0)
Male, No. (%) 300 (44.3) 323 (46.3) 104 (44.3) 104 (44.9)
Hypertension, No. (%) 419 (61.9) 433 (62.1) 164 (69.8) 205 (78.0)
Diabetes mellitus, No. (%) 123 (18.2) 127 (18.2) 47 (20.0) 54 (20.5)
Obesity, No. (%) 193 (28.5) 180 (25.8) 69 (29.4) 63 (24.0)
Arrhythmia, No. (%) 54 (8.0) 48 (6.9) 32 (13.6) 31(11.8)
Valvular disease, No. (%) 3(0.44) 7 (1.0) 2 (0.85) 5(1.9)
Lipid disorders, No. (%) 376 (55.5) 355 (50.9) 144 (61.3) 132 (50.2)
Vascular disease, No. (%) 23 (3.4) 32 (4.6) 13 (5.5) 21 (8.0)
Myocardial infarction, No. (%) 56 (8.3) 73 (10.5) 37 (15.7) 46 (17.5)
No. of risk factors, No. (%)
1 204 (30.1) 204 (29.3) 62 (26.4) 65 (24.7)
2 242 (35.8) 241 (34.6) 86 (36.6) 99 (37.6)
>3 180 (26.6) 188 (27.0) 83 (35.3) 97 (36.9)
BNP, mean (SD), pg/mL 44.8 (57.5) 48.2 (84.9) 86.6 (73.2) 91.6 (118.0)
Cholesterol, mean (SD), mg/dL
Total 182.1(40.6) 182.7(39.9) 1749 (42.3)  180.1 (40.4) ’::tt;irj:fg‘;tpm:brai”’type
Low-density lipoprotein 101.4 (34.3) 103.1 (36.4) 95.7 (32.0) 100.1 (35.0) Sl conversions: To convert BNP to
High-density lipoprotein 50.5 (16.1) 49.3 (15.7) 50.6 (15.3) 48.9 (15.3) ng/L, multiply by 1.0. To convert total,
Non-high-density lipoprotein 131.6 (38.4)  133.4(38.2) 124.3(39.8)  131.2 (36.6) IQW-denS§ty Iipoproteiry. high-de_nsity
Triglycerides 150.4 (78.8) 1567 (82.6) 140.2 (72.0)  152.7 (82.9) ::ggg:g::::;\”je';‘t’grg'tg:nffn”j;g
Glucose, mean (SD), mg/dL 109.6 (37.6)  109.8 (37.8)  110.5 (40.2) 108.8 (28.41) multiply by 0.0259. To convert
Creatinine, mean (SD), mg/dL 0.95 (0.22) 0.95 (0.23) 1.01 (0.27) 0.97 (0.25) triglycerides to mmol/L, mulitply by
Body mass index? 28.0 (5.5) 27.7 (5.0) 27.9 (6.1) 27.4 (4.5) gﬂ;f/'g‘:ncjg‘gybi'gfg;%;‘_’m
Heart rate, mean (SD), /min 70 (12) 70 (12) 67 (12) 67 (12) convert creatinine to pmol/L,
Blood pressure, mean (SD), mm Hg multiply by 88.4.
Systolic 147.0 (22.5) 1447 (20.9)  148.7 (23.7)  147.1 (23.7) ? Calculated as weight in kilograms
Diastolic 80.5(11.9)  81.1(12.0)  77.6(12.3)  79.0 (12.1) divided by height in meters

Secondary End Points

Major Adverse Cardiovascular Events

Seventy-one patients (10.5%) were admitted for major ad-
verse cardiovascular events in the control group and 51 (7.3%)
were admitted in the intervention group (OR, 0.69; 95% CI,
0.49-0.98; P = .04) (Table 2 and Figure 2). The incidence rates
of emergency hospitalization for major cardiovascular events
were 40.4 per 1000 patient-years in the control group vs 22.3
per 1000 patient-years in the intervention group (IRR, 0.60; 95%
CI, 0.45-0.81; P = .002). In the group with BNP levels of 50
pg/mL or higher, the incidence rates of emergency hospital-
ization for major adverse cardiovascular events were 78 per
1000 patient-years in the control group and 40 per 1000 patient-
years in the intervention group (IRR, 0.54; 95% CI, 0.37-0.77;
P =.002) (Table 3). Results for the group with BNP levels of less
than 50 pg/mL are presented in eTable 5 in the Supplement.
The most frequently observed clinical events were arrhyth-
mia (90% atrial fibrillation), transient ischemic attack, and
stroke (Table 2 and eTable 10 in the Supplement).

Diagnostic Investigations
Electocardiography, cardiac imaging, ambulatory blood pres-

sure monitoring, and stress testing were more likely to be per-
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formed in the intervention group, with more marked differ-
ences in the group with BNP levels of 50 pg/mL or higher (496
vs 850 cardiovascular investigations per 1000 person-years in
the control and intervention groups, respectively; IRR, 1.71; 95%
CI, 1.61-1.83; P<.001) (eTable 2 in the Supplement).

Pharmacotherapy

Atbaseline, pharmacotherapy was well matched between the
groups, with approximately half of the total population re-
ceiving statins, antiplatelet therapy, and agents that modify the
renin-angiotensin-aldosterone system (RAAS). Diuretics were
prescribed in approximately one-fifth of patients in both groups
as therapy for hypertension. There was an increase in RAAS-
modifying therapies in the intervention group, driven pre-
dominantly by increased use of angiotensin receptor block-
ers (eTable 3 in the Supplement).

BNP and Risk Factor Control

Levels of BNP increased in both groups over the duration of
the study, consistent with the increasing age of the popula-
tion. In the subgroup with BNP levels of 50 pg/mL or higher,
the increase in BNP levels in the intervention group was ap-
proximately half of that observed in the control group (mean,
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Table 2. End-Point Prevalence Analysis

No. (%) of Participants

Adjusted Multiple

Unadjusted Multiple Imputation,
End-Point Events Control Intervention Imputation, OR (95% CI) P Value OR (95% CI) P Value
All patients n=677 n=697
Heart failure or LVD 59 (8.7) 37 (5.3) 0.55 (0.37-0.82) .003 0.57 (0.38-0.86) .007
Heart failure or LVSD 33(4.9) 23 (3.3) 0.63 (0.38-1.04) .07 0.65 (0.38-1.09) .10
Asymptomatic LVSD 19 (2.8) 16 (2.3) 0.73 (0.38-1.40) .34 0.70 (0.37-1.31) .26
Asymptomatic LVDD 26 (3.8) 14 (2.0) 0.51 (0.28-0.92) .03 0.58 (0.32-1.06) .08
Asymptomatic LVD 45 (6.6) 30 (4.3) 0.57 (0.37-0.88) .01 0.60 (0.39-0.93) .02
Arrhythmia 29 (4.3) 21 (3.0) 0.72 (0.43-1.23) 23 0.77 (0.45-1.32) .35
Heart failure 14 (2.1) 7 (1.0) 0.48 (0.20-1.20) 12 0.52 (0.21-1.32) 17
Myocardial infarction 11 (1.6) 8 (1.1) 0.71 (0.30-1.72) .45 0.71 (0.29-1.74) 46
Pulmonary embolism/deep vein
thrombosis 10 (1.5) 4 (0.6) 0.51 (0.18-1.44) 21 0.47 (0.16-1.40) .18
Stroke/transient ischemic attack 28 (4.1) 13 (1.9) 0.48 (0.26-0.91) .02 0.51 (0.27-0.96) .04
Major adverse cardiovascular events® 71 (10.5) 51 (7.3) 0.69 (0.49-0.98) .04 0.72 (0.50-1.03) .08
Participants with BNP 250 pg/mL n=235 n=263
Heart failure or LVD 44 (18.7) 25(9.5) 0.44 (0.26-0.73) .002 0.46 (0.27-0.79) .005
Heart failure or LVSD 29 (12.3) 17 (6.5) 0.46 (0.24-0.90) .03 0.48 (0.24-0.97) .04
Asymptomatic LVSD 17 (7.2) 12 (4.6) 0.52 (0.24-1.14) 11 0.51 (0.24-1.06) .07
Asymptomatic LVDD 15 (6.4) 8 (3.0) 0.48 (0.21-1.07) .08 0.58 (0.26-1.30) .19
Asymptomatic LVD 32 (13.6) 20 (7.6) 0.47 (0.27-0.83) .01 0.50 (0.28-0.90) .02
Arrhythmia 23(9.8) 18 (6.8) 0.69 (0.36-1.31) .26 0.71 (0.37-1.36) .30
Heart failure 12 (5.1) 5(1.9) 0.43 (0.15-1.19) 11 0.47 (0.16-1.33) .15
Myocardial infarction 6 (2.6) 2 (0.8) 0.31 (0.06-1.65) 17 0.29 (0.05-1.53) .15
Pulmonary embolism/deep vein
thrombosis 5(2.1) 2 (0.8) 0.30 (0.06-1.50) .14 0.30 (0.05-1.62) .16
Stroke/transient ischemic attack 14 (6) 9(3.4) 0.57 (0.25-1.31) .19 0.67 (0.28-1.57) .36
Major adverse cardiovascular events® 45 (19.1) 35(13.3) 0.65 (0.40-1.05) .08 0.68 (0.41-1.11] 13

Abbreviations: BNP, brain-type natriuretic peptide; LVD, left ventricular
dysfunction; LVDD, left ventricular diastolic dysfunction; LVSD, left ventricular
systolic dysfunction; OR, odds ratio.

@ Major adverse cardiovascular events included arrhythmia, heart failure,
myocardial infarction, pulmonary embolism/deep vein thrombosis, stroke, and
transient ischemic attack.

12.5 vs 23.5 pg/mL; P = .24). In the subgroup with BNP levels
less than 50 pg/mL, there was no change in BNP levels in either
group or between groups over the follow-up period; absolute
mean changes were 0.4 pg/mL in the control group compared
with 0.5 pg/mLin the intervention group, respectively (P = .90).
The details of cardiovascular risk factor control at baseline and
follow-up are presented in eTable 1 in the Supplement.

|
Discussion

STOP-HF is the first prospective, randomized study, to our
knowledge, to demonstrate a reduction in newly diagnosed HF,
asymptomatic left ventricular dysfunction, and emergency car-
diovascular hospitalizations using BNP-guided collaborative
care in a broad community cohort. It confirms BNP as a risk
identifier for HF and cardiovascular events and provides unique
data on the potential benefit of using levels of this peptide as
a guide for care. The positive clinical effect of this interven-
tion was associated with improved risk factor control, in-
creased use of agents that modulate the RAAS targeted at those
with elevated BNP levels, and increased use of some cardio-
vascular diagnostics. These data suggest that a targeted strat-
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egy for HF prevention using BNP and collaborative care in a
community population may be effective and that benefits ex-
tend beyond prevention of HF to an overall reduction in emer-
gency cardiovascular admissions.

We observed a divergence in patient prevalence and inci-
dent rate analyses of the secondary end point of major ad-
verse cardiovascular events. While unadjusted patient preva-
lence analysis showed significant reductions in the intervention
vs control groups, a covariate-adjusted analysis of the second-
ary end point of patient prevalence of major adverse cardio-
vascular events showed no difference. However, all the inci-
dent rate analyses of major adverse cardiovascular events
demonstrated significant results (all P<.001).

The need for an effective prevention approach to HF is un-
derlined by epidemiological trends," with HF prevalence ex-
pected toincrease by 30% in the United States by 2030.! Present
strategies have focused on at-risk cohorts, especially those in
middle age with established risk factors. However, the re-
sults of NHANES* and EUROASPIRE III® continue to show dis-
appointing risk factor control, and on current trends, the 2020
American College of Cardiology Foundation/American Heart
Association goals of ideal cardiovascular health in the US popu-
lation are not achievable.®
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Figure 2. Kaplan-Meier Analysis of Major Adverse Cardiovascular Events in the Full Study Sample and in Participants With BNP =50 pg/mL
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BNP indicates brain-type natriuretic peptide. Major adverse cardiovascular
events included arrhythmia, transient ischemic attack, stroke, myocardial
infarction, peripheral or pulmonary thrombosis/embolus, or heart failure. In the
full sample, 51(7.3%) of 697 patients were admitted for major adverse

cardiovascular events in the intervention group and 71 (10.5%) of 677 were
admitted in the control group. In participants with BNP =50 pg/mL, 35 (13.3%)
of 263 were admitted for major adverse cardiovascular events in the
intervention group and 45 (19.1%) of 235 were admitted in the control group.

Table 3. Event Rate Analysis

Events per 1000

No. of Events No. of Person-Years Person-Years UnMauletLi';r: C ?Ildljlrtslﬁg
Inter- Inter- Imputation, IRR P Imputation, IRR P

Events Control vention Control  Intervention  Control vention (95% CI) Value (95% Cl) Value
All patients

Arrhythmia 45 29 2898.26 2917.16 15.5 9.9 0.69 (0.43-1.12) 13 0.74 (0.45-1.21) .19

Heart failure 18 8 2898.26 2917.16 6.2 2.7 0.47 (0.20-1.09) .09 0.52 (0.22-1.23) .13

Myocardial

infarction 11 8 2898.26 2917.16 3.8 2.7 0.73(0.31-1.75) .31 0.73(0.30-1.75) .31

Pulmonary

embolism/deep vein

thrombosis 11 4 2898.26 2917.16 3.8 1.4 0.50 (0.18-1.39) .17 0.48 (0.17-1.36) .15

Stroke/transient

ischemic attack 32 16 2898.26 2917.16 11 5.5 0.53(0.29-0.96) .05 0.58 (0.32-1.06) .09

Major adverse

cardiovascular

events® 117 65 2898.26 2917.16 40.4 223 0.60 (0.45-0.81) .002  0.64 (0.48-0.86) .006
Participants with BNP
250 pg/mL

Arrhythmia 38 25 1051.17 1150.29 36.2 21.7 0.63 (0.38-1.06) .09 0.62 (0.37-1.04) .08

Heart failure 16 5 1051.17 1150.29 15.2 4.3 0.35(0.13-0.98) .06 0.38 (0.14-1.05) .07

Myocardial infarction 6 2 1051.17 1150.29 5.7 1.7 0.32 (0.06-1.68) .16 0.29 (0.06-1.48) 13

Pulmonary embolism/

deep vein

thrombosis 5 2 1051.17 1150.29 4.8 1.7 0.31(0.06-1.55) .14 0.34 (0.06-1.83) .18

Stroke/transient is-

chemic attack 17 12 1051.17 1150.29 16.2 10.4 0.64 (0.31-1.34) 2 0.78 (0.37-1.63) .32

Major adverse cardio-

vascular events® 82 46 1051.17 1150.29 78 40 0.54 (0.37-0.77) .002  0.56 (0.39-0.81) .004

Abbreviations: BNP, brain-type natriuretic peptide; IRR, incidence rate ratio.
@ Major adverse cardiovascular events included arrhythmia, heart failure,

myocardial infarction, pulmonary embolism/deep vein thrombosis, stroke, and
transient ischemic attack.

A separate HF prevention evidence base comes from spe-
cific pharmacological interventions directed mainly at hyper-
tension, hyperlipidemia, and proven vascular disease in se-
lected clinical trial populations.?#'3*'> However, the translation
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of these results into routine community populations is
challenging.® Also, the same intervention is applied across a
population regardless of individual risk assessment or change
in risk profile over time. This results in effort being equally di-
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rected at lower- and higher-risk cohorts with resultant re-
source implications.'”*?

Several data sets indicate that BNP may be effective in re-
fining risk prediction for HF and cardiovascular disease and
thatit adds predictive power to conventional risk factors.® Con-
ventional risk indicators reflect potential for cardiovascular in-
sult and later development of HF, whereas BNP responds to
established cardiovascular damage. In addition to standard sig-
nals for BNP release,?°?2 other work has demonstrated that this
peptide responds to fibroinflammation,* a fundamental patho-
physiological signal present from the outset of many cardio-
vascular diseases.

The independent association of baseline BNP level with
outcome in this study suggests the potential value of this pep-
tide in risk stratification of American College of Cardiology
Foundation/American Heart Association stage A/B HF. The in-
tervention strategy of referral for specialist cardiovascular re-
view if BNP was 50 pg/mL or higher was based on an initial ob-
servation from our unit demonstrating a 3-fold increase in
events in those with BNP levels of 50 pg/mL or higher,*# a find-
ing supported by other data sets. However, in the present and
other studies,® evidence exists of increased risk at BNP levels
below 50 pg/mL, and further work is required to clarify the most
clinically effective and cost-effective cutoff. Nonetheless, in
STOP-HF, the benefit of the intervention was more marked in
the population with any BNP measurements of 50 pg/mL or
higher, and the number needed to treat for this intervention
to prevent 1 major adverse cardiovascular event requiring hos-
pitalization over 1 year was 48, comparing favorably with other
prevention strategies in cardiovascular disease.>™

In the setting of improved risk stratification and collab-
orative care as a result of rapid, near-patient BNP testing, the
mechanisms explaining the benefits observed in the interven-
tion group are likely multifactorial. They include facilitating
targeted therapy changes, in particular increased used of an-
giotensin receptor blockers and increased use of diagnostic
tests. Although blood pressure reduction in both groups was
similar, the targeted use of RAAS-modifying therapy may have
contributed to the reduction in end points through mecha-
nisms other than blood pressure reduction.?> Patient adher-
ence to therapy and lifestyle advice may have been encour-
aged by communicating risk status to patients. Overall, the
multiple and varied mechanisms of the intervention sug-
gests the importance of the disease management approach to
this population.

Future modifications of this strategy may bring further
clinical benefits. For example, applying this strategy only to
patients older than 60 years may be more effective. Alterna-
tively, further evaluation of BNP level to trigger intervention
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screening and collaborative care reduced the combined rates
of left ventricular systolic dysfunction, diastolic dysfunc-
tion, and HF as well as emergency hospitalizations for major
adverse cardiovascular events.
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