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A B S T R A C T

Background

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality globally. Early intervention for those with high cardiovascular
risk is crucial in improving patient outcomes. Traditional prevention strategies for CVD have focused on conventional risk factors,
such as overweight, dyslipidaemia, diabetes, and hypertension, which may reflect the potential for cardiovascular insult. Natriuretic
peptides (NPs), including B-type natriuretic peptide (BNP) and N-terminal pro B-type natriuretic peptide (NT-proBNP), are well-established
biomarkers for the detection and diagnostic evaluation of heart failure. They are of interest for CVD prevention because they are secreted
by the heart as a protective response to cardiovascular stress, strain, and damage. Therefore, measuring NP levels in patients without heart
failure may be valuable for risk stratification, to identify those at highest risk of CVD who would benefit most from intensive risk reduction
measures.

Objectives

To assess the eGects of natriuretic peptide (NP)-guided treatment for people with cardiovascular risk factors and without heart failure.

Search methods

Searches of the following bibliographic databases were conducted up to 9 July 2019: CENTRAL, MEDLINE, Embase, and Web of Science.
Three clinical trial registries were also searched in July 2019.

Selection criteria

We included randomised controlled trials enrolling adults with one or more cardiovascular risk factors and without heart failure, which
compared NP-based screening and subsequent NP-guided treatment versus standard care in all settings (i.e. community, hospital).

Data collection and analysis

Two review authors independently screened titles and abstracts and selected studies for inclusion, extracted data, and evaluated risk
of bias. Risk ratios (RRs) were calculated for dichotomous data, and mean diGerences (MDs) with 95% confidence intervals (CIs) were
calculated for continuous data. We contacted trial authors to obtain missing data and to verify crucial study characteristics. Using the
Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach, two review authors independently assessed
the quality of the evidence and GRADE profiler (GRADEPRO) was used to import data from Review Manager to create a 'Summary of findings'
table.
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Main results

We included two randomised controlled trials (three reports) with 1674 participants, with mean age between 64.1 and 67.8 years. Follow-
up ranged from 2 years to mean 4.3 years.

For primary outcome measures, eGect estimates from a single study showed uncertainty for the eGect of NP-guided treatment on
cardiovascular mortality in patients with cardiovascular risk factors and without heart failure (RR 0.33, 95% CI 0.04 to 3.17; 1 study; 300
participants; low-quality evidence). Pooled analysis demonstrated that in comparison to standard care, NP-guided treatment probably
reduces the risk of cardiovascular hospitalisation (RR 0.52, 95% CI 0.40 to 0.68; 2 studies; 1674 participants; moderate-quality evidence).
This corresponds to a risk of 163 per 1000 in the control group and 85 (95% CI 65 to 111) per 1000 in the NP-guided treatment group.

When secondary outcome measures were evaluated, evidence from a pooled analysis showed uncertainty for the eGect of NP-guided
treatment on all-cause mortality (RR 0.90, 95% CI 0.60 to 1.35; 2 studies; 1354 participants; low-quality evidence). Pooled analysis indicates
that NP-guided treatment probably reduces the risk of all-cause hospitalisation (RR 0.83, 95% CI 0.75 to 0.92; 2 studies; 1354 participants;
moderate-quality evidence). This corresponds to a risk of 601 per 1000 in the control group and 499 (95% CI 457 to 553) per 1000 in the
NP-guided treatment group. The eGect estimate from a single study indicates that NP-guided treatment reduced the risk of ventricular
dysfunction (RR 0.61, 95% CI 0.41 to 0.91; 1374 participants; high-quality evidence). The risk in this study's control group was 87 per 1000,
compared with 53 (95% CI 36 to 79) per 1000 with NP-guided treatment. Results from the same study show that NP-guided treatment
does not aGect change in NP level at the end of follow-up, relative to standard care (MD -4.06 pg/mL, 95% CI -15.07 to 6.95; 1 study; 1374
participants; moderate-quality evidence).

Authors' conclusions

This review shows that NP-guided treatment is likely to reduce ventricular dysfunction and cardiovascular and all-cause hospitalisation
for patients who have cardiovascular risk factors and who do not have heart failure. EGects on mortality and natriuretic peptide levels
are less certain. Neither of the included studies were powered to evaluate mortality. Available evidence shows uncertainty regarding the
eGects of NP-guided treatment on both cardiovascular mortality and all-cause mortality; very low event numbers resulted in a high degree
of imprecision in these eGect estimates. Evidence also shows that NP-guided treatment may not aGect NP level at the end of follow-up.

As both trials included in our review were pragmatic studies, non-blinding of patients and practices may have biased results towards
a finding of equivalence. Further studies with more adequately powered sample sizes and longer duration of follow-up are required to
evaluate the eGect of NP-guided treatment on mortality. As two trials are ongoing, one of which is a large multi-centre trial, it is hoped that
future iterations of this review will benefit from larger sample sizes across a wider geographical area.

P L A I N   L A N G U A G E   S U M M A R Y

Natriuretic peptide-guided treatment for preventing death and cardiovascular events among patients with risk factors for heart
disease

Review question

We wanted to see if natriuretic peptide (NP)-guided treatment is better than usual care for preventing death and cardiovascular events
among patients with risk factors for heart disease but without heart failure.

Background

Cardiovascular diseases (CVDs) are a group of conditions that aGect the heart and blood vessels. They are the leading causes of avoidable
death worldwide. Risk factors that increase a person's likelihood of developing CVD include diabetes, high blood pressure, high cholesterol,
and obesity. Natriuretic peptides (NPs) are hormones produced by the heart that are measured in the blood. They help the body to
eliminate fluids, relax the blood vessels, and funnel sodium into the urine. When the heart is damaged, the body releases more NPs to try
to ease strain on the heart. By measuring a person's blood NP levels, we can identify those who have established damage to their heart
and who are at higher risk of death and cardiovascular events such as heart attack and stroke. We can then use this information to reduce
a person's cardiovascular risk by guiding decisions about their cardiovascular care (NP-guided treatment), such as what medication they
should take, what investigations they need, and what adjustments they should make to their lifestyle.

Study characteristics

Evidence in this review is current to July 2019. We included two randomised controlled trials (where participants have an equal chance
of being assigned to either treatment) including 1674 adult participants who had one or more risk factors for developing CVD, which
compared NP-guided treatment with standard care. We excluded patients with symptoms of heart failure. The mean age of participants
varied between 64.1 and 67.8 years. Patients were followed-up for between 2 years and a mean of 4.2 years.

Key results

Natriuretic peptide-guided treatment for the prevention of cardiovascular events in patients without heart failure (Review)
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EGects of NP-guided treatment on death due to CVD or for any other reason remain uncertain as our results were imprecise. Moderate-
quality evidence suggests that NP-guided treatment probably reduces the number of hospitalisations due to cardiovascular events and
due to all causes in patients with cardiovascular risk factors. We would expect that of 1000 patients who received standard care, 163
would be admitted to hospital as the result of a cardiovascular event, compared to between 65 and 111 patients who received NP-guided
treatment. Out of 1000 patients with cardiovascular risk factors who received standard care, 601 would be admitted to hospital for any
reason, compared to between 457 and 553 patients who received NP-guided treatment.

High-quality evidence indicates that NP-guided treatment reduces the risk of ventricular dysfunction (a condition that oMen leads to heart
failure) compared to standard care. Our results suggest that of 1000 patients with cardiovascular risk factors who received standard care, 87
would develop ventricular dysfunction, compared to between 36 and 79 patients who received NP-guided treatment. No evidence suggests
that NP-guided treatment aGected NP level at completion of the studies.

Quality of the evidence

The quality of evidence ranged from low to high across outcomes. Key reasons for concern about the quality of the evidence included risk
of bias, as patients and medical staG caring for patients knew whether they were in the control or intervention group and this may have
aGected the care they received; some results obtained were imprecise, and it is unclear if the intervention was beneficial or harmful. As we
identified only two studies that were suitable for inclusion in this review, the generalisability of the review is limited.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Natriuretic peptide-guided treatment compared to standard care for the prevention of
cardiovascular events in patients without heart failure

Natriuretic peptide-guided treatment compared to standard care for the prevention of cardiovascular events in patients without heart failure

Patient or population: patients without heart failure
Setting: any
Intervention: natriuretic peptide-guided treatment
Comparison: standard care

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with stan-
dard care

Risk with na-
triuretic pep-
tide-guided
treatment

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationCardiovascular mortality

Follow-up: 2 years 20 per 1000 7 per 1000
(1 to 63)

RR 0.33
(0.04 to 3.17)

300
(1 RCT)

⊕⊕⊝⊝

LOWa

Cardiovascular deaths not available, so car-
diac deaths used

Study populationCardiovascular hospitali-
sation (as defined by trial-
ists)

Follow-up range:

2 years to mean 4.2 years

163 per 1000 85 per 1000
(65 to 111)

RR 0.52
(0.40 to 0.68)

1674
(2 RCTs)

⊕⊕⊕⊝

MODERATEb

 

Study populationAll-cause mortality
Follow-up: range 2 years
to mean 4.3 years 60 per 1000 54 per 1000

(36 to 81)

RR 0.90
(0.60 to 1.35)

1354
(2 RCTs)

⊕⊕⊝⊝

LOWc,d

 

Study populationAll-cause hospitalisation
(all occurrences)
Follow-up: range 2 years
to mean 4.3 years

601 per 1000 499 per 1000
(457 to 553)

RR 0.83
(0.75 to 0.92)

1354
(2 RCTs)

⊕⊕⊕⊝

MODERATEb

 

Ventricular dysfunction
(as defined by trialists)

Study population RR 0.61
(0.41 to 0.91)

1374
(1 RCT)

⊕⊕⊕⊕ Ventricular dysfunction was defined by trial-
ists as leM ventricular dysfunction and heart
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Assessed with Doppler
echocardiography
Follow-up: mean 4.2 years

87 per 1000 53 per 1000
(36 to 79)

HIGHe failure. LeM ventricular dysfunction (LVD) in-
cluded all patients with asymptomatic leM
ventricular systolic dysfunction (LVSD) and/
or asymptomatic leM ventricular diastolic
dysfunction (LVDD). Heart failure included
all patients with LVD (LVSD and/or LVDD)
and with symptoms of heart failure requir-
ing emergency admission to hospital

Change in NP level at the
end of follow-up
Follow-up: mean 4.2 years

Mean change
in NP level at
the end of fol-
low-up was 9.52
pg/mL

MD 4.06 pg/mL
higher
(15.07 lower to
6.95 higher)

- 1374
(1 RCT)

⊕⊕⊕⊝

MODERATEf

These data come from Ledwidge 2013; NP
level was reported as BNP. Huelsmann 2013
also reported change in NT-proBNP after
1 year of treatment. However, these data
were presented as median and interquar-
tile range; therefore we could not calculate
mean difference

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aImprecision: very wide 95% confidence interval, which includes the line of null eGect and is consistent with the possibility of both important benefits and harms. The sample
size is small. Downgraded by two levels.
bRisk of bias: both studies did not blind patients or personnel. Downgraded by one level.
cImprecision: wide 95% confidence interval, which includes the line of null eGect and is consistent with the possibility of important benefits and harms. Downgraded by one level.
dRisk of bias: downgraded by one level due to attrition bias as one study excluded from analysis patients who were lost to follow-up and those who withdrew, who did not have
at least one year of detailed follow-up cost data.
eRisk of bias: echocardiographer and cardiologist reviewing end of study echo were blinded and diagnosis of ventricular dysfunction was based on clearly defined
echocardiographic measures, which removed subjectivity in outcome assessment. Not downgraded.
fImprecision: wide CIs that cross the line of no eGect (zero) and include the possibility of the intervention causing both benefit and harm. Downgraded by one level.
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B A C K G R O U N D

Description of the condition

Cardiovascular disease (CVD) refers to a wide group of conditions
that aGect the heart and blood vessels (WHO 2013); it is the
leading cause of mortality and morbidity globally and remains the
foremost cause of preventable death (Santulli 2013; WHO 2016). An
estimated 17.5 million people died from CVD in 2012, representing
31% of all global deaths (WHO 2016). In Europe, close to half of all
deaths are caused by CVD (Nichols 2014), and the estimated cost to
the EU economy is EUR 169 billion annually (HERC 2012).

The prevalence of CVD is set to increase further as a result of the
epidemic of obesity, diabetes, hypertension, and dyslipidaemia
(disturbance in lipid metabolism leading to changes in plasma
lipoprotein function and/or levels) (Go 2014; Piepoli 2016; Santulli
2013). One-quarter of adults aged 50 years have at least one risk
factor for the development of CVD (Lloyd-Jones 2006). According
to the American Heart Association, nearly 35% of adults in the
USA have obesity (body mass index (BMI) ≥ 30 kg/m2), almost 40%
have dyslipidaemia, 33% have hypertension, 8.3% have diabetes,
and 38% have abnormal fasting glucose or prediabetes (Go 2014).
Among people free of CVD at 50 years of age, more than half of men
and nearly 40% of women will develop CVD during their remaining
life span (Lloyd-Jones 2006). Diabetes confers the highest lifetime
risk for CVD of any single risk factor (Lloyd-Jones 2006), with
hypertension, dyslipidaemia, and obesity also identified as factors
indicating increased risk (Go 2014; Lloyd-Jones 2006; Piepoli 2016;
Santulli 2013).

CVD is a life course disease, commencing with risk factors (e.g.
hypertension, dyslipidaemia) that over time may contribute to
the development of subclinical disease (Berenson 1998). Without
proper management of risk factors, subclinical CVD more rapidly
transitions to overt CVD, meaning that early identification of high-
risk patients is crucial for improving patient prognosis (Kuller 1995;
WHO 2016).

Traditional risk factor interventions for the prevention of CVD
and cardiovascular events have brought about reductions in
cardiovascular morbidity and mortality in at-risk populations
(Ebrahim 2011; Nadir 2012). Despite these eGorts, a residual risk
for the development of CVD remains that is not preventable by
targeting traditional risk factors (Olsen 2007; Wang 2006). One
study estimated that even among patients with optimal risk factor
control, 43% of coronary events would still occur (Chiuve 2006).
In patients with diabetes, current approaches to cardiovascular
risk factor management do not appear to attenuate the future
risk of heart failure (Rawshani 2018). Therefore, there is a clear
gap between primary and secondary prevention of CVD that is not
adequately addressed by the traditional risk factor approach.

Description of the intervention

The intervention in our review is the application of circulating brain
natriuretic peptide (BNP) and N-terminal pro B-type natriuretic
peptide (NT-proBNP) levels to risk-stratify patients with established
CVD, but without heart failure, for more intensive cardiovascular
management.

Biomarkers such as troponin 1, C-reactive protein, and the
natriuretic peptides (NPs) (BNP and NT-proBNP) have emerged as
potentially important adjuncts to traditional cardiovascular risk

assessment (Zethelius 2008). BNP and NT-proBNP have proven
utility for the diagnosis and prognostication of patients with heart
failure (Clerico 2004; Eurlings 2010; Groenning 2004; Januzzi 2011;
Ponikowski 2016), and a recent Cochrane Review found that BNP-
guided treatment for patients with heart failure may reduce the
number of heart failure-related hospitalisations (McLellan 2016).
These NPs have also demonstrated high independent strength
in predicting CV events and mortality in patients without heart
failure and in detecting leM ventricular dysfunction (LVD) in
both asymptomatic and symptomatic patients (Christenson 2010;
McDonagh 1998; Tarnow 2006; Tonkin 2015; Wang 2004; Welsh
2012).

McDonagh and colleagues first proposed measurement of NP as
a screening method for identification of leM ventricular systolic
dysfunction (LVSD) in the general population (McDonagh 1998). In
their study, they demonstrated that almost half of those diagnosed
with LVSD on echocardiography were asymptomatic, and that
NP levels were elevated in both asymptomatic and symptomatic
patients. Normal BNP levels in this population were estimated to
be < 18 pg/mL, and other studies have shown that higher NP levels
are associated with increased risk of CV events, mortality, and LVSD
(Kara 2014; McDonagh 1998; Wang 2004). Numerous subsequent
studies have reiterated the eGectiveness of NP screening for
detecting ventricular dysfunction (Betti 2009; McGrady 2013; Ng
2005).

NP screening provides a feasible strategy by which heart failure
may be detected much earlier in its natural history, before
development of more advanced, symptomatic disease (McDonagh
2002). However, widespread population screening is resource-
intensive and is unlikely to be cost-eGective. Several studies have
demonstrated the cost-eGectiveness of NP screening for LVD in
high-risk subgroups, such as those with hypertension, ischaemic
heart disease, or diabetes (Heidenreich 2004; Ledwidge 2015;
Nielsen 2003).

Ledwidge and colleagues were the first to integrate community
NP screening for risk stratification of patients with intensive
diagnostic and therapeutic strategies (Ledwidge 2013). In this
study, patients with elevated BNP received multi-dimensional,
collaborative care between the primary care physician and the
cardiologist. This collaborative care approach reduced rates of
LVD and heart failure, as well as emergency hospitalisations for
major adverse cardiovascular events (MACE). In a subsequent
study of patients with diabetes, Huelsmann and coworkers
used elevated NT-proBNP to select patients for usual care, or
an intervention involving cardiologist-led up-titration of renin-
angiotensin-aldosterone system (RAAS)-modifying therapies and
beta-blockers to maximum doses (Huelsmann 2013). Although
there is heterogeneity in the populations studied, the interventions
applied, and the NP test thresholds used, NP-guided treatment for
prevention of heart failure has been incorporated into guidelines,
including the 2017 American Heart Association/American College
of Cardiology guidelines on Heart Failure (Yancy 2017), and the
2017 Canadian Cardiovascular Society Heart Failure Management
Guidelines (Ezekowitz 2017).

This review sought to determine whether NP-guided treatment
for people with cardiovascular risk factors and without heart
failure will improve morbidity and mortality versus standard care
(defined as local guideline-based care, including modification of

Natriuretic peptide-guided treatment for the prevention of cardiovascular events in patients without heart failure (Review)
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pharmacological, educational, and lifestyle interventions, without
accounting for the NP level).

How the intervention might work

Modulation of traditional risk factors (e.g. hypertension,
dyslipidaemia) has improved cardiovascular outcomes in at-risk
individuals, but residual risk remains (Ebrahim 2011; Krogsbøll
2012).

BNP and the biologically inactive NT-proBNP are members of the
NP family that are released by cardiomyocytes in response to
various stimuli, including myocyte stretch due to volume expansion
and pressure overload, ischaemia (reduced coronary blood supply
to the heart), fibrosis, and inflammation (Maeda 1998; Phelan 2012;
Sabatine 2004; Yoshimura 1993). As NPs indicate a physiological
response to established cardiovascular stress, strain, or damage,
they add predictive power to conventional risk factors, which
largely reflect the potential for cardiovascular insult (McGrady 2013;
Onodera 2012; Tarnow 2006; Wang 2004).

Increases in plasma BNP/NT-proBNP concentration have diagnostic
and prognostic implications for selected populations, as
demonstrated initially in heart failure, and subsequently in early-
stage and asymptomatic disease (Eurlings 2010; Gardner 2003;
Kearley 2011). In some studies, NPs have shown superiority over
traditional CVD risk factors, such as hypercholesterolaemia and
hypertension, for identifying those at risk of heart failure (Clerico
2007), acute coronary syndrome (Glaser 2011; Scirica 2011), and
coronary heart disease (Mishra 2014). Thus, measurement of
NP levels to identify those at greatest risk of cardiovascular
events, followed by targeted intensive risk reduction (including
pharmacotherapy, diagnostic and investigation strategies, and
lifestyle and educational interventions), may reduce the
occurrence of mortality and morbidity, including MACE, in this
population. Although it is the most commonly used endpoint for
cardiovascular research, there is no standard definition for MACE,
and individual outcomes used to make this composite endpoint
vary by study (Kip 2008).

Why it is important to do this review

NP-guided treatment for optimisation of heart failure management
is well established (Ponikowski 2016; Yancy 2013), and this is the
topic of another Cochrane Review (McLellan 2016). Evidence for the
use of NPs to identify and deliver a targeted intervention to an at-
risk population is emerging, but this approach to CVD and heart
failure prevention is not yet part of routine clinical care.

The 2017 Canadian Cardiovascular Society Heart Failure
Management Guidelines suggest that in individuals at risk for
development of heart failure (HF), "BNP > 50 pg/mL or NT-proBNP
> 125 pg/mL should prompt a request for specialist consultation
and imaging, and/or initiation or intensification of neurohormonal
blocking agents and lifestyle interventions" (Ezekowitz 2017). The
2017 American Guidelines for the Management of Heart Failure
issued a 'moderate' recommendation that "for patients at risk of
developing heart failure, NP-based screening followed by team-
based care can be useful to prevent the development of leM
ventricular dysfunction (systolic or diastolic) or new-onset heart
failure" (Yancy 2017).

Due to the scarcity of scientific evidence and limited clinical
experience in this area, it is diGicult for guidelines to provide

physicians with a clear consensus or specific recommendations
on NP screening. In this review, we would like to collate and,
through meta-analysis, strengthen the existing body of evidence
for this approach to CVD prevention, thereby allowing clearer
recommendations to be made.

O B J E C T I V E S

To assess the eGects of natriuretic peptide (NP)-guided treatment
for people with cardiovascular risk factors and without heart
failure.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included all randomised controlled trials (RCTs).

Types of participants

We included adults (≥ 18 years of age) with risk factors for
development of CVD. We considered the following risk factors.

• Hypertension.

• Dyslipidaemia.

• Obesity (BMI ≥ 30 kg/m2).

• Metabolic syndrome.

• Vascular disease.

• Diabetes mellitus.

• Atrial fibrillation.

• Valvular heart disease.

• Elevated levels of NP, defined as BNP > 35 pg/mL, or NT-proBNP
> 125 pg/mL, or both (as considered by the European Society of
Cardiology to be the upper limit of normal in the non-acute heart
failure setting (Ponikowski 2016)). We included NP measured by
any assay.

We did not consider lifestyle risk factors, such as sedentary lifestyle,
diet, smoking, and alcohol intake. We included all healthcare
settings (i.e. hospital, community). We excluded people with
symptomatic heart failure at baseline, diagnosed by an established
reference standard such as echocardiography, cardiac magnetic
resonance imaging, or specialist opinion based on reference criteria
(e.g. Framingham) (McKee 1971), or a combination of these. At
baseline, we excluded people who were being investigated for a
possible diagnosis of symptomatic heart failure and people with
any evidence of asymptomatic leM ventricular systolic dysfunction
(leM ventricular ejection fraction < 50%) at baseline. We contacted
study authors to obtain data on subgroups outlined in our protocol;
however we did not receive additional data from these authors.

Types of interventions

We included RCTs comparing NP-based screening (to identify
patients at increased risk of developing a cardiovascular event)
and subsequent NP-guided treatment versus standard care. NP-
guided treatment includes modification and optimisation of
pharmacological therapy (as defined by trialists), diagnostic and
investigation strategies, and educational and lifestyle interventions
based on NP levels, that is, supplementary to care provided
in the control group. We included studies that involved any
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element of NP-guided treatment. We defined standard care as local
guideline-based care, including modification of pharmacological,
educational, and lifestyle interventions, without accounting for the
participant's NP level.

Types of outcome measures

Primary outcomes

• Cardiovascular mortality (as defined by trialists)

• Cardiovascular hospitalisation (as defined by trialists)

Secondary outcomes

• All-cause mortality

• All-cause hospitalisation (all occurrences)

• Ventricular dysfunction (as defined by trialists)

• Change in NP level at completion of follow-up

We used the definitions employed by investigators of the study
under consideration.

Search methods for identification of studies

Electronic searches

The Information Specialist from the Cochrane Heart Group
conducted systematic searches of the following databases for
RCTs without language, publication year, or publication status
restrictions (all searches conducted 9 July 2019; search strategies
provided in Appendix 1).

• Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
Issue 7), in the Cochrane Library.

• Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
MEDLINE Daily, and MEDLINE (Ovid, 1946 to 8 July 2019).

• Embase (Ovid, 1980 to 2019 week 27).

• Conference Proceedings Citation Index - Science (CPCI-S) Web of
Science (Thomson Reuters, 1990 to 9 July 2019).

The Information Specialist applied the Cochrane sensitivity-
maximising RCT filter to MEDLINE (Ovid) and adaptations of it to
Embase and Web of Science (Lefebvre 2011).

We also conducted searches of ClinicalTrials.gov
(www.ClinicalTrials.gov) (9 July 2019), the World Health
Organization (WHO) International Clinical Trials Registry Platform
(ICTRP) Search Portal (apps.who.int/trialsearch) (9 July 2019), and
the EU Clinical Trials Register (www.clinicaltrialsregister.eu) (14
July 2019) for ongoing or unpublished trials.

Searching other resources

We checked reference lists of all primary studies and reviewed
articles for additional references. We checked for retraction
statements and errata among included studies but found none.

Data collection and analysis

Selection of studies

Two review authors (FR, CS) independently screened titles and
abstracts of articles obtained in the search results and coded
them as ‘retrieve' (eligible or potentially eligible/unclear) or ‘do
not retrieve'. We retrieved the full-text study reports. Two review
authors (FR, CS) independently screened the full-text articles for
all potentially relevant studies, identified studies for final inclusion,
and identified and recorded reasons for exclusion of ineligible
studies. We resolved disagreements through discussion and, when
required, we consulted a third review author (CR). When necessary,
we contacted trial authors to clarify a study's eligibility. We
identified and excluded duplicates and collated multiple reports
of the same study so that each study rather than each report was
the unit of interest in the review. We recorded the selection process
in suGicient detail to complete a PRISMA flow diagram (Figure 1),
along with a Characteristics of excluded studies table.
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Figure 1.   PRISMA flow diagram.
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Figure 1.   (Continued)

 
Data extraction and management

Two review authors (CS, RBP) independently performed data
extraction using a data collection form based on the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2017).
The form had been piloted by one study in the review (Ledwidge
2013). One review author (CS) extracted the following study
characteristics from included studies.

• Methods: study design, total duration of study, details of any run-
in period, number of study centres and locations, study setting,
and date of study.

• Participants: number of participants randomised, number
of participants completing the study period, and number
of participant withdrawals; mean age, age range, gender,
severity of condition (as defined by trialists), diagnostic criteria,
inclusion criteria, and exclusion criteria.

• Interventions: intervention, comparison, concomitant
medications, and excluded medications.

• Outcomes: primary and secondary outcomes specified and
collected and time points reported.

• Notes: funding for trial and notable conflicts of interest of trial
authors.

Two review authors (CS, RBP) independently extracted outcome
data from included studies. We resolved disagreements by reaching
consensus or by involving a third review author (CR). One review
author (CS) transferred data into the Review Manager 5 (RevMan 5)
file (Review Manager 2014), and another review author (FR) double-
checked the data for accuracy. We double-checked that data were
entered correctly by comparing data presented in the systematic
review against the study reports. A second review author (FR) spot-
checked trial characteristics for accuracy against the trial report.

Assessment of risk of bias in included studies

Two review authors (CS, RBP) independently assessed risk of
bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions, and provided a
summary judgement for each study (Higgins 2017). We resolved
disagreements by discussion or by consultation with another
review author (CR). We assessed risk of bias according to the
following domains.

• Random sequence generation.

• Allocation concealment.

• Blinding of participants and personnel.

• Blinding of outcome assessment.

• Incomplete outcome data.

• Selective outcome reporting.

• Other bias.

We judged each potential source of bias as high, low, or unclear, and
provided a quote from the study report together with a justification
for our judgement in the ‘Risk of bias' table. We summarised ‘Risk
of bias' judgements across diGerent studies for each of the domains
listed. When we obtained information on risk of bias related to
unpublished data or correspondence with a trialist, we noted this
in the ‘Risk of bias' table. When considering treatment eGects, we
took into account the risk of bias for studies that contributed to
that outcome. We had planned to undertake sensitivity analysis
by excluding studies that were at high or unclear risk of bias
for random sequence generation, allocation concealment, and
incomplete data. However, due to the small number of included
studies, this was not possible.
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Assessment of bias in conducting the review

We conducted the review according to the published protocol and
reported any deviations from it in the DiGerences between protocol
and review section of the review.

Measures of treatment e:ect

For dichotomous data, we used the numbers of events in
intervention and control groups for each trial to calculate the
Mantel-Haenszel risk ratio (RR) with 95% confidence intervals (CIs).

For continuous outcomes, we converted data into mean diGerences
(MDs) and presented them with 95% CIs, as per the guidelines
provided in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2017).

We intended to use standardised mean diGerences (SMDs) to
combine data when trials used diGerent scales to measure the same
variable. However, we found no such data in our included trials and
we did not use SMDs.

Where applicable we described skewed data reported as medians
and interquartile ranges (without variance data) narratively within
the results text.

Unit of analysis issues

The review presents no issues related to the unit of analysis,
as we have included only individually randomised trials with
one comparator and one control arm each, and outcomes were
measured at single time points only. If in future updates of this
review we encounter trials with multiple intervention arms, or
trials that report outcomes at diGerent time points, we will follow
methodological guidance provided by Deeks 2017.

Dealing with missing data

When data were missing, we contacted authors/investigators
to verify critical study characteristics and to request further
information.

Assessment of heterogeneity

We assessed statistical heterogeneity visually and by using the
I2 statistic. We conducted a fixed-eGect meta-analysis when
no heterogeneity was present. When we identified substantial
heterogeneity (I2 > 50%), we planned to employ a random-eGects
model and to explore possible causes by conducting prespecified
subgroup analyses (Ryan 2016; detailed in Subgroup analysis
and investigation of heterogeneity). However, we did not identify
substantial heterogeneity for any outcomes; therefore this was not
necessary. We described clinical and methodological heterogeneity
narratively.

Assessment of reporting biases

If we had been able to pool more than 10 trials, we would have
created and examined a funnel plot to explore possible small-study
bias for the primary outcomes (Sedgwick 2013). However, due to
the small number of included trials, we were unable to do this.

Data synthesis

We employed a fixed-eGect Mantel-Haenszel model for calculating
RRs for pooled outcomes, as substantial heterogeneity was not
present for any of the outcomes (I2 < 50%). Had we identified

substantial heterogeneity for outcomes, we had planned to use a
random-eGects model (see Assessment of heterogeneity above).

'Summary of findings' table

We created Summary of findings for the main comparison by using
the following primary and secondary outcomes: cardiovascular
mortality (as defined by trialists), cardiovascular hospitalisation (as
defined by trialists), all-cause mortality, all-cause hospitalisation
(all occurrences), ventricular dysfunction (as defined by trialists),
and change in NP level at completion of follow-up.

We used the five GRADE considerations (risk of bias, inconsistency,
imprecision, indirectness, and publication bias) to assess the
certainty of a body of evidence as it relates to studies that
contributed data to the analyses for prespecified outcomes. We
used methods and recommendations as described in Section 8.5
and Chapter 12 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2017), along with GRADEpro GDT soMware
(GRADEpro GDT 2015). Two review authors (CS, RBP) independently
assessed the quality of evidence. We resolved disagreements by
reaching consensus or by involving a third review author (FR).
We used footnotes to document our justification for decisions to
downgrade the quality of evidence.

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses for the
primary outcome.

• Age (≥ 65 years vs < 65 years).

• Gender.

• Diabetes mellitus.

• Obesity (BMI ≥ 30 kg/m2 vs BMI < 30 kg/m2).

• Atrial fibrillation versus non-atrial fibrillation.

• Valvular heart disease versus non-valvular heart disease.

• Ischaemic heart failure versus non-ischaemic heart failure.

• NP levels at baseline for classification of subgroups (BNP < 50
pg/mL and NT-proBNP < 125 pg/mL; BNP ≥ 50 pg/mL and NT-
proBNP ≥ 125 pg/mL). These subgroups represent the cut-oG
point specified by the 2017 Canadian Cardiovascular Society
Heart Failure Management guidelines for implementation of
strategies to prevent heart failure (Ezekowitz 2017) (please note
that this subgroup was modified post hoc to reflect updates
from the 2017 guidelines; see DiGerences between protocol and
review).

• Renal function (estimated glomerular filtration rate (eGFR) ≥ 60
mL/min/1.73 m2 or < 60 mL/min/1.73 m2 as measured by the
CockcroM and Gault or Modification of Diet in Renal Disease
(MDRD) formula).

Older age, female gender, and diabetes are associated with higher
NP levels (Raymond 2003; Wang 2002).

Due to the paucity of data, we could not conduct most of our
planned subgroup analyses. We described the characteristics of
included trials according to methods, participants, interventions,
and outcomes to establish clinical and methodological
heterogeneity across included trials narratively. We were able
to perform subgroup analysis based on NP levels at baseline
(according to the post hoc modified subgroup; see DiGerences
between protocol and review).
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We included the primary outcome cardiovascular hospitalisation
in the subgroup analysis. We were unable to perform subgroup
analysis on the other primary outcome - cardiovascular mortality
- as only one study reported this outcome. Post hoc, we
considered performing subgroup analysis on the secondary
outcomes; however we did not have suGicient data to do this.
We used the formal statistical test for heterogeneity across
subgroups based on the random-eGects model to test for subgroup
interactions (Borenstein 2008), and we used caution in interpreting
subgroup analyses, as advised in Section 9.6 of the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2017).

Sensitivity analysis

We planned to carry out sensitivity analyses by including only
studies at low risk of bias for random sequence generation,
allocation concealment, and incomplete data. However, an
insuGicient number of studies met the inclusion criteria of the
review, so we could not do this.

R E S U L T S

Description of studies

Results of the search

Through the database searches, we retrieved 14,462 records, and
via a search of clinical trial registries, we retrieved 1034 records.
AMer de-duplication, we screened 10,193 records by title and
abstract. Of these, 10,156 records did not meet the inclusion
criteria, and we excluded them. We assessed the remaining 37
records in full text for eligibility and excluded 22 of them. We
assessed 15 reports of four studies as eligible. Two studies (10
reports) were ongoing. We included five reports of two studies in
the qualitative synthesis and three reports of two studies in the
quantitative synthesis, with one additional record later sourced
with data from trialists. The flow of studies is displayed in Figure 1.

Included studies

Methods

Both of the included studies (reported in three references)
were RCTs (Huelsmann 2013; Ledwidge 2013). Both studies were
conducted in Europe; Ledwidge 2013 was a single-centre study
conducted in Ireland, and Huelsmann 2013 was conducted in
Austria with patients cared for at two sites. Both studies had one
comparison arm and compared NP-guided treatment to standard
care. Study duration ranged from two years in Huelsmann 2013
to mean 4.3 years in Ledwidge 2013. One study measured BNP
(Ledwidge 2013), and the other measured NT-proBNP (Huelsmann
2013). Full reports were available for both studies, and we obtained
additional information for both studies through direct contact with
the study authors.

Participants

Ledwidge 2013 was a pragmatic RCT involving one specialist
centre and 39 general practices in the catchment area of a
large teaching hospital. The trial recruited 1374 patients (677
in control group and 697 in intervention group). Participants
included adults older than 40 years of age with a history of one
or more of the following: hypertension, hyperlipidaemia, obesity,
vascular disease (coronary artery disease, cerebrovascular disease,
and peripheral vascular disease), diabetes mellitus, arrhythmia

requiring therapy, or moderate to severe valvular disease. Patients
who had symptoms of heart failure or established evidence of leM
ventricular systolic dysfunction were excluded. The mean age of
participants was 65.4 years in the control group and 64.1 years in
the intervention group, and more female than male participants
were included (55.7% in the control group and 53.7% in the
intervention group).

In Ledwidge 2013, data for the outcomes all-cause hospitalisation
and all-cause mortality were derived from a subanalysis, which
included a subsample of participants from the primary analysis. A
total of 1054 participants were included (522 in the control group
and 532 in the intervention group). The median age of participants
was 65.8 years, and the mean duration of follow-up was 4.3 years.
Characteristics of participants in the subsample closely mirrored
the full sample, although a marginally higher proportion of patients
with hypertension at baseline were included in the subsample.

Huelsmann 2013 was an RCT in which all participants (control
and intervention groups) were cared for at a specialist diabetic
outpatient clinic, with intervention group participants attending
additional appointments at a cardiac outpatient clinic of a diGerent
hospital. A total of 300 participants with type 2 diabetes and NT-
proBNP < 125 pg/mL were randomised (150 in control group and
150 in intervention group). Patients with established evidence of
leM ventricular systolic dysfunction (LVSD) were excluded. The
mean age of participants was 67.2 years in the control group and
67.8 years in the intervention group. Slightly fewer female than
male participants were included (43.3% in the control group and
41.3% in the intervention group).

Interventions

The components of the interventions delivered in both studies
diGered. In one study, participants in the control group received
standard care defined as routine review by their primary care
physician at least annually and specialist care as required
(Ledwidge 2013). In the intervention group, BNP results were made
available to the participants’ primary care physician, and patients
with a BNP result of ≥ 50 pg/mL were referred to a specialist
cardiovascular centre. Intervention group patients with a BNP
result of < 50 pg/mL received the same care as those in the
control group but with disclosure of BNP values to patients and
their primary care physician. Participants with a BNP level of ≥ 50
pg/mL underwent echocardiography and review by a cardiologist
at the study centre, who decided on further investigation and
management. The intervention in participants with BNP ≥ 50 pg/mL
was multi-dimensional and included optimisation of therapy (no
predefined protocol), investigation and treatment of abnormalities
detected on echocardiography, lifestyle advice, and counselling
regarding medication adherence.

In the second study, control group participants received standard
care at a diabetes care unit with appointments every three months
over a 12-month period (Huelsmann 2013). In addition to usual
care, the intervention group attended visits at a cardiac outpatient
clinic where RAAS antagonists and beta-blockers were up-titrated
to maximum tolerated doses in a predefined manner.

Distinct diGerences were evident in the content of the interventions
delivered in both studies. In Ledwidge 2013, intervention group
patients with elevated BNP received multi-dimensional care.
By contrast, the intervention delivered to the intervention
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group in Huelsmann 2013 focused solely upon up-titration of
RAAS antagonists and beta-blockers to maximum doses. Despite
diGerences in interventional components, both interventions
focused on optimisation of therapy, and both studies observed
increased use of RAAS-modifying therapy. Thus, we decided
to perform meta-analysis. However, the heterogeneity of the
interventions must be kept in mind when eGects of the
interventions are interpreted.

Outcomes

Both studies reported the following outcomes: cardiovascular
hospitalisation (secondary outcome in both studies); all-cause
hospitalisation (secondary outcome in Huelsmann 2013; not a
prespecified outcome in Ledwidge 2013 but data available); all-
cause mortality (not a prespecified outcome in either study but
data provided); and change in NP level at the end of follow-up
(secondary outcome in both studies). Meta-analysis was performed
for each of these outcomes, except for change in NP level at the end
of follow-up (diGerent NPs used in each study). One study reported
cardiovascular mortality (not a prespecified outcome) (Huelsmann
2013). One study included the outcome ventricular dysfunction
as a primary outcome (Ledwidge 2013). In this study, trialists
defined ventricular dysfunction as leM ventricular dysfunction
(any patient with asymptomatic LVSD and/or asymptomatic leM
ventricular diastolic dysfunction (LVDD)) with or without heart
failure (defined as any patient with LVD (LVSD and/or LVDD) and
with symptoms of heart failure requiring emergency admission to
hospital). We considered this outcome definition to be appropriate
to our predefined outcomes as ventricular dysfunction is an
umbrella term for both asymptomatic and symptomatic ventricular
dysfunction.

Clinical and methodological heterogeneity

We recognise that there is clinical and methodological
heterogeneity between the included studies, and we carefully
considered the appropriateness of pooling results. First, the
duration of follow-up varied from two years in Huelsmann 2013 to
mean 4.3 years in Ledwidge 2013. Second, there were important
diGerences in the inclusion criteria of the studies: Huelsmann 2013
recruited only patients with type 2 diabetes and elevated NT-
proBNP, and Ledwidge 2013 recruited a heterogeneous cohort of
patients with various cardiovascular risk factors. Ledwidge 2013
did not impose a threshold on NP level for inclusion in the study;
therefore the control and intervention arms were heterogeneous
for high- and low-risk patients as classified by NP level. The
components of the interventions also diGered. Ledwidge 2013 used
a multi-dimensional intervention, and Huelsmann 2013 focused
solely on optimisation of drug therapy.

We acknowledge these important diGerences between studies, and
we tried to explore the eGects of these diGerences when possible.
We assessed statistical heterogeneity visually and by using the I2
statistic. We did not identify any statistical heterogeneity in any
of our outcomes (I2 = 0 for all). We did not have suGicient data to
perform subgroup analyses for factors such as diabetes or duration
of follow-up; however, we hope that in future updates of this review,
we will find suGicient data to explore these factors.

We were able to perform subgroup analysis for the primary
outcome cardiovascular hospitalisation in those with (1) BNP <
50 pg/mL/NT-proBNP < 125 pg/mL and (2) BNP ≥ 50 pg/mL/
NT-proBNP ≥ 125 pg/mL (post hoc modification; see DiGerences
between protocol and review). The results of this analysis show that
there was no significant diGerence in the eGect estimate between
subgroups. In view of these factors, we decided to pool results from
both studies when possible. However, the findings of this review
should be interpreted with caution due to the potential for clinical
and methodological heterogeneity between studies.

Excluded studies

We have included 15 studies (19 references) in the Characteristics
of excluded studies table. We excluded 10 of these studies (14
references) as the participants had heart failure or ventricular
dysfunction at baseline, two because the study was not
designed as an RCT, one as trial outcomes did not match our
prespecified primary and secondary outcomes, and one because
the intervention did not meet our inclusion criteria. One study met
our eligibility criteria for inclusion in the review (NCT00604006).
However, we contacted the study author on 20 August 2019 to
request data and were informed that no data were available.
Therefore, we excluded the study. We excluded three more studies
as they were duplicate reports of the same study.

Ongoing studies

We identified two ongoing trials that met our inclusion
criteria (Dimitriu 2015; Huelsmann 2016). Details are shown in
Characteristics of ongoing studies. Recruitment is ongoing for both
trials. No data are available yet for Huelsmann 2016, and partial
outcome data are available for Dimitriu 2015.

Risk of bias in included studies

We have detailed the risk of bias assessments in the Characteristics
of included studies tables, and we have summarised these in the
text below and in Figure 2 and Figure 3. Assessment of risk of bias
was based on both published and unpublished data.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
 

Natriuretic peptide-guided treatment for the prevention of cardiovascular events in patients without heart failure (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

We judged both studies to be at low risk for selection bias, as
the randomisation sequence was computer-generated (Huelsmann
2013; Ledwidge 2013). Both studies clearly stated that the study was
randomised, and one provided in the report suGicient details on the
method of randomisation applied (Ledwidge 2013). For the second
study, we obtained details on the method of randomisation through
personal contact with the study author (Huelsmann 2013).

Allocation concealment was appropriate in both studies, and we
judged risk of bias to be low (Huelsmann 2013; Ledwidge 2013).
Neither study reported allocation concealment in suGicient detail
in the published report. We obtained information on allocation
concealment through personal contact with study authors.

Blinding

Blinding of participants and personnel (i.e. those delivering the
intervention) to treatment allocation was not feasible due to
the nature of the interventions. We determined that objective
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outcomes such as cardiovascular mortality, all-cause mortality,
ventricular dysfunction (echocardiographer and cardiologist
reviewing end of study echo were blinded, and a clear definition
of ventricular dysfunction was provided), and change in NP level
at the end of follow-up (laboratory measured parameter) were
likely to be at low risk of performance bias in both studies, when
included (Huelsmann 2013; Ledwidge 2013). Subjective outcomes
(cardiovascular hospitalisation and all-cause hospitalisation) were
likely to be at high risk of performance bias in both studies
(Huelsmann 2013; Ledwidge 2013).

We judged detection bias to be at low risk in both studies; outcome
assessors were blinded to treatment allocation (Huelsmann 2013;
Ledwidge 2013).

Incomplete outcome data

We judged one study to be at low risk of bias for incomplete
outcome data (Huelsmann 2013), and we determined that the
second was at unclear risk of bias (Ledwidge 2013). Both studies
reported attrition by intervention arm, and one study provided
detailed reasons for withdrawal (Ledwidge 2013). Huelsmann 2013
reported similar attrition between arms (13% in the control group
and 9% in the intervention group). In Ledwidge 2013, overall
attrition (withdrawal and loss to follow-up) was 23.2% in the
intervention group and 29.7% in the control group. Given the
longer mean duration of the study (4.2 years), the attrition rate is
considered reasonable.

In Ledwidge 2013, withdrawal was slightly higher in the control
group than in the intervention group (19% vs 13%). However,
detailed reasons for patient withdrawal were provided, and it is
clear that the diGerential withdrawal rate was unrelated to study
outcomes of interest; therefore this is unlikely to have biased the
results.

Ledwidge 2013 performed an intention-to-treat (ITT) analysis
to account for missing data for the following outcomes:
cardiovascular hospitalisation (multiple imputation using chained
equations), ventricular dysfunction, and change in NP level at the
end of follow-up (last observation carried forward used for both).
With regard to the outcomes all-cause hospitalisation and all-cause
mortality, participants who were lost to follow-up or who did not
provide at least one year of data were excluded from the analysis.
As this study contributed most of the data for these outcomes, we
judged these outcomes to be at overall high risk of attrition bias.

Huelsmann 2013 did not perform an ITT analysis. However,
participants who withdrew agreed to be followed-up for the
outcomes all-cause hospitalisation, cardiovascular hospitalisation,
and death (information was obtained from mortality data and
hospital files), so missing data was not an issue for these outcomes;
therefore risk of attrition bias was low. For the outcome change in
NP level at end of follow-up, patients who withdrew from the study
were excluded from the analysis.

Selective reporting

Both studies were preregistered at appropriate clinical trials
registries, where predefined outcomes of interest were listed
(Huelsmann 2013; Ledwidge 2013). Both studies were considered
at high risk for reporting bias.

Huelsmann 2013 reported on all planned outcomes specified in
the clinical trials registry entry; however, additional secondary
outcomes listed in the paper were not prespecified in the clinical
trials registry (all-cause hospitalisation, unplanned cardiovascular
hospitalisation or death, and heart failure hospitalisation).

Ledwidge 2013 has not yet reported on some of the secondary
outcomes outlined in the study protocol (unpublished protocol
obtained from study authors): (1) relative eGects of intervention
in prespecified subgroups: above and below median age, male/
female, hypertension, diabetes, vascular disease, structural CVD,
obesity; (2) relative eGects of the intervention on Health
and Lifestyle questionnaire; and (3) evaluation of clinical,
demographic, biochemical, pharmacological, genomic, proteomic,
and metabolomic determinants of natriuretic peptides. Through
direct communication with study authors, we confirmed that these
outcomes have not yet been reported.

Other potential sources of bias

We did not identify any other potential sources of bias; therefore we
judged risk of bias for this domain to be low.

E:ects of interventions

See: Summary of findings for the main comparison Natriuretic
peptide-guided treatment compared to standard care for the
prevention of cardiovascular events in patients without heart
failure

Cardiovascular mortality

One study with 300 participants reported cardiac mortality
(Huelsmann 2013); therefore we were unable to perform meta-
analysis. As data for cardiovascular mortality were not available, we
used event numbers for cardiac mortality. Event numbers were very
low (one death in the intervention group and three in the control
group), and there was uncertainty about eGects of the intervention
(risk ratio (RR) 0.33, 95% confidence interval (CI) 0.04 to 3.17; low-
quality evidence; Analysis 1.1).

Cardiovascular hospitalisation

Two studies with 1674 participants reported on cardiovascular
hospitalisation (Huelsmann 2013; Ledwidge 2013). Study authors
reported 135 cardiovascular hospitalisations in the control group
and 72 in the intervention group (16% vs 9%). Pooled results
based on a fixed-eGect model favoured the intervention group
(RR 0.52, 95% CI 0.40 to 0.68; I2 = 0%; moderate-quality evidence;
Analysis 1.2). Thus, moderate-quality evidence suggests that NP-
guided treatment probably reduces the risk of cardiovascular
hospitalisation.

All-cause mortality

Two studies with 1354 participants reported on all-cause mortality
(Huelsmann 2013; Ledwidge 2013). In all, 45 deaths due to any
reason were reported in the control group (7%) and 41 in the
intervention group (6%). Pooled evidence, based on a fixed-eGect
model, favoured NP-guided treatment, but overall, the evidence
showed uncertainty (RR 0.90, 95% CI 0.60 to 1.35; I2 = 0%; low-
quality evidence; Analysis 1.4).
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All-cause hospitalisation

Two studies with 1354 participants reported on all-cause
hospitalisation (Huelsmann 2013; Ledwidge 2013). Study authors
reported 404 hospitalisations for any reason in the control group
(60%) and 341 in the intervention group (50%). The pooled result
based on a fixed-eGect model favoured the intervention (RR 0.83,
95% CI 0.75 to 0.92; I2 = 0%; moderate-quality evidence; Analysis
1.5). Thus, moderate-quality evidence suggests that NP-guided
treatment probably reduces the risk of all-cause hospitalisation.

Ventricular dysfunction

One study with 1374 participants reported on ventricular
dysfunction, defined as heart failure or leM ventricular dysfunction
(Ledwidge 2013). FiMy-nine participants in the control group (9%)
and 37 in the intervention group (5%) developed ventricular
dysfunction. Results show a reduction in the risk of developing
ventricular dysfunction with NP-guided treatment compared to
standard care (RR 0.61, 95% CI 0.41 to 0.91; high-quality evidence;
Analysis 1.6).

Change in NP level at the end of follow-up

Both studies reported change in NP level (Huelsmann 2013;
Ledwidge 2013). For Ledwidge 2013, we calculated change in BNP
from baseline to follow-up (mean 4.2 years). Huelsmann 2013
provided median NT-proBNP values at baseline and aMer one year
(follow-up for all other outcomes was two years, but patients
attended study visits for only 12 months). Given that each study
used a diGerent biomarker and that NP level was measured at
diGerent time points, it was not appropriate to perform meta-
analysis on this outcome. Furthermore, data from Huelsmann 2013
were reported as median and interquartile range (IQR), indicating
that the data were skewed.

NP levels increased in both groups from baseline to time
of measurement. This is consistent with previous research
demonstrating that NP level increases with age (Redfield 2002;
Wang 2002). In Ledwidge 2013, the mean diGerence in NP level from
baseline to follow-up was slightly lower in the intervention group
than in the control group (mean diGerence (MD) from baseline
to follow-up: control arm 9.52 pg/mL, intervention arm 5.46 pg/
mL). However, the evidence shows uncertainty for the eGects of
NP-guided treatment on NP level at the end of follow-up (MD
between groups: 4.06 pg/mL, 95% CI -15.07 pg/mL to 6.95 pg/mL; 1
study; 1374 participants; moderate-quality evidence; Analysis 1.7).
Results show no significant diGerences between groups in change
in BNP from baseline to follow-up (P = 0.47).

For Huelsmann 2013, as the data were provided as median and
IQR, we were unable to calculate the mean diGerence between
groups. From the median values presented, we noted no significant
change in NT-proBNP concentration between groups aMer one year
of treatment (NT-proBNP at baseline (presented as median value):
control group 266 pg/mL, IQR 181 to 402 pg/mL; intervention group
235 pg/mL, IQR 169 to 343 pg/mL; NT-proBNP aMer 12 months
(presented as median value): control group 264 pg/mL, IQR 167 to
394 pg/mL; intervention group 248 pg/mL, IQR 169 to 433 pg/mL).

It should be noted that currently no consensus has been reached
on what should be considered a clinically significant change in NP
level among patients without heart failure. Preanalytical factors
and analytical and biological variability (which increases with time)

contribute to the total intraindividual variability in NP level (Fraser
2006). Research conducted in heart failure patients suggests that
changes in NT-proBNP and BNP of 50% and 66%, respectively, over
the course of one week are likely to signal a clinically significant
change in patient status (O'Hanlon 2007), and an earlier small study
suggested that in heart failure patients, a change in BNP/NT-proBNP
exceeding 30% is clinically meaningful (Bettencourt 2004).

Subgroup analysis

With the exception of NP level at baseline, it was not possible
to explore subgroups within study populations as per protocol.
In the review protocol, we planned to perform subgroup analysis
according to those with (1) BNP 35 pg/mL to 100 pg/mL or NT-
proBNP 125 pg/mL to 300 pg/mL, and (2) BNP ≥ 100 pg/mL and NT-
proBNP ≥ 300 pg/mL. However, this was changed post hoc in light of
the thresholds recommended by more recent guidelines (Ezekowitz
2017) (see DiGerences between protocol and review). We performed
subgroup analysis for the following values: (1) BNP < 50 pg/mL and
NT-proBNP < 125 pg/mL, and (2) BNP ≥ 50 pg/mL and NT-proBNP
≥ 125 pg/mL.

Subgroup analysis by NP level for the primary outcome
cardiovascular hospitalisation shows that NP-guided treatment
reduced the risk of cardiovascular hospitalisation in both
subgroups. Point estimates were similar in both subgroups and
confidence intervals overlapped (BNP < 50 pg/mL and NT-proBNP
< 125 pg/mL: RR 0.55, 95% CI 0.32 to 0.95; 1 study; 876 participants;
BNP ≥ 50 pg/mL and NT-proBNP ≥ 125 pg/mL: RR 0.49, 95% CI 0.36
to 0.65; 2 studies; 798 participants; Analysis 1.3). The subgroup test
for diGerences was non-significant (P = 0.66).

We did not have suGicient data to perform subgroup analysis of NP
level for the other pooled outcomes (all-cause hospitalisation and
all-cause mortality).

D I S C U S S I O N

Summary of main results

We included in our review three reports of two trials (Huelsmann
2013; Ledwidge 2013). We identified two ongoing trials with
treatment arms that include interventions assessed in this
review (Dimitriu 2015; Huelsmann 2016). We performed pooled
analysis on the outcomes cardiovascular hospitalisation, all-cause
hospitalisation, and all-cause mortality. Single studies included the
outcomes ventricular dysfunction and cardiovascular mortality;
thus we could not perform pooled analyses.

Moderate-quality evidence indicates that natriuretic peptide (NP)-
guided treatment probably reduces the risk of cardiovascular
hospitalisation (48% risk reduction) and all-cause hospitalisation
(17% risk reduction) in those with risk factors for cardiovascular
disease (CVD). High-quality evidence shows a reduction in the risk
of developing ventricular dysfunction with NP-guided treatment
compared to standard care; however this evidence was derived
from a single study. Due to wide confidence intervals, there
was uncertainty around the estimate of eGects for the outcomes
cardiovascular mortality, all-cause mortality, and change in NP
level at the end of follow-up. Therefore, we cannot draw clear
conclusions as to the eGects of NP-guided treatment on these
outcomes.
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Subgroup analysis by NP level at baseline shows that NP-guided
treatment reduces the risk of cardiovascular hospitalisation to
a similar degree in both subgroups. This analysis also indicates
that diGerences in patient characteristics according to NP level at
baseline in each study did not introduce heterogeneity into our
results (all participants in Huelsmann 2013 had NT-proBNP >125
pg/mL, and Ledwidge 2013 did not impose a threshold on NP level
for inclusion in the study).

It must be noted that we identified clinical and methodological
heterogeneity in the two included studies (Huelsmann 2013;
Ledwidge 2013). Although we did not identify any statistical
heterogeneity in our pooled results, we were largely unable
to explore possible sources of heterogeneity through subgroup
analysis due to lack of data; therefore the results of this review
should be interpreted with caution.

Overall completeness and applicability of evidence

The generalisability of this review was limited by the small number
of studies identified for inclusion. However, although only two
studies met the criteria for our review, our conclusions for all
outcomes except cardiovascular mortality (data from one study
with 300 participants; Huelsmann 2013) are based on analysis of
between 1354 and 1674 analytical units, which contributes to the
robustness of our findings.

Both studies were conducted at large urban centres in high-
income countries in Europe, and most participants were Caucasian.
Therefore, our findings may not be generalisable to other
ethnicities and income settings. In both studies, the intervention
was delivered through a specialist cardiology outpatient clinic by
a team of speciality staG (note that in Ledwidge 2013, intervention
group patients with BNP < 50 pg/mL were cared for by their
primary care physician). It is possible that results observed in the
two studies would not be reproducible in other, less than ideal
healthcare settings, such as primary care alone without specialist
support.

Despite the small number of studies included, we were able to
obtain data on all outcomes prespecified in the review protocol,
and we were able to perform meta-analysis on three of the
six outcomes. Although we were able to obtain data on the
outcome measures cardiovascular mortality, all-cause mortality,
and all-cause hospitalisation, these were not planned outcomes
of the included studies (all-cause hospitalisation was a planned
secondary outcome in Huelsmann 2013, but not in Ledwidge 2013).
Neither of the studies included in our review were powered to
detect diGerences in mortality between control and intervention
groups; this, combined with the short duration of follow-up,
accounts for the small event numbers and imprecision seen in
eGect estimates for the outcomes cardiovascular mortality and all-
cause mortality. Thus, adequately powered studies with longer
duration of follow-up are needed to accurately assess the eGects of
NP-guided treatment on mortality.

Evidence on the eGects of NP-guided treatment on the outcome
ventricular dysfunction is available from a single study (Ledwidge
2013). Given the low event rate, the absolute risk reduction was
small and the generalisability of this potential benefit is limited.

The comparator in the studies included in this review is
'standard care', which we defined as local guideline-based

care, including modification of pharmacological, educational,
and lifestyle interventions, while not taking into account the
participant’s NP level. It is important to note that standard care
may vary considerably from setting to setting, depending on
factors such as resource limitations, physician characteristics, and
local guidelines. For some physicians, standard care may simply
encompass the prescribing of drug therapy, but others may take
a more holistic approach, routinely incorporating advice about
lifestyle factors and medication adherence behaviours. Therefore,
it is possible that the relative eGects of the intervention may
vary depending on the setting and the definition of standard care
adopted by physicians.

We intended to perform subgroup analysis to determine whether
several factors including age, gender, diabetes mellitus, obesity,
atrial fibrillation versus non-atrial fibrillation, valvular heart
disease versus non-valvular heart disease, ischaemic heart failure
versus non-ischaemic heart failure, NP level at baseline, or renal
function had any impact on the primary outcome. However, due
to the paucity of data, we were unable to perform our planned
subgroup analyses, with the exception of NP level at baseline. This
information would be useful for investigating whether all people
with cardiovascular risk factors derive a similar benefit from NP-
guided treatment, or whether eGorts should be targeted towards
specific subpopulations. For future updates of this review, we hope
that more detailed subgroup data will be available, so we can
provide a more robust analysis.

Neither of the studies included explicitly reported on the
safety of the intervention or provided the number of adverse
events, although Huelsmann 2013 did note that there were no
hospitalisations for adverse events.

We identified two ongoing trials (Dimitriu 2015; Huelsmann 2016).
The results of these trials are likely to have an important impact
on our confidence in the estimates of eGect and may change the
estimates relative to the current evidence base, given the number
of participants and the estimated number of events.

Quality of the evidence

The quality of evidence for the outcomes included in this review
ranged from low to high. Potential sources of bias identified
included selective reporting, lack of blinding of participants and
personnel for subjective outcomes, and attrition bias.

We deemed the quality of evidence (GRADE; Summary of findings
for the main comparison) to be moderate for cardiovascular
hospitalisation, all-cause hospitalisation (both downgraded by one
level due to high risk of performance bias), and change in NP
level at the end of follow-up (downgraded by one level due to
imprecision of eGect size; wide confidence interval consistent with
the possibility of causing benefit and harm). High-quality evidence
from a single study suggests that the risk of developing ventricular
dysfunction is reduced by NP-guided treatment. Although only
one study reported this outcome, we did not downgrade for
indirectness, in view of the large sample size and the broad patient
population included in this study.

We judged the quality of evidence for cardiovascular mortality
(single study) to be low due to serious concerns over substantial
imprecision and small sample size; thus our confidence in the
pooled result is low, and our estimate is likely to be aGected by
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future research. We also considered the quality of evidence for the
outcome all-cause mortality (two studies) to be low due to concerns
over imprecision and attrition bias.

We judged imprecision by whether the 95% confidence interval (CI)
included the null, and whether it included important benefits and
harms. When the confidence interval of the overall eGect included
both no eGect and potential harm, we downgraded the evidence.
Thus, we downgraded the evidence for cardiovascular mortality,
all-cause mortality, and change in NP level at the end of follow-up.
We did not downgrade the quality of evidence for any outcome due
to inconsistency as no statistical heterogeneity was identified, nor
for indirectness.

It is important to note that for the outcome cardiovascular
hospitalisation, we noted slight heterogeneity in the definitions
used by study authors. Huelsmann 2013 defined cardiovascular
hospitalisation as any unplanned hospitalisation based on
a cardiac (e.g. arrhythmia) or other macrovascular event
(e.g. stroke, coronary artery disease, peripheral arterial
disease). Ledwidge 2013 defined cardiovascular hospitalisation as
emergency hospitalisation for any of the following major adverse
cardiovascular events: arrhythmia, transient ischaemic attack,
stroke, myocardial infarction, peripheral or pulmonary thrombosis/
embolus, or heart failure. Although Huelsmann 2013 used a slightly
broader definition, we were satisfied that the two definitions were
similar enough to permit pooling of the results.

We acknowledge that there are several caveats in the interpretation
of our results. First, none of the studies included in this review
were designed to evaluate the eGects of NP-guided treatment on
mortality; hence event numbers were low and there was significant
imprecision in the estimates of eGect. Second, our outcome
results were dominated by a single study (Ledwidge 2013), which
contributed 82% of the data to our pooled analyses. Third, we
recognise that there is methodological and clinical heterogeneity
between the included studies, and we were unable to explore these
sources of heterogeneity through subgroup analysis due to the
paucity of data. We carefully considered the appropriateness of
pooling the data. In view of the lack of statistical heterogeneity
identified between studies, we made a decision to pool the studies
for our analysis. We were also cognisant of the fact that our review
addresses a broad question in a broad participant group; therefore
the heterogeneity in our studies may reflect the 'real-life' situation.
Thus, even in view of the heterogeneity, meta-analysis is still likely
to be useful. However, it is important to note that our pooled results
should be interpreted with caution due to the potential for clinical
and methodological heterogeneity between studies.

Potential biases in the review process

Four of the review authors (ML, KMD, CW, JG) were involved in one
of the included studies. These authors were not involved in the
screening of articles, nor in assessing the risk of bias or grading
the quality of included studies for this systematic review and meta-
analysis.

We acknowledge the potential for publication bias in the systematic
review. Although we did perform a thorough search with no date
or language restrictions, there is inevitably the possibility that
we may not have found relevant unpublished trials. However, we
received excellent support from the Cochrane Heart Information
Specialist, who assisted us in performing comprehensive and

systematic database searches to minimise the risk of publication
bias. In addition, we minimised study selection bias by assigning
two review authors to independently review search results and
to evaluate studies for inclusion against our predefined inclusion
criteria.

Due to lack of available data, we were unable to perform most of
our planned subgroup analyses. It is unclear whether the additional
data would have altered the overall findings of this review.

Agreements and disagreements with other studies or
reviews

To the best of our knowledge, this is the first systematic review
and meta-analysis to examine the eGects of NP-guided treatment
for prevention of cardiovascular events in patients without heart
failure. Multiple systematic reviews and meta-analyses - Balion
2014; De Vecchis 2014; Li 2013; Porapakkham 2010; Savarese 2013;
Troughton 2014 - and one Cochrane Review - McLellan 2016 - have
explored the eGects of NP-guided treatment for patients with heart
failure. However, due to the diGerent patient populations included,
it is not appropriate to make comparisons with these reviews.

A community cohort study by AbouEzzeddine and colleagues
mirrors the findings of our meta-analysis (AbouEzzedine 2016).
These study authors identified a ‘STOP-HF-like’ cohort of 1576
participants without heart failure or systolic dysfunction from the
Olmsted County population who had one or more cardiovascular
risk factors (hypertension, hyperlipidaemia, obesity, vascular
disease, diabetes, atrial fibrillation, or valve disease). Participants
underwent screening for multiple biomarkers, including BNP and
NT-proBNP, and received a ‘STOP-HF-type’ preventive intervention
over a four-year period.

Review authors provided a theoretical model to evaluate whether
biomarker-guided management can prevent development of heart
failure or occurrence of major adverse cardiovascular events
(MACE) in a community sample. AbouEzzeddine and colleagues
applied the eGect estimates obtained from the biomarker screening
strategy employed in STOP-HF to demonstrate the eGicacy
of applying this strategy outside of the rigorously controlled
randomised controlled trial (RCT) setting (Meijers 2016). Biomarker
screening followed by a preventive intervention achieved a
reduction of 19% and 25% when screened with N-terminal
pro B-type natriuretic peptide (NT-proBNP) and brain natriuretic
peptide (BNP), respectively, in the biomarker-positive population.
However, this analysis assumed no change in MACE incidence in the
population that was biomarker-negative (AbouEzzedine 2016).

In our meta-analysis, the intervention was associated with a 48%
reduction in the risk of hospitalisation due to cardiovascular
causes. The diGerence in observed risk estimates may be due to
disparities in the design of the intervention delivered to patients.
In the study by AbouEzzeddine et al, the intervention consisted
of a single agent or strategy for cardiovascular prevention. By
comparison, participants in Huelsmann 2013 and Ledwidge 2013
received a specialist intervention with thorough evaluation and
follow-up. This, along with the ideal conditions of the RCT
environment, may account for the stronger eGect estimates
observed in these studies.

Both Huelsmann 2013 and Ledwidge 2013 are included in the
2017 Canadian Cardiovascular Society Heart Failure Management
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Guidelines (Ezekowitz 2017), which recommend that among
individuals with risk factors for the development of heart failure,
those with BNP > 50 pg/mL or NT-proBNP > 125 pg/mL should
undergo imaging and consultation with a specialist, followed
by optimisation of neurohormonal blocking therapy and lifestyle
interventions.

US guidelines also recommend NP screening for patients
with risk factors for developing heart failure, with subsequent
optimisation of guideline-directed management and therapy by
a cardiovascular specialist, to prevent the development of leM
ventricular dysfunction (systolic or diastolic) or new-onset heart
failure (Yancy 2017). In common with our own recommendations,
these guidelines recommend further studies to examine the eGects
of NP screening and subsequent NP-guided care on mortality.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The evidence presented in this review suggests that natriuretic
peptide (NP)-guided treatment has a beneficial eGect on several
outcomes in people with cardiovascular risk factors and without
heart failure.

We found moderate-quality evidence to show that NP-
guided treatment probably reduces the risk of cardiovascular
hospitalisation and all-cause hospitalisation in patients without
heart failure. Low-quality evidence suggests uncertainty regarding
the eGects of NP-guided treatment on cardiovascular mortality
and all-cause mortality. Thus, until new data are published, the
evidence is indeterminate for these outcomes. We found high-
quality evidence from a single-centre trial showing that NP-
guided treatment has a beneficial eGect on the risk of developing
ventricular dysfunction.

Although NP-guided treatment has been included in guidelines
in both the United States and Canada as a recommendation
for patients at risk of developing heart failure (Ezekowitz 2017;
Yancy 2017), no evidence indicates that it has been adopted
into routine clinical practice. Our review consolidates the current
evidence base, but uncertainties remain regarding the eGects of
NP-guided treatment on mortality and in diGerent populations
and subgroups. Furthermore, the evidence presented in our review
pertains to NP-guided treatment delivered within the setting of a
specialist cardiology clinic; therefore further research is required to
investigate the eGectiveness of the intervention when delivered in
other practice settings such as primary care.

Implications for research

Currently, NP-guided treatment is a broad term incorporating a
diverse range of interventions, from complex multi-component
interventions incorporating modification of drug therapy,
diagnostic and investigational strategies, and educational and
lifestyle interventions, to single-component interventions focusing
solely upon modification and optimisation of pharmacological
therapy. Thus, there is uncertainty about the optimal approach to
delivering NP-guided treatment for people without heart failure.
Further research is required to develop a consensus statement to
define the essential components of NP-guided treatment to allow
for research replication and evaluation of eGicacy.

Exploration of subgroups of patients with diGerent cardiovascular
risk factors (e.g. diabetes, obesity) would be useful to investigate
whether all people with cardiovascular risk factors derive similar
benefit from NP-guided treatment, or whether eGorts should be
targeted towards specific subpopulations. Although we were able
to conduct subgroup analysis by NP level, a more stratified analysis
would help to determine the optimal level for risk stratification and
would allow more accurate application of the intervention to those
at highest risk. Although evidence from our review suggests that
NP-guided treatment probably does not aGect change in NP level
at the end of follow-up, clear consensus on what is considered a
clinically significant change in NP level among patients without
heart failure is needed. Furthermore, the optimal time points
for measurement of NP levels should be detailed to allow for
standardised measurements across clinical trials.

Our review included two studies conducted within large urban
centres in high-income countries in Europe, with predominantly
Caucasian participants. Further multi-centre studies are required
to explore the eGects of NP-guided treatment among persons
of diGerent ethnicity and from diGerent healthcare systems and
income settings, to ultimately characterise the intervention that
is most universally eGective. The eGectiveness of NP-guided
treatment when delivered through settings other than a specialist
cardiology outpatient clinic is unknown, and research examining
the eGectiveness of the intervention delivered in other settings
such as primary care is required.

A core outcome set should be compiled through consultation with
stakeholders such as patients, clinicians, and policy-makers, to
ensure that the outcomes measured by researchers are reflective
of the priorities and perspectives of those with a vested interest
in the intervention in question. This set of standardised research
outcomes will permit comparison and meta-analysis of results
across studies, thus strengthening the body of evidence.

Our review shows uncertainty about the eGects of NP-guided
treatment on mortality, and adequately powered studies with
longer duration of follow-up (10 to 15 years) are needed to address
the question of whether there is a treatment eGect on this outcome.

Two ongoing trials may aGect our confidence in the estimates
of eGect and may change current estimates (Dimitriu 2015;
Huelsmann 2016). In particular, Huelsmann 2016 may have a
significant impact on the current evidence as it is a large study,
with a recruitment target of 2400 participants, and is multi-centred,
with multiple sites in Austria, as well as the Netherlands and New
Zealand.

Lastly, although outside the scope of this review, it is worthy of
mention that the natriuretic peptides (NPs) have demonstrated
prognostic value in atrial fibrillation (AF), and NP-guided treatment
also has the potential to be of benefit in the management of AF
(Hijazi 2012). Brain natriuretic peptide (BNP) and N-terminal pro
B-type natriuretic peptide (NT-proBNP) levels are elevated in AF
patients (Hijazi 2012; Patton 2013; Schnabel 2010; Silvet 2003) and
have been shown to be a strong independent predictor of incident
AF, total and ischaemic stroke, mortality, and the burden of AF
(Hijazi 2013; Hijazi 2019; Wang 2004). At present, an individual’s
risk of stroke is predicted by a clinical risk score such as CHADS2

or CHA2DS2-VASc. These scores are based on well-established

clinical risk factors, and an individual's score is used as an
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indication of whether an oral anticoagulant should be introduced.
However, these scores have only modest discriminating ability to
predict which patients will have a stroke (Fang 2008; Lip 2010).
Biomarker based risk scores have been shown to improve risk
stratification for stroke in AF beyond these scores, resulting in more
accurate identification of those at high risk for thromboembolic
events (Hijazi 2016). Thus, knowledge of patients' NP levels
may allow for implementation of more intensive monitoring
or primary prevention strategies, including oral anticoagulants,
angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, statins and ablation therapy (Hijazi 2012). However, the
eGicacy of NP-guided treatment in improving outcomes in AF
patients is as of yet unproven, and randomised controlled trials,
and ultimately meta-analyses are required to explore the role NP-
guided treatment in this cohort.
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Characteristics of included studies [ordered by study ID]

 

Methods Study design: RCT
Setting: the diabetic care outpatient department of the Medical University of Vienna and of Hietzing
Hospital, as well as 2 centres run by the Vienna Health Insurance Fund and the cardiac outpatient clinic
of the Medical University of Vienna
Location: Vienna, Austria
Duration of follow-up: 1 year intervention + 1 year of follow-up
Sample size calculation: yes

Participants Inclusion criteria:

• Known type 2 diabetes for at least 6 months

• Age 18 years or over

• NT-proBNP concentration > 125 pg/mL

• Willingness to participate

Exclusion criteria:

• Cardiac disease–based exclusion criteria include 1 or more of the following: history of cardiac disease;
signs of cardiac disease on the electrocardiogram such as atrial fibrillation; ST-T-wave abnormalities
or a bundle branch block; abnormal echocardiography (with the exception of diastolic dysfunction),
defined as low ejection fraction; wall motion abnormalities, significant valve dysfunction, or other
significant alteration

• Any disease other than diabetes lowering the patient’s life expectancy to < 1 year, chronic infection,
or malignancy

• Systemic treatment with cortisone

• Renal replacement therapy

• Women of childbearing age not taking reliable contraception

Randomised: 300: control 150, intervention 150

Gender (female): control 43.3%, intervention 41.3%

Mean age (years): control 67.2 (SD 9.6), intervention 67.8 (SD 8.5)

Loss to follow-up: control - 19 discontinued intervention but agreed to follow-up; intervention - 13 dis-
continued intervention but agreed to follow-up

Interventions Intervention: participants attended clinic visits at 3, 6, 9, and 12 months (functional status assess-
ment, measurement of clinical parameters, and recording of NT-proBNP). Current therapy was as-
sessed and modified when necessary to ensure that treatment was given according to current guide-
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lines. In addition to these visits, intervention group participants attended individualised visits for the
initiation and up-titration of RAAS antagonists and beta-blockers. For participants already receiving an
RAAS antagonist and beta-blocker, medication dosage was increased to the maximum recommended
dose. For those not already receiving an RAAS antagonist, an angiotensin-converting enzyme (ACE) in-
hibitor was started. If the participant was not on any neurohumoral medication, an ACE inhibitor was
started first, and beta-blockers were prescribed as a second step.

Drug titration steps were detailed in a logbook by the physician, normally as weekly increases over
the period of a month. Participants self-monitored blood pressure and heart rate at home, and in the
event of bradycardia, hypotension, or any other new symptom were advised to ring the outpatient clin-
ic, wherein a physician decided whether it was safe to continue up-titrating the dose. Physicians in-
creased the dosage of medications until NT-proBNP concentrations decreased by 50% or to below nor-
mal values, or until a maximum recommended or tolerated dose was reached. Up-titration of therapy
was scheduled within the first 3 months

Control: control group participants also attended clinic visits at 3, 6, 9, and 12 months as per the inter-
vention group; current therapy was assessed and modified as necessary to ensure that treatment was
given according to current guidelines

Outcomes Review relevant:

(1) Outcome as defined in study:any death based on a cardiac or other macrovascular event

Outcome as defined in protocol: cardiovascular mortality (as defined by trialists)

(2) Outcome as defined in study: hospitalisation due to cardiovascular event. This definition was con-
firmed by personal contact with the study author as any unplanned hospitalisation based on a cardiac
or other macrovascular event

Outcome as defined in protocol: cardiovascular hospitalisation (as defined by trialists)

(3) Outcome as defined in study: hospitalisation for any reason

Outcome as defined in protocol: all-cause hospitalisation

(4) Outcome as defined in study: death

Outcome as defined in protocol: all-cause mortality

(5) Outcome as defined in study: decrease in NT-proBNP concentrations after year of intensified treat-
ment*

Outcome as defined in protocol: change in NP level at the end of follow-up

*These data were reported as median and interquartile range; therefore we discussed these results nar-
ratively within the text

Throughout the body of the review, all outcomes are be referred to by the name defined in the review
protocol

Other outcomes: hospitalisation or death due to cardiac disease, heart failure hospitalisations

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Three hundred patients were prospectively digitally randomized 1:1"

From personal communication with the study author on 24 October 2018, the
following information was obtained: "We used a computer generated random
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list and a randomized number was given after patients gave informed con-
sent"

Allocation concealment
(selection bias)

Low risk Allocation concealment was not detailed in the published paper. Through per-
sonal communication with the study author on 24 October 2018, the following
information was obtained: "Information regarding patient allocation was held
by the statistician who administered the allocation after informed consent was
obtained. Central allocation by phone and e-mail was used"

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective outcomes

High risk Patients and personnel were not blinded in this study. For the outcomes car-
diovascular hospitalisation and all-cause hospitalisation, risk of performance
bias was judged to be high. Although the outcome assessor deducing the rea-
sons for hospitalisation was blinded to treatment allocation, it may still have
been possible for the assessor to obtain this information due to the unblinded
nature of the trial. Patient knowledge of their treatment arm may also have in-
fluenced their decision to present to hospital

Blinding of participants
and personnel (perfor-
mance bias) 
Objective outcomes

Low risk The outcomes all-cause mortality, cardiovascular mortality, and change
in NP level at the end of follow-up (laboratory measurement) are objective
and therefore are unlikely to have been influenced by patient and personnel
knowledge of the intervention arm

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "The primary reasons for hospitalisation were deduced from hospital files by
a cardiologist who was not aware of the results at the time of indexing or the
randomization"

The cardiologist assessing reasons for hospitalisation was blinded to treat-
ment arm. The study does not specifically state that the same person assessed
reasons for mortality, but we believe it is reasonable to assume that this is the
case

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Withdrawal was similar between arms (n = 19 in the control group and n = 13
in the intervention group). The reason provided was the following: discontin-
ued intervention (refused to appear for visits). In the case of risk measures (e.g.
triglycerides, eGFR, HbA1c, NT-proBNP), no imputation was performed and
withdrawals were omitted from the analysis of these parameters at the 12-
month time point (n = 131 in control group and n = 137 in intervention group)

In the case of the endpoints: all-cause hospitalisation and unplanned cardio-
vascular hospitalisations or death; all patients who withdrew permitted the re-
searchers to follow them regarding these endpoints (confirmed through per-
sonal communication with the study author 24 October 2018). This informa-
tion was obtained from mortality data and from hospital files

The outcome change in NT-proBNP may have been affected by the exclusion
of dropouts from the analysis, but it is unlikely that the other outcomes were
affected; therefore, the risk of bias was judged to be low

Selective reporting (re-
porting bias)

High risk Protocol was not available. All planned outcomes specified in the clinical tri-
als registry clincialtrials.gov were reported on (reduction in cardiac events,
decrease in NT-proBNP in the treatment arm, and reduction in NT-proBNP).
However, additional secondary outcomes are listed in the paper that were not
specified in the clinical trials registry: all-cause hospitalisation, unplanned car-
diovascular hospitalisation or death, and heart failure hospitalisation. This in-
dicates that selective reporting may have been present

Other bias Low risk No other sources of bias were identified
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Methods Study design: randomised, prospective, 1:1 parallel-group open study

Setting: St. Vincent’s University Healthcare Group, incorporating St. Michael’s Hospital, Dun Laoghaire

Location: Dublin, Ireland

Duration of follow-up: mean 4.2 years (subset of 1054 participants, mean follow-up = 4.3 years)

Sample size calculation: yes

Participants Inclusion criteria:

Age > 40 years of age and 1 or more of the following:
• History of proven vascular disease including coronary artery disease (confirmed by angiography) or
prior myocardial infarction, cerebrovascular disease, and peripheral vascular disease
• History of hypertension (medicated for longer than 1 month)
• History of moderate to severe valvular heart disease
• History of diabetes
• History of arrhythmia requiring treatment
• History of hyperlipidaemia (defined as total cholesterol > 5 mmol/L (4.5 mmol/L in high risk) and/or
LDL-C > 3 mmol/L (2.5 mmol/L in high risk) or prescribed lipid-lowering therapy
• Obesity (BMI > 30 kg/m2)

Exclusion criteria:

• Refusal to provide informed consent
• Diagnosis of conditions that may compromise survival over the study period
• Evidence or history of symptomatic heart failure

• Established evidence of leM ventricular systolic dysfunction

Full sample analysis

Randomised: 1374: control 677, intervention 697

Gender (female): control 55.7%, intervention 53.7%

Mean age (years): control 65.4 (SD 10.3), intervention: 64.1 (SD 10.1)

Loss to follow-up: control - 69 lost to follow-up, 132 withdrew from study; intervention - 70 lost to fol-
low-up, 92 withdrew from study

Subsample analysis

Randomised: only 1054 of those randomised were included in this analysis: control 522, intervention
532. Participants who were lost to follow-up (n = 70 intervention and n = 69 control) and participants
without at least 1 year of detailed follow-up cost data (n = 95 intervention patients and n = 86 control
patients) were excluded from this subsample

Gender (female): control 58%, intervention 48%

Median age (years): control 67.1 (IQR 58.3 to 73.6), intervention 64.5 (IQR 57.2 to 70.8)

Loss to follow-up: excluded from analysis

Key differences from full sample: there were no significant differences between the full sample and
the subsample with the exception that there were marginally higher proportions of patients with hy-
pertension in the subsample (control: full sample 419 (61.9%), subsample 357 (68.4%); P < 0.05; inter-
vention: full sample 433 (62.1%) subsample 368 (69.2%); P < 0.05)

Interventions Intervention group:

All participants underwent an initial education and risk factor management appointment. Participants
randomised to the intervention arm were divided into low- and high-risk groups according to their BNP
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levels. Participants with BNP ≥ 50 pg/mL were deemed to have elevated BNP, and those with BNP < 50
pg/mL were deemed to have normal BNP
 
Normal BNP (intervention arm only)
 
Participants in the intervention arm with entry BNP < 50 pg/mL received ongoing care from their pri-
mary care physician as per those in the control group, with the difference being that their BNP level
was made available to the primary care physician. Participants saw their primary care physician at least
annually, and a repeat BNP was drawn. If the value remained < 50 pg/mL, care continued as above, but
if the value reached or exceeded 50 pg/mL, the participant was referred to the cardiovascular unit and
was treated as outlined below
 
Elevated BNP (intervention arm only)
 
All participants in the intervention arm with BNP > 50 pg/mL were referred to the specialist cardiovas-
cular centre. The specialist intervention was to be multi-dimensional and included the following

• History and physical examination by a cardiologist

• Doppler echocardiography and further work-up of any observed significant structural or functional
abnormalities

• Recommendations for adjustment of medications as indicated (e.g. statins, antihypertensives) pro-
vided to the primary care physician

• Review by a cardiovascular nurse with emphasis placed on risk assessment, adherence to medication,
and lifestyle advice

All participants in this arm of the study were followed-up on an annual basis by the specialist cardio-
vascular centre for repeated BNP analysis and physical examinations, Doppler echocardiography, and
other investigations/interventions as deemed necessary

Control group:

All participants received initial education and risk factor management. In the control arm, BNP results
were not provided to the patient and the primary care physician, and standard care continued with ad-
vice on lifestyle modification and risk factor intervention as determined by the primary care physician
with at least annual review of the patient. At the annual review, a study nurse carried out blinded BNP
testing on all control patients as part of a structured cardiovascular risk and lifestyle review. Control
patients received specialist cardiologist review only if requested by the primary care physician as part
of their usual care

Outcomes Review relevant:

(1) Outcome as defined in study: emergency hospitalisation for any of the following major adverse car-
diovascular events (MACE): arrhythmia, transient ischaemic attack, stroke, myocardial infarction, pe-
ripheral or pulmonary thrombosis/embolus, or heart failure

Outcome as defined in protocol: cardiovascular hospitalisation (as defined by trialists)

(2) Outcome as defined in study: prevalence of leM ventricular dysfunction (asymptomatic leM ventric-
ular systolic dysfunction or asymptomatic leM ventricular diastolic dysfunction) with or without newly
diagnosed heart failure at study completion

LeM ventricular dysfunction was defined as any combination of (1) leM ventricular ejection fraction <
50% or (2) E/E′ ratio > 15 in the setting of normal leM ventricular ejection fraction on Doppler echocar-
diography; presence of heart failure was defined as symptoms of heart failure requiring emergency ad-
mission to hospital, confirmed by hospital discharge summary

Outcome as defined in protocol: ventricular dysfunction (as defined by trialists)

(3) Outcome as defined in study: this outcome was ascertained by pooling the number of emergency
non-cardiovascular event hospitalisations with the number of emergency hospitalisations for MACE

Outcome as defined in protocol: all-cause hospitalisation*
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(4) Outcome as defined in study: death

Outcome as defined in protocol: all-cause mortality*

(5) Outcome as defined in study: change in BNP over time

Outcome as defined in protocol: change in NP level at the end of follow-up

Throughout the body of the review, all outcomes are be referred to by the name defined in the review
protocol

*These outcomes were not included in the study's primary report, but they were included in the study's
cost-effectiveness paper, which included a subset of participants (1054 of 1374) from the main analysis

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Study group was assigned by the STOP-HF centre according to a comput-
er-generated random number list created by the study statistician. An admin-
istrator in the study centre allocated patients consecutively to intervention or
control group"

Allocation concealment
(selection bias)

Low risk “The allocation sequence was concealed from the investigators until individu-
als were assigned”

Through personal communication with the study author on 18 October 2018,
the following information was obtained: "A randomization list was created
with sequential ID numbers. It was held confidentially by the administrator in
a separate building and patients were allocated on a consecutive basis to in-
tervention or control by phone" Therefore, the risk of bias from allocation con-
cealment was judged to be low

Blinding of participants
and personnel (perfor-
mance bias) 
Subjective outcomes

High risk For the outcomes cardiovascular hospitalisation and all-cause hospitalisation,
risk of performance bias was judged to be high. Although the outcome asses-
sor deducing the reasons for hospitalisation was blinded to treatment alloca-
tion, it may still have been possible for the assessor to obtain this information
due to the unblinded nature of the trial. Patient knowledge of their treatment
arm may have influenced their decision to present to hospital

Blinding of participants
and personnel (perfor-
mance bias) 
Objective outcomes

Low risk The outcome ventricular dysfunction was judged to be at low risk of bias as
the echocardiographer and cardiologist reviewing the end of study echo were
blinded to treatment allocation and ventricular dysfunction was diagnosed on
the basis of very clearly defined echocardiographic parameters. The outcome
all-cause mortality was also unlikely to be influenced by lack of blinding as it
is a very objective measure. As the outcome 'change in NP level at the end of
follow-up' is a laboratory assessment, we considered the risk of performance
bias to be low

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "At study termination, all control and intervention group participants under-
went clinical assessment by a cardiologist including Doppler echocardiogra-
phy; the technician and reporting cardiologist were blinded to study group al-
location...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
discharge summary...The nurse who reviewed records to determine outcomes
was blinded to participant allocation"

The risk of detection bias was considered low as outcome assessors were
blinded
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Outcomes: cardiovascular hospitalisation, ventricular dysfunction, and
change in NP at the end of follow-up
The study authors clearly stated the proportion of participants who were lost
to follow-up and who withdrew from the study, by intervention arm. The pro-
portion of participants who were lost to follow-up or who withdrew was 23.2%
in the intervention group and 29.7% in the control group. Given the duration
of follow-up (4.2 years), the level of attrition is not of concern. Withdrawal was
higher in the control group than in the intervention group (19.5% vs 13.2%).
However, detailed reasons for patient withdrawal were provided, and it is
clear that withdrawal was due to circumstances or to lack of interest and was
unrelated to the study's outcomes of interest. Therefore this is unlikely to have
biased the results

Intention-to-treat analysis was performed and clarification on the methods
used was sought from the study author. The following information was ob-
tained on 3 December 2018: “For the clinical endpoints ventricular dysfunction
and BNP level, ITT analysis was performed using last observation carried for-
ward. For the event outcome MACE, multiple imputation was performed.” As
all participants were accounted for in the analysis, risk of bias for these out-
comes was judged to be low

Outcomes: all-cause hospitalisation, all-cause mortality

The analysis that included these outcomes included a subset of 1054 partici-
pants from the main study. Participants who were lost to follow-up (n = 70 in-
tervention and n = 69 control) and those without at least 1 year of detailed fol-
low-up cost data (n = 95 intervention patients and n = 86 control patients) were
excluded from the analysis. Therefore, risk of attrition bias was considered
high for these outcomes, as all participants were not included in the analysis

Selective reporting (re-
porting bias)

High risk Several secondary outcomes outlined in the study protocol have not yet been
published upon: (1) relative effects of intervention in prespecified subgroups:
above and below median age; male/female, hypertension, diabetes, vascu-
lar disease, structural cardiovascular disease, obesity; (2) relative effects of
the intervention on Health and Lifestyle questionnaire; (3) evaluation of clin-
ical, demographic, biochemical, pharmacological, genomic, proteomic, and
metabolomic determinants of natriuretic peptides

Therefore, the study was judged to have high risk of bias

Other bias Low risk No other sources of bias were identified

Ledwidge 2013  (Continued)

BMI: body mass index.
BNP: brain natriuretic peptide.
eGFR: estimated glomerular filtration rate.
HbA1c: glycosylated haemoglobin.
IQR: interquartile range.
ITT: intention-to-treat.
LDL-C: low-density lipoprotein cholesterol.
NP: natriuretic peptide.
NT-proBNP: N-terminal pro B-type natriuretic peptide.
RAAS: renin-angiotensin-aldosterone system.
RCT: randomised controlled trial.
SD: standard deviation.
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Study Reason for exclusion

AbouEzzedine 2016 Not an RCT

ACTRN12618002005235 No outcomes of interest

Berger 2010 Wrong patient population (participants were those hospitalised due to heart failure)

Betti 2009 No interventions of interest

Eurlings 2010 Wrong patient population (participants had chronic heart failure at study entry)

GUIDE-IT Wrong patient population (participants had HFrEF (EF≤ 40%))

Januzzi 2011 Wrong patient population (participants had leM ventricular systolic dysfunction at study entry)

Jourdain 2007 Wrong patient population (participants had heart failure at study entry)

Lainchbury 2010 Wrong patient population (participants had chronic heart failure at study entry)

NCT00604006 No data were available

Persson 2010 Wrong patient population (participants had chronic heart failure at study entry)

Shah 2006 Wrong patient population (participants had advanced heart failure at study entry)

TIME-CHF Wrong patient population (participants had congestive heart failure at study entry)

Troughton 2000 Wrong patient population (participants had impaired systolic function (leM ventricular ejection
fraction < 40%) and symptomatic heart failure at study entry)

Vavuranakis 2012 Not an RCT

EF: ejection fraction.
HFrEF: heart failure with reduced ejection fraction.
RCT: randomised controlled trial.
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Preventing Heart Failure Using Medical Intervention Guided by NT-proBNP

Methods Study design: RCT

Setting: Bagdascar-Arseni Hospital (cardiology department)

Location: Romania

Duration of follow-up: 1 year

Summary risk of bias: unclear

Participants Inclusion criteria: 1 or more of the following conditions: hypertension, diabetes, ischaemic heart
disease, valvular disease, arrhythmia

Exclusion criteria: patients already diagnosed with heart failure, leM ventricular systolic, or dias-
tolic dysfunction; or with current symptoms of heart failure

Dimitriu 2015 
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Randomised: 164: control 82, intervention 82

Gender: not described

Mean age: not described

Loss to follow-up: not described

Interventions Intervention group: NT-proBNP value was determined for all patients. In the intervention group,
patients were treated according to their NT-proBNP level: patients who had NT-proBNP < 125 pg/
mL received standard treatment for their symptoms. Patients who had NT-proBNP ≥ 125 pg/mL un-
derwent further clinical investigation by cardiac ultrasound and other specific tests for each case
(blood test, stress test, ECG monitoring/24 hours). After completing medical balance, each patient
received specific treatment

Control group: patients in the control group received standard treatment for their symptoms re-
gardless of the NT-proBNP value

Outcomes Review relevant: (1) diagnosis of cardiac failure, leM ventricular systolic or diastolic dysfunction;
(2) patient death from any cause (not actually reported); (3) rate of hospitalisation for cardiovascu-
lar pathology

Starting date Unknown

Contact information Prof Dr Crina Sinescu, MD, PhD, FESC
Clinica de Cardiologie
Spitalul Clinic de Urgență ”Bagdasar-Arseni”
Telephone: 021 334 30 52

Notes  

Dimitriu 2015  (Continued)

 
 

Trial name or title NT-proBNP Selected Prevention of Cardiac Events in Diabetic Patients

Methods Study design: randomised, prospective, parallel-group open study
Setting: diabetic and cardiology outpatient clinics
Location: Austria (10 centres), Netherlands (1 centre), New Zealand (1 centre)
Duration of follow-up: 2 years
Sample size calculation: unknown

Participants 2400 participants to be recruited from centres within Austria, The Netherlands, and New Zealand
Inclusion criteria:
• Type 2 diabetes for at least 6 months
• ≥ 18 years of age
• Provision of written informed consent
Exclusion criteria:
• History of hypersensitivity to any of the investigated drugs as well as known or suspected con-
traindications to study drugs or previous history of intolerance to high dose of RAAS antagonist or
beta-blocker in the absence of any other blood pressure-lowering drugs
• Patients already on maximum dose of RAAS antagonist or beta-blocker
• Creatinine > 2.5 mg/dL
• Symptomatic hypotension and/or systolic blood pressure (SBP) < 100 mmHg at visit 1
• Symptomatic bradycardia and/or heart rate (HR) < 60 bpm at visit 1
• Signs of cardiac disease in the ECG such as atrial fibrillation; ST-T abnormalities or any bundle
branch block/higher degree atrioventricular block

Huelsmann 2016 
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• Abnormal echocardiography, defined as low ejection fraction < 50%; wall motion abnormalities
suggesting coronary artery disease (CAD), significant valve dysfunction > grade I, or other signifi-
cant alteration
• Coronary artery disease, defined by a history of myocardial infarction, known coronary stenosis >
70% detected either by angiography or by CT scan, significant defects in myocardial scintigraphy,
or positive stress test echocardiography
• Disease other than T2DM lowering the patient’s life expectancy to less than 2 years
• Chronic infection or malignancy
• Systemic treatment with corticosteroids

• Renal replacement therapy
• Women of childbearing potential
• Pregnant or nursing women
• History of non-compliance with medical regimens and patients considered potentially unreliable
• Current double-blind treatment in diabetic trials
• Participation in an investigational drug study at the time of enrolment or within the past 90 days

Interventions Intervention group:
Participants will receive intensive therapy with RAAS antagonist and beta-blockers titrated up to
maximal dosages as permitted and tolerated and following national guidelines within 3 months of
study entry
Control group:
No RAAS antagonist and beta-blocker therapy will be added, or if already taking at study entrance,
dose will remain stable

Changes in RAAS antagonist or beta-blocker therapy are not allowed in the control group during
the study phase

Outcomes Primary outcome:
• Number of patients with unplanned cardiac hospitalisation or death due to a cardiac event (time
frame: 2 years). The combined endpoint of the number of patients with unplanned cardiac hospi-
talisation or death due to a cardiac event will be recorded throughout the study duration of 2 years
Secondary outcomes:
• Number of patients hospitalised for any cardiac reasons (time frame: 2 years)
• Number of patients hospitalised due to heart failure (time frame: 2 years)
• Number of patients hospitalised due to all causes (time frame: 2 years)
• Change in kidney function (time frame: 2 years)

Starting date 29 June 2016

Contact information Contact: Martin Huelsmann, Doz Dr +43 1 40400 ext 46140; martin.huelsmann@meduniwien.ac.at

Notes  

Huelsmann 2016  (Continued)

CT: computed tomography.
ECG: electrocardiogram.
NT-proBNP: N-terminal pro B-type natriuretic peptide.
RAAS: renin-angiotensin-aldosterone system.
RCT: randomised controlled trial.
T2DM: type 2 diabetes mellitus.
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Comparison 1.   Natriuretic peptide-guided treatment versus standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Cardiovascular mortality (as defined by
trialists)

1   Risk Ratio (M-H, Fixed,
95% CI)

Subtotals only

2 Cardiovascular hospitalisation (as de-
fined by trialists)

2 1674 Risk Ratio (M-H, Fixed,
95% CI)

0.52 [0.40, 0.68]

3 Cardiovascular hospitalisation (as de-
fined by trialists) by natriuretic peptide
level

2 1674 Risk Ratio (M-H, Fixed,
95% CI)

0.50 [0.38, 0.65]

3.1 BNP < 50 pg/mL and NT-proBNP < 125
pg/mL

1 876 Risk Ratio (M-H, Fixed,
95% CI)

0.55 [0.32, 0.95]

3.2 BNP > 50 pg/mL and NT-proBNP > 125
pg/mL

2 798 Risk Ratio (M-H, Fixed,
95% CI)

0.48 [0.36, 0.65]

4 All-cause mortality 2 1354 Risk Ratio (M-H, Fixed,
95% CI)

0.90 [0.60, 1.35]

5 All-cause hospitalisation (all occur-
rences)

2 1354 Risk Ratio (M-H, Fixed,
95% CI)

0.83 [0.75, 0.92]

6 Ventricular dysfunction (as defined by
trialists)

1   Risk Ratio (M-H, Fixed,
95% CI)

Subtotals only

7 Change in NP level at the end of fol-
low-up

1   Mean Difference (IV, Fixed,
95% CI)

Subtotals only

 
 

Analysis 1.1.   Comparison 1 Natriuretic peptide-guided treatment versus
standard care, Outcome 1 Cardiovascular mortality (as defined by trialists).

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Huelsmann 2013 1/150 3/150 0% 0.33[0.04,3.17]

NP-guided treatment 1000.01 100.1 1 Standard care

 
 

Analysis 1.2.   Comparison 1 Natriuretic peptide-guided treatment versus
standard care, Outcome 2 Cardiovascular hospitalisation (as defined by trialists).

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Huelsmann 2013 7/150 18/150 13.17% 0.39[0.17,0.9]

Ledwidge 2013 65/697 117/677 86.83% 0.54[0.41,0.72]

   

Total (95% CI) 847 827 100% 0.52[0.4,0.68]

NP-guided treatment 100.1 50.2 20.5 1 Standard care
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Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 72 (NP-guided treatment), 135 (Standard treatment)  

Heterogeneity: Tau2=0; Chi2=0.52, df=1(P=0.47); I2=0%  

Test for overall effect: Z=4.77(P<0.0001)  

NP-guided treatment 100.1 50.2 20.5 1 Standard care

 
 

Analysis 1.3.   Comparison 1 Natriuretic peptide-guided treatment versus standard care,
Outcome 3 Cardiovascular hospitalisation (as defined by trialists) by natriuretic peptide level.

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 BNP < 50 pg/mL and NT-proBNP < 125 pg/mL  

Ledwidge 2013 19/434 35/442 24.9% 0.55[0.32,0.95]

Subtotal (95% CI) 434 442 24.9% 0.55[0.32,0.95]

Total events: 19 (NP-guided treatment), 35 (Standard treatment)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.14(P=0.03)  

   

1.3.2 BNP > 50 pg/mL and NT-proBNP > 125 pg/mL  

Huelsmann 2013 7/150 18/150 12.92% 0.39[0.17,0.9]

Ledwidge 2013 46/263 82/235 62.18% 0.5[0.37,0.69]

Subtotal (95% CI) 413 385 75.1% 0.48[0.36,0.65]

Total events: 53 (NP-guided treatment), 100 (Standard treatment)  

Heterogeneity: Tau2=0; Chi2=0.31, df=1(P=0.58); I2=0%  

Test for overall effect: Z=4.83(P<0.0001)  

   

Total (95% CI) 847 827 100% 0.5[0.38,0.65]

Total events: 72 (NP-guided treatment), 135 (Standard treatment)  

Heterogeneity: Tau2=0; Chi2=0.47, df=2(P=0.79); I2=0%  

Test for overall effect: Z=5.22(P<0.0001)  

Test for subgroup differences: Chi2=0.19, df=1 (P=0.66), I2=0%  

NP-guided treatment 100.1 50.2 20.5 1 Standard care

 
 

Analysis 1.4.   Comparison 1 Natriuretic peptide-guided
treatment versus standard care, Outcome 4 All-cause mortality.

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Huelsmann 2013 3/150 5/150 11.02% 0.6[0.15,2.47]

Ledwidge 2013 38/532 40/522 88.98% 0.93[0.61,1.43]

   

Total (95% CI) 682 672 100% 0.9[0.6,1.35]

Total events: 41 (NP-guided treatment), 45 (Standard treatment)  

Heterogeneity: Tau2=0; Chi2=0.34, df=1(P=0.56); I2=0%  

Test for overall effect: Z=0.53(P=0.6)  

NP-guided treatment 100.1 50.2 20.5 1 Standard care
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Analysis 1.5.   Comparison 1 Natriuretic peptide-guided treatment versus
standard care, Outcome 5 All-cause hospitalisation (all occurrences).

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Huelsmann 2013 58/150 77/150 18.91% 0.75[0.58,0.97]

Ledwidge 2013 283/532 327/522 81.09% 0.85[0.77,0.94]

   

Total (95% CI) 682 672 100% 0.83[0.75,0.92]

Total events: 341 (NP-guided treatment), 404 (Standard treatment)  

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=3.76(P=0)  

NP-guided treatment 100.1 50.2 20.5 1 Standard care

 
 

Analysis 1.6.   Comparison 1 Natriuretic peptide-guided treatment versus
standard care, Outcome 6 Ventricular dysfunction (as defined by trialists).

Study or subgroup NP-guided
treatment

Standard
treatment

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Ledwidge 2013 37/697 59/677 0% 0.61[0.41,0.91]

NP-guided treatment 100.1 50.2 20.5 1 Standard care

 
 

Analysis 1.7.   Comparison 1 Natriuretic peptide-guided treatment versus
standard care, Outcome 7 Change in NP level at the end of follow-up.

Study or subgroup NP-guided
treatment

Standard treatment Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Ledwidge 2013 697 5.5 (104.1) 677 9.5 (104.1) 0% -4.06[-15.07,6.95]

NP-guided treatment 10050-100 -50 0 Standard treatment

 

 

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL

#1 MeSH descriptor: [Natriuretic Peptide, Brain] this term only

#2 (Natriuretic peptide* near/3 (B or brain or pro-brain or b-type or type-b or ventricular))

#3 BNP*

#4 NT-proBNP

#5 NTproBNP

#6 BNPT*
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#7 probnp*

#8 pro-bnp*

#9 natriuretic factor

#10 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9

MEDLINE

1. Natriuretic Peptide, Brain/

2. (Natriuretic peptide* adj3 (B or brain or pro-brain or b-type or type-b or ventricular)).tw.

3. BNP*.tw.

4. NT-proBNP.tw.

5. NTproBNP.tw.

6. BNPT*.tw.

7. probnp*.tw.

8. pro-bnp*.tw.

9. natriuretic factor.tw.

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9

11. randomized controlled trial.pt.

12. controlled clinical trial.pt.

13. randomized.ab.

14. placebo.ab.

15. clinical trials as topic.sh.

16. randomly.ab.

17. trial.ti.

18. 11 or 12 or 13 or 14 or 15 or 16 or 17

19. exp animals/ not humans.sh.

20. 18 not 19

21. 10 and 20

Embase

1. brain natriuretic peptide/

2. (Natriuretic peptide* adj3 (B or brain or pro-brain or b-type or type-b or ventricular)).tw.

3. BNP*.tw.

4. NT-proBNP.tw.

5. NTproBNP.tw.

6. BNPT*.tw.

7. probnp*.tw.

8. pro-bnp*.tw.
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9. natriuretic factor.tw.

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9

11. random$.tw.

12. factorial$.tw.

13. crossover$.tw.

14. cross over$.tw.

15. cross-over$.tw.

16. placebo$.tw.

17. (doubl$ adj blind$).tw.

18. (singl$ adj blind$).tw.

19. assign$.tw.

20. allocat$.tw.

21. volunteer$.tw.

22. crossover procedure/

23. double blind procedure/

24. randomized controlled trial/

25. single blind procedure/

26. 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

27. (animal/ or nonhuman/) not human/

28. 26 not 27

29. 10 and 28

Web of Science

#11 #10 AND #9

#10 TS=(random* or blind* or allocat* or assign* or trial* or placebo* or crossover* or cross-over*)

#9 #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1

#8 TS=natriuretic factor

#7 TS=pro-bnp*

#6 TS=probnp*

#5 TS=BNPT*

#4 TS=NTproBNP

#3 TS=NT-proBNP

#2 TS=BNP*

#1 TS=(Natriuretic peptide* near/3 (B or brain or pro-brain or b-type or type-b or ventricular))

Clinicaltrials.gov

Advanced Search- Limited to study type: interventional studies
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natriuretic peptide OR bnp OR pro bnp OR probnp OR ntprobnp OR pro-bnp OR nt-probnp

WHO ICTRP

Standard search
natriuretic peptide OR bnp OR pro bnp OR probnp OR ntprobnp OR pro-bnp OR nt-probnp

EU Clinical Trials Register

Standard search
natriuretic peptide OR bnp OR pro bnp OR probnp OR ntprobnp OR pro-bnp OR nt-probnp

W H A T ' S   N E W

 

Date Event Description

28 October 2019 Amended Title added to Plain language summary

 

C O N T R I B U T I O N S   O F   A U T H O R S

• CS: publication screening; assessment of relevance and quality of papers; data extraction; correspondence with study authors;
organisation, analysis, and interpretation of data; and writing the manuscript.

• FR: responsibility for design of the protocol; assessment of all trials for inclusion or exclusion; and checking data entry.

• ML: contributions to analysis, review, and interpretation of data; discussion of the protocol and final manuscript; statistical advice
provided; and approval of the final version.

• CR: contributions to the review and discussion of the protocol; statistical advice provided; acting as third party to resolve disagreements;
assessment of quality of papers and risk of bias.

• KMD: contributions to the review and discussion of the protocol and final manuscript; approval of the final version.

• CW: contributions to the review and discussion of the protocol.

• RBP: data extraction and risk of bias assessment.

• JG: contributions to the review and discussion of the protocol and final manuscript; approval of the final version.

D E C L A R A T I O N S   O F   I N T E R E S T

• CS: none known.

• FR: none known.

• ML: author of an eligible study. Prof Ledwidge reports board membership and shares in Solvotrin Therapeutics and H&L Pharma and is a
named inventor on several patents related to isosorbide prodrugs of salicylates and iron-protein formulations. Co-Principal Investigator
on the prospective, personalised comparison of ARni with ArB in patients with natriuretic peptide elevation (PARABLE) study, sponsored
by Heartbeat Trust with unrestricted grant support from Novartis. Funded by an EU FP7 grant investigating biomarkers of cardiovascular
disease and a Health Research Board, Ireland, project grant.

• CR: none known.

• KMD: author of an eligible study. Prof McDonald is co-Principal Investigator on the prospective, personalised comparison of ARni with
ArB in patients with natriuretic peptide elevation (PARABLE) study, sponsored by Heartbeat Trust with unrestricted grant support from
Novartis.

• CW: author of an eligible study.

• RBP: none known.

• JG: author of an eligible study. Dr Gallagher has received consultancy fees from Novartis and payment for preparation of educational
presentations by PCM Scientific Servier Laboratories and Novartis. Received payment for talk preparation by Roche Diagnostics and
has received conference and travel fees from Servier, Novartis, and Menarini.

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied

Natriuretic peptide-guided treatment for the prevention of cardiovascular events in patients without heart failure (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

External sources

• This project was supported by the National Institute for Health Research, via Cochrane Infrastructure funding to the Heart Group.
The views and opinions expressed therein are those of the authors and do not necessarily reflect those of the Systematic Reviews
Programme, NIHR, NHS, or the Department of Health, UK.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the review protocol, we planned to perform subgroup analysis according to those with (1) BNP 35 pg/mL to 100 pg/mL or NT-proBNP
125 pg/mL to 300 pg/mL and (2) BNP ≥ 100 pg/mL and NT-proBNP ≥ 300 pg/mL. We derived the lower limit for these subgroups from
the European Society of Cardiology Guidelines (Ponikowski 2016); the upper limit for these subgroups represents the cut-oG points for
implementation of strategies to prevent heart failure, as specified in the 2014 Canadian Cardiovascular Society Heart Failure Management
Guidelines (Moe 2015).

However the more recent 2017 Comprehensive Update of the Canadian Cardiovascular Society Guidelines for the Management of Heart
Failure recommends a value of BNP > 50 pg/mL or NT-proBNP > 125 pg/mL for the implementation of strategies to prevent heart failure
(Ezekowitz 2017). We therefore believe it was appropriate to change the cut-oG values for these subgroups in a post hoc amendment to (1)
BNP < 50 pg/mL and NT-proBNP > 125 pg/mL and (2) BNP ≥ 50 pg/mL and NT-proBNP ≥ 125 pg/mL.
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