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Abstract

Aims Natriuretic peptides are helpful in detecting chronic heart failure (HF) in primary care; however, there are a lack of
data evaluating thresholds recommended by clinical guidelines. This study assesses the diagnostic accuracy of N-terminal
pro-B-type natriuretic peptide (NT-proBNP) using combined individual patient data from two studies in the UK and the
Netherlands.
Methods and results Random effects methods were used to estimate the performance characteristics of NT-proBNP thresh-
olds recommended by the European Society of Cardiology (ESC) and the UK National Institute for Health and Care Excellence
(NICE) guidelines. New onset HF was diagnosed in 313 of 1073 (29.2%) participants. Age, sex, and atrial fibrillation-adjusted
NT-proBNP was a better predictor of HF with reduced ejection fraction (HFrEF) than HF preserved ejection fraction (HFpEF),
with area under receiver operating characteristic curve of 0.82 95% CI (0.78 to 0.86) vs. 0.71 (0.66 to 0.75). In persons aged
70 years and over, the ESC threshold at 125 ng/L for detection of all-cause HF had summary negative predictive value (NPV) of
84.9% (81.6 to 88.2), positive predictive value (PPV) 68.1% (63.1 to 73.3), sensitivity 74.9% (69.5 to 80.3), and specificity 80.1%
(76.9 to 83.4); the NICE threshold at 400 ng/L had summary NPV of 74.7% (72.1 to 77.2), PPV 81.8% (73.3 to 89.5), sensitivity
43.5% (37.2 to 49.8), and specificity 94.5% (92.3 to 96.7).
Conclusions N-terminal pro-B-type natriuretic peptide is better at detecting HFrEF than HFpEF in a primary care setting. In
persons aged 70 and over, the ESC threshold of 125 ng/L is more accurate at detecting and excluding HF than the higher level
suggested in NICE guidelines. More prospective data are required to establish the optimal NP threshold for detecting chronic
HF in general practice.
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Introduction

Heart failure (HF) is an increasingly prevalent condition due
to an ageing population1 with only modest improvement ob-
served in long-term survival in the UK over the last 20 years.2,3

The importance of early diagnosis, when evidence-based
treatments can be initiated, is therefore critical. There is evi-
dence from routinely collected primary care data of delayed
HF diagnosis despite most patients with HF consulting their

GP prior to diagnosis.4 However, making a diagnosis in pri-
mary care can be difficult as the symptoms of HF—typically
breathlessness, ankle swelling, and fatigue—often overlap
with other conditions.

Natriuretic peptide (NP) tests are a cost-effective aid to
diagnosis.5 These peptides are mainly produced in the myo-
cardium of the left ventricle, increasing in response to
stretch, commonly caused by pressure or fluid overload,
and are raised in people with HF. B-type NP and the inactive
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fragment NT-proBNP are available in primary care to assist HF
diagnosis, but the threshold for ruling out HF differs between
guidelines. The UK National Institute for Health and Care
Excellence (NICE) guideline for chronic HF states that at a
NT-proBNP level of <400 ng/L, a diagnosis of HF is unlikely.6

The European Society of Cardiology (ESC) recommends a
much lower cut-off of <125 ng/L to rule out HF.7

There is a paucity of prospective studies evaluating the use
of NP tests in the primary care setting.8 A recent systematic
review by NICE6 identified only five studies,9–13 with low risk
of bias, while even fewer studies reported on both HF with
reduced (HFrEF) and preserved ejection fraction (HFpEF).
The NICE guidelines considered evidence from the REFER
study and its associated economic evaluation,5 acknowledg-
ing the limited data available in primary care. By combining
the REFER individual patient dataset with a similar prospec-
tive study carried out in primary care, we provide additional
threshold evaluation in diagnosis of HF in primary care.

Methods

Data source and study population

Three hundred and fifty-two participants aged 55 and over
were recruited to the primary care REFerral for
EchocaRdiography (REFER) study from 28 general practices
in the West Midlands region of the UK,12 and 721 patients
were recruited, with no age restriction, to the Utrecht
HartFalen Onderzoek (UHFO) study from primary care prac-
tices in the catchment areas of eight hospitals in the
Netherlands.13 Each study recruited patients suspected of
new onset HF in primary care with symptoms including short-
ness of breath, ankle oedema, or fatigue. The data from the
two studies were combined for analysis.

Definitions and measurements

REFER study
Full details of methods are provided elsewhere.14 In sum-
mary, this was a prospective validation study of the MICE
rule,15 a decision tool based on clinical symptoms, natriuretic
peptide, or a combination of both. Participants were referred
to a research clinic where assessments were carried out by a
research nurse and echocardiographer. Information collected
included medical history, symptoms, physical examination
measurements, ECG, and echocardiography results. Blood
was sampled for NP testing and renal function following a
study protocol at all sites. The NT-proBNP level was deter-
mined immediately using a point-of-care (POC) device, Roche
CARDIAC proBNP (second generation), on a Cobas h 232
reader (Roche Diagnostics, UK). Analytical characteristics pro-
vided by the manufacturer include range 60 to 9000 ng/L,

limit of detection (LoD) of 6 ng/L, and coefficient of variation
(CV) <15%.16

UHFO study
This was a diagnostic accuracy study aimed at developing and
validating a clinical prediction rule to detect HF cases in pri-
mary care.13 Participants were referred by GPs to one of
eight rapid access outpatient clinics for a standardized diag-
nostic work-up including patient medical history, ECG, chest
X-ray, spirometry, echocardiography, and NT-proBNP test.
The NT-proBNP level was measured at one central laboratory
using an automated ELISA assay on the Elecsys system (Roche
Diagnostics, Germany) with range 5–35 000, LoD of 5 ng/L,
and CV of <4.6%. Plasma samples were stored in the
laboratory at �80°C prior to the assay being performed.

Outcome definition

REFER study
Quantitative measurement of left ventricular ejection frac-
tion (LVEF) was undertaken, with diastolic function classified
as moderate or severe, based on E′/e, interventricular sep-
tum, sex, and left atrial volume. HF diagnosis was made by
an expert consensus panel of three cardiologists, who
reviewed each case blinded to assessment by other panel
members. ESC 2012 guidelines were used to define HF.7 The
panel followed a three-stepped approach to diagnosis: at step
1, clinical variables (excluding sex, history of myocardial in-
farction (MI), basal crepitations and ankle oedema), ECG,
and echocardiography results were available; at step 2, sex,
MI, crepitations, and oedema were added; at step 3, the
NT-proBNP result was revealed. HF diagnosis at step 2, where
the panel were blinded to NT-proBNP, was defined as the out-
come for this paper.

Heart failure cases identified by the panel, with ejection
fraction ≤50%, were labelled as having HFrEF, and those with
EF >50% as HFpEF. HF with EF between 40% and 50%,
recently identified in the ‘grey’ mid-range area as HFmrEF,
were categorized as HFrEF for the purpose of this study.

UHFO study
Left ventricular ejection fraction was assessed
semi-quantitatively and classified as normal, mild, moder-
ate, and severe dysfunction. Diastolic function was catego-
rized as normal, impaired relaxation, or restrictive filling.
All available diagnostic and 6 month follow-up information
for each patient (excluding NT-proBNP) were used to deter-
mine the final diagnosis of HF following criteria outlined by
the ESC 2005 guidelines.17 Cardiac dysfunction in addition
to signs and symptoms of heart failure was reviewed by a
panel, comprised one of four cardiologists, one of four
pulmonologists, and an outpatient HF clinic physician, with
final diagnosis and probable cause made by discussion and
consensus.
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Heart failure is classified as HFrEF if left ventricular
systolic function was mild, moderate, or severe and classified
as HFpEF if normal left ventricular systolic function was
observed.

Statistical analysis
Prior to combining the datasets, studies were assessed for
methodological quality using QUADAS-2.18 Variable defini-
tions were checked for agreement and summary statistics
compared with published papers. UHFO data queries were
confirmed with the study’s research team.

Test evaluation
Baseline characteristics of the pooled dataset were summa-
rized using descriptive statistics. Participants were grouped
by diagnosis into those with and without HF and also by type
of HF. Individual patient data (IPD) analysis initially explored
the potential influence of age, sex, atrial fibrillation (AF),
and body mass index (BMI) on the peptide’s discriminatory
ability to detect HF using mixed-effects multinomial logistic
regression. The dependent variable of the latter being the
3-level outcome (HFrEF: HFpEF: no HF). Independent vari-
ables included NT-proBNP (loge transformed) with age
(10 year age-bands), sex, AF, and BMI as covariates and study
as a random effect. Two-way interaction terms between co-
variates and NP were also considered. To simplify the model,
the optimal age cut-point was then identified from assess-
ment of the age-specific coefficients and model re-fitting
using age as a dichotomous variable. Model comparison
was undertaken with likelihood ratio tests. Covariate ad-
justed NP discriminatory ability was calculated by summing
the resultant model’s predicted probabilities estimating area
under the receiver operating characteristic curve (AUROC)
and associated confidence intervals.

Following the results of the modelling, 2 by 2 tables of true
positive, false positive, true negative, and false negative
counts were constructed for each study, at selected thresh-
olds of interest: 100, 125 (ESC), 150, 200, and 400 (NICE)
ng/L (12, 15, 18, 24, and 47 pmol/L) and then combined using
two-stage bivariate random effects modelling.19,20 This
method estimates the summary negative predictive value
(NPV), positive predictive value (PPV), sensitivity, and speci-
ficity for each of the NT-proBNP thresholds for HF diagnosis.
Due to data sparsity, univariate random-effects meta-analysis
was performed to estimate these test characteristics for diag-
nosis of HFpEF and HFrEF and also for each age and sex
subgroups,21 with summary predictive values obtained by ap-
plying the median prevalence to the summary sensitivity and
specificity using Bayes rule.20 Subgroup analysis by AF was
not undertaken due to an insufficient number of cases with
AF in the REFER dataset.

Test evaluation was performed excluding missing NP data
(complete cases). To test the robustness of results, sensitivity
analyses examined the effects of missing data using best case

(assigning true positive/true negative based on reference test
result), worst case (assigning false positive/false negative),
and multiple imputation (10 datasets) methods. The imputa-
tion assumption of missing at random was explored by com-
parison of patients’ characteristics, with and without
NT-proBNP recorded, using mixed logistic regression analysis.

Statistical analysis was undertaken using Stata 15.0 (gsem,
ice, xtmelogit, and metaprop_one).

Results

The pooled dataset consisted of 1073 participants (Table 1).
Overall, 37.1% were male, with mean age of 71.7 years (SD
11.1), 630 (58.7%) were hypertensive, 213 (19.8%) had diabe-
tes, and 84 (7.8%) a history of myocardial infarction. At pre-
sentation, 610 (56.8%) had ankle oedema, 930 (86.7%)
shortness of breath, and 759 (70.7%) fatigue. Some differ-
ences were observed between the individual studies with
REFER participants being older, more symptomatic, and hav-
ing higher prevalence of diabetes and hypertension
(Supporting Information, Table S1).

New onset HF was confirmed in 313 (29.2%) of the pooled
dataset, with a similar prevalence of HF recorded in each
study [106 (30.1%) in REFER vs. 207 (28.7%) in UHFO]. In to-
tal, 48.2% of all HF cases had reduced ejection fraction
(HFrEF). Within each study, 15.1% of HF cases in REFER and
65.2% of HF cases in UHFO were due to HFrEF. Atrial
fibrillation was observed in a similar percentage of HF cases
in each dataset (20.8% in REFER vs. 27.1% in UHFO). Direct

Table 1 Characteristics of the combined dataset

Characteristic
Combined studies N = 1073

N (%)

Age (years)
Mean (SD) 71.7 (11.1)
Range 19 to 92
<70 408 (38.0)
≥70 665 (62.0)

Male 398 (37.1)
Ankle oedema 610 (56.8)
Breathlessness 930 (86.7)
Lethargy 759 (70.7)
Previous myocardial infarction 84 (7.8)
Basal crepitations 87 (8.1)
Hypertension 630 (58.7)
Diabetes 213 (19.8)
Respiratory disease 249 (23.2)
Medications
ACE inhibitors 281 (26.2)
Beta-blockers 265 (24.7)
ARBs 145 (13.5)
Diuretics 524 (48.8)

NT-proBNP (ng/L)
Mean (SD) 292.4 (729)
Median (IQR) 60 (13 to 230)
Missing 115 (10.7)
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comparisons between other abnormalities found on ECG and
echocardiography could not be made due to coding variation
of these items (Table 2). Persons diagnosed with HFpEF were
slightly older than those with HFrEF (76.3 vs. 74.9 years), and
HFpEF was more common in women (55.4% vs. 47.1%).

N-terminal pro-B-type natriuretic peptide was log-normally
distributed, and summary statistics are illustrated by study
and type of HF in Figure 1. Median (IQR) NT-proBNP was
267.5 ng/L (63.5 to 842.5) for those with HFrEF, 206 ng/L
(46 to 729) with HFpEF, and 30 ng/L (10 to 113) for those
without a HF diagnosis.

Missing N-terminal pro-B-type natriuretic peptide

N-terminal pro-B-type natriuretic peptide was missing for
115 (10.7%) participants. No significant differences were
observed between the characteristics of those participants
with or without natriuretic peptide recorded (Supporting
Information, Table S2).

Overall discriminatory ability of N-terminal
pro-B-type natriuretic peptide

The mixed effects modelling suggests that the age, sex, and
AF adjusted relative risk of HF doubles per unit increase in
loge NT-proBNP [HFpEF vs. no HF, relative risk ratio
(RRR) = 1.81, 95% confidence interval (CI) (1.58 to 2.08);
HFrEF vs. no HF, RRR = 2.11 (1.82 to 2.43)]. For example,
the relative risk of HFrEF increases from 0.156 to 0.315 with
a rise in NTproBNP from 150 to 400 ng/L (equivalent to one
unit change in loge NT-proBNP), when other covariates are
held constant. (Supporting Information, Table S3). There
was no evidence of BMI having a moderating effect on the as-
sociation of NT-proBNP with HFpEF (P = 0.36) or with HFrEF
(P = 0.68); therefore, BMI was excluded from the final model.
The discriminatory power of the model was better for HFrEF
than HFpEF [AUROC 0.82 (0.78 to 0.86) vs. 0.71 (0.66 to

0.75)]. Combining the probabilities of HFrEF and HFpEF gave
an AUROC of 0.80 (0.77 to 0.83) for HF overall. The associated
ROC curves are provided in Supporting Information, Figure
S1. Similar conclusions were made from the sensitivity
analysis when missing NT-proBNP were imputed (Supporting
Information, Table S3).

Bivariate meta-analyses of heart failure

Applying the ESC guideline threshold of 125 ng/L for diagno-
sis of chronic HF, the combined dataset had summary NPV
and PPV of 85.1% (80.5 to 88.9) and 56.2% (30.5 to 78.9), re-
spectively, with summary sensitivity and specificity of 71.5%
(46.0 to 88.1) and 74.7% (29.3 to 95.4). The NICE guideline
threshold of 400 ng/L gave a summary NPV and PPV of
79.9% (75.6 to 83.7) and 68.3% (46.3 to 84.4), respectively;
and sensitivity and specificity of 43.5% (24.7 to 64.4) and
92.0% (70.7 to 98.2).

Univariate meta-analyses of heart failure by age
group

Test accuracy estimates for participants aged 70 years and
over are more reliable (Supporting Information, Table S4),
where the diagnostic accuracy of the ESC threshold has sum-
mary NPV of 84.9% (81.6 to 88.2), summary PPV of 68.1%
(63.1 to 73.3), summary sensitivity of 74.9% (69.5 to 80.3),
and summary specificity of 80.1% (76.9 to 83.4); and NICE
threshold has summary NPV of 74.7% (72.1 to 77.2), summary
PPV of 81.8% (73.3 to 89.5), summary sensitivity of 43.5%
(37.2 to 49.8), and summary specificity of 94.5% (92.3 to
96.7). Summary statistics for PPV and sensitivity in persons
aged below 70 have wide confidence intervals due to the het-
erogeneity observed and low sample size with summary NPV
of 89.8% (87.1 to 92.5), summary PPV of 58.0% (44.3 to
72.0), summary sensitivity of 54.0% (41.9 to 66.0), and sum-
mary specificity of 91.2% (88.1 to 94.2); and NICE threshold

Table 2 Objective abnormalities found on ECG and echo in participants with and without heart failure

Abnormality

REFER UHFO

Heart failurea No heart failure Heart failure No heart failure
N = 106 N = 246 N = 207 N = 514
N (%) N (%) N (%) N (%)

Moderate to severe left ventricular systolic dysfunction
(LVSD)—ejection fraction <40%

4 (3.8) 0 (0) 81/203 (39.9)b 3/503 (0.6)b

Borderline LVSD—ejection fraction 41–50% 12 (11.3) 1 (0.4) 50/203 (24.6)b 40/503 (7.9)b

Diastolic dysfunction 22 (20.8) 4 (1.6) 96/152 (63.2) 86/462 (18.6)
Significant valve disease 40 (37.7) 34 (13.8) 108 (52.2)c 321 (62.5)c

Atrial fibrillation 22 (20.8) 11(4.5) 56 (27.1) 30 (5.8)
Unknown 18

Some patients had >1 abnormality.
aDiagnosis at step 2.
bLVEF assessed semi-quantitatively and classified as normal/mild/moderate/severe dysfunction.
cTricuspid/mitral insufficiency.
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with summary NPV of 85.1% (83.1 to 87.1), summary PPV of
68.6% (42.2 to 90.7), summary sensitivity of 24.2% (13.9 to
34.6), and summary specificity of 97.5% (95.7 to 99.2).

Univariate meta-analyses of heart failure by sex

The magnitude of differences between performance charac-
teristics across sexes are smaller than observed previously
for age (Supporting Information, Table S5). The ESC threshold
has summary NPV and PPV of 84.7% (80.5 to 88.9) and 72.3%
(65.0 to 79.7), respectively, for men and summary NPV and
PPV of 88.2% (85.7 to 90.6) and 63.6% (56.2 to 71.2) for
women. The NICE threshold has summary NPV and PPV of
76.6% (73.3 to 80.1) and 84.4% (74.4 to 93.3), respectively,
for men and summary NPV and PPV of 80.5% (78.7 to 82.5)
and 74.4% (60.8 to 86.9) for women.

Univariate meta-analyses of heart failure with
preserved ejection fraction and heart failure with
reduced ejection fraction

Forest plots of sensitivity and specificity (Figures 2 and 3)
illustrate the differences between the performance charac-
teristics of each NP threshold for diagnosing HFpEF and
HFrEF. The estimates of specificity are consistent across the
studies in both HF types with summary NPVs ranging from
93% at 100 ng/L to 86% at 400 ng/L for HFpEF and 95% to
92% for HFrEF. Sensitivity is more consistent across the stud-
ies in the HFrEF plot with lower thresholds providing

increased detection—with summary sensitivity ranging from
74% to 38% and summary specificity from 74% to 93%.

Univariate meta-analyses of heart failure with
preserved ejection fraction and heart failure with
reduced ejection fraction by age

Evidence of heterogeneity was also observed in
meta-analyses of HFpEF and HFrEF by age group. Older per-
sons with HFpEF were better detected (Supporting Informa-
tion, Figures S2 and S3) with summary sensitivity ranging
from 83% at 100 ng/L to 42% at 400 ng/L and summary spec-
ificity from 57% to 84%. Test characteristics for those aged
under 70 were based on small numbers resulting in wide con-
fidence intervals and should be viewed with caution. Thresh-
old evaluation for HF type was not examined by sex due to
sparsity of data in the 2 by 2 tables.

Discussion

Summary of findings

We found that NT-proBNP is better at detecting HFrEF than
HFpEF in a primary care setting. Furthermore, in persons
aged 70 and over, the ESC threshold of 125 ng/L is more sen-
sitive at detecting HF than the higher level suggested in NICE
guidelines. For example, based on our results, in a population
of 1000 adults aged over 70 years in which 36% have HF, the
lower ESC threshold (NPV = 84.9%) would rule out HF in 92

Figure 1 Distribution of loge NT-proBNP by diagnosis and study.
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more cases than the upper NICE threshold (NPV = 74.7%) but,
more importantly, miss 113 fewer HF cases. Identification of
the optimal NP threshold is, in general, a careful balance of
sensitivity and specificity. NPV and sensitivity of the test are
the most important indicators of test evaluation to ensure
cases are not missed; however, in resource-limited healthcare
systems, the cost of increased unnecessary referrals and
echocardiography due to poorer specificity is also a signifi-
cant consideration.

Strengths and limitations

The main strength of this study is the ability to combine the
two largest prospective contemporary primary care studies

of suspected heart failure in two similar health care systems
and perform an IPD meta-analysis—enabling us to explore
the relationship between NP and different types of HF,
adjusting for differences in age, sex, and presence of AF
and also accounting for clustering of patients within each
study. The main limitation of combining these studies is the
heterogeneity observed between them, with the REFER co-
hort having more symptoms and co-morbidities and more
HFpEF phenotype. This may be partially explained by REFER
participants being older, with 70% aged 70 years and over
compared with 58% in the UHFO cohort. Indeed, the REFER
investigators have suggested the lower than expected rates
of HFrEF were due to some differential recruitment due to
the new availability of natriuretic peptide assays to the
NHS for suspected HFrEF shortly before the study started.

Figure 3 Sensitivity and specificity plots at various thresholds of NT-proBNP to detect HFrEF.

Figure 2 Sensitivity and specificity plots at various thresholds of NT-proBNP to detect HFpEF.
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In contrast, in the Dutch study, the proportion of HFpEF may
have been somewhat underestimated because echocardio-
graphic assessments (and definitions of abnormalities) may
have differed between the eight hospitals. Albeit that this
study population roughly included 50% of each heart failure
phenotype, which is close to that observed in routine
practice.

Age also explained some of the differences observed in
the NT-proBNP distribution between the groups. We have
addressed this by adjustment for age in the mixed model-
ling and also by exploring diagnostic test accuracy by age
group. Statistical methods of diagnostic test accuracy within
age groups were however restricted by the smaller sample
size of those aged under 70. This resulted in convergence
problems with the bivariate method; hence, age-specific
performance estimates were based on a univariate method
and therefore unadjusted for the correlation between
sensitivity and specificity, resulting in narrower confidence
intervals. We were also unable to implement the usual
meta-regression methods suitable for subgroup analyses or
a method more applicable to multiple thresholds of multiple
studies22 as there were an insufficient number of studies
combined. We have however applied appropriate pooling
methods recommended for sparse data21 where possible,
but acknowledge results should be interpreted with caution.

N-terminal pro-B-type natriuretic peptide was also mea-
sured differently in the two studies, with the REFER study
using a POC test and UHFO a laboratory assay. We were un-
able to directly compare the two methods, but agreement
between these methods has been reported previously,23,24

with mean bias ranging from�10% to +17%.23 In addition, di-
agnostic equivalence of the methods in the diagnosis of HF,
using cut-off 125 ng/L, has been reported with sensitivity of
89% for both POC and NT-proBNP and AUCs of 0.88 and
0.89, respectively.24

The demographic characteristics of the combined cohort
reflect those of the population of interest; however, we were
unable to confirm its applicability with respect to ethnic mix
because ethnicity was not recorded in the UHFO study.

Despite these limitations, we chose to pool the data as the
studies were similar in design; recruited participants using
comparable methods; used similar standardized assessment
and included the same, universally accepted, reference stan-
dard of consensus panel for final diagnosis, blinded to results
of NT-proBNP. The size of the study is a major strength and
also its representativeness of typical patients in primary care
presenting to their GP with symptoms suggestive of HF, dif-
fering from the mainly acute dyspnoea symptoms observed
in an emergency care setting. The studies also had similar
overall prevalence of new HF detected which is comparable
to previously reported estimates in primary care.9,11 The
majority of variables collected had a high completion rate
and, although 11% of NT-proBNP values were missing, the
characteristics of participants with NP recorded were found

to be similar to those with missing NP. In addition, the impu-
tation analyses confirmed the robustness of our results.
Given the paucity of test evaluation data available to identify
optimal cut-offs for NP in a primary care setting, this study
provides some of the best limited evidence from IPD
meta-analysis to date.

Comparison with previous studies

There are currently no established thresholds discriminating
between HFpEF and HFrEF. Current guidelines are based on
detection of HF regardless of type. Our results show that
NT-proBNP is better at detecting HFrEF than HFpEF. This find-
ing is not surprising given previous studies have found that
around a third of patients with HFpEF have BNP values
<100 ng/L.25

Age-dependent cut-offs for detection of systolic dysfunc-
tion have been suggested by others.26 More recently, a sys-
tematic review identified an optimal threshold of 250 ng/L
for persons aged over 75, with NPV of 92%, sensitivity of
87.9%, and specificity 53.7%.27 This review also concluded
that the 125 ng/L threshold demonstrated higher sensitivity
than the 400 ng/L threshold across all age categories evalu-
ated (<50, 50–75, and >75 years).

N-terminal pro-B-type natriuretic peptide concentrations
have previously been shown to be higher in women,26,28 in
all types of HF,29 although the magnitude of this difference
may not be large enough to warrant sex-specific thresholds.27

Our results similarly indicated smaller differences in perfor-
mance between sex-specific thresholds compared with differ-
ences in age-specific thresholds for HF. We were, however,
unable to explore these effects by HF type, due to insufficient
data. We were also unable to explore AF specific cut-offs for
this reason.

Body mass index has been shown to lower NT-proBNP30;
however, this moderating effect was not observed in our
IPD analysis.

Implications for clinical practice

Current NICE guidelines warn that high levels of serum NPs
can have causes other than HF, including being aged over
70. Our research suggests that the lower ESC threshold of
125 ng/L is better at detecting and excluding this condition
in the elderly than NICE recommended threshold of
400 ng/L. However, this will have implications because its
modest specificity and positive predictive value will increase
the number of patients sent for echocardiography and could
overwhelm an already stretched system.
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Implications for future research

A prospective diagnostic accuracy study with sufficient
number of participants to enable calculation of optimal NP
thresholds, with adequate precision, is required to improve
identification of all types of chronic HF in primary care.

Conclusions

There is evidence after adjustment for age, sex, and presence
of AF that NT-proBNP is better at detecting HFrEF than HFpEF
in primary care. In persons aged 70 and over, the lower ESC
threshold of 125 ng/L provides greater sensitivity to detect
and rule out HF than higher level of 400 ng/L suggested in
current NICE guidelines for chronic HF. More prospective
data are required to establish the optimal NP threshold in
detecting HF in general practice.
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