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Abstract

Aims N-terminal pro-b-type natriuretic peptide (NT-proBNP) values may be influenced by patient factors beyond the severity
of illness, including atrial fibrillation (AF), renal dysfunction, or increased body mass index (BMI). We hypothesized that these
factors may influence the achievement of NT-proBNP targets and clinical outcomes.
Methods A total of 894 patients with heart failure with reduced ejection fraction were enrolled in The Guiding
Evidence-Based Therapy Using Biomarker Intensified Treatment trial. NT-proBNP was analysed every 3 months.
Results Forty per cent of patients had AF, the median estimated glomerular filtration rate (eGFR) was 59 mL/min/1.73 m2

[interquartile range (IQR) 43–76], and median BMI was 29 kg/m2 (IQR 25–34). Patients with AF, eGFR < 60 mL/min/
1.73 m2, or a BMI < 29 kg/m2 had a higher level of NT-proBNP at randomization and over all study visits (all P
values < 0.001). Over 18 months, the rate of change of NT-proBNP was less for patients with AF (compared with those
without AF, P = 0.037) and patients with an eGFR < 60 mL/min/1.73 m2 (compared with eGFR > 60 mL/min/1.73 m2,
P < 0.001). The rate of change of NT-proBNP was similar for patients with a BMI above or below the median value. Using
the 90 day NT-proBNP, patients with AF, lower eGFR, or lower BMI were less likely to achieve the target NT-
proBNP < 1000 pg/mL than patients without AF, higher eGFR, or higher BMI, respectively. None of these differed between
the Usual Care or Guided Care arm for AF, eGFR, or BMI (Pinteractions all NS).
Conclusions Patients with AF, a lower BMI, or worse renal function are less likely to achieve a lower or target NT-proBNP.
Clinicians should be aware of these factors both when interpreting NT-proBNP levels and making therapeutic decisions about
heart failure therapies.
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Introduction

Patients with heart failure (HF) often have an elevated
N-terminal pro-b-type natriuretic peptide (NT-proBNP), which
identifies a population at higher risk for clinical events such

as hospitalization or death. In recognition of its value for
serial prognostication during HF therapy, measurement of
NT-proBNP is often used in the longitudinal follow-up of pa-
tients with HF, with therapy decision-making based on
NT-proBNP concentrations. However, interpretation of
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NT-proBNP must be placed in clinical context. Important con-
siderations in understanding an NT-proBNP concentration in-
clude comorbidities that may elevate or lower the value the
severity of HF. Circumstances in which this is particularly
noteworthy include in patients with chronic renal disease
and atrial fibrillation, in whom values of NT-proBNP are
higher than explained by HF alone.1,2 Additionally, some con-
ditions such as obesity3–5 may have discordant effects on
natriuretic peptides (NPs). These factors may ultimately lead
to differences in clinical management.

To test the clinical benefits of biomarker-guided care for
HF, the Guiding Evidence-Based Therapy Using Biomarker
Intensified Treatment (GUIDE-IT) randomized clinical trial
was performed in the United States and Canada, comparing
NT-proBNP-guided HF management vs. Usual Care.6 Patients
in the biomarker-guided arm were treated with usual care
plus a goal to suppress NT-proBNP to less than 1000 pg/mL,
whereas those in the Usual Care arm received standard
clinically guided approaches to treatment decisions.
NT-proBNP targets were not adapted to clinical features
(such as obesity or renal dysfunction), and the trial enrolled
a broadly generalizable population of patients with HF with
reduced ejection fraction (HFrEF). No difference in achieved
NT-proBNP concentrations or treatment intensity between
the two study arms was reported; however, those patients
achieving an NT-proBNP < 1000 pg/mL by 90 days had
considerably better subsequent prognosis than those who
did not and had greater reverse cardiac remodelling.7

We hypothesized that baseline factors may make it less
likely to achieve the NT-proBNP to the target used in the
GUIDE-IT trial. We specifically explored the relationship of
atrial fibrillation, renal disease, and obesity to both the base-
line NT-proBNP and the change in NT-proBNP over time. We
additionally explored the association of achieving the target
NT-proBNP in the GUIDE-IT trial (<1000 pg/mL), medication
changes, and clinical outcomes associated with these three
clinically relevant factors.

Methods

Study design and setting

The GUIDE-IT trial design and outcomes have been previously
reported.6 GUIDE-IT was a multicentre randomized clinical
study, conducted from 16 January 2013 to 20 September
2016, that tested the strategy of augmented guideline based
therapy to suppress NT-proBNP concentrations to less than
1000 pg/mL vs. Usual Care. The GUIDE-IT trial enrolled 894
patients with HF with an ejection fraction of 40% or less, a
history of a HF event within the prior 12 months, and an
NT-proBNP level of >2000 pg/mL or BNP of >400 pg/mL in
the last 30 days. The enrolled patients were randomized in

a 1:1 fashion to an NT-proBNP guided or Usual Care treat-
ment arm. The study was approved by the institutional
review board at each study site, and all participants provided
written informed consent.

Participants and comparison groups

All patients enrolled in GUIDE-IT, regardless of randomization
arm, were included. Patients were classified into groups iden-
tifying comorbidity conditions as: atrial fibrillation (yes/no by
past medical history), chronic kidney disease [estimated glo-
merular filtration rate (eGFR) < 60 vs. ≥60 mL/min/
1.73 m2], and obesity [body mass index (BMI) > median
value]. Furthermore, for quantification of the degree of renal
dysfunction and obesity, the eGFR and BMI, respectively,
were analysed as continuous variables. Of the 894 patients
enrolled, 0 patients had missing data on atrial fibrillation,
31 patients had missing data on eGFR, and 21 patients had
missing data on BMI.

Variables

Baseline and other variables were collected during the con-
duct of the overall GUIDE-IT trial. BMI was calculated as the
ratio between weight and height squared (kg/m2). A history
of atrial fibrillation was collected at baseline, and renal func-
tion is described using the eGFR at the randomization visit.
BMI and eGFR were treated as continuous variables.
NT-proBNP was measured at baseline and every 3 months
thereafter by protocol. NT-proBNP was available for all pa-
tients at baseline, 638 (78.1%) at 90 days and 376 (42.1%)
at 12 months. Other values are available in Supporting infor-
mation, Table S1.

Outcomes

The primary clinical outcome was the composite outcome of
time to first HF hospitalization (HFH) or cardiovascular death
(CVD). We secondarily looked at the individual outcomes of
CVD, HFH, and all-cause mortality. The main biomarker
outcome for this study was whether a patient achieved a
NT-proBNP ≤ 1000 pg/mL by 90 days. We additionally
explored medication changes at each time point as per prior
studies.8

Statistical analysis

Descriptive data were summarized as frequencies and per-
centages for categorical variables and medians with 25th
and 75th percentiles (interquartile range) for continuous
variables. The relationships at baseline of atrial fibrillation

78 J.A. Ezekowitz et al.

ESC Heart Failure 2022; 9: 77–86
DOI: 10.1002/ehf2.13692



status, eGFR, and BMI with NT-proBNP at baseline and with
the serial NT-proBNP over time were evaluated. The continu-
ously measured eGFR, BMI, and NT-proBNP were first log-
transformed, and pairwise Pearson’s correlation coefficients
were estimated. The longitudinal NT-proBNP profile over
time was compared between the groups in each of the three
comorbid conditions. The longitudinal profile over time was
first explored graphically and using a flexible generalized
additive model based on cubic regression splines. It was
observed that the mean profile was non-linear and could be
approximated by piecewise linear functions of time. A mixed
effects model with a piecewise linear fixed effects structure
was assumed and was compared between the groups. The
fixed effects component includes the comorbidity compari-
son groups and their interaction with time, and the adjust-
ment covariate. Random intercept and random slope terms
were included to take into account the correlation among
serial measurements. The covariates used for adjustment
are those in previously established GUIDE-IT predictive model
that include ethnicity, duration of HF, New York Heart Associ-
ation (NYHA) class, ischaemic heart disease, obstructive sleep
apnoea, heart rate, diastolic blood pressure, sodium, creati-
nine, implantable cardioverter-defibrillator, congestion score,
and baseline log NT-proBNP.9

The association of each of the comorbid conditions with
the likelihood of achieving the NT-proBNP under the target
level of below 1000 pg/mL by 90 days ± 2 weeks was assessed
using a multivariable logistic regression adjusting for the
same covariates in the predictive model. The eGFR and BMI
were analysed as continuous variables, and the linearity
assumption of the relationship was tested by fitting the
restricted cubic spline regression (Figure S1). Using the
suggested inflection points from the fit, piecewise linear rela-
tionships were assumed to estimate the respective odds ratio
(OR) and 95% confidence interval (CI) per unit change in the
continuous variables. Patients from both arms combined
were analysed, but stratified by arm estimates were provided
if there was an indication for modifying effect of treatment
arm assignment.

The association of the comorbidities with tendency of
medication change (yes/no) as an outcome was modelled.
Multivariable logistic regression that allows for flexibility of
the relationship through a piecewise linear model was
applied. Whether there was medication change was assessed
over the entire follow-up visits, and the method of general-
ized estimating equations was applied to take into account
the correlation among outcomes in repeated visits of the
same patient.

Cox proportional hazard regression model was applied to
evaluate the effect of each of the conditions on the clinical
outcomes. Hazard ratios (HR) and 95% CI were estimated in
adjusted analyses with the same set of adjustment covariates
described earlier. Furthermore, the restricted cubic spline
regression fit was used to assess the linearity assumption

and appropriate transformation was applied in the Cox
model. Kaplan–Meier curves comparing the cumulative event
rates between the conditions were generated. A two-sided
P< 0.05 was regarded as significant. Statistical analyses were
performed with SAS, Version 9.4 (SAS Institute, Inc.) and R
statistical software, Version 3.6.3 (R Project for Statistical
Computing).

Results

In the GUIDE-IT trial, the median age was 63 years, 32% were
female, and 40% had atrial fibrillation. The median ejection
fraction was 24% (95% CI 20, 30), the median eGFR was
59 mL/min/1.73 m2 (95% CI 43, 76), and median BMI was
29 kg/m2 (95% CI 25, 34). Patient characteristics varied based
on the presence or absence of atrial fibrillation, the eGFR,
and by BMI (Table 1). Patients with atrial fibrillation were
more likely to be older and have higher NT-proBNP and a
lower eGFR. Patients with lower eGFR were more likely to
be older and female. Patients with lower BMI were more
likely to be older. Other baseline characteristics are as
per Table 1. Baseline NT-proBNP was correlated to BMI
(correlation �0.227, P value < 0.0001, Figure 1A), eGFR
(�0.340, P value < 0.0001, Figure 1B), and atrial fibrillation
(higher NT-proBNP in patients with atrial fibrillation, P
value < 0.0002, Figure 1C); eGFR and BMI were not corre-
lated (Figure 1D).

Temporal N-terminal pro-b-type natriuretic
peptide changes

Using values of NT-proBNP from baseline through to the end
of study, the relationship between NT-proBNP and atrial fi-
brillation, and eGFR and BMI was found to be non-linear. Pa-
tients with atrial fibrillation, eGFR < 60 mL/min/1.73 m2 or a
BMI < 28.76 kg/m2 had a higher level of NT-proBNP at ran-
domization and over all study visits (all P values < 0.001,
Figure 2). Using the first 18 months of data, the rate of
change was greater for patients without atrial fibrillation
compared with those with atrial fibrillation, (P = 0.04) and pa-
tients with an eGFR > 60 mL/min/1.73 m2 (compared with
those with an eGFR < 60 mL/min/1.73 m2, P < 0.001). The
rate of change was similar for patients with a BMI above or
below the median value. After 18 months, the rate of change
was similar across all comparisons.

Achievement of N-terminal pro-b-type natriuretic
peptide target

Using the 90 day NT-proBNP, patients with atrial
fibrillation were less likely to achieve the target NT-
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proBNP < 1000 pg/mL than patients without atrial fibrillation
[adjusted OR (adjOR) 0.46 (95% CI 0.23, 0.93), P = 0.03] (Table
2). For patients with an eGFR ≤ 90 mL/min/1.73 m2, patients
were less likely to achieve the target NT-proBNP < 1000 pg/
mL with each decreasing 1 mL/min/1.73 m2 [adjOR 0.97 (95%
CI 0.95, 0.98), P < 0.001]. Once eGFR was >90 mL/min/
1.73 m2, there was no significant relationship between
changes in eGFR and odds of achieving the target NT-
proBNP < 1000 pg/mL [adjOR 0.98 (95% CI 0.95, 1.00),
P = 0.057]. Similarly for BMI, for patients with BMI ≤ 40, pa-
tients were less likely to achieve the target NT-
proBNP < 1000 pg/mL with each decreasing BMI unit [adjOR
0.88 (95% CI 0.83, 0.93), P < 0.001]. Once BMI was >40 kg/

m2, there was no significant relationship between changes in
BMI and odds of achieving the target NT-proBNP < 1000 pg/
mL [adjOR 0.94 (95% CI 0.88, 1.01), P < 0.089]. However,
none of these differed between the Usual Care or Guided
Care arm for atrial fibrillation, eGFR, or BMI (Pinteraction all NS).

Changes in medications

The relationship of the three comorbid conditions to medica-
tion changes is presented in Table 3. There was no associa-
tion between a history of atrial fibrillation with medication
changes [adjOR 0.95 (95% CI 0.76, 1.2), P = 0.69], and this

Table 1 Baseline characteristics by comparative groups’ atrial fibrillation status, eGFR, and BMI at randomization

AFIB eGFR (mL/min/1.73 m2) BMI

No
(N = 749)

Yes
(N = 145)

> = 60
(N = 419)

<60
(N = 444)

> = 28.76
(N = 437)

<28.76
(N = 436)

Age (years), median (IQR) 61 (51–70) 68 (60–76) 57 (48–67) 66 (58–75) 59 (50–67) 66 (56–75)
Women, n, % 250 (33.38%) 36 (24.83%) 116 (27.68%) 156 (35.14%) 157 (35.93%) 119 (27.29%)
Race/Ethnicity

White 396 (54.32%) 94 (66.20%) 214 (51.82%) 266 (61.72%) 221 (52.25%) 261 (60.98%)
Black or African
American

288 (39.51%) 36 (25.35%) 176 (42.62%) 134 (319%) 185 (43.74%) 133 (317%)

Other 44 (5.87%) 11 (7.59%) 20 (4.77%) 30 (6.76%) 15 (3.43%) 34 (7.80%)
Duration of HF (months)
Median (IQR)

11 (1–60) 34 (4–108) 6 (1–48) 28 (4–84) 24 (1–84) 8 (1–48)

LVEF at baseline,
median (IQR)

23 (20–30) 25 (20–34) 20 (15–27) 25 (20–32.3) 24 (20–30) 23 (19.5–30)

NYHA class at enrolment
I 56 (7.59%) 3 (2.10%) 037 (8.94%) 19 (4.33%) 25 (5.77%) 33 (7.66%)
II 378 (51.22%) 69 (48.25%) 229 (55.31%) 201 (45.79%) 204 (47.11%) 236 (54.76%)
III 291 (39.43%) 67 (46.85%) 143 (34.54%) 207 (47.15%) 194 (44.80%) 155 (35.96%)
IV 13 (1.76%) 4 (2.80%) 5 (1.21%) 12 (2.73%) 10 (2.31%) 7 (1.62%)
Missing 11 (1.47%) 2 (1.38%) 5 (1.19%) 5 (1.13%) 4 (0.92%) 5 (1.15%)

Medical history
Ischaemic heart disease 377 (50.40%) 70 (48.28%) 169 (40.33%) 262 (591%) 192 (43.94%) 245 (56.19%)
Diabetes 340 (45.39%) 70 (48.28%) 153 (36.52%) 244 (54.95%) 236 (54.00%) 167 (38.30%)
Atrial fibrillation 749 145 52 (12.56%) 88 (20.0%) 72 (16.67%) 72 (16.71%)

BMI, median (IQR) 28.8 (24.5–34) 28.9 (24.8–33.5) 28.3 (24.5–33.6) 29 (24.8–34.2) 33.8 (30.9–38.8) 24.6 (22.4–26.5)
Missing 20 1 7 11 0 0

Heart rate (beats/min),
median (IQR)

76 (67–87) 78 (69–83) 78 (69–88) 75 (66–84) 78 (68–88) 76 (67–85)

Systolic BP (mmHg),
median (IQR)

114
(101–130)

112
(102–123)

114
(100–129)

113.5
(102–128)

116
(103–130)

112
(100–126)

NT-proBNP at baseline,
median (IQR)

2485
(1358–5156)

3609
(2071–6019)

2014
(1060–3616)

3623.5
(1928.5–7000.5)

2054
(1213–3792)

3476.5
(1775.5–6983)

eGFR (mL/min/1.73 m2),
median (IQR)

60.5
(44.3–78.6)

50.9
(38.9–68.2)

77.2
(67.5–89.2)

43.3
(34.8–51.8)

57.8
(41.5–75.3)

60.3
(43.6–77.5)

Missing 26 5 0 0 18 10
Sodium (mmol/L),
median (IQR)

139 (136–141) 138 (136–141) 139 (136–141) 138 (136–141) 139 (136–141) 138 (136–141)

Treatments
Beta blocker 693 (92.90%) 138 (95.17%) 396 (94.51%) 411 (92.57%) 405 (92.68%) 409 (93.81%)
ACE/ARB 576 (77.21%) 108 (74.48%) 366 (87.35%) 295 (66.44%) 334 (76.43%) 336 (77.60%)
Implantable
cardioverter-defibrillator

297 (39.65%) 063 (43.45%) 143 (34.13%) 205 (46.17%) 186 (42.56%) 165 (37.84%)

Cardiac resynchronization 124 (16.56%) 39 (26.90%) 49 (11.69%) 108 (24.32%) 86 (19.68%) 73 (16.74%)
Treatment arm

Biomarker-guided 378 (50.47%) 68 (46.90%) 215 (51.31%) 215 (48.42%) 216 (49.43%) 217 (49.77%)
Usual care 371 (49.53%) 77 (53.10%) 204 (48.69%) 229 (51.58%) 221 (50.57%) 219 (50.23%)

ACE, angiotensin converting enzyme; AFIB, atrial fibrillation; ARB, angiotensin converting enzyme; BMI, body mass index; BP, blood
pressure; eGFR, estimated glomerular filtration rate; HF, heart failure; IQR, interquartile range; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-b-type natriuretic peptide; NYHA, New York Heart Association.
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did not differ between the Usual Care or Guided Care arm
(Pinteraction 0.24). Similarly, for patients using BMI as a contin-
uous analysis or above or below a BMI of 29, there was no as-
sociation with medication changes, and this did not differ
between the Usual Care or Guided Care arm (Pinteraction
0.75). For renal function, the relationship was complex. For

example, there was a relationship between eGFR (above or
below 60 mL/min/1.73 m2) and medication changes, with pa-
tients with a higher eGFR more likely to have medication
changes; however, this relationship was non-significant
[adjOR 1.18 (95% CI 0.98, 1.41), P = 0.073]. Additionally, an
interaction of eGFR with randomized treatment group was

Figure 1 Correlation of baseline NT-proBNP to BMI (A), eGFR (B), atrial fibrillation (C), and correlation between BMI and eGFR (D). BMI, body mass
index; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-b-type natriuretic peptide.

Figure 2 The longitudinal profile of NT-proBNP over the visit months by baseline AF status (A), eGFR (B), and BMI (C). AF, atrial fibrillation; BMI, body
mass index; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-b-type natriuretic peptide.
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noted (Pinteraction = 0.008). In the Usual Care arm, there was
no association between continuous eGFR and medication
changes [adjOR 1.0 (95%CI 0.77, 1.29), P = 0.978], but for
the Guided Care arm, there was [adjOR 1.32 (95%CI 1.04,
1.66), P = 0.022], indicating that these patients were more
likely to have a medication change if the eGFR > 60 mL/
min/1.73 m2. However, there were no differences from base-
line to 12 months in the guideline medication intensity score
for patients with or without atrial fibrillation, by eGFR or by
BMI (Table S2).

Clinical outcomes

Figure 3 summarizes the effects of each of the conditions on
the clinical outcomes. The risk for CVD/HFH was lower in pa-
tients with atrial fibrillation compared with patients without
atrial fibrillation [adjusted HR 0.60 (95% CI 0.41, 0.87),
P = 0.008], and there was an indication of an interaction
between the Usual Care and Guided Care arms
(Pinteraction = 0.055). Renal function, by either continuous
eGFR or dichotomized at eGFR 60 mL/min/1.73 m2, was asso-
ciated with the outcome of CVD/HFH, but there was no inter-

action between the Usual Care and Guided Care arms. BMI,
by continuous values, was associated with the outcome of
CVD/HFH [adjusted HR 1.02 per kg/m2 (95%CI 1.0 to 1.04),
P = 0.06], but there was no interaction between the Usual
Care and Guided Care arms. Other outcomes of all-cause
mortality, all-cause hospitalization, and HFH are shown in
Figure 3. Kaplan–Meier survival curves comparing the
cumulative event rates by individual comorbid condition are
shown in Figure 4 (for the primary outcome), and Figure S2
presents similar curves for the secondary outcomes.

Comorbidity interactions

To further explore the additive interaction of the comorbid
conditions with each other, achievement of the 90 day
NT-proBNP and clinical outcomes, interaction terms were
explored. First, three-way interaction effect of the comorbid
conditions exists on the association with likelihood of
achieving target NT-proBNP by 90 days (Pinteraction = 0.036)
but was not a significant interaction with medication change
(Pinteraction = 0.16). There was a non-significant additive effect
of the number of comorbid conditions. For every additional

Table 2 Associations of baseline atrial fibrillation, renal function, and BMI with the likelihood of achieving NT-proBNP target by 90 days

Comorbid condition Adjusteda OR (95% CI) P
P-interaction between treatment
group and comorbid condition

Atrial fibrillation (yes vs. no) 0.46 (0.23–0.93) 0.030 0.91
eGFR (per unit increase mL/min/1.73 m2) if ≤90 1.03 (1.02–1.05) <0.001 0.38
eGFR (per unit increase mL/min/1.73 m2) if >90 0.98 (0.95–1.00) 0.057 0.77
eGFR (<60 vs. ≥60 mL/min/1.73 m2) 0.38 (0.24–0.61) <0.001 0.27
BMI (per unit increase kg/m2) if ≤40 1.12 (1.07–1.17) <0.001 0.51
BMI (per unit increase kg/m2) if >40 0.94 (0.88–1.01) 0.089 0.24
BMI (<29 vs. ≥29 kg/m2) 0.46 (0.28–0.74) 0.001 0.23

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; HD, heart disease; HF, heart failure; NT-proBNP,
N-terminal pro-b-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio.
aAdjusted for ethnicity, duration of HF, NYHA class, ischaemic HD, obstructive sleep apnoea, heart rate, diastolic blood pressure, sodium,
creatinine, implantable cardioverter-defibrillator, congestion score, and NT-proBNP; however, do not include creatinine for the analysis of
eGFR. An odds ratio (OR) < 1 indicates less, while >1 indicates better chance of achieving target NT-proBNP level.

Table 3 Associations of baseline comorbid conditions with the likelihood of a medication change

Comorbid condition Adjusteda OR (95% CI) P
P-interaction between treatment
group and comorbid condition

Atrial fibrillation (yes vs. no) 0.95 (0.76–1.2) 0.688 0.24
eGFR (per unit increase mL/min/1.73 m2) if ≤90 1 (0.99–1) 0.142 0.056
eGFR (per unit increase mL/min/1.73 m2) if > 90 1 (0.99–1.01) 0.502 0.61
eGFR (<60 vs. ≥60 mL/min/1.73 m2) 1.18 (0.98–1.41) 0.073 0.008
Usual care 1 (0.77–1.29) 0.978
Guided therapy 1.32 (1.04–1.66) 0.022

BMI (per unit increase kg/m2) if ≤40 0.99 (0.98–1.01) 0.43 0.35
BMI (per unit increase kg/m2) if >40 1.04 (1.01–1.07) 0.022 0.91
BMI (<29 vs. ≥29 kg/m2) 1 (0.84–1.2) 0.985 0.75

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; HD, heart disease; HF, heart failure; NT-proBNP,
N-terminal pro-b-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio.
aAdjusted for ethnicity, duration of HF, NYHA class, ischaemic HD, obstructive sleep apnoea, heart rate, diastolic blood pressure, sodium,
creatinine, implantable cardioverter-defibrillator, congestion score, and NT-proBNP; however, do not include creatinine for the analysis of
eGFR
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comorbid condition, after adjustment for other variables, the
likelihood of achieving the 90 day target NT-proBNP
decreases by 18% [OR: 0.82 (95% CI 0.62, 1.1), P = 0.18]; how-
ever, this was non-statistically significant. Additional
comorbidities were not associated with changes in medica-
tion or dose intensity.

Discussion

Comorbidities may affect the management of patients with
HFrEF. In this secondary analysis of the GUIDE-IT trial, we

explored the impact of important comorbidities common in
clinical practice and their impact on the biomarker
NT-proBNP and achievement of NT-proBNP targets. We iden-
tified three key findings that will influence clinical practice.
First, patients with atrial fibrillation, renal dysfunction, and
a lower BMI had a higher NT-proBNP at baseline and through-
out the 18 month follow-up. Clinicians should be aware that
the values they see in practice should be viewed in this
context and that not all patients should be viewed through
the same lens for management based on NT-proBNP. Sec-
ondly, the rate of change of NT-proBNP over time was slower
for patients with atrial fibrillation and renal dysfunction, but

Figure 4 Kaplan–Meier curve of time to primary clinical outcome, according to AF status (A), renal function (B), and obesity category (C). AF, atrial
fibrillation; BMI, body mass index; eGFR, estimated glomerular filtration rate.

Figure 3 Effects of comorbid conditions on primary and secondary clinical outcomes. AFIB, atrial fibrillation; aHR, adjusted hazard ratio; BMI, body
mass index; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure.
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similar across a range of BMI. This indicates the ability to
change the key biomarker NT-proBNP may be slower than an-
ticipated in patients with HFrEF, given that atrial fibrillation
and impaired renal function are common comorbidities
(atrial fibrillation is present in ~40% of patients and ~50%
have an eGFR < 60 mL). Third, the ability to achieve the
protocol-specified GUIDE-IT target of NT-
proBNP < 1000 pg/mL differed if patients had one or more
of these three key comorbid conditions. For example, pa-
tients with atrial fibrillation were 56% less likely to achieve
the fixed target by 90 days. Similar results were seen for pa-
tients with renal dysfunction or with a lower BMI, and the
majority of patients did not come close to the target set for
GUIDE-IT. These findings indicate the need to consider per-
sonalization of targets to be inclusive of multiple factors.

Patients with renal dysfunction have additional risk for
poor outcomes, and hence, targeting a lower NT-proBNP
would seem in theory to potentially reduce their risk. How-
ever, targeting a NT-proBNP similar to those patients with-
out renal dysfunction may not be as easily achievable and
selecting a value such as that in GUIDE-IT (<1000 pg/mL)
rather than a personalized value may not lead to success
in a reduction in clinical events. On the other hand, in addi-
tion to the difficulty to achieve the set target NT-proBNP
level for patients with AF, the additional risk for poor out-
come (especially CV death and mortality) seems to be
greater among patients in the GUIDE-IT treatment arm; this
remains to be further understood. Many patients with HF
have greater than one comorbidity,10,11 and this burden
may be reflected in outcomes or the achievement of a bio-
marker goal. For example, the additive effect of an addi-
tional one of the three comorbidities reduced the ability
to achieve the short-term biomarker goal of NT-
proBNP < 1000 pg/mL at 90 days by 18%. This reduced abil-
ity to achieve the target may subsequently lead to difficulty
in achieving the clinical outcome reduction. A prior publica-
tion utilizing the same dataset and looking at the serial
changes of NT-proBNP as it relates to BMI (examined as sin-
gle dichotomized factor) demonstrated that patients with
obesity have a lower NT-proBNP level and similar use of
medical therapy.12 Our finding is concordant with the prior
meta-analysis (that does not include GUIDE-IT) that comor-
bid conditions (rather than age alone) influence outcomes
as well as the potential for a guided approach efficacy.13

We extend those results by using continuous variables, in-
teractions and with a sizable population with a high event
rate allowing us to discern these findings with greater and
fidelity. There remains uncertainty as to why patients with
AF in the Usual Care arm (compared with the GUIDE-IT
treatment arm) had lower risk for all-cause or CV mortality,
which was consistent after adjustment but may be related
to trial design, inclusion criteria, or other confounding not
available in the collected data. The majority of patients with
AF did not have a meaningful reduction in NT-proBNP com-

pared with those without AF, and perhaps, alternate
markers should be sought for these patients with a combi-
nation of HF and AF.

Limitations

This study has several important strengths and limitations.
First, given the nature of the study intervention, the study
was unblinded, which could be a potential source of bias as
investigative teams at the site would have been aware of
the baseline NT-proBNP values as well as the BMI, renal
function, and presence of atrial fibrillation. However, as there
was no difference in statistical interaction between the
guided and control arms, this is less likely to be relevant,
and in addition, NT-proBNP was collected by protocol on
all patients every 3 months. Second, although there
was a highly generalizable population enrolled into the
overall trial, there were few people with a very low eGFR
(e.g. eGFR < 30 mL/min/1.73 m2) or extremes of BMI. Never-
theless, the patients enrolled represent the majority of higher
risk patients with HFrEF in North America. Third, as with all
secondary or post-hoc analyses, unmeasured confounders
may in part explain part of the association between NT-
proBNP, outcomes, and individual comorbidities.

Conclusions

In this secondary analysis of the GUIDE-IT trial, we identified
that the three common comorbid conditions of renal dys-
function, atrial fibrillation, and obesity have important effects
on natriuretic peptide concentrations. Importantly, all three
of these conditions were related to a different level of
baseline NPs, and this relationship persisted throughout the
duration of the trial. The presence of atrial fibrillation and
renal dysfunction made it very difficult to achieve the target
set for GUIDE-IT, was associated with a slower rate of change
of NPs, and was associated with fewer medication changes.
Clinical trials studying the outcomes related to NPs, or
targeting NPs, should consider carefully setting a personal-
ized target rather than a fixed target for all patients.
Clinicians should heed the results when interpreting individ-
ual NP changes seen in practice.
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