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ORIGINAL ARTICLE

Association between psychological measures and brain natriuretic
peptide in heart failure patients

CORLINE BROUWERS!, HELLE SPINDLER?, MOGENS LYTKEN LARSEN?,
HANS EISKJAR?, LARS VIDEBAK?, METTE STORGAARD PEDERSEN?,
BITTEN AAGARD® & SUSANNE S. PEDERSEN!**

LCoRPS-Center of Research on Psychology in Somatic diseases, Department of Medical Psychology, Tilburg University,
the Netherlands, *Institute of Psychology, Aarhus University, Denmark, 3Department of Cardiology,

Odense University Hospital, Denmark, *Department of Cardiology, Aarhus University Hospital (Skejby), Denmark,
5Department of Cardiology, Aarhus University Hospital (Aalborg), Denmark, and ®Department of Chinical Immunology,
Aarhus University Hospital (Aalborg), Denmark

Abstract

Objective. Brain natriuretic peptide (BNP) is a promising marker for heart failure diagnosis and prognosis. Although
psychological factors also influence heart failure (HF) prognosis, this might be attributed to confounding by BNP. Our
aim was to examine the association between multiple psychological markers using a prospective study design with
repeated N-terminal pro-B-type natriuretic peptide (N T-proBNP) measurements. Design. The sample comprised 94
outpatients with systolic HF (80% men; mean age = 62.2 + 9.3). The psychological markers (i.e., anxiety, depression,
and Type D personality), assessed with the Hospital Anxiety and Depression Scale (HADS), the Beck Depression
Inventory (BDI), and the Type D Scale (DS14) were assessed only at baseline. Plasma NT-proBNP levels were meas-
ured at baseline and at 9 months. Results. The prevalence of anxiety, depression, and Type D personality at baseline
was 23.4% (HADS-A), 17.0% (HADS-D), 46.6% (BDI), and 21.3% (DDS14), respectively. At baseline, none of the
psychological risk markers were associated with N'T-proBNP levels (all p >.05). In the subset of patients with scores
on psychological risk markers both at baseline and at 9 months, there were no association between anxiety (p = 0.44),
depression (HADS-D: p=0.90; BDI: p=0.85), and Type D (p =0.63) with NT-proBNP levels using ANOVA for
repeated measures. Conclusions. Our findings indicate that measures frequently used in HF to assess psychological risk
markers are unconfounded by NT-proBNP. Futher studies are warranted to replicate these findings and examine
whether psychological risk markers are independent predictors of prognosis in HF or an artifact that may be attributed
to other biological or behavioral mechanisms.

Key words: brain natriuretic peptide, chronic heart failure, confounding, psychological factors

Introduction

Heart failure (HF), which is typically identified by
features such as dyspnea, fatigue, signs of fluid reten-
tion, and cardiac remodeling, is associated with con-
siderable physical impairments, poor quality of life
and increased psychological distress (1,2).

Despite the availability of a wide array of
laboratory and radiological tests, a diagnosis of HF
may initially go unnoticed. In recent year, brain
natriuretic peptide (BNP) and its N-terminal pro-
hormone (N'T-proBNDP), have been introduced as an

additional method to facilitate a diagnosis of HF.
BNP, which is now known as B-type natriuretic
peptide, belongs to the natriuretic peptide family,
which contributes to cardiovascular homeostasis by
promoting natriuresis and diuresis, acting as vasodi-
lators, and exerting antimitogenic effects on cardio-
vascular tissues. Increased BNDP levels have been
shown to be strong risk indicators of a poor progno-
sis, but also to be of value in guiding therapy to treat
HF (3-5).
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Besides being a valuable prognostic marker for
HF, evidence suggests that BN may also influence
psychological distress (e.g., anxiety and depres-
sion) by affecting the corticosterone response in the
hypothalamus-pituitary-adrenal gland (HPA) axis
(6). However, since psychological distress is also
an independent risk factor for HF prognosis on its
own, psychological distress might be confounded
by BNP and thus be a risk marker rather than a
risk factor, with the relation between distress and
poor prognosis being explained by increased BNP
levels (7,8).

A paucity of studies has examined the associa-
tion between episodic and chronic psychological
distress and BNP levels, with most studies being
cross-sectional and examining single psychological
risk markers. Of the 10 available studies (6-15),
seven were conducted in HF patients (7,10-15).
Two studies focusing on anxiety found that in
patients with mild HF changes in BNP concentra-
tion were positively associated with both anxiety
and state anger (13,15). Findings on depression
(7-11,14) were mixed. The single study that focused
on the distressed (Type D) personality found no
association with BNP levels (12). Thus, the evi-
dence for an association between psychological
factors and BNP and NT-proBNP is inconsistent.
Knowledge of the extent to which psychological
measures frequently used in HF research are associ-
ated with indicators of disease severity is important,
as the prevalence of psychological symptoms may
be inflated and reflect somatic disease rather than
true psychological morbidity, if confounding is
present.

Hence, we examined the link between NT-
proBNP and the continuous and dichotomized
scores of a broad range of psychological risk mark-
ers (i.e., depressive symptoms, anxiety, and Type D
personality) using a prospective study design with
measurements of N'T-proBNP at baseline and at
9 months.

Material and methods
Study population and design

Consecutive patients (N = 94) with a diagnosis of
systolic HF comprised the sample for the current
study. Patients were recruited from four different
centers, that is, Aarhus University Hospital (Ske-
jby), Aarhus University Hospital (Aalborg), Aar-
hus University Hospital (Amtssygehuset), and
Odense University Hospital. Patients were asked
to complete a set of standardized and validated
questionnaires at baseline, assessing the psycho-
logical risk markers, while NT-proBNP levels were
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assessed both at baseline and at 9 months. Inclu-
sion criteria were: Diagnosis of systolic HF, left
ventricular ejection fraction (LVEF) =40%, and
stable on HF medication within the last 1 month
prior to inclusion. Patients =75 years of age,
unable to understand and read Danish, with clini-
cal signs of acute infection, other life-threatening
diseases, cognitive impairments, psychiatric comor-
bidity (except for affective disorders), or myocar-
dial infarction within the last 2 months were
excluded. The study was approved by the Medical
Ethics Committees of all the participating hospi-
tals and was conducted in accordance with the
Helsinki Declaration. All patients provided written
informed consent.

Measures

Demographic and clinical variables. Information on
demographic and clinical variables was obtained
from the patients’ medical records or from purpose-
designed questions in the questionnaire. Demo-
graphic variables comprised gender, age, marital
status, education, working status, smoking status,
and body mass index (BMI). Clinical variables
included time since HF diagnosis, etiology of HF,
previous cardiac events, previous hospitalizations for
HF, angina pectoris, New York Heart Association
(NYHA) functional class, left ventricular ejection
fraction (LVEF), presence of valvular heart disease,
presence of coronary artery disease (CAD), hyper-
tension, hypercholesterolemia, diabetes, anemia, kid-
ney disease, comorbidities, cardiac medication
(beta-blockers, calcium antagonists, nitrates, aspirin
and other platelet-aggregation inhibitors, anticoagu-
lants, angiotensin-converting-enzyme (ACE)-inhibi-
tors, statins, diuretics, angiotensin-receptor blockers)
and psychotropic medication. LVEF was measured
using the Simpsons biplane method, wall motion
scoring, and eyeballing depending on the patient,
the echocardiographer and the available acoustic
conditions.

Psychological variables

Anxiery and depressive symptoms. The Hospital Anx-
iety and Depression Scale (HADS) was developed
by Zigmond and Snaith in 1983 to identify probable
anxiety and depression disorders among patients in
nonpsychiatric hospital clinics. HADS comprises
two seven-item subscales, that is, Anxiety (HADS-A)
and Depression (HADS-D) (16).Items are answered
on a four-point Likert scale from 0-3 (score range
0-21). HADS is a valid and reliable measure, with
good internal consistency as demonstrated by
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Cronbach’s o (HADS-A=.80; HADS-D =.81)
(16). A score of 8-10 is suggestive of the presence
of the respective mood state, while a score of 11 or
higher indicates probable presence of the mood dis-
order (17). In the current study, a cut-off of =8
was used for both subscales to indicate the presence
of anxiety and depressive symptoms (16). To pre-
vent ‘noise’ from somatic disease on the scores, all
symptoms of anxiety or depression relating also to
somatic disease, such as dizziness, headaches,
insomnia, energy, and fatigue, are excluded from
the HADS, which makes it an opportune measure
to use in patients with HF (18). The HADS only
takes 2—5 min to complete. It has been shown to be
acceptable by the population for which it was
designed (16-18). The HADS was administered at
baseline.

The Beck Depression Inventory (BDI) is a
21-item self-report questionnaire (19). It is com-
posed of items relating to symptoms of depression
such as hopelessness and irritability, cognitions
such as guilt or feelings of being punished, as well
as physical symptoms such as fatigue, weight loss,
and lack of interest in sex (20). Each item on the
BDI is answered on a scale from 0 to 3. A score of
0-9 indicates that a person is not depressed, 10—18
mild to moderate depression, 19-29 moderate to
severe depression, while 30-63 indicates severe
depression. A higher score indicates more severe
depressive symptoms. For this study, we used a cut-
off of =10 (21). The BDI can be separated into two
subcomponents, that is a cognitive/affective (e.g.,
mood) and a somatic component (e.g., fatigue). As
evidence suggests that the BDI may be confounded
by indicators of somatic disease, we included the
HADS not only to have a measure of anxiety but
also to examine the extent of confounding of depres-
sion with NT-proBNP with these two different
depression measures (21). The BDI was adminis-
tered at baseline.

Type D personaliry. The Type D scale (DS14) was
used to assess the distressed (Type D) personality
and its two constituent seven-item subscales, nega-
tive affectivity and social inhibition. Negative affec-
tivity refers to the tendency to experience negative
emotions, like anger, dysphoria, irritability, hostile
feelings, depressed affect, and anxiety. Social inhibi-
tion refers to discomfort in social interactions, reti-
cence, and lack of social poise (22). Items are rated
on a five-point Likert scale ranging from 0 (false) to
4 (true), with subscale scores ranging from 0-28. A
cut-off of =10 on both subscales is used to classify
patients as Type D (22). The construct of Type D
personality is stable when compared to the effect of

gender on outcomes (23). The DS14 was adminis-
tered at baseline.

NT-proBNP levels

N-terminal (NT) proBNP, the biologically inactive
preprohormone of BNP, which has a longer half-life
than BNP and is found in plasma, was evaluated at
baseline and at 9 months. Blood was obtained by
venipuncture under standardized conditions (after
15 min. rest — no tourniquet used) and collected in
tubes containing ethylenediamine-tetraacetic acid.
Blood samples were centrifugated at 2000x for
20 min. at 4°C. Plasma was then extracted and
stored at — 80°C prior to testing. NT-proBNP was
measured using an electrochemiluminescence immu-
noassay (Cobas, Elecsys 2010 Systems, Roche Diag-
nostics Gmbh, Mannheim, Germany) according to
the manufacturer’s instructions. The coefficient of
variation for the N'T-proBNP assay was 2-5%, and
the analytical measurement range for NT-proBNP
was 5-35,000 pg/mL.

Statistical analysis

Descriptive statistics were used to describe the demo-
graphic and clinical characteristics of the study sam-
ple. Student’s t-test for independent samples and
Pearson’s correlation for parametric tests were used
to examine associations between baseline psycho-
logical risk markers and N'T-proBNDP at baseline and
at 9 months follow-up. Analysis of variance (ANOVA)
with repeated measures was used to examine asso-
ciations between dichotomized psychological risk
markers assessed at baseline and NT-proBNP at
baseline and at 9 months follow-up. N T-proBNP lev-
els were positively skewed and logarithmic transfor-
mations were applied prior to parametric analyses.
All data were analyzed using SPSS 17.0 for Windows
(SPSS Inc., Chicago, Illinois). All tests were two-
tailed, and a p-value <0.05 was used to indicate
statistical significance.

Results
Patient characteristics

Of 190 eligible patients, 3 were omitted due to per-
sonnel error, and 65 declined participation resulting
in a final response rate of 65.8% (N = 122). Twenty-
eight patients had either no psychological measure-
ments or no N'T-proBNP measurement and were
excluded from analysis leaving 94 systolic HF
patients. All study participants were outpatients at
the time of recruitment. Of these patients, all (100%)
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Table I. Demographic and clinical baseline characteristics of the
sample.

Total (N =94)
Mean = SDj; n (%)

Demographics
Male 75 (80)
Age (years) 62+*9
Marital status
Single 15 (16)
Married 60 (64)
Living together 8 (9)
Other (divorced, widow) 11 (12)
Education
Primary school 70 (75)
Secondary school and above 24 (25)
BMI 27.5*54
Psychological
HADS-A 5.0*+4.5
HADS-D 4.5+4.0
BDI* 10.7*£9.5
Type D personality 20 (21)
Clinical
Etiology
Ischemic heart disease 39 (42)
Cardiomyopathy 30 (32)
Valvular disease 2(2)
Hypertension 10 (11)
Arrhythmia 5 (5)
Bacterial/Toxic 3 (3)
Other (congenital e.g.) 5 (5)
NYHA functional class
I 3(3)
I 61 (65)
III 30 (32)
Angina pectoris 15 (16)
Hypercholesterolemia 36 (38)
Diabetes 20 (22)
Anemia 5 (4)
Kidney failure 15 (15)
LVEF 26.1*£6.8
Current smoker 23 (24)
Hospitalizations over 9 months 20 (22)
Medication use
Beta blockers 91 (98)
Calcium channel antagonist 5 (4)
Nitrates 9 (9)
Angiotensin-converting enzyme inhibitors 80 (86)
Angiotensin-receptor blockers (ARB) 12 (13)
Statins 48 (52)
Diuretics 76 (81)
Psychotropic medication 8 (8)

“Based on N=76. HADS-A, Hospital Anxiety and Depression
Scale-anxiety; HADS-D, Hospital Anxiety and Depression
Scale-Depression; DBI, Depression Beck Inventory; NYHA,
New York Heart Association; LVEF, Left Ventricular Ejection
Fraction; BMI, Body mass index.

had complete HADS and DS14 scores, and 76 had
complete BDI scores (80.9%). The prevalence of
anxiety at baseline, as measured with HADS-A, was
23.4% (22/94). The prevalence of depressive symp-
toms at baseline was 17.0% (16/94) with the
HADS-D and 46.6% (41/88) when assessed with the
BDI. Of all patients, 21.3% (20/94) had a Type D
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personality. Demographic, clinical and psychological
baseline characteristics of the patients are shown in
Table 1.

NT-proBNP

Prior to analyses, NT-proBNP was tested for outliers
and its distribution; due to its skewed distribution,
the data were transformed prior to statistical analysis
using natural log. These data are presented as a
median with inter-quartile range (IQR) for the
untransformed data and as mean (SD) for the log
transformed data. N'T-proBNP measurement was
missing at random in some patients for logistic and
practical reasons. In the total patient sample
(N = 122), patients with available N'T-proBNP levels
(baseline: n=94, 9 months: n=76) did not differ
systematically from patients who did not have a N'T-
proBNP measurement (baseline: n =28, 9 months:
n=46) on clinical, demographic and psychological
characteristics, except for patients without an N'T-
proBNP measurement being less likely to have val-
vular heart disease (79.2% vs. 93.8% p =0.025) and
angina pectoris (66.7% vs. 84.7% p=0.043) than
patients with information on their NT-proBNP level.
In the total sample, the median N'T-proBNP levels
were 927.0 pg/mL (IQR=386-2268 pg/mL) at
baseline, while at 9 months this level declined sig-
nificantly to 614.0 pg/mL (IQR =231-1229 pg/mL)
(p<0.001).

Relationship between anxiety, depression, and Type D
personality and NT-proBNP levels
(unadjusted analysis)

Table II presents associations between the psycho-
logical risk markers (i.e., symptoms of anxiety,
depression, and Type D personality) assessed at
baseline and N'T-proBNP levels measured at base-
line and at 9 months follow-up. Patients with a
Type D personality had higher N'T-proBNP levels
than patients without Type D at baseline and
follow-up, but these differences were not statistically
significant. There was almost no difference in N'T-
proBNP levels between patients with and without
anxiety and depression at baseline. The results did
not change when calculating Pearson’s rho with the
continuous scores of the HADS-A (r=-.109,
p=0.296), HADS-D (r=0.027, p=0.796), BDI
(r=0.101, p=20.385), and DS14 (SI: r=0.130,
p=0.210; NA: r=0.013, p=0.903) in relation to
NT-proBNP atbaseline and the HADS-A (r = —.065,
p=0.581), HADS-D (r=—.064, p=0.586), BDI
(r=0.109, p=0.445) and DS14 (SI: r=0.085,
p=0.474;NA: r=0.002, p=0.987), in relation to
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Table II. Association between baseline psychological risk markers (i.e., symptoms of anxiety and depression and Type D personality) and
NT-proBNP levels (pg/ml) and log NT-proBNP at baseline and at 9 months follow-up®.

Baseline

NT-proBNP
Median (IQR)

HADS-A (N =94)
Anxiety=8
No anxiety <8
HADS-D (N =94)
Depression=8
No depression <8
BDI (N=76)
Depression=10
No depression<10
DS14 (N=94)

Type D<10
Non-Type D<10
Follow-up (9 months)

HADS-A (N=74)
Anxiety =8
No anxiety <8
HADS-D (N =74)
Depression =8
No depression <8
BDI N=51)
Depression= 10
No depression <10
DS14 (N=74)
Type D<10
Non-Type D<10

718 + (258-1791)
1049 + (483-2272)

0931 + (338-3232)
973 + (390-2015)

849 + (290-3027)
058 + (431-1745)

1204 + (541-4940)
886 + (379-1642)
480 + (194-1199)

679 + (232-1249)

567 = (221-997)
613+ (217-1264)

650+ (216-1379)
567 + (263-1248)

487 + (171-1304)
629 + (263-1243)

log NT-proBNP

Mean (SD) p-value
2.83£0.61 0.25
2.98+0.50

2.94*0.65 0.27
2.95+0.50

2.92+0.60 0.22
2.92+0.49

3.14+0.60 0.24
2.90*£0.50

2.69*£0.57 0.68
2.73*£0.58

2.71%£0.59 0.76
2.76 =0.52

2.77*0.68 0.85
2.74+0.43

2.74*0.65 0.83
2.71x0.55

“T-tests were performed with natural log N'T-proBNP values, p-value *<0.01 **<0.05. HADS-A, Hospital Anxiety and Depression
Scale-Anxiety; HADS-D, Hospital Anxiety and Depression Scale-Depression; BDI, Beck Depression Inventory; DS14, Type D Scale;

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

NT-proBNP at follow-up. Neither of the subcom-
ponents of the BDI at baseline (BDI N =86,
df=1) and follow-up (BDI; N =47, df=1) were
significantly related to N'T-proBNP using the total
continuous scores of the affective (BDI r=0.057,
p=0.631; BDIL, r=0.063, p=0.670, respectively)
and somatic items (BDI, r=0.153, p = 0.187; BDI;
r=20.156,p=0.275, respectively) (data not shown).
Note that baseline N'T-proBNP levels were nega-
tively correlated with anxiety scores, and follow-up
NT-proBNP levels were negatively correlated with
anxiety and depression scores, as measured by the
HADS-A and HADS-D.

In a secondary analysis, ANOVA with repeated
measures was performed with the psychological risk
markers (i.e., dichotomous scores (presence/absence)
of anxiety, depressive symptoms, and Type D per-
sonality) entered as the between-subjects factors in
four separate analyses with log NT-proBNP at base-
line and at 9 months as the outcome. Of the total
number of patients in the analysis (N=94), 61
(64.9%) had available data on the HADS or DS14
in combination with N'T-proBNP measurements at
baseline and at follow-up, while 47 (50%) had avail-
able data on the BDI in combination with NT-
proBNP at baseline and at follow-up. The DS14

(N=61, df=1) F=0.236; p=0.63), HADS-A
(WN=61, df=1) F=0.603; p=0.44), HADS-D
(N=61, df=1) F=0.016; p=0.90), and BDI
((N=47,df=1) F=0.035; p=0.85) showed no sig-
nificant interaction with N'T-proBNP levels over time
(Table I). Moreover, the affective ((IN=47, df=1)
F=0.095; p=0.45) and somatic (N=47, df=1)
F=1.032;p=0.15) subcomponents of the BDI were
also not significantly related to N'T-proBNP levels,
nor were the NA ((IN=61, df=1) F=0.749;
p=0.28)and SIN=61,df=1) F=0.058;p=0.18)
subscales of the DS14.

Given the absence of a significant main effect
between psychological risk markers and N T-proBNP
in unadjusted analysis, it makes little sense to per-
form analysis of covariance (ANCOVA) with repeated
measures to examine the potential confounding of
clinical and demographic characteristics on the rela-
tionship between psychological risk markers and
NT-proBNP levels.

Discussion

In the current study, we investigated whether com-
mon psychological risk markers in HF are confounded
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Figure 1. Association between psychological risk markers and NT-proBNP at baseline and at 9 months.

by disease severity, as measured by NT-proBNP.
Although N'T-proBNP is not a standalone marker of
HF prognosis and mortality, caused mainly by the
large intra-individual canges in concentrations which
quesions its specifity for HF, it has earned an impor-
tant status of contributing to prognosis in HF in com-
bination with other clinical measures. This is in part
due to many HF patients having preserved LVEF but
also due to the assessment of functional class being
strongly influenced by symptoms of depression and
having a poor inter-rater reliability (24). Our results
demonstrated that none of the psychological risk
markers examined (i.e., anxiety, depression, and
Type D personality) were confounded by levels of
NT-proBNP.

Previous studies examining the relationship
between psychological risk markers and markers of
HF used either BNP (7,10-13,15) or N'T-proBNP
(8,9). Although these markers are not directly com-
parable in terms of their levels, it is possible to com-
pare the overall results of the studies. Six out of the
nine studies dedicated to this topic found a significant

association between BNP or NT-proBNP and anxi-
ety or depression. The two studies examining more
than one psychological risk marker found a signifi-
cant relation with anxiety or depression, but not both
(9,13). In relation to depression, the studies of Got-
tlieb et al. and Van den Broek et al., which used the
largest sample sizes of respectively 2322 and 4332
(HF and non-HF) individuals, showed that BNP lev-
els did not predict BDI scores in multivariable anal-
yses (10,14), suggesting that depression and (N'T-pro)
BNP are independent and additive predictors that
may adversely affect HF progression via independent
pathophysiological pathways. The study of Pelle et al.
found no relation between BNP and Type D person-
ality nor between the Type D subdomains negative
affectivity and social inhibition and BNP levels (12).
Half of these studies used a cross-sectional study
design (8-10,12), having only a (NT-pro) BNP mea-
surement at baseline. It has been argued in the lit-
erature that the inter-individual biological variation
in BNP and N'T-proBNP is so high that it is benefi-
cial to increase the number of assays over time to
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reach a better estimate of a patient’s homeostatic set
point (25). Hence, the prospective design of our
study with assessments of N T-proBNDP both at base-
line and at 9 months follow-up and the examination
of a broader range of psychological risk markers,
including both episodic (i.e., anxiety and depression)
and chronic (i.e., Type D personality) markers is a
strength in comparison to some of the current litera-
ture on the relationship between psychological mark-
ers and potential confounding by HF disease
severity.

The study of Parissis et al. reported a remarkably
high prevalence of patients with depressive symp-
toms in their study sample (62%) using the BDI and
Zung SDS (7). In our study sample, the BDI also
showed a considerably higher prevalence of depres-
sion (46.6%) than found by the HADS-D (17.0%).
However, we found neither a significant relation
between NT-proBNP and depressive symptoms
when measured with the BDI, nor between N'I-
proBNP and depressive symptoms when measured
with the HADS-D. In the other studies that found a
significant relationship between NT-proBNP and
depression, analyses were performed with severely
depressed patients (8,9,11). Other limitations of the
previous studies were the use of a self-report ques-
tionnaire for depression for which there was no des-
ignated cut-off for the severity of depression, and the
inclusion of patients with less severe cardiac impair-
ments (LVEF =30%) (11,15).

In contrast to some previous studies, we did not
find a significant association between NT-proBNP
levels and psychological risk markers. This indicates
that the psychological measures used in the current
study may not be confounded by disease severity, as
measured by N'T-proBNP, increasing the likelihood
that they reflect true psychological morbidity rather
than underlying disease severity in patients with HF.
Simultaneously, this finding also points to the com-
plexity of the relationship between psychological risk
markers and HF severity, especially with respect to
depression which shows the most contradicting
results. It is possible that the relationship between
BNP and emotional distress (e.g., depression) is
dependent on the subgroup of HF patients, and on
the severity of psychological distress and symptoms.
Previous studies in other HF populations show
prevalence rates of depression of 21.5% (range:
19.3%-33.6%) (26), for anxiety up to 40% (2), and
for Type D between 19-44% with a lower percent-
age in Northern and Western European country
clusters (24%) (27) that are in concordance with our
findings. However, it seems prevalence rates of emo-
tional distress have been shown to vary greatly
among HF subgroups (2), which might in part
explain our null funding between psychological risk

markers and NT-proBNP levels. An unresolved
issue also pertains to the question of the ‘chicken
and the egg’. Although most studies indicate that
the relation between emotional distress and disease
severity might be bidirectional, HF is more often
assumed to be the cause of emotional distress than
the other way around (10).

Another important consideration is pointed out
by Gottlieb et al., who suggest that emotional dis-
tress is more strongly related to subjective HF indi-
ces, such as NYHA functional class, than to objective
indices, such as LVEF and BNP (10). The findings
by Scherer et al. concur with this notion, as there
was a significant correlation between NYHA func-
tional class and anxiety and depression, as measured
by the HADS in primary care HF patients (10,28).
Since BNP is not based on a patient’s (or a clini-
cian’s) perception of disease severity, this could
explain why BNP did not predict emotional distress
in our study, as in the sample of Gottlieb et al. Fur-
thermore, this might indicate that depression influ-
ences the perception of severity of disease to a greater
extent rather than severe HF causing depression
(10). Taken together, it is possible that HF symp-
toms in patients improve by addressing psychological
problems, and that the combination of the presence
of emotional distress together with BNP levels may
have an additive prognostic influence in HF patients,
as already mentioned by Parissis et al. (7).

The potential limitations of our study merit con-
sideration. Since this study only analyzed the rela-
tionship between NT-proBNP and psychological
risk markers, we cannot make any statements on
whether any association between repeated NT-
proBNP measures and psychological measures
could directly contribute to the observed relation-
ship between psychological measures and poor out-
comes for HF. Unfortunately, we also did not have
information on exercise, diet, medical adherence,
heart rate variability, and socio-economic status,
which might have influenced our results. By exclud-
ing HF patients older than 75 years, the mean age
of our sample was relatively low compared to a gen-
eral HF outpatient population, which potentially
limits the generalizability of the results. Further-
more, this exclusion criterion has reduced the total
sample size and most probably a lower percentage
of women within this sample. However, since the
risks of cognitive deficits and the burden of filling
in questionnaires at several time points is expected
to be increased with increasing age, the validity of
patients’ answers to the questionnaires is less likely
to have been compromised. Furthermore, for only
75% of the patient sample, N T-proBNP measure-
ments were available at baseline and at 9 months.
For the assessment of anxiety and depression, we
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used a self-report measure rather than a clinical
diagnostic interview. Hence, we have no informa-
tion as to whether NT-proBNP is related to a
clinical diagnosis of anxiety and depression. Never-
theless, even minimal symptoms, as assessed with
self-report measures of depression, have been related
to prognosis in cardiac populations (29).

In conclusion, we found no relationship between
any of the psychological risk markers assessed (i.e.,
anxiety, depressive symptoms (both with the
HADS-D and the BDI), and Type D personality)
and NT-proBNP levels using a prospective study
design with the assessment of NT-proBNP levels
both at baseline and 9-months follow-up in our
sample of systolic HF outpatients. However, we
have to keep in mind that until we have gained more
insight into the determinants that govern the high
intra-individual levels of BNP and N'T-proBNP, we
have to be careful in drawing conclusions in relation
to these outcomes with psychological risk markers
(25). Although more large-scale studies are war-
ranted to investigate and replicate BNP and its rela-
tion to anxiety, depression and Type D, these
preliminary results are promising in that they show
that measures frequently used in HF to assess psy-
chological risk markers seem to be unconfounded
by NT-proBNP. This suggests that screening for
and treating depression in HF might have addi-
tional prognostic benefits to current standard care
and management.
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