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ABSTRACT

Background: Dyspnea is a hallmark symptom of heart failure (HF), associated with impaired functional
capacity and quality of life. The experience of dyspnea is multifactorial and may originate from different
sources. This study set out to examine the relative importance of potential contributors to dyspnea, ie, dis-
ease severity, inflammation and psychologic distress in a large prospective cohort of chronic HF patients.
This study further aimed to examine the differential influence of cognitive and somatic symptoms of psy-
chologic distress.
Methods and Results: Dyspnea complaints (Health Complaints Scale), demographic and clinical vari-
ables, and psychologic factors (ie, depression, anxiety, and Type D personality) were assessed in 464
HF patients (mean age 66.0 y, 70% men) at baseline and 1-year follow-up. Inflammatory markers (ie, tu-
mor necrosis factor [TNF] a, interleukin [IL] 6, IL-10, soluble TNF receptors 1 and 2) were also assessed
at both time points in a subsample (n 5 247). Linear mixed modeling analysis with maximum likelihood
estimation showed that when determinant clusters were entered separately, comorbid chronic obstructive
pulmonary disease (COPD) was significantly associated with dyspnea complaints (P 5 .039), as were
depression (P ! .001) and anxiety (P ! .001), whereas inflammation did not significantly affect dyspnea
complaints. When all determinant clusters and covariates were entered together, results showed that body
mass index (P5 .013), COPD (P5 .034), age (P5 .005), depression (P! .001), and anxiety (P! .001)
were significant independent associates of dyspnea complaints. Somatic depressive and somatic anxiety
symptoms were responsible for these latter associations.
Conclusions: The experience and report of dyspnea in HF is determined foremost by somatic symptoms
of psychologic distress, being of older age, being overweight, and having comorbid COPD, with disease
severity and systemic inflammation levels playing an ancillary role. These findings suggest that psycho-
logic distress should be considered when treating dyspnea complaints in patients with HF. (J Cardiac Fail
2016;22:201e209)
Key Words: Dyspnea, heart failure, depression, anxiety, Type D, inflammation.
Dyspnea, the subjective experience of breathing diffi-
culty or discomfort, is a hallmark symptom of chronic
congestive heart failure (HF).1 Dyspnea significantly im-
pairs functional capacity and quality of life independently
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from disease severity.2 In systolic HF patients, dyspnea is
thought to arise from pulmonary congestion as left ventric-
ular dysfunction causes cardiac output to decrease and
pulmonary venous pressure to rise. This ultimately leads
to extravasation of fluid into the interstitial space and
lung alveoli, which reduces pulmonary compliance and im-
pairs the ease of breathing, thus increasing the complaint of
dyspnea. With increasing HF severity, ie, decreasing pump
function, the prevalence of dyspnea increases. Treatment of
dyspnea in patients with HF is therefore most often directed
at reducing lung congestion.3

However, the experience of dyspnea is multifactorial and
may originate from different sources,4 including chroni-
cally elevated systemic inflammation and psychologic
distress. Inflammatory activation is a characteristic of
chronic HF. In fact, the immune system modulates athero-
sclerotic processes and maladaptive cardiac remodeling,
such as fibrosis, hypertrophy, and apoptosis.5 Inflammation
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affects airway responsiveness, leading to recurrent episodes
of breathlessness and chest tightness.6 Increased levels of
acute-phase reactant fibrinogen was associated with
impaired lung function and increased risk of disease exac-
erbation in patients with chronic obstructive pulmonary dis-
ease (COPD).7 Chronic systemic inflammation was also
associated with lung function impairment in morbidly
obese people without lung disease.8 In patients with
COPD and concomitant HF, acute inflammation, on top
of chronic inflammation, is known to be associated with
acute respiratory symptoms, such as breathlessness.9 In
chronic HF patients, elevated systemic inflammation might
contribute to the sensation of dyspnea with inflammation-
induced mucus production and bronchoconstriction.

Psychologic distress also has been linked to dyspnea, and
anxiety and depression may predict the development of
subsequent dyspnea symptoms.10,11 Studies in patients
with chronic HF suggest that depression and dyspnea are
moderately correlated,12e14 whereas for anxiety null find-
ings have been reported.14 The present study set out to
examine the relative importance of disease severity, inflam-
mation, and psychologic factors as potential contributors to
the experience of dyspnea in a large prospective cohort of
patients with chronic systolic HF. Owing to growing inter-
est in the differential associations of symptom dimensions
of emotional distress in relation to cardiac prognosis, and
the notion that both dimensions may differ in etiology
and prognostic mechanistic pathways,15 the present study
also examined somatic and cognitive symptom dimensions
of depression and anxiety separately. We hypothesized that
decreased pump function, inflammation, and emotional
distress all would have independent effects on dyspnea
complaints, and that this effect would be stable across
time. We further hypothesized that the somatic symptom
dimensions would be foremost associated with dyspnea,
compared with the cognitive symptom dimensions.
Methods

Patients and Procedures

This study was part of the larger Tweesteden Heart Failure
Study. In short, consecutive patients attending the outpatient HF
clinic of the Tweesteden teaching hospital from October 17,
2003, to October 3, 2008, were approached for participation in
the main study, in which questionnaires were administered for
up to 18 months of follow-up.16,17 Exclusion criteria comprised:
diastolic HF (preserved pump function), age $80 years, myocar-
dial infarction in the month before inclusion, other life-threatening
diseases (eg, chemotherapy-treated cancer, end-stage renal dis-
ease), serious psychiatric illness except mood disorders, and insuf-
ficient understanding of spoken and written Dutch. Of the 570
patients approached for the main study, 465 agreed to participate,
and 459 patients (80.5%) actually returned the baseline
questionnaire.
The biomarker substudy started in January 2004 and included

311 participants also participating in the main study. Patients
were excluded from the substudy if there were signs of acute
infection, if they presented with active episodes of gout or
arthritis, or if they used antiinflammatory medication (total
exclusion w10% of the baseline sample). Another 17% were
missing owing to personal reasons (eg, too ill to come to the
hospital for blood drawing), logistic reasons (ie, not enough
blood available to test all markers), and other nonspecified
reasons. The final sample with blood samples available at base-
line numbered 247.

At 12 months’ follow-up, a psychologic questionnaire was
administered and blood was drawn for the substudy. In total,
follow-up data was available for 334 patients (77.2%) regarding
the questionnaire data and 160 of those also had provided a blood
sample at 12 months’ follow-up.

Patients were informed about the study and asked to participate
by their cardiologist or specialized HF nurse. If patients agreed to
participate, they were called the same week to set up a 1st appoint-
ment for the study. At that appointment, patients were interviewed
and echocardiographic measures assessed. Patients completed
a psychologic survey at home, which was returned in a self-
addressed envelope. One year later, the patients were contacted
to complete the psychologic survey again. Patients who did not
complete all of the items were contacted by phone in an attempt
to obtain the answers, or they were mailed a copy of the items
and asked to complete them. If the questionnaires were not re-
turned within 2 weeks, patients received a reminder telephone
call or letter. Serum blood samples were drawn with the use of
vacutubes at the hospital during visiting hours (8:00e17:00), as
part of the patients’ routine HF check-ups, both at baseline and
at 12 months’ follow-up. Written informed consent was obtained
from every patient, and the study protocol was approved by the
Institutional Medical Ethics Review Board.

Measures

Demographic and Clinical Variables. Demographic
variables included sex, age, marital status (having a partner vs
having no partner) and education (primary school vs secondary
school and above). Information on clinical variables was obtained
from patients’ medical records and included etiology of HF
(ischemic vs nonischemic), echocardiographically derived left
ventricular ejection fraction (LVEF), New York Heart Association
(NYHA) functional class (class IeII vs IIIeIV), cardiac history
(ie, previous myocardial infarction, percutaneous coronary inter-
vention, or coronary artery bypass graft), implanted cardiac de-
vices (ie, pacemaker [PM], implantable cardioverter-defibrillator
[ICD], or biventricular pacemaker [BVP]), comorbidities (eg,
stroke, hypertension, peripheral arterial disease, renal insuffi-
ciency, diabetes mellitus, and COPD), and prescribed medications
(ie, angiotensin-converting enzyme [ACE] inhibitors, angiotensin
II receptor antagonists [ARBs], digoxin, beta-blockers, statins,
calcium antagonists, aspirin, nitrates, oral anticoagulants, and psy-
chotropic medication). Current smoking status and exercise level
were assessed by means of self-report. Body mass index (BMI)
was calculated as weight in kilograms/height in meters squared
with the use of self-reported weight and height. Regular physical
exercise was assessed with the use of a self-report question, asking
to report whether or not patients were physically active at a regular
basis.

Inflammatory Markers. Levels of tumor necrosis factor
(TNF) a, interleukin (IL) 6, IL-10 and soluble TNF receptors 1
and 2 (sTNFR1 and sTNFR2) were obtained by means of standard
hospital protocol. Venous blood samples were drawn during office
hours at the time of inclusion or within the 1st 2 months and at 12



Determinants of Dyspnea in HF � Kupper et al 203
months’ follow-up. Blood was allowed to clot at room temperature
for $20 minutes and centrifuged. Aliquoted serum samples were
stored at �80�C in anticipation of further processing. Concentra-
tions of TNF-a (sensitivity 1.7 pg/mL), IL-6 (sensitivity 2 pg/mL),
and IL-10 (sensitivity 1 pg/mL) were measured with the use of a
solid-phase enzyme-labeled chemiluminescent immunometric
assay (Immulite 1000; Siemens Healthcare Diagnostics Breda,
the Netherlands). sTNFR1 and sTNFR2 (sensitivity for both
15.6 pg/mL) were measured with the use of the quantitative
enzyme-linked immunosorbent assay (Hycult Biotechnology,
Uden, the Netherlands). All tests were measured in accordance
with the manufacturers’ recommendations. The sensitivity of all
tests was calculated as the mean of 6 zero-values plus 3 SDs
extrapolated on the standard curve. The intra-assay variation
was !10% and the interassay variation !11%.

Psychological Factors.

Depression. The Dutch version of the Beck Depression Inven-
tory (BDI) was used to assess symptoms of depression at baseline
and 12 months’ follow-up.18 The BDI consists of 21 items that are
rated on a 0e3 scale. Items consist of groups of statements, and
respondents are asked to pick out the one statement that best
describes the way they have been feeling during the past week.
A total score is derived by summing together all items, with higher
scores representing more severe depressive symptomatology.
Cognitive-affective and somatic subscale scores were calculated
following manual guidelines.19 The BDI is widely used to assess
depression in patients with cardiovascular disease and has proven
to be a reliable and well validated self-report measure of depres-
sive symptoms.20 In the current study, Cronbach a was 0.85 at
baseline and 0.82 at 12 months’ follow-up.

Anxiety. Symptoms of anxiety were measured at 2 months with
the use of the Dutch version of the Hamilton Anxiety Rating Scale
(HARS).21 A trained psychologist administered the interview.
The HARS is a 14-item clinician-rated instrument for quantifying
anxiety symptoms. Each item is rated on a 5-point Likert scale
ranging from 0 (‘‘not present’’) to 4 (‘‘very severe’’). Summing
the items creates a total score, with higher scores representing
more severe anxiety symptoms. Somatic and cognitive subscale
scores have been calculated by summing the items belonging to
these symptom dimensions.22 In the present dataset, Cronbach
alpha was 0.80 at baseline and 0.78 at 12 months’ follow-up.

Type D Personality. The Type D Scale-14 (DS14)23 was used
to assess Type D personality. The DS-14 assesses 2 stable person-
ality traits: negative affectivity (NA) and social inhibition (SI).
Items are rated on a 5-point Likert scale ranging from 0 (‘‘false’’)
to 4 (‘‘true’’). A standardized cutoff of $10 on both subscales in-
dicates Type D personality. The NA and SI subscales have good
psychometric properties, with Cronbach a of 0.88 and 0.86,
respectively, and 3-month test-retest reliability r of 0.72 and
0.82.23 In the present dataset, Cronbach a was 0.87 for NA and
0.85 for SI at baseline, and both had a Cronbach a of 0.88 at
12 months’ follow-up.

Dyspnea Complaints. All patients filled out the Health
Complaints Scale (HCS) to assess health complaints at baseline
and 12 months’ follow-up.24 The HCS is a 24-item questionnaire
and consists of 2 subscales measuring somatic and cognitive
health care complaints frequently reported by cardiac patients.
The 12 items of the somatic subscale assess health complaints
regarding ‘‘cardiopulmonary problems,’’ ‘‘fatigue,’’ and ‘‘sleep
problems.’’ Respondents are asked to indicate how much each spe-
cific problems has bothered them lately, rated on a 5-point Likert
scale ranging from 0 (‘‘not at all’’) to 4 (‘‘extremely’’). In the pre-
sent study, we used only the items focusing on complaints of dys-
pnea: item 2, ‘‘tightness of the chest’’; item 6, ‘‘inability to take a
deep breath’’; and item 9, ‘‘shortness of breath,’’ of the somatic
complaints subscale. A total score of the dyspnea subscale was
calculated by means of simple mean imputation in case of missing
values (0.5%). In the present dataset, Cronbach a was 0.78 for
baseline and 0.83 for 12 months’ follow-up.
Statistical Procedure

Baseline and 12 months’ follow-up differences in sociodemo-
graphic and clinical variables were examined with the use of c2

tests for nominal variables and independent samples t tests for
continuous variables between HF patients with low (dyspnea score
0e2) vs high (dyspnea score O2) dyspnea, derived by means of
median split for presentation purposes.
Before statistical analyses, the distributions of the inflammatory

markers were checked for normality, resulting in a correction by
natural log transformation for IL-6. Because the distribution of
the dependent variable, ie, dyspnea complaints, was relatively
skewed and Poisson like, with 20%e27% of patients not reporting
dyspnea complaints, we performed a Box-Cox transformation, as
recommended in such a situation, to normalize the distribution.25

This resulted in 2 transformed variables with the most optimal
distribution (most optimal solution: lambda 5 0.10; skewness
of �0.02 at baseline and �0.07 at 12 months’ follow-up).
To assess disease severity (ie, LVEF, ischemic etiology, and

COPD), inflammatory markers, and the psychologic factors depres-
sion, anxiety, and Type D personality as associates of dyspnea com-
plaints at baseline and 12 months’ follow-up, 5 separate linear
mixedmodeling analyses were conducted with the use of maximum
likelihood estimation and an unstructured covariance matrix with a
2-level structure (ie, repeated measurement occasions [lower level],
participant [higher level]). Inmodel 1, we examined the relationship
between disease severity and dyspnea complaints. NYHA func-
tional class was not considered as a predictor owing to the classifi-
cation’s close relation to dyspnea complaints. Inflammatory
markerswere assessed as associates of dyspnea complaints inmodel
2, and the psychologic factors depression, anxiety, and Type D per-
sonality were entered into model 3. In the multivariate determinants
model (model 4), disease severity, inflammatory markers, and the
psychologic factors were entered simultaneously. Additional a
priorieselected covariates (ie, age, sex, BMI, smoking status, exer-
cise, and aspirin) were added in the fully adjusted model (model 5).
Interactions between significant predictors were explored. Then we
reran models 3e5 including the cognitive and somatic subscale
scores of anxiety and depression. All determinants and covariates
except sex were entered as time-varying variables, taking into ac-
count their variability across time.
Results of the linear mixed modeling analyses were presented

as estimates (ie, unstandardized regression coefficients of the
transformed dependent variable when the independent variable in-
creases by 1 unit) with SEs and P values. A P value of !.05
(2 sided) was considered to be statistically significant. Analyses
were performed with the use of SPSS 19 (IBM SPSS Statistics
for Windows, version 19.0; IBM Corp, Armonk, New York).
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Results

Patient Characteristics

Table 1 displays the sociodemographic and clinical char-
acteristics of the total sample at inclusion and at 12 months’
follow-up. Sample characteristics stratified by dyspnea
complaints (low vs high) also are presented in Table 1. At
baseline, HF patients with high levels of dyspnea com-
plaints more often were without partner, had NYHA func-
tional class IIIeIV, COPD, a higher BMI, a prescription
of nitrates and psychotropic medication, and did not exer-
cise regularly, compared with HF patients with below-
average levels of dyspnea complaints.

At follow-up, HF patients with high levels of dyspnea
complaints differed significantly from HF patients with
low levels of dyspnea complaints regarding NYHA func-
tional class, COPD, exercise level, and psychotropic medi-
cation. Specifically, HF patients with high levels of dyspnea
complaints more often had NYHA functional class IIIeIV,
COPD, and a prescription of psychotropic medication and
Table 1. Sample Characteristics at Inclusion and 12 Mo

Characteristic

Baseline

Total
(n 5 464)

Low Dyspnea
(n 5 228)

Dyspnea 3.0 6 2.8 0.8 6 0.8
Transformed dyspnea scorex 1.2 6 0.9 0.5 6 0.5
Age (y), mean 6 SD 66.1 6 10.4 65.4 6 10.7
Male sex 72.6 (337) 75.0 (171)
Having a partner 72.0 (329) 76.8 (175)
Lower educational level 34.1 (156) 31.3 (71)
Clinical variables

LVEF (%), mean 6 SD 31.0 6 6.9 30.8 6 7.0
NYHA IIIeIV 39.4 (182) 29.1 (66)
Ischemic etiology 54.4 (252) 52.2 (119)
Cardiac history* 57.7 (267) 56.6 (129)
Devicesy 15.0 (69) 16.7 (38)
Comorbidityz 67.6 (294) 66.5 (141)
Diabetes mellitus 24.6 (114) 22.4 (51)
COPD 13.0 (60) 8.8 (20)
BMI (kg/m2), mean 6 SD 28.0 6 5.5 27.4 6 4.8
Current smoking 24.1 (110) 25.0 (57)
Exercise 55.6 (254) 62.3 (142)

Medication
ACE inhibitor/ARB 85.3 (395) 86.0 (196)
Digoxin 21.8 (101) 21.9 (50)
Diuretics 74.9 (347) 74.1 (169)
Beta-blockers 69.5 (321) 70.6 (161)
Statins 51.2 (237) 50.9 (116)
Calcium antagonists 11.9 (55) 13.2 (30)
Aspirin 40.8 (189) 37.3 (85)
Nitrates 21.8 (101) 13.6 (31)
Oral anticoagulants 43.4 (201) 43.4 (99)
Psychotropic medication 12.2 (32) 8.3 (11)

LVEF, left ventricular ejection fraction; NYHA, New York Heart Association f
mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor b

All values are presented as % (n), unless otherwise indicated.
*P ! .05; **P ! .01; ***P ! .001, comparing patients with low vs high d
*Previous myocardial infarction, percutaneous coronary intervention, or coron
yImplanted devices: implantable cardioverter-defibrillator, pacemaker, biventri
zStroke, hypertension, peripheral arterial disease, renal insufficiency.
xThe dyspnea score was transformed with the use of the Box-Cox procedure.2
did not exercise regularly, compared with their counterparts
with below-average levels of dyspnea complaints.
Determinants of Dyspnea Complaints

Time was a nonsignificant predictor of dyspnea com-
plaints (estimate 5 0.05; SE 5 0.04; P 5 .18), indicating
that dyspnea complaints remained relatively stable over
the 1-year follow-up period.

In model 1, in which disease severity variables were
examined as possible associates of dyspnea complaints,
comorbid COPD (estimate 5 0.19; SE 5 0.09; P 5 .039)
was significantly associated with dyspnea complaints,
whereas ischemic etiology (estimate 5 0.12; SE 5 0.08;
P 5 .123) and LVEF (estimate 5 0.008; SE 5 0.006,
P 5 .182) were not. Model 2 tested the unadjusted multi-
variable association of the inflammatory biomarkers with
dyspnea complaints, with results demonstrating that
none of the inflammatory markers was a significant predic-
tor of dyspnea complaints: TNF-a (estimate 5 0.003;
nths’ Follow-Up, Stratified by Dyspnea Complaints

12 Months

High Dyspnea
(n 5 226)

Low Dyspnea
(n 5 135)

High Dyspnea
(n 5 204)

5.3 6 2.4 1.4 6 2.1 4.4 6 2.7
1.9 6 0.4 0.2 6 0.3 1.8 6 0.5

66.9 6 10.0 65.4 6 10.7 66.7 6 9.2
70.8 (160) 71.1 (96) 69.5 (141)
67.1 (151)* 72.4 (98) 68.3 (136)
37.2 (84) 28.6 (38) 65.3 (132)

31.2 6 6.8 - -
50.9 (115)*** 30.7 (27) 49.2 (61)**
42.9 (97) - -
59.3 (134) 39.6 (44) 44.4 (75)
13.5 (30) 22.4 (26) 16.1 (28)
68.1 (147) 64.0 (73) 69.4 (125)
27.4 (62) 22.4 (26) 18.9 (33)
17.3 (39)** 5.2 (6) 14.3 (25)*
28.7 6 6.0* 27.7 6 4.9 27.8 6 5.3
23.6 (53) 20.0 (27) 28.4 (57)
48.4 (109)** 65.2 (88) 54.5 (110)*

85.0 (192) 83.9 (94) 88.8 (150)
22.6 (51) 19.6 (22) 27.2 (46)
77.0 (174) 73.6 (81) 82.8 (140)
67.7 (152) 75.9 (85) 72.2 (122)
51.3 (116) 39.3 (44) 36.1 (61)
10.2 (23) 8.9 (10) 11.8 (20)
43.4 (98) 36.6 (41) 42.0 (71)
30.1 (68)*** 15.2 (17) 21.9 (37)
43.8 (99) 20.5 (23) 20.7 (35)
16.3 (21)* 10.7 (12) 19.6 (33)*

unctional class; COPD, chronic obstructive pulmonary disease; BMI, body
locker.

yspnea.
ary artery bypass graft surgery.
cular pacemaker.

5
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SE 5 0.01; P 5 .208), IL-6 (estimate 5 0.08; SE 5 0.11;
P 5 .451), IL-10 (estimate 5 0.06; SE 5 0.05; P 5 .242),
sTNFR1 (estimate 5 0.001; SE 5 0.001; P 5 .186), and
sTNFR2 (estimate !0.001; SE 5 0.001; P 5 .878). In
model 3, symptoms of depression, anxiety, and Type D per-
sonality were assessed as possible associates of dyspnea
complaints. Both symptoms of depression (estimate 5
0.04; SE 5 0.005; P ! .001) and anxiety (estimate 5
0.02; SE 5 0.004; P ! .001) were significantly associated
with dyspnea complaints, whereas Type D personality was
not (estimate 5 0.12; SE 5 0.076; P 5 .107).
Table 2 presents the multidimensional determinants

model (model 4), in which disease severity, inflammatory
markers, and psychologic factors were entered simulta-
neously. For the disease severity variables, comorbid
COPD remained associated with dyspnea complaints at
the trend level (P 5 .061). The psychologic factors depres-
sion (P ! .001) and anxiety (P ! .001) both remained
significantly associated with dyspnea complaints. Pearson
correlational analysis showed that depression and anxiety
were only modestly related to the inflammatory markers
(r 5 0.02 to r 5 0.17). The fully adjusted model (model
5), in which model 4 was additionally adjusted for the
covariates age, sex, BMI, smoking status, exercise, and
aspirin, is also presented in Table 2. Both depression
(P ! .001) and anxiety (P ! .001) remained significantly
associated with dyspnea complaints. In addition, BMI was
found to significantly predict dyspnea complaints in this
final model (P 5 .013), as were comorbid COPD (P 5
Table 2. Multifactorial Determina

Variables included in model

Model 4y (n 5 178)

Estimate SE

Disease severity
LVEF �0.003 0.01
Ischemic etiology �0.001 0.10
COPD 0.29 0.15

Inflammation
TNF-a 0.004 0.01
IL-6 0.04 0.11
IL-10 �0.01 0.05
sTNFR1 0.001 0.001
sTNFR2 !0.001 0.001

Psychologic factors
Depression 0.04 0.01
Anxiety 0.03 0.01
Type D personality 0.10 0.14

Covariates
Age
Male sex
BMI
Current smoking
Regular physical activity
Aspirin

TNF, tumor necrosis factor; IL, interleukin; sTNFR, soluble TNF receptor; ot
Estimates: regression coefficients of the dependent variable (ie, transformed d

determinants and covariates except sex were entered as time-varying variables, t
*Significant.
**Trend.
yMultivariable determinants model including disease severity, inflammatory m
zFully adjusted model: model 4 þ adjustment for the covariates age, sex, BM
.034) and age (P 5 .005). Exploratory analysis showed
that interaction terms of age with anxiety (P 5 .980) or
depression (P 5 .675) and of COPD with anxiety (P 5
.367), depression (P 5 .935), or BMI (P 5 .543) were
not significant.

We further examined whether there was a differential
relation between somatic depressive and anxiety symptoms
and cognitive depressive and anxiety symptoms. Figure 1
shows a line graph depicting the level of dyspnea
complaints (error bars: 61 SEM) stratified by high versus
low cognitive and somatic depressive/anxiety symptoms.
Results of the mixed modeling procedure showed that in
model 3, both cognitive depressive symptoms (estimate 5
0.02; SE 5 0.008; P 5 .027) and somatic depressive symp-
toms (estimate 5 0.08; SE 5 0.01; P ! .001) were signif-
icantly associated with dyspnea complaints. However, a
differential relation was found between somatic anxiety
symptoms and cognitive anxiety symptoms. Although
somatic anxiety symptoms (estimate 5 0.06; SE 5 0.008;
P ! .001) were significantly associated with dyspnea com-
plaints, cognitive anxiety symptoms were not (E 5 0.0001;
SE 5 0.007; P 5 .986). In our fully adjusted model (model
5), the effects of cognitive depressive symptoms (estimate5
0.01; SE 5 0.01; P 5 .361) disappeared, with only somatic
depressive symptoms (estimate 5 0.07; SE 5 0.02; P !
.001) and somatic anxiety symptoms (estimate 5 0.08;
SE 5 0.02; P ! .001) predicting dyspnea complaints. As
Figure 2 shows, individual symptoms within the somatic
subscales that are most associated with dyspnea are fatigue,
nts of Dyspnea Complaints

Model 5z (n 5 171)

P Value Estimate SE P Value

.714 �0.002 0.01 .747

.988 �0.04 0.11 .706

.061** 0.32 0.15 .034*

.722 !0.001 0.01 1.000

.707 �0.15 0.12 .207

.840 0.004 0.05 .934

.132 0.001 0.001 .236

.902 !e.001 0.001 .657

!.001* 0.04 0.01 !.001*
!.001* 0.03 0.01 !.001*

.492 0.02 0.14 .901

0.01 0.005 .005*
�0.02 0.12 .840
0.02 0.01 .013*
0.16 0.11 .146
0.004 0.11 .973
0.08 0.10 .449

her abbreviations as in Table 1.
yspnea score) when the independent variable increases with one unit. All
aking into account their variability.

arkers, depression, anxiety, and Type D personality simultaneously.
I, smoking status, regular physical activity, and aspirin.



Fig. 1. Dyspnea complaints in patients with high (above median)
and low (below median) somatic and cognitive symptoms of (A)
depression and (B) anxiety. Note: Error bars indicate 61 SEM. Fig. 2. Correlations of individual symptoms of anxiety and depres-

sion with dyspnea complaints at baseline. Top panel shows corre-
lations with depressive symptoms (Beck Depression Inventory
[BDI]), and bottom panel shows correlations with anxiety symp-
toms (Hamilton Anxiety Rating Scale [HARS]). Black bars repre-
sent somatic symptoms, and gray bars represent cognitive
symptoms. The x-axis represents the correlation with the Health
Complaints Scale (HCS) dyspnea subscale. In the present dataset,
all correlations were significant at a P ! .01 level.
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lethargia, and health worries for depression and cardiovas-
cular and respiratory and sensory somatic symptoms for
anxiety.

Discussion

In the present study, we examined multifactorial determi-
nants of dyspnea in patients with chronic HF with the use of
a longitudinal design. Our findings demonstrated that so-
matic symptoms of depression and anxiety are the strongest
determinants of the subjective report of dyspnea complaints
over a period of 1 year in patients with chronic HF, beyond
known clinical determinants of dyspnea such as the pres-
ence of COPD, HF severity, and BMI. Results also led us
to conclude that systemic inflammatory markers, which
have been associated with disease progression and
emotional distress in patients with HF in earlier studies,5,26

were not significantly associated with levels of dyspnea
complaints across time in this sample of HF patients. In
addition to the psychologic determinants, BMI, age, and
comorbid COPD were the only other significant predictors
of dyspnea complaints in the fully adjusted model.

Our findings not only support earlier literature showing
that depressive symptoms are associated with dyspnea
complaints in patients with HF,12e14 but they also suggest
that this covariate-independent association is driven by
somatic depressive symptoms, predominantly fatigue,
lethargia, and health worries. Our uncorrected model
(model 3) is in accordance with a recent cross-sectional
study in which dyspnea was found to be associated to
both somatic and cognitive depressive symptoms and in
which the authors did not adjust for disease severity and
BMI.27 In our final model (model 5), which included all
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determinant clusters and covariates, the relationship of
cognitive symptoms of depression with dyspnea was not
significant anymore.
Regarding anxiety and dyspnea in patients with HF, there

have been only a few studies and they have reported incon-
sistent findings.28 With the use of the Hospital Anxiety and
Depression Scale (HADS), one very small study reported a
positive correlation between anxiety and dyspnea in their
HF patient group.29 Another study that did not discriminate
between anxiety and depressive symptoms reported more
psychologic distress to be associated with elevated dyspnea
with the use of the HADS total score.30 It is unclear from
the latter study whether anxiety or depressive symptoms
drove the association. In contrast, there is a negative report
showing that anxiety was not associated with dyspnea.14

Those negative results are corroborated by results from a
large study in patients with COPD entering a pulmonary
rehabilitation program, which reported HADS-assessed
depression, but not anxiety, to be associated with dys-
pnea.31 The findings in the present study show that anxiety
was strongly associated with dyspnea complaints in the
fully adjusted model. We used the HARS to assess anxiety,
which contains a somatic component.22 In search of a
mechanism, we split up somatic and cognitive anxiety
symptoms and found that cognitive anxiety symptoms are
not associated with dyspnea, although somatic symptoms,
especially those related to cardiovascular (eg, tachycardia,
palpitation, chest pain) and respiratory (eg, pressure of
constriction in chest, choking feeling, sighing) function,
were associated with dyspnea complaints. It might there-
fore be postulated that the somatic symptoms of anxiety
may exacerbate the experience of dyspnea and should be
a point of attention for clinicians treating patients with
dyspnea.
There is an active debate about the origin of the somatic

symptom dimensions of emotional distress, because com-
plaints from cardiac disease and somatic depressive and
anxiety symptoms may intertwine and be mistakenly inter-
preted as belonging to one or the other. Depression and anx-
iety are associated with cognitive alterations in information
processing, such as in interoceptive ability, ie, they both
coincide with heightened awareness of bodily arousal and
with misattributing the source of the arousal.32 This might
explain in part the increased report of somatic symptoms,
including dyspnea. Normalization of this heightened bodily
awareness seems to be important for effective differential
diagnosis and intervention. Future research should examine
the role of interoception and appraisal in symptom percep-
tion in HF, because a study of hypertensive patients showed
that those patients with increased bodily awareness (regard-
less of mood), also had higher office systolic and diastolic
blood pressures.33

The present study did not find a relationship between
dyspnea and Type D personality. With just Type D dimen-
sions NA and SI in the fully adjusted model (without
depression and anxiety), NA was a significant determinant
of dyspnea, with an estimate similar to that of depression
(estimate 5 0.03; SE 5 0.009; P ! .001). In the full
model, though, this effect completely disappeared after
entering the BDI score, suggesting mediation of the
NA-dyspnea relationship by depressed mood. The present
study also did not find evidence for a significant association
between HF-associated systemic inflammatory markers and
dyspnea complaints. It is of note that few studies have
examined the association of systemic inflammatory markers
with dyspnea in HF. In other patient groups characterized
by dyspnea, such as patients with COPD or asthma, there
have been studies showing that more severe dyspnea and
a faster decline in lung function is associated with increased
levels of systemic inflammation.34 Studies in these patient
groups also show that the more objective measures of
lung function, such as 1-second forced expiratory volume
(FEV1), correlate only modestly with both inflammation
and dyspnea complaints.35 Moreover, there may be more
specific markers, such as eosinophils and prohormones,
that may be more informative about lung inflammation
than systemic markers.

Because emotional distress is associated with elevated
inflammation in patients with chronic systolic HF, and
emotional distress was found to be associated with
increased dyspnea complaints, one might reason that
dyspnea would be associated with inflammation as well.
The present findings showed no relation between dyspnea
and inflammation, which indicates that systemic inflamma-
tion may not be a mechanistic pathway between somatic
symptoms of emotional distress and disease progression
concerning lung congestion and subsequent dyspnea, nor
is disease severity a mechanism, because the relationship
was independent from LVEF and COPD diagnosis. It is
of note that the correlations between emotional distress
and inflammation were only modest in the present sample
(up to r 5 0.17). Part of the association may be explained
by an overlap in symptoms, such as fatigue and tightness in
the chest, which may be attributed to both phenomena.
Mechanism-wise, other psychobiologic pathways may be
involved, such as the autonomic nervous system. We
know from asthma literature that depression is associated
with increased vagally mediated airway responses,36 typi-
cally coinciding with sympathetic dominance at other organ
sites, such as the heart, owing to the directional fraction-
ation of autonomic nervous system activity between organ
sites. Future research should replicate the present findings
and investigate psychobiologic pathways between
emotional distress and dyspnea and lung function in
patients with HF.

Dyspnea is hard to treat and not easily controlled. Symp-
tom perception often is unclear and nonspecific, and there is
only modest correspondence between actual lung impair-
ment and the degree of dyspnea. In the European HF treat-
ment guidelines, there are no recommendations concerning
dyspnea.37 Besides the perceived breathing discomfort,
dyspnea clearly involves an emotional response. Dyspnea,
negative mood, and anxiety may influence and sustain
each other. Moreover, age is important, because dyspnea
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is more prevalent in older people,38 owing to general phys-
ical deconditioning, as corroborated by the present results.
The results of the present study should encourage clinicians
to take a broader view when treating dyspnea and, besides
cardiopulmonary physiology, consider psychologic symp-
toms of distress as well. Negative emotions may be a
driving force for patients to seek treatment and to change
their lifestyle to reduce dyspnea.39,40
Study Limitations

Some limitations should be considered. We assessed dys-
pnea complaints with a self-report measure and did not
include objective lung function measurements. However,
in patients with HF it has been shown that subjective dys-
pnea complaints are only marginally related to functional
lung parameters, such as FEV1, though being associated
with poorer physical functioning.41 This corroborates the
idea that objective lung impairment is only a small part
of the experience of dyspnea. Psychiatric diagnoses for
anxiety and depression were not available for the entire
sample. We did not control for psychotropic medication
use, because it is an indicator of the severity of anxiety/
depression rather than a confounder of the relationship
with dyspnea. The sample for whom inflammatory markers
were present was substantially smaller than the sample for
whom clinical and questionnaire data were available.
Rerunning models 1e3 for this relatively limited subsample
yielded no differences in estimate size and significance of
these estimates. We furthermore did not control for all
possible covariates, to maintain statistical power. For
example, medication of the renin-angiotensin system was
not included, because almost all patients were prescribed
these medications and remained on this medication
throughout the follow-up period. The renin-angiotensin sys-
tem also affects lung function, and therefore ACE inhibitors
or ARBs may confer a benefit by decreasing pulmonary
obstruction, decreasing pulmonary inflammation, and
promoting alveolar membrane gas exchange, thus relieving
dyspnea.42,43 In our sample, however, there was no differ-
ence in the levels of dyspnea complaints in relation to
ACE inhibitor/ARB prescription. Strengths of the
present study included the large sample, the multifactorial
approach, the longitudinal design of the study, and
the advanced statistical procedures used to analyze the
results.
Conclusion

The experience and report of dyspnea in HF are deter-
mined foremost by somatic symptoms of psychologic
distress, age, and being overweight, with disease severity
and inflammation levels playing an ancillary role in the
fully adjusted model. These findings suggest that psycho-
logic distress should be considered when treating dyspnea
complaints in patients with HF.
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