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BACKGROUND: Chronic heart failure is commonly associated with inspiratory muscle weakness.
However, few studies have investigated the risk factors for inspiratory muscle weakness in indi-
viduals with chronic heart failure and systolic dysfunction (left-ventricular ejection fraction
[LVEF] <40%). METHODS: Seventy subjects were recruited in a cardiac center. We assessed
clinical parameters, smoking history, peripheral muscle strength, pulmonary function, echocardio-
graphic variables, and brain natriuretic peptide. The subjects were classified with inspiratory
muscle weakness when the maximum inspiratory pressure was <70% of predicted values.
RESULTS: Thirty-six subjects (51%) had inspiratory muscle weakness. The subjects with inspira-
tory muscle weakness and the subjects with no inspiratory muscle weakness were similar in age, sex,
body mass index, medication use, and physical activity. However, the subjects with inspiratory
muscle weakness had lower LVEF (P � .003), systolic blood pressure (P � .01), diastolic blood
pressure (P � .042), quadriceps muscle strength (P � .02), lung function (P � .035), increased brain
natriuretic peptide (P � .02), smoking history (P � .01), and pulmonary hypertension incidence
(P � .03). Multivariate logistic regression analysis found a lower LVEF, increased smoking history,
and lower systolic blood pressure as significant independent predictors for inspiratory muscle
weakness. CONCLUSIONS: The combination of lower LVEF, lower systolic blood pressure, and
smoking history predicted inspiratory muscle weakness. Patients with suspected inspiratory muscle
weakness should be examined and, if inspiratory muscle weakness exists, then inspiratory muscle
training should be provided. Reducing inspiratory muscle weakness has the potential to improve
many of the deleterious effects of chronic heart failure. Key words: cardiovascular diseases; respi-
ratory function tests; respiratory structure and function; tobacco. [Respir Care 2020;65(4):507–516.
© 2020 Daedalus Enterprises]

Introduction

Individuals with chronic heart failure have dyspnea and
fatigue, skeletal muscle weakness, and exercise intoler-

ance. One key group of skeletal muscles that have been
found to be related to dyspnea and fatigue as well as
exercise tolerance of patients with chronic heart failure are
the inspiratory muscles.1 Inspiratory muscle weakness is
associated with greater dyspnea and fatigue, and with poorer
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exercise capacity and survival.2 In view of the above, in-
spiratory muscle weakness is an important factor in deter-
mining the prognosis and therapeutic options available for
subjects with chronic heart failure.3

It has been accepted that inspiratory muscle weakness is
present when the observed maximum inspiratory pressure
(PImax) is �70% of the predicted value.4 A relatively large
percentage of subjects with chronic heart failure were ob-
served to have inspiratory muscle weakness (30–50%),
with an even greater percentage of older subjects with
chronic heart failure experiencing inspiratory muscle weak-
ness (70%). In fact, 76% of older subjects with chronic
heart failure who were admitted for a chronic heart failure
exacerbation were observed to have inspiratory muscle
weakness that persisted in 71% of the subjects at the time
of discharge.5 Thus, inspiratory muscle weakness is com-
mon in chronic heart failure, and a better understanding of
the mechanisms responsible for it is needed because it
represents a poorer clinical condition.6

Several proposed mechanisms for inspiratory muscle
weakness include reduced cardiac output; increased pro-
teolysis, with loss of muscle mass and atrophy;7 and oxi-
dative stress, which induces protein modifications; and
contractile dysfunction.8 Although the above mechanisms
have been proposed, to the best of our knowledge, there
has been no comprehensive examination of clinical char-
acteristics responsible for inspiratory muscle weakness in
subjects with chronic heart failure. Therefore, we prospec-
tively examined a variety of clinical characteristics, the
functional capacity, and the systemic inflammatory and/or
cardiovascular disease markers in subjects with chronic
heart failure (New York Heart Association functional class
II and III) to help identify risk factors for inspiratory mus-
cle weakness.

Methods

Study Design and Study Population

This cross-sectional study complied with the Declara-
tion of Helsinki and was approved by the ethics committee
of the Faculdade de Medicina da Universidade de São
Paulo (ID 232/12). Subjects were consecutively recruited
at a heart institute from September 2012 to May 2016, and

were entered into the study after giving written informed
consent to participate. The inclusion criteria were the fol-
lowing: both sexes, left-ventricular ejection fraction
(LVEF) � 40%, New York Heart Association functional
class II or III, with optimized drug therapy, and clinically
stable. The exclusion criteria were the following: myocar-
dial infarction in the past 6 months; uncontrolled and/or
severe arrhythmia; pleural effusion or pulmonary conges-
tion; SpO2

at rest of � 92%; respiratory infection in the
past 30 d; and cognitive, neurologic, or orthopedic alter-
ations that could affect the performance during muscle
strength or functional capacity assessments.9,10

Assessments

Clinical history, physical examination, and functional
capacity tests were performed. LVEF was calculated from
apical images according to the Simpson method by using
echo-Doppler cardiography. Pulmonary hypertension was
defined by echocardiography estimation from the velocity
of tricuspid regurgitation. Physical activity was investi-
gated by using the long form of the International Phys-
ical Activity Questionnaire.11 Health-related quality of
life was also assessed by using the Short-Form 36 Ques-
tionnaire and the Minnesota Living with Heart Failure
Questionnaire.12,13 Blood samples were obtained for in-
flammatory and cardiovascular diseases biomarkers de-
termination by using Luminex analysis (Milliplex Map
Human cytokine/chemokine and cardiovascular assays
kits, Merck Millipore, Burlington, Massachusetts), in-
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QUICK LOOK

Current knowledge

Chronic heart failure is commonly associated with in-
spiratory muscle weakness. The inspiratory muscle
weakness is associated with greater dyspnea and fa-
tigue, poorer survival, and poorer exercise capacity.
Inspiratory muscle weakness has been accepted as an
important factor in determining the prognosis for pa-
tients with chronic heart failure.

What this paper contributes to our knowledge

This study provided valuable findings to assist in the
clinical decision-making and management of patients
with chronic heart failure. The combination of a lower
left-ventricular ejection fraction, lower systolic blood
pressure, and smoking history can predict inspiratory
muscle weakness. In patients with chronic chronic heart
failure, inspiratory muscle training may represent a key
strategy in their treatment.
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cluding B-type natriuretic peptide analysis (brain natri-
uretic peptide immunoassay, Biosite Diagnostics, San
Diego, California).

Respiratory muscle strength was measured for PImax

and maximum expiratory pressure (PEmax) by using a mouth
pressure transducer (MVD-300 Microhard System, Glo-
balMed, Porto Alegre, Brazil). According to the American
Thoracic Society guidelines,14 we standardized measure-
ments of PImax close to functional residual capacity and
PEmax close to total lung capacity. Both were measured
3 consecutive times, and the highest absolute value was
registered.14 The results were presented as the percentage
of predicted PImax and PEmax by taking into account the
specific population of the country.15 Spirometry for lung
function determination (Koko Legend, InSpire Health,
Longmont, Colorado) was performed according to the
American Thoracic Society guidelines.16 Classification of
type and severity of lung disease was performed according
to the Global Initiative for Chronic Obstructive Lung Dis-
ease guideline (2010).17 Briefly, (A) restrictive alterations
were: FVC � 80% predicted and FEV1/FVC � 0.7 with
FEV1 � 80% of predicted values; (B) obstructive altera-
tions were: FEV1 � 80% predicted and FEV1/FVC � 0.7;
(C) mixed alterations were: FVC � 80% and FEV1 � 80%
predicted and FEV1/FVC � 0.7.

Handgrip and quadriceps muscle strength were also as-
sessed, by using dynamometers (Jamar [Sammons Preston
Rolyan Inc, Bolingbrook, Illinois], and MicroFet2 [Hog-
gan Health, Utah], respectively). The subjects sat in a
chair, with the hips and back in 90° of flexion, sufficient
to maximally extend the knee6 for quadriceps force anal-
ysis in both limbs, and with 90° of elbow flexion and 0°
hand extension for hand grip force analysis in both limbs.
The results are presented as the average newtons of 3 max-
imum tests. The 6-min walk test was performed according
to the American Thoracic Society Standards.18

Statistical Analysis

Statistical analysis was performed with standard soft-
ware (Statistical Analysis System, SAS version 9.3, SAS
Institute, Cary, North Carolina). The 2 groups of the study
were defined according to the presence of inspiratory mus-
cle weakness or no inspiratory muscle weakness. The pres-
ence of inspiratory muscle weakness was defined by
PImax � 70% of the predicted value.4 Results of categor-
ical variables were expressed as absolute numbers and
percentages, and comparisons were performed by using
the chi-square test. Continuous variables were expressed
as mean � SD or median (25%–75%) when appropriate,
and comparisons were performed by using the unpaired
t test or the Mann-Whitney test.

To detect associations between variables, we used the
Pearson or the Spearman correlation coefficient, as appro-

priate, based on the distribution of the data. To determine
predictors for inspiratory muscle weakness, we performed
multivariate logistic regression analysis (stepwise method)
by using, as a dependent variable, the dichotomous clas-
sification for inspiratory muscle weak: 1 as � 70% of
predicted values) and normal was shown as 0. The other
variables: body mass index, LVEF, systolic blood pressure
(SBP), pack-years, brain natriuretic peptide, predicted
FEV1 and predicted FVC. We calculated the probability of
inspiratory muscle weakness as previously described.19 The
receiver operating characteristic curve analysis was used
to determine the accuracy for inspiratory muscle weakness
classification. A level of P � .05 was considered statisti-
cally significant.

Results

Seventy subjects who were clinically stable entered the
study. Thirty-six subjects (51%) had inspiratory muscle
weakness. The inspiratory muscle weakness and the no
inspiratory muscle weakness groups had a similar number
of subjects with sinus rhythm (47% vs 68%, respectively),
atrial fibrillation (30% vs 12%, respectively), and implant-
able cardioverter-defibrillator (22% vs 29%, respectively)
(P � .12).

Demographic and clinical characteristics are presented
in Table 1. The inspiratory muscle weakness and the no
inspiratory muscle weakness groups had similar age, sex,
body mass index, New York Heart Association functional
class, etiology of chronic heart failure, physical activity
level, use of medications, and comorbidities, with the ex-
ception of the proportion of subjects with pulmonary hy-
pertension that was greater in the inspiratory muscle weak-
ness group compared with the no inspiratory muscle
weakness group (P � .03). There was a weak significant
correlation between inspiratory muscle weakness and pul-
monary hypertension (r � �0.26 and P � .03).

LVEF was lower in the inspiratory muscle weakness
group compared with the no inspiratory muscle weak-
ness group (P � .003), and the inspiratory muscle weak-
ness group had greater mean left-ventricular end systolic
volume (211 vs 129 mL, respectively; P � .02) and dias-
tole (254 vs 212 mL, respectively; P � .01) compared
with the no inspiratory muscle weakness group. The pro-
portions of never smokers, ex-smokers, and current smok-
ers between the 2 groups were similar. However, when
taking into account smoking history, the inspiratory mus-
cle weakness and the no inspiratory muscle weakness
groups differed in the mean pack-years (P � .01), and in
the mean number of cigarettes per day (P � .043).

In addition, the univariate analysis (Table 2) result was
that subjects with inspiratory muscle weakness had lower
systolic and diastolic blood pressures (P � .005 and
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P � .042, respectively), lower PEmax (P � .02), lower
nondominant quadriceps muscle strength (P � .02), and
impaired lung function (P � .035). However, when using
the Global Initiative for Chronic Obstructive Lung Dis-
ease17 classification for diagnosis and staging of lung dis-
ease, there were no significant differences (P � .17) be-
tween the inspiratory muscle weakness and the no
inspiratory muscle weakness groups in the number of sub-
jects with normal lung function (8 vs 11 subjects, respec-
tively), obstructive lung function (7 vs 11 subjects, respec-
tively), restrictive lung function (19 vs 9 subjects,
respectively), and mixed pulmonary alterations (2 vs 3
subjects, respectively).

No significant differences were found between the
2 groups with regard to health-related quality of life when
using the Short-Form 36 Questionnaire and the Minnesota

Living with Heart Failure Questionnaire. There were no
significant differences in systemic inflammatory and car-
diovascular biomarkers between the inspiratory muscle
weakness and the no inspiratory muscle weakness groups
(Table 3). However, brain natriuretic peptide concentra-
tions were significantly higher in the inspiratory muscle
weakness group compared with the no inspiratory muscle
weakness group (P � .02).

Stepwise multivariate logistic regression analysis iden-
tified several independent risk factors for inspiratory mus-
cle weakness (Table 4). The combination of 3 significant
predictors (LVEF � pack-years � SBP) showed the area
under the curve of 0.79 (Fig. 1), and we calculated the
likelihood of inspiratory muscle weakness, as published
by Pavlou et al,19 by using beta estimates of logistic
regression:

Table 1. Demographic and Clinical Characteristics of the 70 Subjects With Chronic Heart Failure

Characteristic
All Subjects

(N � 70)
Inspiratory Muscle Weakness

(n � 36)
No Inspiratory Muscle Weakness

(n � 34)
P

Age, mean � SD y 56 � 9 56 � 10 56 � 8 .90
Males, n (%) 46 (66) 27 (75) 19 (56) .09
Body mass index, mean � SD kg/m2 27.5 � 5.1 26.6 � 4.5 28.6 � 5.6 .11
Left-ventricular ejection fraction, mean � SD % 28.7 � 6.2 26.8 � 5.7 31.1 � 5.8 .003
NYHA functional class III, n (%) 39 (56) 22 (61) 17 (50) .35
Dilated cardiomyopathy, n (%) 32 (46) 20 (56) 12 (35) .09
Chagas cardiomyopathy, n (%) 13 (19) 7 (19) 6 (18) .84
Ischemic cardiomyopathy, n (%) 25 (36) 9 (25) 16 (47) .054
Myocardial infarction, n (%) 28 (40) 13 (36) 15 (44) .49
Hypertension, n (%) 52 (74) 26 (72) 26 (76) .68
Dyslipidemia, n (%) 40 (57) 21 (58) 19 (56) .84
Diabetes, n (%) 22 (31) 12 (33) 10 (29) .72
Pulmonary hypertension, n (%) 32 (46) 21 (58) 11 (34) .03
Smoking status, n (%)

Never smokers 28 (40) 13 (36) 15 (44) .49
Ex-smokers 39 (56) 21 (58) 18 (53) .65
Current smokers 3 (4) 2 (5) 1 (3) .59

No. pack-years, mean 17.6 24.7 10.1 .01
No. cigarettes/d, mean 13.0 16.5 8.9 .043
Physical activity, n (%)

Very active 2 (3) 1 (3) 1 (3) .30
Active 28 (40) 15 (41) 13 (38) .81
Irregularly active 25 (36) 10 (28) 15 (44) .14
Sedentary 15 (21) 10 (28) 5 (15) .11

Medications, n (%)
Amiodarone 25 (36) 9 (25) 14 (41) .15
Anticoagulants 10 (14) 7 (19) 3 (9) .20
Angiotensin-converting enzyme inhibitors 42 (60) 22 (61) 20 (59) .85
Antiplatelets 45 (64) 24 (67) 21 (62) .67
�-blockers 69 (99) 35 (97) 34 (100) .33
Digoxin 20 (29) 9 (25) 11 (32) .49
Diuretics 66 (94) 34 (94) 32 (94) .95

Univariate analysis by using the t test or Mann-Whitney test for continuous variables, or the chi-square test for categorical variables.
NYHA � New York Heart Association
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1. Risk coefficient (RC) � 6.0694 � (0.0315 � pack-
years) � (0.1038 � LVEF) � (0.03 � SBP) and

2. Probability of inspiratory muscle weakness � (Expo-
nential [RC])/(1 � Exponential [RC])

Discussion

We investigated demographic and clinical characteris-
tics as well as systemic inflammatory and/or cardiovascu-
lar disease biomarkers to identify predictors of inspiratory
muscle weakness in subjects with systolic chronic heart
failure. Higher LVEF and SBP increase the likelihood of
normal inspiratory muscle strength, whereas increased
smoking history (pack-years), and lower LVEF and SBP
increased the likelihood of inspiratory muscle weakness.
We determined a model of inspiratory muscle weakness
prediction (area under the curve of 0.79) based on simple,
noninvasive, and easy-to-obtain variables (LVEF, SBP,
and pack-years). In this study, 51% of the subjects with
chronic heart failure had inspiratory muscle weakness,
which was in keeping with earlier reports.5,20,21 Besides a
marked reduction in the percentage of predicted PImax, the
inspiratory muscle weakness group also showed a compa-

rably reduced percentage of predicted PEmax, which has
not been previously reported.

Skeletal muscle performance depends on several key
factors, including perfusion, mass, composition, and en-
ergy metabolism among other factors.22 Among the many
clinical parameters we examined, lower LVEF and blood
pressure explained part of the mechanisms responsible for
inspiratory muscle weakness. Systolic dysfunction reduces
cardiac output and increases end-systolic and diastolic left
ventricular volume, which results in increased pulmonary
vascular pressure and congestion, and subsequent pulmo-
nary hypertension. The reduction in SBP is likely to com-
promise respiratory muscle blood flow and perfusion be-
cause of a reduction in cardiac output.23-25 Increasing
cardiac output has the potential to improve SBP, to de-
crease a ventilation-perfusion mismatch, and to improve
respiratory muscle strength.

A reduction in type I skeletal muscle fibers contributes
to poorer oxygen extraction and consumption that also
limits skeletal muscle function and performance.26 In our
study, peripheral limb muscle strength was less affected
than the respiratory muscles. It seems that systolic dys-
function may have a preferential selective effect on the

Table 2. Lung Function, Respiratory and Peripheral Muscle Strength, Functional Capacity, and Health-Related Quality of Life Data of the 70
Subjects With Chronic Heart Failure

Parameter
All Subjects

(N � 70)

Inspiratory Muscle
Weakness Group

(n � 36)

No Inspiratory Muscle
Weakness Group

(n � 34)
P

Vital signs
Systolic blood pressure, mm Hg 117.4 � 24.0 109.7 � 21.3 125.5 � 24.4 .005
Diastolic blood pressure, mm Hg 71.3 � 13.8 68.1 � 12.4 74.8 � 14.6 .042
Heart rate, beats/min 65 � 9 64 � 9 66 � 9 .32

Respiratory muscle strength, cm H2O
Maximum inspiratory pressure 71.1 � 24.9 55.1 � 17.4 88.0 � 20.1 �.001
Maximum expiratory pressure 88.3 � 35.0 78.8 � 33.6 98.5 � 33.9 .02

Peripheral muscle strength, N
Dominant hand grip 69.1 � 21.2 65.8 � 19.9 72.5 � 22.4 .19
Nondominant hand grip 64.7 � 20.6 62.9 � 16.9 66.2 � 23.6 .53
Dominant quadriceps 238.6 � 76.2 226.1 � 68.3 252.4 � 83.0 .16
Nondominant quadriceps 236.8 � 88.9 210.7 � 76.7 261.2 � 93.7 .02

Functional capacity
6-min walk distance, m 430.6 � 88.1 420.2 � 65.5 441.6 � 107.0 .32

Lung function. %
Predicted FVC 76.5 � 14.8 71.8 � 14.8 81.4 � 13.3 .006
Predicted FEV1 70.6 � 16.9 66.1 � 17.4 75.4 � 15.2 .02
Forced inspiratory flow 25%–75% 64.3 � 24.5 58.3 � 23.1 70.7 � 24.7 .035
FEV1/FVC 0.73 � 0.09 0.73 � 0.10 0.73 � 0.07 .79

Health-related quality of life
Short Form–36 Questionnaire Physical domain 34 � 9 33 � 9 34 � 10 .51
Short Form–36 Questionnaire Mental domain 47 � 12 45 � 13 50 � 11 .16
Minnesota Living with Heart Failure Questionnaire 41 � 23 44 � 22 39 � 25 .36

Data are presented as mean � SD; univariate analysis by using the t test or Mann-Whitney test.
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skeletal muscles of the body with a primary negative effect
on the respiratory muscles, followed by the lower limb
muscles. This type of compartmentalization of muscle dys-
function in the diaphragm and lower limbs accompanied
by preserved upper limb muscle function has been re-
ported in subjects with COPD.27

In the subjects with chronic heart failure, results of study
point out that an oxygen demand-delivery mismatch in the
respiratory muscles may lead to a reduction in the perfu-
sion reflex of the peripheral limb muscles, which features
a respiratory metaboreflex.25 In the present study, quadri-
ceps muscle strength was reduced in the nondominant limb

Table 3. Results of Cardiovascular Disease and Inflammatory Biomarkers in 70 Subjects With Chronic Heart Failure

Analytes
All Subjects

(N � 70)
Inspiratory Muscle Weakness

(n � 36)
No Inspiratory Muscle Weakness

(n � 34)
P

BNP, pg/mL 157.5 (51.5–413.45) 256.0 (95.3–594.4) 109.9 (46.4–220.1) .02
Lactate, mmol/L 2.5 (1.8–3.1) 2.5 (1.8–3.3) 2.4 (1.8–3.1) .79
GOT, ng/mL 26 (21–34) 28 (23–36) 24 (19–26) .69
GPT, ng/mL 30 (24–40) 35 (27–44) 28 (23–38) .66
ADAMST–13, ng/mL 747 (296–1753) 661 (235–1791) 771 (360–1607) .47
GDF–15, ng/mL 1.4 (0.3–2.6) 2 (0.2–2.9) 1.1 (0.4–1.8) .64
Myoglobin, ng/mL 62.25 (13.1–107) 64.3 (12.7–92.9) 50.6 (19.2–160.0) .57
sICAM–1, ng/mL 122.7 (17.9–233.1) 142.8 (10.5–251.0) 112.5 (18.6–185.1) .09
MPO, ng/mL 368 (88–954) 356 (134–1334) 388 (75–943) .16
P-selectin, ng/mL 77.6 (17.6–175.4) 96.6 (23.4–185.1) 73.9 (14.6–154.0) .82
NGAL, ng/mL 130.0 (48.2–326.4) 131.4 (62.9–319.3) 128.6 (40.7–333.5) .29
sVCAM–1, ng/mL 609 (198–929) 798 (179–1035) 529 (279–701) .17
EGF, ng/mL 67.1 (26.4–122) 62.1 (31.4–112.3) 72.1 (21.4–174.4) .65
Eotaxin, ng/mL 124.0 (56.6–181.2) 124.0 (59.2–174.4) 124.2 (51.5–209.0) .58
TGF-�, pg/dL 3.4 (2.1–7.6) 4.0 (2.5–7.7) 3.0 (1.3–7.5) .27
GM-CSF, pg/dL 1.6 (0.8–2.6) 1.5 (1.1–2.6) 1.7 (0.7–2.4) .29
IFN-�2, pg/dL 4.0 (1.8–6.1) 4.2 (2.3–6.3) 3.5 (0.5–5.9) .27
IFN-�, pg/dL 2.1 (1.4–3.6) 2.6 (1.7–3.9) 1.7 (1.2–3.2) .59
IL–10, pg/dL 0.4 (0.3–0.7) 0.7 (0.4–0.9) 0.3 (0.2–0.5) .17
IL–17, pg/dL 1.5 (1.1–3.3) 2.1 (1.3–5.8) 1.4 (0.9–2.5) .32
IL–1�, pg/dL 0.9 (0.7–1.3) 0.9 (0.7–1.5) 1.0 (0.6–1.2) .29
IL–2, pg/dL 1.0 (0.9–1.2) 1.1 (0.9–1.3) 1.0 (0.6–1.2) .28
IL–3, pg/dL 0.4 (0.2–0.8) 0.4 (0.3–0.6) 0.3 (0.1–0.9) .96
IL–4, pg/dL 92.6 (25.4–164.9) 100.3 (19.1–139.1) 88.5 (31.6–192.9) .14
IL–5, pg/dL 0.8 (0.6–1.1) 0.9 (0.6–1.5) 0.8 (0.5–1.0) .29
IL–6, pg/dL 1 (0.5–2.3) 1.2 (0.7–2.5) 0.7 (0.5–2.0) .25
IL–8, pg/dL 7.9 (3.6–16.4) 11.2 (7.5–18.6) 5.5 (2.8–8.2) .40
PImax–1�, pg/dL 8.2 (4.8–9.7) 8.2 (5–10.1) 8.2 (4.8–9.3) .34
PImax–1�, pg/dL 24.7 (17.3–41.1) 26 (18.8–39.6) 22.3 (16.4–44.5) .33
TNF-�, pg/dL 9.8 (7.2–12.4) 10 (7.8–14.0) 9.6 (6.0–12.2) .28
TNF-�, pg/dL 0.1 (0.1–0.5) 0.1 (0.1–1.1) 0.1 (0.1–0.2) .27
VEGF, ng/mL 67 (46.3–133.6) 78.8 (50.8–161.8) 60 (46.3–84.6) .67

Data are presented as median (range, 25–75% quartiles); univariate analysis by using the t test or the Mann-Whitney test.
BNP � brain natriuretic peptide
GOT � glutamic-oxaloacetate transaminase
GPT � glutamic-pyruvic transaminase
ADAMST–13 � von Willebrand factor-cleaving protease 13
GDF–15 � growth differentiation factor–15
sICAM–1 � soluble intercellular adhesion molecule–1
MPO � myeloperoxidase
NGAL � serum neutrophil gelatinase-associated lipocalin
sVCAM–1 � soluble vascular cell adhesion molecule–1
EGF � epidermal growth factor
TGF � transforming growth factor
GM-CSF � granulocyte-macrophage colony-stimulating factor
IFN � interferon
IL � interleukin
PImax � maximum inspiratory pressure
TNF � tumor necrosis factor
VEGF � vascular endothelial growth factor
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in subjects with inspiratory muscle weakness and with no
significant influence on the 6-min walk test distance. The
lower limbs, such as the quadriceps and psoas muscles,28

have antigravitational postural activity, and they may be
affected first during inactivity, rather than the upper limbs.29

In the upper limbs, we observed similar handgrip strength
in the inspiratory muscle weakness and the no inspiratory
muscle weakness groups, probably because our subjects
had mild-to-moderate chronic heart failure (New York
Heart Association functional class II and III), without a
global myopathy. Reduced handgrip strength has been as-
sociated with increased frailty, morbidity, and mortality in
subjects with advanced chronic heart failure.30

Chronic heart failure alone alters lung compliance and
leads to the development of mild obstructive and restric-
tive alterations in lung function, while reducing gas ex-
change and increasing work of breathing (via reduce
compliance), airway obstruction, and mechanical airway
impedance.6,31-33 In fact, we observed no significant dif-
ferences in ventilatory patterns between the inspiratory

muscle weakness and the no inspiratory muscle weakness
groups. Of 70 subjects, 28 (40%) showed restrictive pul-
monary alterations that was in line with other study that
showed similar prevalence in subjects with chronic heart
failure.34 The abnormal restrictive lung function is directly
associated with heart failure severity because patients with
cardiomegaly may have reduced total lung volume capac-
ity.34

Based on our results and others, one could argue that
smoking status could be a confounding variable for in-
spiratory muscle weakness because it is a major risk factor
in the development of COPD and ischemic cardiomyopa-
thy.29 In the current study, we examined the relationship
that smoking status had to inspiratory muscle weakness
and found that never smokers, ex-smokers, and current
smokers had similar frequencies within the 2 groups. These
results were in agreement with the systemic cytokine re-
sults, which were similar between the 2 groups. Although
several biological processes are associated with smoking,
including inflammation, early cellular apoptosis, extracel-
lular matrix depletion, and oxidative stress,35 we found no
significant difference in the systemic cytokines.

Chronic heart failure is also accompanied by an inflam-
matory response to the protein anabolic-catabolic imbal-
ance, to protein degradation in the skeletal muscles, and to
the tissue injury that occurs in the failing heart. Subjects
with chronic heart failure usually have elevated levels of
inflammatory cytokines, cell adhesion molecules, and
chemokines, particularly in acute chronic heart failure ex-
acerbations. For instance, high concentrations of tumor
necrosis factor alpha and interleukin (IL) 6 in the circula-
tion may contribute to a reduction in diaphragm contratil-
ity.36,37 However, circulating concentrations of tumor ne-
crosis factor alpha and IL-6 lower than 100 pg/mL may
not be sufficient to elicit respiratory muscle dysfunction.36

In addition, tumor necrosis factor alpha inhibitors failed to
improve clinical status or outcomes, such as hospitaliza-
tion and death, in subjects with chronic heart failure.38

In the present study, although the subjects with inspira-
tory muscle weakness showed trends toward higher con-
centrations of some cardiovascular and inflammatory bio-
markers, for instance, growth differentiation factor–15
(P � .64), serum neutrophil gelatinase-associated lipoca-
lin (P � .29), soluble vascular cell adhesion molecule–1
(P � .17), IL-4 (P � .14), IL-8 (P � .40), and IL-10
(P � .17), no significant differences were found between
the inspiratory muscle weakness and the no inspiratory
muscle weakness groups, possibly explained by greater
interindividual clinical variations associated with the num-
ber of subjects in each group as well as the similar pro-
portion of subjects who were never smokers, ex-smokers,
and current smokers in the two groups. Indeed, we found
that pack-years smoked was significantly greater in the
inspiratory muscle weakness group and was a key predic-

Table 4. Results of Logistic Regression Analysis to Determine Risk
Factors for Inspiratory Muscle Weakness

Parameter
Odds
Ratio

Wald 95% CI

Left-ventricular ejection
fraction

0.90 0.81, 0.99

Pack-years 1.03 1.01, 1.06
Systolic blood pressure 0.97 0.94, 0.99

0

0

0.25

0.50
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ns
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Fig. 1. Receiver operating characteristic curve analysis with left
ventricular ejection fraction (LVEF), with LVEF plus pack-years and
a model with the 3 predictors LVEF � pack-years � systolic blood
pressure (SBP) for inspiratory muscle weakness discrimination.
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tor of inspiratory muscle weakness. Analysis of these find-
ings indicates that pack-years smoked represents a better
measure of possible damage and disease imposed from
smoking compared with smoking status alone.

We found pulmonary hypertension in 46% of the sub-
jects with chronic heart failure in our study, similar to
previous descriptions of 26 to 80%.39 Pulmonary hyper-
tension can contribute to respiratory muscle weakness by
increasing dead space and impairing alveolar gas exchange,
which results in inefficient ventilation.40,41 In the present
study, the proportion of subjects with pulmonary hyper-
tension was significantly greater in the inspiratory muscle
weakness group, with 2 subjects with pulmonary hyper-
tension in the inspiratory muscle weakness group for every
1 subject with pulmonary hypertension in the no inspira-
tory muscle weakness group.

Furthermore, we found an inverse correlation between
inspiratory muscle strength and pulmonary hypertension;
however, pulmonary hypertension was not relevant in the
multivariate model that predicts inspiratory muscle weak-
ness. The subjects with pulmonary hypertension have been
found to have marked inspiratory muscle weakness that
seems to be just as amenable to inspiratory muscle train-
ing, as in subjects with systolic chronic heart failure.41

Robust data have demonstrated the important role that
inspiratory muscle training has in improving many of the
pathophysiologic manifestations associated with chronic
heart failure, including peak oxygen consumption, venti-
latory efficiency, 6-min walk distance, and even pulmo-
nary artery pressure.42 Thus, subjects suspected to have
inspiratory muscle weakness based on pack-years smoked,
LVEF, and SBP should be examined for inspiratory mus-
cle weakness and be provided inspiratory muscle training
if inspiratory muscle weakness exists. Reducing inspira-
tory muscle weakness has the potential to improve many
of the deleterious effects of chronic heart failure.

Our study had limitations. We did not measure the peak
or the maximum oxygen consumption, which is an ac-
cepted standard for testing cardiopulmonary capacity as-
sessment in chronic heart failure. However, we used other
clinically meaningful functional capacity tests, including
PImax and PEmax, peripheral skeletal muscle strength, a
submaximum exercise capacity and functional performance
measure (6-min walk test), and lung function. Studies re-
port that maximum respiratory pressures significantly cor-
relate with peak oxygen consumption in subjects with
chronic heart failure.43,44 The 6-min walk test can also
determine the maximum exercise capacity in patients with
debilitated chronic heart failure.45 Also, we did not mea-
sure respiratory muscle endurance.

Muscle function is characterized by strength and endur-
ance, and the loss of either one can result in muscle weak-
ness and impaired performance. However, there is evi-
dence that the degree of dyspnea in subjects with chronic

heart failure is not correlated with respiratory muscle fa-
tigability but rather with muscle strength.46 An additional
concern is that the optimum cutoff point for PImax used to
determine inspiratory muscle weakness would be lower in
subjects administered �-blockers47 and higher in subjects
administered angiotensin-converting enzyme inhibitors be-
cause these agents seem to preserve actin myosin cross-
bridge properties of the diaphragm.48 However, there were
no significant differences in the use of �-blockers (varia-
tion between 97% and 100%) and angiotensin-converting
enzyme inhibitors (variation between 59% and 61%) be-
tween the 2 groups of subjects.

Conclusions

Among a variety of demographic, clinical, functional
capacity, and inflammatory and/or cardiovascular diseases
biomarkers, we determined a clinical model with simple,
noninvasive, and easy-to-obtain variables (LVEF, SBP,
and pack-years) that combined predicted inspiratory mus-
cle weakness in subjects with chronic heart failure, New
York Heart Association functional class II and III. These
results provided important findings to assist in the clinical
decision making and management of patients with chronic
heart failure. Inspiratory muscle training may represent a
key strategy in the treatment of patients with chronic sys-
tolic chronic heart failure when inspiratory muscle weak-
ness exists.
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Borst MM. Inefficient ventilation and reduced respiratory muscle
capacity in congestive heart failure. Basic Res Cardiol 2000;95(4):
333-342.

33. Puri S, Baker BL, Oakley CM, Hughes JM, Cleland JG. Increased
alveolar/capillary membrane resistance to gas transfer in patients
with chronic heart failure. Brit Heart J 1994;72(2):140-144.

34. Olson TP, Beck KC, Johnson BD. Pulmonary function changes as-
sociated with cardiomegaly in chronic heart failure. J Card Fail
2007;13(2):100-107.

35. Yoshida T, Tuder RM. Pathobiology of cigarette smoke-induced
chronic obstructive disease. Physiol Rev 2007;87(3):1047-1082.

36. Hartupee J, Mann DL. Position of inflammatory biomarkers in the
heart failure landscape. J Cardiovasc Transl Res 2013;6(4):485-
492.

37. Janssen SP, Gayan-Ramirez G, Van den Bergh A, Herijgers P, Maes
K, Verbeken E, Decramer M. Interleukin-6 causes myocardial failure
and skeletal muscle atrophy in rats. Circulation 2005;111(8):996-
1005.

38. Mann DL, McMurray JJ, Packer M, Swedberg K, Borer JS, Co-
lucci WS, et al. Targeted anticytokine therapy in patients with
chronic heart failure: results of the randomized etanercept world-
wide evaluation (RENEWAL). Circulation 2004;109(13):1594-
1602.

39. Ghio S, Gavazzi A, Campana C, Inserra C, Klersy C, Sebastiani
R, et al. Independent and additive prognostic value of right ven-
tricular systolic function and pulmonary artery pressure in pa-
tients with chronic heart failure. J Am Coll Cardiol 2001;37(1):
183-188.

40. Meyer FJ, Lossnitzer D, Kristen AV, Schoene AM, Kübler W,
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