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Abstract

Inflammation activation is associated with adverse outcomes in patients with heart failure (HF). Sleep-disordered breath-
ing (SDB) observed in 50% of patients with HF worsens the clinical outcome of HF, possibly through the exacerbation of
inflammation. However, data on inflammation activation related to SDB are limited in patients with HF. We investigated the
relationship between SDB severity and serum levels of C-reactive protein (CRP) and tumor necrotic factor (TNF)-a in HF
patients with systolic dysfunction. Nineteen patients with HF were enrolled (mean age, 67.3 years; 16 men; mean ejection
fraction, 33.6%). No significant correlation was observed between log-transformed CRP level and apnea—hypopnea index
(AHI). In univariable analysis for serum CRP level, the percentage of rapid eye movement (REM) sleep per total sleep time
was the only significant factor. The lower the percentage of REM sleep, the higher was the CRP level (coefficient, — 0.474;
P=0.047). In contrast, the serum TNF-« level was significantly correlated with age, ischemic etiology, diabetes mellitus,
estimated glomerular filtration rate (¢GFR), and AHI. In multivariable analysis, eGFR (coefficient, — 0.486; P=0.017)
and AHI (coefficient, 0.399; P=0.044) significantly and independently correlated with TNF-a level. The severity of SDB
expressed as AHI was directly related to the circulating level of TNF-a, but not circulating CRP level, in HF patients with
systolic dysfunction.
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Introduction

Inflammation is associated with adverse outcomes in
patients with heart failure (HF) [1, 2]. Studies have high-
lighted the close relationship between elevated levels of cir-
culating inflammatory biomarkers and increased mortality
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and morbidity in patients with HF [3, 4]. HF condition acti-
vates inflammation [3, 5], which is further exacerbated by
comorbidities such as sleep-disordered breathing (SDB).
SDB, one of the common comorbidities in patients with HF
(approximately 50% of HF patients exhibit SDB), enhances
inflammation via frequent episodes of intermittent hypoxia/
reoxygenation [6-8], possibly leading to the worsening of
the HF condition [9, 10].

Although many studies in the non-HF population have
revealed the relationship between elevated circulating
inflammatory biomarkers and SDB, data on SDB-associated
inflammation activation in patients with HF are limited. A
previous study reported the weak relationship between cir-
culating levels of C-reactive protein (CRP) and severity of
SDB [11]. Therefore, we conducted a sub-analysis of our
prospective pilot study in HF patients with left ventricular
(LV) systolic dysfunction [12] to investigate the relation-
ship between circulating inflammatory biomarkers (i.e., CRP
and tumor necrotic factor [TNF]-a) and SDB severity. We
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hypothesize that the circulating level of CRP or TNF-a is
directly associated with SDB severity in patients with HF.

Methods
Subjects

We enrolled patients with systolic HF at the Juntendo Uni-
versity Hospital (Tokyo, Japan) who met the following crite-
ria: men and women aged > 20 years; HF owing to ischemic
or non-ischemic cardiomyopathy; left ventricular ejection
fraction (LVEF) <50% on echocardiography; New York
Heart Association (NYHA) functional class > II; and stable
clinical status, as evident from the absence of symptoms
related to the acute exacerbation of HF. Exclusion criteria
were as follows: patients who failed to perform the 6-min
walk test; those who could not answer questionnaire by
themselves; current smokers; those with acute coronary
syndrome and cardiac surgery during the previous 4 weeks;
patients with treated SDB, organic valvular heart diseases,
chronic inflammatory diseases, chronic lung diseases, and
malignancy; those under dialysis. This is a sub-study of a
prospective observational pilot study (UMIN 000014088),
which was approved by the Juntendo University Hospital
Institutional Review Board (#14-019). The study complied
with the ethical principles of the Declaration of Helsinki
[12]. Written informed consents were obtained from all
participants.

Sleep study

All patients underwent overnight polysomnography using a
digital polygraph system (Alice PDX; Philips Respironics,
Murrysville, PA). Definitions and scoring methods were set
as per the American Academy of Sleep Medicine manual
version 2.2 [13]. Thoracoabdominal motion was monitored
via respiratory inductance plethysmography, and air flow
was measured using an oronasal thermal airflow sensor
and a nasal pressure cannula. Oxyhemoglobin saturation
(SO,) was monitored by oximetry. Apneas were classified
as obstructive sleep apnea (OSA) or central sleep apnea
(CSA) according to the presence or absence of thoracoab-
dominal motion, respectively. Hypopneas were classified as
central in the absence of the following: snoring during the
event, increased inspiratory flattening of the nasal pressure
as compared with baseline breathing, and associated thora-
coabdominal paradox during but not before the event [13].
Apneas and hypopneas were quantified, and SDB severity
was assessed based on the frequency of apneas and hypo-
pneas per hour of sleep (i.e., apnea—hypopnea index [AHI]).
Obstructive and central AHI were separately computed, and
the percentage of central AHI per total AHI was calculated.
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In addition, the number of desaturations (> 3% decrease
in the saturation level) per hour of sleep (i.e., 3% oxygen
desaturation index (ODI)) was computed. Polysomnography
was scored by personnel blinded to the patients’ blood and
urine test results.

Blood sampling and other data collection

Venous blood samples were obtained at morning after
overnight fasting. The estimated glomerular filtration rate
(eGFR) based on serum creatinine level, [14] serum CRP
level, and serum TNF-a level were determined using com-
mercially available human Quantikine HS enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Minne-
apolis, USA). In addition, the plasma level of B-type natriu-
retic peptide (BNP) was assessed.

Height and weight were measured at morning to calculate
body mass index (BMI). Blood pressure (BP) and heart rate
were measured at the same time. Cardiac chamber quan-
tification using two-dimensional echocardiography was
performed according to the American Society of Echocar-
diography guidelines [15]. LVEF was calculated as per the
modified Simpson method. All echocardiographic studies
were performed and interpreted by experienced cardiolo-
gists who were blinded to the clinical data. The protocol
for the 6-min walk test has been described elsewhere [16].
The total distance walked in 6 min (6MWD) was measured
and assessed. Subjective sleepiness was evaluated by the
Epworth sleepiness scale (ESS) [17].

Statistical analysis

As the original study was conducted as a pilot study, we did
not calculate specific sample size in this sub-study. Con-
tinuous variables were expressed as mean =+ standard devia-
tion (SD) upon normal distribution of data or as median
(interquartile range) in case of non-normally distributed
data, unless otherwise indicated. Nominal variables were
expressed as numbers and proportions. A univariable regres-
sion analysis was performed with CRP or TNF-a levels as
dependent variables and the following independent vari-
ables: age, sex, BMI, etiology of LV systolic dysfunction
(ischemic or nonischemic), NYHA class (class II or III/
IV), presence or absence of diabetes, use of drugs, systolic
and diastolic BP, heart rate, eGFR, BNP level, LVEF, ESS
score, sleep study parameters (total sleep time, percentage of
slow wave sleep per total sleep time, percentage of rapid eye
movement [REM] sleep per total sleep time, arousal index,
AHI including total, central, and obstructive, percentage of
central respiratory events per total AHI, 3%ODI, time spent
at below 90% SO,, and mean and minimum SO,). Variables
with P <0.05 in two separate univariate analyses were evalu-
ated in a multivariate stepwise regression analysis for CRP
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and TNF-a levels. In the regression analysis, BNP level,
ESS score, CRP level, percentage of slow wave sleep, and
time spent below 90% SO, were subjected to natural log-
transformation owing to the non-normal distribution of the
data. In cases when the data contained zero values, natural
log-transformation using the formula Ln_X=log (X+0.01)
was performed [18]. A value of P <0.05 indicated statisti-
cal significance. Analyses were performed using SPSS 23.0
(IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

Overall, the data of 19 patients were used for the analysis.
The characteristics of these patients, including 16 men and
3 women, are summarized in Table 1. Most patients were

elderly and non-obese, and had HF with NYHA class II
symptoms. Half of the patients had ischemic etiology, and all

Table 1 Baseline characteristics of study participants

n=19
Age, years 67.3+14.0
Men, n (%) 16 (84.2)
BMI, kg/m? 233+3.5
Systolic BP, mmHg 111.9+17.8
Diastolic BP, mmHg 60.2+10.1
Heart rate, /min 70.5+8.8
NYHA class

I, n (%) 18 (94.7)

111, n (%) 1(5.3)
LVEF, % 33.6+8.0
6MWD, m 366.6+118.8
Ischemic etiology, n (%) 10 (52.6)
Diabetes mellitus, n (%) 7 (36.8)
eGFR, mL min~! 1.73 m™2 54.5+21.2
Plasma BNP, pg/mL 278.4 (258.8)
Serum CRP, mg/dL 0.1(0.2)
Serum TNF-a, pg/mL 1.6+0.6
Medications

ACE-Is/ARBs, n (%) 18 (94.7)

Beta blockers, n (%) 19 (100)

MR antagonists, 1 (%) 13 (68.4)

Diuretics, n (%) 15 (78.9)

ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin II
receptor blocker, BMI body mass index, BNP B-type natriuretic pep-
tide, BP blood pressure, CRP C-reactive protein, eGFR estimated glo-
merular filtration rate, MR mineral corticoid receptor, LVEF left ven-
tricular ejection fraction, NYHA New York Heart Association, 6GMWD
6-minute walk distance, TNF tumor necrotic factor

of them had an AHI>5 events/h. Most patients had severe
SDB. Sleep study findings are shown in Table 2.

Relationship between inflammatory biomarkers
and other variables

No significant correlation was observed between the log-
transformed CRP levels and total AHI (Fig. 1). In the uni-
variable analysis based on serum CRP levels, the percentage
of REM sleep per total sleep time was the only significant
factor that correlated with the log-transformed CRP levels;
at a lower percentage of REM sleep, the CRP levels were

Table 2 Sleep study findings

n=19
Epworth sleepiness scale score 3.0(8.3)
Total sleep time, min 342.7+74.3
Slow wave sleep, % of total sleep time 4.2 (8.5)
REM sleep, % of total sleep time 13.6£6.7
Arousal index, /h 353+16.5
Apnea-hypopnea index, /h
Total 359+16.6
Obstructive 23.6+16.5
Central 12.3+10.8
Central events, % of total events 34.6+26.7
3%0DI, /h 28.1+15.7
Time spent below 90% SO, 0.6 (3.5)
Mean SO,, % 959+1.9
Minimum SO,, % 83.6+6.9

ODI oxygen desaturation index, REM rapid eye movement, SO, oxy-
hemoglobin saturation
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Fig.1 Correlation between total AHI and serum CRP level. No cor-
relation was observed between total AHI and natural log-transformed
CRP (r=-0.0164, P=0.502). AHI apnea-hypopnea index, CRP
C-reactive protein
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higher (Table 3). As only a single variable exhibited signifi-
cant correlation in the univariable analysis, no multivariable
analysis was performed. In contrast, the serum TNF-a levels
correlated significantly with age, ischemic etiology, diabetes
mellitus, eGFR, and 3%O0DI (Table 3), along with total AHI
(Fig. 2). To avoid the issue of collinearity between 3%ODI
and total AHI, separate multivariable analyses were con-
ducted. In the multivariable analysis including total AHI, the

Table 3 Univariable analyses other than total AHI

Log-transformed TNF-«

CRP

Coefficient P Coefficient P

Age 0.089 0.718 0.616 0.005
Men 0.325 0.175 0.096 0.697
BMI 0.066 0.788 —0.248 0.306
Systolic BP —0.041 0.867 0.257 0.288
Diastolic BP 0.210 0.389 —0.428 0.068
Heart rate 0.273 0.258 —0.270 0.264
NYHA class 0.213 0.380 —-0.176 0.472
LVEF -0.260 0.282 -0.074 0.762
6MWD —-0.061 0.805 —0.364 0.125
Ischemic etiology —0.033 0.892 0.504 0.028
Diabetes mellitus 0.263 0.277 0.438 0.036
eGFR 0.295 0219 -0.632 0.004
Log-BNP —-0.150 0.540 -0.104 0.672
Use of ACE-Is/ARBs 0.124 0.612 -0.360 0.130
Use of MR antagonists 0.127 0.605 —-0.226 0.352
Use of diuretics 0.273 0.259 0.114 0.642
Log-ESS score 0.092 0.709 0.107 0.662
Total sleep time -0.139 0.582 —-0.260 0.298
Log-slow wave sleep -0.294 0.237 0.312 0.207
REM sleep -0.474 0.047 0.054 0.831
Arousal index 0.097 0.701 0.397 0.103
Obstructive AHI -0.111 0.650 0.399 0.090
Central AHI 0.082 0.738 0.319 0.184
Central events —-0.075 0.768 0.143 0.571
3%0DI —-0.136 0.580 0.605 0.006
Mean SO, -0.071 0.781 0.027 0.917
Minimum SO, —0.125 0.622 0.138 0.584
Log-time spent below 90%  0.250 0.317 —0.165 0.512
SO,

Log-CRP - - —0.066 0.787
TNF-a —0.066 0.787 - -

ACE-I angiotensin-converting enzyme inhibitor, AHI apnea-hypo-
pnea index, ARB angiotensin II receptor blocker, BMI body mass
index, BNP B-type natriuretic peptide, BP blood pressure, CRP
C-reactive protein, eGFR estimated glomerular filtration rate, ESS
Epworth sleepiness scale, MR mineral corticoid receptor, LVEF left
ventricular ejection fraction, NYHA New York Heart Association,
ODI oxygen desaturation index, REM rapid eye movement, 6MWD
six-minute walk distance, SO, oxyhemoglobin saturation, 7NF tumor
necrotic factor
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Fig.2 Correlation between total AHI and serum TNF-a level. A
significant correlation was reported between total AHI and TNF-a
level (r=0.577, P=0.010). AHI apnea—hypopnea index, TNF tumor
necrotic factor

final model included eGFR (coefficient, —0.486; P=0.017)
and AHI (coefficient, 0.399; P =0.044). In the multivariable
analysis including 3%ODI, the final model included eGFR
(coefficient, — 0.477; P=0.016) and total AHI (coefficient,
0.435; P=0.025).

Discussion

The present study provides a novel insight into the relation-
ship between inflammation and SDB in patients with HF. We
showed that the circulating level of CRP had no correlation
with the severity of SDB. Furthermore, a significant correla-
tion was observed between circulating TNF-a level and SDB
severity even in the multivariable analysis. In addition to
the severity of SDB, eGFR, the variable indicative of renal
functions, significantly correlated with TNF-a level. These
observations show that the elevated circulating inflamma-
tory biomarker in HF patients with systolic dysfunction was
associated with SDB severity and renal function but not with
cardiac function. Such a relationship was observed with the
serum TNF-a level but not with the serum CRP level.

SDB is associated with the activation of the inflammation
process possibly through the intermittent hypoxia and sym-
pathetic nerve activation [6, 7, 19-21]. Several studies have
demonstrated the increased levels of inflammatory markers
such as CRP and TNF-a in non-HF patients with SDB [8, 22,
23]. Furthermore, some studies have reported the decrease
in CRP and TNF-a levels following specific treatment for
SDB [24, 25], suggestive of the causal relationship between
SDB and elevated CRP and TNF-«a levels. However, the data
on the elevation in the circulating CRP level in patients with
HF and its association with SDB are scarce. Schmalgemeier
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and colleagues studied 966 patients with HF and reported
significant association between SDB severity and elevated
CRP level. However, these authors reported a very weak cor-
relation between AHI and CRP level (correlation coefficient,
0.138) [11], consistent with the results of the present study
reporting no association between AHI and serum CRP level.
Koyama and colleagues observed a strong significant corre-
lation between AHI and CRP level in HF patients with SDB
and reported a decrease in CRP level following treatment for
SDB [26]. However, these authors did not take into account
the effects of confounders on the relationship between AHI
and CRP level. Therefore, the relationship between SDB
severity and inflammatory biomarkers in patients with HF
remains to be elucidated.

While we failed to observe any significant relationship
between the serum levels of TNF-a and either obstructive or
central AHI, the serum levels of TNF-a correlated signifi-
cantly with total AHI. In addition, the correlation between
TNF-a and total AHI remained significant in the multi-
variable analysis. Collectively, the frequency of respiratory
events, irrespective of whether obstructive or central, is a
critical aspect in the relationship between SDB and TNF-
a. Conversely, reasons for discrepancies in the relationship
of total AHI with CRP levels or with TNF-a levels remain
unclear. However, we believe that the elevation in the circu-
lating CRP level may be multifactorial and the contribution
of each factor may be minor and insignificant, especially
owing to the small sample size. Although some studies have
reported the significant independent relationship between
CRP and AHI in patients without HF [22, 25], others have
suggested the association between CRP level and obesity if
not AHI [27, 28]. In contrast, no data on TNF-« level in HF
patients with SDB are available. Therefore, the importance
and novelty of the present study is the significant relationship
between TNF-« level and AHI observed in patients with HF.
In addition, it should be noted that at 3%ODI, the frequency
of intermittent hypoxia/reoxygenation independently corre-
lated with TNF-a levels, with similar, rather better correla-
tion coefficient in the multivariable model in which 3%0ODI
was included instead of total AHI. This suggests that frequent
episodes of intermittent hypoxia/oxygenation play an impor-
tant role in the relationship between SDB and TNF-« levels
even in patients with HF [7]. Other indices that enhance SDB
severity, such as subjective sleepiness, degree of sleep dis-
turbance, mean and minimum SO,, and time spent at below
90% SO,, exhibited no significant association with TNF-a
levels in patients with SDB and HF. In a previous study by
Vgontzas and colleagues, the relationship between sleepiness
and inflammatory biomarkers was investigated in a non-HF
population, and the primary factor influencing TNF-al level
was found to be degree of nocturnal sleep disturbance [29].
In the present study, however, we did not observe any rela-
tionship between sleepiness, degree of sleep disturbance, and

TNF-a, probably owing to the specific features of sleep in
HF patients; patients with HF, in general, have less sleep or
sleeplessness as compared with those without HF and this
phenomenon is independent of SDB [30]. Minoguchi and
colleagues investigated the relationship between SDB sever-
ity and TNF-a level (both circulating level and that in mono-
cytes) in a non-HF population, and found percentage of time
spent below 90% SO,, rather than AHI, to be independently
correlated with circulating and monocyte levels of TNF-a
[23]. This observation may at least in part be explained by
the mixture of CSA, wherein the hypoxic burden was gener-
ally lower than that in OSA [31]. The effects of time spent at
below 90% SO, on circulating or monocyte levels of TNF-«
in patients with HF may be different from those observed in
the general population, in which the mixture of CSA is rare.

We found a significant independent relationship between
eGFR and TNF-a level; the lower the eGFR, the higher was
the circulating level of TNF-a. This observation is consistent
with several studies reporting elevated circulating TNF-o
levels in patients with chronic kidney disease and the inverse
relationship between eGFR and circulating TNF-a level in
patients with HF [32, 33]. Furthermore, we found that the
only factor correlating with elevated CRP level was lower
percentage of REM sleep, consistent with the results of a
recent study that reported the association between less REM
sleep and higher CRP levels in Swedish women from the
general population [34]. Although the causal relationship
between REM sleep and CRP level and its effect remain con-
troversial, the previous findings by Irwin and colleagues [35]
revealed the reduced REM sleep following administration of
interleukin-6—a well-known activator of CRP in the liver.

The present study has several limitations, including the
small number of participants. Owing to this, the results of
the present study do not provide a definitive conclusion
regarding the relationship between inflammation and SDB
in patients with HF. Therefore, future studies with a larger
sample size are necessary to confirm the findings of this
study. Second, as this was an observational cross-sectional
study, the results do not prove the cause-and-effect relation-
ship between SDB and TNF-a. One way to determine the
existence of a cause-and-effect relationship between these
factors is through an interventional trial for SDB. Finally, the
ability to control confounders may be limited by the sample
size. It is, therefore, possible that other unmeasured factors
may have affected the relationship between SDB and TNF-a.

In conclusion, we show that the severity of SDB
expressed as AHI in patients with HF is directly related to
the circulating level of TNF-a but not circulating CRP level.
These findings should be confirmed in a larger randomized
controlled trial investigating whether any effective interven-
tion for SDB may reduce the circulating level of TNF-a in
patients with HF.
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