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Abstract: Heart failure with preserved ejection fraction (HFpEF) and obstructive sleep apnea (OSA)
frequently co-occur and this comorbidity represents a separate phenotype of HFpEF. While many
research attempts are focused on biomarkers of HFpEF, currently, there is a lack of validated biomark-
ers of HFpEF and OSA. In this study, we aimed to evaluate prognostic significance of several serum
cytokines in patients with HFpEF and OSA. The patients with HFpEF and OSA were recruited from
the Sleep Apnea Center of Novosibirsk, Russian Federation and followed up for 12 months. The main
analyzed outcomes were five-point major adverse cardiovascular events (MACE) and the 6-min walk
test (6MWT). The analyzed cytokines were circulating IL-6, IL-10, and VEGF measured at baseline. We
recruited 77 male patients with HFpEF and OSA, the data of 71 patients were available for analyses.
Patients who developed MACE had four-fold elevated concentrations of serum IL-10. There was no
association between baseline cytokine levels and longitudinal changes in 6MWT. Circulating IL-10
levels are positively associated with MACE in men with HFpEF and OSA and thus may be a potential
prognostic biomarker in this subgroup of patients. These results should be confirmed in larger studies
encompassing both males and females.

Keywords: heart failure; cytokines; prognosis; sleep apnea; obstructive; biomarkers; comorbidity;
phenotype; OSA; HFpEF; HF

1. Introduction

Heart failure (HF) is a significant health problem with prevalence reaching 1-2% of
the adult population in the Western world [1]. There are two major phenotypes of HF
based on presence or absence of reduced left ventricular ejection fraction (LVEF)—HF
with reduced ejection fraction (HFrEF) and HF with preserved ejection fraction (HFpEF).
LVEF is a surrogate measurement of systolic function of the left ventricle of the heart
and is frequently assessed using echocardiography [2]. HFpEF is defined as a “clinical
syndrome in patients with current or prior symptoms of HF with a left ventricular ejection
fraction (LVEF) > 50 percent and evidence of cardiac dysfunction as a cause of symptoms”.
Previously, HFpEF was termed “diastolic HF”, in contrast to HFrEF which was termed
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“systolic HF” [3]. HFrEF and HFpEF are pathogenetically distinct conditions and are
associated with different biomarkers [4]. Currently, HFpEF is of particular concern forglobal
healthcare [5] as its prevalence is rising [6] and there are still no effective treatment options
for this type of HF [7].

HF is frequently accompanied with different comorbidities which can further impair
prognosis of this condition [8]. One of the most important comorbidities in HF is sleep
disordered breathing (SDB), which in turn can be central (central sleep apnea, CSA) or
obstructive (obstructive sleep apnea, OSA) [9]. Both HFrEF and HFpEF can be linked to
SDB. The predominant type of SDB in HFpEF is OSA, which occurs in up to 69-81% of
these patients [10,11]. The relationships between HFpEF and OSA seem to be bidirectional.
The hallmark of OSA is intermittent hopoxia. In spite of the short duration of hypoxia
episodes, over the years, the cumulative burden of hypoxia-related changes becomes
high. Hypoxia-induced tissue injury and lipid peroxidation cause systemic inflammation,
triggering endothelial expression of adhesion molecules, which attracts monocytes, lowers
endothelial production of nitric oxide, and raises endothelial production of reactive oxygen
species. This in turn leads to local myocardial proinflammatory/fibrogenic signaling and
finally, to myocardial fibrosis, which is the central mechanism of HFpEF [12]. On the other
hand, HFpEEF is associated with fluid retention [13]. Increased fluid accumulation in the
neck results in narrowing of the pharynx and increasing its propensity to collapse during
sleep. This represents a possible mechanism by which HFpEF can lead to increased risk of
OSA [14].

There is a need for novel biomarkers for both HF [15] and OSA [16]. Due to high
heterogeneity of HF and involvement of multiple factors in its pathogenesis, it can be
assumed that each HF phenotype may be characterized by its own set of biomarkers. While
a recent study for the first time evaluated serum biomarkers in HFrEF and CSA [17], there
is a lack of research assessing biomarkers of HFpEF and OSA.

Given the role of cytokines in inflammation and angiogenesis in both HF [18] and
SDB [19], we hypothesized that serum cytokines could be potential biomarkers in HFpEF
and OSA. We chose three cytokines to evaluate as possible biomarkers. First, we used
IL-6 as it is one of the major pro-inflammatory cytokines [20]. To characterize ongoing
anti-inflammatory processes, we assessed serum IL-10 as a prototypical anti-inflammatory
cytokine having a protective role against atherosclerosis [21]. For the assessment of an-
giogenesis, we chose vascular endothelial growth factor (VEGF), which is considered a
pivotal regulator of angiogenesis [22]. We sought to evaluate an angiogenesis biomarker
as recent research shows that coronary microvascular rarefaction (reduced myocardial
capillary density) is a major contributor to diastolic dysfunction in HFpEF [23].

2. Materials and Methods

The study design was a prospective cohort study. The study protocol was approved
by the Local Ethics Committee attached to the Clinical Hospital of Rossiyskie Zheleznye
Dorogi, approval number 76. All patients provided written informed consent.

2.1. Patient Population

The patients were recruited from a population of male railroad workers from Novosi-
birsk Oblast attending an annual required medical checkup in the period from 2017 to
2019. People having three risk factors for OSA (BMI > 30, hypertension, snoring) were then
referred to the Sleep Apnea Center for further evaluation. In order to improve efficiency of
the screening, we did not use common screening tools like STOP-BANG, as in some studies,
it lacked good performance in younger patients [24]. Thus, we used two objective risk
factors of OSA (high BMI, verified hypertension) with one subjective factor, snoring, which
was shown to be more associated with moderate/severe OSA than other risk factors [25].

The people attending the Sleep Apnea Center were invited to participate in the study.
The patients were included in this study if, on baseline visit, they had confirmed HFpEF
and OSA and fulfilled the following criteria:
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2.2. Inclusion Criteria

(1) Symptoms of HF, New York Heart Association (NYHA) Functional Classification class
I-11;

(2) Moderate to severe OSA (Apnea—Hypopnea Index (AHA)) > 15 in hour;

(3) Arterial hypertension;

(4) Abdominal obesity (waist circumference > 92 cm, BMI > 30;

(5) N-terminal (NT)-pro hormone BNP (NT-proBNP) > 125 pg/mL.

2.3. Exclusion Criteria

Reduced (>50%) left ventricular ejection fraction;

Primary pulmonary hypertension;

History of pulmonary embolism with pulmonary hypertension > 45 mm Hg;
Severe asthma or COPD;

Significant valvular abnormality;

Hypertrophic or dilated cardiomyopathy;

Coronary artery disease;

Persistent atrial fibrillation;

Thyroid disease, renal failure with creatinine clearance < 30 mL/ m2;
Significant CSA (>15 episodes of CSA in hour).

PN
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To diagnose OSA, all patients underwent polysomnography using the Somnolab2PSG
diagnostic system (Weinemann, Germany). We used the Apnea Hypopnea Index (AHI) to
assess the severity of OSA. To evaluate serum cytokines levels, we used the enzyme-linked
immunosorbent assay (ELISA). Echocardiography was performed in all patients using
standard protocol on the EPIQ device (Philips Ultrasound, Inc., Bothell, WA, USA).

2.4. Serum Cytokines

The ELISA analyses were performed using commercial ELISA kits (IL-6, IL-10, and
VEGF ELISA-Best, Vector-Best, Novosibirsk, Russia). Based on the manufacturer’s in-
structions, the detection limits for IL-6, IL-10, and VEGF were 0.5 pg/mL, 2.5 pg/mL, and
10 pg/mL, respectively. Concentrations below these thresholds were considered non-detects.

The assessments were made on the baseline visit and on 12 months follow-up. On
the baseline visit, we evaluated clinical and demographic parameters, polysomnography,
echocardiography, 6-min walk test, and serum cytokine levels. On the follow-up visit, we
re-performed all assessments except serum cytokines.

2.5. Outcomes

In this study, we assessed the following outcomes: five-point Major Adverse Cardiac
Events (MACE) (primary endpoint) and six-minute walk test (6MWT) (secondary endpoint).
The reason for choosing MACE as an outcome is that it is one of the most commonly
used composite endpoints (CE) in both epidemiological studies and clinical trials on
HEF [26]. CE is defined as a “single measure of effect based on a combination of a variety
of clinically relevant individual end points” [27]. The are many benefits of using CE as
an outcome, including their clinical relevance, ease of use by all patients, capability of
unbiased assessment, sensitivity, and low cost [27]. The choice of 6MWT was used because
it is available, well-tolerated, and a highly reproducible test of functional capacity in HF
patients [28].

2.6. Five-Point MACE
The criteria of five-point MACE were as follows [26]:

Total death;

Myocardial infarction;

Stroke;

Hospitalization because of HF;
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e  Revascularization, including percutaneous coronary intervention, and coronary artery
bypass graft.

2.7. 6(MWT

The 6MWT was performed according to the previous guidelines [29]. We advised
patients to not engage in physical activities for 24 h and to not smoke or ingest alcohol for
at least 3 h before the test. All 6t MWT were performed outdoors along an 18-m corridor.

We instructed all patients to walk as fast as they could along the corridor. They were
also informed to slow down their walk or to interrupt it if necessary. During the tests, we
monitored the patients verbally by the Borg modified scale every 2 min. By the sixth minute,
we requested each subject to stop and the number of runs and the remaining distance of the
last run were summed. Before the test and during the first and sixth minute after finishing
the test in the sitting position, we measured the blood pressure and H. Two tests were
performed with a 30-min interval, and the average of the two 6MWD values was used to
best approximate a representative true value.

2.8. Statistical Analysis

Serum cytokine values usually have a substantial proportion of non-detects. For a
particular cytokine, we considered the concentrations below the reporting threshold as
non-detectable and further treated them as left-censored. We performed Tobit regression, a
recommended statistical approach for left-censored data [30] for each cytokine separately.
This method allows adjustment for the effects of potential confounders such as age and
BMIL Summary statistics and regression equations for the left-censored data were computed
using maximum likelihood estimation (MLE) [31]. Using MLE allows data to be analyzed
with up to 80% of censored values [32]. Using R package censReg version 0.5-26 [33], both
the Student t test and censored regressions with and without potential confounders were
performed to test the differences in cytokine levels between the patients with dichotomous
outcomes (worsening of heart failure, hospital admission). In the case of continuous
outcome (6MWT), we used censored regressions adjusted and non-adjusted for age and BML
Due to the exploratory nature of this study, we did not perform sample size calculations.

3. Results

Figure 1 shows a flow chart of the participants. We enrolled 77 patients, 71 (92.2%)
of them completed the follow-up, six (7.8%) were lost to follow-up, and one (1.4%) died.
The patients who completed the study or died during the follow-up were included in
the analyses.

The baseline characteristics of included patients are found in Table 1. All patients
were middle aged men. Every fourth patient had concomitant COPD, every third patient
was a smoker. All included patients had abdominal obesity and medication-controlled
hypertension. Most of the patients had general (BMI > 30 kg/m?) and abdominal (waist cir-
cumference > 92 cm) obesity. All of the patients were diagnosed with NYHA grades I-1I HE.

During the follow-up, 14 (19.17%) patients developed MACE. The incidence of in-
dividual components of MACE are presented in Table 2. As shown in the table, the
hospitalization due to HF accounted for all cases of MACEs that occurred during the
follow-up. In addition, one patient died due to worsening of HF, and one patient had
a stroke.

Table 3 shows a comparison of baseline serum cytokine levels between patients with
and without five-point MACE during the follow-up. In patients who developed MACE,
the baseline concentrations of IL10 were four-fold higher; this difference was significant
using the Student’s t test, and remained significant after adjustment for left censoring with
Tobit regression modeling and after concomitant adjustment for age and BML
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Locomotive crew workers undergoing
mandatory annual physical
examinations (men n= 2357)

!

Workers with risk factors for OSA
(excess weight, systemic

(n=2054)

hypertension, snoring) referred to the
sleep center (n=303 )

A 4

A 4

= Workers without OSA risk
factors

Not referred to the sleep center

Screening/baseline visit

h

Participants having consented to participate in
the study and fulfilling inclusion and exclusion

criteria (n=77)

criteria (n=207)

¢ Refused to participate in the

| : study (n=23)
« Didn’t fulfill inclusion/exclusion

« | * Lostto follow up (n=6)

“| = Died (n=1)

Follow up visit at 12 months (n=71)

Included in analyses {n = 71):
* Patients who completed the study (n=70)
* Patient who died during the follow up (n=1)

Figure 1. Study flow chart.

Table 1. Baseline characteristics of patients.

n 71
Age, years 46.5 (10.7)
Male 71 (100)
COPD 18 (25.35)
Smoking 27 (38.03)
Dyslipidemia 32 (43.8)
Diabetes mellitus type 2 12 (16.4)
6MWT, m 494.21 (100.8)
BMI, kg/m? 34.26 (5.72)
NYHA class:
I 33 (46.48)
I 28 (38.36)
111 0
v 0
Hypertension 71 (100)

Paroxismal atrial fibrillation

13 (17.8)
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Table 1. Cont.

Cardiovascular medication profile

ACE inhibitors 43 (58.9)
Angiotensin 2 receptor antagonists 35 (47.95)
Beta blockers 45 (61.64)

Diuretics 35 (47.95)

Calcium channel blockers 29 (39.73)

Data are presented as the mean (SD) or 1 (%). HF: heart failure, NYHA: New York Heart Association (NYHA)
Functional Classification, VPB: ventricular premature beats, BP: blood pressure, ACE: Angiotensin-converting

enzyme, SD: standard deviation.

Table 2. Components of major adverse cardiovascular events during the follow-up (n = 14).

Cardiovascular Event n, %
Total death 1(7.1)
Myocardial infarction 0(0)
Stroke 1(7.1)
Hospitalization because of HF 14 (100)
Revascularization, including percutaneous
coronary intervention, and coronary artery 0(0)

bypass graft.

HF: heart failure.

Table 3. Association between baseline serum cytokines and five-point major adverse cardiac events

during the follow-up.

Patients without Patients with

Cytokine MACE (1 = 57) MACE (1=14) P Value? pValue? p Value®
IL6, pg/mL 5.29 (11.70) 6.23 (12.22) 0.790 0.493 0.674
VEGE, pg/mL 339.34 (274.51) 405.02 (178.59) 0.398 0.371 0.5742
IL10, pg/mL 6.85 (8.80) 26.01 (55.88) 0.014 0.0102 0.00574

Cytokine concentrations are presented as mean (SD). 2 Student’s t test, ® Tobit regression taking censoring into
account, ¢ Tobit regression taking censoring into account and adjusting for age and BMI. MACE: Major adverse
cardiac events, IL: interleukin, VEGEF: Vascular endothelial growth factor, SD: standard deviation.

As shown in Table 4, there were no associations between baseline cytokine levels and

changes in 6MWT over time.

Table 4. Associations between baseline serum cytokines and changes in 6MWT after 1 year of

follow-up.

Non-Adjusted

Tobit Regression

Linear Regression Tobit Regression Adjl;s:‘eingtjlrI Age
[S-C((g)gféi;:)i ent p Value B -C((g);féi;)i ent p Value B-C((g);féi;)i ent p Value
IL-6  —0.01 (-0.1-0) 0.6 —0.02 (—0.1-0) 0.34 0.01 (—0.1-0) 0.63
VEGF (—I.(l)flll.O) 0.86 0(-1.2-1.0) 0.9 0.01 (—-1.1-1.1) 0.19
1L-10 (—62?5.1) 067 (—62?&1) 065 (—62'—13.1) 059

IL: interleukin, VEGEF: Vascular endothelial growth factor, CI: confidence interval.
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4. Discussion

In this study, we found increased circulating IL-10 levels in patients with HFpEF and
OSA who later developed MACE during the follow-up. There were no links between
studied serum cytokines and physical function as measured by 6MWT.

To our knowledge, this was the first study evaluating serum cytokine biomarkers in a
subset of patients with HFpEF and comorbid CSA.

Circulating cytokine levels have been assessed in many cross-sectional studies on OSA
or HE. A recent meta-analysis showed increased circulating IL-6 levels in patients with
OSA [34]. Reduced systemic levels of IL-10 were associated with the severity of OSA and
insulin resistance [35] while VEGF levels were found to be frequently elevated in OSA [36].
In a large cohort of HF patients, elevated IL-6 levels were detected in more than 50% of
patients [37]. In a recent study, patients with HFrEF exhibited a significant decrease in
circulating VEGF [38]. IL-10 levels were also shown to be increased in HF patients [39].

Although many studies cross-sectionally assessed serum cytokines in HF and OS,
there has been a lack of research prospectively evaluating prognostic value of IL-6, IL-10,
and VEGF.

Our results conflict with the findings of the BIOSTAT-CHF study, showing IL-6 to be a
predictor of worse CV outcomes [37]. The differences may be explained by the different
study populations. Thus, the BIOSTAT-CHF study encompassed a more heterogeneous
group of HF patients while our study focused on a subset of patients with HFpEF and
comorbid CSA. It may therefore be hypothesized that different cytokines are involved in
particular subtypes of HE.

Our findings are in line with the studies showing impaired CV outcomes in patients
with elevated serum IL-10 [40—42]. These data have been difficult to interpret given the
biology of IL-10, which is a prototypical anti-inflammatory cytokine [43] and theoretically
should promote better cardiovascular outcomes [44]. The possible explanations for the
positive associations between impaired CV outcomes and higher IL-10 levels are that
the latter may exert unknown harmful action that could overcome any of its favorable
anti-inflammatory effects. Alternatively, increased levels of this anti-inflammatory marker
may represent a compensatory or counterregulatory mechanism. Any inflammation is
accompanied by IL-10 production. The purpose of IL-10 in the setting of inflammation
is to diminish excessive inflammation and to prevent unnecessary tissue damage [45].
Thus, higher IL-10 levels found in our study may represent a secondary increase of IL-10
production in response to higher inflammation [41].

From the first glance, the absence of a link between baseline cytokines and longitudinal
changes in 6MWT contradicts our findings on elevated IL-10 in patients who had developed
MACE. This discrepancy can be explained by suboptimal performance of 6MWT as an
outcome in HF patients. Thus, a meta-analysis showed 6MWT improvement in only nine
of 47 randomized controlled trials of pharmacological therapy in HF [46].

Our study has several important limitations: it was a single-center study, performed
on a rather small sample of middle-aged men. These might restrict the generalizability of
our findings.

The strengths of our study are that it had a longitudinal design and that we performed
a statistical analyses accounting for left censoring inherent to immunological data.

This study represents the first screening step in evaluating IL-10 as a candidate pre-
dictor biomarker of adverse CV outcomes in patients with HFpEF with OSA. The future
studies on larger populations will need to confirm these results. If IL-10 is confirmed to
be significantly elevated in patients with increased incidence of negative CV outcomes,
further research will have to evaluate the effectiveness of serum IL-10 as a predictive
biomarker. Determining clinical cutoffs using receiver operating characteristics analysis
will be necessary to allow using serum cytokines as biomarkers in clinical practice.

An “ideal” predictive biomarker should be noninvasive, inexpensive, and effective [47].
The first two requirements are probably met for serum cytokines as their measurement
requires a draw of just a small amount of venous blood and quantification using ELISA is
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relatively inexpensive. The effectiveness of the measurement of serum cytokines for the
prediction of clinical outcomes is more questionable. Using serum cytokines as a biomarker
in clinical settings is challenging due to several reasons. Serum cytokine concentrations
might be affected by comorbid diseases. Blood cytokines have a short half-life, their blood
levels are relatively low [48]. In addition, there is marked variability in serum cytokine
concentrations, including between-day [49] and diurnal [50] variability.

In spite of these challenges, there is still a hope that some cytokines can be used
as effective biomarkers for some diseases in the future. The reason for this hope is that
there are at least several probable ways to overcome the said difficulties: using a combi-
nation of several cytokines to build more accurate predictive models, establishing valid
reference cytokine concentrations on large populations of healthy people, and a rigorous
standardization of the measurement techniques [51,52].

In conclusion, higher serum concentrations of IL10 in men with HFpEF and CSA are
associated with MACE during the follow-up. These findings need to be replicated on a
more general population with a larger sample size.
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have read and agreed to the published version of the manuscript.
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