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metabolism.

o Obstructive sleep apnea (OSA) should be considered as a significant predictor for disturbance of lipid

« Proprotein convertase subtilisin/kexin 9 (PCSKD9) is influenced by statins.
o Obesity and OSA should not be neglected as factors affecting PCSK9.
o PCSK9Y is associated with smaller low-density lipoprotein and high-density lipoprotein particles.
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Abstract

Objectives: Obstructive sleep apnea (OSA) isacommon con-
dition closely related to obesity, insulin resistance, dyslipid-
emia, and cardiovascular disease. The aim of this study was
to explore the possible relationship between OSA and pro-
protein convertase subtilisin/kexin type 9 (PCSK9). Methods:
Full-night polysomnography was performed on 150 partici-
pants who were divided into three groups: controls, OSA pa-
tients on statin therapy, and OSA patients not on statin ther-
apy. Biochemical markers, plasma low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) subclasses, and
PCSK9 were determined. Results: PCSK9 was highest in OSA

patients on statins compared to the control group and to
OSA patients not on statins (p = 0.036 and p = 0.039, respec-
tively), after adjustment for body mass index (BMI). LDL di-
ameter was greater in OSA patients not on statins compared
to OSA patients on statins (p = 0.032). PCSK9 was highest in
the group of patients with all three risk factors (diagnosed
OSA, statins, BMI =25 kg/m?) compared to groups with no,
one, and two risk factors (p =0.031, p = 0.001, and p = 0.029,
respectively). Presence of OSA, statin therapy, and BMI >25
kg/m? when combined were independently associated with
higher levels of PCSK9 when adjusted for antihypertensive
therapy, small dense LDL, and HDL 3c subclass (odds ratio =
2.849; interquartile range [1.026-7.912], p = 0.044). Conclu-
sion: Statin therapy was closely related to PCSK9. OSA along
with obesity and statin use induces elevation of PCSK9.
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Introduction

Obstructive sleep apnea (OSA) is an increasingly prev-
alent condition characterized by repetitive episodes of
complete decline of air flow (apnea) or partial decline of
air flow (hypopnea) in the upper part of the respiratory
system during sleep [1]. OSA develops in the presence of
altered upper airway anatomy and defects in compensa-
tory neuromuscular activities [1]. It is, however, closely
associated with obesity, older age, and male gender [2].
Its clinical consequences include comorbidities such as
type 2 diabetes [3], hypertension, stroke, coronary artery
disease [4], and others. In recent decades, clinical studies
have investigated the mechanisms by which OSA is re-
lated to these comorbidities. Although still not well un-
derstood, it is believed that the presence of chronic inter-
mittent hypoxia (CIH) is a key factor [4]. CIH is associ-
ated with a vicious circle of oxidative stress, inflammation,
and dyslipidemia, all of which underline the abovemen-
tioned atherosclerosis-related diseases [1, 4].

In general, dyslipidemia refers to elevated low-density
lipoprotein cholesterol (LDL-C), high levels of triglycer-
ides (TG), and low levels of high-density lipoprotein cho-
lesterol (HDL-C) levels [5]. Advanced testing of lipid sta-
tus has included lipoprotein particles characterization [6]
and assessment of proprotein convertase subtilisin/kexin
type 9 (PCSK9) [7]. PCSK9 is a serine protease synthe-
sized by the liver, intestine, lung, kidney, and brain [7, 8]
with its major role being to stimulate degradation of the
hepatic LDL receptor (LDL-R) by binding to it and carry-
ing the receptor-lipoprotein particle complex to lyso-
somes. Thus, the recirculation of LDL-R to the cell sur-
face is suppressed [8]. This leads to lower expression of
LDL-R on the cell membrane and increased levels of
LDL-C.

Statin (a hydroxymethylglutaryl coenzyme A reduc-
tase inhibitor) treatment is the most widely used therapy
which lowers cholesterol content in hepatic cells [9]. In
clinical practice, PCSK9 inhibitors, together with statins,
decrease cardiovascular risk in patients with stable ath-
erosclerotic cardiovascular disease or recent acute coro-
nary syndromes [10]. As a new biomarker and a very ef-
ficient target for LDL-C lowering therapy [11], the regu-
lation of PCSK9 in OSA is still poorly understood.

We sought to determine whether the presence of OSA,
alone or in conjunction with obesity and statin therapy,
could influence circulating PCSK9 levels. Additionally,
associations between the investigated parameters of obe-
sity-related dyslipidemia and PCSK9 in OSA patients
were examined.

294 Med Princ Pract 2022;31:293-300

DOI: 10.1159/000524087

Methods

Study Participants

The current cross-sectional study included subjects who were
referred to the Pulmonology Department of the University Hospi-
tal Medical Center “Bezanijska kosa” for polysomnography exam-
ination from November 2016 to December 2017. The inclusion
criteria were signed informed consent forms, age over 20 years,
and clinical suspicion of OSA. The exclusion criteria were the pres-
ence of central apnea, inherited metabolic disorders, and long-
term use of antidepressants and sedatives. On admission to hospi-
tal, all subjects completed a questionnaire about their family his-
tory, disease burden, and lifestyle habits. This was followed by
height and weight measurements. Body mass index (BMI) was cal-
culated. The study population consisted of 150 participants, of
whom 34 belonged to the control group as their polysomnography
results excluded OSA while 116 had proven OSA after polysomno-
graphic testing. The 116 were divided into 2 groups, 94 OSA pa-
tients who were not on statin therapy and 22 OSA patients who
were statin users. The subjects in the control group were not on
statin therapy. None of the participants used insulin therapy. This
study was conducted in agreement with the Helsinki Declaration
and was approved by the University of Belgrade-Faculty of Phar-
macy (No. 1073/2) and the University Hospital Medical Center
“Bezanijska kosa” Ethics Committees (No. 3743/5).

Sleep Study

Full-night polysomnography studies were performed at the Pul-
monology Department of the University Hospital Medical Center
“Bezanijska kosa” using an Alice PDx device (Philips Respironics,
Maineville, OH, USA). OSA severity was defined according to the
apnea-hypopnea index (AHI). The AHI is the number of apneas
and/or hypopneas per hour of sleep. Other measurements included
minimum oxygen saturation (Sa0,), average SaO,, and oxygen de-
saturation index (ODI). ODI is the number of times per hour that
oxygen saturation drops 3% from baseline. Together, AHI <5 and
ODI <5 were the main exclusion criteria for OSA diagnosis. An
AHI >5 was considered as OSA. However, participants who had
AHI 5-6 and ODI <2 were considered as not having OSA.

Biochemical Measurements

Peripheral venous blood samples were collected after full-night
polysomnography and a 12-h fasting period. Serum concentra-
tions of TG, total cholesterol (TC), and HDL-C were measured by
routine methods on a Roche Cobas 6000 Analyzer (Roche Diag-
nostics, Basel, Switzerland). LDL-C concentration was calculated
according to Friedewald’s equation.

Circulating plasma PCSK9 levels were quantified by ELISA
(Quantikine ELISA, R&D Systems Europe Ltd, Abingdon, UK).
Plasma LDL and HDL subclasses were separated using nondena-
turing polyacrylamide gradient gel electrophoresis [12].

Statistical Analysis

The normality of groups containing less than 60 data points was
checked with the Shapiro-Wilk test and normality of groups with
more than 60 data points with the Kolmogorov-Smirnov test. Nor-
mally distributed data are presented as mean + standard deviation,
skewed variables as median (interquartile range), and categorical
data are presented as relative and absolute frequencies. Data which
achieved normality after logarithmic transformation are shown as
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Table 1. Basic demographic data and cardiopulmonary markers in the study groups

Control group OSA patients without  OSA patients on p value
statin therapy statin therapy

N (male %) 34 (64.7) 94 (70.2) 22 (68.2) 0.837
Age, years 43 (32-57) 58 (49-67)2 64 (57-66)° <0.001
BMI, kg/m2b 27.9 (26.0-30.0) 32.4(31.2-33.6)° 34.0 (31.3-36.9)*@ <0.001
Antihypertensives, N (%) 11(32.4) 67 (71.3) 21(95.5) <0.001
Type 2 diabetes, N (%) 5(14.7) 22 (23.4) 9 (40.9) 0.079
Oral antidiabetic use, N (%) 4(11.8) 17 (18.1) 5(22.7) 0.543
Smokers, N (%) 11(33.4) 21(22.3) 7 (31.8) 0.416
Alcohol consumers, N (%) 19 (55.9) 35(37.2) 9 (40.9) 0.167
Moderate exercise, N (%) 16 (47.1) 44 (46.8) 7(31.8) 0.423
AHI, n/hP 4.1 (3.2-5.9) 29.5 (14.8-54.5)? 36.3 (20.4-65.8)? <0.001
ODI, n/hP 1.7 (1.0-2.9) 29.8 (12.7-64.5)2 39.3(19.7-66.0)2 <0.001
Average Sa0,, %° 96 (96-97) 93 (90-95)? 91 (88-95)? <0.001
Minimal Sa0,, %" 91 (89-92) 77 (66-86)2 71 (56-85)2 <0.001

Data are expressed as median (interquartile range) and compared by Kruskal-Wallis test with evaluation of the
intergroup differences by Mann-Whitney test. OSA, obstructive sleep apnea; BMI, body mass index; AHI, apnea-
hypopnea index; ODI, oxygen desaturation index; SaO,, oxygen saturation. ?Significantly different from the control
group (p < 0.001;%p < 0.01).  Log-transformed data are presented as geometrical mean (95% Cl) and compared
by one-way ANOVA with Tuckey post hoc test. Categorical variables were presented as absolute and relative
frequencies and compared by the x? test for contingency tables.

geometrical mean (95% confidence interval, CI). Differences in de-
mographic and cardiorespiratory markers between groups were as-
sessed by one-way ANOV A with Tukey post hoc test, Kruskal Wallis,
and Mann-Whitney tests. The ¥ test for contingency tables was used
for categorical data comparison purposes. As obesity affects lipid sta-
tus, analysis of covariance and rank analysis of covariance (Quade’s
test) were conducted in order to determine if a statistically significant
difference existed between the tested groups using BMI as covariate.
Associations between variables were identified by Spearman rank
correlation testing. Binary logistic regression was used to examine
whether OSA, statin therapy, and BMI were associated with higher
PCSK9 levels. PCSK9 (the dependent variable) higher and equal to
the 75th percentile of the control group was coded as 1 and that less
than the 75th percentile was coded as 0. The independent variable
was also categorical. Participants with no, one, or two risk factors
were coded as 0. Participants with all three factors were stated as high
risk and coded as 1. Multivariable binary regression analysis was con-
ducted to examine possible independent association of the presence
of all risk factors and PCSK9 level. Covariates were categorical data
significantly different between the tested groups and data which cor-
related significantly with PCSK9 levels. Statistical analysis was per-
formed using SPSS version 22.0 for Windows (SPSS, Chicago, IL,
USA). A value of p < 0.05 was considered significant.

Results

Anthropometric, Cardiopulmonary, and Laboratory

Findings

Basic demographic and clinical data of the tested
groups are shown in Table 1. Older participants were

PCSK9 in Obstructive Sleep Apnea

among those with OSA regardless of statin therapy, com-
pared to the control group. In addition, BMI was signifi-
cantly higher in OSA patients receiving and not receiving
statin therapy compared to the control group. There was
a high prevalence of antihypertensive therapy users
among OSA patients compared to the control group.
Polysomnographic data were significantly higher in OSA
patients regardless of statin therapy compared to the con-
trol group (Table 1). When adjusted for BMI, LDL diam-
eter was lower in OSA patients with statin therapy com-
pared to OSA patients not on statin therapy. PCSK9 was
highest in OSA patients on statins compared to the two
other groups (Table 2).

Correlation Analysis of PCSK9 and OSA Markers with

Other Laboratory Data

Spearman correlation analysis was performed within
each tested group (Table 3). In the control group, PCSK9
correlated negatively with both AHI and ODI, but posi-
tively with TC. No correlations were evident between
PCSK9 and AHI with LDL and HDL particles. In OSA
patients not receiving statin therapy, PCSK9 correlated
positively with BMI, TC, LDL-C, the proportion of small-
er LDL subfractions (LDL IV and small, dense LDL
[sdLDL]), and the proportion of smaller HDL 3¢ parti-
cles. Negative correlation was significant only between
PCSK9 and the proportion of larger LDL subfractions
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Table 2. Biochemical markers in the study groups

Control group Patients without Patients on p value
statin therapy statin therapy
TC, mmol/L 5.7£1.1 5.6£1.1 5.4+1.1 0.786
TG, mmol/L? 1.7 (1.5-1.9) 1.7 (1.6-1.9) 2.1(1.7-2.4) 0.144
LDL-C, mmol/LP 3.7 (3.0-4.3) 3.4(2.9-3.9) 3.0 (2.4-3.6) 0.151
LDL diameter, nmP 26.2 (25.5-26.9) 26.3 (25.5-27.1) 25.4 (24.0-26.3)¢ 0.032
LDL I, %P 23.4(20.4-31.2) 22.4(18.9-26.6) 19.8(17.9-21.8) 0.196
LDL II, %P 30.0 (24.4-35.4) 30.1 (25.1-36.24) 26.0 (23.5-34.8) 0.237
LDL 11l %P 19.8 (16.9-23.3) 21.8(17.6-23.6) 23.0 (20.6-25.4) 0.088
LDL IV, %P 21.5(18.5-26.2) 22.9(17.5-32.2) 27.5(18.7-36.4) 0.375
sdLDL, %" 42.7 (37.3-52.8) 45.1 (37.7-55.2) 53.2 (46.5-57.8) 0.090
HDL-C, mmol/L? 1.19(1.10-1.30) 1.19(1.13-1.25) 1.21(1.09-1.33) 0.971
HDL diameter, nmP 8.70 (8.44-9.77) 8.87 (8.38-9.90) 8.59 (8.16-9.83) 0.557
HDL 2b, %P 31.0 (26.5-37.1) 31.0(27.1-38.4) 29.6 (26.6-36.9) 0.549
HDL 2a, %" 21.7 (19.4-25.7) 20.9 (18.9-23.8) 20.3(17.9-22.9) 0.245
HDL 3a, %" 20.7 (17.5-23.7) 19.1(16.8-21.2) 18.8(16.6-21.0) 0.085
HDL 3b, %P 13.9(9.5-16.2) 12.9(10.3-15.5) 14.7 (11.8-17.5) 0.137
HDL 3c, %P 9.9 (7.8-12.2) 12.6(8.1-17.2) 15.3(11.8-17.8) 0.153
PCSK9, ng/mL 274.1£89.3 285.0+85.8 335.9+86.24¢ 0.027

Data were adjusted for BMI and expressed as mean * standard deviation. TC, total cholesterol; TG, triglycerides;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; sdLDL, small, dense low-
density lipoprotein. ? Log-transformed data are presented as adjusted geometrical mean (95% Cl) and compared
by ANCOVA after logarithmic transformation. ® Data were presented as median (interquartile range) and compared
by Quade’s test. “ Significantly different from the group of patients with OSA without statin therapy (c: p < 0.05).
dSignificantly different from the control group (d: p < 0.05).

Table 3. Significant Spearman correlation of PCSK9 and AHI with other clinical markers

Control group

Patients without statin

Patients on statin

All participants

therapy therapy

PCSK9, AHI, n/h PCSK9, AHI,n/h  PCSK9, AHI,n/h  PCSK9, AHI, n/h

ng/mL ng/mL ng/mL ng/mL
Age, years 0.062 0.072 0.014 -0.087 0.210 —-0.4682  0.100 0.2072
BMI, kg/m? 0.119 -0.118 0.2032 0.420° 0.4812 0.4402 0.272¢ 0.487°
AHI, n/h —0.465°¢ - 0.102 - 0.152 - 0.1872 -
ODI, n/h —-0.4052 0.617° 0.096 0.952° 0.315 0.907° 0.1922 0.971°
TC, mmol/L 0.3612 —0.249 0.289¢ 0.041 —0.067 0.033 0.2012 -0.032
TG, mmol/L 0.211 —0.060 0.161 0.371° 0.087 0.612¢ 0.242¢ 0.395
LDL-C, mmol/L 0.377 —0.268 0.291¢ 0.011 -0.196 0.037 0.153 -0.089
LDLI, % 0.187 -0.122 -0.077 -0.159 0.119 -0.074 -0.039 -0.216¢
LDL I, % 0.186 -0.196 —0.372° -0.190 —0.185 -0.623 -0.255°¢ -0.200?
LDL IV, % -0.282 0.281 0.285¢ 0.184 0.231 0.239 0.1922 0.2012
sdLDL, % -0.211 0.155 0.2322 0.197 0.074 0.321 0.1742 0.247¢
HDL-C, mmol/L 0.022 —0.240 0.010 -0.182 0.159 —-0.395 —-0.011 -0.242¢
HDL diameter, nm 0.122 -0.209 -0.181 -0.069 0.201 -0.582¢  —0.113 -0.132
HDL 2a, % -0.142 -0.065 0.008 -0.170 0.244 -0.345 -0.049 -0.226¢
HDL 3a, % 0.188 -0.020 —-0.044 -0.146 0.021 0.160 -0.028 -0.1842
HDL 3b, % 0.169 -0.193 0.061 -0.092 —0.4602 0.286 0.059 0.003
HDL 3c, % 0.145 0.066 0.2412 0.150 -0.338 0.133 0.1922 0.247¢

BMI, body mass index; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; TC, total cholesterol; TG, triglycerides; LDL-C, low-
density lipoprotein cholesterol; sdLDL, small, dense low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol. Data are presented
as correlation coefficient (p).?p < 0.05.°p < 0.001.p < 0.01.
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Fig. 1. PCSK9 in all participants according to presence of test factors. Data are presented as mean + standard de-
viation and compared by one-way ANOVA. p = 0.002 for one-way ANOVA. 0 - participants without OSA, with-
out statin therapy, and BMI <25 kg/m? (N = 10). 1 - participants with only one risk factor (OSA or statins or BMI
>25 kg/m?) (N = 34). 2 - participants with any of two risk factors (OSA, statins, BMI <25 kg/m? or OSA, BMI
>25 kg/m?, no statins or BMI >25 kg/m?, statins, no OSA) (N = 86). 3 - participants with all three risk factors

(OSA, statins, and BMI >25 kg/m?) (N = 20).

(LDL II). AHI correlated positively with BMI and TG.
AHI did not correlate neither with LDL nor HDL parti-
cles. In OSA patients on statin therapy, PCSK9 correlated
positively only with BMI but negatively with HDL 3b par-
ticles. No correlations were evident between AHI and
LDL and HDL particles, except for negative correlation
between AHI and HDL diameter. AHI correlated posi-
tively with BMI and TG and negatively with age. For all
participants, Spearman correlation analysis revealed sig-
nificant positive correlation of PCSK9 with BMI, AHI,
TC, TG, and relative proportions of LDL IV, sdLDL, and
HDL 3c particles (Table 3). Significant negative correla-
tions were demonstrated between PCSK9 and relative
proportion of LDL II. Positive correlations of AHI were
demonstrated with age, BMI, TG, proportion of smaller

PCSK9 in Obstructive Sleep Apnea

LDL subfractions (LDL IV and sdLDL), and proportion
of smaller HDL 3c particles. Negative correlations be-
tween AHI were identified with larger LDL particles (LDL
Iand LDL II), HDL-C, and proportion of HDL 2a and 3a
particles (Table 3).

Comparison of PCSK9 Levels between Groups with

Different Numbers of Risk Factors

PCSK9 was compared between different groups: par-
ticipants without OSA, no statins, and BMI <25 kg/m?
versus participants with only one risk factor (OSA or
statins or BMI >25 kg/m?) versus participants with any
two risk factors (OSA, statins, BMI <25 kg/m2 or OSA,
BMI >25 kg/m?, no statins or BMI >25 kg/m?, statins, no
OSA) versus participants with all three risk factors (OSA

Med Princ Pract 2022;31:293-300 297
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and statins and BMI >25 kg/m?) (Fig. 1). There was no
significant difference in PCSK9 between groups with no,
one, or any two factors. However, PCSK9 was higher in
all participants with all 3 risk factors (Fig. 1).

Binary Logistic Regression for the Association of OSA,

BMI, and Statin Therapy with PCSK9

We then studied the associations of OSA and PCSK9
using binary logistic regression analysis. A PCSK9 cut-off
of 320.49 ng/mL (75th percentile of the control group)
was used for patients’ classification. The odds ratio after
univariable binary logistic regression analysis was 3.375
with 95% confidence interval (1.281-8.894), p = 0.014.
When adjusted for antihypertensive therapy, sdLDL, and
HDL3c, the odds ratio was 2.849 (1.026-7.912), p = 0.044.
OSA patients on statin therapy and BMI >25 kg/m? had
almost 3 times higher risk of having PCSK9 above the
75th percentile of the control group than patients with
any two risk factors, one risk factor, or no risk factors.

Discussion

In this cross-sectional study, OSA was identified as a
condition closely associated with PCSK9. Although OSA
alone was not an independent predictor for increased cir-
culating PCSK9, OSA together with obesity and statin use
may lead to elevated PCSKO.

PCSK9 has been identified as an important player in
LDL particle metabolism [8]. PCSK9 inhibitors are al-
ready included in therapy for high levels of LDL-C that
do not respond to other forms of therapy [11]. Also, they
can be added to statin therapy to improve cardiovascular
outcomes in patients with atherosclerotic cardiovascular
disease [10]. The expression of PCSK9in liver is regulated
by cellular cholesterol in the same way as that of LDL-R
[13]. Low physiological or statin-treatment depletion of
cell cholesterol levels mobilizes sterol regulatory element
binding protein-2 (SREBP-2) which binds to the PCSK9
promoter of the sterol regulatory element-1 (SRE-1) and
activates transcription. Statin therapy is thus a double-
edged sword, increasing LDL-Rs on the one hand while
increasing PCSK9 on the other [9, 14]. Our results are in
accordance with such studies. The highest levels of PCSK9
were found in OSA patients on statins compared to the
other two groups (Table 2). Recent studies have examined
the expression of the PCSK9 gene and whether its role in
lipid metabolism could be influenced by different patho-
physiological conditions such as diabetes, coronary artery
disease, and obesity [15-17].
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OSA is highly prevalent worldwide, especially among
males [2]. Due to its relationship with obesity, as also con-
firmed by our study (Tables 2, 3), OSA represents a huge
burden to public health [18]. Studies have published in-
conclusive data on the effects of the degree of apnea on
the development of dyslipidemia [4, 11, 18]. Data on the
newly implicated biomarker of dyslipidemia, PCSK9, is
scarce. We found no significant differences in the basic
lipid parameters between all tested groups after adjust-
ment for BMI (Table 2). Neither apnea nor apnea with
statin treatment had any influence on TC, HDL-C, LDL-
C, and TG levels. However, our results revealed signifi-
cant positive correlations of AHI and TG in all groups
except the control group and a negative correlation with
HDL-C in all participants (Table 3). Also, AHI and ODI
negatively correlated with PCSK9 in the control group
but positively correlated when all participants were
grouped (Table 3).

Different mechanisms have been proposed for how the
presence of OSA initiates disturbances in metabolic ho-
meostasis. The most important of these is CIH [4] which
enhances oxidative stress, systemic inflammation, and
dyslipidemia [4, 19] through induction of synthesis of hy-
poxia-inducible factor-1 (HIF-1) in the liver, which acti-
vates the SREBP-1c transcriptional factor and conse-
quently increases PCSK9 [13].

Hypoxia existed in our OSA patients (Table 1) indicat-
ing the potential involvement of oxidative stress in PCSK9
gene regulation. In a study by Ding and colleagues [20],
reactive oxygen species appeared to induce PCSK9 ex-
pression through nuclear factor kappa B (NF-«B) activa-
tion in hepatocytes.

From published data and from data in our study, one
question arises; does the presence of apnea, statins, and
obesity (solely or in combination) affect PCSK9? Al-
though their relationship positively correlated (only
when all participants were grouped) (Table 3), apnea was
not a sufficient condition for the elevation of plasma
PCSK9 (Table 2). PCSK9 was higher in OSA patients
without statin treatment than in the control group, but
this difference did not reach statistical significance (Ta-
ble 2). When considering the induction of PCSK9 gene by
SREBP-1c¢ and NF-kB, the presence of apnea cannot be
ruled out as a condition that impacts PCSK9. Levels of
PCSK9 were highest when apnea, BMI >25 kg/mz, and
statin therapy coexist (compared to one or two of risk fac-
tors) (Fig. 1). In addition, in combination with both
statins and BMI >25 kg/m? OSA significantly and posi-
tively associated with PCSK9 in univariate binary regres-
sion analysis. Furthermore, the association remained sig-
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nificant after the adjustment for antihypertensive thera-
py, sdLDL, and HDL 3c.

Dyslipidemia includes analysis of advanced lipid pro-
file markers, LDL and HDL subclasses, and their diame-
ters [6, 12, 21]. The only significant difference was found
for LDL particle diameter being smaller in OSA patients
on statin therapy compared to OSA patients not on statin
therapy (Table 2). This is not surprising as statin therapy
causes the removal of larger (higher diameter) compared
to smaller (smaller diameter) LDL particles [22]. In our
study, statins demonstrated their effect in the presence of
OSA (Table 2). A significant association between PCSK9
and lipoprotein subclasses has been reported earlier [16,
23]. In our patients, PCSK9 positively correlated with the
proportion of smaller LDL and HDL particles in OSA pa-
tients not receiving statin therapy and in all participants
(when grouped) but negatively correlated with smaller
HDL particles in OSA patients receiving statin therapy
(Table 3).

Although the interactions between apnea, obesity, and
statin therapy on circulating PCSK9 are quite complex,
our study is the first to indicate their combinatorial ef-
fects. However, there are a few limitations. Our study
(with cross-sectional design) demonstrated only signifi-
cant associations between the tested confounders and
PCSKJY; the causality between them cannot be inferred. A
prospective study, with the inclusion of more partici-
pants, should help confirm our results. Finally, the par-
ticipants within the control group were younger than the
OSA patients.

Conclusions

PCSK9 was highest in OSA patients treated with statins
when adjusted for BMI compared to both the control group
and OSA patients not on statin therapy. Although OSA and
statin therapy did not significantly influence the relative pro-
portions of LDL and HDL particles, PCSK9 was positively as-
sociated with smaller LDL and HDL particle subclasses in
OSA patients not receiving statin therapy and in all partici-
pants. The presence of OSA, statins, and BMI >25 kg/ m? was
independently positively associated with increased PCSK9
above the 75th percentile of the control group.

Acknowledgment

We thank our colleague Dr David Jones for help in manuscript
editing.

PCSK9 in Obstructive Sleep Apnea

Statement of Ethics

This study was conducted in agreement with Helsinki Declara-
tion and was approved by the University of Belgrade-Faculty of
Pharmacy (No. 1073/2) and the University Hospital “Bezanijska
kosa” (No. 3743/5) Ethics Committees. All enrolled patients gave
their written consent to be included in the study.

Conflict of Interest Statement

The authors declare that there is no conflict of interest regard-
ing publication of this article.

Funding Sources

This work was financially supported by the Ministry of Educa-
tion, Science and Technological Development of the Republic of
Serbia (No. 451-03-9/2021-14/200161).

Author Contributions

All authors contributed to the conception and design of this
study. Conceptualization, data curation, and formal analysis was
performed by Ana Nini¢, Vesna Spasojevi¢-Kalimanovska, Natasa
Bogavac-Stanojevi¢, MarijaZdravkovi¢,and VojislavRadosavljevic.
Laboratory work was performed by Ana Milojevi¢, Lidija Memon,
Jelena Veki¢, Aleksandra Zeljkovi¢, Aleksandra Stefanovi¢, Marija
Mihajlovi¢, and Jasmina Ivani$evi¢. Patient enrollment was per-
formed by Milica Brajkovi¢, Vera Gardijan, Marija Zdravkovi¢,
and Vojislav Radosavljevi¢. The first manuscript draft was pre-
pared by Ana Nini¢ and Ana Milojevi¢. Review and editing was
performed by Vesna Spasojevi¢-Kalimanovska, Natasa Bogavac-
Stanojevic, Jelena Veki¢, Aleksandra Zeljkovi¢, Marija Zdravkovi¢,
and Aleksandra Stefanovi¢. All authors read and approved the final
version of the manuscript.

Data Availability Statement

Data are available upon receipt of a reasonable request to ani-
nic@pharmacy.bg.ac.rs.

1 Badr MS. Pathophysiology of upper airway
obstruction during sleep. Clin Chest Med.
1998;19:21-32.

2 Young T, Peppard PE, Gottlieb DJ. Epidemi-
ology of obstructive sleep apnea: a population
health perspective. Am ] Respir Crit Care
Med. 2002;165:1217-39.

3 Levy P, Bonsignore MR, Eckel J. Sleep, sleep-
disordered breathing and metabolic conse-
quences. Eur Respir J. 2009;34:243-60.

References

Med Princ Pract 2022;31:293-300
DOI: 10.1159/000524087

299


https://www.karger.com/Article/FullText/524087?ref=1#ref1
https://www.karger.com/Article/FullText/524087?ref=2#ref2
https://www.karger.com/Article/FullText/524087?ref=2#ref2
https://www.karger.com/Article/FullText/524087?ref=3#ref3

10

11

Khayat R, Pleister A. Consequences of ob-
structive sleep apnea: cardiovascular risk of
obstructive sleep apnea and whether continu-
ous positive airway pressure reduces that risk.
Sleep Med Clin. 2016;11(3):273-86.

Grundy SM. Third report of the national cho-
lesterol education program (NCEP) expert
panel on detection, evaluation, and treatment
of high blood cholesterol in adults (adult
treatment panel III) final report. Circulation.
2002;106(25):3143-421.

Vekic ], Topic A, Zeljkovic A, Jelic-Ivanovic
Z, Spasojevic-Kalimanovska V. LDL and
HDL subclasses and their relationship with
Framingham risk score in middle-aged Ser-
bian population. Clin Biochem. 2007;40:310—
6.

Seidah NG. The proprotein convertases, 20
years later. Methods Mol Biol. 2011;768:23-
57.

Schulz R, Schliiter KD, Laufs U. Molecular
and cellular function of the proprotein con-
vertase subtilisin/kexin type 9 (PCSK9). Basic
Res Cardiol. 2015;110:4.

Reiner Z. Statins in the primary prevention of
cardiovascular disease. Nat Rev Cardiol. 2013;
10(8):453-64.

Mirbolouk M, Blaha MJ. ACC/AHA lipid
guidelines: personalized care to prevent car-
diovascular disease. Cleve Clin ] Med. 2020;
87(4):231.

Gouni-Berthold I. PCSK9 antibodies: a new
class of lipid-lowering drugs. Atheroscler
Suppl. 2015;18:21-7.

12

13

14

15

16

Vekic J, Joppa P, Habalova V, Tisko R,
Zeljkovic A, Pobeha P, et al. Relationship be-
tween the apolipoprotein E genotype and
LDL particle size in patients with obstructive
sleep apnea. Angiology. 2016;67:937-44.
Costet P, Cariou B, Lambert G, Lalanne F,
Lardeux B, Jarnoux AL, et al. Hepatic PCSK9
expression is regulated by nutritional status
via insulin and sterol regulatory element-
binding protein 1c. J Biol Chem. 2006;281:
6211-8.

Dubuc G, Chamberland A, Wassef H, Davi-
gnonJ, Seidah NG, Bernier L, et al. Statins up-
regulate PCSK9, the gene encoding the pro-
protein convertase neural apoptosis-regulat-
ed convertase-1 implicated in familial
hypercholesterolemia. Arterioscler Thromb
Vasc Biol. 2004;24(8):1454-9.

Feingold KR, Moser AH, Shigenaga JK,
Patzek SM, Grunfeld C. Inflammation stimu-
lates the expression of PCSK9. Biochem Bio-
phys Res Commun. 2008;374:341-4.

Bojanin D, Vekic ], Milenkovic T, Vukovic R,
Zeljkovic A, Stefanovic A, et al. Association
between proprotein convertase subtilisin/
kexin 9 (PCSK9) and lipoprotein subclasses in
children with type 1 diabetes mellitus: effects
of glycemic control. Atherosclerosis. 2019;
280:14-20.

300

Med Princ Pract 2022;31:293-300

DOI: 10.1159/000524087

17

18

19

20

21

22

23

Caselli C, Del Turco S, Ragusa R, Lorenzoni
V, De Graaf M, Basta G, et al. Association of
PCSK9 plasma levels with metabolic patterns
and coronary atherosclerosis in patients with
stable angina. Cardiovasc Diabetol. 2019;18:
144.

Peker Y, Hedner J, Norum J, Kraiczi H, Carl-
son J. Increased incidence of cardiovascular
disease in middle-aged men with obstructive
sleep apnea: a 7-year follow-up. Am J Respir
Crit Care Med. 2002;166:159-65.

LiJ, Savransky V, Nanayakkara A, Smith PL,
O’donnell CP, Polotsky VY. Hyperlipidemia
and lipid peroxidation are dependent on the
severity of chronic intermittent hypoxia. |
Appl Physiol. 2007;102:557-63.

Ding Z, Liu S, Wang X, Deng X, Fan Y, Shah-
anawaz J, et al. Cross-talk between LOX-1 and
PCSKY in vascular tissues. Cardiovasc Res.
2015;107:556-67.

Rizzo M, Berneis K, Zeljkovic A, Vekic J.
Should we routinely measure low-density and
high-density lipoprotein subclasses? Clin Lab.
2009;55:421-9.

Choi CU, Seo HS, Lee EM, Shin SY, Choi U],
Na JO, et al. Statins do not decrease small,
dense low-density lipoprotein. Tex Heart Inst
J.2010;37:421-8.

Li T, Zhang Y, Cong H. Effect of PCSK9 in-
hibitor on lipoprotein particles in patients
with acute coronary syndromes. BMC Car-
diovasc Disord. 2021;21(1):19.

Milojevi¢ et al.


https://www.karger.com/Article/FullText/524087?ref=4#ref4
https://www.karger.com/Article/FullText/524087?ref=5#ref5
https://www.karger.com/Article/FullText/524087?ref=6#ref6
https://www.karger.com/Article/FullText/524087?ref=7#ref7
https://www.karger.com/Article/FullText/524087?ref=8#ref8
https://www.karger.com/Article/FullText/524087?ref=8#ref8
https://www.karger.com/Article/FullText/524087?ref=9#ref9
https://www.karger.com/Article/FullText/524087?ref=10#ref10
https://www.karger.com/Article/FullText/524087?ref=11#ref11
https://www.karger.com/Article/FullText/524087?ref=11#ref11
https://www.karger.com/Article/FullText/524087?ref=12#ref12
https://www.karger.com/Article/FullText/524087?ref=13#ref13
https://www.karger.com/Article/FullText/524087?ref=14#ref14
https://www.karger.com/Article/FullText/524087?ref=14#ref14
https://www.karger.com/Article/FullText/524087?ref=15#ref15
https://www.karger.com/Article/FullText/524087?ref=15#ref15
https://www.karger.com/Article/FullText/524087?ref=16#ref16
https://www.karger.com/Article/FullText/524087?ref=17#ref17
https://www.karger.com/Article/FullText/524087?ref=18#ref18
https://www.karger.com/Article/FullText/524087?ref=18#ref18
https://www.karger.com/Article/FullText/524087?ref=19#ref19
https://www.karger.com/Article/FullText/524087?ref=19#ref19
https://www.karger.com/Article/FullText/524087?ref=20#ref20
https://www.karger.com/Article/FullText/524087?ref=21#ref21
https://www.karger.com/Article/FullText/524087?ref=22#ref22
https://www.karger.com/Article/FullText/524087?ref=22#ref22
https://www.karger.com/Article/FullText/524087?ref=23#ref23
https://www.karger.com/Article/FullText/524087?ref=23#ref23

	startTableBody
	startTableBody
	StartZeile
	Zwischenlinie
	startTableBody

