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Diurnal variation of circulating microvesicles is associated
with the severity of obstructive sleep apnoea
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Abstract
Purpose Microvesicles (MVs) have been implicated in the
pathomechanism of obstructive sleep apnoea (OSA); however,
the results are inconsistent, possibly due to an unrevealed tem-
poral variation in circulatingMV levels. We aimed to investigate
the diurnal changes of MV fractions in OSA.
Methods Peripheral bloodwas taken from 18 patients with OSA
and 9 healthy subjects at different time points (11:00, 17:00,
21:00, 01:30 and 06:00). Samplings were repeated in nine
OSA patients after 2 months of continuous positive airway pres-
sure (CPAP) therapy. CD41+, CD62P+, glycophorin A+ and
Annexin V+ MVs were determined with flow cytometry.
Areas under the MV concentrations-time curves (AUC) were
calculated and correlated with the severity of OSA.
Results A significant diurnal variability of plasma CD41+ and
Annexin V+ MVs was observed only in OSAwith a marked
peak at 17:00. There was a direct correlation between CD41+
MVAUCs and the severity of OSA. CPAP treatment reduced
diurnal variability in both CD41+ and Annexin V+ MV
levels.
Conclusions The relationship between the diurnal variability
of CD41+ MVs and disease severity as well as the effect of
CPAP treatment on MV levels support the role of MVs in the
pathophysiology of OSA. More importantly, considering the
significant diurnal variation in circulating MV levels, intro-
duction of strict protocols for blood sampling is required for
MV measurements.
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Introduction

Obstructive sleep apnoea (OSA) is a common disorder which
is characterised by repetitive overnight hypoxic episodes and
subsequent microarousals caused by a complete or partial col-
lapse of the upper airways. It is usually associated with sub-
sequent daily symptoms and long-term cardiovascular and
metabolic consequences. Although pathophysiological pro-
cesses which link OSAwith comorbidities are widely investi-
gated, these are not fully understood. Microvesicles (MVs) are
small (0.1–1.0 μm), plasma membrane-covered particles
which are released by different cell types constitutively and
also upon stimulation. As a consequence of their origin, the
surface marker as well as the intra-particular protein compo-
sition of MVs are characteristic to their parent cells and can be
used for identification. It is also well known that they can
cargo mRNAs and several regulatory molecules including
miRNAs. Target cells can translate extracellular vesicle-
associated mRNAs into proteins [1], which exert diverse func-
tions in apoptosis [2], coagulation [3] and vasculogenesis [4],
and may also modulate immunologic responses [5] or even
participate in antigen presentation [6]. In addition, elevated
MV levels correlate with the metabolic syndrome components
of diabetes [7] and atherosclerosis [8]. Therefore, it is not
surprising that various MV fractions have extensively been
studied in OSA and were proposed as potential mediators
which may link OSA to comorbidities [9].

However, the results on circulatingMVs in OSA are incon-
sistent. Both higher [3, 10, 11] and similar [4, 12, 13] levels of
platelet-derived MVs were reported. Variable results on endo-
thelial MVs were also published [2, 4, 8, 10, 11, 14]. Studies
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investigating leukocyte-derivedMVs are more consistent with
higher levels being reported [4, 10, 11, 13]. The former dis-
crepancies among studies may be due to the fact that samples
for MV measurements were collected at different time points.
This is a relevant issue, considering that many studies report a
disturbed diurnal variation in airway [15] and circulating [16,
17] biomarkers in OSA compared to healthy controls. Studies
by Geiser et al. and Trzepizur et al. measured circulating MVs
at two different time points in OSA [12, 18]. However, the
diurnal variation of circulating MVs has not been studied in
details so far.

Therefore, our aim was to analyse diurnal changes in the
levels of plasma microvesicles in patients with OSA and con-
trol subjects. We also investigated the effect of continuous
positive airway pressure (CPAP) therapy on MV diurnal
variability.

Methods

Study design and subjects

Eighteen patients with OSA (46 ± 7 years) and 9 healthy
controls (42 ± 6 years, 6 male) participated in the study.
OSAwas diagnosed based on an overnight polysomnography
(PSG) and all subjects had apnoea-hypopnoea index (AHI)
more than ten events per hour. None of the patients had used
CPAP device before participating in the study. Control sub-
jects were healthy volunteers without any history of excessive
daily sleepiness and an AHI less than five events per hour.
Patients with a history of hypertension, cerebrovascular dis-
ease, diabetes mellitus and acute coronary syndrome or treated
with anticoagulants, platelet aggregation inhibitor or gluco-
corticoids were excluded from the study. Patients with OSA
had similar body mass index (BMI) to control subjects
(36.8 ± 4.9 vs. 29.4 ± 9.7 kg/m2, p > 0.05). In nine OSA
patients, we repeated the measurements after 2 months of
CPAP treatment.

Blood samples were collected at 11:00, 17:00, 21:00, 01:30
and 06:00. PSG was performed between 21:00 and 06:00 on
the same day. Subjects were asked to refrain from strenuous
exercise during the day of the measurement.

The study was approved by the Scientific Research Ethics
Committee (Semmelweis University TUKEB, 30/2014), and
patients gave their informed consent.

Polysomnography

PSG was performed as it was described previously [15] ac-
cording to the American Academy of Sleep Medicine guide-
lines [19]. AHI, respiratory disturbance index (RDI), oxygen
desaturation index (ODI), percent of total sleep time spent
with SpO2 <90% (TB90 (TST%)), minimal saturation (SO2

min) and average saturation (SO2 average) were registered
and used as indices for OSA severity.

Sample preparation and microvesicle measurements

The sample preparation was performed as it was described
previously [20]. Venous blood samples were collected from
the median cubital vein using sodium heparin tubes
(Vacutainer, Becton Dickinson, Franklin Lakes, USA) and
processed immediately after collection. The samples were
centrifuged at 1500×g for 5 min at room temperature to make
platelet-rich plasma and then at 13,000×g for 10 min at room
temperature to make platelet-free plasma (PFP). The separated
PFP was aliquoted and stored at −80 °C.

Samples were analysed using a FACSCalibur flow
cytometer (BD Biosciences, San Jose, USA). PFP samples
were defrosted, diluted in phosphate-buffered saline (1:500)
and stained with fluorochrome-conjugated monoclonal anti-
bodies for the identification of MVs of various cellular ori-
gins. The instrument settings and MV gating were adopted
from our previous work [20]. Briefly, MVs were first gated
on the basis of size and complexity, and then MVs of various
cellular origins were detected as positive events in the appro-
priate fluorescence emission channels corresponding to the
labelling antibodies (Fig. 1). The MV gating was established
using 1 μm calibration beads as an upper right corner of the
gate. The lower border was determined after assessing signal/
noise ratios and positive event numbers. For the calculation of
absolute MV counts, PKH26 Reference Microbeads (Sigma–
Aldrich Co., St. Louis, USA) were used. All antibodies were
from BD Biosciences Pharmingen (San Jose, CA, USA).
Background fluorescence was compared with that of the
isotype-control antibody.

Statistical analysis

GraphPad Prism 5.0 (GraphPad Software Inc., San Diego,
CA, USA) was used for statistical analysis. Within-group
changes were analysed with repeated-measures ANOVA
followed by Bonferroni post hoc test. Two-way ANOVA test
was applied to compare diurnal changes of microvesicles be-
tween groups with Bonferroni post hoc test to compare results
at each time point. Microvesicle concentrations were
expressed along time, and areas under the concentration-
time curve (AUC) were calculated for each subject. To assess
the relationship between the magnitude of diurnal variability
and the severity of OSA, AUC values were correlated with
clinical variables registered during PSG.

The sample size was estimated to detect between-group
differences in temporal changes of any MV fraction with an
effect size of 0.25 and a power of 0.80 [21]. A p value <0.05
was considered significant.
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Results

Diurnal changes in circulatingmicrovesicles within groups

There was no change either in CD62P+ MVs or glycophorin
A+ particles in any group (p > 0.05, repeated-measures
ANOVA). CD41+ MV levels significantly altered in OSA
(p < 0.01) but not in controls (p = 0.65, Fig. 2a). Similarly,
Annexin V+ MV levels changed significantly only in OSA
(p < 0.01), without any alteration in control subjects (p = 0.47,
Fig. 2b). In patients with OSA, both CD41+ and Annexin V+
MV levels were significantly higher at 17:00 compared with
all other time points (p < 0.05, Fig. 2).

Comparison of diurnal variations of circulating
microvesicles between groups

Comparing OSA and control groups using two-way ANOVA,
the levels of CD41+ (Fig. 2a) and Annexin V+ (Fig. 2b) MVs
were significantly higher in OSA patients compared to healthy
controls, without any difference in CD62P+ or glycophorin
A+ particles. Using Bonferroni post hoc tests, the differences
between OSA patients and healthy controls were significant at
17:00 for CD41+ and also for Annexin V+ MVs.

Relationship between diurnal variability of MVs
and severity of OSA

Significant direct correlations were shown between the AUC
of CD41+ MVs and AHI (p < 0.01, r = 0.60, Fig. 3), RDI
(p = 0.02, r = 0.55), ODI (p < 0.01, r = 0.65), TB90 (TST%)
(p = 0.02, r = 0.55), SO2min (p = 0.03, r = −0.53) and

SO2average (p = 0.03, r = −0.52). In contrast, none of the
other measured MVs’ AUCs correlated with the severity of
OSA. There was no correlation between BMI and any of the
MVs’ AUCs (all p > 0.05).

Fig. 2 Diurnal variability of CD41+ and Annexin V+ microvesicles in
patients with OSA and healthy subjects. A significant diurnal variation
was observed in CD41+ (a) and Annexin V+ (b) microvesicle levels in
OSA with a marked peak at 17:00. (*p < 0.05 vs. control, data are
expressed as mean ± SEM)

Fig. 1 Detection of microvesicle fractions with flow cytometry.
Microvesicles (MVs) were identified on the basis of size and
complexity. Representative plots and histograms show typical CD41+

(a) and Annexin V+ (b) measurements of samples collected at 6:00 and
at 17:00. Numbers indicate percent in parent gate (FSC forward scatter,
SSC side scatter)
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The effect of CPAP treatment on circulating MVs

Apnoea-hypopnoea index decreased in nine patients with
OSA after 2 months of CPAP treatment (from 40.4 ± 19.5 to
1.9 ± 1.7/h, p < 0.01), without any change in BMI (p > 0.05).
The diurnal variation for CD41+ and Annexin V+ MVs were
blunted following 2 months of CPAP treatment. TheMV peak
observed in untreated OSA at 17:00 was significantly dimin-
ished by 2months of CPAP therapy (both p < 0.05, for CD41+
and Annexin V+ MVs, Fig. 4).

Discussion

In this study, we investigated diurnal changes of circulating
microvesicles for the first time. We found a marked rise in
CD41+ and Annexin V+ microvesicles in OSA at 17:00.
These changes were more pronounced in patients with greater
severity, and CPAP treatment reduced the diurnal variability
significantly.

Obstructive sleep apnoea is characterised by a significant
failure in oxygenation exclusively during sleep, leading to
desynchronization of the diurnal rhythm. It is not surprising
therefore that the levels of various biomolecules may vary
depending on the time of sampling in OSA patients [15–17].
On one hand, these changes may contribute to the complex
pathophysiology of this disorder by destabilising the physio-
logical homeostasis of the human body. On the other hand,
these alterations may also mislead the researchers providing
inconsistent results in clinical studies.

Although diurnal variation of circulating microvesicles has
not been investigated before, MV levels at two different time
points were compared in two studies. Trzepizur et al. investi-
gated overnight changes in leukocyte-derived (CD62L+)
MVs in OSA and control subjects. In the morning, they found
a significant decrease in healthy subjects and a significant
increase in moderate-to-severe OSA patients compared to

the evening measurements [18]. However, analysing
platelet-derived MVs, Geiser et al. observed no change be-
tween 04:00 and 07:00 in patients with OSA [12].

Erythrocyte-derived glycophorin A+ microvesicles have
not been measured in OSA before. We did not observe any
difference between OSA and control subjects or in diurnal
change in this MV fraction. This may suggest that these
MVs do not play a significant role in the pathophysiology of
OSA.

Platelet-derived microvesicles have been investigated in
numerous studies in OSA [3, 4, 10–13]. CD41 and CD62P
are characteristic surface markers of platelets and megakaryo-
cytes, thus expression of these glycoproteins indicate platelet
origin. In addition, CD62P (P-selectin) indicates platelet acti-
vation [22], which can be investigated in details when
analysing changes in CD41/CD62P balance. CD41+ MVs
were found to be higher in OSA when measured between
09:00 and 10:00 [10]. Contrarily, when blood was sampled
between 07:00 and 08:00, no difference was reported [4].
Interestingly, when the exact time was not mentioned either
higher [11] or similar [13], CD41+ MV levels were observed
in the morning. These results suggest that CD41 levels tend to
fluctuate in OSA which is supported by the current study.
Morning CD62P+ microvesicles were investigated only in
one study showing no difference between OSA and control
subjects [13]. Similarly, we did not find significant difference

Fig. 4 The effect of CPAP treatment on diurnal variability of CD41+ and
Annexin V+ microvesicles in patients with OSA. CPAP treatment
significantly reduced diurnal variability of CD41+ (a) as well as
Annexin V+ (b) levels in patients with OSA (*p < 0.05 Pre-CPAP vs.
Post-CPAP, data are expressed as mean ± SEM)

Fig. 3 Relationship between diurnal production of circulating CD41+
microvesicles and OSA severity. Significant direct correlation was
observed between the areas under the CD41+ microparticle level-time
curves and the severity of OSA measured by the apnoea/hypopnoea
index (p < 0.01, r = 0.60)
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in CD62P+ MVs between OSA and health. Although noctur-
nal platelet activation was reported by various studies [23], in
line with the findings of Geiser et al. [12], our current study
has also pointed out that platelet activation does not necessar-
ily correspond to the release of MVs [12]. Some [3, 11], but
not all [10], of the previous studies have found a significant
correlation between circulating platelet-derived MVs and se-
verity of OSA. However, the latter study enrolled only patients
with mild disease [10]. Supporting the positive findings, we
also report a significant association between the severity of
OSA and the diurnal production of CD41+ MVs. Moreover,
initiation of CPAP treatment significantly reduced platelet-
derived MVs [3]; however, CPAP withdrawal did not affect
CD41+ MVs levels [24]. In the current study, CPAP therapy
significantly decreased CD41+ MV levels. Considering that
platelet-derived microvesicles may serve as a potential link to
cardiovascular complications [25], our results may add some
evidence why CPAP might be effective in the reduction of
cardiovascular events in OSA.

Elevated levels of Annexin V+ MVs are associated with
procoagulant [26] and proapoptotic [27] capacity in peripheral
blood. Practically any cell type can produce Annexin V+
MVs, including endothelial cells [8], leukocytes [11], red
blood cells [28] and platelets [11]. Annexin V+ MVs were
found to be higher in OSA in some [8, 10, 11], but not all
[13, 14], studies. In studies where blood sampling was per-
formed between 06:00 and 09:30 [8] and between 09:00 and
10:00 [10], higher Annnexin V+ MV levels were reported.
However, inconsistent results were reported by other studies
ignoring specification for the time of blood withdrawal [11,
13, 14], which might be due to the considerable diurnal vari-
ation of Annexin V+MVs in OSA as shown by our study. We
found that Annexin V+ MVs tend to peak in the afternoon,
which is blunted by CPAP treatment. This may explain why
Annexin V+ MV levels measured in the morning did not
change after CPAP treatment in a previous work [8].

Although this study was powered to investigate the diurnal
variation ofMVs in OSA, our findings may also provide valu-
able new insight into the research on diurnal rhythm of coag-
ulation and cardiovascular events. It is known that the daily
incidence of myocardial infarction and stroke has a morning
and afternoon peak [29]. In addition, in the afternoon, the
activity of tissue plasminogene activator [29] and the potential
of platelets for aggregation [30] are on their rise. Our findings
are in line with these observations, showing peaks in platelet-
derived (CD41+) and procoagulant Annexin V+MV levels in
the afternoon.

The causative or consequential role for the diurnal variabil-
ity of circulating MVs in OSA has not been explained by the
current study. Diurnal monitoring of the platelet function,
however, would provide explanation for the significant peak
in MV levels at 17:00. The involvement of the MVs in com-
plex machinery of the haemostasis, and their exact

contribution to the pathophysiology and complications of
OSA are yet to be defined.

In summary, a significant diurnal variation in circulating
platelet-derived and Annexin V positive microvesicles has
been observed in OSA with a significant peak at 17:00. This
variation was related to the severity of OSA and was blunted
by CPAP treatment suggesting that the diurnal rhythm of MV
formation may play a role in the complex pathophysiology of
OSA. Our results may at least partly explain discrepancies
between previous studies via revealing the fact that blood
collection timing has a significant impact on MV measure-
ments and therefore suggest important methodological con-
siderations for future studies.
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