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Background: Obstructive sleep apnoea (OSA) is associated with increased coronary artery disease (CAD)
plaque burden, but the role of vascular inflammation in this relationship is unclear. Coronary computed
tomography angiography (CTA) enables surrogate assessment of systemic inflammation via subcutaneous
adipose tissue attenuation (SCAT-a), and of coronary inflammation via epicardial adipose tissue volume and
attenuation (EAT-v and EAT-a) and pericoronary adipose tissue attenuation (PCAT-a). We investigated
whether patients with severe OSA and high plaque burden have increased vascular inflammation.

Methods: Patients with overnight polysomnography within <12 months of coronary CTA were included.
Severe OSA was classified as apnoea/hypopnoea index (AHI) >30. High plaque burden was defined as a CT-
adapted Leaman score (CT-LeSc) 28.3. Patients with both severe OSA and high plaque burden were defined
as ‘Group 1, all other patients were classified as ‘Group 2’. ScAT, PCAT and EAT attenuation and volume
were assessed on semi-automated software.

Results: A total of 91 patients were studied (59.3£11.1 years). Severe OSA was associated with high
plaque burden (P=0.02). AHI correlated with CT-LeSc (r=0.24, P=0.023). Group 1 had lower EAT-a and
PCAT-a compared to Group 2 (EAT-a: -87.6 vs. -84.0 HU, P=0.011; PCAT-a: -90.4 vs. -83.4 HU, P<0.01).
However, among patients with low plaque burden, EAT-a was higher in the presence of severe OSA versus
mild-moderate OSA (-80.3 vs. -84.0 HU, P=0.020). On multivariable analysis, severe OSA and high plaque
burden associated with EAT-a (P<0.02), and severe OSA and high plaque burden (P<0.01) and hypertension
(P<0.01) associated with PCAT-a.

Conclusions: EAT and PCAT attenuation are decreased in patients with severe OSA and high plaque
burden, but EAT attenuation was increased in patients with severe OSA and low plaque burden. These
divergent results suggest vascular inflammation may be increased in OSA independent of CAD, but larger

studies are required to validate these findings.
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Introduction

Obstructive sleep apnoea (OSA) has been associated with
an increased burden of coronary artery disease (CAD)
while severe OSA has been associated with high plaque
burden (1). Repeated fluctuations to airflow characteristic
of OSA result in intermittent hypoxia that drives systemic
vascular inflammation and oxidative stress (2). Vascular
inflammation within the coronary arteries is particularly
associated with increased plaque vulnerability and the risk
of acute coronary syndrome (ACS) (3,4). Serum biomarkers
of vascular inflammation, however, offer poor localisation
to the coronary vasculature and demonstrate significant
heterogeneity in the context of OSA (2,5). Inflammation
induces localised phenotypic changes in subcutaneous
and visceral adipose tissue depots that are quantifiable
on coronary computed tomography angiography (CTA),
and therein presents an alternative means of assessing
inflammatory risk (6). Subcutaneous adipose tissue
(SCAT) attenuation on CT serves as a marker of systemic
inflammation (6,7). Epicardial adipose tissue (EAT) is
enclosed within the visceral pericardium and is contiguous
with the coronary vessels (8), and both volumetric and
attenuation-based measurements of EAT have been
associated with coronary inflammation and atherosclerotic
plaque (9,10). Pericoronary adipose tissue (PCAT) is a
specific subset of EAT including only adipocytes directly
adjacent to the coronary vasculature, and is an emerging
biomarker of coronary inflammation in patients with CAD
(11,12). Growing evidence suggests pro-inflammatory
adipose tissue changes may be present in OSA (13,14), but
the extent to which these changes are observable in the
systemic vasculature compared to the coronary arteries
specifically within patients with OSA has yet to be explored.
Moreover, it is unclear if the severity of OSA exhibits
an additive effect to the increased inflammatory profile
observed in patients with a high coronary plaque burden (15).
Our study aimed to evaluate the association of coronary
CTA-derived markers in SCAT, EAT and PCAT with severe
OSA and coronary plaque burden in patients with OSA.

We present the following article in accordance with
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-338/rc).

Methods
Patients

Data was obtained retrospectively from adult patients with a

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Yuvaraj et al. CT adipose tissue changes in OSA and CAD

clinically indicated overnight polysomnography (PSG) study
within 12 months of coronary CTA for suspected CAD
between 2011 to 2017. Type 1 PSG studies were conducted
under laboratory conditions, while type 2 studies involved a
portable full PSG monitor that may be used by patients in
the home. Both types of PSG study provide reliable clinical
assessment of OSA (16) and were included in our analysis.
Only PSG studies with a diagnostic recording period of
>2 hours, the minimum duration for reliable diagnosis of
severe OSA, were included (17). Clinical measurements and
adjudication of sleep studies were completed according to
American Academy of Sleep Medicine (AASM) guidelines.
AASM 2007 alternate criteria (18) were used for 39 sleep
studies before 2015, and AASM 2012 recommended
criteria (19) were used for the remaining 52 studies after
this time. Patient characteristics were collected at the
time of PSG or coronary CTA. Body mass index (BMI)
measurements were typically taken at the time of PSG.
Traditional cardiovascular risk factors (hypertension,
hyperlipidaemia, smoking status and diabetes) and current
treatment with statins were obtained at the time of coronary
CTA. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Human Research Ethics Committee of
Monash Health (No. EC00382) and individual consent for

this retrospective analysis was waived.

OSA classification

OSA presence was defined according to the apnoea/
hypopnea index (AHI), per AASM guidelines described
previously (18,19). Data pertaining to respiratory events,
arousal and levels of oxygen desaturation were all
collected as part of PSG studies in either the lab or home
environment as discussed. OSA presence was defined as
AHI >5 events per hour. Mild OSA was defined as AHI 5-14,
moderate OSA as AHI 15-29, and severe OSA as AHI
>30 events per hour.

Severe OSA and bigh plaque burden classification

As stated, severe OSA was defined as AHI >30, and a high
plaque burden was defined as CT-adapted Leaman score
(CT-LeSc) >8.3, while a low plaque burden was defined
as CT-LeSc <8.3. Patients with both severe OSA and high
plaque burden were classified as Group 1, while patients
with only severe OSA, only high plaque burden, or neither
severe OSA nor high plaque burden were classified as
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Group 2.

Coronary CTA protocol

All coronary CTA acquisitions were obtained using
a 320-detector row scanner (Aquilion Prime; Canon
Medical Systems Corporation, Otawara, Japan), obtained
via prospective electrocardiogram (ECG)-triggering and
during a single-breath-hold, with a heart rate of 60 bpm
maintained through use of beta-blockers. All images studied
were contrast-enhanced using Omnipaque 350 (60-90 mL)
administered intravenously at a rate of 5 mL/s. Acquisition
parameters consisted of tube current 300-500 mA, tube
voltage 100-120 kV, collimation 320 mm x0.5 mm, gantry
rotation time 275 ms and temporal resolution 175 ms.
Images were collated and reconstructed using FC43
reconstruction kernel and adaptive iterative dose-reduction
three-dimensional algorithm (AIDR3D, Canon Medical
Systems).

Plaque classification

All clinical coronary CTA scans were adjudicated for plaque
by two cardiologists simultaneously with at least 2 years of
experience in coronary CTA. Plaque burden was quantified
using the CT-LeSc, which provides a numeric scoring
system denoting severity of coronary plaque adjusted
for vessel localisation and dominance, degree of stenosis
(obstructive versus non-obstructive) and type of plaque
(calcified versus non-calcified or mixed plaque). High
plaque burden was defined as CT-LeSc >8.3 as described
previously (20). Additionally, the prevalence of plaque
calcification, defined as calcified or mixed plaque detected
on coronary CTA, was studied.

Adipose tissue analysis

Three adipose tissue depots were assessed independently
using semi-automated software: SCAT, EAT and PCAT.
Adipose tissue volume for all depots was measured in cm’
and attenuation was measured in Hounsfield units (HU).
Adipose tissue was automatically computed by software
as three-dimensional voxels between -190 to -30 HU on
contrast-enhanced slices, within the specific volumes of
interest delineated manually for each depot. Adipose tissue
analyses were performed by two operators with at least
1 year of experience with semi-automated coronary CTA
analysis (J Yuvaraj and W Cameron).
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Subcutaneous adipose tissue attenuation (SCAT-a) was
assessed using QFAT (version 2.5, Cedars-Sinai Medical
Center, Los Angeles, CA, USA) by manual contouring of
two 1-mm’ circular region of interest (ROI) markers at
two slices corresponding to distinct anatomical landmarks:
the pulmonary bifurcation and the left main coronary
artery (21). The average attenuation within each ROI
was determined, and the per-patient value for SCAT was
calculated using the average of all four ROIs. Epicardial
adipose tissue volume (EAT-v) and attenuation (EAT-a)
were likewise computed using the same software. Both
EAT-v and EAT-a were quantified as adipose tissue located
between the manually-traced visceral pericardium and
the automatically-detected epicardial surface of the heart,
extending from an upper slice of the pulmonary bifurcation
to a lower slice of the appearance of the posterior
descending artery (22). PCAT attenuation (PCAT-a)
was assessed using AutoPlaque (version 2.5), around the
proximal right coronary artery. PCAT-a was quantified
automatically as adipose tissue within concentric radial
layers extending up to 3 mm orthogonally from the semi-
automatically contoured outer coronary wall, within a
40-mm longitudinal segment beginning 10 mm from the
ostium (12). This was used as a representative biomarker of
global coronary inflammation.

Statistical analysis

Data distributions were assessed for normality. Measures of
central tendency and spread varied depending on normality:
parametric data was described in terms of mean and
standard deviation; and for non-parametric data median and
interquartile range (IQR) were used. Comparative analysis
of categorical covariates was performed using the Chi-
square test or the Fisher exact test when cell values were
less than five. Comparison of differences in a continuous
covariate across two categories was performed using the
independent #-test for parametric data, and the Mann-
Whitney U test for non-parametric data. Comparison of
two continuous variables was performed via either Pearson
or Spearman correlation analysis for parametric and non-
parametric data, respectively. Analysis of association of
cardiovascular risk factors and the presence of severe
OSA and high plaque burden with EAT-a and PCAT-a
was performed using univariable and multivariable linear
regression analyses. Only covariates achieving a P<0.2 on
univariable analysis were included in multivariable models,
while a two-sided P<0.05 was considered significant on
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Table 1 Baseline patient characteristics
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OSA Group
Characteristics
Severe (n=34) Mild-moderate (n=57) P value 1(n=18) 2 (n=73) P value

Age, mean + SD 58.8+10.9 59.6+11.3 0.752 60.9+10.7 58.9+11.2 0.494
Male sex, n (%) 26 (76.5) 39 (68.4) 0.478 16 (88.9) 49 (67.2) 0.067
AHI, median (IQR) 56.0 (41.4, 73.3) 12.5 (7.5, 19.0) <0.001 53.7 (38.4, 64.7) 16.1(9.7,25.2)  <0.001
CT-LeSc, median (IQR) 9.0(3.0,12.2) 5.4 (0.0, 9.0 0.090 11.5(10.0, 16.9) 4.6 (0.0, 7.6) <0.001

CT-LeSc >8.3 18 (52.9) 16 (28.1) 0.018 - - -
Plaque calcification, n (%) 20 (58.8) 27 (47.4) 0.290 14 (77.8) 33 (45.2) 0.017
Statin, n (%) 17 (50.0) 20 (35.1) 0.161 9 (50.0) 28 (38.4) 0.368
Cardiovascular risk factors, n (%)

Hypertension 19 (55.9) 33 (57.9) 0.851 10 (55.6) 42 (57.5) 0.879

Hyperlipidaemia 18 (52.9) 29 (50.9) 0.849 10 (55.6) 37 (50.7) 0.711

Diabetes 8 (23.5) 12 (21.1) 0.783 4(22.2) 16 (21.9) 0.978

Smoker 7 (20.6) 5(8.8) 0.107 1(5.6) 11 (15.1) 0.285

Family history of CAD 14 (41.2) 23 (40.4) 0.938 9 (50.0) 28 (38.4) 0.368

Obesity 25 (73.5) 32 (56.1) 0.097 11(61.1) 46 (63.0) 0.881

OSA, obstructive sleep apnoea; SD, standard deviation; AHI, apnoea/hypopnoea index; IQR, interquartile range; CT-LeSc, computed

tomography-adapted Leaman score; CAD, coronary artery disease.

multivariable analysis. All statistical analysis was performed
using SPSS (version 26).

Results

Baseline patient characteristics are summarised in Zable 1. A
total of 91 patients were studied (mean age: 59.3x11.1 years;
71.4% male). Median AHI was 20.0 IQR, 11.1 to 44.5).
Most patients had OSA (90.1%, n=82). Of patients with
OSA, 32.9% had mild OSA (n=27), 26.8% had moderate
OSA (n=22), and 41.5% had severe OSA (n=34). AHI was
correlated with CT-LeSc (r=0.24, P=0.023). Median AHI
was significantly higher in patients with a high plaque
burden than in patients with a low plaque burden [34.3
(IQR, 18.9 to 56.0) vs. 15.8 (IQR, 6.9 to 33.6), P<0.001].
High plaque burden was significantly more prevalent
in patients with severe OSA than in those with mild-
moderate OSA [52.9% (n=18) vs. 28.1% (n=16), P=0.018].
No significant differences in prevalence of traditional risk
factors for CAD were found among patients with both

severe OSA and high plaque burden (7able I).
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Adipose tissue volume in severe OSA and high plaque
burden

Differences in adipose tissue volume in Group 1 and Group
2 are shown in Table 2. Median EAT-v in all patients was
80.0 cm’ (IQR, 48.5 to 116.0 cm’). EAT-v was numerically
higher but not statistically significant in patients with severe
OSA and high plaque burden [103.5 (IQR, 50.0 to 135.0) vs.
73.0 (IQR, 48.5 to 109.5) em’, P=0.139]. PCAT-v, likewise,
was numerically higher but not statistically significant in
patients with severe OSA and high plaque burden [1.53
(IQR, 1.32 to 2.00) vs. 1.49 (IQR, 1.18 to 1.74) cm’,
P=0.094].

Adipose tissue attenuation in severe OSA and bigh plaque
burden

Differences in adipose tissue attenuation in patients with
severe OSA and high plaque burden are shown in Table 2.
Median SCAT*-a in all patients was -108.1 HU (IQR, -117.8
to -103.0 HU). SCAT-a was not significantly different
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Table 2 Adipose tissue volume and attenuation in Group 1 (severe OSA and high plaque burden) and Group 2 (mild-moderate OSA or low

plaque burden)
Variables Group 1 Group 2 P value
Attenuation (HU)
SCAT-a -107.6 (-118.8, -100.3) -108.4 (-117.8, -103.1) 0.939
EAT-a -87.6 (-90.8, -84.0) -84.0 (-87.1, -80.0) 0.011
PCAT-a -90.4 (-94.9, -86.1) -83.4 (-90.9, -79.0) 0.008
Volume (cm®)
EAT-v 103.5 (50.0, 135.0) 73.0 (48.5, 109.5) 0.139
PCAT-v 1.53 (1.32, 2.00) 1.49 (1.18,1.74) 0.094

All values are described as median (IQR). OSA, obstructive sleep apnoea; HU, Hounsfield units; SCAT-a, subcutaneous adipose tissue
attenuation; EAT-a, epicardial adipose tissue volume; PCAT-a, pericoronary adipose tissue attenuation; EAT-v, epicardial adipose tissue
volume; PCAT-v, pericoronary adipose tissue volume; IQR, interquartile range.
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Figure 1 Comparison of adipose tissue attenuation in Group 1 (severe OSA and high plaque burden) shown in blue, versus Group 2 (mild-

moderate OSA or low plaque burden) shown in yellow. Boxes represent attenuation values in Hounsfield units (HU) for median and IQR;

whiskers represent maximum and minimum attenuation values. (A) EAT attenuation in Group 1 [-87.6 HU (IQR, -90.8 to -84.0 HU)]
compared to Group 2 [-84.0 HU (IQR, -87.1 to -80.0 HU)]. (B) PCAT attenuation in Group 1 [-90.4 HU (IQR, -94.9 to -86.1 HU)]
compared to Group 2 [-83.4 HU (IQR, -90.9 to -79.0 HU)]. EAT, epicardial adipose tissue; PCAT, pericoronary adipose tissue; OSA,

obstructive sleep apnoea; IQR, interquartile range.

between Group 1 and Group 2 [-107.6 (IQR, -118.8 to
~100.3) vs. ~108.4 (IQR, -117.8 to -103.1) HU, P=0.939].
In all patients, median EAT-a was -84.0 HU (IQR, -88.0
to -81.0), and median PCAT-a was -85.7 HU (IQR, -92.4
to -79.6 HU). Both EAT-a and PCAT-a were significantly
lower in Group 1 than in Group 2 [EAT-a: -87.6 (IQR,
-90.8 to -84.0) vs. -84.0 (IQR, -87.1 to -80.0) HU, P=0.011
(Figure 14); PCAT-a: -90.4 (IQR, -94.9 to -86.1) vs. -83.4
(IQR, -90.9 to ~79.0) U, P=0.008 (Figure 1B)].

To investigate the relationship between plaque burden
and severe OSA, we evaluated EAT-a and PCAT-a in
patients with severe OSA and high plaque burden compared
to patients with severe OSA and low plaque burden. Patients
with severe OSA and high plaque burden had significantly

© Cardiovascular Diagnosis and Therapy. All rights reserved.

lower EAT-a and PCAT-a than patients with severe OSA
but low plaque burden [EAT-a: -87.6 (IQR, -90.8 to -84.0)
vs. -80.3 (IQR, -84.0 to ~77.0) HU, P<0.001 (Figure 2A);
PCAT=-a: -90.4 (IQR, -94.9 to -86.1) vs. -80.9 (IQR, -83.1
to -76.5) HU, P<0.001 (Figure 2B)]. Additionally, patients
with severe OSA and high plaque burden had a higher
prevalence of plaque calcification compared to patients with
severe OSA and low plaque burden [77.8% (n=14) vs. 37.5%
(n=6), P=0.017]. However, the prevalence of either statin
use or obesity did not significantly differ between these two
subgroups (both P>0.05).

We further explored differences in EAT-a and PCAT-a
relative to OSA severity independent of significant coronary
plaque burden, that is, in patients with only a low coronary
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Figure 2 Comparison of adipose tissue attenuation in patients with severe OSA and high plaque burden shown in blue, versus those with a
low plaque burden shown in green. Boxes represent attenuation values in Hounsfield units (HU) for median and IQR; whiskers represent
maximum and minimum attenuation values. (A) EAT attenuation in patients with severe OSA and high plaque burden [-87.6 HU (IQR,
-90.8 to -84.0 HU)] compared to patients with severe OSA and low plaque burden [-80.3 HU (IQR, -84.0 to -77.0 HU)]. (B) PCAT
attenuation in patents with severe OSA and high plaque burden [-90.4 HU (IQR, -94.9 to -86.1 HU)] compared to patients with severe
OSA and low plaque burden [-80.9 HU (IQR, -83.1 to -76.5 HU)]. EAT, epicardial adipose tissue; PCAT, pericoronary adipose tissue;
OSA, obstructive sleep apnoea; IQR, interquartile range.
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Figure 3 Comparison of adipose tissue attenuation in patients with low plaque burden and severe OSA shown in green, versus patients with
low plaque burden and mild-moderate OSA shown in purple. Boxes represent attenuation values in Hounsfield units (HU) for median and
IQR; whiskers represent maximum and minimum attenuation values. (A) EAT attenuation in patients with low plaque burden and severe
OSA [-80.3 HU (IQR, -84.0 to -77.0 HU)] compared to patients with low plaque burden and mild-moderate OSA [-84.0 HU (IQR, -87.1
to -81.0 HU)]. (B) PCAT attenuation in patients with low plaque burden and severe OSA [-80.9 HU (IQR, -83.1 to -76.5 HU)] compared
to patients with low plaque burden and mild-moderate OSA [-83.8 HU (IQR, -90.7 to -79.0 HU)]. EAT, epicardial adipose tissue; PCAT,

pericoronary adipose tissue; OSA, obstructive sleep apnoea; IQR, interquartile range.

plaque burden. Patients with low plaque burden and severe use and obesity (all P>0.05).
OSA had significantly higher EAT-a compared to patients
with low plaque burden and mild-moderate OSA [-80.3
(IQR, -84.0 to 77.0) vs. -84.0 (IQR, -87.1 to -81.0) HU,
P=0.020 (Figure 3A)]. Patients with low plaque burden and Multivariable linear regression analyses used to assess
severe OSA had numerically, but not significantly, higher EAT-a and PCAT-a as outcome variables are summarised
PCAT-a in comparison to patients with low plaque burden in Tuble 3. Severe OSA and high plaque burden, and
and mild-moderate OSA [-80.9 (IQR, -83.1 to -76.5) vs. hypertension, were included in multivariable analyses.
-83.8 (IQR, -90.7 to -79.0) HU, P=0.113 (Figure 3B)]. EAT-a was independently associated with severe OSA and

Between these subgroups there were no significant high plaque burden. PCAT-a was associated with severe

Multivariable analysis

differences in the prevalence of plaque calcification, statin OSA and high plaque burden, and with hypertension.
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Table 3 Univariable and multivariable linear regression analyses of EAT attenuation (EAT-a) and PCAT attenuation (PCAT-a)
EAT-a PCAT-a
Variables Univariable Multivariable Univariable Multivariable
Beta 95% Cl Pvalue Beta 95% Cl Pvalue Beta 95% Cl Pvalue Beta 95% Cl P value
Severe OSA and -35 -6.6,-0.3 0.031 -34 -65,-03 0.022 -58 -10.8,-0.8 0.024 -6.0 -10.8,-1.2 0.016
high plaque burden
Hypertension -1.8 -43,-08 0.168 -1.7 -42,08 0.176 -55 -95,-14 0.009 -56 -9.5 -1.6 0.006
Hyperlipidaemia -0.3 -2.8,2.3 0.847 - - - 0.5 -3.7,4.7 0.805 - - -
Diabetes -0.02 -3.0,3.0 0.992 - - - -1.7 -6.9,35 0513 - - -
Smoker 1.4 -2.5,5.3 0.466 - - - 3.4 -2.6,9.5 0.257 - - -

EAT, epicardial adipose tissue; PCAT, pericoronary adipose tissue; OSA, obstructive sleep apnoea; Cl, confidence interval.

Discussion

In our study we have sought to evaluate adipose tissue
volume and density in patients with severe OSA and
significant coronary plaque burden. Firstly, we confirm
previous findings that the severity of OSA is associated with
an increased coronary plaque burden (1,23,24). Moreover,
we report that patients with both severe OSA and a high
coronary plaque burden harbour decreased attenuation
of both EAT and PCAT compared to patients with either
mild-moderate OSA or a low plaque burden. However,
when controlling for the effect of significant coronary
plaque, the attenuation of both EAT and PCAT is increased
in patients with severe OSA compared to mild-moderate
OSA, suggesting a unique inflammatory phenotype induced
by OSA independent of the influence of CAD.

White adipose tissue as a marker of inflammatory risk

The effects of intermittent hypoxia, a key pathophysiological
feature in OSA, have been shown to drive increases in
vascular inflammatory biomarkers (2,14,25). Despite ample
evidence denoting the plausibility of increased vascular
inflammation in OSA, studies evaluating inflammatory
biomarkers in humans continue to demonstrate significant
heterogeneity (5). Moreover, treatment with the first-line
therapy for symptomatic OSA in continuous positive airway
pressure (CPAP) has been shown to produce variable results,
with a reduction in inflammatory biomarkers found among
OSA patients (2,26,27) but little change in patients with
both OSA and CAD (28), emphasising a need to consider
the interplay between OSA and other cardiovascular disease
states that may themselves be associated with vascular
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inflammation. Associations between increased epicardial
fat mass and OSA have been shown previously (29-32), but
there is a paucity of literature evaluating CT characteristics
of epicardial fat in patients with the combination of severe
OSA alongside significant coronary disease. We report
decreased attenuation of both EAT and PCAT in patients
with both severe OSA and a high plaque burden, which may
correspond to the accumulation of lipid-rich ‘white’ adipose
tissue (WAT), although this needs to be adjusted for EAT
volume and BMI, which have been associated with decreased
PCAT attenuation (33). Adipocyte hypertrophy that would
accompany increased EAT mass is associated with an
enhanced pro-inflammatory milieu characterised by the
heightened secretion of pro-inflammatory adipokines (34),
and accordingly WAT accumulation facilitates a chronic
low-grade inflammatory state. The impact of adipokines
on vasculature is well established and indicates an ‘outside-
inside’ signalling relationship, in which adipocytes beyond
the vessel wall can elicit a pro-inflammatory response within
the vasculature (35). However, the nature of the inverse
‘inside-outside’ signalling in OSA remains unclear, that
is, whether vascular inflammation arising from recurrent
intermittent hypoxia may also induce the accumulation of
low attenuation WAT or other changes to cardiac adipose
tissue. Gozal et al. (36) found that in mice, intermittent
hypoxia exposure induces WAT accumulation and
macrophage infiltration in adipose tissue, whereas sustained
hypoxia, bereft of the temporary periods of reoxygenation
seen in intermittent hypoxia, results in an atheroprotective
‘brown’ adipose tissue (BAT) phenotype. Nevertheless,
determining the nature of this ‘inside-outside’ signalling
among OSA patients with comorbidities would provide
clarity as to the degree that adipose tissue attenuation
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may reflect changes representative of an intravascular
inflammatory state specific to OSA.

Impact of coronary calcification on adipose tissue
attenuation

Decreased adipose tissue attenuation may indeed
correspond to WAT hypertrophy due to lipid accumulation,
but the degree to which this exclusively reflects vascular
inflammation in OSA is inconclusive. Adverse inflammatory
profiles, as well as increased incidence of coronary events,
have been associated with differential changes to EAT, in
some cases culminating in decreased attenuation (22), and
in others, increased attenuation (10,37). Furthermore, the
anti-inflammatory effect of statin therapy has generated
dissimilar results in previous studies on EAT: one study
found a reduction in EAT attenuation independent of
changes to lipid (38), while another reported no changes to
EAT attenuation from statin use in a cohort of patients with
subclinical CAD (39).

It is difficult, therefore, to attribute the phenomenon of
decreased attenuation of EAT solely to inflammation and
not other mechanisms operating within the vasculature. This
is of particular importance to consider in light of our finding
that patients with severe OSA and a high plaque burden
had a significantly greater presence of calcified plaque,
which may itself contribute to lower attenuation. Coronary
artery calcification (CAC) typically reflects plaque stability
rather than vulnerability and inflammation (40). CAC has
been previously associated with decreased EAT attenuation
(22,41,42), but this relationship was notably strongest
after adjustment for coronary artery bypass surgery (42),
which is associated with acute inflammation (43). This
suggests that EAT attenuation undergoes conflicting
changes under acute inflammatory conditions compared
to the plaque-stabilising effects of calcification. Moreover,
CAC disrupts the relationship between EAT volume
and attenuation. Evidence from numerous observational
studies indicates EAT attenuation decreases as EAT volume
increases independent of statin use, cardiac surgery and
cardiovascular risk factors (39,41,42). PCAT attenuation,
likewise, decreases as EAT volume increases (33).
However, Liu et a/. found that as CAC increases, the
association between EAT attenuation and volume becomes
progressively diminished (10), suggesting calcification
produces unique effects on EAT attenuation distinct from
EAT volume. In conjunction with this, we found that
decreased attenuation of EAT and PCAT was accompanied
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by only a numerical increase in the volume of these depots
among patients with both severe OSA and high plaque
burden. Collectively, these findings highlight the effect
of calcification on EAT attenuation, and the potentially
confounding role this may have played on the decreased
attenuation of both EAT and PCAT observed in our study
in patients with severe OSA and significant coronary plaque.

EAT attenuation in OSA independent of plaque burden

Accordingly, we adjusted for significant coronary
calcification by solely studying a subgroup of patients with
a low plaque burden and no differences in the prevalence
of obesity or statin use. This revealed that patients with a
low plaque burden and severe OSA harboured significantly
higher EAT attenuation and numerically higher PCAT
attenuation than those with only mild-moderate OSA.
Poulain et 4l. (44) found that in non-obese mice chronic
intermittent hypoxia resulted in numerous adipose tissue
changes associated with an increased inflammatory state,
including a localised increase in inflammatory cytokines and
macrophages, and phenotypic changes to adipocytes such
as decreased size and increased UCP-1 expression, which
account for increased CT attenuation (11,45,46). Not only
does this further highlight the inflammatory alterations
occurring in adipose tissue after exposure to intermittent
hypoxia, but that such changes occur independent of obesity
and the accumulation of low attenuation adipose tissue.
Moreover, a strong body of evidence from human studies
highlights that vascular inflammation increases attenuation
of PCAT, which is emerging as a robust marker of coronary
risk proportional to the degree of atherosclerosis (47,48).
Indeed, the changes adopted by pericoronary adipocytes
as a result of exposure to vascular inflammatory mediators
include decreased size and increased expression of
inflammatory markers (11), and highlight that increased
PCAT attenuation is a potent marker of an increased
inflammatory microenvironment, such as that which would
likely be induced in OSA. Despite PCAT attenuation being
only numerically increased in our study, the finding of
increased EAT attenuation highlights that OSA produces
changes in EAT that are more consistent with vascular
inflammation when the influence of CAD is minimised.
Therefore, unique compositional changes to EAT and
PCAT can be captured by CT attenuation in patients
with both severe OSA and significant coronary disease,
presenting a novel means of quantifying coronary
inflammatory risk among these patients in vivo. However,
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cardiometabolic diseases that often accompany OSA, such
as obesity and CAD, can themselves cause distinct changes
in adipose tissue. As we have found, interactions between
these conditions may weaken associations between OSA
and vascular inflammation, and produce heterogeneity
in studies investigating adipose tissue characteristics in
patients with OSA. Accordingly, future studies using CT
attenuation as an imaging biomarker in this regard would
require studying the intravascular implications of OSA in
isolation from frequent comorbidities, so as to evaluate
more precisely the extent of vascular inflammation effected
by OSA alone. Indeed, Murphy ez a/l. (14) reported that in
humans without comorbidities, OSA severity was correlated
with a marker of pro-inflammatory macrophage activity.
Determining the role of vascular inflammation in OSA
would enable potential stratification of inflammatory risk
in these patients, and may warrant the implementation of
anti-inflammatory agents in treatment strategies for OSA in
addition to first-line CPAP therapy.

Limitations

Our study has a number of limitations. Firstly, the study
cohort was derived from a single centre and from patients
with a clinical indication for PSG, and as a result we
were unable to derive a sufficiently large control group
consisting of patients without OSA. Our study cohort
was also small, as only patients with a sleep study within
12 months of coronary CTA were included. Furthermore,
the retrospective study design and absence of follow-up data
hampered investigation into potential temporal changes
in adipose tissue on CTT, particularly those that may have
occurred as a result of treatments for OSA such as CPAP.
Importantly, our capacity to determine the effect of severe
OSA independent of the influence of coronary calcification
was limited by the small sample size of patients with a low
plaque burden.

Conclusions

OSA is associated with coronary plaque burden. The
combination of severe OSA and high coronary plaque
burden is associated with decreased EAT and PCAT
attenuation. EAT attenuation is increased in patients
with severe OSA but low plaque burden. The presence
of divergent results in our study suggests a confounding
effect between these two diseases. These findings are novel,
but require validation by studies assessing inflammation
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in OSA patients after minimising the impact of coronary
atherosclerosis and other comorbidities.
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