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Abstract
Obstructive sleep apnea (OSA) may lead to increased circulating concentrations of 
inflammatory biomarkers and treatment may change these. We aimed to assess the 
effect of oral appliance (OA) therapy on inflammatory biomarkers in a randomised 
controlled pilot trial. A total of 71 patients with OSA and systemic hypertension 
were randomly allocated to an active, mandible protruded (OAa) or a passive, man-
dible non-protruded device (OAp) treatment. Serum concentrations of the inflam-
matory biomarkers white blood cells, high-sensitivity C-reactive protein, interleukin 
6, interleukin 10, and tumour necrosis factor-α were measured at baseline and after 
3 months of OA treatment. The differences between treatment groups in biomarker 
concentration change during the treatment were presented as the Vargha and 
Delaney effect size and evaluated with the Wilcoxon–Mann–Whitney test. This ef-
fect size expresses the probability of a higher value in a random participant from 
one group compared with a random patient from the other group, and a value of 
0.5 means stochastically equal groups. After 3 months of treatment, there was a 
significant reduction of the apnea–hypopnea index in the OAa group compared with 
the OAp group (effect size 0.258, 95% confidence interval 0.146–0.386, p < .001). 
There were no significant differences between the groups in any of the inflammatory 
markers’ concentration changes during the treatment period (effect sizes between 
0.488 and 0.524; all p values ≥.737). Thus, OA treatment for 3 months did not affect 
circulating concentrations of some common inflammatory markers in patients with 
OSA and systemic hypertension.
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1  | INTRODUC TION

Obstructive sleep apnea (OSA) is widespread in the general popula-
tion, with a prevalence reaching approximately 3%–7% in men and 
2%–5% in women (Punjabi, 2008). Untreated OSA increases the risk 
of cardiovascular diseases (CVDs), including arterial hypertension, 
ischaemic heart disease, and ischaemic stroke (Gottlieb et al., 2010). 
The relationships between OSA and hypertension, several CVDs, 
and death are well known (Bradley & Floras, 2009).

Inflammation is an essential player in the development of ath-
erosclerosis and subsequent clinical cardiovascular manifestations 
(Libby,  2012). Several circulating inflammatory markers, including 
white blood cell count (WBCC), C-reactive protein (CRP), interleu-
kins, and tumour necrosis-α (TNF-α), have been associated with the 
development and prognostic impact of CVD (Koenig et al., 2004; Pai 
et al., 2004; Sabatine et al., 2002; Swerdlow et al., 2012).

Although not fully known, inflammation may be a mediator in the 
association between OSA and atherosclerotic disease. Increased cir-
culating concentrations of pro-inflammatory molecules such as CRP, 
interleukin 6 (IL-6), and TNF-α, and decreased concentrations of the 
anti-inflammatory marker IL-10 have been demonstrated in patients 
with OSA (Li et al., 2009; Nadeem et al., 2013).

Although ambiguous, a majority of studies with a randomised 
controlled trial (RCT) approach have failed to show an effect on 
circulating inflammatory marker levels with continuous positive 
airway pressure (CPAP) in patients with OSA (Jullian-Desayes 
et al., 2015). Research on the effect of oral appliance (OA) ther-
apy on circulating inflammatory markers is scarce. Conflicting 
findings have been reported in observational studies with small 
sample sizes (Niżankowska-Jędrzejczyk et al., 2014; Yalamanchali 
et al., 2015). In an RCT, Recoquillon et al. allocated patients with 
severe OSA to receive 2 months of treatment with either an effec-
tive OA or a sham device (Recoquillon et al., 2019). At follow-up, 
there were no detectable net effects on the circulating levels of 
CRP, IL-6, or TNF-α.

In the present study, we aimed to extend previous research by 
assessing the effects of OA treatment for 3 months on the inflamma-
tory biomarkers WBCC, high-sensitivity CRP (hsCRP), IL-6, IL-10, and 
TNF-α in patients with OSA and arterial hypertension.

2  | METHODS

2.1 | Patients

The present study population was based on an unregistered RCT, 
where 72 patients with OSA and concomitant systemic hypertension 
were randomised to treatment with a mandibular protruded (active 
OA, OAa) or a non-protruded (passive OA, OAp) OA for 3 months to 
evaluate the effect on blood pressure (Andrén et al., 2013). The pa-
tients were consecutively recruited from the Department of Clinical 
Physiology, Västmanland County Hospital, Västerås, Sweden, to where 
they had been referred for an ambulatory somnographic recording.

Patients were eligible for the trial if they had a verified OSA di-
agnosis defined as an apnea–hypopnea index (AHI) of ≥10 events/
hr, systemic hypertension defined as office systolic blood pressure 
(BP) of >140 mmHg or diastolic BP of >90 mmHg on two separate 
occasions, and were not currently being treated with an OA or CPAP. 
Patients also had to possess enough teeth for the retention of an OA. 
Exclusion criteria included office systolic BP of >180 mmHg or dia-
stolic BP of >110 mmHg, body mass index (BMI) of >35 kg/m2, atrial 
fibrillation, chronic obstructive lung disease, epilepsy, severe psychi-
atric disease, maximal protrusion capacity of the mandible of <6 mm, 
and an inability to speak or understand the national language.

Among 1,623 consecutive patients screened (Figure 1), 137 (8.4%) 
fulfilled the inclusion criteria, amongst whom 65 were excluded because 
of an office BP of >180/110 mmHg (five patients), severe psychiatric 
disease (one), and declining participation (59). The remaining 72 patients 
were randomly allocated to treatment with OAa or OAp. Two patients in 
the OAa group did not use their appliance, but attended follow-up and 
were analysed as members of the OAa group according to the inten-
tion-to-treat approach. One patient in the OAp group withdrew before 
follow-up, leaving 71 patients for the present analyses.

F I G U R E  1  Participant flowchart. AHI, apnea–hypopnea index; 
BP, blood pressure; OA, oral appliance
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All patients gave their written informed consent in accordance with 
the Helsinki declaration and were also asked not to alter their medi-
cation during the 3-month study period. The Regional Ethical Review 
Board in Uppsala, Sweden, approved the study (Dnr 2005:227).

2.2 | Study protocol

After inclusion, the patients were allocated to intervention by randomi-
sation made in blocks of four. Sequence allocation was determined by a 
random number generator. At baseline, all patients underwent an am-
bulatory nocturnal somnographic recording, blood sampling, and com-
pleted a questionnaire concerning their general medical condition. The 
Epworth Sleepiness Scale (ESS) was used to assess daytime sleepiness 
(Johns, 1991). After 3 months of OA treatment, the patients underwent a 
repeated ambulatory somnographic recording and blood sampling.

2.3 | Intervention

The treatment was performed with two types of monobloc OA. The 
OAa with mandibular advancement was custom-made, as previously 
described by Tegelberg et al. (1999) (Figure 2). The OAa protruded the 
mandible to 70%–75% of the patient’s maximum mandibular protrusive 
capacity (>4 mm). The OAp possessed the same feature as the active 
appliance, except for the lack of mandibular advancement (<0.5 mm). 
All treatment and oral measurements were performed by the same 
dentist, not involved in the outcome assessments. Compliance with the 
treatment was assessed as the self-reported use of the OA in the num-
ber of nights per week during the last month of follow-up.

2.4 | Sleep analyses

Ambulatory somnographic recordings were made with a portable 
digital recording unit with sensors for the registration of airflow, 

saturation, respiratory movements of the chest, body position, and 
snoring sounds (Embletta PDS device, Medcare Flaga, Iceland). The 
recordings were undertaken in the patients’ home, transmitted to 
a computer, and analysed manually by one experienced biomedical 
analyst blinded to the intervention type. At the 3-month follow-up, 
the patients slept with the OA in situ during registration.

Apnea was defined as a cessation of airflow for ≥10 s. Hypopnea 
was defined as a reduction in airflow of ≥50% for ≥10 s with an ac-
companying desaturation of ≥4%. The number of apneas and hy-
popneas per hour of sleep was calculated to obtain the AHI. Mild, 
moderate, and severe OSA was defined as an AHI of ≤15, 15–29, and 
≥30 events/hr, respectively (Flemons et al., 1999). The oxygen de-
saturation index (ODI) was defined as the number of desaturations 
of ≤4% per hour of sleep.

2.5 | Inflammatory biomarkers

Peripheral venous blood samples were collected from each patient 
on two occasions: before treatment start and after 3 months of treat-
ment at a similar time in the morning. All collected samples were 
stored at −70°C until analysis. The WBCC and serum concentrations 
of hsCRP, IL-6, IL-10, and TNF-α were included in the analysis. The 
biomedical analysts were blinded to the choice of treatment modal-
ity, and all samples were analysed with the same batches at Clinical 
Chemistry, Karolinska University Hospital, Stockholm, Sweden.

2.6 | Outcomes

The outcomes were the differences between the OAa and OAp 
groups in the change of inflammatory biomarker concentrations 
from baseline to the 3-month follow-up.

2.7 | Statistical analysis

We present continuous variables as median (interquartile range, IQR 
[25th, 75th percentiles]) and categorical variables as number and 
percentage. We used the Wilcoxon–Mann–Whitney test to evaluate 
differences between groups for continuous variables and Pearson’s 
chi-square or Fisher’s exact test for categorical variables. We used 
the Spearman rank-order correlation (rho) to evaluate correlations 
between variables.

Due to skewed or multimodal distributions, the outcomes were 
evaluated with nonparametric methods. We calculated effect size 
according to Vargha and Delaney for the outcomes (Vargha & 
Delaney, 2000). This effect size is a standardised quantification of 
the difference between groups. It presents the probability that a 
value from a random patient in one group is greater than a value 
from a random patient in the other group. A value of 0.5 suggests 
that the two groups are stochastically equal. A value of 1 indicates 
a complete stochastic dominance of the first group, whereas a value 

F I G U R E  2   Illustration of the oral appliance with monobloc 
design used in the study
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of 0 indicates complete dominance of the second group. Vargha and 
Delaney suggested an effect size of 0.45–0.55 as a negligible effect, 
0.56–0.63 (or 0.35–0.44) as a small effect, 0.64–0.70 (or 0.30–0.34) 
as a medium effect, and >0.70 (or <0.30) as a large effect (Vargha 
& Delaney, 2000). We also calculated the smallest total sample size 
required to detect a statistically significant difference (α = 0.05) at 
the found effect size and a power of 0.8 (Noether, 1987).

In an additional analysis, we compared the changes in inflamma-
tory markers according to the AHI response during treatment. In this 
analysis, responders and non-responders were defined as patients 
demonstrating a reduction in the AHI of >50% and ≤50%, respec-
tively, during the 3-month treatment period. The statistical analyses 
were performed using R version 4.0.2 with the packages compare-
Groups, effsize, and WMWssp (R Core Team, 2020). Statistical sig-
nificance was set to p < .05.

3  | RESULTS

The baseline characteristics were similar in the two treatment 
groups (Table  1). There were no significant differences between 
the treatment groups in the AHI, ODI, ESS, or circulating concen-
trations of the measured inflammatory markers at baseline. When 
evaluated in all 71 patients, there were no significant correlations 
between indices of OSA severity (AHI or ODI) and inflammatory 
marker concentrations at baseline. The strongest positive correla-
tion was shown between the ODI and hsCRP (rho 0.067, p = .578) 
and the strongest negative correlation between the ODI and IL-6 
(rho −0.190, p = .119).

After 3 months of treatment, there was a large reduction in the 
AHI in the OAa group compared with the OAp group (effect size 
0.258, 95% CI 0.153–0.390, p <  .001; Table 2). To have an AHI of 

TA B L E  1  Baseline characteristics of the included patients according to treatment allocation

Characteristic All patients, n = 71 Active OA, n = 36 Passive OA, n = 35 pa

Age, years, median (IQR) 59 (52, 64) 60 (53, 63) 59 (52, 66) .407

Male sex, n (%) 56 (78.9) 30 (83.3) 26 (74.3) .520

Body mass index, kg/m2, median (IQR) 28.6 (26.4, 32.4) 28.8 (26.8, 31.8) 28.1 (25.7, 32.4) .597

Current smoker, n (%) 13 (18.3) 7 (19.4) 6 (17.1) 1.00

Diabetes, n (%) 1 (1.4) 1 (2.8) 0 (0.0) 1.00

Systolic BP, mmHg, median (IQR) 150 (138, 160) 144 (136, 158) 155 (140, 167) .137

Diastolic BP, mmHg, median (IQR) 90 (85, 95) 90 (85, 95) 90 (85, 95) .917

Cholesterol, mmol/L, median (IQR) 5.7 (5.1, 6.5) 5.7 (5.1, 6.2) 5.9 (5.4, 6.7) .269

Triglycerides, mmol/L, median (IQR) 1.3 (1.0, 2.0) 1.4 (0.9, 2.2) 1.3 (1.0, 1.8) .833

ESS, median (IQR) 11 (8, 14) 10 (8, 17) 11 (8, 14) .982

AHI at baseline, events/hr, median (IQR) 19 (14, 28) 19 (15, 27) 19 (12, 30) .982

OSA grade, n (%)

Mild OSA (AHI <15 events/hr) 20 (28.2) 9 (25.0) 11 (31.4) .274

Moderate OSA (AHI 15–29 events/hr) 35 (49.3) 21 (58.3) 14 (40.0)

Severe OSA (AHI ≥30 events/hr) 16 (22.5) 6 (16.7) 10 (28.6)

ODI at baseline, median (IQR) 16 (10, 24) 18 (11, 22) 15 (10, 26) .849

Medication, n (%)

ACE-I or ARB 12 (16.9) 5 (13.9) 7 (20.0) .711

β-blocker 10 (14.1) 4 (11.1) 6 (17.1) .514

Ca-I 4 (5.6) 1 (2.8) 3 (8.6) .357

Diuretic 6 (8.5) 3 (8.3) 3 (8.6) 1.00

Biomarkers, median (IQR)

WBCC, ×109/L 6.2 (5.4, 7.3) 6.1 (5.4, 7.0) 6.3 (5.4, 7.4) .968

hsCRP, mg/L 1.9 (0.9, 3.8) 2.0 (1.0, 4.0) 1.6 (0.8, 3.8) .617

IL-6, ng/L 1.01 (0.71, 1.77) 1.00 (0.70, 1.84) 1.04 (0.79, 1.48) 0.966

IL-10, ng/L 0.95 (0.68, 1.53) 1.04 (0.83, 1.54) 0.91 (0.58, 1.48) .180

TNF-α, ng/L 1.19 (1.00, 1.49) 1.25 (1.10, 1.50) 1.10 (0.98, 1.41) .180

ACE-I, angiotensin-converting enzyme inhibitor; AHI, apnea–hypopnea index; ARB, angiotensin receptor blocker; BP, blood pressure; Ca-I, calcium 
inhibitor; ESS, Epworth Sleepiness Score; hsCRP, high-sensitivity C-reactive protein; IL, interleukin; IQR, interquartile range (25th, 75th percentiles); 
OA, oral appliance; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; TNF, tumour necrosis factor; WBCC, white blood cell count
Baseline values for IL-6, IL-10, and TNF-α were missing in two, two, and one patients, respectively, in the passive group
p value for the difference between active and passive groups
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<10 events/hr at follow-up was significantly more common in the 
OAa group than in the OAp group (78% versus 29%, p < .001) and 
to be a responder (i.e. reduction of the AHI by >50% compared with 
baseline) was significantly more common in the OAa group (69% ver-
sus 34%; p = .006).

There was a significant reduction in the ODI in the OAa group 
compared with the OAp group (effect size 0.261, 95% CI 0.155–
0.396, p < .001).

There was no significant difference between the OAa and 
OAp groups regarding the self-reported number of nights use of 
the OA during the last month of treatment (median [IQR] 7.0 [6.0, 
7.0] versus 7.0 [5.0, 7.0], effect size [95% CI] 0.562 [0.451–0.679], 
p = .311).

There were no significant differences between the treatment 
groups regarding the changes in WBCC and serum concentrations 
of the other inflammatory markers during the treatment period 
(Table  2). Effect sizes of ~0.5 were seen for all the inflammatory 

markers indicating negligible effects of the 3-month OA therapy on 
the measured markers.

When outcomes were re-analysed with respect to the AHI re-
sponse status, there were no significant differences between re-
sponders and non-responders in any of the biomarkers (Table  3). 
However, there was a trend towards a net reduction in TNF-α con-
centrations in the responder group (p = .057).

4  | DISCUSSION

Our present findings suggest that 3  months of treatment with an 
OA has no effect on the circulating concentrations of WBCs, hsCRP, 
IL-6, IL-10, and TNF-α, despite a significant improvement in the AHI 
and ODI in hypertensive patients with OSA.

The development of atherosclerosis and its manifesta-
tion in CVD is closely associated with inflammatory processes 

TA B L E  2  Changes in the apnea–hypopnea index, white blood cell count, and serum concentration of inflammatory biomarkers after 
3 months of oral appliance (OA) treatment in the active and passive groups

Active OA, median (IQR) Passive OA, median (IQR) Effect size (95% CI)a  pb  Required sample sizec 

AHI −12 (−20, −8) −2 (−12, 6) 0.258 (0.153–0.390) <.001 46

ODI −9.5 (−16.2, −5) −1 (−10, 6) 0.261 (0.155–0.396) <.001 46

WBCC −0.40 (−0.62, 0.28) −0.20 (−0.75, 0.30) 0.502 (0.364–0.647) .982 1,038,408

hsCRP −0.02 (−0.52, 0.26) −0.01 (−0.69, 0.24) 0.497 (0.353–0.634) .963 259,602

IL-6 0.02 (−0.24, 0.41) −0.06 (−0.37, 0.49) 0.524 (0.370–0.663) .737 4,710

IL-10 0.09 (−0.43, 0.58) 0.08 (−0.39, 0.52) 0.499 (0.356–0.642) .989 2,738,028

TNF-α 0.08 (−0.17, 0.23) 0.04 (−0.13, 0.26) 0.488 (0.356–0.626) .865 18,644

AHI, apnea–hypopnea index; hsCRP, high-sensitivity C-reactive protein; IL, interleukin; IQR, interquartile range (25th, 75th percentiles); OA, oral 
appliance; TNF, tumour necrosis factor; WBCC, white blood cell count
Values for IL-6, IL-10, and TNF-α were missing in two, four, and one patients, respectively, in the passive group; and for IL-10 in three patients in the 
active group
aEffect size according to Vargha and Delaney (see Methods for details) 
bp value for the difference between active and passive groups in AHI and biomarker level change during treatment. 
cRequired total sample size to detect a statistically significant difference based on the found effect size, power of 80%, and α = 0.05 

Responders, median 
(IQR)

Non-responders, 
median (IQR) Effect size (95% CI)a  pb 

WBCC −0.20 (−0.50, 0.50) −0.35 (−0.78, 0.08) 0.587 (0.451–0.727) .207

hsCRP −0.07 (−0.80, 0.10) 0.00 (−0.53, 0.40) 0.433 (0.298–0.568) .333

IL-6 −0.09 (−0.39, 0.48) 0.10 (−0.20, 0.46) 0.410 (0.280–0.557) .202

IL-10 0.23 (−0.43, 0.66) −0.02 (−0.39, 0.36) 0.546 (0.408–0.680) .528

TNF-α −0.03 (−0.18, 0.19) 0.13 (−0.07, 0.29) 0.368 (0.243–0.519) .057

AHI, apnea–hypopnea index; hsCRP, high-sensitivity C-reactive protein; IL, interleukin; IQR, 
interquartile range (25th, 75th percentiles); TNF, tumour necrosis factor; WBCC, white blood cell 
count
Values for IL-6, IL-10, and TNF-α were missing in two, three, and one patients, respectively, in the 
non-responder group; and for IL-10 in four patients in the responder group
aEffect size, according to Vargha and Delaney (see Methods for details) 
bp value for the difference between responders and non-responders in biomarker level change 
during treatment 

TA B L E  3   Changes in white blood 
cell count and serum concentration of 
inflammatory biomarkers after 3 months 
of oral appliance (OA) treatment in 
the responders and non-responders. 
Responders and non-responders were 
defined as patients with an AHI reduction 
of >50% and ≤50%, respectively, after 
3 months of OA treatment
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(Libby, 2012). One potential mechanism of CVD in OSA may be 
low-grade inflammation initiated by the episodes of intermit-
tent hypoxia seen in OSA. Animal studies have shown intermit-
tent hypoxia to be a strong stimulus to systemic and vascular 
inflammation, leading to aggravation in atherosclerotic changes 
(Arnaud et  al.,  2011). Further, normoxic breathing can revert 
structural vascular remodelling induced by a period of chronic 
intermittent hypoxia in mice (Castro-Grattoni et al., 2016), sup-
porting the reduction of intermittent hypoxia as a therapeutic 
target. Despite a large decrease in the ODI with OA therapy in 
our patients, there were negligible effects on the levels of the 
inflammatory markers.

Studies on the effect of OA treatment on inflammatory markers 
in OSA are scarce. A work comprising 44 patients with mild-to-se-
vere OSA, but no control group, reported a significant reduction in 
hsCRP after a minimum of 30 days on OA treatment (Yalamanchali 
et  al.,  2015). In another small non-RCT study, 22 patients with 
mild-to-moderate OSA showed similar circulating concentrations 
of CRP, IL-6, and IL-10 at baseline compared with a healthy control 
group (Niżankowska-Jędrzejczyk et al., 2014). After 6 months of OA 
treatment, there was a significant reduction in IL-10 levels, but not in 
the other aforementioned inflammatory markers. Our present find-
ings confirm the results from a recent RCT showing that OAa treat-
ment compared with a sham device has negligible effects on serum 
concentrations of CRP, IL-6, and TNF-α (Recoquillon et  al.,  2019). 
We extend these findings by a slightly longer treatment period of 
3 months (2 months in the Recoquillon study) and by presenting data 
for WBCC and IL-10.

Assessment of the AHI is the most used criterion of effective-
ness in OSA therapy. An AHI reduction of ≥50% is considered to be 
the criterion for responding to the treatment (Flemons et al., 1999). 
In previous studies, ~50% of patients have reached this AHI thresh-
old with OA treatment, which corresponds well with the present re-
sults (Lim et al., 2004).

On the market, there are different kinds of mandibular ad-
vancement devices available for use. In the present study, we used 
one type of custom-made OA with a monobloc design (Tegelberg 
et  al.,  1999) with high treatment adherence; median 7  nights per 
week. The custom-made appliances have been reported to be pref-
erable with higher treatment compliance than a thermoplastic “boil 
and bite” OA (Vanderveken et al., 2008).

Compared with an OA, CPAP is more efficient in reducing the 
AHI (Li et al., 2013). However, there seem to be no differences be-
tween these treatment modalities regarding effects on quality of 
life, cognitive or physical function (Schwartz et al., 2018), which pos-
sibly could be due to better compliance with an OA than with CPAP 
(Schwartz et al., 2018).

The effect of CPAP treatment on inflammatory markers is un-
certain. A reduction in circulating concentrations of hsCRP (Schiza 
et al., 2010; Steiropoulos et al., 2007; Yokoe et al., 2003), IL-6 (Ye 
et al., 2010; Yokoe et al., 2003), and TNF-α (Arias et al., 2008; Ryan 
et  al.,  2006) has been reported in some studies, whereas others 
have failed to detect changes in all or some of these biomarkers 

(Arias et al., 2008; Borges et al., 2020; Ryan et al., 2006; Stradling 
et al., 2015). Most of these studies were observational in design, and 
some were flawed by the lack of a control group. In a recent RCT, 
220 patients with coronary artery disease and non-sleepy OSA with 
a mean AHI of 29 events/hr and an ESS of <10 were allocated to 
CPAP or no CPAP (Thunström et al.,  2017). During a follow-up of 
1 year, no net effects of the CPAP treatment could be detected on 
the circulating concentrations of hsCRP, IL-6, IL-8, or TNF-α.

The strengths of the present work include the RCT design, the 
well-characterised study population, and that the evaluation of bio-
marker data was blinded from the treatment allocation and outcome 
data.

There are several limitations to be considered. At the time of 
planning and inclusion start of the original study in 2005, registra-
tion of RCTs was not yet an established recommendation. Therefore, 
unfortunately, no registration was made on ClinicalTrials.gov. The 
results are limited to patients of European origin with OSA and 
systemic hypertension. The sample size of the present study was 
primarily dimensioned for evaluation of blood pressure as the out-
come and not for inflammatory biomarkers. We acknowledge that 
the sample size in our present study is small and that the analysis is 
underpowered. However, considering the tiny effect sizes detected, 
it is unlikely that a better-powered study with the same time to fol-
low-up could detect a clinically meaningful effect on the examined 
biomarkers.

The follow-up time in the present study was 3 months. Possibly, 
an extended treatment period might be required to achieve an im-
pact on the circulating biomarkers. However, considering that a 
previous RCT on CPAP treatment for 1 year failed to detect a net 
reduction in the concentrations of circulating inflammatory markers 
(Thunström et al., 2017), it is uncertain if an extended follow-up with 
OA treatment would detect an effect.

Most of our patients had inflammatory marker concentrations 
within the normal range at baseline which, due to a floor effect, 
might be a cause of the failure to show any treatment effects. 
Subgroup analyses, evaluating treatment effects by OSA severity 
were considered. However, due to the small sample size and the lack 
of correlation between OSA severity and biomarker concentrations 
at baseline, such subgroup analyses were deemed futile.

In conclusion, a 3-month period of OA treatment had no effect 
on circulating inflammatory markers, despite a significant improve-
ment in the AHI and ODI in patients with OSA and concomitant sys-
temic hypertension.
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