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CLINICAL AND POPULATION STUDIES

Obstructive Sleep Apnea, Sleep Duration, and 
Associated Mediators With Carotid Intima-Media 
Thickness
The ELSA-Brasil Study

Silvana P. Souza, Ronaldo B. Santos , Itamar S. Santos , Barbara K. Parise , Soraya Giatti, Aline N. Aielo, Lorenna F. Cunha, 
Wagner A. Silva, Luiz A. Bortolotto , Geraldo Lorenzi-Filho, Paulo A. Lotufo , Isabela M. Bensenor , Luciano F. Drager

OBJECTIVE: To elucidate the independent associations of obstructive sleep apnea (OSA) and sleep duration (SD) as well as 
the potential inflammatory and metabolic mediators on carotid intima-media thickness (CIMT) in a large cohort of adults.

APPROACH AND RESULTS: Consecutive participants from the ELSA-Brasil performed a clinical evaluation, sleep study, 1-week 
actigraphy for defining SD and CIMT using standard techniques. Gamma regression models were used to explore the 
association between OSA and SD with CIMT. Mediation analysis was performed using the mediation R package. A total of 
2009 participants were included in the main analysis. As compared with no OSA (apnea-hypopnea index [AHI] <5 events/
hour; n=613), patients with mild (AHI, 5–14.9; n=741), moderate (AHI, 15–29.9; n=389), and severe OSA (AHI ≥30 events/
hour; n=266) presented a progressive CIMT increase (0.690 [0.610–0.790], 0.760 [0.650–0.890], 0.810 [0.700–0.940], 
and 0.820 [0.720–0.958] mm; P<0.001). In contrast, CIMTs were similar for those with SD <6 hours (0.760 [0.650–0.888]), 
6 to 8 hours (0.750 [0.640–0.880]) and >8 hours (0.740 [0.670–0.900]). All forms of OSA were independently associated 
with CIMT (mild: β: 0.019, SE 0.008; P=0.022; moderate: β: 0.025, SE 0.011; P=0.022; severe OSA: β: 0.040, SE 0.013; 
P=0.002). Moreover, the association of AHI with CIMT was mediated by increased C-reactive protein and triglycerides 
(P<0.01). SD did not interact with OSA in the association with CIMT.

CONCLUSIONS: OSA is independently associated with increased CIMT in a dose-response relationship. This association is partially 
mediated by inflammation and dyslipidemia. In contrast, SD is not associated nor interacted with OSA to increase CIMT.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Carotid intima-media thickness (CIMT) measurement 
by ultrasound has been considered a surrogate marker 
of cardiovascular events.1–3 Increased CIMT represent 

an adaptive mechanism to increased arterial load and a 
response to an inflammatory milieu, which could promote 
smooth muscle cell proliferation and collagen deposition.4 
Traditional cardiovascular risk factors have been shown to 
be determinants of CIMT in the general population1 but a 
previous evidence from the Brazilian Longitudinal Study of 
Adult Health (ELSA-Brasil) showed that >60% of CIMT 

variance were not explained by demographic and tradi-
tional cardiovascular risk factors, which underscore the 
need of exploring additional clinical conditions with biolog-
ical relevance as risk factors for cardiovascular disease.5

There is growing evidence that obstructive sleep 
apnea (OSA) and extremes of sleep duration (SD) may 
be important cardiovascular risk factors.6 OSA is char-
acterized by recurrent obstructions in the upper airway, 
intermittent hypoxia, and fragmented sleep.6 A previous 
meta-analysis comprising small observational studies 
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showed that OSA is associated with increased CIMT, but 
most of the evidence were related to severe forms of 
OSA.7 Moreover, one of the largest studies in this area to 
date (n=985)8 found that positive associations between 
OSA and subclinical atherosclerosis were attributed 
to the presence of cardiovascular risk factors, which 
emphasize the need of additional data.

SD has also gained attention not only by the epi-
demic sleep deprivation worldwide but also for the 
intriguing and consistent evidence showing that long 
SD is not an innocent bystander but associated with 
cardiovascular and cerebrovascular events.9,10 Previous 
evidence showed that short and long SD were incon-
sistently associated with CIMT.11,12 However, the vast 
majority of previous studies evaluated SD in a subjec-
tive way, which may not reflect the real sleep time.13,14 
It is worth noting that most studies on OSA did not 
account for SD or vice versa. Based on the aforemen-
tioned gaps, this large study aimed to analyze not only 
the associations of mild, moderate, and severe OSA 
but also objective SD with CIMT. We also sought to 
explore potential mediators in these associations. To 
the best of our knowledge, no previous study explored 
the association of OSA and SD with CIMT in the same 
sample, as well as their potential interactions between 
these 2 sleep conditions. We made the hypothesis that 
OSA and extremes of SD will be independently associ-
ated with CIMT.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. 
Please see the Major Resources Table in the Data Supplement.

As previously described, this investigation is ancillary to the 
ELSA-Brasil Study, the cohort profile and routines of which 
were previously reported.15,16 The sleep evaluation was per-
formed in the Sao Paulo center of the ELSA-Brasil cohort.17 
The local ethical committee approved the study (1166/11), 
and all the participants provided signed informed consent. We 
performed the following evaluations.

ELSA-Brasil Main Study Protocol
Each participant was interviewed in their workplace and vis-
ited the research center for clinical examination according to 
standard protocols. Trained personnel conducted interviews 
and examinations under strict quality control.16 The procedures 
for anthropometric and blood pressure (BP) measurements 
as well as definitions for chronic conditions were previously 
described17 but also reported in the Data Supplement.

Overnight Home Sleep Study
The sleep studies were performed using the Embletta Gold 
(Natus Medical, Inc, Ontario, Canada), a standardized level-3 
portable diagnostic device that was previously described and 
validated in the ELSA-Brasil.18 All the studies were manu-
ally scored by an expert in sleep medicine according to the 
American Academy of Sleep Medicine 2012 criteria.19 The sum 
of the apnea and hypopneas per hour determined the apnea-
hypopnea index (AHI). We excluded participants with predomi-
nantly (>50%) central sleep apnea. In this study, the severity 
of OSA was classified into mild OSA: AHI 5 to 14.9; moderate 
OSA: 15 to 29.9, and severe OSA: ≥30 events/hour. Otherwise, 
AHI<5 was considered as a normal result, no OSA.

Wrist Actigraphy
The SD was measured using an Actiwatch model 2 (Philips 
Respironics) as previously described.17 Participants were 
instructed to fill a sleep diary and wear the actigraph continu-
ously over a period of 7 consecutive days and nights on the 
nondominant wrist during a typical week. The participants were 
asked to press the event marker button on the actigraph when 
they began trying to fall asleep and again when they woke up 
(including for naps). Short SD was defined when the mean SD 
was <6 hours, as defined by the National Sleep Foundation 
as inappropriate for adults.20 Usual SD was defined by 6 to 8 
hours and long SD was set at >8 hours.17,21

CIMT Measurement
A detailed protocol was published earlier.22,23 Briefly, CIMT was 
measured using a Toshiba (Aplio XG) with a 7.5 MHz linear 

Nonstandard Abbreviations and Acronyms

AHI	 apnea-hypopnea index
BP	 blood pressure
CIMT	 carotid intima-media thickness
HDL	 high-density lipoprotein
LDL	 low-density lipoprotein
OSA	 obstructive sleep apnea
SD	 sleep duration

Highlights

•	 As compared with participants without obstruc-
tive sleep apnea, patients with mild, moderate, and 
severe obstructive sleep apnea presented a progres-
sive carotid intima-media thickness (CIMT) increase.

•	 All forms of obstructive sleep apnea were indepen-
dently associated with CIMT.

•	 The association of apnea-hypopnea index with 
CIMT was mediated by increased C-reactive protein 
and triglycerides.

•	 In contrast, CIMTs were similar for those with objec-
tive sleep duration <6 hours, 6 to 8 hours, and >8 
hours.

•	 Sleep duration did not interact with obstructive sleep 
apnea in the association with CIMT.
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transducer. CIMT was calculated in the outer wall of a predefined 
carotid segment of 1 cm in length from 1 cm below carotid bifur-
cation, during 3 cardiac cycles.22,23 All images underwent strict 
quality control, and only images with adequate visualization of 
anatomic guides and vascular interfaces were included. We used 
MIA software to standardize the reading and interpretation of 
carotid scans. In this article, CIMT is defined as the average of the 
highest IMT value between left and right maximum thickness.22,23

Statistical Analysis
We used the software R 3.6.0 (R Core Team, 2019) for all anal-
yses. The graphics were built using the ggplot2 package.24 For 
comparisons of categorical variables, the χ2 test was performed. 
Normally distributed continuous variables were compared using 
1-way ANOVA and were presented as the means and SD 
(mean±SD). For skewed variables, medians and interquartile 
ranges were reported and Kruskal-Wallis tests were performed. 
We used Spearman correlation coefficients for continuous vari-
ables. Gamma regression models25 were used to explore the 
association between OSA severity and SD with CIMT. Three 
models we progressively tested independently for OSA and SD: 
Model 1: unadjusted; model 2: adjusted for age, sex and race; 
model 3: model 2 plus obesity (body mass index ≥30 kg/m2), 
smoking, diabetes, hypertension, and use of statins. An interac-
tion term between AHI and SD was introduced for testing the 
combinations of theses sleep conditions on CIMT. For the anal-
ysis of potential mediators in the AHI and CIMT, the mediation 
package was used.26 A mediation analysis was performed using 
data from the model 3 and the following variables with potential 
relevance for OSA and CIMT: C-reactive protein, systolic BP, 
LDL (low-density lipoprotein), HDL (high-density lipoprotein), 
triglycerides, and glycated hemoglobin (HbA1c). The tests for 
the significance of the mediating effects were performed with 
the bootstrap procedure, using 5000 samples. For all statistical 
tests, a significance level of 5% was adopted.

RESULTS
We invited 2463 consecutive participants to perform 
sleep evaluations during the 2-year study recruitment. 
After the exclusion of refusals, technical issues during 
sleep monitoring, predominant central sleep apnea, pre-
vious OSA treatment, nocturnal/shift workers, medica-
tions that directly interfere with the SD and unavailable 
CIMT measurements, a total of 2009 participants were 
included in the final analysis.

Association of OSA With CIMT
The characteristics of the studied population according 
to OSA severity are presented in Table 1. As expected, 
there was a progressive increase in age, proportion of 
males, markers of adiposity, and traditional comorbidities 
such as hypertension, diabetes, and dyslipidemia (and 
related BP, glucose, and lipid levels) in parallel to the 
increase in OSA severity. Ultrasensitive C-reactive pro-
tein also increased in parallel to OSA severity. In contrast, 
we observed a progressive decrease of objective SD and 

HDL cholesterol levels in parallel to OSA severity. Fig-
ure 1 shows the progressive increase in CMIT in parallel 
with the increase in OSA severity. We observed a sig-
nificant but modest correlations between AHI (r=0.33; 
P<0.001), lowest oxygen (O2) saturation (r=−0.27; 
P<0.001), and total time with O2 saturation levels <90% 
(r=0.28; P<0.001) with CIMT (Figure 2A through 2C). 
Table  2 showed that mild, moderate, and severe OSA 
remained independently associated with CIMT after 
adjustments for potential confounders. Additional analy-
sis using lowest oxygen (O2) saturation and total time 
with O2 saturation levels <90% instead of AHI were pre-
sented on Tables I and II in the Data Supplement. Inter-
estingly, log C-reactive protein mediated the association 
of AHI with CIMT with an estimated proportion of 15.6% 
(Figure 3A). In our study, systolic BP did not mediate the 
association of AHI with CIMT although it has a direct 
effect on this vascular parameter (Figure 3B). Regarding 
the metabolic parameters, log triglyceride mediated the 
association of AHI with CIMT in a proportion of 11.3% 
(Figure 3C). In contrast, LDL cholesterol, HDL choles-
terol, and log HbA1C did not mediate the association of 
AHI and CIMT in our study (Figure 3D through 3F).

Association of SD With CIMT
Table III in the Data Supplement depicted the character-
istics of the studied population according to the objective 
SD stratification: short SD (<6 hours), reference group 
(SD, 6–8 hours), and long SD (>8 hours). Overall, par-
ticipants who slept <6 hours were younger, had higher 
proportion of men, blacks, higher values of adiposity, 
severity OSA but not comorbidities such as hyperten-
sion, dyslipidemia, diabetes, and smoking. Of note, there 
are no differences in CIMT among the 3 groups. We 
observed a significant but very low correlation between 
SD (r=−0.05; P=0.025) with CIMT (Figure 2D). Table IV 
in the Data Supplement showed that short and long SD 
were not independently associated with CIMT.

Interactions Between OSA and SD With CIMT
Figure I in the Data Supplement showed a progressive 
increase in the CIMT regardless of SD classification. 
Interactions of AHI×SD with CIMT were not significant.

DISCUSSION
Our study revealed that all degrees of OSA (from mild 
to severe) were independently associated with increased 
CIMT in a large cohort of adults. Our analysis address-
ing objective SD did not find significant associations with 
CIMT. Moreover, we explored potential mediators for 
these associations beyond a direct effect of the respi-
ratory events on CIMT. Log C-reactive protein and log-
triglyceride mediated this association with an estimated 

D
ow

nloaded from
 http://ahajournals.org by on A

pril 25, 2025



CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

ST
UD

IE
S 

- A
L

Souza et al� OSA, Sleep Duration, and Intima-Media Thickness

1552    April 2021� Arterioscler Thromb Vasc Biol. 2021;41:1549–1557. DOI: 10.1161/ATVBAHA.120.315644

proportion of 15.6% and 11.3%, respectively. SD did not 
interact with OSA in the association with CIMT. Together, 
these findings reinforce the role of OSA as a potential 
nontraditional risk factor for increased CIMT. Our data 
also underscore the potential role of subclinical inflam-
mation and triglyceride increase, thereby conferring 
increased risk for future cardiovascular events.

Despite the extensive literature already addressing 
the impact of OSA on CIMT, the vast majority of stud-
ies comprised small sample of patients (usually n<100) 
presenting one or more traditional comorbidities (please 
see a review and a recent meta-analysis for details).7,27 
Only recently, data from MESA exploring carotid athero-
sclerosis in 1615 participants (mean age of 68 years) 

Table 1.  Characteristics of the Studied Population According to the OSA Severity

 No OSA (n=622) Mild OSA (n=760) Moderate OSA (n=401) Severe OSA (n=277) P value*

Age, y 46.0 (41.0–50.0) 48.0 (44.0–54.0) 50.0 (45.0–56.0) 50.0 (45.0–55.0) 0.001

Male, % 28.7% 41.7% 52.2% 62.4% <0.001

Race/ethnicity

  White participant 64.4% 61.4% 57.2% 57.8% 0.051

  Black participant 11.0% 14.6% 13.1% 9.5%  

  Brown participant 19.8% 18.4% 23.5% 25.1%  

  Others 4.8% 5.7% 6.3% 7.6%  

BMI, kg/m2 24.1 (21.9–26.7) 26.3 (24.0–29.4) 28.1 (25.5–31.4) 29.5 (26.1–32.6) 0.001

Neck circumference, cm 33.4 (31.6–36.1) 35.5 (33.4–38.2) 36.9 (34.6–39.5) 38.3 (35.5–41.0) 0.001

Waist circumference, cm 80.6 (74.3–87.3) 87.8 (80.8–95.8) 93.6 (86.7–100.4) 97.2 (88.8–105.9) 0.001

Hypertension, % 14.8% 23.9% 35.7% 43.6% <0.001

Antihypertensive treatment, % 11.3% 18.9% 28.0% 32.3% <0.001

Systolic BP, mm Hg 112 (104–122) 115 (107–125) 120 (111–131) 122 (112–133) 0.001

Diastolic BP, mm Hg 71 (65–78) 73 (68–80) 76 (70–83) 79 (72–86) 0.001

Dyslipidemia, % 44.9% 56.0% 60.9% 65.0% <0.001

Statins, % 4.9% 11.1% 12.3% 12.5% <0.001

Total cholesterol, mg/dL 203 (181–228) 210 (185–233) 213 (188–243) 215 (191–242) 0.001

HDL cholesterol, mg/dL 57 (48–68) 53 (46–62) 52 (45–61) 51 (44–60) 0.001

LDL cholesterol, mg/dL 122 (103.0–143.0) 129 (109–148) 131 (110–154) 134 (110–156) 0.001

TG, mg/dL 92 (68–130) 112 (79–159) 124 (90–182) 138 (100–187) 0.001

C-reactive protein, mg/dL 1.0 (0.5–2.4) 1.4 (0.7–3.1) 1.7 (0.9–3.4) 2.1 (1.0–4.3) 0.001

Diabetes, % 7.5% 14.3% 23.9% 24.4% <0.001

Glucose, mg/dL 101 (95–107) 104 (98–111) 107 (100–115) 108 (102–117) 0.001

HbA1C, % 5.2 (4.9–5.6) 5.3 (5.0–5.8) 5.4 (5.0–5.9) 5.4 (5.0–6.0) 0.001

Smoking, %

  Never 63.0% 52.1% 50.4% 54.9% <0.001

  Former 23.3% 32.9% 35.5% 32.0%  

  Current 13.7% 15.0% 14.1% 13.2%  

Sleep duration, h 6.7±0.9 6.6±0.9 6.4±1.0 6.3±1.1 0.001†

Sleep duration category <0.001

  <6 h 21.9% 24.3% 32.4% 39.8%  

  6–8 h 70.8% 68.7% 62.7% 53.8%  

  >8 h 7.3% 7.0% 4.9% 6.4%  

AHI, events/h 2.9 (1.7–4.1) 9.5 (7.1–12.1) 20.7 (17.8–24.4) 41.0 (34.7–51.6) 0.001

Baseline Spo2, % 95.4 (94.5–96.2) 94.4 (93.4–95.3) 93.9 (92.8–94.8) 92.8 (91.4–93.9) 0.001

Lowest Spo2, % 90.0 (88.0–92.0) 86.0 (83.0–89.0) 83.0 (79.0–85.0) 78.0 (73.0–82.0) 0.001

Total time Spo2 <90% 0.0 (0.0–0.1) 0.3 (0.1–1.4) 1.9 (0.7–4.7) 7.7 (2.9–17.6) 0.001

CIMT, mm 0.690 (0.610–0.790) 0.760 (0.650–0.890) 0.810 (0.700–0.940) 0.820 (0.720–0.958) 0.001

AHI indicates apnea-hypopnea index; BP, blood pressure; CIMT, carotid intima-media thickness; HbA1C, glycated hemoglobin; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; and TG, triglyceride.

*Mann-Whitney U test for continuous variables, and χ2 test for categorical variables.
†Analyses of variance.
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showed an independent association between moderate 
to severe OSA with CIMT in younger but not in older 
individuals (>68 years).28 The ELSA-Brasil is a younger 
cohort (mean age: 48 years) and our study significantly 
add to the literature by showing an independent associa-
tion of OSA with CIMT in all degrees of OSA severity, 
including mild OSA. Mild OSA is by far the most common 
form of OSA (in our study mild OSA represented 38% of 
the whole sample or 55% of all patients with OSA), but 
the cardiovascular impact of this mild form is unknown 
underscoring the need of additional research as sug-
gested by a recent statement from the American Tho-
racic Society.29 Therefore, our data underscore the need 
of future well-designed studies addressing the potential 
cardiovascular consequences of mild OSA.

Another important piece of new information was the 
analysis of potential pathways involved in the association 
of OSA with CIMT. The pathogenesis of cardiovascular 
complications in OSA is not completely understood, but 
given the complexity of this sleep disordered breathing, a 
multifactorial cause is likely.30 OSA has often a metabolic 
syndrome phenotype, which is associated with vascular 
inflammation.31,32 Inflammatory processes have emerged 
as critical in the pathogenesis of atherosclerosis in gen-
eral and also important for OSA. In our study, there is a 
parallel increase in C-reactive protein with the severity 
of OSA. Mediation analysis revealed that log C-reactive 
protein was positively related to the AHI-CIMT associa-
tion. Several studies have shown that patients with OSA 
have elevated markers of proinflammatory mediators 
and inflammatory markers with proatherogenic proper-
ties such as TNF-α (tumor necrosis factor alpha), inter-
leukins, C-reactive protein, leukotriene B4, and adhesion 

molecules.30 Basic and translational evidence suggest 
that OSA and its components have a crucial role of NF-κB 
(nuclear factor kappa B) activation with the downstream 
consequences of production of inflammatory genes in 
response inflammatory pathways.33 Recent experimental 
studies have pointed to the importance of inflammation in 
the vascular dysfunction and atherogenesis induced by 
OSA.34,35 Log triglyceride also mediated the AHI-CIMT 
association in our study. Although the impact of triglyc-
eride is still debatable, there is growing evidence point-
ing triglyceride as a potential atherosclerotic risk factor.36 
Particularly, triglyceride-rich lipoprotein degradation and 
uptake into macrophage foam cells in the arterial intima 
seems to contribute to ischemic heart disease, stroke, 
and cardiovascular mortality independent of other lipo-
proteins.37–39 Previous translational studies suggested 
that intermittent hypoxia was associated with dyslipidemia 
by upregulating lipid biosynthesis in the liver and inhibit-
ing lipoprotein clearance of triglyceride-rich lipoproteins 
and contributing to atherosclerosis.40–42 The consistent 
findings from this epidemiological study underscore the 
need of continuing exploring subclinical inflammation and 
triglyceride in the cardiovascular pathogenesis of OSA.

Our study also carefully evaluated the association of 
SD with CIMT. Contrary to our hypothesis, we found no 
independent associations of objective SD with CIMT as 
previously observed in studies using subjective data.11,12 
To the best of our knowledge, the only study exploring 
objective SD using actigraphy and markers of subclini-
cal atherosclerosis (such as coronary calcium score) 
was an observational cohort in a healthy middle-aged 
population of 495 participants from the Coronary Artery 
Risk Development in Young Adults.43 Long SD was 

Figure 1. Carotid intima-media 
thickness (CIMT) boxplots for each 
combination of apnea-hypopnea 
index (AHI) and sleep duration.
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significantly associated with reduced calcification inci-
dence over a 5-year follow-up. In that important study, 
formal sleep studies for detecting OSA were not per-
formed.43 Beyond the potential differences in the vascu-
lar coronary and carotid territories, the current findings 
emphasizes the need of exploring OSA in studies 
addressing SD. In our study, we found that participants 
sleeping <6 hours had higher frequency of moderate 
to severe OSA than the other SD categories. The lack 
of SD interactions with AHI on CIMT highlights the rel-
evance of OSA for cardiovascular disease.

The current investigation has strengths such a huge 
sample size, standard protocols for all measurements, and 

objective SD data, but it has limitations to be addressed. 
A first limitation is that our analyses were constrained due 
to its cross-sectional design, which precludes definitive 
assessment of directionality of associations. However, 
our previous preliminary data showing significant effects 
of effective treatment with OSA on CIMT underscore 
the biological plausibility of this association.44 Second, 
it is important to note that while the indirect mediation 
pathways were statistically significant, the effect sizes 
of the pairwise associations were small. Despite the 
independent association between OSA and CIMT, the 
interfaces between this sleep-disordered breathing with 
age, BP, local adiposity, and comorbidities are complex 

Table 2.  Generalized Linear Model With Gamma Distribution Testing the Association of the 4 Categories of OSA Severity With 
CIMT

 n

Model 1 Model 2 Model 3

Coefficient SD error P value Coefficient SD error P value Coefficient SD error P value

AHI, 5–14.9 (mild OSA) 741 0.072 0.010 <0.001 0.039 0.009 <0.001 0.025 0.008 0.003

AHI, 15–29.9 (moderate OSA) 389 0.117 0.012 <0.001 0.061 0.011 <0.001 0.032 0.011 0.003

AHI≥30 (severe OSA) 266 0.137 0.014 <0.001 0.090 0.013 <0.001 0.049 0.013 <0.001

No OSA (AHI<5) as the reference group; model 1: crude; model 2: adjusted for age, sex, and race; model 3: model 2 plus obesity, smoking, diabetes, hypertension, 
and use of statins. AHI indicates apnea-hypopnea index; CIMT, carotid intima-media thickness; and OSA, obstructive sleep apnea 

Figure 2. Spearman correlations for carotid intima-media thickness (CIMT).
A, Apnea-hypopnea index (AHI). B, Lowest oxygen (O2) saturation. C, Total time with O2 saturation <90%. D, Sleep duration. CIMT indicates 
carotid intima-media thickness.
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and multifaceted. Therefore, we cannot exclude poten-
tial residual confounders. It is conceivable that effects 
of OSA upon the large artery structure are mediated by 
the multiple hemodynamic and metabolic changes that 
were partially addressed in our mediation analysis. Other 
pathways include altered autonomic nervous system 
activity, increased oxidative stress, and endothelial dys-
function were not explored. Third, our cohort is relatively 
young which preclude us for having enough power for 
exploring carotid plaques. We strong think that this fact 
did not mitigate our findings considering the relevance 
of CMIT in predicting cardiovascular events reinforced 
by a recent meta-analysis of 119 clinical trials involving 
>100 000 patients.45 Fourth, the AHI was the OSA vari-
able with higher correlation with CIMT in our study, but 
the unavailability of a formal hypoxia burden marker46 

preclude us to define which the best OSA-related marker 
for atherosclerosis is. Finally, because we use a portable, 
although validated sleep monitor,18 important sleep com-
ponents were not captured. A recent study found that 
sleep fragmentation was associated with coronary cal-
cium score mediated by inflammatory-associated neu-
trophil and monocyte count.47 However, the observed 
associations were not significant when adjusting for the 
AHI suggesting that OSA is the main drive for causing 
sleep fragmentation.

In conclusion, all forms of OSA were associated 
with increased CIMT. The association of AHI and CIMT 
is partially mediated by metabolic and inflammatory 
parameters. SD was not associated nor interacted with 
OSA to increase CIMT, which had not mitigated the 
relevance of extremes of SD on several domains but 

Figure 3. Mediation analysis between apnea-hypopnea index (AHI) with carotid intima-media thickness (CIMT) using CRP 
(C-reactive protein CRP; A), systolic blood pressure (B), and metabolic markers (C–F).
HDL indicates high-density lipoprotein; LDL, low-density lipoprotein; and TG, triglyceride.
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highlighted the need of studying comorbid sleep condi-
tions such as OSA.48
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