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Abstract

Background/Objectives: Clinical observations linking primary snoring (PS) to early mark-
ers of vascular dysfunction suggest a possible contribution to subclinical atherosclerosis.
This study aimed to evaluate carotid and femoral intima–media thickness (cIMT and fIMT)
in patients with atherosclerosis with or without PS, and to identify potential determinants
of increased cIMT. Methods: In this cross-sectional study, 140 patients with atherosclerosis
enrolled. Participants were divided into two groups based on polysomnography results:
patients with PS (n = 95) and patients without snoring (n = 45). Demographic data and
anthropometric measurements were recorded for all patients. High-resolution B-mode
ultrasound was used to measure cIMT and fIMT. Group comparisons, correlation analy-
ses, and multiple linear regressions were performed to evaluate the relationship between
IMT and anthropometric parameters. Results: Patients with PS had significantly higher
cIMT than patients without PS (0.90 ± 0.15 mm vs. 0.65 ± 0.10 mm, p < 0.001, Cohen’s
d = −1.83), whereas fIMT did not differ between groups (p = 0.185). Carotid IMT was
positively correlated with age, body mass index (BMI), waist circumference, and neck
circumference (all p < 0.001). Multivariate analysis identified age, waist circumference,
and neck circumference as independent predictors of increased cIMT (adjusted R2 = 0.31,
p < 0.001). Within the PS group, no significant difference was observed between cIMT and
fIMT (p = 0.33). Conclusions: PS is strongly associated with increased carotid intima–media
thickness in patients with atherosclerosis, independent of obstructive sleep apnea. The
absence of a similar effect in the femoral artery supports the hypothesis that mechanical
vibrations caused by snoring may cause local vascular damage in the carotid wall. These
findings suggest that PS may represent an independent risk factor and an early marker of
carotid atherosclerosis.

Keywords: primary snoring; atherosclerosis; carotid intima–media thickness; vascular
risk; vibration

1. Introduction
Atherosclerosis is a chronic, progressive vascular disease characterized by lipid ac-

cumulation, inflammation, and the formation of a fibrous cap inside the arterial wall.
It is the fundamental pathological substrate underlying serious cardiovascular events
such as ischaemic stroke, myocardial infarction, and peripheral arterial disease, which
remain the leading causes of death worldwide [1,2]. Although traditional risk factors such
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as high blood pressure, diabetes mellitus, dyslipidemia, obesity, and smoking are well-
established [3,4], growing evidence suggests that non-traditional, potentially modifiable
factors may also play a decisive role in atherogenesis [5–7].

Among these, sleep-related breathing disorders, particularly obstructive sleep apnea
(OSA), have been shown to be important modifiers of cardiovascular risk. OSA is char-
acterized by recurrent episodes of upper airway obstruction during sleep, resulting in
intermittent hypoxemia, arousals, and excessive fluctuations in intrathoracic pressure [8].
These physiological disturbances activate the sympathetic nervous system, induce systemic
inflammation and oxidative stress, and impair endothelial function, thereby accelerating
the atherosclerotic process [9–11]. Large-scale clinical studies have demonstrated a strong
link between OSA and high blood pressure, coronary heart disease, atrial fibrillation, heart
failure, and stroke, as well as increased cardiovascular mortality [12–14].

However, the vascular effects of PS, defined by an apnoea–hypopnoea index (AHI)
< 5 and the absence of clinical OSA, remain much less well understood [15]. PS, once
considered a benign or socially embarrassing disorder, has recently attracted attention as a
potential cardiovascular risk factor. Epidemiological data suggest that habitual snoring is
widespread in the general population, but estimates vary due to the subjective nature of
survey methods [16]. Recent studies using objective acoustic recordings over several nights
have shown a strong link between snoring and high blood pressure, even after adjusting for
OSA [17]. In addition, several clinical observations have associated PS with early markers
of vascular dysfunction, including increased carotid artery intima–media thickness (cIMT),
suggesting a contribution to subclinical atherosclerosis [18,19].

Experimental and mechanistic evidence also supports a plausible hypothesis of local-
ized vascular injury. Snoring generates repetitive vibrations of the upper airway tissues that
transmit mechanical energy to the nearby carotid arteries, which may lead to endothelial
stress and inflammatory activation [20,21]. Furthermore, animal studies have shown that
simulated snoring vibrations can directly alter endothelium-dependent vascular relax-
ation and reduce nitric oxide-mediated signal transmission in the carotid wall, even in the
absence of structural damage [22]. These findings support the hypothesis that chronic vi-
brational stress may accelerate local atherogenesis through an “injury response mechanism”
rather than through systemic hypoxia or metabolic dysregulation [23].

Despite these findings, significant gaps remain in our knowledge. Most studies
conducted to date rely on subjective assessments or limited sleep studies covering only a
single night, and few have examined whether the vascular effects of snoring are localized or
systemic. Furthermore, the potential influence of PS, independent of OSA and traditional
cardiovascular risk factors, remains insufficiently studied. Clarifying this distinction is
essential, as it could lead to PS no longer being defined as a harmless phenomenon, but
as a potential early indicator or contributing factor of localized vascular pathology. This
study aimed to examine whether PS is associated with subclinical atherosclerosis through
a localized vascular mechanism. Specifically, we compared the intima–media thickness
(IMT) of the carotid artery and femoral artery in patients with atherosclerosis but without
OSA. We hypothesized that PS is associated with increased carotid artery IMT, but not with
femoral artery IMT, supporting the hypothesis that snoring-related vascular damage is
primarily caused by local mechanical vibrations rather than systemic mechanisms.

2. Materials and Methods
2.1. Ethical Approval

This study was approved by the Clinical Research Ethics Committee of Adana City
Hospital (Decision No: 128, Date: 25 October 2017, Meeting No: 8). All procedures were
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conducted in accordance with the ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants before enrollment.

2.2. Study Design and Population

This cross-sectional observational study was conducted in the Otorhinolaryngology
and Radiology outpatient clinics of Adana City Hospital. Patients aged 18–65 years with
a diagnosis of atherosclerosis confirmed by clinical and imaging findings were screened
for eligibility. A total of 140 consecutive eligible patients were enrolled. All participants
underwent full-night polysomnography (PSG) in the hospital’s sleep laboratory.

According to PSG results, patients with an apnea–hypopnea index (AHI) < 5 were
divided into two groups: those with objectively confirmed snoring were assigned to
the PS group (n = 95), and those without snoring were assigned to the non-PS group
(n = 45). Exclusion criteria included current or past smoking, being older than 65 years of
age, a history of cerebrovascular accident, angina pectoris, chronic kidney disease, diabetes
mellitus, pregnancy, or hormonal contraceptive use. Participants with incomplete PSG data
or inadequate ultrasound image quality were also excluded.

2.3. Sleep Study and Snoring Assessment

Overnight PSG was performed in accordance with the American Academy of Sleep
Medicine (AASM) standards. The parameters monitored included electroencephalography
(EEG), electro-oculography (EOG), electromyography (EMG), electrocardiography (ECG),
nasal airflow, thoracoabdominal movements, and pulse oximetry. Snoring was recorded
using a built-in microphone and airflow sensor. Snoring phases were automatically detected
and verified by a qualified sleep technician. The AHI was calculated as the number of
apnea and hypopnea episodes per hour of sleep. Subjects with AHI < 5 and exhibiting
signs of snoring were classified as primary snorers.

2.4. Data Collection

All participants underwent a detailed clinical examination. Demographic characteris-
tics, medical history, and anthropometric measurements, including height, weight, neck
circumference, and waist circumference, were obtained by trained staff using standard-
ized techniques. Body mass index (BMI) was calculated as weight (kg) divided by height
squared (m2).

2.5. Ultrasound Assessment of Intima–Media Thickness

Carotid and femoral IMT measurements were performed by a single experienced
radiologist blinded to group allocation, using a high-resolution B-mode ultrasound system
(Aplio 500, Toshiba Medical Systems, Tokyo, Japan) equipped with a 4.8–11 MHz linear-
array transducer.

Carotid IMT (cIMT): Measurements were obtained from the far wall of the right com-
mon carotid artery (CCA), approximately 3 cm proximal to the carotid bulb in plaque-free
segments. Three end-diastole measurements were averaged.

Femoral IMT (fIMT): Using an identical technique, three measurements were taken from
the posterior wall of the right common femoral artery (CFA) proximal to the bifurcation,
and the mean value was recorded as the subject’s fIMT.

2.6. Statistical Analysis

Statistical analyses were conducted using the R software package (version 4.4.2).
The normality of data distribution was assessed using the Kolmogorov–Smirnov test.
Continuous variables are presented as mean ± standard deviation (SD) for normally
distributed data or median (interquartile range) for non-normally distributed data. In

https://doi.org/10.3390/jcm15010300

https://doi.org/10.3390/jcm15010300


J. Clin. Med. 2026, 15, 300 4 of 11

contrast, categorical variables are presented as numbers and percentages. Comparisons
between participants with and without PS were made using the independent samples t-test
for continuous variables and the chi-square test for categorical variables. The primary
outcome variable was carotid intima–media thickness (cIMT), and the secondary outcome
variable was femoral intima–media thickness (fIMT).

The effect size of the cIMT difference between the groups was calculated using Co-
hen’s d coefficient. Pearson or Spearman correlation analyses were used to evaluate the
relationships between IMT values and continuous clinical variables, including age, BMI,
waist circumference, and neck circumference.

Variables showing significant associations with cIMT in univariate analysis were
entered into a multivariate linear regression model to identify independent predictors
of increased cIMT. Additionally, within the PS group, paired t-tests were performed to
compare cIMT and fIMT values to determine whether the vascular effect of PS was localized
to the carotid artery. A two-tailed p-value < 0.05 was considered statistically significant.

3. Results
A total of 140 participants (95 with PS and 45 without PS) were included in the analysis.

The two groups were similar in terms of age and sex distribution. However, individuals
with PS had significantly higher BMI, waist circumference, and neck circumference than
those without PS. The cIMT was significantly higher in the PS group, whereas fIMT did not
differ significantly between groups (see Table 1).

Table 1. Baseline demographic and clinical characteristics of the participants.

Variable Without PS (n = 45) With PS (n = 95) p-Value

Age (years) 48.8 ± 11.1 48.5 ± 11.7 0.877

Sex (Male), n (%) 39 (86.7%) 85 (89.5%) 0.839

Body mass index (kg/m2) 26.6 ± 1.8 30.4 ± 2.4 <0.001

Waist circumference (cm) 83.7 (8.2) 90.6 (3.1) <0.001

Neck circumference (cm) 39.5 (2.0) 42.3 (2.3) <0.001

cIMT (mm) 0.652 ± 0.099 0.900 ± 0.150 <0.001

fIMT (mm) 0.930 (0.210) 0.910 (0.210) 0.185

3.1. Differences in Carotid and Femoral IMT Between Groups

The cIMT was significantly greater in individuals with PS compared to those without
PS (t = −11.66, df = 123.3, p < 0.001). In contrast, femoral IMT (fIMT) did not differ
significantly between the two groups (W = 2384.5, p = 0.185). The difference in cIMT
between groups corresponded to a large effect size (Cohen’s d = −1.83, 95% CI [−2.25,
−1.41]) (see Figure 1).

3.2. Associations Between Carotid IMT and Anthropometric Variables

Spearman correlation analyses revealed a significant weak-to-moderate positive cor-
relation between cIMT and several anthropometric and clinical parameters (n = 140) (see
Figure 2). In the non-PS group, carotid IMT was strongly correlated with age (r = 0.78,
p < 0.001) and neck circumference (r = 0.62, p < 0.001), but not with BMI or waist circumfer-
ence. In contrast, among patients with PS, cIMT showed a weak but significant correlation
with age only (r = 0.30, p = 0.003). In contrast, BMI, waist, and neck circumference were not
significantly associated with cIMT (Figure 3).
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Figure 1. Violin plots illustrating the distribution of carotid (cIMT) and femoral (fIMT) intima–media
thickness values in participants with and without PS. Each violin represents the kernel density of
the data: the wider (bulged) sections indicate higher data density, whereas the narrower (flattened)
sections represent lower density. Medians and interquartile ranges are marked within each violin.

3.3. Independent Predictors of Carotid IMT

A multiple linear regression model was constructed with cIMT (mm) as the dependent
variable and age, BMI, waist circumference, neck circumference, and the presence of
primary snoring as predictors (n = 140). The model significantly predicted cIMT values,
accounting for approximately 53% of the variance (adjusted R2 = 0.53, p < 0.001). Age and
the presence of primary snoring remained independent predictors of increased cIMT, while
BMI, waist circumference, and neck circumference were not significant predictors in the
adjusted model (see Table 2).

Table 2. Multivariable linear regression analysis of predictors of carotid IMT (n = 140).

Variable β (Estimate) Std. Error t 95% CI p-Value

Intercept 1.027 0.401 2.56 0.23–1.82 0.011

Age 0.0056 0.0010 5.79 0.0037–0.0075 <0.001

BMI (kg/m2) −0.0026 0.0057 −0.45 −0.0139–0.0087 0.654

Waist circumference (cm) −0.0028 0.0042 −0.67 −0.0111–0.0055 0.502

Neck circumference (cm) −0.0087 0.0074 −1.17 −0.0233–0.0060 0.245

Primary snoring (Reference “No”) 0.299 0.0369 8.11 0.226–0.372 <0.001
Adjusted R-squared: 0.53; F-statistic: 32.41 on 5 and 133 DF, p-value: <0.001.
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Figure 2. Scatter plots showing correlations between carotid IMT and age, BMI, waist circumference,
and neck circumference. Correlation coefficients (R) and corresponding p-values are presented in
each panel.

Figure 3. Correlations between carotid IMT and anthropometric variables by primary snoring status.
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3.4. Comparison of Carotid and Femoral IMT Within the Primary Snoring Group

A paired t-test was performed within the PS group to compare cIMT and fIMT values.
No significant difference was found between cIMT and fIMT values (p = 0.33) (see Figure 4).

 

Figure 4. Within-subject comparison of IMT in the primary snoring group. Scatter plot comparing
cIMT and fIMT intima–media thickness in individuals with primary snoring.

4. Discussion
This study evaluated the influence of PS on carotid and femoral IMT and on clinical

and anthropometric factors associated with carotid wall changes. Individuals with PS
exhibited significantly greater carotid IMT compared with non-snorers, whereas femoral
IMT values were similar between the two groups. Additionally, carotid artery thickening
was positively correlated with age and the presence of primary snoring, while BMI, waist
circumference, and neck circumference were not. These findings suggest that primary
snoring, even in the absence of obstructive sleep apnea, may be associated with early
vascular changes, particularly in the carotid arteries.

Despite no change in fIMT values in the snoring group, the significant increase ob-
served in cIMT provides strong evidence that vascular changes in PS are regional rather
than systemic. The location of thickening in the carotid arteries is consistent with the hy-
pothesis that repetitive mechanical vibrations from snoring can directly damage the vessel
wall. Experimental work by Cho and colleagues demonstrated that continuous oscillatory
stimulation mimicking snoring impaired nitric oxide-mediated vasodilation in the carotid
artery without significant endothelial damage [22]. Endothelial dysfunction is one of the
earliest signs of atherogenesis [24] and triggers a series of inflammatory, thrombotic, and
proliferative reactions that promote plaque formation [25].

Our findings regarding selective carotid thickening reflect this mechanism and suggest
that chronic vibrational stress may induce localized endothelial damage that precedes
clinical atherosclerosis.

The link between snoring and carotid artery damage has already been confirmed in
human studies. Observational data have shown that habitual or loud snoring is a predictor
of carotid atherosclerosis, independent of OSA severity and traditional cardiovascular risk
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factors [26]. Recent acoustic analyses have shown that snoring intensity and frequency
are positively correlated with cIMT [23]. Our study confirms these correlations by directly
comparing the carotid and femoral arteries in the same individuals. The absence of changes
in cIMT indicates that the effect is not due to systemic inflammation or hypoxia, but to a
localized vibration force transmitted through the neck tissues [27]. This pattern positions
primary snoring as a clinical phenomenon rather than a milder form of OSA. On the
contrary, the causative role of snoring in carotid atherosclerosis was not detected in a
chronic simulated snoring rabbit model study [28].

Our study demonstrated a significant and independent association between primary
snoring and increased carotid IMT, consistent with previous study [29]. This supports
the hypothesis that snoring-related mechanical vibrations may promote localized carotid
vascular remodeling. Although the snoring group had higher BMI, waist circumference,
and neck circumference, multivariable linear regression analysis demonstrated that these
anthropometric measures were not independently associated with cIMT. Femoral IMT
did not differ between groups, despite similar exposure to systemic metabolic risk factors.
This arterial-site specificity suggests that snoring-related mechanical vibrations may exert
a localized effect on the carotid artery, beyond the contribution of generalized obesity.
The large effect size observed (Cohen’s d = 1.83), together with the absence of femoral
arterial involvement, further supports the hypothesis that snoring-related mechanical
vibrations exert a regionally specific impact on the carotid artery. Although neck circum-
ference was not independently associated with cIMT in the regression model, it may still
serve as a dual indicator, reflecting both peripharyngeal fat deposition and exposure to
mechanical vibrations during sleep [28,30]. While it is well known that central obesity
promotes systemic atherosclerosis, our results show that the carotid artery, rather than
the femoral artery, is disproportionately affected. This suggests that the mechanical ef-
fects of snoring may synergize with local obesity to increase endothelial stress in the
neck region.

Growing evidence suggests that primary snoring should not be viewed solely as a
social nuisance. Epidemiological studies have shown that objectively measured snoring,
independent of OSA, is associated with uncontrolled hypertension [17]. According to
individuals’ own statements, habitual snoring and excessive daytime sleepiness are factors
that increase the risk of high blood pressure and cardiovascular disease, as is already
known [31,32]. Our study adds a structural dimension to these findings: we suggest that
vascular changes may already have begun, even in individuals who snore but have not
been diagnosed with OSA. This outcome highlights the critical role of early intervention
in preventing cardiovascular diseases. Measuring carotid intima–media thickness in ha-
bitual snorers may enable doctors to detect vascular lesions that have not yet manifested
symptoms and take risk-reducing steps at a much earlier stage.

From a clinical perspective, if snoring contributes to regional damage to the carotid
artery in the neck, the goal of treatment should be more than just ensuring a good night’s
sleep or alleviating the bed partner’s discomfort. Theoretically, steps to reduce snoring
severity, such as losing weight, correcting sleep posture, or using special oral appliances,
may also alleviate pressure on the vessels. Indeed, Yaremchuk et al. emphasized that
primary snoring treatment should not be viewed solely as a means to alleviate symptoms
but also as a potential cardiovascular measure [33]. Lifestyle modification is a primary
priority at this point: weight control, avoiding alcohol and sedatives, and finding the most
suitable sleeping position are the first steps to take [34]. Additionally, splints that bring
the jaw forward or intraoral appliances that stabilize the tongue may provide additional
benefit in reducing vibrations in the airway [35,36].
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Study Strengths and Limitations

This study has several noteworthy strengths. Firstly, the accuracy of the classification is
ensured because the snoring condition was objectively documented by polysomnography
rather than relying on individuals’ self-reports. Secondly, the inclusion of individuals
without sleep apnea (AHI < 5) in the study eliminated the confounding effect of sleep
apnea on the results. Thirdly, the simultaneous examination of the carotid artery and the
leg artery allowed for distinguishing whether vascular effects were regional or general,
supporting the interpretation of mechanical damage. Finally, it is important that the effect
size obtained (Cohen’s d = 1.83) reflects a clinically significant difference rather than a
statistical coincidence.

However, the study has some limitations to consider. The cross-sectional design of the
study does not allow us to establish a cause-and-effect relationship; repeated measurements
over time (longitudinal data) are needed to determine whether snoring definitively triggers
cIMT. The fact that participants were selected from patients examined for suspected vas-
cular stiffness (atherosclerosis) may limit the extent to which the findings can be applied
to the general population. Although known significant risk factors were controlled for,
the possible effects of unmeasured factors such as dietary habits, physical activity level,
or socioeconomic conditions on the results cannot be completely ruled out. While anthro-
pometric measures differed between snorers and non-snorers, these variables were not
independently associated with cIMT after adjustment; nevertheless, residual confounding
cannot be entirely ruled out. Therefore, the findings should be interpreted with caution,
and causality cannot be inferred.

Another limitation is that characteristics such as the duration, frequency, and noise
level of snoring were not measured numerically. Previous studies have shown that objec-
tively measured snoring duration is associated with arterial wall thickness, particularly in
women [28]. Additionally, the fact that only the arteries on the right side were examined
and that the consistency among the specialists performing the measurements was not
reported are other limitations. Ultimately, the failure to measure biomarkers indicative
of inflammation or intravascular health has prevented the direct verification of the pro-
posed pathophysiological mechanisms. Finally, since a single radiologist performs IMT
measurements, the lack of inter-observer or intra-observer repeatability assessment should
be considered a limitation.

5. Conclusions
This study indicates that primary snoring, independent of obstructive sleep apnea,

is associated with a significant increase in carotid intima–media thickness. The absence
of changes in femoral intima–media thickness strongly suggests that this vascular effect
is localized and most likely mediated by mechanical vibrations transmitted to the carotid
artery during snoring. The absence of a similar change in carotid artery wall thickness
provides strong evidence that this vascular effect is regional and most likely arises from
mechanical vibrations generated during snoring and propagated to the carotid artery.

These results support the concept that primary snoring is not merely a harmless
condition but may represent an early stage of vascular damage. From a clinical perspective,
these findings highlight the importance of recognizing habitual snoring as a potential
indicator of cardiovascular risk. Using carotid ultrasound to assess patients with snoring,
particularly those with additional risk factors, may help detect subclinical atherosclerosis
at a reversible stage before symptoms manifest. Future studies should focus on confirming
this cause-and-effect relationship through long-term follow-up and intervention studies.
Numerical analysis of characteristics such as the duration, severity, and frequency of
snoring may help us understand the dose–response relationship in vascular remodeling.
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