
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  
v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Li et al. BMC Medical Imaging          (2025) 25:129 
https://doi.org/10.1186/s12880-025-01678-1

BMC Medical Imaging

*Correspondence:
Zuojun Geng
26620021@hebmu.edu.cn
1Department of Medical Imaging, The First Affiliated Hospital of Hebei 
North University, Zhangjiakou, China
2Radiotherapy Department, The First Affiliated Hospital of Hebei North 
University, Zhangjiakou, China
3Department of Medical Imaging, The Second Hospital of Hebei Medical 
University, No. 215, Heping West Road, Shijiazhuang,  
Hebei Province 050000, China

Abstract
Objective To apply SyMRI to quantify whole brain volume changes in patients with varying degrees of obstructive 
sleep apnea (OSA).

Methods A total of 49 untreated adult patients diagnosed with OSA via polysomnography (PSG) at our hospital were 
included in this study. Among these patients, 21 were categorized into the mild-to‐moderate OSA group, and 28 into 
the severe OSA group. Additionally, 31 healthy adults were recruited as the healthy control (HC) group. SyMRI post‐
processing software was used to obtain whole brain volume segmentation values.

Results In terms of the STOP-BANG questionnaire, the score of the severe OSA group was significantly higher than 
that of the mild‐to‐moderate OSA group (P < 0.05). Compared with the HC group, the mild‐to‐moderate OSA group 
and the severe OSA group exhibited a reduction in N3‐stage sleep (both P < 0.05). Post‐hoc multiple comparisons 
showed that compared with the HC group, the severe OSA group had increased GMV, BPV, and ICV, while the mild‐to‐
moderate OSA group showed an increase in CSFV (P < 0.05). Additionally, compared with the HC group, the mild‐to‐
moderate OSA group exhibited a decrease and the severe OSA group showed an increase in MYV (P < 0.05). Multiple 
comparisons of normalized volume fractions revealed that GMF, WMF, CSFF, MYF and BPVF were significantly different 
between the HC group and OSA groups (all P < 0.05).

Conclusion The brain volume parameters generated from SyMRI can quantify the degree of brain injury in patients 
with OSA.

Clinical trial number Not applicable.
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Introduction
Obstructive sleep apnea (OSA) is a disorder character-
ized by repeated partial (hypopnea) or complete (apnea) 
obstruction of the upper airway during sleep [1]. These 
recurrent episodes of hypoxemia and hypercapnia nega-
tively impact multiple organ systems throughout the 
body [2]. OSA is often considered an insidious health 
threat, as its subtle symptoms make it easy for patients 
to overlook, leading to delayed diagnosis and treatment. 
With the aging population, the prevalence of OSA keeps 
rising [3]. It is estimated that approximately 936 million 
people worldwide are currently affected by OSA [4]. Evi-
dence has shown that OSA is a risk factor for anxiety/
depression, cardio-cerebrovascular diseases, and cogni-
tive impairment [5–7].

Research on OSA-related gray matter damage remains 
controversial. On one hand, previous studies using 3D‐
T1 structural imaging have confirmed OSA‐induced gray 
matter damage, showing changes in gray matter volume 
(GMV) and cortical thickness. However, whether these 
changes represent an increase or decrease is debated, 
which may be associated with the choice of research 
methods, sample selection, and evaluation criteria 
[8–10]. On the other hand, the mechanisms underlying 
OSA‐induced gray matter damage and whether this dam-
age is reversible are also contentious. Many researchers 
suggest that patients with OSA experience extensive axo-
nal and myelin damage [11, 12].

Synthetic magnetic resonance imaging (SyMRI) is 
an emerging quantitative magnetic resonance imaging 
(qMRI) technology that has gained attention in recent 
years. SyMRI enables brain volume segmentation based 
on intravoxel relaxation values, which are intrinsic 
properties of tissues. Since the segmentation relies on 
the physical attributes of tissues, it eliminates the influ-
ence of external factors such as imaging equipment, coil 
types, and post-processing techniques [13, 14]. Through 
a single scan, SyMRI not only generates various con-
trast‐weighted images and quantitative maps but also 
provides measurements of GMV, white matter volume 
(WMV), cerebrospinal fluid volume (CSFV), and myelin 
volume (MYV). Previous studies have demonstrated that 
the automatic brain volume segmentation results from 
qMRI show high compatibility with manual segmenta-
tion results [15]. The volume segmentation results from 
SyMRI have been found to be consistent and reliable 
[16]. Myelin, which constitutes the primary component 
of white matter, plays a crucial role in research on brain 
development and neurodegeneration, and MYV can-
not be measured by other MRI sequences. In this study, 
SyMRI‐based volume segmentation was conducted 
to quantitatively measure GMV, WMV, and MYV in 
patients with OSA, thereby identifying neuroimaging 

biomarkers to explore the mechanism underlying brain 
injury in OSA.

Materials and methods
Study subjects
From March 2023 to March 2024, 49 patients diagnosed 
with OSA via polysomnography (PSG) were recruited 
from our center. Based on the apnea-hypopnea index 
(AHI), these patients were divided into a mild‐to‐moder-
ate OSA group (n = 21, 5 events/hour ≤ AHI < 30 events/
hour) and a severe OSA group (n = 28, AHI ≥ 30 events/
hour). Additionally, 31 non‐OSA volunteers were 
enrolled in the healthy control (HC) group through pub-
lic advertisements. The inclusion criteria for the OSA 
group are as follows: (1) Untreated adults confirmed to 
have OSA via PSG (≥ 30 episodes of apnea during 7 h of 
sleep or AHI ≥ 5 events/hour). (2) The severity of OSA 
was classified according to the 2017 version of the Clini-
cal Practice Guidelines for the Diagnostic Testing for 
Adult Obstructive Sleep Apnea issued by the Ameri-
can Academy of Sleep Medicine [17]: Mild‐to‐moderate 
OSA: 5 events/hour ≤ AHI < 30 events/hour; Severe OSA: 
AHI ≥ 30 events/hour. (3) Subjects were aged between 18 
and 60 years, right‐handed. For the HC group, healthy 
volunteers without OSA, matched by age and gender 
to the OSA group, with AHI < 5 events/hour, and right‐
handed were rendered eligible. Individuals meeting any 
of the following criteria were excluded from the study: (1) 
Presence of other sleep‐related disorders; (2) Severe car-
dio‐cerebrovascular diseases or neuropsychiatric disor-
ders; (3) Significant intracranial structural abnormalities 
(such as severe white matter lesions, ischemic or hemor-
rhagic cerebrovascular diseases, marked brain atrophy, 
traumatic brain injury, or intracranial tumors); (4) Use of 
psychiatric medications or alcohol abuse; (5) Presence of 
metal implants in the body, claustrophobia, or inability to 
cooperate during the examination for other reasons. This 
study has been approved by the Ethics Committee of the 
Second Hospital of Hebei Medical University. Informed 
consent has been obtained from all participants.

MMSE and MoCA
The Mini-Mental State Examination (MMSE) and Mon-
treal Cognitive Assessment (MoCA) are both screening 
tools used to assess cognitive function but with different 
focuses. MMSE evaluates global cognition, typically in 
the context of conditions like dementia, covering areas 
such as memory, orientation, attention, language, and 
visuospatial abilities, with a maximum score of 30 points. 
A score of 24 or below suggests cognitive impairment, 
while a score of 30 indicates no impairment. In contrast, 
MoCA is designed to be more sensitive in detecting mild 
cognitive impairment (MCI) and focuses more on execu-
tive function, memory, attention, and abstract thinking. 
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It also has a maximum score of 30, with a score of 26 or 
higher considered normal. Although both tests assess 
cognitive function, MoCA is often regarded as more sen-
sitive, especially in detecting early cognitive decline or 
MCI.

PSG
PSG was conducted at least 7  h of sleep at night, con-
tinuously and synchronously recording more than 10 
parameters, including electroencephalography (EEG), 
electrocardiography (ECG), electrooculography (EOG), 
chin electromyography (EMG), chest and abdominal 
movements, nasal and oral airflow, and fingertip oxygen 
saturation. On the day of monitoring, participants were 
prohibited from consuming stimulants such as coffee or 
alcohol and from taking any sleep-inducing medications.

Study equipment and sequences
All participants underwent cranial scanning using 
a GE SIGNA Architect 3.0T MRI scanner equipped 
with a specialized 48-channel head coil. The scanning 
sequences included a 3D T1 Bravo sequence and an 
SyMRI sequence. SyMRI axial scan parameters are as fol-
lows: Field of view (FOV) 24 cm × 24 cm, repetition time 
(TR) 4000 ms, time to echo (TE) 21.4/96.5 ms, matrix 
size 320 × 224, voxel size 0.75 × 0.75 × 5  mm, slice thick-
ness 5 mm, inter‐slice gap 1 mm (selected to balance scan 
time and partial volume effects), 22 slices in total, and a 
scan time of 4 min.

Image analysis
T1 and T2-weighted images for all participants showed 
no significant pathological changes in the brain. Post‐pro-
cessing of the images was performed using GE’s SyMRI 
StandAlone 8.0.4. The software automatically generated 
brain volume segmentation values, including intracranial 
volume (ICV), brain parenchymal volume (BPV), GMV, 
WMV, CSFV, MYV, brain parenchymal volume fraction 
(BPVF), gray matter fraction (GMF), white matter frac-
tion (WMF), cerebrospinal fluid fraction (CSFF), and 
myelin fraction (MYF).

Specifically, ICV is the sum of BPV and CSFV. BPV is 
the sum of GMV, WMV, and NoNV (non-gray matter/
white matter/cerebrospinal fluid volume). BPVF is the 
ratio of BPV to ICV. GMF is the ratio of GMV to BPV. 
WMF is the ratio of WMV to BPV. CSFF is the ratio of 
CSFV to ICV. MYF is the ratio of MYV to BPV. A repre-
sentative post‐processed image is shown in Fig. 1.

Statistical methods
Statistical analysis was performed using SPSS 25.0 soft-
ware. The Shapiro-Wilk test was used to assess the nor-
mality of the data. Continuous variables that followed a 
normal distribution were expressed as “mean ± standard 

deviation (x̄±s)”. Differences between the three groups 
were compared using one‐way analysis of variance, with 
Bonferroni (for homogeneity of variance) and Welch 
tests (for heterogeneity of variance) used for post‐hoc 
multiple comparisons. Continuous variables that did not 
follow a normal distribution were expressed as median 
(interquartile range) [M (P25, P75)], and the Kruskal‐
Wallis test was used to compare differences between 
the three groups, with post‐hoc multiple comparisons 
adjusted using the Bonferroni correction. Categorical 
variables were expressed as frequencies (n), and differ-
ences between the three groups were analyzed using the 
chi‐square (χ²) test. A P‐value of less than 0.05 was con-
sidered statistically significant.

Results
Between-group comparison of clinical data and sleep 
parameters
As shown in Table 1, there are statistically significant dif-
ferences between the HC group, the mild-to‐moderate 
OSA group, and the severe OSA group in BMI (F = 9.003, 
P = 0.000), neck circumference (F = 18.438, P = 0.000), 
AHI (H = 69.730, P = 0.000), mean oxygen saturation 
(MSpO₂) (H = 49.678, P = 0.000), lowest oxygen satura-
tion (LSpO₂) (H = 49.673, P = 0.000), percentage of time 
in stage 1 of non‐rapid eye movement (NREM) sleep 
(N1%) (H = 15.992, P = 0.000), percentage of time in stage 
2 of NREM sleep (N2%) (H = 23.750, P = 0.000), percent-
age of time in stage 3 of NREM sleep (N3%) (H = 37.600, 
P = 0.000), and STOP‐BANG score (The STOP‐Bang 
acronym stands for: snoring history, tired during the 
day, observed stop of breathing while sleeping, high 
blood pressure, BMI > 35  kg/m² (or 30  kg/m²), age > 50 
years, neck circumference > 40  cm and male gender) 
(H = ‐3.477, P = 0.001) (all P < 0.05).The results of mul-
tiple comparisons among the three groups are shown in 
Figs. 2. BMI and neck circumference in the severe OSA 
group are significantly higher than those in the HC group 
and the mild‐to‐moderate OSA group (P < 0.05 for both 
comparisons). Regarding the sleep parameters, both 
MSpO₂ and LSpO₂ in the severe OSA group are signifi-
cantly lower than those in the HC and mild‐to‐moder-
ate OSA groups, and LSpO₂ in the mild‐to‐moderate 
OSA group is lower than that in the HC group (P < 0.05 
for both comparisons). Compared with the HC group, 
the severe OSA group shows an increase in N1 and N2 
sleep and a significant reduction or absence of N3 sleep 
(P < 0.05). The mild‐to‐moderate OSA group exhibits an 
increase in N2 sleep and a decrease in N3 sleep compared 
with the HC group (P < 0.05). The STOP‐BANG scores of 
the severe OSA group are higher than those of the mild‐
to‐moderate OSA group (P < 0.05 for both comparisons).

There are no statistically significant differences between 
the HC group, the mild-to‐moderate OSA group, and 
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the severe OSA group in age (F = 1.908, P = 0.155), sex 
(χ² = 5.547, P = 0.062), history of hyperglycemia (χ² = 
1.334, P = 0.513), hyperlipidemia (χ² = 1.479, P = 0.477), 
hypertension (χ² = 5.513, P = 0.064), total sleep time 
(TST) (F = 2.280, P = 0.109), sleep efficiency (H = 0.597, 
P = 0.742), percentage of rapid eye movement (REM) 
sleep (REM%) (H = 5.007, P = 0.082), score for the Mini‐
Mental State Examination (MMSE) (H = 4.165, P = 0.125), 
or score for the Montreal Cognitive Assessment (MoCA) 
(H = 5.092, P = 0.078). Additionally, there was no statisti-
cally significant difference between the mild‐to‐moderate 
and severe OSA groups in disease duration (H = ‐0.712, 
P = 0.477) or score for the Epworth Sleepiness Scale (ESS) 
(H = ‐1.346, P = 0.185).

Between-group comparison of whole‐brain volume 
segmentation values
As shown in Table 2, there are statistically significant dif-
ferences among the three groups in GMV (H = 21.346, 
P = 0.000), CSFV (H = 7.449, P = 0.024), MYV (H = 10.148, 
P = 0.006), BPV (H = 15.894, P = 0.000), ICV (H = 13.747, 
P = 0.000), GMF (H = 17.721, P = 0.000), WMF 
(H = 16.916, P = 0.000), CSFF (H = 15.218, P = 0.000), MYF 
(H = 8.292, P = 0.000), and BPVF (H = 15.218, P = 0.000), 
with all P-values being less than 0.05.

The multiple comparison results among the three 
groups are shown in Fig. 2. The severe OSA group exhib-
its significantly higher GMV, BPV, and ICV compared 
with the HC group, while the mild-to‐moderate OSA 
group shows increased CSFV compared with the HC 
group (P < 0.05, respectively). In contrast, the mild‐to‐
moderate OSA group has decreased MYV, while the 

Fig. 1 SyMRI post-processing images. (A) White matter, with WMV in light pink color; (B) Gray matter, with GMV in green color; (C) Cerebrospinal fluid, 
with CSF in blue color; (D) Myelin, with MYV in yellow‐green color (segmentation transparency overlays structural maps, with color intensity reflecting 
myelin content). It is visually reliable using SyMRI for brain volume segmentation
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severe OSA group has increased MYV when compared 
with the HC group (P < 0.05, respectively). The results 
of standardized volume fraction analysis indicated that 
both the mild‐to‐moderate and severe OSA groups had 
increased GMF and decreased WMF compared with the 
HC group (P < 0.05, respectively). Additionally, the severe 
OSA group had lower CSFF compared with both the HC 
group and the mild‐to‐moderate OSA group (P < 0.05, 
respectively). The mild‐to‐moderate OSA group showed 
a decrease in MYF compared with the HC group, while 
the severe OSA group had a significantly higher BPVF 
compared with both the HC group and the mild‐to‐mod-
erate OSA group (P < 0.05, respectively).

Discussion
Our study revealed that SyMRI-based brain volume 
quantification captures distinct patterns of GMV, MYV, 
and BPV changes in OSA severity. Specifically, severe 
OSA showed increased GMV, BPV, and ICV compared 
to HC, while mild-to-moderate OSA exhibited elevated 
CSFV. These findings align with the hypothesis of adap-
tive brain responses to hypoxia. OSA is recognized as a 
risk factor for various conditions such as anxiety/depres-
sion, cardio-cerebrovascular diseases, and cognitive 
impairment [18]. OSA‐related cognitive, memory, and 
emotional changes may be associated with structural 

damage in the gray and white matter, such as gray mat-
ter atrophy or hypertrophy and disruptions in the integ-
rity of white matter fiber tracts [8]. Previous studies on 
brain volume changes in patients with OSA have primar-
ily relied on 3D T1‐weighted imaging [19]. However, 3D 
T1‐weighted images cannot measure MYV, a major com-
ponent of white matter critical for studying white matter 
damage. To date, there is a research gap regarding the 
use of SyMRI for investigating brain volume changes in 
patients with OSA. Our study results showed that in the 
severe OSA group, GMV, MYV, BPV, and ICV exhibited 
an increasing trend, whereas these volume parameters 
did not show statistically significant differences between 
the mild‐to‐moderate OSA group and the HC group. 
Given the potential impact of individual brain volume 
differences among subjects on group comparisons, we 
standardized the absolute brain volume values for all 
participants to obtain normalized volume fractions. This 
adjustment allowed us to eliminate the influence of indi-
vidual variability in brain volume during group compari-
sons. We observed that GMF and BPVF increased with 
OSA severity, while WMF and CSFF showed the oppo-
site. Notably, MYF was only reduced in the mild‐to‐mod-
erate OSA group compared with the HC group.

André C et al. [20] studied changes in sensitive brain 
regions among elderly patients with moderate-to‐severe 

Table 1 Between-group comparison of clinical data and sleep parameters (x̄±s / M [P25, P75]/n)
Variable HC (n = 31) Mild-to‐moderate OSA (n = 21) Severe OSA (n = 28) t/χ2/H-value P-value
Age (years) 46.2 ± 6.9 43.1 ± 10.7 42.1 ± 7.9 1.908 0.155
Sex (M/F) 23/8 14/7 26/2 5.547 0.062
BMI (kg/m²) 26.6 ± 4.0● 26.8 ± 3.6▲ 30.6 ± 4.1●▲ 9.003 < 0.001*
Neck circumference (cm) 36.6 ± 4.0● 38.7 ± 3.2▲ 42.3 ± 3.5●▲ 18.438 < 0.001*
Past history (normal/abnormal)
Hyperglycemia 26/5 16/5 20/8 1.334 0.513
Hyperlipidemia 25/6 14/7 22/6 1.479 0.477
Hypertension 26/5 13/8 16/12 5.513 0.064
Disease duration - 8.0(5.0,14.0) 7.0(4.0,10.0) − 0.712 0.477
TST 440.3 ± 70.8 400.7 ± 69.7 408.6 ± 76.9 2.280 0.109
Sleep efficiency (%) 95.4(91.5,97.7) 95.0(87.2,98.0) 97.0(86.5,98.2) 0.597 0.742
AHI (events/h) 0.7(0.0,2.0)●■ 13.1(8.4,24.0)▲■ 62.5(50.7,78.1)●▲ 69.730 < 0.001*
MSpO₂ (%) 97.0(96.0,97.0)● 96.0(96.0,97.0)▲ 91.0(88.3,94.0)●▲ 49.678 < 0.001*
LSpO₂ (%) 87.0(86.0,90.0)●■ 84.0(81.0,85.0)▲■ 62.0(56.3,76.8)●▲ 49.673 < 0.001*
N1% 2.6(1.7,6.0)● 5.0(3.6,10.0) 9.4(5.6,13.6)● 15.992 < 0.001*
N2% 64.3(58.7,69.2)● 67.9(60.6,72.6)▲ 73.3(70.2,77.7)●▲ 23.750 < 0.001*
N3% 12.2(8.1,16.7)●■ 8.6(1.2,12.6)▲■ 0.0(0.0,4.5)●▲ 37.600 < 0.001*
REM% 18.6(15.2,21.8) 16.6(11.2,22.0) 14.3(11.4,19.5) 5.007 0.082
ESS score - 9.8 ± 1.0 11.6 ± 1.0 -1.346 0.185
STOP-BANG score - 5.0(4.0,5.0)● 6.0(5.0,6.0)● -3.477 0.001*
MMSE score 30.0(30.0,30.0) 30.0(29.0,30.0) 30.0(29.0,30.0) 4.165 0.125
MoCA score 30.0(28.0,30.0) 30.0(28.0,30.0) 29.0(28.0,29.0) 5.092 0.078
Abbreviations: BMI - body mass index; AHI ‐ apnea‐hypopnea index; LSaO₂ ‐ lowest oxygen saturation; MSaO₂ ‐ mean oxygen saturation. N1%, N2%, N3%, and 
REM% represent the percentage of time spent in N1, N2, N3 sleep stages, and REM sleep, respectively. “*” indicates statistical significance (P < 0.05). “●” indicates a 
statistically significant difference compared with the mild‐to‐moderate OSA group. “▲” indicates a statistically significant difference compared with the HC group. 
“■” indicates a statistically significant difference compared with the severe OSA group
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OSA who had normal cognitive function. They found 
hypertrophy in the precuneus and posterior cingulate 
gyrus in these patients, along with increased glucose 
metabolism, enhanced regional perfusion, and amyloid‐β 
(Aβ) protein deposition. The increase in GMV may be 
attributed to amyloid deposition, representing an adap-
tive change during the pre‐symptomatic stage of OSA 
[10]. Cross NE et al. [21] proposed a biphasic pattern in 
OSA neuroimaging, where more severe hypoxemia is 
associated with cortical thinning in some brain regions, 
while sleep fragmentation is linked to gray matter thick-
ening or hypertrophy in multiple regions. Gray matter 
atrophy may underlie symptoms of somnolence or cogni-
tive impairment, whereas individuals with mild or asymp-
tomatic OSA often exhibit gray matter hypertrophy or no 

structural changes. Importantly, our whole-brain analysis 
complements prior regional studies [20, 21], suggesting 
that SyMRI captures global adaptive responses, while 
localized changes (e.g., precuneus hypertrophy) may 
require targeted subregional analyses. In this study, most 
of the patients with OSA were middle‐aged men, and the 
cognitive scale scores showed that none of the partici-
pants had cognitive impairment. Therefore, the observed 
increase in GMV may represent an adaptive response to 
OSA in these patients.

Diffusion tensor imaging (DTI) is a non-invasive tech-
nique for imaging white matter fiber tracts. Kumar et al. 
[22] included newly diagnosed, untreated patients with 
OSA and used DTI to study white matter damage in the 
brain. The results showed acute brain damage in several 

Fig. 2 Multiple comparisons of whole brain volume segmentation values. (A)–(E) represent the comparisons of GMV and WMV; CSFV and MYV; BPV and 
ICV; GMF, WMF, and BPVF; CSFF and MYF. Note: *P < 0.05, **P < 0.01
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regions of patients with OSA, involving areas crucial 
for cardiovascular and respiratory regulation, as well as 
cognitive and emotional regulation. Myelin damage was 
found to be more widespread and pronounced com-
pared with axonal damage, potentially due to myelin’s 
higher sensitivity to hypoxia and asymmetric perfusion 
injuries. Similarly, Lee MH et al. [11] used DTI in their 
study and discovered widespread white matter integrity 
disruption, even in mild OSA cases. Baril AA et al. [23] 
studied newly diagnosed, untreated patients with mild to 
severe OSA and found that a lower white matter diffusion 
coefficient was particularly evident in patients with mild 
OSA. However, in those with moderate to severe OSA, 
competing pathological processes of brain damage and 
brain compensation led to an apparent pseudo‐normal-
ization of diffusion metrics.

The brain, as a dynamic and self-regulating organ, initi-
ates a repair process immediately upon myelin damage, 
inducing oligodendrocyte proliferation [24]. When the 
processes of myelin damage and regeneration reach a bal-
ance, WMV may exhibit pseudo‐normalization. Thus, the 
absence of significant changes in WMV, GMV, or BPV 
does not necessarily indicate the absence of brain tissue 
damage. This could represent a transitional pathological 
stage, where the increase or decrease in GMV and white 
matter diffusivity coexist, with a deceptive appearance of 
normalcy arising from these contradictory patterns neu-
tralizing each other. Notably, while whole-brain SyMRI 
quantifies the net effect of these processes, regional DTI 
analyses [11, 22] may disentangle localized damage from 
compensatory mechanisms.

In this study, we also found distinct trends in the 
changes of gray matter and white matter. As OSA wors-
ened, both GMV and GMF exhibited an increasing trend, 
while WMV and WMF showed the opposite. Myelin, 
a crucial component of white matter, showed a slight 

decrease in its volume in mild cases, but a slight increase 
in severe cases. However, after BPV standardization, a 
reduction in MYF was observed only in patients with mild 
to moderate OSA. We speculate that OSA may affect dif-
ferent brain regions differently, and gray and white mat-
ter structures may have varying sensitivities to hypoxic 
damage. In some cases, the same brain region may ini-
tiate ischemic preconditioning in response to hypoxic 
injury, while in other cases, maladaptive responses may 
lead to brain damage [25]. However, whole-brain imaging 
techniques such as SyMRI quantify the combined effects 
of these patterns, whereas regional analyses (e.g., DTI or 
voxel-based morphometry) are required to resolve local-
ized adaptations or injuries [21, 23]. Additionally, OSA is 
a highly heterogeneous disease, and the extent of brain 
damage may be influenced by individual variability, OSA 
clinical phenotypes, comorbidities, and demographic dif-
ferences. Providing reliable imaging data to guide clinical 
treatment, SyMRI volumetric quantification holds signifi-
cant value for assessing the severity and monitoring the 
progression of OSA and is particularly advantageous in 
detecting early myelin-specific changes, which may pre-
cede conventional MRI findings [11, 22].

This study has several limitations. First, we did not ana-
lyze mild OSA as a separate group because the number 
of mild OSA cases was relatively small. Second, the mod-
est sample sizes of the HC, mild-to‐moderate OSA, and 
severe OSA groups warrant larger, multi‐center cohorts 
in future studies. Third, this study only analyzed whole‐
brain volumes of gray and white matter without perform-
ing subregional analyses of specific brain areas. Future 
studies integrating SyMRI with region-of-interest or 
voxel-wise approaches could clarify the spatial specificity 
of OSA-related brain changes. Lastly, as a cross‐sectional 
study, it lacks the longitudinal data needed to observe 

Table 2 Between-group comparison of quantitative values of brain volume segmentation (M [P25, P75])
Variable HC (n = 31) Mild-to‐moderate OSA (n = 21) Severe OSA (n = 28) H-value P-value
GMV 607.2(567.6,646.1)● 680.1(606.3,728.4) 710.3(666.3,758.6)● 21.346 < 0.001**
WMV 568.9(516.4,603.8) 564.8(525.7,604.5) 593.3(563.7,630.8) 5.195 0.074
CSFV 146.5(126.1,172.3)■ 184.4(148.4,201.9)■ 155.2(135.3,166.4) 7.449 0.024*
MYV 182.1(161.6,193.8)● 175.0(162.1,193.3)▲ 195.4(180.1,209.8)●▲ 10.148 0.006**
BPV 1214.8(1138.6,1280.6)● 1262.9(1199.9,1347.1) 1354.3(1276.0,1392.1)● 15.894 < 0.001**
ICV 1352.2(1288.4,1434.8)● 1438.5(1350.7,1541.4) 1511.2(1433.4,1546.2)● 13.747 0.001**
GMF 50.0(47.6,52.3)●■ 53.1(50.4,56.2)■ 55.7(50.3,57.5)● 17.721 < 0.001**
WMF 46.5(44.4,49.0)●■ 43.7(41.4,46.6)■ 42.1(41.0,46.3)● 16.916 < 0.001**
CSFF 10.8(8.7,11.3)● 9.7(4.4,13.8)▲ 3.9(3.1,10.5)●▲ 15.218 < 0.001**
MYF 14.9(14.1,15.5)■ 13.8(13.0,14.7)■ 14.3(13.2,15.7) 8.292 0.016*
BPVF 89.20(88.70,91.30)● 90.30(86.25,95.65)▲ 96.10(89.48, 96.90)●▲ 15.218 < 0.001**
Abbreviations: GMV - gray matter volume; WMV ‐ white matter volume; CSFV ‐ cerebrospinal fluid volume; MYV ‐ myelin volume; BPV ‐ brain parenchymal volume; 
ICV ‐ intracranial volume; GMF ‐ gray matter fraction; WMF ‐ white matter fraction; CSFF ‐ cerebrospinal fluid fraction; MYF ‐ myelin fraction; BPVF ‐ brain parenchymal 
volume fraction. “*” indicates statistical significance (P < 0.05). “●” indicates a statistically significant difference compared with the mild‐to‐moderate OSA group. “▲” 
indicates a statistically significant difference compared with the HC group. “■” indicates a statistically significant difference compared with the severe OSA group. 
*P < 0.05, **P < 0.01
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long‐term changes, which should be addressed in future 
large‐sample longitudinal studies.

Conclusion
The era of precision medicine in OSA has arrived, 
emphasizing personalized treatment plans tailored to 
individual patients. New OSA assessment indicators offer 
novel methods for clinical diagnosis and treatment, while 
also aiding in the monitoring of OSA-related target organ 
damage. SyMRI provides unique myelin-specific metrics 
and robust volumetric segmentation, offering a clinically 
feasible tool to quantify OSA-related brain adaptations. 
Our results highlight its potential for tracking neuro-
degeneration in OSA, particularly in early stages where 
conventional MRI may lack sensitivity. This technol-
ogy promises to offer new insights into the relationships 
between the microstructure, function, and clinical phe-
notypes of the brain in patients with OSA and serves as a 
valuable supplement to neuroanatomical research.

Acknowledgements
Not applicable.

Author contributions
Li YP were responsible for the idea and initial manuscript of the article. Du 
XM and Lang XY collected and analyzed data. Geng ZJ helped draft the 
mansucript. All authors approved the final version of the manuscript.

Funding
The Project Supported by National Natural Science Foundation of China No. 
81771786 and the S&T Program of Hebei No. 21377733D.

Data availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and 
approved by the ethics committee of the Second Hospital of Hebei Medical 
University. Written informed consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 30 October 2024 / Accepted: 15 April 2025

References
1. Rashid NH, Zaghi S, Scapuccin M, et al. The value of oxygen desaturation 

index for diagnosing obstructive sleep apnea: A systematic review. Laryngo-
scope. 2021;131(2):440–7.

2. Cheng JQ, Zhao D, Zhang XY. Epidemiological and clinical research progress 
of obstructive sleep apnea-hypopnea syndrome. Chin J Respiratory Crit Care 
Med. 2023;22(12):899–903.

3. Senaratna CV, Perret JL, Lodge CJ, et al. Prevalence of obstructive sleep 
apnea in the general population: A systematic review. Sleep Med Rev. 
2017;34:70–81.

4. Xin HZ, Peng DC, Chen LT, et al. Separation of functional connections on the 
anterior and posterior default network in patients with obstructive sleep 
apnea. J Clin Radiol. 2019;38(08):1371–5.

5. Mubashir T, Abrahamyan L, Niazi A, et al. The prevalence of obstructive 
sleep apnea in mild cognitive impairment: a systematic review. BMC Neurol. 
2019;19(1):195.

6. Yeghiazarians Y, Jneid H, Tietjens JR, et al. Obstructive sleep apnea and cardio-
vascular disease: A scientific statement from the American heart association. 
Circulation. 2021;144(3):e56–67.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 6 1  / C  I R .  0 0 0  0 0 0 0  0 0  0 0 0 0 9 
8 8.

7. Duan X, Zheng M, Zhao W, et al. Associations of depression, anxiety, and life 
events with the risk of obstructive sleep apnea evaluated by Berlin question-
naire. Front Med (Lausanne). 2022;9:799792.  h t t p  s : /  / d o i  . o  r g /  1 0 .  3 3 8 9  / f  m e d . 2 0 
2 2 . 7 9 9 7 9 2.

8. Baril AA, Martineau-Dussault MÈ, Sanchez E, et al. Obstructive sleep apnea 
and the brain: a focus on Gray and white matter structure. Curr Neurol Neuro-
sci Rep. 2021;21(3):11.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  1 1 9 1 0 - 0 2 1 - 0 1 0 9 4 - 2.

9. Gao J, Cao J, Chen J, et al. Brain morphology and functional connectivity 
alterations in patients with severe obstructive sleep apnea. Sleep Med. 
2023;111:62–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . s l  e e p  . 2 0 2  3 .  0 8 . 0 3 2.

10. Baril AA, Gagnon K, Brayet P, et al. Gray matter hypertrophy and thickening 
with obstructive sleep apnea in Middle-aged and older adults. Am J Respir 
Crit Care Med. 2017;195(11):1509–18.

11. Lee MH, Yun CH, Min A, et al. Altered structural brain network resulting from 
white matter injury in obstructive sleep apnea. Sleep. 2019;42(9):zsz120.

12. Kumar R, Chavez AS, Macey PM, et al. Altered global and regional brain 
mean diffusivity in patients with obstructive sleep apnea. J Neurosci Res. 
2012;90(10):2043–52.

13. Vågberg M, Ambarki K, Lindqvist T, et al. Brain parenchymal fraction in 
an age-stratified healthy population-determined by MRI using manual 
segmentation and three automated segmentation methods. J Neuroradiol. 
2016;43(6):384–91.

14. Andica C, Hagiwara A, Hori M, et al. Review of synthetic MRI in pediatric 
brains: basic principle of MR quantification, its features, clinical applications, 
and limitations. J Neuroradiol. 2019;46(4):268–75.

15. Xu LZ, Xu L, He MY, et al. Reproducibility of quantitative relaxation study of 
synthetic MRI. Radiologic Pract. 2019;34(11):1178–81.

16. West J, Blystad I, Engström M, et al. Application of quantitative MRI for 
brain tissue segmentation at 1.5 T and 3.0 T field strengths. PLoS ONE. 
2013;8(9):e74795.

17. Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical practice guideline for 
diagnostic testing for adult obstructive sleep apnea: an American academy of 
sleep medicine clinical practice guideline. J Clin Sleep Med. 2017;13(3):479–
504.  h t t p  s : /  / d o i  . o  r g /  1 0 .  5 6 6 4  / j  c s m . 6 5 0 6.

18. Geovanini GR, Wang R, Weng J, et al. Association between obstructive sleep 
apnea and cardiovascular risk factors: variation by age, sex, and race. The 
Multi-Ethnic study of atherosclerosis. Ann Am Thorac Soc. 2018;15(8):970–7.

19. Marchi NA, Ramponi C, Hirotsu C, et al. Mean oxygen saturation during sleep 
is related to specific brain atrophy pattern. Ann Neurol. 2020;87(6):921–30.

20. André C, Rehel S, Kuhn E, et al. Association of Sleep-Disordered breath-
ing with alzheimer disease biomarkers in Community-Dwelling older 
adults: A secondary analysis of a randomized clinical trial. JAMA Neurol. 
2020;77(6):716–24.

21. Cross NE, Memarian N, Duffy SL, et al. Structural brain correlates of 
obstructive sleep Apnoea in older adults at risk for dementia. Eur Respir J. 
2018;52(1):1800740.

22. Kumar R, Pham TT, Macey PM, et al. Abnormal Myelin and axonal integ-
rity in recently diagnosed patients with obstructive sleep apnea. Sleep. 
2014;37(4):723–32.

23. Baril AA, Gagnon K, Descoteaux M, et al. Cerebral white matter diffusion 
properties and free-water with obstructive sleep apnea severity in older 
adults. Hum Brain Mapp. 2020;41(10):2686–701.

24. van Duijn S, Bulk M, van Duinen SG, et al. Cortical Iron reflects severity of 
Alzheimer’s disease. J Alzheimers Dis. 2017;60(4):1533–45.

25. Prabhakar NR, Peng YJ, Nanduri J. Hypoxia-inducible factors and obstructive 
sleep apnea. J Clin Invest. 2020;130(10):5042–51.  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 1 1   7 2  / J C I 1 
3 7 5 6 0.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1161/CIR.0000000000000988
https://doi.org/10.1161/CIR.0000000000000988
https://doi.org/10.3389/fmed.2022.799792
https://doi.org/10.3389/fmed.2022.799792
https://doi.org/10.1007/s11910-021-01094-2
https://doi.org/10.1016/j.sleep.2023.08.032
https://doi.org/10.5664/jcsm.6506
https://doi.org/10.1172/JCI137560
https://doi.org/10.1172/JCI137560

	Quantitative study on whole brain volume in patients with obstructive sleep apnea based on synthetic magnetic resonance imaging
	Abstract
	Introduction
	Materials and methods
	Study subjects
	MMSE and MoCA
	PSG
	Study equipment and sequences
	Image analysis
	Statistical methods

	Results
	Between-group comparison of clinical data and sleep parameters
	Between-group comparison of whole‐brain volume segmentation values
	Discussion
	Conclusion

	References


