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Introduction
Arachnoid granulation (AG) is one of the pathways for 
cerebrospinal fluid reflux. Large arachnoid granulations 
(LAGs) in the venous sinus may cause severe cerebral 
venous sinus stenosis (CVSS), which may contribute to 
idiopathic intracranial hypertension (IIH) [1]. However, 
the mechanism behind the enlargement of AGs remains 
unclear. Obesity can lead to the development of IIH [2] 
and is linked to lipid metabolism disorders [3]. During 
pathological examinations, foam cells were present in 
LAGs [4]. In clinical practice, patients with LAGs tend to 
have high blood lipid levels, indicating that obesity and 
related lipid metabolism abnormalities may affect the 
number and size of AG.

Lipids in Health and Disease

†Yibing Guo and Zhongao Wang contributed equally to this work.

*Correspondence:
Ran Meng
victor65@126.com
1Department of Neurology, Xuanwu Hospital, Capital Medical University, 
National Center for Neurological Disorders, Beijing 100053, China
2Department of Neurology, Peking University First Hospital,  
Beijing 100034, China
3Advanced Center of Stroke, Beijing Institute for Brain Disorders,  
Beijing 100053, China
4Department of Neurosurgery, Wayne State University School of 
Medicine, Detroit, MI 48201, USA
5Department of Neurosurgery, Xuanwu Hospital, Capital Medical 
University, Beijing 100053, China

Abstract
Background  Currently, studies on the formation mechanism for the enlargement of arachnoid granulation (AG) are 
lacking. The impact of dyslipidemia on the formation of multiple large arachnoid granulations (LAGs) was studied in 
this research.

Methods  The study included patients diagnosed with cerebral venous sinus stenosis (CVSS) related to LAG. The 
number of LAGs was assessed via high-resolution black blood magnetic resonance imaging. The relationships 
between blood lipids and multiple LAGs were explored to evaluate the effects of dyslipidemia on the formation of 
multiple LAGs.

Results  A total of 163 participants with a diagnosis of LAG were included. The levels of total cholesterol (TC) 
(P = 0.004) and low-density lipoprotein cholesterol (LDL-c) (P = 0.01) in the multiple LAGs group were greater 
than those in the non-multiple LAGs group. Multivariate logistic regression analysis revealed that TC (odds ratio 
(OR), 2.19; 95% confidence interval (CI), 1.26–3.80; P = 0.006) and LDL-c (OR, 2.18; 95% CI, 1.16–4.07; P = 0.02) were 
independently associated with multiple LAGs.

Conclusions  TC and LDL-c are independently related to multiple LAGs, indicating that dyslipidemia may be a 
potential cause of CVSS. Therefore, monitoring blood lipids may be necessary for patients with LAGs.
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The effect of blood lipids on the circulatory system is a 
hot research topic. Both in vitro and in vivo, lipoproteins 
are key contributors to the onset and development of 
atherosclerosis, which is responsible for their association 
with cardiovascular and cerebrovascular diseases. After 
passing through the endothelial barrier and depositing 
at the artery walls, lipoproteins can lead to a complex 
inflammatory process that initiates atherosclerosis [5–7]. 
Previous studies have shown that the progression of ath-
erosclerotic plaques is directly correlated with the plasma 
low-density lipoprotein cholesterol (LDL-c) concentra-
tion [8, 9]. The above evidence suggests that blood lipids 
play an important role in arterial diseases. However, little 
attention has been given to the effects of blood lipids on 
the cerebral venous system.

The differences in hemodynamics and structures 
between veins and arteries make it difficult for veins 
to develop atherosclerotic processes. However, previ-
ous studies have shown that dyslipidemia can also lead 
to venous endothelial damage [10]. Following coronary 
artery bypass grafting, dyslipidemia leads to intimal 
thickening of vein grafts and rapid development of ath-
erosclerosis [11, 12]. Lipid-lowering therapy after bypass 
surgery can reduce the atherosclerotic burden of vein 
grafts and improve cardiovascular outcomes [13]. In 
addition, cholesterol deposits are observed in the wall of 
the varicose saphenous vein [14], suggesting that blood 
lipids are related to lesions in the peripheral vein. Hyper-
cholesterolemia has been shown to be associated with 
the development of cerebral venous sinus thrombosis 
(CVST) [15], suggesting that dyslipidemia may also play 
a potential role in cerebral venous diseases. Currently, 
the interaction between dyslipidemia and the increase 
in AGs has remained ambiguous. We hypothesized that 
dyslipidemia may affect the formation of LAG by caus-
ing intracranial venous endothelial dysfunction and trig-
gering local inflammatory responses. Therefore, this 
research analyzed the role between blood lipids and 
multiple LAGs. Furthermore, the present study used 
high-resolution black blood magnetic resonance imaging 
(BB-MRI), which accurately diagnosed and measured the 
size of AG, to assess the number of LAGs.

Methods
Approval was obtained from the Xuanwu Hospital Insti-
tutional Ethics Committee. Patients who were enrolled 
signed an informed consent. The above process was in 
line with the Declaration of Helsinki.

The present study retrospectively enrolled eligible 
patients consecutively who completed high-resolution 
BB-MRI scanning with a diagnosis of non-thrombotic 
CVSS in the Neurology Department at Xuanwu Hospital, 
Capital Medical University. Admissions for the patients 
took place between January 2019 and December 2021. 

When the smallest cross-sectional area at the stenotic 
location is less than 50% of the cross-sectional area of 
an adjacent nonstenotic segment, this is known as non-
thrombotic CVSS [16]. LAG was defined as the margin 
of the AG extending to the median of the venous sinus 
or when the largest diameter of the AG was greater than 
4 mm [17, 18]. The controls were sex- and age-matched 
patients who visited the clinic for non-venous-related 
reasons. In accordance with the standard clinical pro-
tocol used at our institution, blood samples for blood 
routine, biochemistry, and coagulation function were 
drawn on the first morning of admission. The blood lip-
ids included apolipoprotein A (apo A), apolipoprotein 
B (apo B), LDL-c, high-density lipoprotein (HDL-c), tri-
glycerides (TG), total cholesterol (TC), non-HDL-c, the 
LDL-c/HDL-c ratio, the non-HDL-c/HDL-c ratio, the 
apo B/HDL-c ratio, the TC/HDL-c ratio and the apo 
B/A ratio. The lipid ratios present better predictive 
value in the progression of atherosclerosis [19–21]. BB-
MRI examinations were performed according to insti-
tutional standardized clinical protocols. BB-MRI, a type 
of T1-weighted high-resolution imaging, is widely used 
to diagnose cerebral venous diseases [22–24], and it can 
distinguish between the AG and CVST with high spatial 
resolution and show the luminal structure directly by 
suppressing blood signals.

The requirements for inclusion were as follows: (a) 
diagnosis of non-thrombotic CVSS; (b) high-resolution 
BB-MRI scanning for imaging assessment; (c) completed 
blood tests on the first morning after admission; (d) no 
age or sex restrictions. The requirements for exclusion 
were as follows: (a) no LAG in the venous sinus; (b) his-
tory of cerebral infarction or intracerebral hemorrhage; 
(c) history of thyroid diseases or other complex endo-
crine diseases; (d) history of liver, renal dysfunction, or 
neoplastic diseases; (e) insufficient clinical or radiological 
data; (f ) history of hormone-based medication, including 
hormone contraceptives; (g) history of intracranial space-
occupying lesions.

Assessment
The distribution and number of LAGs were assessed with 
high-resolution BB-MRI. LAG was defined as the margin 
of the AG extending to the median of the venous sinus 
or when the largest diameter of the AG was greater than 
4 mm [17, 18]. Representative images of LAGs are shown 
in Fig. 1. The AG in high-resolution BB-MRI shows ovoid 
soft tissue with a cerebrospinal fluid signal inside and a 
relatively sharp border, and it does not show enhance-
ment features similar to a thrombus or tumor [17]. The 
cross-sectional view of the venous sinus in the axial 
direction was obtained to assess the AG size. All the 
LAGs in the cerebral venous sinus were counted, which 
included the left sigmoid sinus (SS), left transverse sinus 
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(TS), right SS, right TS, torcular herophili, straight sinus, 
and superior sagittal sinus. The patients were grouped 
with the 75th quartile of the total LAG count being the 
cut-off.

BB-MRI image evaluation
BB-MRI data was obtained via a 3.0T MRI system 
according to previously reported methods [22, 23]. Two 
physicians with 6 years (ZA.W.) and 10 years (RM) of 
clinical experience in cerebral venous diseases indepen-
dently performed the high-resolution BB-MRI image 
assessments in a blinded and randomized manner. Any 
controversies were resolved by a third researcher (XM.J.), 
who has 13 years of diagnostic experience.

Statistical analysis
Medians (interquartile range (IQR)) and means ± stan-
dard deviation (SD) represent non-normal distributions 
and normal distributions. Categorical data are presented 
as numbers (percentages). Histograms and probability 
distribution plots are used to assess the normality of the 
data. Intraclass correlation coefficients (ICCs) were cal-
culated for interobserver reliability when the LAGs were 
assessed. Reliability was divided into four groups: (a) less 
than 0.50 (poor); (b) between 0.75 and 0.50 (moderate); 
(c) between 0.90 and 0.75 (good); (d) greater than 0.90 
(excellent). When ICCs were considered excellent, the 
results from the two readers were averaged to obtain the 
final number of LAGs. Group comparisons were tested 
via the t-test and the Mann-Whitney U test, which were 
used respectively for variables with regular distributions 
and non-normal distributions. The independent factors 

Fig. 1  Sagittal (a, d), transverse (b, e), and coronal (c, f) BB-MRI show LAG in the TS. The square insets in the panels are 2.0× magnifications of the original 
LAG images. Panel a-c: a patient with the LAG at the left TS. In a and c, the marginal of the AG extended to the median of the venous sinus. Panel d-f: The 
LAG is located at the right TS. In d, e, and f, the largest diameter of LAG was greater than 4 mm. Abbreviations: BB-MRI, black blood magnetic resonance 
imaging; LAG, large arachnoid granulation; TS, transverse sinus
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linked to the multiple LAGs were determined via mul-
tivariable binary logistic regression. Correlations were 
evaluated via Pearson or Spearman correlation analysis. 
A statistically significant two-sided P-value was less than 
0.05. SPSS Statistics 21.0 was utilized to conduct statisti-
cal analysis.

Results
Clinical presentations
The study initially included 237 individuals diagnosed 
with non-thrombotic CVSS. After the assessments, 74 
patients were excluded. Of these, 50 had no LAG in the 
venous sinus, 5 lacked sufficient clinical or radiological 
data, 4 had a history of cerebral infarction, 5 had thyroid 
dysfunction, 8 had liver dysfunction and 2 had intra-
cranial space-occupying lesions. Figure  2 illustrates the 
process for enrollment of patients. Ultimately, the study 
included 163 patients with a mean BMI of 25.48 ± 4.21 kg/
m2 and an average age of 49.58 ± 15.07 years (14–78 
years). Patients were divided into two groups (multiple 
LAGs and non-multiple LAGs groups) according to the 
number of LAGs at the cut-off point of 2, with 35 patients 
in the multiple LAGs group (the number of LAG > 2) 
and 128 patients being in the non-multiple LAGs group 

(0 < the number of LAG ≤ 2). There was no significant 
difference in demographic characteristics or past medi-
cal histories between the two groups (Table 1). Common 
clinical symptoms included headache (44.8%), tinnitus 
(38.7%), head noise (38.7%), dizziness (36.8%), visual 
impairment (29.4%), and dry or puffy eyes (7.4%). Tinni-
tus was more common in the group with multiple LAGs 
(P = 0.01). The remaining symptoms showed no discern-
ible difference between the two groups (Table  1). 166 
patients without a diagnosis of venous disease made up 
the control group. The LAG group had a higher BMI than 
the control (25.48 ± 4.21 vs. 23.67 ± 3.43 kg/m2, P < 0.001). 
Other demographic characteristics showed no notable 
variations between the two groups (Table 2).

Imaging presentations
Among the 163 patients in the study, the LAG distribu-
tion was as follows: 90 (55.2%) patients with LAGs in the 
left TS; 27 (16.6%) patients with LAGs in the left SS; 41 
(25.2%) patients with LAGs in the right TS; 14 (8.6%) 
patients with LAGs in the right SS; 69 (42.3%) patients 
with LAGs in the superior sagittal sinus; 17 (10.4%) 
patients with LAGs in the straight sinus; and 2 (6.7%) 
patients with LAGs in the torcular herophili. The ICCs 

Fig. 2  Patient flow chart
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for calculating the number of LAGs was 0.91 (95% confi-
dence interval (CI) 0.88 to 0.94). The median LAGs num-
ber was 2 (range, 1–7.5), and IQR was 1–2. The median 
LAGs number was 3 (range, 3–7.5; IQR, 3–3.5) in the 
multiple LAGs group and 1.5 (range, 1–2; IQR, 1–2) in 
the non-multiple LAGs group (P < 0.001).

Correlation between AG and blood lipid
Compared to the non-multiple LAGs group, the multiple 
LAGs group showed an increased prevalence of dyslipid-
emia. The TC concentration was 4.21 ± 0.74 in the mul-
tiple LAGs group and 3.80 ± 0.74 in the non-multiple 
LAGs group (P = 0.004). The HDL-c concentration was 
1.20 ± 0.34 in the multiple LAGs group and 1.09 ± 0.28 in 

the non-multiple LAGs group (P = 0.04). The non-HDL-c 
concentration was 3.01 ± 0.70 in the multiple LAGs group 
and 2.71 ± 0.75 in the non-multiple LAGs group (P = 0.04). 
The LDL-c concentration was 2.49 ± 0.63 in the multiple 
LAGs group and 2.19 ± 0.64 in the non-multiple LAGs 
group (P = 0.01). The units for the above blood lipid indi-
cators are mmol/L. The remaining blood lipid parameters 
show no discernible difference between the two groups 
(Table 1). The HDL-c and apo A levels in the LAG group 
were lower than those in the control group (P < 0.01). 
Other blood lipid parameters in the LAG group were 
greater than those in the control group (P < 0.01). Specific 
results were listed in Table 2.

The study analyzed correlations between blood lip-
ids and multiple LAGs with multivariate logistic regres-
sion models. As shown in Fig.  3, TC (P = 0.006), LDL-c 
(P = 0.02), and non-HDL-c (P = 0.03) were independently 
associated with multiple LAGs, whereas, HDL-c was not 
independently associated with multiple LAGs. Notably, 
after 23 patients (14%) receiving long-term lipid-lowering 
medications therapy were excluded, the TC (P = 0.002), 
LDL-c (P = 0.005), HDL-c (P = 0.04), and non-HDL-c 
(P = 0.02) were still independently associated with mul-
tiple LAGs. The odds ratios and 95% CIs are displayed 
in Supplement Fig. 1. Additionally, BMI was linearly cor-
related with TG (P < 0.001), HDL-c (P = 0.003), and apo 
A (P = 0.01), but not with TC, LDL-c, or apo B (Fig.  4). 
According to Supplement Fig.  2, apo A showed a linear 
correlation with HDL-c (P < 0.001) and TC (P = 0.03). Apo 
B had a linear connection with TC (P < 0.001), LDL-c 

Table 1  Comparison between the multiple LAGs and non-
multiple LAGs group

multiple 
LAGs
(> 2) (n = 35)

non-multi-
ple LAGs
(≤ 2) 
(n = 128)

P

Demographics
  Sex (male) 11 (31.4%) 48 (37.5%) 0.51
  Age (years) (Mean ± SD) 52.17 ± 12.16 48.87 ± 15.73 0.25
  BMI (kg/m2) (Mean ± SD) 26.26 ± 4.35 25.26 ± 4.16 0.21
  Onset-to-door time 
(months) (Median, IQR)

17 (5–51) 24 (6–72) 0.19

Blood lipid
  TG (mmol/L) 1.22 ± 0.41 1.36 ± 0.68 0.25
  TC (mmol/L) 4.21 ± 0.74 3.80 ± 0.74 0.004
  HDL-c (mmol/L) 1.20 ± 0.34 1.09 ± 0.28 0.04
  LDL-c (mmol/L) 2.49 ± 0.63 2.19 ± 0.64 0.01
  apo A (g/L) 1.21 ± 0.22 1.17 ± 0.22 0.38
  apo B (g/L) 0.84 ± 0.17 0.77 ± 0.19 0.053
  non-HDL-c (mmol/L) 3.01 ± 0.70 2.71 ± 0.75 0.04
  TC/ HDL-c ratio 3.68 ± 0.94 3.69 ± 1.15 0.94
  Apo B/A ratio 0.72 ± 0.20 0.68 ± 0.22 0.38
  LDL-c/HDL-c ratio 2.20 ± 0.73 2.15 ± 0.87 0.76
  non-HDL-c/HDL-c ratio 2.68 ± 0.94 2.69 ± 1.15 0.94
  apo B/HDL-c ratio 0.74 ± 0.25 0.76 ± 0.31 0.77
Symptoms and signs 
  Headache 15 (42.9%) 58 (45.3%) 0.80
  Tinnitus 20 (57.1%) 43 (33.6%) 0.01
  Head noise 15 (42.9%) 48 (37.5%) 0.56
  Dizziness 11 (31.4%) 49 (38.3%) 0.46
  Visual impairment 12 (34.3%) 36 (28.1%) 0.48
  Dry or puffy eyes 5 (14.3%) 7 (5.5%) 0.08
Past Medical History 
  Hypertention 13 (37.1%) 41 (32.0%) 0.57
  Hyperlipidemia 10 (28.6%) 31 (24.2%) 0.60
  Diabetes 4 (11.4%) 16 (12.5%) 0.86
  Smoking 5 (14.3%) 12 (9.4%) 0.40
  Drinking 3 (8.6%) 19 (14.8%) 0.34
Abbreviations: TC, total cholesterol, TG, triglycerides, HDL-c, high-density 
lipoprotein cholesterol, LDL-c, low-density lipoprotein cholesterol, apo A, 
apolipoprotein A, apo B, apolipoprotein B

Table 2  Comparison of the demographic and blood lipid 
between LAG and control group

LAG group
(n = 163)

Control group
(n = 166)

P

Demographics
  Sex (male) 59(36.2%) 61(36.7%) 0.99
  Age (years) (Mean ± SD) 49.58 ± 15.07 49.52 ± 15.39 0.97
  BMI (kg/m2) (Mean ± SD) 25.48 ± 4.21 23.67 ± 3.43 < 0.001
Blood lipid
  TG (mmol/L) 1.33 ± 0.64 1.12 ± 0.46 0.001
  TC (mmol/L) 3.89 ± 0.76 3.69 ± 0.43 0.004
  HDL-c (mmol/L) 1.11 ± 0.30 1.23 ± 0.28 < 0.001
  LDL-c (mmol/L) 2.25 ± 0.65 2.04 ± 0.34 < 0.001
  apo A (g/L) 1.18 ± 0.22 1.25 ± 0.19 0.001
  apo B (g/L) 0.78 ± 0.18 0.77 ± 0.18 0.43
  non-HDL-c (mmol/L) 2.78 ± 0.75 2.46 ± 0.44 < 0.001
  TC/ HDL-c ratio 3.69 ± 1.10 3.11 ± 0.65 < 0.001
  apo B/A ratio 0.69 ± 0.21 0.63 ± 0.19 0.007
  LDL-c/HDL-c ratio 2.16 ± 0.84 1.74 ± 0.49 < 0.001
  non-HDL-c/HDL-c ratio 2.69 ± 1.10 2.11 ± 0.65 < 0.001
  apo B/HDL-c ratio 0.69 ± 0.37 0.55 ± 0.24 < 0.001
Abbreviations: TC, total cholesterol, TG, triglycerides, HDL-c, high-density 
lipoprotein cholesterol, LDL-c, low-density lipoprotein cholesterol, apo A, 
apolipoprotein A, apo B, apolipoprotein B
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(P < 0.001), HDL-c (P = 0.04), non-HDL-c (P < 0.001), and 
TG (P < 0.001).

Discussion
Blood lipids may be associated with the formation of 
multiple LAGs, which may result in CVSS [1, 25]. The 
multiple LAGs group showed higher levels of blood lip-
ids than the non-multiple LAGs group, and the blood 
lipid indicators are interrelated. Multiple logistic regres-
sion indicated that elevated LDL-c, TC, and non-HDL-c 
had an independent association with multiple LAGs after 
controlling for potential confounding factors including 
BMI, age, sex, and onset-to-door time, whereas HDL-c 
was insignificant after adjustment. These results indi-
cated that blood lipids might be independently associated 
with the formation of multiple LAGs and that elevated 
TC and LDL-c played important roles. The levels of 
blood lipids in the LAG group did not meet the diagnos-
tic criteria for severe dyslipidemia. However, the values 
of LDL-c, TC, and TG in the LAG group were noticeably 
higher than those in the control group, which suggested 

that the LAG patients had an underlying lipid distur-
bance in the present study.

BMI was not identified as the factor that contributed to 
the formation of multiple LAGs in the enrolled patients. 
In this study, BMI was higher in the patients with mul-
tiple LAGs. BMI was closely related to CVSS and the cor-
responding IIH. Patients with higher BMI usually have 
a greater risk of dyslipidemia [3]. Therefore, it is neces-
sary to control for the confounding effect of BMI. The 
present study found a linear correlation between BMI 
and both TG and HDL-c, but no association with TC or 
LDL-c, consistent with findings from previous studies [3, 
26]. However, the present study indicated that TC and 
LDL-c were the main indicators affecting multiple LAGs. 
Furthermore, multifactorial logistic regression analysis 
revealed that LDL-c and TC were independently linked 
to multiple LAGs even after adjusting for BMI, and BMI 
was not associated with multiple LAGs. Together, these 
results suggested that BMI is probably not the primary 
factor contributing to the development of multiple LAGs, 

Fig. 3  Forest plot of the correlations between blood lipids and multiple LAGs. Forest plots showing logistic regression results for associations between 
multiple LAGs and TC (a), LDL-c (b), non-HDL (c), and HDL-c (d). The multivariable logistic regression models were adjusted for sex, age, BMI, lipid-lowering 
medication and onset-to-door time. The data are displayed as ORs and 95% CIs. Abbreviations: TC, total cholesterol; LDL-c, low-density lipoprotein choles-
terol; HDL-c, high-density lipoprotein cholesterol; BMI, body mass index; OR, odds ratio; CI, confidence interval; LAG, large arachnoid granulation
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further supporting the relationship between blood lipids 
and the formation of multiple LAGs.

Lipid-lowering medications do not substantially impact 
the relationship between blood lipids and multiple LAGs. 
Because a small proportion of patients with LAGs were 
taking lipid-lowering medications for a long term due to 
hyperlipidemia, lipid-lowering medications were used as 
a covariate in the multivariable logistic regression analy-
sis to exclude interference. Blood lipids were still sig-
nificantly associated with multiple LAGs after adjusting 
for confounding factors. These results were consistent 
in the logistic regression analyses after the exclusion of 
individuals on long-term lipid-lowering medications 
therapy. Therefore, the inclusion of patients taking lipid-
lowering drugs did not interfere with the assessment of 
the correlation between blood lipids and multiple LAGs 
in the present cohort. Moreover, exclusion may lead to 
the omission of patients with long-term hyperlipidemia, 
causing selection bias in the data. Based on the above 
results, the study did not exclude patients treated with 
long-term lipid-lowering drugs.

Dyslipidemia may lead to LAGs by inducing inflam-
mation and endothelial dysfunction. Previous studies 
have found a link between hypercholesterinemia and 
CVST [15] and its recurrence [27, 28]. Studies on periph-
eral veins have revealed that dyslipidemia can lead to 
accelerated atherosclerosis in vein grafts after coronary 
artery bypass grafting surgery [10]. After pathological 
examination, intimal thickening and foam cell infiltra-
tion have been detected in the vein grafts [29]. Moreover, 

lipid-lowering therapy alleviates the progression of ath-
erosclerosis in grafts [30]. Pathological examinations 
of the varicose saphenous vein have also revealed lipid 
deposition in the vessel wall [14]. These findings sug-
gest that dyslipidemia may contribute to venous dam-
age. Lipid accumulation can accelerate atherosclerosis 
through oxidative stress and inflammatory processes 
[31, 32]. Although the structure of veins is vastly differ-
ent from that of arteries, damage to the endothelium by 
blood lipids may be consistent. In addition, LAGs exhibit 
reactive changes, including foam cell-rich infiltrates and 
notable inflammation [33]. Therefore, blood lipids may 
cause intracranial venous endothelial dysfunction and 
trigger local inflammatory reactions, leading to enlarged 
AG and cerebral venous outflow disturbances. Accord-
ing to the present findings, the screening programs for 
patients with LAGs should include blood lipid measure-
ments. Future research should clarify the pathologi-
cal mechanism and assess if lipid-lowering treatment 
reduces LAG formation risk.

Strengths and limitations
This present study found a correlation between dyslip-
idemia and LAGs. BB-MRI was used to evaluate the 
number and distribution of LAGs, which improved the 
diagnostic accuracy. These results provide new clini-
cal ideas for the clinical treatment of LAGs. Neverthe-
less, the study still included several limitations. First, a 
small sample size was used in this retrospective analysis, 
which was carried out in a single center. The evidence 

Fig. 4  Scatter plot of the correlation between blood lipids and BMI. BMI was linearly correlated with TG (a), HDL-c (b), and apo A (c), but it was not sig-
nificantly associated with TC (d), LDL-c (e), or apo B (f). Abbreviations: TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density 
lipoprotein cholesterol; apo A, apolipoprotein A, apo B, apolipoprotein B; BMI, body mass index
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was inadequate to determine a causal link between mul-
tiple LAGs and blood lipids. The external validation by 
researchers from different centers and prospective, lon-
gitudinal studies are necessary to validate the findings. 
Second, because BMI does not precisely reflect the body 
fat percentage of an individual, the confounding effect 
of BMI on blood lipids may be undetermined in patients 
with LAG. More systematic indicators of body fat con-
tent are needed to assess the influence of obesity on LAG 
formation. Third, owing to image limitation, the rough 
classification of AGs was not sufficient to describe the 
differences in the sizes of AGs. In the future, computer-
aided methods can be used to quantitatively measure 
the size of AGs. The prospective studies involving larger 
sample sizes are necessary to explore a link between 
blood lipids and multiple LAGs.

Conclusion
Blood lipids may be independently associated with the 
formation of multiple LAGs in venous sinuses which may 
result in CVSS, and elevated TC and LDL-c are the major 
influencing factors for multiple LAGs. Therefore, moni-
toring blood lipids and reducing TC and LDL-c may be 
necessary when patients show evidence of LAGs. These 
findings provided a new window to explore the underly-
ing etiology of LAG, which might be a potential target for 
treating the non-thrombotic CVSS associated with LAG.
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