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prevalence of stroke in China increased year by year, 
and it was 2.28% (95% CI: 2.28%-2.28%) in 2013, 2.34% 
(2.34-2.35%) in 2014, 2.43% (2.43%-2.43%) in 2015, 2.48% 
(2.48%−2.48%) in 2016, 2.52% (2.52%−2.52%) in 2017, 
2.55% (2.55%−2.55%) in 2018%, and 2.58% (2.58%−2.58%) 
in 2019 (p < .001) [2]. The recurrence rate of ischemic 
stroke is about 8%, and the disability rate is as high as 
17%, which is the main cause of neurological dysfunc-
tion. Ischemic stroke not only affects the patient’s self-
care ability, but also brings a heavy burden to the family 
and society [3]. Therefore, early detection and preven-
tion of ischemic stroke has important practical signifi-
cance. Intracranial artery stenosis from atherosclerosis 
is on the etiologies of ischemic stroke and hypertension, 

Introduction
Ischemic stroke is one of the most common cerebrovas-
cular conditions. In the wake of rapid social develop-
ment, people’s lifestyles and eating habits have gradually 
changed, including lack of exercise, increased work pres-
sure, high-fat and high-salt diet, etc. The incidence of 
ischemic stroke has increased globally each year [1]. 
In China, approximately 7  million patients suffer from 
stroke, of which > 70% suffer from ischemic stroke. A 
recent study found that from 2013 to 2019, the weighted 
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Abstract
Objective Intracranial artery stenosis from atherosclerosis is one of the etiologies of ischemic stroke. There is a 
correlation between serum albumin level and atherosclerosis. We aimed to investigate whether serum albumin level 
is related to intracranial atherosclerosis and its significance.

Methods A retrospective analysis of 150 individuals who underwent cervical cerebral angiography after admission, 
including clinical data, imaging data, and laboratory data. Since atherosclerosis cannot be used as a good quantitative 
indicator, we choose the degree of arterial stenosis to reflect atherosclerosis. SPSS 24 software was used for data 
analysis, and P < .05 was considered statistically significant.

Results Univariate analysis showed that age, diabetes, and serum albumin level were risk factors for intracranial 
atherosclerosis (P < .05). Multivariate analysis showed that diabetes and serum albumin levels were independent 
risk factors for intracranial atherosclerosis (P< 0.05). The average serum albumin level in the non-severe group was 
39.80 g/L, and the average serum albumin level in the severe group was 37.60 g/L. The area under the ROC curve of 
serum albumin was 0.667 (95%CI 0.576–0.758, P = .001), the cutoff value was 0.332176, the sensitivity was 75.9%, and 
the specificity was 57.3%.

Conclusion Serum albumin level is an independent risk factor for intracranial atherosclerosis, and provides a new 
direction for clinical prevention and treatment.

Keywords Serum albumin, Intracranial artery stenosis, Atherosclerosis, Risk factors

Association of albumin levels with the risk 
of intracranial atherosclerosis
Xiaoyu Lin1, Fangfang Ke1 and Maohua Chen1*

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12883-023-03234-2&domain=pdf&date_stamp=2023-5-19


Page 2 of 5Lin et al. BMC Neurology          (2023) 23:198 

hyperlipidemia and hyperglycemia are considered as risk 
factors to intracranial atherosclerosis [4]. Recent studies 
have found that serum albumin levels are associated with 
atherosclerosis, with lower albumin levels exacerbating 
atherosclerosis and increasing the risk of hospitalization 
and death, independent of pre-existing disease [5]. There-
fore, we hypothesized that serum albumin levels may be 
associated with intracranial atherosclerosis, but athero-
sclerosis was not a good quantifiable indicator. In view 
of the fact that atherosclerosis can cause arterial steno-
sis, the degree of atherosclerosis can be reflected by the 
degree of arterial stenosis, so as to study the relationship 
between serum albumin level and intracranial atheroscle-
rosis, in order to prevent, delay or treat intracranial ath-
erosclerosis or stenosis. The purpose of this study was to 
investigate whether serum albumin levels are related to 
intracranial atherosclerosis and its significance.

Materials and methods
Clinical information
A retrospective analysis was performed on patients who 
underwent cervical cerebral angiography in the Depart-
ment of Neurosurgery of Wenzhou Central Hospital 
from June 2020 to March 2021. Inclusion criteria: (1) 
Complete cervical cerebral angiography after admission, 
including stroke patients; aneurysm patients, including 

ruptured or unruptured patients with intracranial vas-
cular stenosis found in DSA examination; asymptomatic 
examination patients, etc.; (2) Clinical, imaging and labo-
ratory related data are complete. Exclusion criteria: (1) 
Patients with chronic total arterial occlusion or hypopla-
sia; (2) Patients with carotid artery or vertebral artery ste-
nosis at the same time; (3) Acute/chronic inflammatory 
or wasting disease at the time of admission, including any 
focal or systemic disease Infection; (4) Severe liver and 
kidney insufficiency; (5) Past or current tumor or auto-
immune disease. A total of 360 cases were screened in 
this study, including 218 males, accounting for 60.56%; 
142 females, accounting for 39.44%, aged (62.56 ± 12.01) 
years; 150 cases were included, including 93 males and 
57 females; age (62.35 ± 12.01) years old. 210 cases were 
excluded. (Fig. 1)

Image data
All the included cases underwent cervical cerebral angi-
ography after admission, and the degree of intracra-
nial arterial stenosis was interpreted by two physicians 
with rich clinical experience through WASID method. 
At present, the Chinese guidelines for carotid stenosis 
management released in 2017 suggested that for patients 
with carotid stenosis, the degree of stenosis ≥ 50% should 
be re-examined and the development of carotid stenosis 
should be monitored. Therefore, referring to this recom-
mendation, we divided the degree of intracranial artery 
stenosis into non-severe stenosis (stenosis < 50%) and 
severe stenosis (stenosis ≥ 50%), and the patients were 
divided into two groups: non-severe group (n = 96) and 
severe group (n = 54).

Laboratory data
After admission, 10 ml of venous blood was collected 
after 10 h of fasting, and the red blood cell, white blood 
cell, platelet counts and basic biochemical clinical data 
were analyzed with an automatic hematology analyzer.

Statistical analysis
SPSS 24 software was used for data analysis, measure-
ment data were expressed as “X ̅ ± S”, and Student’s 
t-test was used for comparison. Enumeration data were 
expressed as percentages and compared using the X2 
test. Multiple factors were analyzed by binary Logistics 
regression, and P < .05 was considered statistically signifi-
cant. The ROC curve of serum albumin was established, 
and the area under the curve and the 95% confidence 
interval were calculated.

Results
Univariate analysis
Univariate analysis showed that age, diabetes, and 
serum albumin level were risk factors for intracranial 

Fig. 1 Flow chart of patients included in the study. From June 2020 to 
March 2021, a total of 360 patients underwent cervical cerebral angiog-
raphy were screened. During the screening, those with incomplete clini-
cal, imaging and laboratory data, no intracranial artery stenosis, chronic 
total occlusion or hypoplasia of arteries, cervical vertebral artery stenosis, 
acute/chronic inflammatory or wasting diseases, liver and kidney insuffi-
ciency, tumor or autoimmune diseases will be excluded, 150 cases were 
finally included
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atherosclerosis (P < .05). Gender, smoking, drinking, 
hypertension, coronary heart disease, red blood cell 
count, white blood cell count, platelet count, serum glob-
ulin level, A/G, total cholesterol level, triglyceride level, 
homocysteine level were not significantly correlated with 
intracranial atherosclerosis (P > .05). (Table 1)

The serum albumin levels of the non-severe group and 
the severe group were drawn as box plots. After exclud-
ing individual abnormal data, it was suggested that the 
average serum albumin level in the non-severe group was 
39.80  g/L, and the average serum albumin level in the 
severe group was 37.60 g/L. (Fig. 2)

Multi-factor analysis
Taking age, diabetes and serum albumin levels as inde-
pendent variables, and intracranial atherosclerosis as 
dependent variables, binary Logistics analysis showed 
that diabetes and serum albumin levels were indepen-
dent risk factors for intracranial atherosclerosis (P < .05). 
(Table 2)

Predictive value of serum albumin level in intracranial 
atherosclerosis
The area under the ROC curve was 0.667 (95%CI 0.576–
0.758, P = .001), the cutoff value of serum albumin level 
was 0.332176, the sensitivity was 75.9%, and the specific-
ity was 57.3%. (Fig. 3)

Table 1 Univariate analysis of the degree of intracranial 
atherosclerosis
Factor Non-severe 

group(n = 96)
Severe 
group(n = 54)

P

Sex, male(%) 58(60.42) 35(64.81) 0.595

Smoking(%) 17(17.71) 17(31.48) 0.054

Drinking(%) 16(16.67) 10(18.52) 0.774

Hypertension(%) 58(60.42) 40(74.07) 0.093

Diabetes(%) 20(20.83) 23(42.59) 0.005

CHD(%) 7(7.29) 4(7.41) 0.979

Age, years 60.57 ± 13.53 65.50 ± 8.27 0.031

Red blood cell count 4.45 ± 0.47 4.37 ± 0.42 0.375

White blood cell count 6.96 ± 2.31 6.88 ± 1.86 0.820

Platelet count 219.77 ± 72.69 208.11 ± 53.76 0.514

Serum albumin level 39.84 ± 3.74 37.80 ± 3.72 0.001

Serum globulin level 28.36 ± 3.85 27.74 ± 4.42 0.232

 A/G 1.43 ± 0.21 1.38 ± 0.18 0.189

Total cholesterol level 4.83 ± 1.24 4.58 ± 1.31 0.206

Triglyceride level 1.77 ± 1.32 1.69 ± 0.85 0.527

Homocysteine level 12.88 ± 5.90 13.13 ± 5.31 0.769

Table 2 Multivariate analysis of the degree of intracranial atherosclerosis
Factor B S.E. P OR 95%CI

Lower Upper
Age 0.027 0.018 0.126 1.027 0.992 1.063

Diabetes 0.912 0.386 0.018 2.490 1.169 5.303

Serum albumin level -0.119 0.051 0.020 0.888 0.803 0.982

Fig. 3 The predictive value of serum albumin level on intracranial athero-
sclerosis, the area under the ROC curve was 0.667, the sensitivity of serum 
albumin level was 75.9%, and the specificity was 57.3%

 

Fig. 2 Relationship between degree of intracranial arterial stenosis and 
serum albumin level. After excluding individual abnormal data, the albu-
min level in the intracranial artery stenosis < 50% group was higher than 
that in the ≥ 50% group
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Discussion
This study found that serum albumin level was an inde-
pendent risk factor for intracranial atherosclerosis. The 
serum albumin level of patients with severe intracranial 
atherosclerosis was significantly lower than those in mild 
patients, and the difference was statistically significant 
(P < .05).

Arterial stenosis is the result of the progression of ath-
erosclerosis. Atherosclerosis is a chronic non-regressive 
low-grade aseptic inflammation. The inflammatory 
response can reduce the stability of plaque in the artery. 
The more severe the reaction, the worse the stability of 
the plaque. Studies have shown that IL-1 is involved in 
the progression of atherosclerosis, and IL-1 deficiency 
can reduce atherosclerotic plaque and inhibit the devel-
opment of atherosclerosis. Elevated levels of IL-10 and 
IL-17 can inhibit the progression of atherosclerosis and 
significantly reduce atherosclerotic plaque, while defi-
ciency can accelerate atherosclerotic plaque formation 
and atherosclerotic plaque instability [6].

Albumin is the most important protein in human 
plasma, which maintains the body’s nutrition and 
osmotic pressure, accounting for about 50% of the total 
plasma protein. Serum albumin has many physiologi-
cal roles, including being the main circulating antioxi-
dant in the body [7]. Serum albumin is rich in thiol 
groups, accounting for more than 80% of the total thiols 
in plasma clearance of reactive oxygen and nitrogen spe-
cies. Studies have shown that serum albumin also has 
anticoagulant and antiplatelet aggregation activities [8]. 
Another study showed that serum albumin is able to bind 
to a number of ligands, including bilirubin, long-chain 
fatty acids, homocysteine, copper and iron, prevent-
ing them from causing the oxidative reactions that are 
already involved in atherosclerosis known risk factors [9]. 
Serum albumin also has the ability to bind lipopolysac-
charides, other bacterial proteins and other inflammatory 
mediators [10].

Hypoalbuminemia is mostly due to decreased hepatic 
synthesis, increased catabolism, increased vascular per-
meability, and renal and intestinal loss [11]. The rela-
tive contributions of these different mechanisms have 
not been investigated in patients with cerebrovascular 
disease. However, malnutrition and inflammation are 
thought to play a major role in the development of hypo-
albuminemia. Studies have shown that inflammation can 
inhibit the synthesis of albumin, resulting in lower serum 
albumin levels [12].

A study of the association between low serum albu-
min levels and poor functional outcome and mortality 
in patients with AIS or TIA included 13,618 patients. 
During the 3-month follow-up period, patients in the 
< 35 g/L group had an increased risk of adverse functional 
outcomes and mortality compared with albumin levels 

between 40 g/L and 44.9 g/L (adjusted OR 1.37 (95% CI 
1.12 to 1.67); adjusted HR 2.13 (95% CI 1.41 to 3.23). In 
the meta-analysis, for every 1  g/L reduction in albumin 
levels, 3 studies showed an OR of 1.03 for poor functional 
outcome (95% CI 1.02 to 1.05), the HR for mortality was 
1.07 (95% CI 1.03 to 1.11) for five studies [13].

Therefore, this study found that hypoalbuminemia is an 
independent risk factor for intracranial atherosclerosis, 
and albumin, as the main antioxidant in the human body. 
It can lead to the progression of atherosclerosis, which in 
turn develops into arterial stenosis, causing AIS or TIA. 
On the other hand, the inflammatory response that exists 
during the progression of atherosclerosis can inhibit the 
synthesis of albumin, resulting in a decrease in the level 
of albumin and further aggravation of atherosclerosis. 
Therefore, how to break this vicious circle highlights its 
significance.

Clinical significance
Serum albumin concentration is a simple and inexpensive 
routine laboratory test that provides relevant risk infor-
mation for patients with certain cerebrovascular diseases. 
It is reasonable to speculate that when serum albumin 
levels are low, exogenous albumin supplementation or 
enhanced nutrient intake to increase albumin levels can 
inhibit the progression of atherosclerosis, while the inhi-
bition of inflammatory response also reduces albumin 
consumption, thus forming a virtuous circle. The above 
speculation still needs to be verified by further prospec-
tive studies.

Limit
In this study, serum albumin levels and intracranial 
artery conditions were obtained at the time of admission, 
and the time-varying relationship between serum albu-
min levels and intracranial arteries in the same patients 
for several months to years still needs to be obtained later 
to verify the study result.

This study is a single-center study with a small sample 
size, so the results of the study still need to be confirmed 
by multi-center and large-sample studies.

Acknowledgements
Not applicable.

Authors’ contributions
XL contributed to the study design, data collection, statistical analysis, 
and manuscript preparation. FK was involved in the data collection.
MC contributed to the study concept and design, as well as manuscript 
preparation and review. All authors contributed to the article and approved 
the submitted version.

Funding
Not applicable.

Data Availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.



Page 5 of 5Lin et al. BMC Neurology          (2023) 23:198 

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The experimental protocol was established, according to the ethical 
guidelines of the Helsinki Declaration. All experimental protocols were 
approved by the Human Ethics Committee of Wenzhou Central Hospital. 
All methods were carried out in accordance with relevant guidelines and 
regulations in the ‘ethical approval and consent to participate. Written 
informed consent is waived by Human Ethics Committee of Wenzhou Central 
Hospital considering the retrospective nature of the study.

Consent for publication
Not applicable.

Received: 20 November 2022 / Accepted: 29 April 2023

References
1. Tsao CW, Aday AW, Almarzooq ZI et al. Heart Disease and Stroke Statis-

tics-2022 Update: A Report From the American Heart Association. Circulation. 
2022;145(8):e153-e639. https://doi.org/10.1161/CIR.0000000000001052.

2. Tu WJ, Hua Y, Yan F, et al. Prevalence of stroke in China, 2013–2019: a popula-
tion-based study. Lancet Reg Health - Western Pac. 2022;100550. https://doi.
org/10.1016/j.lanwpc.2022.100550.

3. Chen Z, Jiang B, Ru X, et al. Mortality of stroke and its subtypes in China: 
results from a Nationwide Population-Based survey. Neuroepidemiology. 
2017;48(3–4):95–102. https://doi.org/10.1159/000477494.

4. Song JW, Xiao J, Cen SY, et al. Sex differences in intracranial atherosclerosis 
in patients with hypertension with Acute ischemic stroke. J Am Heart Assoc. 
2022;17(10):e025579. https://doi.org/10.1161/JAHA.122.025579.

5. Shannon CM, Ballew SH, Daya N, et al. Serum albumin and risks of hospitaliza-
tion and death: findings from the atherosclerosis risk in Communities study. J 
Am Geriatr Soc. 2021;69(10):2865–76. https://doi.org/10.1111/jgs.17313.

6. Li X, Guo D, Chen Y et al. Effects of Altered Levels of Pro- and Anti-
Inflammatory Mediators on Locations of In-Stent Reocclusions in 
Elderly Patients. Mediators Inflamm 2020;2020:1719279. https://doi.
org/10.1155/2020/1719279.

7. Dirajlal-Fargo S, Kulkarni M, Bowman E et al. Serum Albumin Is Associated 
With Higher Inflammation and Carotid Atherosclerosis in Treated Human 
Immunodeficiency Virus Infection. Open Forum Infect Dis. 2018;5(11):ofy291. 
https://doi.org/10.1093/ofid/ofy291.

8. Paar M, Rossmann C, Nusshold C et al. Anticoagulant action of low, 
physiologic, and high albumin levels in whole blood. PLoS One. 
2017;12(8):e0182997. https://doi.org/10.1371/journal.pone.0182997.

9. Paredes S, Fonseca L, Ribeiro L et al. Novel and traditional lipid profiles in 
Metabolic Syndrome reveal a high atherogenicity. Sci Rep. 2019;9(1):11792. 
https://doi.org/10.1038/s41598-019-48120-5.

10. Arroyo V, García-Martinez R, Salvatella X. Human serum albumin, systemic 
inflammation, and cirrhosis. J Hepatol. 2014;61(2):396–407. https://doi.
org/10.1016/j.jhep.2014.04.012.

11. Arques S, Ambrosi P. Human serum albumin in the clinical syndrome 
of heart failure. J Card Fail. 2011;17(6):451–8. https://doi.org/10.1016/j.
cardfail.2011.02.010.

12. Yang Z, Zheng Y, Wu Z, et al. Association between pre-diagnostic serum 
albumin and cancer risk: results from a prospective population-based study. 
Cancer Med. 2021;10(12):4054–65. https://doi.org/10.1002/cam4.3937.

13. Zhou HY, Wang AX, Meng X et al. Low serum albumin levels predict poor 
outcome in patients with acute ischaemic stroke or transient ischaemic 
attack. [J]. Stroke Vasc Neurol. 2021;6(3):458–466. https://doi.org/10.1136/
svn-2020-000676.

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

http://dx.doi.org/10.1161/CIR.0000000000001052
http://dx.doi.org/10.1016/j.lanwpc.2022.100550
http://dx.doi.org/10.1016/j.lanwpc.2022.100550
http://dx.doi.org/10.1159/000477494
http://dx.doi.org/10.1161/JAHA.122.025579
http://dx.doi.org/10.1111/jgs.17313
http://dx.doi.org/10.1155/2020/1719279
http://dx.doi.org/10.1155/2020/1719279
http://dx.doi.org/10.1093/ofid/ofy291
http://dx.doi.org/10.1371/journal.pone.0182997
http://dx.doi.org/10.1038/s41598-019-48120-5
http://dx.doi.org/10.1016/j.jhep.2014.04.012
http://dx.doi.org/10.1016/j.jhep.2014.04.012
http://dx.doi.org/10.1016/j.cardfail.2011.02.010
http://dx.doi.org/10.1016/j.cardfail.2011.02.010
http://dx.doi.org/10.1002/cam4.3937
http://dx.doi.org/10.1136/svn-2020-000676
http://dx.doi.org/10.1136/svn-2020-000676

	Association of albumin levels with the risk of intracranial atherosclerosis
	Abstract
	Introduction
	Materials and methods
	Clinical information
	Image data
	Laboratory data
	Statistical analysis

	Results
	Univariate analysis
	Multi-factor analysis
	Predictive value of serum albumin level in intracranial atherosclerosis

	Discussion
	Clinical significance
	Limit

	References


