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Purpose: To study the effects of obesity and overweight on carotid vascular function among healthy populations by carotid ultrasound 
(CAU) and transcranial Doppler (TCD).
Materials and Methods: Basic clinical characteristics, CAU and TCD parameters were collected from recruited healthy individuals. 
Firstly, all participants were divided into three groups: normal, overweight and obese. Then, the variability of basic clinical 
characteristics and lipids between the three groups was calculated. Subsequently, CAU and TCD parameters were compared between 
the three groups. Finally, the correlation between body mass index (BMI) and neck vascular function was analyzed.
Results: A total of 613 healthy participants were included, of whom 241 were normal, 264 were overweight, and 108 were obese. 
Overweight and obesity significantly decreased systolic, diastolic and mean flow velocities in the basilar, vertebral and internal carotid 
arteries, but had no effect on pulsatility index. In addition, BMI was significantly negatively correlated with systolic, diastolic, and 
mean flow velocities in the basilar, vertebral, and internal carotid arteries, and remained correlated after adjusting for other factors. 
There was no effect of overweight and obesity on carotid plaques.
Conclusion: Our study revealed that overweight and obesity decreased carotid vascular flow velocity and showed a decreasing trend 
in vascular flow velocity with increasing BMI. Overweight and obesity appear to have no effect on carotid plaques.
Keywords: obesity, overweight, basilar artery, vertebral artery, internal carotid artery

Introduction
In recent years, the rising prevalence of obesity and overweight has developed into a significant public health issue. Obesity and 
overweight are important risk factors for vascular diseases and greatly increase the risk of cardiovascular diseases when 
compared to people of normal weight.1,2 Obesity and overweight are also metabolic disorders, accompanied by changes in 
blood pressure, lipids and glucose.3 Additionally, an excessive buildup of adipose tissue secretes large quantities of adipokines, a 
group of reactive small molecules that can harm multiple organs.4 Obesity is accompanied by an increase in blood volume, basal 
cardiac output and heart rate, which can induce intimal hyperplasia through changes in vascular wall tension. Increased levels of 
oxidative stress and inflammation combined with metabolic abnormalities can damage the vascular endothelium and hence start 
the development of a number of cardiovascular illnesses. Vascular damage is closely related to the prevalence of insulin 
resistance and increased renin-angiotensin-aldosterone system activation in obese and overweight populations.5

The carotid artery (CA), vertebral artery (VA), and basilar artery (BA) are the main blood channels for the brain’s 
blood supply, and their malfunction is strongly linked to many cerebrovascular illnesses. Inadequate CA supply is linked 
to dizziness, slurred speech, and amnesia. Vertigo, headaches, and a lack of blood flow to the vertebral basilar system are 
all related. When vascular disease is severe, stroke can happen. Therefore, it is crucial to check for vascular function 
early on. Doppler ultrasound non-invasive approaches for detecting carotid and cerebrovascular abnormalities include 
carotid ultrasound (CAU) and transcranial Doppler (TCD) ultrasound. Both are useful instruments for the identification 
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and evaluation of carotid vascular lesions and are essential for assessing vascular function as well as the efficacy of 
prevention and treatment of lesions.6 Numerous investigations evaluating neck vasculature in patients with diabetes, 
hypertension, and coronary artery disease utilizing CAU and TCD have demonstrated good sensitivity and specificity in 
disease prediction.7–10 Studies have revealed that TCD has an 88% specificity and a 91% sensitivity for the diagnosis of 
ischemic stroke.11 Therefore, the use of CAU and TCD for the detection of vascular function in the neck can lead to early 
detection of vascular dysfunction, which can lead to interventional treatment and reduce the possibility of serious disease.

There are no current publications that are pertinent to the effects of obesity and overweight on neck vascular function 
in healthy populations, despite the fact that the vascular damage produced by these conditions is widely recognized. CAU 
and TCD looked at the relationship between body mass index (BMI) and neck vascular function in this study. Obesity 
and overweight can be considered risk factors for neck vascular dysfunction. So that interventions can be carried out at an 
early stage, it is important to identify risk factors for vascular dysfunction in the neck as early as feasible.

Materials and Methods
Study Population
The study followed the principles of the Declaration of Helsinki and was approved by the Medical Ethics Committee of Hebei 
General Hospital (Ethics Committee No. 202,027). All participants signed an informed consent form before enrollment.

This is a cross-sectional study conducted in an outpatient setting. The participants included were healthy people who 
had a physical examination at Hebei General Hospital in June 2022. The population recruited for this study was healthy, 
so all participants with underlying diseases, such as cardiovascular disease, hypertension, and diabetes, were excluded.

Information and Biomarkers Collection
Basic information was collected from all participants, including gender, age, and medical history. Height, weight, systolic 
blood pressure (SBP), and diastolic blood pressure (DBP) were measured by professional staff. Blood samples were 
collected from participants after 8 hours of fasting. Fasting blood glucose, HbA1c, high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), and triglyceride (TG) levels were 
collected. All blood biomarkers were tested in the same laboratory.

Transcranial Doppler Detection
The 2MHz multichannel TCD (DWL-BOXTCD, Germany) is routinely used in our hospital as a non-invasive screening 
test to identify vascular lesions through the acoustic window. The patient lies on his or her side and the probe position, 
angle, and detector depth are adjusted. The mean flow velocity, vascular pulsatility index, systolic flow velocity and 
diastolic flow velocity of the vertebral, basilar and internal carotid arteries were measured bilaterally through the parietal 
occipital window. The above data were collected as the average of three measurements.

Carotid Artery Ultrasound
CAU is non-invasive and highly sensitive, and can clearly display the internal diameter of blood vessels, sclerotic plaque type, 
morphology, distribution site, and carotid artery stenosis. A Philips color Doppler ultrasound diagnostic instrument equipped with 
an ultrasound probe (probe frequency of 7.5–12 MHz) was used. The patient was placed in a supine position, and the carotid 
vessels were fully exposed. The carotid vessels were scanned transversely and longitudinally, and the number and size of plaques 
were analyzed.

Statistical Analysis
All data were tested for normality. Continuous variables were expressed using the mean ± standard deviation, and the one-way 
ANOVA test was used to compare the differences between the three groups. The odds ratio test was used to assess the variability of 
categorical variables. Spearman or Pearson correlation analysis was used to determine the relationship between BMI and cervical 
vascular function parameters. Multiple linear regression analysis was used to determine independent correlations between BMI 
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and cervical vascular function parameters. When P<0.05 considered the difference between groups was statistically significant. 
All data were processed using SPSS software version 26.0 and GraphPad Prism software version 8.0.

Results
Clinical Characteristics of All Participants
A total of 613 healthy participants (including 396 men and 217 women) were recruited into this study. All participants were 
classified according to BMI as normal weight (241), overweight (264), and obese (108). There were no significant differences 
(P>0.05) between the three groups for age, fasting glucose and HbA1c (Figure 1A–C). In normal weight, overweight and obese 
people, SBP was 123.1±17.37, 129.8±15.95 and 133.4±18.56mmHg, and DBP was 77.8±9.62, 81.63±11.14 and 84.91 
±11.81mmHg, respectively. Both obesity and overweight significantly increased SBP and DBP levels (p<0.001). Obesity mainly 
increased DBP levels compared to overweight (P<0.05). The mean blood pressure values were within the normal range in all 
three groups (Figure 1D and E).

Blood Lipids of All Participants
LDL-C and TC were not significantly different (p>0.05) between the three groups (Figure 2A and B). Obesity and overweight 
significantly reduced HDL-C levels, and the decrease was more pronounced with increasing weight (P<0.001) (Figure 2C). 
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Figure 1 Comparison of baseline characteristics of normal, overweight and obese healthy populations. (A) Age. (B) Fasting glucose. (C) HbA1c. (D) Systolic blood pressure 
(SBP). (E) Diastolic blood pressure (DBP). ***P<0.001. *P<0.05. ns P>0.05.
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Obesity and overweight significantly increased TG levels compared to those of normal weight (P<0.001), but there was no 
significant difference between the obese and overweight groups (P>0.05) (Figure 2D).

Obesity and Overweight Affect BA Function Parameters
There was no significant effect of obesity and overweight on BA pulsatility index (P>0.05) (Figure 3A). Overweight 
decreased BA systolic flow and mean flow (P<0.05), but had no significant effect on diastolic flow (P>0.05). Obesity 
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Figure 2 Comparison of blood lipid levels in normal, overweight and obese healthy populations. (A) Low-density lipoprotein-cholesterol (LDL-C). (B) Total cholesterol 
(TC). (C) High-density lipoprotein-cholesterol (HDL-C). (D) Triglycerides (TG). ***P<0.001. ns P>0.05.
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Figure 3 Comparison of basilar artery function. (A) Basilar artery (BA) pulsatility index. (B) BA systolic blood flow. (C) BA diastolic blood flow. (D) Mean BA blood flow. 
***P<0.001. *P<0.05. ns P>0.05.
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significantly reduced BA systolic flow, diastolic flow and mean flow (P<0.001), more significantly relative to overweight 
(P<0.05) (Figure 3B–D).

Obesity and Overweight Affect ICA Function Parameters
Obesity and overweight do not affect the bilateral ICA pulsatility index (P>0.05) (Figure 4A and B). Obesity significantly 
decreased bilateral ICA systolic, diastolic, and mean flow velocities, and overweight also significantly reduced right ICA 
systolic, diastolic, and mean flow velocities and left systolic flow (P<0.001), slightly lowered mean flow velocity (P<0.05), 
and did not affect diastolic flow velocity (P>0.05). Compared to overweight, obesity further reduced systolic, diastolic and 
mean flow velocities in the ICA bilaterally (P<0.01), except for left-sided diastolic flow velocities (P>0.05) (Figure 4C–H).

Obesity and Overweight Affect VA Function Parameters
Similarly, obesity and overweight do not affect the bilateral VA pulsatility index (P>0.05) (Figure 5A and B). Obesity 
significantly reduced systolic, diastolic and mean flow velocities in the VA bilaterally (P<0.001), with a relatively small 
reduction in overweight (P<0.05). Obesity and overweight have comparable effects on vertebral artery function (P>0.05), 
except for the left vertebral artery, which declines more markedly in obesity (P<0.05) (Figure 5C–H).

Correlation of BMI with BA, VA and ICA Function Parameters
BMI was negatively correlated with systolic, diastolic and mean flow velocities among bilateral BA, VA and ICA (P<0.001). 
However, there was no correlation between BMI and bilateral BA, VA and ICA pulsatility indices (P>0.05) (Table 1).
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Figure 4 Comparison of internal carotid artery function. (A and B) Left and right internal carotid artery (ICA) pulsatility index. (C and D) Left and right ICA systolic blood flow 
velocities. (E and F) Left and right ICA diastolic blood flow velocities. (G and H) Left and right ICA mean blood flow velocities. ***P<0.001. **P<0.01. *P<0.05. ns P>0.05.
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Multivariate Linear Correlation Analysis Between BMI and BA, VA and ICA Function 
Parameters
To investigate the independent correlation between BMI and BA, VA and ICA function, we developed three different models 
(model 1: crude model; model 2: adjusted for age, SBP and DBP; model 3: adjusted for age, SBP, DBP, fasting glucose and 
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Figure 5 Comparison of vertebral artery function. (A and B) Left and right vertebral artery (VA) pulsatility index. (C and D) Left and right VA systolic blood flow velocities. 
(E and F) Left and right VA diastolic blood flow velocities. (G and H) Left and right VA mean blood flow velocities. ***P<0.001. **P<0.01. *P<0.05. ns P>0.05.

Table 1 Correlation Between BMI and Cervical Vascular Function Parameters

BMI (kg/m2)

BA pulsatility index r value 

p value

−0.049 (−0.128, 0.03) 

0.225

BA systolic blood flow r value 
p value

−0.246 (−0.319, −0.17) 
<0.001

BA diastolic blood flow r value 

p value

−0.216 (−0.291, −0.14) 

<0.001
Mean BA blood flow r value 

p value

−0.245 (−0.314, −0.165) 

<0.001

Right ICA pulsatility index in proximal cranial segment r value 
p value

0.025 (−0.056, 0.104) 
0.544

Right ICA systolic flow velocity in proximal cranial segment r value 

p value

−0.305 (−0.375, −0.231) 

<0.001
Right ICA diastolic flow velocity in proximal cranial segment r value 

p value

−0.232 (−0.209, −0.053) 

<0.001

(Continued)
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HbA1c). BMI was negatively associated with systolic, diastolic, and mean flow rates in bilateral BA, VA, and left ICA, 
regardless of model adjustment (P<0.001). BMI was negatively correlated with systolic and mean flow velocity in right ICA, 
despite model adjustment (P<0.001), but had no correlation with diastolic flow velocity after adjustment for crude model and a 
negative correlation after adjustment for model 1 and model 2 (P<0.01). There was still no correlation between BMI and BA, 
VA and ICA pulsatility indices after model adjustment (P>0.05) (Table 2, and Figure 6).

Table 1 (Continued). 

BMI (kg/m2)

Mean right ICA flow velocity in proximal cranial segment r value 

p value

−0.316 (−0.385, −0.243) 

<0.001
Right VA pulsatility index in intracranial segment r value 

p value

−0.05 (−0.129, 0.03) 

0.218

Right VA systolic flow velocity in intracranial segment r value 
p value

−0.235 (−0.309, −0.159) 
<0.001

Right VA diastolic flow velocity in intracranial segment r value 

p value

−0.212 (−0.286, −0.135) 

<0.001
Mean right VA flow velocity in intracranial segment r value 

p value

−0.235 (−0.308, −0.158) 

<0.001

Left ICA pulsatility index in proximal cranial segment r value 
p value

−0.068 (−0.146, 0.012) 
0.094

Left ICA systolic flow velocity in proximal cranial segment r value 

p value

−0.275 (−0.347, −0.2) 

<0.001
Left ICA diastolic flow velocity in proximal cranial segment r value 

p value

−0.185 (−0.26, −0.107) 

<0.001

Mean left ICA flow velocity in proximal cranial segment r value 
p value

−0.242 (−0.315, −0.166) 
<0.001

Left VA pulsatility index in intracranial segment r value 

p value

−0.004 (−0.083, 0.076) 

0.927
Left VA systolic flow velocity in intracranial segment r value 

p value

−0.222 (−0.296, −0.145) 

<0.001

Left VA diastolic flow velocity in intracranial segment r value 
p value

−0.222 (−0.296, −0.146) 
<0.001

Mean left VA flow velocity in intracranial segment r value 

p value

−0.234 (−0.307, −0.157) 

<0.001

Abbreviations: BA, Basilar artery; ICA, internal carotid artery; VA, vertebral artery.

Table 2 Correlation Between BMI and Cervical Vascular Function After Adjustment for Confounding Factors

Model 1 Model 2 Model 3

t p t p t p

BA pulsatility index −1.341 0.18 −1.405 0.161 −1.513 0.131
BA systolic blood flow −4.516 <0.001 −5.888 <0.001 −5.88 <0.001

BA diastolic blood flow −4.031 <0.001 −5.367 <0.001 −5.347 <0.001

Mean BA blood flow −4.360 <0.001 −5.809 <0.001 −5.769 <0.001
Right ICA pulsatility index in proximal cranial segment 0.818 0.414 1.528 0.127 1.496 0.135

Right ICA systolic flow velocity in proximal cranial segment −5.207 <0.001 −7.282 <0.001 −7.05 <0.001

Right ICA diastolic flow velocity in proximal cranial segment −1.644 0.101 −3.02 0.003 −2.858 0.004
Mean right ICA flow velocity in proximal cranial segment −5.57 <0.001 −7.998 <0.001 −7.763 <0.001

Right VA pulsatility index in intracranial segment −1.09 0.276 −1.557 0.12 −1.355 0.176

(Continued)
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Obesity and Overweight Affect Carotid Plaque
The odds ratio test showed that obesity and overweight had no significant effect on the presence or absence of carotid 
plaque (P>0.05) (Table 3). As well, the number of carotid plaques and the volume of the largest plaque did not vary 
significantly between the three groups (P>0.05) (Figure 7A–C).

Discussion
Due to the rising level of living, many people’s lives have changed and their weight is constantly rising, contributing to 
an increase in the prevalence of obesity and overweight. In addition to being a substantial contributor to the development 
of cardiovascular and cerebrovascular illnesses, obesity also contributes to a markedly higher rate of morbidity and death 
in obese people than in the general population.12 As a result, early cerebrovascular screening for obese and overweight 
individuals can aid in the disease’s early treatment.

According to certain research, obese adults are 1.86 times more likely to die suddenly and have a 40% higher risk of 
having cerebrovascular illness than the general population.1 This is explained by the fact that as body weight rises, the 
endocrine system is disturbed, TC and TG levels rise, HDL-C levels fall, and atherosclerosis is predisposed as a result.13 

The findings of this investigation on obese and overweight individuals demonstrated that these conditions markedly 
lowered HDL-C levels and elevated TG levels. The limited population size and the inclusion of a healthy population may 
have contributed to the lack of a significant difference in TC and LDL-C between the three groups. The likelihood of 
developing hypertension and vascular injury in obese and overweight people is raised by the rise in blood volume that 
occurs as weight increases, hyperactivation of the renin-angiotensin system, increased levels of inflammation, and 
oxidative stress in vivo. SBP and DBP in the obese and overweight groups were significantly higher than in the normal 
weight population, however these mean blood pressure readings did not fulfill the standards for a diagnosis of 
hypertension. This better illustrates the relationship between body weight and aberrant neck vascular function since it 
corresponds with our recruitment sample, which eliminates vascular damage brought on by hypertension alone. In obese 
people, the relative insufficiency of insulin secretion by islet cells results in hunger, which prompts greater eating and 
weight gain, which in turn exacerbates the relative insufficiency of insulin secretion and eventually leads to the onset of 
diabetes mellitus.14,15 Diabetes can result in glassy small arteries and hypertension, which can contribute to cerebrovas-
cular illness.16 According to our study’s findings, those who are obese, overweight, or normal weight have identical 
fasting glucose and HbA1c levels. This finding rules out the impact of blood sugar levels on the vasculature and 
establishes a link between body weight and neck vascular health.

The primary blood vessels for the brain are the ICA, VA, and BA, and when these blood vessels are dysfunctional, 
there may not be enough blood flowing to the brain, which can cause a variety of clinical symptoms. Vascular spasm, 

Table 2 (Continued). 

Model 1 Model 2 Model 3

t p t p t p

Right VA systolic flow velocity in intracranial segment −4.599 <0.001 −5.754 <0.001 −5.78 <0.001

Right VA diastolic flow velocity in intracranial segment −4.1896 <0.001 −5.029 <0.001 −5.23 <0.001
Mean right VA flow velocity in intracranial segment −4.063 <0.001 −5.615 <0.001 −5.727 <0.001

Left ICA pulsatility index in proximal cranial segment −1.857 0.064 −1.494 0.136 −1.716 0.087

Left ICA systolic flow velocity in proximal cranial segment −4.765 <0.001 −6.308 <0.001 −6.113 <0.001
Left ICA diastolic flow velocity in proximal cranial segment −4.025 <0.001 −4.627 <0.001 −4.35 <0.001

Mean left ICA flow velocity in proximal cranial segment −4.005 <0.001 −5.721 <0.001 −5.471 <0.001

Left VA pulsatility index in intracranial segment −0.134 0.893 0.042 0.966 −0.114 0.91
Left VA systolic flow velocity in intracranial segment −4.56 <0.001 −5.179 <0.001 −5.184 <0.001

Left VA diastolic flow velocity in intracranial segment −4.637 <0.001 −5.403 <0.001 −5.385 <0.001

Mean left VA flow velocity in intracranial segment −4.809 <0.001 −5.509 <0.001 −5.491 <0.001

Abbreviations: BA, Basilar artery; ICA, internal carotid artery; VA, vertebral artery.
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Figure 6 Correlations between BMI and cervical vascular function parameters. (A) BA systolic blood flow. (B) BA diastolic blood flow. (C) Mean BA blood flow. (D) Right 
ICA systolic flow velocity in proximal cranial segment. (E) Right ICA diastolic flow velocity in proximal cranial segment. (F) Mean right ICA flow velocity in proximal cranial 
segment. (G) Right VA systolic flow velocity in intracranial segment. (H) Right VA diastolic flow velocity in intracranial segment. (I) Mean right VA flow velocity in intracranial 
segment. (J) Left ICA systolic flow velocity in proximal cranial segment. (K) Left ICA diastolic flow velocity in proximal cranial segment. (L) Mean left ICA flow velocity in 
proximal cranial segment. (M) Left VA systolic flow velocity in intracranial segment. (N) Left VA diastolic flow velocity in intracranial segment. (O) Mean left VA flow velocity 
in intracranial segment. The horizontal coordinates represent BMI, and the vertical coordinates are parameters of cervical vascular function. 
Abbreviations: BA, Basilar artery; ICA, internal carotid artery; VA, vertebral artery.
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sclerosis, and stenosis are typically linked to decreased vascular flow rates. Early vascular lesions are predicted to 
manifest when vascular flow velocity declines. The pulsatility index is thought to be a predictor of vascular flexibility and 
compliance.17 According to studies, vascular compliance is higher in healthy individuals and lower in patients with 
ischemic cerebrovascular and advanced disease.18 Therefore, pulsatility index and blood flow velocity measurements can, 
to some extent, indicate vascular function. The findings of this study demonstrate that weight gain and obesity have no 
impact on the pulsatility index for ICA, VA, and BA. This illustrates that the vessels’ compliance and elasticity are still 
within a normal range. However, vascular systolic, diastolic, and mean flow velocities are decreased with obesity and 
overweight, indicating some degree of vascular function impairment. We conducted more carotid plaque studies to see 
whether the decrease in flow velocity is related to stenosis. According to CAU findings, there were no appreciable 
changes in carotid plaque presence, size, or number between healthy people of normal weight and those who were obese 
or overweight.

Even after accounting for a number of variables, the findings of multiple linear regression revealed a strong inverse 
relationship between BMI and vascular blood flow velocity. No matter how any risk factor was adjusted, there was still 
no discernible relationship between BMI and pulsatility index. So, in a group of healthy people, we hypothesize that 
obesity and overweight have some effect on neck artery function, but not in a way that appears to cause stenosis and 
lower vascular compliance. Reduced capillary blood flow in obese and overweight people appears to be mostly due to 
impaired vascular endothelial cell function caused by elevated blood pressure, lipids, inflammation, and oxidative stress 
in vivo.19 In summary, our study found that an increase in BMI in a healthy population significantly reduced neck 
vascular systolic, diastolic and mean flow velocities without macrovascular lesions, indicating that vascular lesions are in 
an early stage. In order to detect and treat cerebrovascular illness early, it is therefore advantageous to screen neck 
vascular function in obese and overweight populations.
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Figure 7 Comparison of carotid plaques. (A) Histogram of the number of carotid plaques with or without plaque between normal, overweight and obese populations. (B) 
Comparison of carotid plaque counts between normal, overweight and obese populations. (C) Comparison of maximum carotid plaque volume between normal, overweight 
and obese populations. ns P>0.05.

Table 3 Obesity and Overweight Affect Carotid Plaque

State No Plaques With Plaques Odds Ratio 95% CI P value

Normal 148 93 0.782 0.543–1.125 0.194
Overweight 177 87

Normal 148 93 0.829 0.508–1.347 0.474

Obesity 71 37
Overweight 177 87 1.06 0.652–1.717 0.81

Obesity 71 37
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Our study does have some limitations, though. First of all, because this research was cross-sectional, it was 
impossible to establish a causal link between BMI and cervical vascular function. Second, there was a small sample 
size in this single-center clinical trial. The pulsatility index was not significantly correlated with BMI, making it 
impossible for it to accurately depict the vascular damage brought on by BMI.

Conclusions
In conclusion, our study found a significant negative association between BMI and cervical vascular flow velocity, with 
or without adjusting for confounding factors. This finding implies that in healthy people, obesity and overweight are risk 
factors for early cervical vascular dysfunction.
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