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Purpose

Stroke remains a leading cause of death and disability worldwide, with carotid intima-media thickness (IMT) and carotid plaque being significant predictors of cerebrovascular diseases. Despite the established correlation between carotid IMT and stroke, the specific factors influencing IMT in populations with unstable plaques are not well understood. This study aimed to identify the influential factors affecting carotid IMT in individuals with asymptomatic (without prior cardiocerebrovascular events) unstable plaques and to explore sex-specific differences.





Methods

Participants were recruited from 2713 patients who underwent carotid ultrasonography in Tianjin Jixian between 2019 and 2020. A total of 1070 individuals met the inclusion criteria, which required the presence of at least one unstable carotid plaque and no significant renal function abnormalities. Clinical and biochemical assessments were conducted, and carotid ultrasonography was performed to evaluate the IMT and plaque characteristics. Statistical analyses, including univariate and multiple linear regression analyses, were used to identify factors influencing IMT.





Results

The study included 1070 patients with asymptomatic unstable plaques, comprising 616 males (57.6%) and 454 females (42.4%), with a mean age of 65.35 ± 7.75 years. Multivariate linear regression analysis confirmed that age (β = 0.247, P < 0.001), diabetes mellitus (β = 0.070, P = 0.046), and creatinine (β = 0.075, P = 0.036) were significant predictors of IMT in the overall population. In males, significant predictors included age (β = 0.209, P < 0.001), creatinine (β = 0.103, P = 0.010), and fasting plasma glucose (β = 0.086, P = 0.028). In females, significant predictors included age (β = 0.293, P < 0.001), diabetes mellitus (β = 0.113, P = 0.011), and smoking (β = 0.132, P = 0.003). These results emphasize the importance of considering sex-specific factors in the assessment and management of carotid atherosclerosis.





Conclusion

These findings highlight the critical need for personalized approaches in reducing the risk of cerebrovascular diseases and improving patient outcomes. Among patients with asymptomatic unstable carotid plaques, male individuals need to focus more on renal function, while female requires more vigorous smoking cessation efforts.
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1 Introduction

Stroke is a leading cause of death and disability worldwide, imposing a significant burden on individuals and healthcare systems alike. According to the Global Burden of Diseases, Injuries, and Risk Factors Study, stroke ranked third in terms of disability-adjusted life-years (DALYs) and was the second biggest cause of death globally in 2017 and 2019 (1, 2). By 2050, the number of stroke survivors is expected to exceed 200 million, with about 300 million DALYs attributed to strokes annually. Moreover, approximately 25 million new cases of stroke and 13 million stroke-related deaths are projected each year (2).

Carotid IMT and carotid plaques are recognized as significant predictors of cerebrovascular diseases, including stroke (3, 4). Multiple studies have demonstrated a strong correlation between increased carotid IMT and the occurrence of cardiovascular and cerebrovascular events (5, 6). Atherosclerotic changes in the carotid artery wall, leading to plaque instability, can result in arterio-arterial embolism, a common cause of stroke (5). Research indicates that individuals with predominantly echolucent plaques (unstable plaques) have a higher likelihood of future stroke compared to those with echogenic plaques (stable plaques) (6). The increased stroke risk observed with echolucent plaques appears mediated by their echolucent components - primarily lipid-rich necrotic cores and intraplaque hemorrhage (7).

Despite the established correlation between carotid IMT and stroke, the specific factors influencing IMT in populations with unstable plaques remain unclear. There are ongoing debates regarding the relationship between carotid IMT and carotid plaques, with some studies suggesting a direct link, while others do not (8, 9). Additionally, few studies have focused specifically on IMT in patients with unstable plaques, and there is a need for further research to clarify the sex-specific risk factors and their impact (10).

This study aims to identify the influential factors affecting carotid IMT in individuals with unstable plaques and to explore sex-specific differences.




2 Methods



2.1 Study design and participants

This study was conducted at Tianjin Jixian between 2019 and 2020. A total of 2713 asymptomatic patients who underwent carotid ultrasonography were initially screened. Inclusion criteria were: (1) the presence of at least one unstable carotid plaque identified by ultrasonography [Gray-Weale Types I-II (11)]; (2) no significant renal function abnormalities; (3) no history of tumor, carotid stenting, or carotid endarterectomy. Exclusion criteria were: (1) no plaques or other types of plaques (Gray-Weale Types III-V); (2) elevated serum creatinine levels, male ≥1.3 mg/dL (115 μmol/L) and female ≥1.1 mg/dL (97 μmol/L). After applying these criteria, 1070 participants were included in the study (Figure 1).
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Figure 1 | Flow-chart of the study population.

This study conforms to the provisions of the Declaration of Helsinki (as revised in 2013) and was approved by the Ethics Committee of the General Hospital of Tianjin Medical University (approval number: IRB2018-100-01). All participants provided written informed consent.




2.2 Clinical and biochemical assessment

Data collection involved a comprehensive assessment of clinical and biochemical parameters. Demographic variables such as age and sex, along with disease history including hypertension and diabetes mellitus, were recorded. Behavioral characteristics like smoking and alcohol use were also documented. Blood samples were collected from all participants after an overnight fast to measure levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine (Cr), blood urea nitrogen (BUN), fasting plasma glucose (FPG), alanine aminotransferase (ALT), and aspartate aminotransferase (AST). Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m²).




2.3 Carotid ultrasonography

Carotid ultrasonography was performed by two certified sonographers who were blinded to the participant’s clinical characteristics. The examinations used B-mode ultrasound equipment (Aloka-A7 and Aloka-A10, Tokyo; Philips-IU22, Columbia) with an L9–3 probe and a 5–12 MHz linear array transducer. Reproducibility was ensured through protocolized measurement techniques including (1) fixed transducer positioning (60° Doppler angle); (2) standardized gain optimization (65–70 dB); (3) automated IMT quantification (Medical Imaging Suite v2.3). The common carotid arteries (CCAs), carotid bifurcations (BIF), internal carotid arteries (ICAs), and external carotid arteries (ECAs) were examined bilaterally. Plaque characteristics were evaluated based on echogenicity, with a specific focus on hypoechoic plaques. Plaques were defined as follows: (1) local carotid IMT >1.5 mm; (2) localized carotid IMT bulge protruding > 0.5 mm into the lumen; or (3) local carotid IMT that was > 50% of the adjacent carotid IMT. The IMT was measured as the mean of the maximum wall thickness at the CCA, BIF, and proximal 1 cm of the ICA (12). The inter-observer and intra-observer correlation coefficients were 0.85 (95% CI 0.78-0.90) and 0.92 (95% CI 0.88-0.95) for the carotid IMT measurement, respectively.




2.4 Definitions

Hypertension was defined as a systolic blood pressure (SBP) ≥ 140 mm Hg or a diastolic blood pressure (DBP) ≥ 90 mm Hg (13). Diabetes mellitus was defined as a plasma glucose concentration ≥ 11.1 mmol/L at any time, FPG ≥ 7.0 mmol/L, or an oral glucose tolerance test (OGTT) 2-hour post-load glucose level ≥ 11.1 mmol/L (14). History of hypertension was established through antihypertensive medication use or measured blood pressure; diabetes mellitus was confirmed by self-reported diagnosis, hypoglycemic medication use, or fasting glucose. Smoking was defined as having smoked for a total of at least six months, either continuously or cumulatively (including former smokers). Alcohol consumption was defined as consuming 70 grams or more of pure ethanol per week. BMI categories were defined as follows: underweight (BMI < 18.5 kg/m²), normal weight (18.5 kg/m² ≤ BMI < 25 kg/m²), overweight (25 kg/m² ≤ BMI < 30 kg/m²), and obesity (BMI ≥ 30 kg/m²) (15, 16).




2.5 Statistical analysis

Continuous variables were expressed as means ± standard deviations (SD), and categorical variables were expressed as percentages. Univariable linear regression analyses were conducted to identify potential factors influencing IMT. Multiple linear regression analysis was used to adjust for confounding variables and to determine the independent factors associated with IMT. A p-value of less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS software version 18.0 (IBM, USA).





3 Results



3.1 General demographic characteristics of participants

A total of 1070 patients with unstable carotid plaques were included in the study, comprising 616 males (57.6%) and 454 females (42.4%). The mean age of the participants was 65.35 ± 7.75 years. The prevalences of hypertension, diabetes, smoking, and alcohol consumption were 68.9%, 17.5%, 51.8%, and 46.2% (Table 1).


Table 1 | Demographic and clinical characteristics of patients with unstable carotid plaques.
	Characteristics
	Overall
	Male
	Female



	Case, n (%)
	1070 (100)
	616 (57.6)
	454 (42.4)


	Age*, years
	65.35 ± 7.75
	65.71 ± 7.73
	64.87 ± 7.76


	Age groups, n (%)


	 ≤54
	123 (11.50)
	59 (9.58)
	64 (14.10)


	 55-64
	428 (40.0)
	251 (40.75)
	177 (38.99)


	 ≥65
	519 (48.50)
	306 (49,67)
	213 (46.91)


	Hypertension, n (%)


	 Yes
	737 (68.9)
	394 (64.0)
	343 (75.6)


	 No
	333 (31.1)
	222 (36.0)
	111 (24.4)


	Diabetes mellitus, n (%)


	 Yes
	187 (17.5)
	94 (15.3)
	93 (20.5)


	 No
	883 (82.5)
	522 (84.7)
	361 (79.5)


	Smoking, n (%)


	 Yes
	554 (51.8)
	522 (84.7)
	32 (7.0)


	 Never
	516 (48.2)
	94 (15.3)
	422 (93.0)


	Alcohol, n (%)
	
	
	


	 Yes
	494 (46.2)
	468 (76.0)
	26 (5.7)


	 Never
	576 (53.8)
	148 (24.0)
	428 (94.3)


	BMI*, kg/m2
	25.86 ± 3.65a
	25.69 ± 3.43b
	26.10 ± 3.93c


	BMI groups, n (%)


	 Low weight
	12 (1.12)
	7 (1.34)
	5 (1.10)


	 Normal weight
	436 (40.75)
	264 (42.86)
	172 (37.89)


	 Overweight
	472 (44.11)
	277 (44.97)
	195 (42.95)


	 Obesity
	132 (12.34)
	63 (10.23)
	69 (15.20)


	IMT mean*, mm
	0.76 ± 0.16
	0.77 ± 0.16
	0.75 ± 0.15


	Cr*, µmol/L
	73.47 ± 15.60
	80.80 ± 13.61
	63.53 ± 12.27d


	BUN*, mmol/L
	5.78 ± 7.34
	5.70 ± 1.45
	5.89 ± 11.15


	FPG*, mmol/L
	6.06 ± 1.76
	6.02 ± 1.84
	6.11 ± 1.63


	ALT*, U/L
	18.93 ± 12.61
	19.45 ± 14.24
	18.22 ± 9.96


	AST*, U/L
	20.72 ± 10.93
	21.06 ± 12.87
	20.27 ± 7.53


	TC*, mmol/L
	5.08 ± 0.96
	4.90 ± 0.91
	5.34 ± 0.97


	TG*, mmol/L
	1.61 ± 1.18
	1.49 ± 1.27
	1.77 ± 1.03 d


	HDL*, mmol/L
	1.34 ± 0.40
	1.33 ± 0.43
	1.35 ± 0.37 d


	LDL*, mmol/L
	3.12 ± 0.93
	3.00 ± 0.88
	 





*Continuous variables were expressed as mean±standard deviation. a: 1052 of 1070 patients; b: 611 of 616 patients; c: 441 of 454 patients; d: 453 of 454 patients. IMT, intima-media thickness; Cr, creatinine; BUN, blood urea nitrogen; FPG, fasting plasma glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein.






3.2 Univariate analysis of factors affecting mean IMT

Univariate linear regression analysis identified sex (β = 0.088, P = 0.004), age (β = 0.263, P < 0.001), hypertension (β = 0.064, P = 0.035), diabetes mellitus (β = 0.082, P = 0.007), smoking (β = 0.095, P = 0.002), Cr (β = 0.146, P < 0.001), and FPG (β = 0.067, P = 0.028). In males, significant factors were age (β = 0.225, P < 0.001), alcohol consumption (β = -0.079, P = 0.049), Cr (β = 0.143, P < 0.001), and FPG (β = 0.083, P = 0.038). In females, significant factors were age (β = 0.312, P < 0.001), diabetes mellitus (β = 0.122, P = 0.009), and smoking (β = 0.144, P = 0.002) significantly associated with mean IMT in the overall population with unstable plaques (Table 2). Following Bonferroni’s correction (P < 0.003 threshold), significant associations with IMT were observed for: age, smoking, and Cr levels in the overall population; age and Cr in male participants; and age and smoking in female participants.


Table 2 | Associated factors of mean IMT in patients with unstable carotid plaques in univariate analysis.
	Characteristics
	Overall
	Male
	Female


	β (95% CI)
	P
	β (95% CI)
	P
	Pβ (95% CI)
	P



	Sex
	0.088 (0.028, 0.148)
	0.004
	 
	 
	 
	 


	Age
	0.263 (0.205, 0.321)
	< 0.001
	0.225 (0.148, 0.303)
	< 0.001
	0.312 (0.224, 0.399)
	< 0.001


	Hypertension
	0.064 (0.004, 0.124)
	0.035
	0.069 (-0.011, 0.148)
	0.089
	0.089 (-0.003,0.181)
	0.059


	Diabetes mellitus
	0.082 (0.023, 0.142)
	0.007
	0.065 (-0.015, 0.144)
	0.109
	0.122 (0.031, 0.214)
	0.009


	Smoking
	0.095 (0.035, 0.154)
	0.002
	-0.007 (-0.086, 0.073)
	0.871
	0.144 (0.053, 0.236)
	0.002


	Alcohol
	0.020 (-0.040, 0.080)
	0.513
	-0.079 (-0.158, 0.000)
	0.049
	-0.006 (-0.098, 0.087)
	0.901


	BMI
	-0.001 (-0.062, 0.059)
	0.967
	0.058 (-0.022, 0.138)
	0.152
	-0.068 (-0.162, 0.026)
	0.154


	Cr
	0.146 (0.086, 0.205)
	< 0.001
	0.143 (0.065, 0.222)
	< 0.001
	0.073 (-0.019, 0.166)
	0.118


	BUN
	0.025 (-0.035, 0.085)
	0.414
	0.014 (-0.065, 0.093)
	0.729
	0.040 (-0.052, 0.133)
	0.393


	FPG
	0.067 (0.007, 0.127)
	0.028
	0.083 (0.005, 0.162)
	0.038
	0.046 (-0.046, 0.139)
	0.325


	ALT
	-0.012 (-0.072, 0.048)
	0.714
	-0.031 (-0.111, 0.048)
	0.436
	0.014 (-0.078, 0.107)
	0.758


	AST
	0.005 (-0.055, 0.065)
	0.863
	-0.024 (-0.103, 0.055)
	0.548
	0.069 (-0.023, 0.161)
	0.141


	TC
	-0.026 (-0.086, 0.034)
	0.390
	0.004 (-0.075, 0.084)
	0.912
	-0.022 (-0.115, 0.070)
	0.636


	TG
	0.017 (-0.044, 0.077)
	0.589
	0.029 (-0.050, 0.108)
	0.470
	0.024 (-0.069, 0.117)
	0.610


	HDL
	-0.014 (-0.074, 0.046)
	0.650
	-0.022 (-0.101, 0.057)
	0.586
	0.007 (-0.086, 0.100)
	0.883


	LDL
	-0.038 (-0.098, 0.022)
	0.219
	-0.010 (-0.089, 0.069)
	0.804
	-0.043 (-0.136, 0.049)
	0.357










3.3 Multivariate analysis of factors affecting mean IMT

Multivariate linear regression analysis, adjusted for confounding variables without Bonferroni’s correction, revealed that age emerged as the primary determinant of IMT (partial R² = 0.060, β = 0.247, P < 0.001), followed by serum creatinine (partial R²= 0.004, β = 0.075, P = 0.036) and diabetes mellitus history (partial R² = 0.004, β = 0.070, P = 0.046). Other examined variables - including sex, hypertension history, smoking status, and fasting blood glucose - showed no statistically significant independent contributions (all partial R² < 0.002). The complete model accounted for 9.3% of the total variance in IMT measurements (R² = 0.093). In males, after adjusting for age, hypertension, alcohol consumption, FPG, and Cr, significant predictors were age (partial R² = 0.044, β = 0.209, P < 0.001), Cr (partial R² = 0.011, β = 0.103, P = 0.010), and FPG (partial R² = 0.008, β = 0.086, P = 0.028). All covariates combined explained 7.7% of IMT variance (R² = 0.077). In females, after adjusting for age, hypertension, diabetes mellitus, and smoking, significant predictors were age (partial R² = 0.088, β = 0.293, P < 0.001), smoking (partial R² = 0.019, β = 0.132, P = 0.003) and diabetes mellitus (R² = 0.014, β = 0.113, P = 0.011). All covariates combined explained 12.9% of IMT variance (R² = 0.129) (Table 3; Figure 2). All statistically significant independent variables in the model were positively associated with increased IMT values.


Table 3 | Associated factors of mean IMT in patients with unstable carotid plaques in multiple linear regression.
	Characteristics
	References
	β (95% CI)
	P
	VIF
	Partial R2
	R2



	Overalla:


	 Sex
	Female
	-0.002 (-0.101, 0.096)
	0.962
	2.926
	<0.001
	0.093


	 Age
	—
	0.247 (0.188, 0.305)
	<0.001
	1.046
	0.060


	 Hypertension
	Normal
	0.043 (-0.015, 0.102)
	0.148
	1.051
	0.002


	 Diabetes mellitus
	Normal
	0.070 (0.001, 0.138)
	0.046
	1.433
	0.004


	 Smoking
	Never
	0.061 (-0.028, 0.151)
	0.180
	2.445
	0.002


	 FPG
	—
	0.036 (-0.032, 0.104)
	0.301
	1.507
	0.001


	 Cr
	—
	0.075 (0.005, 0.146)
	0.036
	1.410
	0.004


	Maleb:


	 Age
	—
	0.209 (0.131, 0.286)
	<0.001
	1.027
	0.044
	0.077


	 Hypertension
	Normal
	0.039 (-0.039, 0.116)
	0.326
	1.029
	0.002


	 Alcohol
	Never
	-0.066 (-0.142, 0.011)
	0.094
	1.011
	0.005


	 FPG
	—
	0.086 (0.009, 0.163)
	0.028
	1.012
	0.008


	 Cr
	—
	0.103 (0.024, 0.181)
	0.010
	1.056
	0.011


	Femalec:


	 Age
	—
	0.293 (0.205, 0.380)
	<0.001
	1.017
	0.088
	0.129


	 Hypertension
	Normal
	0.055 (-0.033, 0.143)
	0.218
	1.029
	0.003


	 Diabetes mellitus
	Normal
	0.113 (0.026, 0.200)
	0.011
	1.018
	0.014


	 Smoking
	Never
	0.132 (0.045, 0.219)
	0.003
	1.013
	0.019





a: Adjusted for sex, age, hypertension, diabetes mellitus, smoking, FPG, and Cr.

b: Adjusted for age, hypertension, alcohol, FPG, and Cr.

c: Adjusted for age, hypertension, diabetes mellitus, and smoking.
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Figure 2 | Factors influencing IMT in distinct unstable plaque subgroups. (A–F) Multivariate linear regression analyses of IMT mean across distinct cohorts: (A) Association between age and IMT mean in the overall population. (B) Association between age and  IMT mean in male patients. (C) Association between age and IMT mean in female patients. (D) Association between diabetes mellitus and IMT mean in the overall population. (E) Association between serum creatinine levels and IMT mean in male patients. (F) Association between smoking status and diabetes mellitus with IMT mean in female patients. **P<0.01 denotes statistical significance. All models were adjusted for potential confounders.

After adjusting for confounders with Bonferroni’s correction, multivariate linear regression demonstrated significant associations with mean IMT in patients with unstable plaques: age (partial R² = 0.058, β = 0.246, P < 0.001) and Cr (partial R² = 0.005, β = 0.079, P = 0.017) in the overall population. The complete model accounted for 8.1% of the total variance in IMT measurements (R² = 0.081). Sex-stratified analysis revealed age (partial R² = 0.043, β = 0.208, P < 0.001) and Cr (partial R² = 0.012, β = 0.110, P = 0.006) as predictors in males, while age (partial R² = 0.091, β = 0.302, P < 0.001) and smoking (partial R² = 0.015, β = 0.121, P = 0.007) were significant in females. All covariates explained 6.3% (R² = 0.063) and 11.2% (R² = 0.112) of IMT variance, separately (Table 4).


Table 4 | Associated factors of mean IMT in patients with unstable carotid plaques in multiple linear regression after Bonferroni's correction.
	Characteristics
	β (95% CI)
	P
	VIF
	Partial R2
	R2



	Overalla:


	 Age
	0.246 (0.187, 0.304)
	<0.001
	1.039
	0.058
	0.081


	 Smoking
	0.048 (-0.016, 0.111)
	0.139
	1.213
	0.002


	 Cr
	0.079 (0.014, 0.143)
	0.017
	1.255
	0.005


	Maleb:


	 Age
	0.208 (0.130, 0.286)
	<0.001
	1.027
	0.043
	0.063


	 Cr
	0.110 (0.032, 0.188)
	0.006
	1.027
	0.012


	Femalec:


	 Age
	0.302 (0.215, 0.390)
	<0.001
	1.006
	0.091
	0.112


	 Smoking
	0.121 (0.034, 0.209)
	0.007
	1.006
	0.015





a: Adjusted for age, smoking, and Cr.

b: Adjusted for age and Cr.

c: Adjusted for age and smoking.







4 Discussion

The aim of this study was to identify the factors influencing carotid IMT in individuals with unstable carotid plaques and to explore sex-specific differences in these factors. The multivariate linear regression analysis confirmed that age, diabetes mellitus, and serum Cr are significant predictors of IMT in the overall population with asymptomatic unstable plaques. The study revealed distinct sex-specific risk factors influencing IMT. Serum Cr and FPG in males and diabetes mellitus and smoking in females were predictors of increased IMT. Notably, apart from age, Cr demonstrated particularly strong associations with carotid IMT in male participants, while smoking showed especially significant effects in female participants.

The relationship between age and increased carotid IMT has been extensively documented in the literature. Numerous studies have confirmed that aging is a critical factor in the progression of carotid atherosclerosis. Age is a strong predictor of increased carotid IMT, showing a clear progressive thickening of the intima-media layer with advancing age (17, 18). The longitudinal trajectories of vascular age indices, showing consistent increases in IMT with age across diverse populations (19). Additionally, Wang et al. identified age as a key determinant of carotid artery stiffness, which is closely related to IMT, in their study on sex differences in vascular aging (20). Consistent with these findings, our study confirms that age is the most significant determinant of increased IMT in individuals with asymptomatic unstable plaques. The mechanisms underlying the strong association between age and increased IMT likely involve cumulative exposure to cardiovascular risk factors, age-related endothelial dysfunction, and increased arterial stiffness (21). As individuals age, the arterial walls undergo structural changes, including thickening of the intima-media layer, which can predispose them to plaque formation and instability (17, 18). Additionally, age-related metabolic changes and inflammatory responses may contribute to the progression of carotid atherosclerosis (20).

The relationship between sex-specific risk factors and increased carotid IMT has been documented in several studies. Previous research has shown that risk factors such as diabetes mellitus and smoking have different impacts on IMT depending on sex. Men and women exhibit different patterns in the progression of carotid atherosclerosis, with women showing a stronger correlation between smoking and increased IMT compared to men (18). Similarly, a study demonstrated that while both men and women are affected by diabetes, the impact on IMT was more pronounced in women (17). Another study identified sex differences in carotid artery stiffness, suggesting that metabolic factors like serum Cr and FPG might play different roles in men and women (20). Additionally, aging affects vascular age indices differently in males and females, further emphasizing the need to consider sex-specific factors in cardiovascular risk assessments (19). Our study found that in males, serum Cr and fasting plasma glucose were significant predictors of increased IMT. In contrast, diabetes mellitus and smoking were more impactful in females. This finding suggests a potential sex-specific pathophysiological mechanism, where elevated Cr levels, possibly reflecting differences in muscle mass or renal function, contribute more significantly to carotid artery changes in men. The differential impact of fasting plasma glucose and diabetes mellitus between sexes also underscores the metabolic distinctions that influence atherosclerosis progression.

The mechanisms underlying these sex-specific differences may involve hormonal variations, differences in body composition, and sex-specific behaviors related to smoking and metabolic health. Men typically have higher muscle mass and Cr levels, which might explain the stronger association with IMT. On the other hand, women might be more susceptible to the vascular effects of smoking and diabetes due to hormonal influences or differences in fat distribution and insulin sensitivity (17, 18, 20).

The relationship between serum Cr and increased carotid IMT has been reported in previous studies, although it has often been studied in the context of renal function rather than as a sex-specific predictor. Previous research has demonstrated that elevated serum Cr levels are associated with an increased risk of cardiovascular events. Renal insufficiency, indicated by higher serum Cr levels, is a distinct cardiovascular risk factor (22). Similarly, Ishimura et al. highlighted the acceleration of atherosclerosis in patients with type 2 diabetes mellitus and renal dysfunction, emphasizing the link between serum Cr and atherosclerosis progression (23). A strong linear relationship between the urinary albumin-to-creatinine ratio and carotid artery thickening in a community-based study (24). Another study found an independent relationship between Cr levels and IMT in middle-aged women, although the study did not specifically focus on sex differences (25). Furthermore, serum Cr levels serve as a partial reflection of skeletal muscle mass. Notably, evidence demonstrates that a reduced serum creatinine-to-cystatin C ratio (Cr/cysC) exhibits independent associations with both sarcopenia prevalence and elevated atherosclerotic plaque burden in type 2 diabetes populations (26). Reduced Cr excretion is associated with major adverse cardiovascular events and all-cause mortality in the general population (27). Our study extends these findings by specifically identifying serum Cr as a significant predictor of increased IMT in males with asymptomatic unstable plaques. The unique contribution of our research lies in the sex-specific analysis, revealing that elevated serum Cr levels have a more pronounced impact on carotid IMT in males compared to females. Elevated Cr levels in males may reflect differences in muscle mass, as men typically have higher muscle mass and consequently higher baseline Cr levels. This could indicate a more significant burden of muscle-related metabolic byproducts that contribute to arterial changes. Additionally, men might have a higher propensity for renal function decline due to factors such as a higher prevalence of hypertension and diabetes, further exacerbating the impact of Cr on IMT (28, 29). The mechanisms underlying the stronger association between serum Cr and IMT in males could involve several factors. Higher muscle mass in males results in higher Cr production, which could lead to endothelial dysfunction and arterial stiffness. Moreover, the interaction between Cr and other metabolic risk factors prevalent in males, such as higher rates of hypertension and diabetes, might amplify the adverse effects on carotid arteries (22, 23, 28).

The impact of diabetes mellitus and smoking on increased carotid IMT has been well-documented. Previous studies have shown that diabetes mellitus significantly contributes to the progression of carotid atherosclerosis, with a more pronounced effect observed in women (17–19). The adverse effects of smoking on carotid IMT have also been extensively studied, with evidence suggesting that smoking disproportionately affects women (20, 30). Our study identified that diabetes mellitus and smoking as significant predictors of increased IMT in female patients with asymptomatic unstable plaques. This sex-specific analysis reveals that these factors have a more pronounced impact on carotid atherosclerosis in women compared to men. The mechanisms underlying the stronger association between diabetes, smoking, and increased IMT in females may involve hormonal differences, variations in fat distribution, and differential metabolic responses. Women generally have higher body fat percentages and different fat distribution patterns compared to men, which can influence insulin sensitivity and inflammatory responses associated with diabetes (17, 18). Furthermore, hormonal fluctuations across a woman’s lifespan, particularly the decline in estrogen levels during menopause, contribute to reduced nitric oxide (NO) bioavailability, promoting endothelial cell destabilization and upregulation of adhesion molecules. Under these conditions, age-related impairment in vasodilation exacerbates endothelial dysfunction, leading to increased vascular resistance and compromised tissue perfusion. Such pathophysiological changes may synergistically amplify the adverse vascular effects associated with smoking and diabetes (20, 31).

This study has several limitations. First, while this single-center cross-sectional study identified several potential risk factors associated with increased carotid intima-media thickness, its design precludes definitive causal inferences. The single-institution sampling framework may introduce selection bias and limit the generalizability of our findings. Future multicenter longitudinal studies with prospective designs are warranted to validate these observed associations and establish temporal relationships. Second, some data, such as smoking and alcohol consumption, were self-reported, which may introduce recall bias or underreporting. This could affect the accuracy of the associations observed between these behaviors and IMT. Third, there may be unmeasured confounding factors that were not accounted for in the study, such as dietary habits, physical activity levels, and genetic predispositions. These factors could influence the associations observed between risk factors and IMT. In the present study, the use of lipid-lowering medications was not included in our investigation. Instead, we focused on collecting a more comprehensive panel of serum biochemical indices. This decision was made due to challenges in obtaining accurate data on lipid-lowering drug usage within the rural study population, primarily attributable to educational limitations. We posit that lipid-lowering medications directly influence lipid profiles, which in turn may affect carotid plaque formation. Consequently, serum lipid levels may serve as indirect indicators reflecting the potential effects of lipid-lowering drug therapy. Fourth, this study provides valuable insights into the risk factors for IMT in individuals with asymptomatic unstable plaques, it does not address those with symptomatic plaques or other types of cardiovascular conditions. Future studies should consider these other populations to provide a more comprehensive understanding.




5 Conclusion

The aim of this study was to identify the factors influencing carotid IMT in individuals with unstable carotid plaques and to explore sex-specific differences in these factors. Our findings highlight several key determinants of increased IMT, including age, serum Cr in males, and diabetes mellitus and smoking in females. Among patients with asymptomatic unstable carotid plaques, male individuals need to focus more on renal function, while female requires more vigorous smoking cessation efforts. These results have significant implications for patients, healthcare providers, and society at large. The critical need for personalized medicine approaches in the prevention and management of carotid atherosclerosis. By integrating sex-specific risk factors into clinical decision-making and public health strategies, we can improve patient outcomes and reduce the overall burden of cerebrovascular diseases.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

This study conforms to the provisions of the Declaration of Helsinki (as revised in 2013) and was approved by the Ethics Committee of Tianjin Medical University General Hospital (approval number: IRB2018-100-01). All participants provided written informed consent.





Author contributions

PT: Investigation, Writing – original draft. YTL: Investigation, Writing – original draft. HX: Investigation, Writing – original draft. JH: Investigation, Writing – original draft. HW: Investigation, Writing – original draft. JT: Investigation, Writing – original draft. RC: Investigation, Writing – original draft. JL: Investigation, Writing – original draft. JW: Funding acquisition, Writing – original draft. XN: Formal analysis, Writing – original draft. CY: Conceptualization, Writing – review & editing. YL: Conceptualization, Funding acquisition, Writing – review & editing. LW: Conceptualization, Funding acquisition, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was sponsored partly by Tianjin Municipal Health Commission (No. TJWJ2023MS067) and Tianjin Education Commission scientific research project (No. 2023ZD036).




Acknowledgments

We thank all participants of the Tianjin Brain Study, and local medical care professionals for their valuable contributions.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 GBD 2017 DALYs and HALE CollaboratorsGlobal, regional, and national disability-adjusted life-years (DALYs) for 359 diseases and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet (London England). (2018) 392:1859–922. doi: 10.1016/s0140-6736(18)32335-3, PMID: 30415748


	 GBD 2019 Stroke CollaboratorsGlobal, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/s1474-4422(21)00252-0, PMID: 34487721


	 Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R, et al. European guidelines on cardiovascular disease prevention in clinical practice: executive summary. Fourth Joint Task Force of the European Society of Cardiology and other societies on cardiovascular disease prevention in clinical practice (constituted by representatives of nine societies and by invited experts). Eur J Cardiovasc Prev Rehabil. (2007) 14 Suppl 2:E1–40. doi: 10.1097/01.hjr.0000277984.31558.c4, PMID: 17726406


	 Naghavi M, Falk E, Hecht HS, Jamieson MJ, Kaul S, Berman D, et al. From vulnerable plaque to vulnerable patient–Part III: Executive summary of the Screening for Heart Attack Prevention and Education (SHAPE) Task Force report. Am J Cardiol. (2006) 98:2h–15h. doi: 10.1016/j.amjcard.2006.03.002, PMID: 16843744


	 Pelisek J, Eckstein HH, Zernecke A. Pathophysiological mechanisms of carotid plaque vulnerability: impact on ischemic stroke. Archivum Immunol Ther Experiment. (2012) 60:431–42. doi: 10.1007/s00005-012-0192-z, PMID: 22945688


	 Gupta A, Kesavabhotla K, Baradaran H, Kamel H, Pandya A, Giambrone AE, et al. Plaque echolucency and stroke risk in asymptomatic carotid stenosis: a systematic review and meta-analysis. Stroke. (2015) 46:91–7. doi: 10.1161/strokeaha.114.006091, PMID: 25406150


	 El-Barghouty NM, Levine T, Ladva S, Flanagan A, Nicolaides A. Histological verification of computerised carotid plaque characterisation. Eur J Vasc Endovascr Surg. (1996) 11:414–6. doi: 10.1016/s1078-5884(96)80172-9, PMID: 8846173


	 Owolabi MO, Akpa OM, Agunloye AM. Carotid IMT is more associated with stroke than risk calculators. Acta Neurol Scand. (2016) 133:442–50. doi: 10.1111/ane.12482, PMID: 27045896


	 Rosvall M, Janzon L, Berglund G, Engström G, Hedblad B. Incidence of stroke is related to carotid IMT even in the absence of plaque. Atherosclerosis. (2005) 179:325–31. doi: 10.1016/j.atherosclerosis.2004.10.015, PMID: 15777549


	 Yang Y, Fan F, Gao L, Han X, Cheng G, Jia J, et al. The relationship between carotid intima-media thickness and carotid plaque: a cohort study in China. J Hum Hypertens. (2020) 34:468–73. doi: 10.1038/s41371-019-0252-5, PMID: 31548615


	 张 蕴. Progress in ultrasonic evaluation of pathological features of vulnerable carotid plaque. Adv Clin Med. (2023) 13:2717–23. doi: 10.12677/acm.2023.132383


	 Picano E, Paterni M. Ultrasound tissue characterization of vulnerable atherosclerotic plaque. Int J Mol Sci. (2015) 16:10121–33. doi: 10.3390/ijms160510121, PMID: 25950760


	The fifth report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (JNC V). Arch Internal Med. (1993) 153:154–83. doi: 10.1001/archinte.1993.00410020010002


	 Balasubramanyam A. Defining and classifying new subgroups of diabetes. Annu Rev Med. (2021) 72:63–74. doi: 10.1146/annurev-med-050219-034524, PMID: 33064971


	 Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality with overweight and obesity using standard body mass index categories: a systematic review and meta-analysis. Jama. (2013) 309:71–82. doi: 10.1001/jama.2012.113905, PMID: 23280227


	 Komatsu S, Kosuga T, Kubota T, Okamoto K, Konishi H, Shiozaki A, et al. Preoperative low weight affects long-term outcomes following curative gastrectomy for gastric cancer. Anticancer Res. (2018) 38:5331–7. doi: 10.21873/anticanres.12860, PMID: 30194185


	 Polak JF, Pencina MJ, Meisner A, Pencina KM, Brown LS, Wolf PA, et al. Associations of carotid artery intima-media thickness (IMT) with risk factors and prevalent cardiovascular disease: comparison of mean common carotid artery IMT with maximum internal carotid artery IMT. J Ultrasound Med. (2010) 29:1759–68. doi: 10.7863/jum.2010.29.12.1759, PMID: 21098848


	 Mackinnon AD, Jerrard-Dunne P, Sitzer M, Buehler A, von Kegler S, Markus HS, et al. Rates and determinants of site-specific progression of carotid artery intima-media thickness: the carotid atherosclerosis progression study. Stroke. (2004) 35:2150–4. doi: 10.1161/01.STR.0000136720.21095.f3, PMID: 15243147


	 Watanabe D, Gando Y, Murakami H, Kawano H, Yamamoto K, Morishita A, et al. Longitudinal trajectory of vascular age indices and cardiovascular risk factors: a repeated-measures analysis. Sci Rep. (2023) 13:5401. doi: 10.1038/s41598-023-32443-5, PMID: 37012303


	 Wang Z, Li W, Liu W, Tian J. Gender is a determinant of carotid artery stiffness independent of age and blood pressure. Br J Radiol. (2021) 94:20200796. doi: 10.1259/bjr.20200796, PMID: 33476176


	 Singh AV, Donato G, Anurag K, Ishan P, Vatsala M, Vimal K, et al. Nanobiomaterials for vascular biology and wound management: A review. Veins Lymphatics. (2018) 7:34–47. doi: 10.4081/vl.2018.7196


	 Ruilope LM, van Veldhuisen DJ, Ritz E, Luscher TF. Renal function: the Cinderella of cardiovascular risk profile. J Am Coll Cardiol. (2001) 38:1782–7. doi: 10.1016/s0735-1097(01)01627-8, PMID: 11738274


	 Ishimura E, Shoji T, Emoto M, Motoyama K, Shinohara K, Matsumoto N, et al. Renal insufficiency accelerates atherosclerosis in patients with type 2 diabetes mellitus. Am J Kidney Dis. (2001) 38:S186–190. doi: 10.1053/ajkd.2001.27440, PMID: 11576952


	 Liu CS, Li CI, Guo YC, Lin CH, Lin WY, Liu CH, et al. Independent associations of urinary albumin-to-creatinine ratio and serum cystatin C with carotid intima-media thickness in community-living Taiwanese adults. BMC Nephrol. (2020) 21:454. doi: 10.1186/s12882-020-02123-x, PMID: 33129312


	 Gentile M, Panico S, Mattiello A, de Michele M, Iannuzzi A, Jossa F, et al. Plasma Cr levels, estimated glomerular filtration rate and carotid intima media thickness in middle-aged women: A population based cohort study. Nutrition Metab Cardiovasc Dis. (2014) 24:677–80. doi: 10.1016/j.numecd.2013.11.012, PMID: 24472637


	 Shin JY. Low serum Cr to cystatin C ratio is independently associated with sarcopenia and high carotid plaque score in patients with type 2 diabetes. Nutrition Metab Cardiovasc Dis. (2022) 32:1454–62. doi: 10.1016/j.numecd.2022.02.005, PMID: 35256230


	 Oterdoom LH, Gansevoort RT, Schouten JP, de Jong PE, Gans RO, Bakker SJ. Urinary Cr excretion, an indirect measure of muscle mass, is an independent predictor of cardiovascular disease and mortality in the general population. Atherosclerosis. (2009) 207:534–40. doi: 10.1016/j.atherosclerosis.2009.05.010, PMID: 19535078


	 Bjornsson TD. Use of serum Cr concentrations to determine renal function. Clin Pharmacokinet. (1979) 4:200–22. doi: 10.2165/00003088-197904030-00003, PMID: 383355


	 Sharvill J. Cr clearance versus eGFR. Br J Gen Pract. (2018) 68:268. doi: 10.3399/bjgp18X696329, PMID: 29853578


	 Sanada S, Nishida M, Ishii K, Moriyama T, Komuro I, Yamauchi-Takihara K. Smoking promotes subclinical atherosclerosis in apparently healthy men: 2-year ultrasonographic follow-up. Circ J. (2012) 76:2884–91. doi: 10.1253/circj.cj-11-1506, PMID: 22971947


	 Figueroa-Vega N, Moreno-Frías C, Malacara JM. Alterations in adhesion molecules, pro-inflammatory cytokines and cell-derived microparticles contribute to intima-media thickness and symptoms in postmenopausal women. PloS One. (2015) 10:e0120990. doi: 10.1371/journal.pone.0120990, PMID: 25993480







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Tang, Lu, Xue, Hao, Wen, Tu, Chen, Li, Wang, Ning, Yang, Li and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1535334-g001.jpg
A total of 2,713 patients with
physical examination and improved
carotid ultrasound from 2019 to

2020.

1614 patients were excluded due to no
carotid plaque (n = 1364),
heterogeneous echo carotid plaque (n =
194), and stable carotid plaques (n= 56).

1099 patients underwent clinical
blood biochemical evaluation.

29 patients with chronic kidney disease
were excluded.

Finally, 1070 patients were included
in the final analysis.






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2025.1535334_cover.jpg
& frontiers | Frontiers in Endocrinology

Determinants of carotid intima-media
thickness in patients with asymptomatic
unstable plaques: a population-based cross-
sectional study in rural China





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1535334-g002.jpg
ueow 1t Geow 1wt






