

[image: image1]
Association of metabolic syndrome with carotid atherosclerosis in low-income Chinese individuals: A population-based study












	
	TYPE Original Research
PUBLISHED 19 August 2022
DOI 10.3389/fcvm.2022.943281






Association of metabolic syndrome with carotid atherosclerosis in low-income Chinese individuals: A population-based study

Changqing Zhan1†, Qiao Wang2†, Zongsheng Chen1, Hongbo Pang1, Jun Tu3,4,5, Xianjia Ning3,4,5, Jinghua Wang3,4,5*, Shizao Fei1* and Xuelei Ji6*


1Department of Neurology, Wuhu No. 2 People's Hospital, Wuhu, China

2Department of Pathology, Wuhu No. 2 People's Hospital, Wuhu, China

3Department of Neurology, Tianjin Medical University General Hospital, Tianjin, China

4Laboratory of Epidemiology, Tianjin Neurological Institute, Tianjin, China

5Tianjin Neurological Institute, Key Laboratory of Post-Neuroinjury Neuro-Repair and Regeneration in Central Nervous System, Ministry of Education and Tianjin City, Tianjin, China

6Department of Endocrinology, Wuhu No. 2 People's Hospital, Wuhu, China

[image: image2]

OPEN ACCESS

EDITED BY
Antonis Sakellarios, University of Ioannina, Greece

REVIEWED BY
Daniele Panetta, National Research Council (CNR), Italy
 Vassiliki Potsika, University of Ioannina, Greece

*CORRESPONDENCE
 Xuelei Ji, xueleiji@sina.com
 Shizao Fei, feishizao@163.com
 Jinghua Wang, jwang3@tmu.edu.cn

†These authors have contributed equally to this work

SPECIALTY SECTION
 This article was submitted to Atherosclerosis and Vascular Medicine, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 23 June 2022
 ACCEPTED 03 August 2022
 PUBLISHED 19 August 2022

CITATION
 Zhan C, Wang Q, Chen Z, Pang H, Tu J, Ning X, Wang J, Fei S and Ji X (2022) Association of metabolic syndrome with carotid atherosclerosis in low-income Chinese individuals: A population-based study. Front. Cardiovasc. Med. 9:943281. doi: 10.3389/fcvm.2022.943281

COPYRIGHT
 © 2022 Zhan, Wang, Chen, Pang, Tu, Ning, Wang, Fei and Ji. 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.



Background: This study aimed to explore the association of the presence and number of components of metabolic syndrome (MetS) with carotid atherosclerosis by measuring the presence of carotid plaque and total plaque area (TPA) in a population from a low-income area with high incidence of stroke of northern China.

Methods: A cross-sectional study was conducted in a rural area of Tianjin, China from April 2014 to January 2015. The presence of plaque and TPA measurement was determined by carotid ultrasound. The presence and number of components of MetS was ascertained using the modified International Diabetes Federation criteria for the Asian population.

Results: Among a total of 3,583 individuals aged ≥ 45 years, the overall prevalence of MetS was 54.5%. MetS and its components were related to the presence of carotid plaque as well as TPA. Multivariate analysis showed MetS was associated with a 20% higher risk of carotid plaque presence (95% confidence interval: 1.01, 1.42; P = 0.036) and an 18% increase in TPA (95% confidence interval: 0.08, 0.27; P < 0.001). The number of MetS components showed an increasing trend with the risk of carotid plaque presence and increased TPA. Among single components of MetS, high BP accounted for the largest proportion and was an independent risk factor of carotid plaque and increased TPA.

Conclusions: Among individuals aged 45 years or more, we confirmed MetS and its components were associated with carotid atherosclerosis in a low-income population of northern China. The presence of MetS and a higher number of MetS components exacerbated the risk of carotid atherosclerosis; among the five MetS components, high blood pressure was associated with the greatest risk. Targeted atherosclerosis prevention and intervention should include identification and treatment of MetS, especially high blood pressure.
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Introduction

A study of global stroke burden showed that there were 80.1 million prevalent cases of stroke with 5.5 million deaths in 2016 (1). Although the global age-standardized mortality rate decreased by 36.2% from 1990 to 2016, the economic burden remains significant (1). In America, the total annual direct medical costs related to stroke will increase from $7.155 billion in 2012 (2). In China, the annual absolute medical cost of stroke in 2013 surpassed that of the United States, reaching $ 7.77 billion (3). As the most populated country with a rapidly aging population, reducing the morbidity and mortality of stroke had become an increasingly serious challenge in China.

The most common subtype of stroke in China is ischemic stroke, accounting for 69.6% of all strokes (3), and carotid atherosclerotic plaque rupture is an important cause of ischemic stroke (4). Ultrasound measurement of carotid plaque is considered to be a surrogate endpoint for predicting stroke events in epidemiological studies (5, 6). Measurement of carotid plaque burden by determining the total plaque area (TPA) is regarded as a stronger predictor of cerebrovascular risk compared with the use of common carotid artery intima-media thickness (7, 8). Therefore, early detection and management of occurrence and progression of carotid plaque may reduce morbidity and mortality of stroke, especially for individuals with high-risk factors.

Metabolic syndrome (MetS) is a cluster of three or more risk factors for cardiovascular disease, including hypertension, obesity, and dyslipidemia. The aggregation of these risk factor components of MetS are related with progression of atherosclerosis (9) and increased stroke risk (10, 11). Various studies have shown that individuals with MetS have a higher risk of carotid plaque prevalence and higher TPA compared with non-affected individuals (12, 13). Moreover, the risk of carotid atherosclerosis increased with a higher number of MetS components (12, 13). However, most previous studies were conducted in more developed countries or in high-income urban areas in China (14–16), whereas few studies have been conducted in a low-income population, especially those aged 45 years or more.

Therefore, the aim of this study was to explore the association of the presence and number of MetS components with carotid atherosclerosis (carotid plaque and TPA) among a low-income population aged 45 years or older in northern China.



Methods


Participants and study design

This population-based cross-sectional study was conducted in rural areas of Tianjin, China from April 2014 to January 2015. The population and research data came from the Tianjin Brain Study, which has been described previously (17). In brief, 14,251 participants from 18 administrative villages in rural Tianjin, China were included; low-income farmers accounted for approximately 95%, with a per capita disposable income of <1600 US dollars in 2014 (18). Our study previously demonstrated that a high incidence of stroke in rural areas of Tianjin with age-standardized incidence of first-ever stroke per 100,000 person-years up to 318.2 in 2012 and the incidence of stroke increased annually by 6.5% overall from 1992–2012 (19). The current study recruited all local permanent residents aged ≥ 45 years using the methods of clustering sampling. Those individuals without histories of cardiovascular and cerebrovascular diseases were included, and those who underwent carotid endarterectomy or carotid stenting were excluded. All eligible participants completed a questionnaire, including questions on lifestyle factors and medical treatment; underwent physical examination and carotid artery ultrasound screening; and provided blood samples for biochemical measurements.

This study was approved by the Ethics Committee at Tianjin Medical University General Hospital and conformed to the Declaration of Helsinki regarding the use of human subjects. Written informed consent was obtained from each patient for this study.



Data collection

Data collection was performed via face-to-face interviews by trained epidemiological researchers using a pre-specified questionnaire. Demographic information, including name, sex, age, and educational level, were obtained from previous records. Given the high risk of stroke in young and middle-aged residents in this population based on previous studies (19, 20), and based on the age composition of the study population, all participants were separated into three age groups: 45–54, 55–64, and ≥65 years...., focusing on this age group is particularly meaningful. According to the length of formal education of China, educational level was divided into three groups: illiteracy (without education), elementary school (1–6 years), and above elementary school (>6 years). The medical history included previous diagnosis of diabetes, hypertension, hyperlipidemia, and corresponding medication history. Lifestyle factors included history of cigarette smoking (defined as smoking more than one cigarette per day for at least 1 year, divided into never smoking, and current or ever smoking) and alcohol consumption (defined as drinking more than 500 g of alcohol per week for at least 1 year, divided into never drinking, and current or ever drinking).



Physical examination and biochemical tests

Physical examination included waist circumference (cm), body mass index (BMI, kg/m2), and blood pressure (BP; mmHg). The specific measurement process has been previously described (21). All blood samples were collected with the participants in the fasting state. Fasting plasma glucose (FPG) and serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) concentrations were measured at the Ji County People's Hospital. Moreover, Carotid ultrasonography and 12-lead echocardiography were also conducted by a professional. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m2).



Ultrasonography measurements

Bilateral carotid images were obtained by trained and certified technicians who were blinded to participants' details using B mode ultrasonography (Terason 3000; Burlington, MA, US) with a 5–12 MHz linear array transducer. A carotid artery plaque was defined as a focal area protruding into the vessel lumen that was at least 50% thicker than the adjacent intima-media thickness (22). Radiologists evaluated the presence and extent of plaque in extracranial carotid artery trees (common carotid artery, the bifurcation, internal and external carotid arteries) bilaterally. Plaque area was measured by tracing the perimeter of a plaque in a longitudinal section: the perimeter of the largest plane of the plaque and TPA (mm2) was determined as the sum of plaque area across all segments between the clavicle and the angle of the jaw. Images were obtained and digitally stored according to a standard protocol (22).



Criteria for metabolic syndrome

MetS was defined according to the modified International Diabetes Federation criteria for the Asian population in which individuals had to fulfill ≥3 of the following criteria (23): (1) abdominal obesity (waist circumference ≥ 90 cm in men and ≥80 cm in women), (2) elevated TG (TG ≥ 1.70 mmol/L or on drug treatment for hypertriglyceridemia), (3) low HDL-C (HDL-C < 1.03 mmol/L in men and <1.3 mmol/L in women, or specific treatment for this lipid abnormality), (4) high BP (≥130/85 mmHg) or on antihypertensive medication, (5) elevated FPG (≥5.6 mmol/L) or on antidiabetic treatment.

The MetS components refer to the aforementioned five diagnostic parameters (abdominal obesity, elevated TG, low LDL-C, high BP, and elevated FPG), and the number of components that individuals of MetS had was divided into three groups: 1–2, 3–4, and 5 components.



Statistical analysis

The Kolmogorov-Smirnov test was performed to identify the pattern of data distribution. Continuous variables are presented as the mean ± standard deviation for normally distributed variables (age, BMI, WC, systolic BP, diastolic BP, FPG, TC, TG, HDL-C, LDL-C) and median (interquartile range [IQR]) for non-normally distributed variables (TPA). TPA exhibited positive skewness and was natural log (ln)-transformed to achieve normality. Categorical variables (sex, age group, education level, smoking status, alcohol consumption, MetS presence and its components and number of components) are presented as frequencies and percentages. Group comparisons were performed using the independent sample t-test (for normally distributed data) or Mann-Whitney test (for non-normally distributed data). The chi-squared test was used for correlations between categorical variables and for inter-group analysis. Logistic regression analysis was used to determine the effects of MetS and its components on the presence of plaque and presented as odd ratios (OR) and 95% confidence intervals (CI). A multivariate linear regression model was used to estimate the effects of MetS and its components on ln-transformed TPA and presented as the β-coefficient and 95% CI. For ln-transformed TPA, the regression coefficient provides the percentage change in the dependent variable for each 1-unit change in the independent variable (13). A two-tailed P-value of < 0.05 was considered as statistically significant. All statistical analyses were performed using SPSS software (version 25.0; SPSS, Chicago, IL, USA).




Results

A total of 4,012 residents participated in this survey among 5,380 residents ≥ 45 years old. The responding rate was 75%. After excluding 223 residents with histories of cardiovascular and cerebrovascular diseases and 206 individuals with missing data of MetS components. 3,583 participants were included in this study finally (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of participants.



Demographic characteristics

Table 1 shows the characteristics of the 3,583 participants, including 1,482 (41.4%) men and 2101 (58.6%) women. The mean age was 60.06 ± 9.52 years. More than 60% of individuals were illiterate or had only elementary education. The number of individuals with never smoking were three times greater than the number with current or ever smoking. In men, 57% were current or ever smokers, and 36.1% were current or ever alcohol drinkers. In addition, 29% of individuals used anti-Hypertensive drugs, whereas few used a lipid-lowering agent. The average level of BMI, WC, FBG, TC, TG, HDL-C, LDL-C, systolic BP, and diastolic BP were 25.53 kg/m2, 89.15 cm, 5.92 mmol/L, 4.86 mmol/L, 1.75 mmol/L, 1.46 mmol/L, 2.70 mmol/L, 146.53 mmHg, and 86.84 mmHg, respectively.


TABLE 1 Characteristics of study participants by sex.
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The prevalence of carotid plaque was 41.8% overall, 50.8% in men, and 35.8% in women. The median TPA was 15.04 mm2 (IQR: 19.38) overall, 18.40 mm2 (IQR: 23.10) in men, and 12.45 mm2 (IQR: 15.76) in women.



Characteristics of MetS and its components

Table 2 shows that the total prevalence of MetS was 54.5% overall, 63.2% in women, and 42.3% in men. Participants with 0–2 and 3–4 MetS components accounted for 45.5 and 46.1% respectively, while individuals with 5 MetS components accounted for just 8.5%. In women, more than half of individuals had 3–4 components, while in men, individuals with 0–2 components comprised the highest percent. Among all MetS components, the most common components were high BP (81.5%) and abdominal obesity (70.9%) overall, while low HDL-C (28.7%) was the least common component in both men and women.


TABLE 2 Characteristics of MetS and its components.
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Relationship between MetS and carotid plaque presence

Table 3 shows some risk factors associated with the presence of carotid plaque in the univariate analysis; these factors included sex, age, education level, smoking status, MetS components (abdominal obesity, high BP, elevated FPG, low HDL-C, all P < 0.05), BMI, TC, and LDL-C levels. There was not a correlation between carotid plaque and MetS presence or the number of MetS components in the univariate analysis.


TABLE 3 Associated factors of carotid plaque presence and TPA in the univariate analysis.
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The results of the multivariate logistic regression analysis in Table 4 show the presence of MetS (OR: 1.20, 95% CI: 1.01, 1.42), 3–4 MetS components (OR = 1.21, 95% CI: 1.02, 1.44) and 5 MetS components (OR = 1.47, 95% CI: 1.09, 1.98) were independent risk factors of carotid plaque presence (all P < 0.05), after adjustment for age, sex, education, and LDL-C level. Among the five MetS components, only high BP (OR = 1.49, 95% CI: 1.21, 1.83) was associated with carotid plaque presence. Furthermore, there was an obviously increasing trend wherein an increasing number of MetS components significantly elevated the risk of carotid plaque: compared with <3 components, the risk increased by 21 and 47% for 3–4 and 5 MetS components, respectively.


TABLE 4 Relationship between metabolic syndrome and carotid atherosclerosisin multivariate analysis.
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Relationship between MetS and TPA

Table 3 presents the correlations between sex, age, education level, smoking status, MetS components (abdominal obesity, high BP, elevated FPG), BMI, and TPA in our total sample (all P < 0.05). We did not find correlations between TPA and MetS or with the number of MetS components in univariate analysis.

After adjustment for age, sex, education, smoking, alcohol consumption, LDL-C, and BMI, the presence of MetS (β = 0.18; 95% CI: 0.08, 0.27; P < 0.001), high BP (β = 0.16; 95% CI: 0.07, 0.26; P = 0.001), 3–4 MetS components (β = 0. 0.16; 95% CI: 0.07, 0.26; P = 0.001), and 5 MetS components (β = 0.28; 95% CI: 0.12, 0.44; P = 0.001) were associated with risk of a greater area of carotid plaques in multivariate linear regression analysis. We also found that MetS was associated with increased TPA, which was in accordance with the carotid plaque results. Moreover, individuals with 5 MetS components exhibited the greatest risk of a larger TPA: compared with <3 components, ln-transformed TPA increased by 16 and 28% for 3–4 and 5 MetS components, respectively.




Discussion

In this population-based study of 3,583 individuals aged ≥ 45 years from low-income rural areas of Tianjin, China, we found that individuals with MetS had a tendency toward a higher risk of carotid plaque presence and increased TPA compared to those without MetS. Furthermore, an increasing number of MetS components was associated with an aggravated risk of carotid atherosclerosis. Among all components of MetS, high BP accounted for the largest proportion in our population and was an independent risk factor of carotid plaque and TPA. As expected, the risk of carotid atherosclerosis increased with MetS and the number of its components.

Previously, a cross-sectional study of an urban population in Hangzhou, China, showed MetS and the number of its components were associated with an increased prevalence of carotid plaque (14). Moreover, a cohort study with a 5-year follow-up in a community dwelling population (n = 1257) demonstrated that MetS was significantly associated with the presence of carotid plaque and positively increased risks of myocardial infarction, stroke, and cardiovascular disease mortality independently of traditional cardiovascular disease risk factors in older Chinese adults (24). In the ongoing prospective Ansan Geriatric Study of a population-based cohort, it was reported that MetS was associated with the progression of early carotid atherosclerosis in participants aged at least 60 years and as a risk predictor of newly developed carotid plaque, with a hazard ratio of 1.916 (95% CI: 1.059, 3.466; P = 0.031) (25). Similar to the results of prior studies, we found that MetS was associated with carotid plaque presence, and the risk of carotid plaque presence increased by 20, 21, and 47% for <3, 3–4, and 5 MetS components, respectively. In contrast, one study found that MetS was not independently related to the presence of carotid plaque (15).

In the present study, we also measured TPA as an indicator of carotid plaque burden, which provided additional information concerning the degree of carotid atherosclerosis. Research shows that TPA is a better indicator for predicting the risk of atherosclerotic disease when compared with using carotid intimal media thickness (26, 27). Moreover, a cross-sectional study of 972 non-diabetic patients showed that the association between MetS and the burden of atherosclerosis was independent from other traditional vascular risk factors and that TPA increased by 37% in individuals with MetS (β = 0.37, 95% CI: 0.12, 0.63, P = 0.004) (28). This is similar to the present results, with an 18% higher risk of increased TPA with MetS presence (β = 0.18, 95% CI: 0.08, 0.27, P < 0.001). Furthermore, a trend was observed in the present findings toward higher TPA as the number of components of MetS increased. This has been less frequently reported in previous studies; however, one review concluded that measurement of carotid plaque burden was useful for risk stratification, research into the genetics and biology of atherosclerosis, and measuring effects of therapy on atherosclerosis (29). We hold great expectations toward TPA measurement to identify plaque progression in individuals at high risk of stroke and believe that closer attention should be given to the role of TPA measurement.

Among the five components of MetS, high blood pressure is a major risk factor for the development of atherosclerosis (30). In the present study, high BP was the most frequent MetS component and was the largest contributor to carotid atherosclerosis. The results are consistent with a study reported in Japan (16). We found that high BP was an independent risk factor of carotid plaque and increased TPA, while the other four components were not significantly related to carotid atherosclerosis. These results are in agreement with reports from the Trømso study (31) and Cyprus Study (13), both of which reported that high BP was the only MetS component consistently associated with both carotid plaque presence and increased TPA. As expected, our findings also support high BP as a traditional risk factor for cardiovascular disease and stroke and suggest that high BP plays an important role in the atherosclerotic progression.

Consistent with the findings of other studies, not all components involved in MetS showed an independent association with carotid atherosclerosis in the multivariate analysis (32, 33). The heterogeneity of different study populations and sample sizes may affect the association between specific component of MetS and carotid atherosclerosis. However, it is clear that the risk of adverse cardiovascular events in individuals with a cluster of multiple cardiometabolic risk factors is far greater than in those with a single risk factor (34, 35). This is a reminder of the importance of early identification of and intervention with individuals with multiple risk factors to reduce the risk of adverse cardiovascular events. Moreover, both MetS and CIMT are age-related diseases (36, 37). Previous studies have shown that with increasing age, the CIMT gradually thickens (38) and the risk of MetS increases (39). Similar to previous research findings, in this study, the prevalence of CP and TPA increased with increasing age group.

Our study has some limitations. First, this was a cross-sectional study, thus we cannot make any causal inferences about the role of the MetS and its components on carotid atherosclerosis. Further longitudinal observations will be needed to address this relationship. Second, we focused on only individuals living in a township in Tianjin, China, which may limit the applicability of our results to other populations. Third, our study population included only participants aged ≥ 45 years and therefore these findings are not generalizable to broader age groups. Nonetheless, given the high risk of stroke in our population based on previous studies (19, 20), focusing on this age group is particularly meaningful.



Conclusion

This study focuses on the low-income population in Tianjin, China, and conducts a real-world study. This study confirmed that the presence and number of components of MetS was associated with increased risk of carotid plaque presence and increased TPA in a low-income population over 45 years of age. Among the five MetS components, high BP accounted for the highest proportion and was an independent risk factor of carotid atherosclerosis. As there is a rapidly aging population and increased incidence of stroke in low-income areas (19), detailed screening and management of individuals with MetS, especially toward effective BP control, may significantly reduce the risk for atherosclerotic progression.
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