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Background: Hyperhomocysteinemia (HHcy) and abdominal obesity are risk factors for metabolic syndrome (MetS) and death from cardiovascular disease (CVD). Recent studies have shown a correlation between HHcy and abdominal obesity, suggesting that they may have a combined effect on the risk of MetS and CVD mortality. However, this suspicion remains to be confirmed, particularly in the elderly population. We explored their combined effects on the risk of MetS and CVD mortality among the community population aged 65 and above in China.

Methods and Results: This prospective study enrolled 3,675 Chinese community residents aged 65 and above in May 2013 with 7-year follow-up of all-cause and CVD mortality. HHcy was defined as the blood homocysteine (Hcy) level >15 μmol/L and abdominal obesity as waist circumference (WC) ≥90 cm for men and ≥80 cm for women (HWC). All participants were grouped into four categories by WC and the blood level of Hcy: NWC (normal WC) /HHcy(–), NWC/HHcy(+), HWC/HHcy(–), and HWC/HHcy(+). The relationship of combined HHcy and abdominal obesity with MetS and metabolic profile was evaluated by logistic regression analysis and the association of combined HHcy and abdominal obesity with CVD and all-cause mortality evaluated by Cox regression analysis. The prevalence of HHcy, abdominal obesity and MetS in elderly Chinese community residents was 40.1, 59.3, and 41.4%, respectively. Using group without HHcy and abdominal obesity [NWC/HHcy(–)] as reference, the participants of other three groups had significantly higher risk of MetS and its component abnormalities, with HWC/HHcy(+) group having the highest risk (OR = 13.52; 95% CI = 8.61–14.55). After a median of 6.94 (±1.48) years follow-up, 454 deaths occurred with 135 CVD deaths. Compared with NWC/HHcy(–) group, the risk of 7-year follow-up CVD mortality (HR = 1.75; 95% CI = 1.02–3.03) and all-cause mortality (HR = 1.23; 95% CI = 1.04–2.18) of HWC/HHcy(+) group increased considerably after adjustment for major MetS and CVD risk factors.

Conclusions: There is high prevalence of HHcy, abdominal obesity, and MetS in the elderly Chinese community population. HHcy increases risk of MetS, CVD, and all-cause mortality, especially in the populations with abdominal obesity.
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INTRODUCTION

China is the most populous country on Earth and the population aging in China is serious. According to United Nations, the proportion of people aged 65 and over in China will reach 26.1% around 2050, which exceeds 10% of average population aging globally (1). Cardiovascular disease (CVD) is one of the leading causes of death worldwide, especially in the elderly population. Report on Cardiovascular Health and Diseases in China 2019 showed that there still had been an increase of CVD prevalence, with a projected current prevalence of around 330,000,000, and the first rank CVD mortality has imposed a heavy burden in many healthcare systems.

Metabolic syndrome (MetS) is a cluster of conditions that occur together, and it significantly increases CVD mortality (2, 3). The conditions of MetS include high blood pressure, high blood sugar, excess body fat around the waist, and abnormal blood cholesterol or triglyceride levels. MetS is increasingly common, with 25–35% of the adult population having MetS (4, 5). Over the past few decades, researchers tried to identify the risk factors contributing to raise the risk of MetS or related CVD mortality, although the independent risk factor has failed to deliver the desirable effects in prediction or control of disease or mortality risk. Due to the complexity of human body and its surroundings, diseases usually are not triggered by a single factor. Therefore, we should pay more attention to the combined effects of different risk factors.

Homocysteine (Hcy) is a sulfur amino acid and the byproduct in the conversion of methionine to cysteine. Blood Hcy levels are determined by several factors, such as the cofactors vitamin B12, vitamin B6, and folic acid and enzymes involved in methionine metabolism. Serum blood Hcy levels >15 μmol/L is defined as Hyperhomocysteinemia (HHcy) (6). After its discovery, Hcy was considered as a risk factor for development of atherosclerotic plaques in blood vessels leading to occurrence of CVD.

In 1976, Wilcken and Wilcken (7) first provided evidence for an association between elevated Hcy levels and coronary artery disease in general population. Further, a meta-analysis of 29 epidemiologic studies provided considerable evidence that elevated Hcy levels were associated with an increased risk of arteriosclerotic vascular disease (8). Since then, a growing number of studies confirmed the association of HHcy with CVD or CVD mortality (9–13). A recent large trial of Hcy reduction in hypertensive patients without a history of stroke or myocardial infarction in China resulted in a 21% reduction of stroke risk, suggesting that homocysteine reduction could be considered as primary prevention for CVD (14). In addition to CVD, HHcy has been found to be related to other diseases, such as neurodegenerative disease, stroke (15), and small vessel disease (16).

Abdominal obesity has been closely related to a variety of metabolic disorders such as type 2 diabetes, cardiovascular diseases, and total mortality (17, 18). Recent studies reported a correlation between abdominal obesity and HHcy, and changes in body composition especially abdominal obesity predicting HHcy (19–21). These studies suggest a possibility that abdominal obesity and HHcy may have the synergistic effects on the risk of MetS and CVD mortality.

Many previous studies provided important information of HHcy and abdominal adiposity, but the studies usually were in the general population. However, the fat distribution and blood Hcy level change with increasing age (22, 23), and less study was reported in an elderly population and no study of the combined effects of HHcy and abdominal obesity on the risk of MetS and CVD mortality.

Therefore, in this study we used our previous recruited community residents of Shanghai Elderly Cardiovascular Health Study (SHECHS) (24) to investigate the prevalence of HHcy, abdominal obesity in this Chinese elderly population. With a 7-year follow up for all-cause and CVD mortality of the population, we further explore the impact of combine effects of HHcy and abdominal obesity on the risk of MetS and CVD mortality.



MATERIALS AND METHODS


Study Design and Population

The Shanghai Elderly Cardiovascular Health Study (SHECHS) is a community population-based longitudinal study of non-institutionalized older individuals in Gaohang community (24). All people age ≥65 years who were permanent residents in the community were invited to participate in the study. Baseline information and clinical characteristics were collected through questionnaires, physical examinations and laboratory tests, and all-cause and CVD mortality were collected after a 7-year follow-up. The validation of the sued study questionnaire was performed. A total of 3,950 subjects were enrolled in May 2013. The exclusion criteria were: (1)missing values of blood Hcy or waist circumference (WC); (2)severe renal insufficiency as glomerular filtration rate (GFR) <60 ml/min/1.73 m2 calculated with a modified version of the Modification of Diet in Renal Disease (MDRD) equation as follows: 175 × serum creatinine (mg/dL)−1.234 × age (year)−0.179 ×0.79 (if female) based on the Chinese population (25), thus 275 participants were excluded and the remaining 3,675 participants were included in this study. This study was conducted according to the principles established in the Declaration of Helsinki of 1975 and approved by institutional review board and ethics committee of Shanghai East Hospital, Tongji University of Medicine, and written informed consent was obtained from each participant before data collection.



Demographic, Anthropometric, and Laboratory Measurements

The participants attending Gaohang community medical center were interviewed face-to-face by trained study staff to complete questionnaires covering sociodemographic information, medical history, and all current medications. WC was measured on standing position in the midway between the lower edge of the costal arch and the upper edge of the iliac crest using a non-elastic tape (to the nearest 0.5 cm). Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Height and weight were measured to the nearest 0.5 cm and 0.1 kg, respectively, with the participants wearing lightweight clothing and no shoes. All anthropometric measurements were taken in duplicate, and the averages of these measurements were used in the analyses. For blood pressure (BP), resting systolic BP (SBP), and diastolic BP (DBP) levels were measured three times at 1-min intervals using a standard mercury sphygmomanometer after a 5-min rest upon arrival. The average of the second and third readings was used in the analyses. Fasting venous blood samples were collected in the morning after at least 10 h of fasting. Blood samples were obtained on their arrival at the center and sent to the Blood Laboratory of Tongji Medical School affiliated Shanghai East Hospital for processing and measurement within 2 h. Fasting serum glucose, lipid profile, and uric acid were measured enzymatically on the Roche Cobas 8000 C702 Biochemistry system. HbA1c was measured by ion-exchange high-performance liquid chromatography on the ToSoH G8 analyzer and hsCRP was measured by particle enhanced immunonephelometry. Serum total (free plus protein bound) Hcy was measured with tri-n-butylphosphine as the reducing agent and ammonium 7-fluorobenzo-2-oxa-1,3-diazole-4-sulfonate as the thiol-specific fluorochromophore, followed by high-performance liquid chromatography with fluorescence detection (26).



Definition

HHcy was diagnosed as serum blood Hcy levels >15 μmol/L (6).

MetS was defined based on the International Diabetes Federation (IDF) Scientific Statements (27). Diagnosis of the syndrome was established when at least three of the following five components were present:

1. WC: elevated waist circumference (abdominal obesity) > 90 cm in men and > 80 cm in women;

2. TG disorder: serum triglycerides levels ≥1.70 mmol/L or taking lipid-lowering drugs;

3. HDL disorder: reduced HDL-C, <1.03 mmol/L in men or <1.29 mmol/L in women;

4. Hypertension: elevated blood pressure, systolic ≥130 and/or diastolic ≥85 mm Hg (1 mmHg = 0.133 kPa) or taking anti-hypertensive drugs;

5. Diabetes: elevated fasting glucose ≥5.56 mmol/L or taking hypoglycemic drugs.



Statistical Analysis

The basic characteristics of the study population are summarized as mean (standard deviation, SD) for continuous variables and as percentages for categorical variables. One-way analysis of variance (ANOVA) along with Kruskal–Wallis test was used to compare quantitative variables between groups; the distribution of the categorical variables was tested by χ2 analysis. Binary and multinomial logistic regression models were used to obtain the ORs with 95% CI as estimates of the associations between combined effect of HHcy and abdominal obesity and MetS components. Then, we compared the CVD and all-cause death survival curve using Kaplan–Meier analysis and the log-rank test after dividing the populations with abdominal obesity into a HHcy and a non-HHcy cohort. Cox regression analysis was used to determine the relationship between HHcy and all-cause and CVD death. Estimates were adjusted for two models (Model 1: age; Model 2: age, sex, education, smoking, alcohol drinking, SBP, DBP, hypoglycemic therapy, lipid-lowering therapy, and creatinine). All data were analyzed using SPSS Statistics software version 25.0 for Macintosh (IBM Corp., Armonk, New York), and the significance level for all analyses was set at P < 0.05.




RESULTS


Demographic and Clinical Characteristics of Study Subjects

The baseline characteristics of the participants were presented in Table 1. Among 3,675 participants, 44.0% was male and the mean age was 72. There was no significant difference of age between men and women. 66.3% of participants had an average monthly income of <2,500, and the majority (89.6%) had less than a lower secondary education (i.e., middle school educated or less). Compared with males, female participants had fewer current smokers and drinkers. More men than women were self-reported as being physically active with 91.2% of men regarded as regularly compared to 89.0% of women (P = 0.012). In the whole cohort, the prevalence of MetS was 41.4%, and men had significantly lower prevalence of MetS than women (31.2% in men vs. 49.4% in women, P < 0.001). The mean Hcy was 15.9 μmol/L, with a higher level in men than in women (17.9 μmol/L in men vs. 14.3 μmol/L in women, P < 0.001). The prevalence of HHcy was 40.1%, with 53.6% in men and 29.4% in women (P < 0.001). Women had a little higher BMI than men (24.7 kg/m2 in women vs. 24.5 in men, p = 0.012), however, significantly higher prevalence of abdominal obesity was observed in women (70.3%) than in men (45.3%; P < 0.001; Table 1).


Table 1. Baseline characteristics of study population.
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The Changes of Metabolic Profile Groups According to WC and Blood Homocysteine Level

Less study was reported in elderly population of HHcy and abdominal obesity on MetS and CVD mortality, thus, we divided the participants into four categories according to WC and blood Hcy level: NWC/HHcy (–), NWC/HHcy (+), HWC/HHcy (–), and HWC/HHcy (+) and analyzed the changes of metabolic profiles in different groups (Table 2). NWC is defined as a normal WC (<90 cm for men and <80 cm for women), and HWC is defined as higher WC (≥90 cm for men and ≥80 cm for women) (27); HHcy (+) and HHcy (–) represented the individuals with or without HHcy (6) (Table 2). The HWC/HHcy (–) group (35.5%) was the most prevalent among the participants, followed by NWC/HHcy (–) (24.4%), HWC/HHcy (–) (23.8%), and NWC/HHcy (+) (16.3%). There was a significantly increased age in HHcy group of normal WC (73.4 vs. 69.8 years, P < 0.05) and HHcy group of high WC group (74.8 vs. 70.8 years, P < 0.05) compared to the non-HHcy group, with the most significant age increase of HWC/HHcy (+) in comparison to the other three groups. In group of NWC/HHcy (–), NWC/HHcy (+), HWC/HHcy (–), and HWC/HHcy (+), there was an increase of SBP with significance only in HWC/HHcy (+) group [141.9 mmHg vs. 135.4, 137.0, and 139.7 mmHg in NWC/HHcy (–), NWC/HHcy (+), HWC/HHcy (–), respectively], and a significant reduction of HDL-C in HWC/HHcy (–) (1.43 mmol/L) and HWC/HHcy (+) (1.38 mmol/L) compared to NWC/HHcy (–), NWC/HHcy (+) group with no significance observed in the normal WC group [1.59 and 1.48 mmol/L in NWC/HHcy (–), NWC/HHcy (+) group]. A significant increase of FG and TG was also observed in HWC/HHcy (–) and HWC/HHcy (+) group compared to NWC/HHcy (–), NWC/HHcy (+) group (Table 2). These results suggest that significant changes of metabolic profile in HHcy group especially with HWC.


Table 2. Metabolic profile of the study group categorized by WC and Hcy.

[image: Table 2]



Increase MetS Risk With Highest in HWC/HHcy (+) Group

Using subjects of NWC/HHcy (–) as the reference group, the subjects in groups NWC/HHcy (+), HWC/HHcy (–), HWC/HHcy (+) had increased risk of MetS with OR = 1.47 (95% CI = 1.04–2.09), OR = 13.48 (95% CI = 10.37–17.52) and OR = 15.02 (95% CI = 11.28–20.00), respectively, especially HWC/HHcy (+) group having the highest risk of metabolic disorders. Whereas, in comparison of the abnormality of MetS components, the participants in HWC/HHcy (+) group had the highest risk of TG disorder (OR = 2.74; 95% CI = 2.17–3.47), HDL disorder (OR = 2.44; 95% CI = 1.85–3.23), and Hypertension (OR = 2.33; 95% CI = 1.79–3.05) after adjusting for age, sex, current smoking, current drinking, activity, hypoglycemia therapy, lipid-lowering therapy, and creatinine. However, the risk of blood glucose disorders was slightly lower in participants with both HHcy and high WC than in participants without HHcy or high WC [(OR = 1.92; 95% CI = 1.51–2.45) vs. (OR = 2.01; 95% CI = 1.62–2.49; Table 3).


Table 3. ORs of MetS and the component abnormality among the study population.
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Increase the Risk of CVD and All-Cause Mortality With Highest in HWC/HHcy (+) Group

After follow-up of a median of 6.94 (±1.48) years, 454 deaths occurred among 3,675 participants, of whom 135 died of CVD. The 319 non-cardiovascular deaths were mainly due to malignant neoplasms, septicemia, and other causes. In the entire cohort, the 7-year mortality of CVD was 3.7% in whole population, 3.0% in the participants with abdominal obesity, and 4.1% in the participants with HHcy; and all-cause mortality was 12.4, 12.0, and 12.6%, respectively. Among the four groups, the HWC/HHcy (+) group had the highest CVD mortality, followed by NWC/HHcy (+) group, and similar results were observed in all-cause mortality (Figure 1 and Table 4).


[image: Figure 1]
FIGURE 1. (A) Estimated survival among WC/HHcy groups with Kaplan–Meier survival analysis. The figure shows the survival estimated with Kaplan-Meier product-limit method in cohort grouped by WC/HHcy. Ending event is cardiovascular death. NWC represents normal WC (<90 cm for men and <80 cm for women); HWC represents higher WC (≥90 cm for men and ≥80 cm for women); HHcy (–) represents without HHcy; HHcy (+) represents with HHcy. (B) Estimated survival among WC/HHcy groups with Kaplan–Meier survival analysis. The figure shows the survival estimated with Kaplan–Meier product-limit method in cohort grouped by WC/HHcy. Ending event is all-cause death. NWC represents normal WC (<90 cm for men and <80 cm for women); HWC represents higher WC (≥90 cm for men and ≥80 cm for women); HHcy (–) represents without HHcy; HHcy (+) represents with HHcy.



Table 4. HRs for 7-year CVD and all-cause death associated with WC/HHcy groups.
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Compared with the NWC/HHcy (–) group, the risk of 7-year CVD mortality and all-cause mortality increased considerably in other three groups. Adjustment for age, sex, current smoking, current drinking, activity, hypoglycemia therapy, lipid-lowering therapy, and creatinine did not change the association of abdominal obesity and HHcy combination with CVD mortality [(HR = 1.75; 95% CI = 1.02–3.03)], and all-cause mortality [(HR = 1.23; 95% CI = 1.04–2.18)]. However, no significant association was observed in both CVD and all-cause mortality with NWC/ HHcy (+) and HWC/HHcy (–) groups (Table 4). These results suggest that HWC/HHcy(+) group has the highest risk of CVD and all-cause mortality.




DISCUSSION

In this prospective, population-based follow-up study of 3,675 participants aged 65 and over in the community of Shanghai China, we observed a high prevalence of HHcy, abdominal obesity and MetS in this elderly population, and HHcy increases the risk of MetS. Moreover, with 7-year-follow-up study of the elderly population, we found HHcy is a risk factor for CVD mortality and all-cause mortality that appears stronger in abdominal obese individuals than in non-abdominal obese individuals.

We observed that the prevalence of HHcy was 40.1%, with a higher Hcy level in men than in women (17.9 μmol/L in men vs. 14.3 μmol/L in women). The Hcy level and the prevalence of HHcy were higher than that reported in Netherland (14.3 μmol/L) (28), Norway (12.9 μmol/L in males aged 65–67 and 11.6 μmol/L in females aged 65–67) (29) and the US (11.5 μmol/L in males aged 60–69 and 10.3 μmol/L in females aged 60–69; 13.0 μmol/L in males aged 70–79 and 11.4 μmol/L in females aged 70–79; 13.6 μmol/L in males aged 80 and 12.6 μmol/L in females aged 80) (30). Serum Hcy level and the prevalence of HHcy reported in different studies vary considerably, and these differences reported by countries may be due to different population inclusion criteria, genetic background, and differences in the profile of HHcy risk factors (e.g., nutritional status and lifestyle). It was reported that the incidence of HHcy was reduced in some developed countries due to policies of fortifying cereals and flour with folic acid. For example, before folic acid fortification, the prevalence of HHcy in North America was 18.7% in whole population (30), however, after fortification, the prevalence decreased to 9.8%. The HHcy prevalence and Hcy level in China is higher than that in many developed countries, especially in the elderly, probably due to less intake of folic acid in cereals and flour. The high prevalence of HHcy and its association with metabolic disorders are adverse events a matter of some concern. Although, elevated blood Hcy and MetS are associated with CVD and CVD mortality (31–34), but the association between Hcy and MetS is not well-characterized especially in the elderly population. MetS is a cluster of conditions that occur together, and it significantly increases CVD mortality (2, 3). Our study found that HHcy increased the overall risk of MetS in the elderly population, moreover, we demonstrated a positive association between HHcy and MetS.

In addition to the finding that HHcy increases the overall risk of MetS, our further analysis of the correlation between HHcy and various components of MetS showed that abnormal accumulation of the abdominal fat and reduction of HDL cholesterol level were important risk factors associated with HHcy. These results were in consistent with a previous Chinese centenarians study by Fu et al. (35). Apart from WC and HDL-C, they also found an association of HHcy with triglyceride. Therefore, our study adds more evidence of correlation between HHcy and MetS into the literatures.

Several possible mechanisms might be relevant to the association of HHcy and MetS. According to previous studies, the most important feature of the MetS is insulin resistance, and HHcy could be either the cause (36) or result (37) of insulin resistance, while insulin resistance might play an important role in the regulation of serum Hcy level (38). Cysteine-b-synthase, the key enzyme in the transsulfuration pathway of homocysteine metabolism, was reported downregulated in insulin-resistant states (39). Meanwhile, elevated serum homocysteine levels exacerbated insulin resistance by inhibiting insulin receptor kinase activity (40). In vitro cell culture and in vivo animal studies have also shown that insulin-resistant states may reduce rather than increase circulating Hcy levels due to enhanced Hcy catabolism (41, 42). In addition, HHcy was reported preceding the development of metabolic syndrome features in a fructose-fed animal model (43). This study used a relative large clinical elderly population and confirmed the association between HHcy and MetS, therefore, high Hcy level could possibly be an early marker or MetS.

With 7-year follow-up study of the elderly population, we observed HHcy was a risk factor for CVD mortality and all-cause mortality that occurred stronger in abdominal obese individuals than in non-abdominal obese individuals. This finding was consistent with several prospective studies that had investigated the relation between Hcy and risk of mortality. In a meta-analysis included 12 prospective studies, Peng et al. (44) indicated that elevated Hcy level was an independent predictor for subsequent CVD mortality or all-cause mortality, and there was a significant dose-response association between Hcy level and risk of CVD mortality and all-cause mortality. The pooled RR of CVD mortality and all-cause mortality for the per 5 μmol/L increment Hcy level was 1.32 and 1.27. Our study confirmed that HHcy increased both CVD and overall mortality in the elderly, especially in abdominal obese individuals, and the correlation between HHcy and CVD or overall mortality still existed after adjusted with MetS or CVD risk factors. In addition, no study was reported to look at the correlation of combined HHcy and abdominal obesity with CVD or overall mortality.

There was no study reported to look at the correlation of combined HHcy and abdominal obesity with CVD or overall mortality. The present study provides such an opportunity by using abdominal circumference as a measure of abdominal obesity to group the populations of different blood Hcy level. The stronger association between HHcy and mortality was observed among those with abdominal obesity than among those without abdominal obesity. This correlation can be explained from two mutually complementary perspectives. On one hand, high blood Hcy levels may be a consequence of abdominal obesity that alters the metabolic kinetics of homocysteine; on the other hand, high Hcy levels may be responsible for abdominal obesity through an altered pattern of epigenetic modifications. Blood homocysteine concentration was reported to be associated with an increase in the percentage of adipose tissue (21), which regulates body fat through the epigenetic expression of genes that contribute to the development and progression of obesity (45).

The current study has limitations. (1) WC can only provide a rough estimate of abdominal fat accumulation, and more accurate measurement of abdominal obesity and other ectopic adipose tissue by computed tomography (CT) and magnetic resonance imaging (MRI) (46) could be performed to further evaluate the combined effects of HHcy and ectopic fat accumulation with MetS and CVD mortality. (2) We do not have the data on the intake and serum levels of folic acid, vitamin B12, and vitamin B6, which plays an important role in the metabolism of homocysteine (47). Therefore, we were unable to further compare whether the relationship between B vitamins and serum homocysteine levels differed in influencing CVD and all-cause mortality in people with and without abdominal obesity. (3) We have only examined the association between blood Hcy and the risk of MetS and further CVD or overall mortality in follow-up study. However, parallel changes in various homocysteine metabolites occur during HHcy, so it is difficult to attribute the observed pathology to a specific metabolite. For example, there is growing evidence that the Hcy-thiolactone pathway leading to N-Hcy-protein (48) plays an important role in providing a mechanistic explanation for developing MetS and causing CVD death. (4) The study is only one center of Shanghai China community elderly population, and multiple center large population required to further confirm the results.

In conclusion, a high prevalence of HHcy, abdominal obesity and MetS is observed in Chinese Shanghai community elderly population. HHcy is a risk factor for cardiovascular mortality and overall mortality during 7-year follow-up, which showed a stronger association in abdominal obesity individuals. These findings suggest that the elderly population should have regular physical examinations and pay more attention to waist circumference and blood Hcy levels. Prompt intervention for abdominal obesity and HHcy may be effective in reducing the risk of MetS and CVD mortality.
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