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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;
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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.

Keywords: hyperhomocysteinemia, abdominal obesity, metabolic syndrome, cardiovascular death, Chinese

elderly population

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
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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 ≥85mm 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 forMacintosh (IBMCorp., Armonk, NewYork), 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).
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TABLE 1 | Baseline characteristics of study population.

Total

(n = 3,675)

Male

(n = 1,617, 44.0%)

Female

(n = 2,058, 56.0%)

P-value

Age, years* 72.0 (6.6) 71.8 (6.5) 72.1 (6.7) 0.098

BMI, kg/m2* 24.6 (3.4) 24.5 (3.1) 24.7 (3.6) 0.012

WC, cm* 86.7 (9.4) 88.1 (9.4) 85.6 (9.3) <0.001

HWC, n (%) 2,179 (59.3%) 733(45.3%) 1,446 (70.3%) <0.001

Average monthly income, CNY, n (%)

≤2,500 2,621 (66.3%) 977 (56.7%) 1,644 (75.4%) <0.001

>2,500 1,283 (32.5%) 74643.3% 537 (24.6%) <0.001

Education, years, n (%)

≤12 3,542 (89.6%) 1443 (82.8%) 2,099 (95.4%) <0.001

>12 402 (10.2%) 300 (17.2%) 102 (4.6%) <0.001

Lifestyle, n (%)

Current smoking 556 (14.1%) 534 (40.6%) 22 (1.0%) <0.001

Current drinking 542 (13.7%) 512 (29.3%) 30 (1.3%) <0.001

Physical activity 3 559 (90.1%) 1599 (91.2%) 1960 (89.0%) 0.012

MetS 1 522 (41.4%) 505 (31.2%) 1017 (49.4%) <0.001

MetS components*

SBP, mmHg 138.8 (17.3) 138.5 (17.4) 139.1 (17.2) 0.224

DBP, mmHg 81.9 (8.9) 82.5 (9.2) 81.3 (8.6) <0.001

FG, mmol/L 5.76 (1.87) 5.68 (1.85) 5.82 (1.88) 0.018

TC, mmol/L 4.99 (0.97) 4.72 (0.91) 5.20 (0.97) <0.001

TG, mmol/L 1.63 (1.16) 1.53 (1.08) 1.71 (1.22) <0.001

HDL-C, mmol/L 1.47 (0.40) 1.39 (0.39) 1.53 (0.40) <0.001

LDL-C, mmol/L 3.31 (0.88) 3.12 (0.84) 3.46 (0.88) <0.001

Hcy, µmol/L* 15.9 (9.2) 17.9 (10.8) 14.3 (7.2) <0.001

HHcy, n (%) 1,473 (40.1%) 867 (53.6%) 606 (29.4%) <0.001

Data shown as mean (SD)* for continuous variables and n (%) for categorical variables.

P-values comparing men and women.

WC, waist circumference; BMI, body mass index; MetS, metabolic syndrome; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fast plasma glucose; TC, total cholesterol;

TG, triglycerides; HDL–C, high–density lipoprotein cholesterol; LDL-C, low–density lipoprotein cholesterol; Hcy, serum total homocysteine; HHcy, hyperhomocysteinamia; HWC, higher

WC (≥90 cm for men and ≥80 cm for women).

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.

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 (–),
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TABLE 2 | Metabolic profile of the study group categorized by WC and Hcy.

NWC/HHcy (–) NWC/HHcy (+) HWC/HHcy (–) HWC/HHcy (+)

(n = 897, 24.4%) (n = 599, 16.3%) (n = 1,305, 35.5%) (n = 874, 23.8%)

Age, years* 69.8 (5.4) 73.4 (6.9)a 70.8 (5.9)a,b 74.8 (6.9)a−c

WC, cm* 78.3 (6.9) 80.0 (6.3) 91.0 (7.2)a,b 93.5 (7.5)a,b

BMI, kg/m2* 22.2 (2.5) 22.4 (2.5)a 26.2 (3.1)a,b 26.2 (3.1)a,b

TG, mmol/L* 1.39 (0.98) 1.42 (0.96)a 1.79 (1.31)a,b 1.76 (1.09)a,b

TC, mmol/L* 5.02 (0.95) 4.84 (0.96)a 5.08 (1.00) 5.00 (0.97)c

HDL-C, mmol/L* 1.59 (0.43) 1.48 (0.42) 1.43 (0.35)a,b 1.38 (0.37)a,b

LDL-C, mmol/L* 3.30 (0.86) 3.16 (0.87)a 3.41 (0.89)a 3.30 (0.87)c

SBP, mmHg* 135.4 (16.9) 137.0 (18.0) 139.7 (16.9) 141.9 (16.8)b

DBP, mmHg* 80.5 (8.6) 81.2 (9.2) 82.4 (8.6) 82.3 (9.1)a,c

FG, mmol/L* 5.51 (1.73) 5.34 (1.63)a 6.06 (1.97)a,b 5.93 (2.01)a,b

HbA1c,% 6.25 (1.05) 6.20 (1.08) 6.55 (1.15)a,b 6.39 (1.09)a−c

Metabolic profile, n (%)

High FG 250 (27.9%) 141 (23.5%) 575 (44.1%) 348 (39.8%)

High TG 193 (21.5%) 133 (22.2%) 528 (40.5%) 345 (39.5%)

Low HDL 119 (13.3%) 93 (15.5%) 377 (28.9%) 241 (27.6%)

High BP 634 (70.7%) 449 (75.0%) 1,044 (80.0%) 745 (85.2%)

MetS 100 (11.1%) 76 (12.7%) 815 (62.5%) 531 (60.8%)

Data shown as mean (SD)* for continuous variables and n (%) for categorical variables.

NWC: normal WC (<90 cm for men and <80 cm for women); HWC, higher WC (≥90 cm for men and ≥80 cm for women); HHcy (–), without HHcy; HHcy (+), with HHcy.

WC, waist circumference; HHcy, hyperhomocysteinamia; BMI, body mass index; TG, triglycerides; TC, total cholesterol; HDL–C, high–density lipoprotein cholesterol; LDL-C, low–density

lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; FG, fast plasma glucose; MetS: metabolic syndrome.
aP < 0.05, compared with NWC/HHcy(–).
bP < 0.05, compared with NWC/HHcy(+).
cP < 0.05, compared with 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 highWC [(OR= 1.92; 95% CI= 1.51–2.45) vs.
(OR= 2.01; 95% CI= 1.62–2.49; Table 3).

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 weremainly due tomalignant
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 CVDmortality, followed
by NWC/HHcy (+) group, and similar results were observed in
all-cause mortality (Figure 1 and Table 4).

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.
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TABLE 3 | ORs of MetS and the component abnormality among the study population.

NWC/HHcy (–) NWC/HHcy (+) HWC/HHcy (–) HWC/HHcy (+)

(n = 897, 24.4%) (n = 599, 16.3%) (n = 1,305, 35.5%) (n = 874, 23.8%)

High FG Model 1 1.00 0.80 (0.63, 1.01) 2.04 (1.70, 2.45) 1.71 (1.40, 2.09)

Model 2 1.00 0.89 (0.72, 1.10) 2.20 (1.85, 2.61) 1.73 (1.42, 2.10)

Model 3 1.00 088 (0.66, 1.16) 2.01 (1.62, 2.49) 1.92 (1.51, 2.45)

High TG Model 1 1.00 1.04 (0.81, 1.34) 2.48 (2.04, 3.01) 2.38 (1.93, 2.93)

Model 2 1.00 0.95 (0.77, 1.17) 1.97 (1.66, 2.34) 2.00 (1.65, 2.42)

Model 3 1.00 1.32 (1.01, 1.74) 2.50 (2.02, 3.09) 2.74 (2.17, 3.47)

Low HDL—C Model 1 1.00 1.20 (0.90, 1.61) 2.66 (2.12, 3.33) 2.49 (1.95, 3.18)

Model 2 1.00 1.18 (0.93, 1.51) 2.05 (1.68, 2.49) 2.05 (1.64, 2.55)

Model 3 1.00 1.64 (1.18, 2.27) 2.14 (1.67, 2.74) 2.44 (1.85, 3.23)

High BP Model 1 1.00 1.24 (0.98, 1.57) 1.66 (1.36, 2.02) 2.40 (1.89, 3.03)

Model 2 1.00 1.27 (1.03, 1.56) 2.06 (1.70, 2.50) 3.39 (2.62, 4.38)

Model 3 1.00 1.09 (0.84, 1.41) 1.61 (1.30, 2.00) 2.33 (1.79, 3.05)

MetS Model 1 1.00 1.11 (0.86, 1.43) 11.52 (9.43, 14.06) 10.47 (8.41, 13.03)

Model 2 1.00 1.16 (0.84, 1.59) 13.26 (10.47, 16.79) 12.34 (9.63, 15.82)

Model 3 1.00 1.47 (1.04, 2.09) 13.48 (10.37, 17.52) 15.02 (11.28, 20.00)

NWC, normal WC (<90 cm for men and <80 cm for women); HWC, higher WC (≥90 cm for men and ≥80 cm for women); HHcy (–): without HHcy; HHcy (+): with HHcy.

NWC/HHcy (–) group used as reference. *P < 0.05.

Model 1: Unadjusted.

Model 2: Data adjusted for age.

Model 3: Data adjusted for age, sex, current smoking, current drinking, activity, hypolycemia therapy, lipid-lowering therapy, and creatinine.

WC, waist circumference; HHcy, hyperhomocysteinamia; FG, fast plasma glucose; TG, triglycerides; HDL, high–density lipoprotein cholesterol; BP, blood pressure; MetS: metabolic

syndrome; OR, odds ratio.

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.

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
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TABLE 4 | HRs for 7-year CVD and all-cause death associated with WC/HHcy groups.

NWC/HHcy (–) NWC/HHcy (+) HWC/HHcy (–) HWC/HHcy (+)

(n = 897, 24.4%) (n = 599, 16.3%) (n = 1,305, 35.5%) (n = 874, 23.8%)

CVD death

Case 19 26 35 55

Mortality 2.1% 4.3% 2.7% 6.3%

Model 1 1.00 2.12 (1.17, 3.83)* 1.26 (0.72, 2.19) 3.16 (1.87, 5.32)*

Model 2 1.00 1.34 (0.73,2.46) 1.13 (0.64, 2.00) 1.79 (1.05, 3.07)*

Model 3 1.00 1.36 (0.74, 22.51) 1.06 (0.60, 1.89) 1.75 (1.02, 3.03)*

All-cause death

Case 80 100 110 164

Mortality 8.9% 16.7% 8.4% 18.7%

Model 1 1.00 1.74 (1.24, 2.50)* 0.94 (0.70, 1.25) 2.24 (1.71,2.92)*

Model 2 1.00 1.23 (1.02,1.67)* 0.90 (0.67,1.21) 1.36 (1.18,2.20)*

Model 3 1.00 1.16 (0.94,1.60) 0.82 (0.60,1.12) 1.23 (1.04,2.18)*

NWC, normal WC (<90 cm for men and <80 cm for women); HWC, higher WC (≥90 cm for men and ≥80 cm for women); HHcy (–): without HHcy; HHcy (+): with HHcy.

NWC/HHcy (–) group used as reference. *P < 0.05.

Model 1: Unadjusted.

Model 2: Data adjusted for age, sex, current smoking, current drinking and activity.

Model 3: Data adjusted for age, sex, current smoking, current drinking, activity, hypolycemia therapy, lipid-lowering therapy and creatinie.

WC, waist circumference; HHcy, hyperhomocysteinamia; CVD, cardiovascular disease; HR, hazard ratio.

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.
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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 CVDmortality. (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 andHHcymay be effective in reducing the risk
of MetS and CVD mortality.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board and Ethics Committee
of Shanghai East Hospital, Tongji University of Medicine. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

CL, LL, YW, XC, and SP contributed to the acquisition
of data, analysis and interpretation of data, and drafting of
the article. LZha assisted with the formal methodology and
analysis. JL and YZ assisted with the revision of important
intellectual content in the article. HF, LZhe, and YZ were
responsible for resources, supervision, and project management.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the National Natural Science
Foundation of China (81970233, 81970234, 81970232, 81903174
and 82130016); the Science and technology commission of
Shanghai Municipality (19JC1414500); the Shanghai Rising-Star
Program (20QA1408100) and the Peak Disciplines (Type IV) of
Institutions of Higher Learning in Shanghai.

ACKNOWLEDGMENTS

The authors would like to thank the participants for supporting
the SHECH study, the technicians for performing blood
sample analysis, and the general practitioners for helping with
data collection.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.811670/full#supplementary-material

Supplementary Figure 1 | The representative figure of homocysteine metabolism

in human. AdoMet, adenosylmethionine; MAT, methionine S-adenosyltransferase;

GNMT, glycine N-methyltransferase; AdoHcy, S-Adenosyl-L-homocysteine; THF,

tetrahydrofolate; MTHFR, methylenetetrahydrofolate reductase; MS, MS,

Methionine synthase; CBS, cystathionine -β-synthase.

REFERENCES

1. ONU. World Population Prospects 2019: Highlights: United Nations 2019-06-

21. ONU (2019).

2. Malik S, Wong ND, Franklin SS, Kamath TV, L’Italien GJ, Pio JR, et al.

Impact of the metabolic syndrome on mortality from coronary heart disease,

cardiovascular disease, and all causes in United States adults. Circulation.

(2004) 110:1245–50. doi: 10.1161/01.CIR.0000140677.20606.0E

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 February 2022 | Volume 8 | Article 811670

https://www.frontiersin.org/articles/10.3389/fcvm.2021.811670/full#supplementary-material
https://doi.org/10.1161/01.CIR.0000140677.20606.0E
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Liu et al. HHcy/HWC and MetS/CVD Death in Elderly Chinese

3. Levantesi G, Macchia A, Marfisi R, Franzosi MG, Maggioni AP,

Nicolosi GL, et al. Metabolic syndrome and risk of cardiovascular

events after myocardial infarction. J Am Coll Cardiol. (2005)

46:277–83. doi: 10.1016/j.jacc.2005.03.062

4. Li W, Song F, Wang X, Wang L, Wang D, Yin X, et al. Prevalence

of metabolic syndrome among middle-aged and elderly adults

in China: current status and temporal trends. Ann Med. (2018)

50:345–53. doi: 10.1080/07853890.2018.1464202

5. Li Y, Zhao L, Yu D, Wang Z, Ding G. Metabolic syndrome prevalence and its

risk factors among adults in China: a nationally representative cross-sectional

study. PLoS ONE. (2018) 13:e0199293. doi: 10.1371/journal.pone.0199293

6. Yang B, Fan S, Zhi X, Wang Y, Wang Y, Zheng Q, et al. Prevalence of

hyperhomocysteinemia in China: a systematic review and meta-analysis.

Nutrients. (2014) 7:74–90. doi: 10.3390/nu7010074

7. Wilcken DE, Wilcken B. The pathogenesis of coronary artery disease. A

possible role for methionine metabolism. J Clin Invest. (1976) 57:1079–

82. doi: 10.1172/JCI108350

8. Boushey CJ, Beresford SA, Omenn GS, Motulsky AG. A quantitative

assessment of plasma homocysteine as a risk factor for vascular disease.

Probable benefits of increasing folic acid intakes. JAMA. (1995) 274:1049–

57. doi: 10.1001/jama.274.13.1049

9. Nygård O, Nordrehaug JE, Refsum H, Ueland PM, Farstad M, Vollset SE.

Plasma homocysteine levels and mortality in patients with coronary artery

disease.NEngl J Med. (1997) 337:230–6. doi: 10.1056/NEJM199707243370403

10. Homocysteine and risk of ischemic heart disease and stroke: a meta-analysis.

JAMA. (2002) 288:2015–22. doi: 10.1001/jama.288.16.2015

11. Rossi GP, Maiolino G, Seccia TM, Burlina A, Zavattiero S,

Cesari M, et al. Hyperhomocysteinemia predicts total and

cardiovascular mortality in high-risk women. J Hypertens. (2006)

24:851–9. doi: 10.1097/01.hjh.0000222754.75196.5c

12. Chrysant SG, Chrysant GS. The current status of homocysteine as a risk factor

for cardiovascular disease: a mini review. Expert Rev Cardiovasc Ther. (2018)

16:559–65. doi: 10.1080/14779072.2018.1497974

13. Zhang Z, Gu X, Fang X, Tang Z, Guan S, Liu H, et al. Homocysteine and

the risk of cardiovascular events and all-cause death in elderly population:

a community-based prospective cohort study. Ther Clin Risk Manag. (2020)

16:471–81. doi: 10.2147/TCRM.S239496

14. Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF, et al. Efficacy of folic

acid therapy in primary prevention of stroke among adults with hypertension

in China: the CSPPT randomized clinical trial. JAMA. (2015) 313:1325–

35. doi: 10.1001/jama.2015.2274

15. Moretti R, Caruso P. The controversial role of homocysteine in

neurology: from labs to clinical practice. Int J Mol Sci. (2019)

20:231. doi: 10.3390/ijms20010231

16. Moretti R, Giuffré M, Caruso P, Gazzin S, Tiribelli C. Homocysteine in

neurology: a possible contributing factor to small vessel disease. Int J Mol Sci.

(2021) 22:2051. doi: 10.3390/ijms22042051

17. Shah RV, Murthy VL, Abbasi SA, Blankstein R, Kwong RY, Goldfine AB,

et al. Visceral adiposity and the risk of metabolic syndrome across body

mass index: the MESA Study. JACC Cardiovasc Imaging. (2014) 7:1221–

35. doi: 10.1016/j.jcmg.2014.07.017

18. Abraham TM, Pedley A, Massaro JM, Hoffmann U, Fox CS.

Association between visceral and subcutaneous adipose depots

and incident cardiovascular disease risk factors. Circulation. (2015)

132:1639–47. doi: 10.1161/CIRCULATIONAHA.114.015000

19. Tatsumi Y, Nakao YM, Masuda I, Higashiyama A, Takegami M, Nishimura

K, et al. Risk for metabolic diseases in normal weight individuals with

visceral fat accumulation: a cross-sectional study in Japan. BMJ Open. (2017)

7:e013831. doi: 10.1136/bmjopen-2016-013831

20. Wang Y, Jiang Y, Wang N, Zhu M, Liu X, Wang R, et al. Central but not

general obesity is positively associated with the risk of hyperhomocysteinemia

in middle-aged women. Nutrients. (2019) 11:1614. doi: 10.3390/nu11071614

21. Park SB, Georgiades A. Changes in body composition predict homocysteine

changes and hyperhomocysteinemia in Korea. J Korean Med Sci. (2013)

28:1015–20. doi: 10.3346/jkms.2013.28.7.1015

22. Vayá A, Rivera L, Hernández-Mijares A, de la Fuente M, Solá E, Romagnoli

M, et al. Homocysteine levels in morbidly obese patients: its association with

waist circumference and insulin resistance. Clin Hemorheol Microcirc. (2012)

52:49–56. doi: 10.3233/CH-2012-1544

23. Yu J, Ma Y, Yang S, Pang K, Yu Y, Tao Y, et al. Risk factors for cardiovascular

disease and their clustering among adults in Jilin (China). Int J Environ Res

Publ Health. (2015) 13:ijerph13010070. doi: 10.3390/ijerph13010070

24. Fan H, Li X, Zheng L, Chen X, Lan Q, Wu H, et al. Abdominal obesity

is strongly associated with cardiovascular disease and its risk factors in

elderly and very elderly community-dwelling Chinese. Sci Rep. (2016)

6:21521. doi: 10.1038/srep21521

25. Ma Y-C, Zuo L, Chen J-H, Luo Q, Yu X-Q, Li Y, et al. Modified glomerular

filtration rate estimating equation for Chinese patients with chronic kidney

disease. J Am Soc Nephrol. (2006) 17:2937–44. doi: 10.1681/ASN.2006040368

26. Ubbink JB, Hayward VermaakWJ, Bissbort S. Rapid high-performance liquid

chromatographic assay for total homocysteine levels in human serum. J

Chromatogr. (1991) 565:441–6.

27. Alberti KGMM, Zimmet P, Shaw J. Themetabolic syndrome–a newworldwide

definition. Lancet. (2005) 366:1059–62. doi: 10.1016/0378-4347(91)80407-4

28. van Dijk SC, Smulders YM, Enneman AW, Swart KMA, van Wijngaarden

JP, Ham AC, et al. Homocysteine level is associated with aortic stiffness in

elderly: cross-sectional results from the B-PROOF study. J Hypertens. (2013)

31:952–9. doi: 10.1097/HJH.0b013e32835eb6b9

29. Nygård O, Vollset SE, Refsum H, Stensvold I, Tverdal A, Nordrehaug

JE, et al. Total plasma homocysteine and cardiovascular risk

profile. The Hordaland Homocysteine Study. JAMA. (1995)

274:1526–33. doi: 10.1001/jama.274.19.1526

30. Jacques PF, Rosenberg IH, Rogers G, Selhub J, Bowman BA, Gunter EW, et al.

Serum total homocysteine concentrations in adolescent and adult Americans:

results from the third National Health and Nutrition Examination Survey.Am

J Clin Nutr. (1999) 69:482–9. doi: 10.1093/ajcn/69.3.482

31. Wierzbicki AS. Homocysteine and cardiovascular disease: a review of the

evidence. Diab Vasc Dis Res. (2007) 4:143–50. doi: 10.3132/dvdr.2007.033

32. Wang TJ, Gona P, Larson MG, Tofler GH, Levy D, Newton-Cheh C, et al.

Multiple biomarkers for the prediction of first major cardiovascular events

and death. N Engl J Med. (2006) 355:2631–9. doi: 10.1056/NEJMoa055373

33. de Carvalho SCR, Muniz MTC, Siqueira MDV, Siqueira ERF, Gomes AV, Silva

KA, et al. Plasmatic higher levels of homocysteine in non-alcoholic fatty liver

disease (NAFLD). Nutr J. (2013) 12:37. doi: 10.1186/1475-2891-12-37

34. Meigs JB, Jacques PF, Selhub J, Singer DE, Nathan DM, Rifai N,

et al. Fasting plasma homocysteine levels in the insulin resistance

syndrome: the Framingham offspring study. Diabetes Care. (2001) 24:1403–

10. doi: 10.2337/diacare.24.8.1403

35. Fu S, Yao Y, Zhao Y, Luan F. Relationships of hyperhomocysteinemia and

hyperuricemia with metabolic syndrome and renal function in Chinese

centenarians. Front Endocrinol. (2018) 9:502. doi: 10.3389/fendo.2018.

00502

36. Hajer GR, van der Graaf Y, Olijhoek JK, Verhaar MC, Visseren FLJ.

Levels of homocysteine are increased in metabolic syndrome patients

but are not associated with an increased cardiovascular risk, in contrast

to patients without the metabolic syndrome. Heart. (2007) 93:216–

20. doi: 10.1136/hrt.2006.093971

37. Oron-Herman M, Rosenthal T, Sela B-A. Hyperhomocysteinemia

as a component of syndrome X. Metabolism. (2003) 52:1491–

5. doi: 10.1016/S0026-0495(03)00262-2

38. Fonseca V, Keebler M, Dicker-Brown A, Desouza C, Poirier LA, Murthy

SN, et al. The effect of troglitazone on plasma homocysteine, hepatic and

red blood cell S-adenosyl methionine, and S-adenosyl homocysteine and

enzymes in homocysteine metabolism in Zucker rats. Metabolism. (2002)

51:783–6. doi: 10.1053/meta.2002.32731

39. Fonseca V, Dicker-Brown A, Ranganathan S, Song W, Barnard RJ, Fink

L, et al. Effects of a high-fat-sucrose diet on enzymes in homocysteine

metabolism in the rat. Metabolism. (2000) 49:736–41. doi: 10.1053/meta.20

00.6256

40. Najib S, Sánchez-Margalet V. Homocysteine thiolactone inhibits

insulin-stimulated DNA and protein synthesis: possible role of

mitogen-activated protein kinase (MAPK), glycogen synthase kinase-

3 (GSK-3) and p70 S6K phosphorylation. J Mol Endocrinol. (2005)

34:119–26. doi: 10.1677/jme.1.01581

Frontiers in Cardiovascular Medicine | www.frontiersin.org 9 February 2022 | Volume 8 | Article 811670

https://doi.org/10.1016/j.jacc.2005.03.062
https://doi.org/10.1080/07853890.2018.1464202
https://doi.org/10.1371/journal.pone.0199293
https://doi.org/10.3390/nu7010074
https://doi.org/10.1172/JCI108350
https://doi.org/10.1001/jama.274.13.1049
https://doi.org/10.1056/NEJM199707243370403
https://doi.org/10.1001/jama.288.16.2015
https://doi.org/10.1097/01.hjh.0000222754.75196.5c
https://doi.org/10.1080/14779072.2018.1497974
https://doi.org/10.2147/TCRM.S239496
https://doi.org/10.1001/jama.2015.2274
https://doi.org/10.3390/ijms20010231
https://doi.org/10.3390/ijms22042051
https://doi.org/10.1016/j.jcmg.2014.07.017
https://doi.org/10.1161/CIRCULATIONAHA.114.015000
https://doi.org/10.1136/bmjopen-2016-013831
https://doi.org/10.3390/nu11071614
https://doi.org/10.3346/jkms.2013.28.7.1015
https://doi.org/10.3233/CH-2012-1544
https://doi.org/10.3390/ijerph13010070
https://doi.org/10.1038/srep21521
https://doi.org/10.1681/ASN.2006040368
https://doi.org/10.1016/0378-4347(91)80407-4
https://doi.org/10.1097/HJH.0b013e32835eb6b9
https://doi.org/10.1001/jama.274.19.1526
https://doi.org/10.1093/ajcn/69.3.482
https://doi.org/10.3132/dvdr.2007.033
https://doi.org/10.1056/NEJMoa055373
https://doi.org/10.1186/1475-2891-12-37
https://doi.org/10.2337/diacare.24.8.1403
https://doi.org/10.3389/fendo.2018.00502
https://doi.org/10.1136/hrt.2006.093971
https://doi.org/10.1016/S0026-0495(03)00262-2
https://doi.org/10.1053/meta.2002.32731
https://doi.org/10.1053/meta.2000.6256
https://doi.org/10.1677/jme.1.01581
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Liu et al. HHcy/HWC and MetS/CVD Death in Elderly Chinese

41. Ratnam S, Maclean KN, Jacobs RL, Brosnan ME, Kraus JP, Brosnan JT.

Hormonal regulation of cystathionine beta-synthase expression in liver. J Biol

Chem. (2002) 277:42912–8. doi: 10.1074/jbc.M206588200

42. Dicker-Brown A, Fonseca VA, Fink LM, Kern PA. The effect of glucose

and insulin on the activity of methylene tetrahydrofolate reductase and

cystathionine-beta-synthase: studies in hepatocytes. Atherosclerosis. (2001)

158:297–301. doi: 10.1016/S0021-9150(01)00442-7

43. Sakamuri A, Pitla S, Putcha UK, Jayapal S, Pothana S, Vadakattu SS, et al.

Transient decrease in circulatory testosterone and homocysteine precedes the

development of metabolic syndrome features in fructose-fed sprague dawley

rats. J Nutr Metab. (2016) 2016:7510840. doi: 10.1155/2016/7510840

44. Peng H-Y, Man C-F, Xu J, Fan Y. Elevated homocysteine levels and risk of

cardiovascular and all-cause mortality: a meta-analysis of prospective studies.

J Zhejiang Univ Sci B. (2015) 16:78–86. doi: 10.1631/jzus.B1400183

45. Lewis SJ, Lawlor DA, Nordestgaard BG, Tybjaerg-Hansen A, Ebrahim S,

Zacho J, et al. The methylenetetrahydrofolate reductase C677T genotype and

the risk of obesity in three large population-based cohorts. Eur J Endocrinol.

(2008) 159:35–40. doi: 10.1530/EJE-08-0056

46. Powell-Wiley TM, Poirier P, Burke LE, Després J-P, Gordon-Larsen

P, Lavie CJ, et al. Obesity and cardiovascular disease: a scientific

statement from the American Heart Association. Circulation. (2021)

143:973. doi: 10.1161/CIR.0000000000000973

47. Fu L, Li Y-N, Luo D, Deng S, Hu Y-Q. Plausible relationship between

homocysteine and obesity risk via gene: a meta-analysis of 38,317 individuals

implementing Mendelian randomization. Diabetes Metab Syndr Obes. (2019)

12:1201–12. doi: 10.2147/DMSO.S205379

48. Jakubowski H. Homocysteine modification in protein

structure/function and human disease. Physiol Rev. (2019)

99:555–604. doi: 10.1152/physrev.00003.2018

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.

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 © 2022 Liu, Liu, Wang, Chen, Liu, Peng, Pi, Zhang, Tomlinson, Chan,

Zhang, Fan, Zheng, Liu and Zhang. 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.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 10 February 2022 | Volume 8 | Article 811670

https://doi.org/10.1074/jbc.M206588200
https://doi.org/10.1016/S0021-9150(01)00442-7
https://doi.org/10.1155/2016/7510840
https://doi.org/10.1631/jzus.B1400183
https://doi.org/10.1530/EJE-08-0056
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.2147/DMSO.S205379
https://doi.org/10.1152/physrev.00003.2018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Hyperhomocysteinemia Increases Risk of Metabolic Syndrome and Cardiovascular Death in an Elderly Chinese Community Population of a 7-Year Follow-Up Study
	Introduction
	Materials and Methods
	Study Design and Population
	Demographic, Anthropometric, and Laboratory Measurements
	Definition
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics of Study Subjects
	The Changes of Metabolic Profile Groups According to WC and Blood Homocysteine Level
	Increase MetS Risk With Highest in HWC/HHcy (+) Group
	Increase the Risk of CVD and All-Cause Mortality With Highest in HWC/HHcy (+) Group

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


