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ABSTRACT

BACKGROUND Increased homocysteine levels are associated with the risk of cardiovascular disease (CVD) and death.
However, their prevention has not been effective in decreasing CVD risk. This study investigated the individual and combined
associations of hyperhomocysteinemia and hypertension with incident CVD events and all-cause death in the Chinese elderly
population without a history of CVD.

METHODS This prospective study was conducted among 1,257 elderly participants (mean age: 69 years). A questionnaire survey,
physical examinations, and laboratory tests were conducted to collect baseline data. Hyperhomocysteinemia was defined as
homocysteine level > 15 pmol/L. H-type hypertension was defined as concomitant hypertension and hyperhomocysteinemia.
Multivariate Cox regression analysis was used to evaluate individual and combined associations of hyperhomocysteinemia and
hypertension with the risks of incident CVD events and all-cause death.

RESULTS Opver a median of 4.84-year follow-up, hyperhomocysteinemia was independently associated with incident CVD
events and all-cause death. The hazard ratios (HRs) were 1.45 (95% CI: 1.01-2.08) for incident CVD events and 1.55 (95% CIL:
1.04-2.30) for all-cause death. After adjustment for confounding factors, H-type hypertension had the highest HRs for incident
CVD events and all-cause death. The fully adjusted HRs were 2.44 for incident CVD events (95% CI: 1.28-4.65), 2.07 for stroke
events (95% CI: 1.01-4.29), 8.33 for coronary events (95% CI: 1.10-63.11), and 2.31 for all-cause death (95% CI: 1.15—4.62).

CONCLUSIONS Hyperhomocysteinemia was an independent risk factor, and when accompanied by hypertension, it contrib-
uted to incident CVD events and all-cause death in the Chinese elderly population without a history of CVD.

ardiovascular disease (CVD) is the lead-

ing cause of morbidity and mortality

globally in the elderly population,™ leading
to functional impairment and high medical treat-
ment costs. Effective prevention and control of risk
factors for CVD remain the best approaches for re-
ducing the disease burden of CVD." Hypertension
is a well-known modifiable cardiovascular risk
factor that contributes to CVD. The rates of treatment
and control of hypertension in China were 45.8%
and 16.8%, respectively, in 2015, and were signific-
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antly higher than in 1991.”) However, the incidence
of ischemic stroke is still increasing by 8.7% per
year,'! and the incidence of coronary heart disease
has increased significantly in China.® Thus, it re-
mains urgent to control multiple factors and provide
comprehensive management for hypertensive patients.

Epidemiological studies have shown that homo-
cysteine is associated with the risk of CVD and death.”
However, most homocysteine-lowering interven-
tion trials designed for secondary prevention did
not decrease the incident CVD events.® ! Thus, it is
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controversial whether homocysteine is a marker or
a treatable causative risk factor of increased CVD.
Recent research has suggested that hyperhomo-
cysteinemia is independently associated with peri-
pheral microvascular endothelial dysfunction'™” and
the carotid-femoral pulse wave velocity!™ in hyper-
tensive patients but not in non-hypertensive indi-
viduals. A homocysteine-lowering trial with folic
acid demonstrated a significant reduction in the rel-
ative risk of first stroke by 21% in Chinese hyper-
tensive patients without a history of stroke or
myocardial infarction (MI).""* Thus, hyperhomo-
cysteinemia is considered a modifiable contributor
to CVD in hypertensive patients without a history
of CVD. Patients with H-type hypertension, a term
used to describe individuals with concomitant hy-
pertension and hyperhomocysteinemia,™” may be
at a particular high risk of CVD. However, except for
a nested case-control study,m most of the evidence
for the combined effect of homocysteine and hyper-
tension came from cross-sectional studies.!" "

Therefore, we hypothesize that hyperhomocys-
teinemia would be associated with the risk of inci-
dent CVD events and all-cause death independently
in a community-based population without a history
of CVD and that hyperhomocysteinemia combined
with hypertension would amplify the risk of inci-
dent CVD events and all-cause death. We tested
these hypotheses in the Beijing Longitudinal Study
of Aging (BLSA), a prospective cohort study in Beijing,
China. The findings of this study could have im-
portant clinical and public health implications for
the primary prevention of CVD and comprehensive
management of hypertension in Chinese elderly pa-
tients.

METHODS

Study Design and Population

This study’s data was collected from the BLSA
cohort, a prospective cohort of community-dwelling
Chinese people. The longitudinal cohort of the
BLSA was initiated in 1992, and there are seven
waves of data dating from then. In brief, Beijing
consists of eighteen administrative districts divided
into three categories according to their degree of
urbanization and economic status: eight main cities,
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five suburbs, and five extended suburbs. Firstly,
one administrative district was selected randomly
from each category. The districts selected were the
Xuanwu District (urban), Daxing County (suburb),
and Huairou County (extended suburb). Secondly,
specific communities/ villages were randomly sele-
cted from these districts based on demographic char-
acteristics and the educational level of the popula-
tion. Thirdly, lists of residents aged 55 years and
older in the selected communities/ villages were ob-
tained from the local government. All residents
aged 55 years and older from specific communities/
villages in the selected districts were invited to par-
ticipate in the baseline interview, questionnaire sur-
vey, physical examinations, and laboratory tests.
The cohort design, implementation, maintenance,
and some of the results of the BLSA have also been
reported previously.””?? The current study empl-
oyed the last two waves.

The inclusion criteria were as follows: (1) indi-
viduals who lived in the selected district based on
the randomized sampling procedure; (2) individ-
uals who were able to participate in normal commu-
nication; (3) individuals who were able to read and
complete the questionnaire; and (4) individuals
who were able to understand and sign the informed
consent form. Exclusion criteria were as follows:
(1) individuals with a history of MI; (2) individuals
with serious congestive heart failure (CHF) (New
York Heart Association classes 11I-1V); (3) individ-
uals with a history of stroke; (4) individuals who refused
blood sampling; and (5) individuals who refused to
sign the informed consent form.

Participants were classified into four groups ac-
cording to the homocysteine level (normal or hyper-
homocysteinemia) and presence of hypertension
(yes or no). The baseline information of the current
study was based on the 2009 survey results, and a
total of 2,468 participants were enrolled. Among
them, 164 participants were excluded because of a
history of stroke, MI, or serious CHF. Furthermore,
1,010 participants withdrew because they refused to
have their blood sampled, and 37 participants were
excluded because important information was missing.
Eventually, 1,257 participants were enrolled, and
their data were carefully collected (Figure 1). The
cohort was followed up from November 2014 to
February 2015.
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1. Death records were obtained from the participants’ family, medical
records, and the local center for disease control and prevention.

2. The medical diagnostic team made the judgment of cardiovascular
events based on self-reports and medical data.

Figure1l Flow diagram of the study participants.

The Ethics Committee of Xuanwu Hospital, Capital
Medical University, Beijing, China, approved this
study (N0.2018-038). This study was conducted in
accordance with the Declaration of Helsinki. All
participants provided written informed consent.

Baseline Data Collection

From June 2009 to August 2009, face-to-face inter-
views and questionnaire survey were conducted by
well-trained investigators to collect baseline inform-
ation from each participant. We conducted a stand-
ardized questionnaire to obtain the following in-
formation: (1) demographics: name, age, sex, ethni-
city, date of birth, marital status, and geographical
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location; (2) lifestyle: smoking habit, alcohol con-
sumption, and physical activity (=1 h/day or <1
h/day); and (3) medical history and medication use:
durations of hypertension, diabetes mellitus (DM),
coronary heart disease, and stroke and use of anti-
hypertensive, hypoglycemic, and lipid-lowering
therapy. The categories of active smoking/drinking
were former, current, and never-smokers/drinkers.
In the present report, we refer to smokers/drinkers
as those who were former or current smokers or
drinkers. All participants were required to answer
all of the questions to the best of their knowledge.
Physical examinations were performed by invest-
igators at designated hospitals or on-site. Blood
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pressure (BP) was measured according to a stan-
dard protocol. After a 5-min rest, sitting BP” was measured
with a digital BP monitor (Omron HEM-4021, Omron,
Kyoto, Japan). The measurements were duplicated
for each participant on the non-dominant arm within
a 2-min interval. The mean value was used for the
analysis. Pulse pressure was calculated as the systolic
BP (SBP) minus the diastolic BP (DBP).

Laboratory Examinations and Definitions

Fasting blood samples were collected in the
morning after the completion of the questionnaire
survey and physical examination. Blood sampling
procedures have been reported elsewhere."”! In
short, all venous blood samples were collected after
12-h fasting and were centrifuged within 1 h at
3,000 r/min for 15 min immediately after collection.
The separated serum samples were stored in a refri-
gerator at 2 C and 8 C until testing. All laboratory
measurements were performed by routine methods
or as per the user manual of the test kits in a com-
mercial laboratory (IPE Center for Clinical Laboratory,
Beijing, China) within 24 h.

The serum total homocysteine concentration was
measured using an enzymatic cycling assay with
the Abbott ARCHITECT® System (Architect-i 2000,
Abbott Laboratories, Chicago, IL, USA). Fasting
glucose was determined using the glucose oxidase-
peroxidase method. High-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cho-
lesterol (LDL-C) were measured using the direct assay.
Total cholesterol, triglyceride, and creatinine levels
were determined by the standard enzymatic method
using the Hitachi Clinical Analyzer (Hitachi 7600,
Hitachi, Tokyo, Japan). The estimated glomerular
filtration rate (eGFR) was calculated according to
the Modification of Diet in Renal Disease formula.”!
High-sensitivity C-reactive protein (hs-CRP) was
measured using a high-sensitivity nephelometric
assay with the Behring Nephelometer II system
(Dade Behring, Marburg, Germany).

A normal homocysteine concentration was con-
sidered to be <15 pmol/L. Hyperhomocysteinemia
is conventionally described as > 15 pmol/L.** Hy-
pertension was diagnosed as a SBP = 140 mmHg
and/or a DBP > 90 mmHg and a medical history or
current use of antihypertensive medications, according
to the Joint National Committee guideline.” H-type
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hypertension was defined as concomitant hyperten-
sion and hyperhomocysteinemia. The DM was dia-
gnosed according to the following American Dia-
betes Association criteria®: fasting glucose level >
7.0 mmol/L, medical history of DM, or currently re-
ceiving hypoglycemic therapy.

Prospective Follow-up and Endpoints

Participants who were enrolled in the baseline
survey were followed for an average of 4.84 years.
We administered a second standardized question-
naire to each participant. The medical history and
health insurance records of each participant were
reviewed by well-trained staff. New cases of CVD
events, deaths, and whether they regularly took
folic acid during the entire follow-up period were
collected. The participants answered the following
question: “Have you taken folic acid since 2009?” The
categories were: “never, occasionally, and frequently”.
Regular supplementation of folic acid was defined
as those who frequently took folic acid until the in-
vestigation. The BP measurement was the same as
the baseline standard protocol.

Death records were obtained from the parti-
cipants’ families, medical records, and the local
Center for Disease Control and Prevention. Causes
of death were codified according to the principles of
the 10" version of the International Classification of
Diseases.

The CVD events were defined as a composite of
coronary events (i.e., fatal MI, non-fatal MI, percu-
taneous coronary intervention, coronary artery
bypass surgery, or sudden cardiac death), stroke events
(i.e., fatal stroke or non-fatal stroke), and peripheral
vascular events (i.e., peripheral vascular surgery).
During the follow-up process, incident CVD events
were assessed by the following questions in a stand-
ardized questionnaire: “Have you been told by a
doctor that you have been diagnosed with MI or
stroke since 2009?” or “Have you had a percutaneous
coronary intervention, coronary artery bypass
surgery, or peripheral vascular surgery since 2009?”
Investigators were responsible for collecting data,
including diagnosis certificates, hospital discharge
records, imaging data and whether it was diagnosed
by a neurologist or cardiologist. The diagnosis time,
diagnosis hospital, electrocardiogram and myocar-
dial enzyme records, and other detailed medical
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history were also collected. Other available inform-
ation, such as personal health files and inpatient
medical records, were also obtained from local com-
munity hospitals in the three districts, Xuanwu and
Friendship Hospitals. The medical diagnostic team
of two attending physicians from the Department of
Geriatrics of Xuanwu Hospital and Friendship
Hospital judged CVD events.

Statistical Analysis

For continuous variables, normally distributed
data are expressed as mean * SD. The differences
between the groups were assessed using analysis of
variance, followed by the post-hoc test with the
least significant difference correction. Non-normally
distributed data are expressed as the median value
(interquartile range, IQR), and the median differ-
ences between the groups were assessed using the
Kruskal-Wallis test. The Pearson’s chi-squared test
was used to determine the differences in the cat-
egorical variables, which are reported as number
(percentage).

Cumulative hazards of CVD events, stroke
events, coronary events, and all-cause death accord-
ing to hyperhomocysteinemia and the presence of
hypertension were estimated using the Kaplan-
Meier method. Additionally, multivariate Cox re-
gression analysis was used to evaluate the contribu-
tion of combined associations of hyperhomocys-
teinemia and hypertension to the risk of the end-
points. Using the subgroup of normal homocysteine
level and normotensive as the reference, the hazard
ratios (HRs) and 95% confidence intervals (Cls) of
CVD events, stroke events, coronary events, and all-
cause death were calculated. The Cox regression
model comprised the following scenarios: crude
(unadjusted), model 1 (adjusted for sex and age),
and model 2 (adjusted for variables in model 1 plus
smoking status, alcohol consumption, DM, physical
activity, LDL-C, hs-CRP, eGFR, antihypertensive
treatment and regular supplementation of folic acid).
When we evaluated the individual association between
hyperhomocysteinemia and the endpoints, we ad-
ditionally adjusted hypertension in the Cox regres-
sion model (adjusted for twelve factors). Possible
multiplicative interactions between homocysteine
and hypertension were examined by adding a product
term (homocysteine multiplied hypertension) to the
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regression model via the likelihood ratio test under
model 2.

Two-sided P-value < 0.05 were considered statist-
ically significant. Statistical analysis was performed
using SPSS 19.0 (SPSS Inc., IBM, Armonk, NY, USA).

RESULTS

Participants’ Baseline Information

A sampling diagram of the study population is
shown in Figure 1. One hundred fifty-six parti-
cipants were lost to follow-up due to relocation and
noncompliance throughout the follow-up. The
baseline characteristics of the follow-up parti-
cipants according to hyperhomocysteinemia and
hypertension are presented in Table 1. Among the
1,101 follow-up participants, the mean age was
69.13 £ 8.04 years, and the median homocysteine
level was 16.57 pmol/L (IQR: 12.98-21.88). The pre-
valence of hyperhomocysteinemia was 61.85%
(681/1,101) and 62.03% (415/669) in all follow-up
participants and hypertensive participants, respect-
ively. Compared with the reference group (parti-
cipants without hypertension and hyperhomo-
cysteinemia), the participants with H-type hyper-
tension were older and had a significantly higher
proportion of males. In addition, the SBP, DBP,
pulse pressure, triglyceride level, and hs-CRP level
were significantly higher in the H-type hyperten-
sion group than in the reference group, and the
HDL-C level and eGFR were significantly lower in
the H-type hypertension group than in the refer-
ence group.

Individual Association of Hyperhomocystein-
emia with CVD Events and All-cause Death

During a mean follow-up of 4.84 years (6,081.8
person-years), 155 deaths occurred, and 156 parti-
cipants (12.41%) were lost to follow-up, 19 parti-
cipants took folic acid regularly during the follow-up.
During the follow-up, a total of 168 participants had
173 CVD events, and five participants had coronary
events and stroke events simultaneously. Of the
total 173 CVD events, there were 58 coronary events
(33.5%), 113 stroke events (65.3%), and 2 peripheral
vascular events (1.2%).

Table 2 details the crude and adjusted HRs and
95% Cls of hyperhomocysteinemia for the risks of

http:/ /www jgc301.com; jgc@jgc301.com




RESEARCH ARTICLE

JOURNAL OF GERIATRIC CARDIOLOGY

Table1 Baseline characteristics of the follow-up participants according to hyperhomocysteinemia and hypertension.

: Overall HT(- )HHc ) HT(-)HHcy(+) HT(+)HHCY( ) HT(+)HHc (+)
Variables (n=1,101) (n= { (n'= 266) (n= 254 3’ P-value
Age, yrs 69.13 +8.04 65.87 +7.32 68.47 £8.11¢ 68.38 £7.61¢ 71.31 +7.94% <0.001
Male 481 (43.69%) 63 (37.95%) 153 (57.52%)* 69 (27.17%)* 196 (47.23%)% <0.001
Ever smoking 345 (31.34%) 43 (25.90%) 112 (42.11%)* 52 (20.47%) 138 (33.25%) <0.001
Ever drinking 354 (32.15%) 50 (30.12%) 112 (42.11%)* 54 (21.26%) 138 (33.25%) <0.001
Physical activity >1h/day 494 (44.87%) 87 (52.41%) 104 (39.10%)* 120 (47.24%) 183 (44.10%) 0.002
‘ll):ég;&t:fe of fruits or 124 (11.26%) 18 (10.84%) 26 (9.77%) 36 (14.17%) 44 (10.60%) 0.081
Diabetes mellitus 177 (16.08%) 22 (13.25%) 17 (6.39%)* 62 (24.41%)* 76 (18.31%) <0.001
Hypertension 669 (60.76%) - - = - _
Antihypertensive therapy _ _
in hypertensive patients 333 (49.78%) 137 (53.94%) 196 (47.23%) 0.784
fﬁﬁg‘? blood pressure, 1393749035  12234+1189  12558+1030°  14671+17.87%  15058+1956% <0001
Eli;’&f{;ic blood pressure, 77 574 10,94 7245+ 937 7214 +7.90 8.41+11.03¢ 80.05 + 11.34% <0.001
Pulse pressure, mmHg 62.30+17.23 49.88 +10.12 53.44 +10.33" 66.31 + 16.36" 70.53 £18.05" <0.001
Homocysteine, umol/L  16.57 (12.98-21.88)" 12.14 (10.32-13.44)" 19.44 (16.88-27.39) 12.08 (10.45-13.63)" 20.21 (17.33-29.16)  <0.001
Total cholesterol, mmol/L 592+1.16 583 +1.12 5.80 +1.05 6.09 £1.23% 5.92+1.19 0.024
Triglyceride, mmol/L 130 (0.96-1.89)  1.14(0.81-1.70)°  1.15(0.88-1.64)°  1.51(1.10-2.06)  1.37 (1.02-2.03)* <0.001
L= il Lyt 123+027 1284027 1254028 1234026 120 +0.28° 0.003
cholesterol, mmol/L
Low-density lipoprotein &
cholesterol, mmol /L 2.96+0.76 291+0.73 281+0.72 3.12+0.79 297+0.75 <0.001
High-sensitivity C-reactive —017) 010} —0.09) —0.28)& —0.20)°¢
protein, mg/L 0.03 (0.01-0.17)°  0.02 (0.01-0.10)"  0.02 (0.01-0.09)  0.07 (0.01-0.28)"  0.03 (0.01-0.20) <0.001
Estimated glomerular . N
filtration rate, mL/min per 58.47 +15.30 62.85 +16.43 59.09 +13.30 62.83 +18.28 53.66 +12.42 <0.001

1.73 m?

Data are presented as means + SD or n (%). Presented as median (interquartile range). “Presented as different from HT(-)HHcy(-), P < 0.05. HHcy:

hyperhomocysteinemia; HT: hypertension.

Table 2 Cox regression analyses of hyperhomocysteinemia for cardiovascular disease events and all-cause death.

Cardiovascular disease events

All-cause death

HRs (95% CI) P-value HRs (95% CI) P-value
Crude 1.85 (1.33-2.59) <0.001 2.09 (1.46-2.99) <0.001
Model 1 1.65 (1.17-2.34) 0.004 1.48 (1.03—2.13) 0.035
Model 2 1.45 (1.01-2.08) 0.045 1.55 (1.04-2.30) 0.030

Model 1: adjusted for sex and age. Model 2: adjusted for variables in model 1 plus smoking status, alcohol consumption, diabetes
mellitus, physical activity, low-density lipoprotein cholesterol, high-sensitivity C-reactive protein, estimated glomerular filtration rate,
antihypertensive treatment and regular supplementation of folic acid. CI: confidence interval; HRs: hazard ratios.

CVD events and all-cause death. After adjusting for
sex, age, smoking status, alcohol consumption, DM,
hypertension, physical activity, LDL-C, hs-CRP,
eGFR, antihypertensive treatment and regular sup-
plementation of folic acid, hyperhomocysteinemia
independently increased the risk of CVD events
and all-cause death by 45% (HR = 1.45, 95% CI:
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1.01-2.08) and 55% (HR = 1.55, 95% CI: 1.04-2.30),
respectively.

Combined Association of Hyperhomocystein-
emia and Hypertension with CVD Events and All-
cause Death

After adjusting for all confounding variables and
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as compared with the reference group (subgroup of
normal homocysteine level and normotensive), the
HRs (95% Cls) of CVD events, stroke events, and
coronary events were 1.76 (0.91-3.44), 1.62 (0.77—
3.43), and 5.59 (0.71-43.80) for hyperhomocyste-
inemia alone and 1.82 (0.92-3.63), 1.38 (0.63—3.05),
and 8.07 (1.03—63.07) for hypertension alone, respec-
tively. Of note, the participants with hyperhomo-
cysteinemia in combination with hypertension car-
ried the highest risk of CVD events, stroke events,
and coronary events compared to the participants
without either condition (HR = 2.44, 95% CI: 1.28—
4.65; HR = 2.07, 95% CI: 1.01-4.29; and HR = 8.33,
95% CI: 1.10-63.11, respectively) (Table 3). Figure 2
presents the crude and adjusted HRs with 95% Cls
of all-cause death. Similar findings were obtained
for all-cause death. The risk of all-cause death was
significantly higher in the group of participants

with a combination of hyperhomocysteinemia and
hypertension than in the reference group. The parti-
cipants with H-type hypertension manifested the
highest risk of all-cause death. The HRs (95% Cls) of
all-cause death in the unadjusted model, model 1
(adjusted for age and sex), and model 2 (adjusted
for variables in model 1 plus smoking status, alco-
hol consumption, DM, physical activity, LDL-C, hs-
CRP, eGFR, antihypertensive treatment and regu-
lar supplementation of folic acid) were 4.05 (2.10—
7.82),2.28 (1.17-4.42), and 2.31 (1.15-4.62), respect-
ively. The HRs (95% Cls) were 2.70 (1.34-5.45), 1.84
(0.91-3.72), and 1.70 (0.83-3.48) for hyperhomo-
cysteinemia alone and 2.17 (1.06—4.43), 1.67 (0.81—
3.41), and 1.55 (0.73-3.29) for hypertension alone,
respectively.

Although the highest risks of CVD events and all-
cause death were observed in the subgroup with

Table 3 Hazard ratios with 95% CI of cardiovascular disease events, stroke events, and coronary events according to the presence

of hyperhomocysteinemia and hypertension.

HT(-)HHcy(-) HT(-)HHcy(+) HT(+)HHcy(-) HT(+)HHcy(+) Pyeng-value

Cardiovascular disease events

Case 12 35 36 85

Person-year 1076.95 1445.08 1486.55 2073.26

Incident rate® 11.14 24.22 24.22 41.00

Crude 1.00 2.23 (1.16-4.29) 2.21 (1.15-4.25)" 3.80 (2.07-6.95)" <0.001

Model 1 1.00 1.99 (1.03-3.84)° 2.01 (1.04-3.88)" 3.10 (1.68-5.73)" 0.010

Model 2 1.00 1.76 (0.91-3.44) 1.82 (0.92-3.63)" 2.44 (1.28-4.65) 0.041
Stroke events

Case 10 25 23 55

Person-year 1079.86 1455.85 1502.88 2097.70

Incident rate® 9.26 17.17 15.30 26.22

Crude 1.00 1.89 (0.91-3.93)° 1.68 (0.80-3.54)" 2.90 (1.48-5.70)" 0.006

Model 1 1.00 1.79 (0.85-3.75) 1.64 (0.78-3.46)" 2.69 (1.35-5.34)" 0.017

Model 2 1.00 1.62 (0.77-3.43) 1.38 (0.63-3.05)° 2.07 (1.01-4.29)" 0.176
Coronary events

Case 1 11 15 31

Person-year 1100.88 1487.25 1522.98 2180.80

Incident rate® 0.91 7.40 9.85 14.21

Crude 1.00 8.37 (1.11-64.85)"  10.94 (1.45-82.81)"  16.14 (2.20-118.24)" 0.015

Model 1 1.00 6.25 (0.80-48.62)" 8.73 (1.15-66.23)"  10.15 (1.38-74.80)" 0.088

Model 2 1.00 5.59 (0.71-43.80)’ 8.07 (1.03-63.07)’ 8.33 (1.10-63.11)’ 0.177

"Presented as hazard ratios with 95% CI. “Presented as per 1,000 person-years. Model 1: adjusted for sex and age. Model 2: adjusted for
variables in model 1 plus smoking status, alcohol consumption, diabetes mellitus, physical activity, low-density lipoprotein cholesterol,
hiFh—sensitivity C-reactive protein, estimated glomerular filtration rate, antihypertensive treatment and regular supplementation of
folic acid. HHcy: hyperhomocysteinemia; HT: hypertension.
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(A) 2.10 4.05 7.82
v HT (+) HHcy (+) ' v |
1.06 2.17 4.43
A HT (+) HHcy (-) ' * :
1.34 2.70 5.45
m HT (-) HHcy (+) ' = |
Oi5 1.0 1i5 215 315 4i5 5i5 6i5 7i5
Unadjusted (HRs with 95% Cls)
B
® HT (+) HEey (3 Ly 228 4w
A HT (+) HHey (-) 0.81' 1.67 . 341
® HT (-) HHcy (+) 091 1.84 . 3.72
015 1.0 115 215 35 4i5
Model 1 (HRs with 95% Cls)
©) 1.15 231 4.62
v HT (+) HHcy (+) | v .
A HT (+) HHey (0) 0.7'3 1.?5 3.‘29
m HT (-) HHcy (+) 0.81"3 1.7=0 3.'48
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Model 2 (HRs with 95% Cls)

Figure 2 HRs with 95% CIs for all-cause death according to hyperhomocysteinemia and hypertension. (A): Unadjusted; (B): model
1; and (C): model 2. Model 1: adjusted for sex and age. Model 2: adjusted for variables in model 1 plus smoking status, alcohol con-
sumption, diabetes mellitus, physical activity, low-density lipoprotein cholesterol, high-sensitivity C-reactive protein, estimated glom-
erular filtration rate, antihypertensive treatment and regular supplementation of folic acid. CI: confidence interval; HHcy: hyperhomo-

cysteinemia; HRs: hazard ratios; HT: hypertension.

H-type hypertension, multiplicative interaction
terms between hyperhomocysteinemia and hyper-
tension for CVD events, stroke events, coronary
events, and all-cause death were not statistically
significant in model 2 (P =0.299, P=0.290, P =
0.293, and P = 0.325, respectively).

DISCUSSION

In this community-based prospective cohort
study, hyperhomocysteinemia was independently
associated with the risk of incident CVD events and
all-cause death in the Chinese elderly population
without a history of CVD. We did not find a syner-
gistic effect on the endpoints between homocysteine
and hypertension, but we found an additive effect.
Participants with H-type hypertension had the
highest risk of incident stroke events, coronary

: http:/ /www .jgc301.com; jgc@jgc301.com

events, and all-cause death after adjusting for mul-
tiple risk factors, including antihypertensive treat-
ment and regular folic acid supplementation. This
finding may provide evidence of hyperhomocyste-
inemia for incident CVD events among the elderly
population and shed light on a new target for the
primary prevention of CVD in hypertensive indi-
viduals.

Homocysteine is a sulfur amino acid derived from
the essential amino acid methionine. Hyperhomo-
cysteinemia can increase oxidative stress, endothelial
cell injury, and vascular inflammation.”” In the cur-
rent study, the prevalence of hyperhomocysteinemia
was 62.03% (415/669) in hypertensive participants.
Given the selection bias, the prevalence of H-type hyp-
ertension may be underestimated. Most homocysteine-
lowering intervention trials did not show a signif-
icant effect in reducing the risk of incident CVD events
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in secondary prevention among the general popula-
tion.” However, hyperhomocysteinemia accom-
panied by hypertension jointly contributes to mi-
crovascular endothelial dysfunction,” the carotid-
femoral pulse wave velocity,""”! early carotid artery
atherosclerosis,?!! and further CVD events.['! A
primary prevention trial further identified an addi-
tional 21% reduction (HR = 0.79, 95% CI: 0.68—0.93)
in the risk of stroke in 20,702 hypertensive patients
when folic acid was supplemented with antihyper-
tensive drugs.!"

Our results align with those of a prospective, nes-
ted, case-control study in Chinese adults who had
no history of stroke at baseline.""” Homocysteine
and hypertension appear to act additively but not
synergistically to increase the risk of stroke and
stroke death. After adjustment for the major covari-
ates and using normal BP/normal homocysteine as
the reference group, the odds ratios (ORs) with 95%
CIs of incident stroke were increased in subjects
with hyperhomocysteinemia (= 10 pmol/L) alone
[3.5 (0.7-16.5)] and in subjects with hypertension
alone [9.7 (1.7-56.4)]. The highest odds were found
among subjects with H-type hypertension [12.7
(2.8-58.0)]. A similar pattern was found for stroke
death. The effect of interaction between homo-
cysteine and hypertension on the risk of stroke and
stroke death was not significant. These results in-
dicated that homocysteine and hypertension ap-
pear to act additively on a multiplicative scale to in-
crease the risk of stroke and stroke death.

Two previous retrospective studies found that the
interaction effect between homocysteine and BP on
the risk of increased arterial stiffness'® or stroke
was statistically significant. Chen, et al.” reported
a stronger positive association between homo-
cysteine and increased arterial stiffness in patients
with high SBP levels (= 145 mmHg, 16,644 parti-
cipants) than in those without (Pi,eraction = 0-048).
Another research study found that homocysteine
was independently associated with stroke in hyper-
tensive patients (OR = 1.03, 95% CI: 1.02-1.04), and
a significant interaction was identified between
homocysteine and SBP (OR =1.18, 95% CI: 1.11-
1.26, Pieraction < 0.001) and DBP (OR =1.22, 95% CI:
1.15-1.30, Pygeraction < 0.001).*” Additionally, Fan, et al™
revealed a significant multiplicative interaction of
hypertension and homocysteine for the presence of
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moderate/severe neurological severity in patients
with first-ever ischemic stroke (OR = 13.15, 95% CI:
5.29-32.69) after adjustment for confounding factors,
and in 69.5% of patients, this was attributed to the
biological interaction in all patients with moderate/
severe neurological severity (0.70 of the attribut-
able proportion due to interaction, 95% CI: 0.44—
0.95). These inconsistencies in the interaction effect
between the current study and previous studies
may be caused by differences in the research design
(prospective or retrospective study), diagnostic cri-
teria for hyperhomocysteinemia, and endpoints (in-
cident CVD events or outcome of neurological
severity after stroke).

In the current study, participants with H-type hy-
pertension had a higher BP and dyslipidemia (higher
triglyceride level/lower HDL-C level) than the ref-
erence group, which is congruent with previous
findings from the BLSA. Homocysteine was inde-
pendently associated with pulse pressure® and in-
creased the risk for wide pulse pressure by 33% (OR =
1.33, 95% CI: 1.04—1.68). Hyperhomocysteinemia
had a mild-to-moderate independent effect on early
carotid artery atherosclerosis, considered the pro-
dromal stage of CVD, and the strength of the effect
increased when combined with hypertension.!*"!
Triglyceride/HDL-C represents an atherogenic sig-
nature of insulin resistance,” CVD, and mortality."™
Homocysteine is involved in insulin resistance, as it
activates the adipocyte nucleotide-binding oligo-
merization domain-like receptor protein 3.0*
Zhang, et al.™™ found that patients with H-type hy-
pertension had higher HOMA-IR (Homeostatic
Model Assessment for Insulin Resistance) values, a
surrogate marker of insulin resistance, than those
who only had hypertension [3.58 (2.59—4.85) vs. 2.96
(1.90-3.49), P < 0.01]. Hyperhomocysteinemia (> 10
umol/L) interacted with hypertension to exacer-
bate insulin resistance (8 = 0.501, P < 0.01). In addi-
tion, homocysteine is associated with increased BP
variability™ and disturbed circadian BP variation'
in hypertensive individuals. These results indicate
that hyperhomocysteinemia may exacerbate target
organ damage and cause further CVD events in pa-
tients with hypertension due to dyslipidemia, insulin
resistance, and abnormal BP rhythm and variation.

In addition, the association between homocysteine
and CVD was more pronounced in elderly individuals
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in previous studies. In very older people (aged 85
years and older) with no history of CVD, homo-
cysteine concentrations alone could accurately
identify cardiovascular mortality, whereas classic
risk factors were not used in the Framingham risk
score.””l A subanalysis of a prospective study of
pravastatin use in elderly individuals at risk of CVD
(PROSPER) suggested that homocysteine levels in-
dicate older people at high risk for fatal and non-
fatal coronary heart disease and all-cause mortality."™
Towfighi, et al®” analyzed the effect of age in the
Vitamin Intervention for Stroke Prevention trial and
revealed that the benefit of homocysteine-lowering
therapy exists only among older individuals, not
younger individuals.

STRENGTHS AND LIMITATIONS

The strengths of the current study are as follows:
(1) we conducted the study in a community-based
population in Beijing, a northern city in China, with
a high risk of stroke. The initial sampling process
was determined by a stratification-random clustering
procedure to ensure the representativeness of the
Beijing population older than 55 years of age; (2) we
designed a prospective cohort study to explore the
relationship between hyperhomocysteinemia, hy-
pertension, incident CVD events and all-cause death.
This prospective study design enabled us to obtain
less biased results; and (3) the current study was
performed under strict quality control. Potential
confounding risk factors, including antihyperten-
sive treatment and regular supplementation of folic
acid, were collected carefully and adjusted for as co-

variables in the multivariate Cox regression analysis.

However, our study has certain limitations. Firstly,
and most importantly, selection bias existed be-
cause 1,010 participants (43.84%) were excluded for
refusing to have their blood sampled, and 37 parti-
cipants (1.61%) were excluded for missing impor-
tant information. We compared the characteristics
of participants with or without laboratory assess-
ments/important information from a total of 2,304
participants without a history of CVD (Table 4).
Compared with the participants who completed the
laboratory assessments/important information, those
who did not complete the laboratory assessments/
important information were older, consumed less
alcohol, the lower prevalence of DM and had a higher
proportion of males. Smoking status, physical activity,
the prevalence of hypertension, as well as the pro-
portion of antihypertensive therapy were not stat-
istically significantly different between the two
groups (all P> 0.05). Representativeness of the pop-
ulation could thus be weaker than expected. Secondly,
a single test of serum homocysteine was conducted
in the current study. Although a previous study showed
no corresponding seasonal variation in plasma
homocysteine levels,*”! homocysteine might be af-
fected by the intake and status of relevant B vitamins,
age, genetic factors, and hypotensive medications.!*"
A single serum homocysteine test cannot provide
enough information to establish a causal relation-
ship between homocysteine and incident CVD
events or all-cause death. Thirdly, loss to follow-up
bias existed in the current study. The patients who
were lost to follow-up had fewer drinkers and a

Table 4 Baseline characteristics of participants with or without laboratory assessments/important information from a total of 2,304

participants without a history of cardiovascular disease.

Laboratory assessments/important information

Characteristics No (n=1,047) Yes (n=1,257) P-value
Age, yrs 73.66 £9.33 69.16 + 8.10 <0.001
Male 508 (48.52%) 550 (43.76%) 0.022
Prevalence of hypertension 639 (61.03%) 762 (60.62%) 0.841
Antihypertensive treatment in hypertensive patients 277 (43.35%) 345 (45.28%) 0.594
Prevalence of diabetes mellitus 105 (10.03%) 218 (17.34%) <0.001
Ever smoking 321 (30.66%) 386 (30.71%) 0.980
Ever drinking 253 (24.17%) 386 (30.71%) <0.001
Physical activity > 1 h/day 446 (42.60%) 572 (45.55%) 0.162
Data are presented as means + SD or n (%).
v http:/ /www .jgc301.com; jgc@jgc301.com 805
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higher prevalence of DM than those who were foll-
owed up (Table 5). Fourthly, hyperhomocysteinemia
is associated with renal insufficiency, although
eGFR was measured and adjusted for in the current
study, it is only a crude indicator of a reduction in
renal function, not an early indicator. Fifthly, labor-
atory measurements were not performed at the end
of follow-up due to limited budget and manpower.
We measured the BP of the surviving participants,
however, the difference in SBP and DBP among the
four groups was not statistically significant after
4.84 +1.48 years of follow-up. The BP value of sur-
viving participants at the end of the follow-up has
been listed in Table 6. Last but not least, the results
were not generalizable since we only investigated a
Chinese community-based population without a
history of CVD.

CONCLUSIONS

In conclusion, our findings suggest that hyper-
homocysteinemia was an independent risk factor,

and when accompanied by hypertension, it contributed
to the incident CVD events (stroke and coronary
events) and all-cause death in the Chinese community-
based elderly population without a history of MI, CHF,
and stroke. The results indicate that hyperhomocyst-
einemia may be a therapeutic target for the primary
prevention of CVD, especially in hypertensive pa-
tients. Homocysteine levels were affected by diffe-
rent genetic factors, thus, future research should fo-
cus on examining H-type hypertension as a risk
factor for incident CVD events and all-cause death
in different populations.
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Table 5 Baseline characteristics of the participants who completed follow-up or were lost to follow-up.

Completed follow-up

Characteristics No (= 156) Yes (n=1,101) P-value
Age, yrs 69.44 £ 8.53 69.13 £8.04 0.379
Male 69 (44.23%) 481 (43.69%) 0.949
Prevalence of hypertension 93 (59.62%) 669 (60.76%) 0.784
Antihypertensive treatment in hypertensive patients 53 (33.97%) 333 (49.78%) 0.345
Prevalence of diabetes mellitus 41 (26.28%) 177 (16.08%) 0.002
Ever smoking 41 (26.28%) 345 (31.34%) 0.200
Ever drinking 32 (20.51%) 354 (32.15%) 0.003
Physical activity 2 1 h/day 78 (50.00%) 494 (44.87%) 0.228

Data are presented as means + SD or n (%).

Table 6 Blood pressure value of surviving participants at the end of follow-up.

] Overall HT(- )HHc -) HT( )HHc (+) HT(+)HHc -) HT(+)HHc +)
Variables (n = 946) (n= { { { { P-value
Systolic blood pressure, mmHg 140.57 +14.58  137.58 £12.32 138.45 +13.60 140.48 +1543 141.63 +14.46 0.298
Diastolic blood pressure, mmHg 81.15+10.41 84.24 +9.20 80.24 £10.31 80.26 +10.84 81.56 +10.24 0.188

Data are presented as means + SD. HHcy: hyperhomocysteinemia; HT: hypertension.

REFERENCES

[1]  Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/
AHA guideline on the primary prevention of cardi-
ovascular disease: a report of the American College of

806

Cardiology/ American Heart Association Task Force on
Clinical Practice Guidelines. ] Am Coll Cardiol 2019; 74
1376-1414.

[2] Meschia JF, Bushnell C, Boden-Albala B, et al. Guideli-
nes for the primary prevention of stroke: a statement

http:/ /www.jgc301.com; jgc@jgc301.com ’*


https://doi.org/10.1016/j.jacc.2019.03.009
https://doi.org/10.1016/j.jacc.2019.03.009

RESEARCH ARTICLE

JOURNAL OF GERIATRIC CARDIOLOGY

[3]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

for healthcare professionals from the American Heart
Association/ American Stroke Association. Stroke 2014;
45: 3754-3832.

Joint Committee for Guideline Revision. 2018 Chinese
guidelines for prevention and treatment of hyperten-
sion: a report of the Revision Committee of Chinese Gu-
idelines for Prevention and Treatment of Hypertension.
J Geriatr Cardiol 2019; 16: 182-241.

Zhao D, Liu ], Wang W, et al. Epidemiological transition
of stroke in China: twenty-one-year observational study
from the Sino-MONICA-Beijing Project. Stroke 2008; 39:
1668-1674.

Hu SS, Gao RL, Liu LS, et al. [Report of 2018 Chinese
cardiovascular disease]. Zhong Guo Xun Huan Za Zhi
2019; 3: 209-220. [In Chinese].

Han LY, Wu QH, Wang CY, et al. Homocysteine, isch-
emic stroke, and coronary heart disease in hypertensive
patients: a population-based, prospective cohort study.
Stroke 2015; 46: 1777-1786.

He YS, Li YX, Chen YH, et al. Homocysteine level and
risk of different stroke types: a meta-analysis of prospe-
ctive observational studies. Nutr Metab Cardiovasc Dis
2014; 24: 1158-1165.

Toole JF, Malinow MR, Chambless LE, et al. Lowering
homocysteine in patients with ischemic stroke to pre-
vent recurrent stroke, myocardial infarction, and death:
the Vitamin Intervention for Stroke Prevention (VISP)
randomized controlled trial. JAMA 2004; 291: 565-575.
Ebbing M, Bleie @, Ueland PM, et al. Mortality and cardio-
vascular events in patients treated with homocysteine-
lowering B vitamins after coronary angiography: a ran-
domized controlled trial. JAMA 2008; 300: 795-804.
Jamison RL, Hartigan P, Kaufman JS, et al. Effect of ho-
mocysteine lowering on mortality and vascular disease
in advanced chronic kidney disease and end-stage renal
disease: a randomized controlled trial. JAMA 2007; 298:
1163-1170.

Albert CM, Cook NR, Gaziano JM, et al. Effect of folic
acid and B vitamins on risk of cardiovascular events
and total mortality among women at high risk for car-
diovascular disease: a randomized trial. JAMA 2008;
299: 2027-2036.

Toya T, Sara JD, Lerman B, et al. Elevated plasma hom-
ocysteine levels are associated with impaired peripheral
microvascular vasomotor response. Int | Cardiol Heart
Vasc 2020; 28: 100515.

Wang TJ, Xu GY, Cai XQ, et al. Association of homo-
cysteine with carotid-femoral pulse wave velocity in a
southern Chinese population. Aging (Albany NY) 2019;
11: 9709-9718.

Huo Y, Li JP, Qin XH, et al. Efficacy of folic acid ther-
apy in primary prevention of stroke among adults with
hypertension in China: the CSPPT randomized clinical
trial. JAMA 2015; 313: 1325-1335.

Zhang Y, Wang G, Liu ], et al. Impact of hyperhomo-
cysteinemia on insulin resistance in patients with H-
type hypertension. Clin Exp Hypertens 2018; 40: 28-31.
Li JP, Jiang SQ, Zhang Y, et al. H-type hypertension
and risk of stroke in Chinese adults: a prospective, nes-
ted case-control study. J Trans! Int Med 2015; 3: 171—
178.

| e/ /www jgc301.com; jge@ijgeB01.com

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Towfighi A, Markovic D, Ovbiagele B. Pronounced as-
sociation of elevated serum homocysteine with stroke
in subgroups of individuals: a nationwide study. | Neurol
Sci 2010; 298: 153-157.

Zhang WL, Sun K, Chen JX, et al. High plasma homo-
cysteine levels contribute to the risk of stroke recurr-
ence and all-cause mortality in a large prospective stroke
population. Clin Sci (Lond) 2009; 118: 187—-194.

Fan YL, Zhan R, Dong YF, et al. Significant interaction
of hypertension and homocysteine on neurological severity
in first-ever ischemic stroke patients. ] Am Soc Hypertens
2018; 12: 534-541.

Tang Z, Zhou T, Luo YX, et al. Risk factors for cerebro-
vascular disease mortality among the elderly in Beijing:
a competing risk analysis. PLoS One 2014; 9: e87884.
Zhang ZY, Fang XH, Hua Y, et al. Combined effect of
hyperhomocysteinemia and hypertension on the presence
of early carotid artery atherosclerosis. ] Stroke Cerebrovasc
Dis 2016; 25: 1254-1262.

Zimmer Z, Fang XH, Tang Z, et al. Fifteen-year disabil-
ity trends among older persons in the Beijing municip-
ality of China. ] Aging Health 2014; 26: 207-230.

Lei L, Xue Y, Guo ZD, et al. Nomogram for contrast-
induced acute kidney injury in patients with chronic kid-
ney disease undergoing coronary angiography in China:
a cohort study. BMJ Open 2020; 10: e037256.

Malinow MR, Bostom AG, Krauss RM. Homocyst(e)ine,
diet, and cardiovascular diseases: a statement for health-
care professionals from the Nutrition Committee, American
Heart Association. Circulation 1999; 99: 178—-182.

James PA, Oparil S, Carter BL, et al. Evidence-based gu-
ideline for the management of high blood pressure in
adults: report from the panel members appointed to
the Eighth Joint National Committee (JNC 8). JAMA
2014; 311: 507-520.

Endris T, Worede A, Asmelash D. Prevalence of diabetes
mellitus, prediabetes and its associated factors in Dessie
town, northeast Ethiopia: a community-based study.
Diabetes Metab Syndr Obes 2019; 12: 2799-2809.
Ganguly P, Alam SF. Role of homocysteine in the de-
velopment of cardiovascular disease. Nutr J 2015; 14: 6.
Marti-Carvajal AJ, Sola I, Lathyris D, et al. Homocysteine-
lowering interventions for preventing cardiovascular
events. Cochrane Database Syst Rev 2017; 8: CD006612.
Chen LL, Wang BY, Wang JC, et al. Association betw-
een serum total homocysteine and arterial stiffness in
adults: a community-based study. J Clin Hypertens
(Greenwich) 2018; 20: 686—693.

Pang H, Han B, Fu Q, et al. Association between homo-
cysteine and conventional predisposing factors on risk
of stroke in patients with hypertension. Sci Rep 2018; 8:
3900.

Zhang ZY, Fang XH, Ji JM, et al. [The association betw-
een serum homocysteine and blood pressure among
middle-aged and elderly people]. Zhonghua Gao Xue
Ya Za Zhi 2015; 9: 846—850. [In Chinese].

Cordero A, Laclaustra M, Leén M, et al. Comparison of
serum lipid values in subjects with and without the
metabolic syndrome. Am J Cardiol 2008; 102: 424—428.
Sultani R, Tong DC, Peverelle M, et al. Elevated trigly-
cerides to high-density lipoprotein cholesterol (TG/HDL-C)

807


https://doi.org/10.1161/STR.0000000000000046
https://doi.org/10.11909/j.issn.1671-5411.2019.03.014
https://doi.org/10.1161/STROKEAHA.107.502807
https://doi.org/10.3969/j.issn.1000-3614.2019.03.001
https://doi.org/10.1161/STROKEAHA.115.009111
https://doi.org/10.1016/j.numecd.2014.05.011
https://doi.org/10.1001/jama.291.5.565
https://doi.org/10.1001/jama.300.7.795
https://doi.org/10.1001/jama.298.10.1163
https://doi.org/10.1001/jama.299.17.2027
https://doi.org/10.1016/j.ijcha.2020.100515
https://doi.org/10.1016/j.ijcha.2020.100515
https://doi.org/10.18632/aging.102416
https://doi.org/10.1001/jama.2015.2274
https://doi.org/10.1080/10641963.2017.1288738
https://doi.org/10.1515/jtim-2015-0027
https://doi.org/10.1016/j.jns.2010.07.013
https://doi.org/10.1016/j.jns.2010.07.013
https://doi.org/10.1042/CS20090142
https://doi.org/10.1016/j.jash.2018.03.011
https://doi.org/10.1371/journal.pone.0087884
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.037
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.037
https://doi.org/10.1177/0898264313513609
https://doi.org/10.1136/bmjopen-2020-037256
https://doi.org/10.1161/01.CIR.99.1.178
https://doi.org/10.1001/jama.2013.284427
https://doi.org/10.2147/DMSO.S225854
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.1002/14651858.CD006612.pub5
https://doi.org/10.1111/jch.13246
https://doi.org/10.1111/jch.13246
https://doi.org/10.1038/s41598-018-22260-6
https://doi.org/10.16439/j.cnki.1673-7245.2015.09.016
https://doi.org/10.16439/j.cnki.1673-7245.2015.09.016
https://doi.org/10.1016/j.amjcard.2008.03.079
https://doi.org/10.1161/STR.0000000000000046
https://doi.org/10.11909/j.issn.1671-5411.2019.03.014
https://doi.org/10.1161/STROKEAHA.107.502807
https://doi.org/10.3969/j.issn.1000-3614.2019.03.001
https://doi.org/10.1161/STROKEAHA.115.009111
https://doi.org/10.1016/j.numecd.2014.05.011
https://doi.org/10.1001/jama.291.5.565
https://doi.org/10.1001/jama.300.7.795
https://doi.org/10.1001/jama.298.10.1163
https://doi.org/10.1001/jama.299.17.2027
https://doi.org/10.1016/j.ijcha.2020.100515
https://doi.org/10.1016/j.ijcha.2020.100515
https://doi.org/10.18632/aging.102416
https://doi.org/10.1001/jama.2015.2274
https://doi.org/10.1080/10641963.2017.1288738
https://doi.org/10.1515/jtim-2015-0027
https://doi.org/10.1016/j.jns.2010.07.013
https://doi.org/10.1016/j.jns.2010.07.013
https://doi.org/10.1042/CS20090142
https://doi.org/10.1016/j.jash.2018.03.011
https://doi.org/10.1371/journal.pone.0087884
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.037
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.037
https://doi.org/10.1177/0898264313513609
https://doi.org/10.1136/bmjopen-2020-037256
https://doi.org/10.1161/01.CIR.99.1.178
https://doi.org/10.1001/jama.2013.284427
https://doi.org/10.2147/DMSO.S225854
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.1002/14651858.CD006612.pub5
https://doi.org/10.1111/jch.13246
https://doi.org/10.1111/jch.13246
https://doi.org/10.1038/s41598-018-22260-6
https://doi.org/10.16439/j.cnki.1673-7245.2015.09.016
https://doi.org/10.16439/j.cnki.1673-7245.2015.09.016
https://doi.org/10.1016/j.amjcard.2008.03.079

JOURNAL OF GERIATRIC CARDIOLOGY

[34]

[35]

[36]

[37]

ratio predicts long-term mortality in high-risk patients.
Heart Lung Circ 2020; 29: 414-421.

Zhang SY, Dong YQ, Wang PC, et al. Adipocyte-derived
lysophosphatidylcholine activates adipocyte and adi-
pose tissue macrophage Nod-like receptor protein 3 in-
flammasomes mediating homocysteine-induced insulin
resistance. EBioMedicine 2018; 31: 202—-216.

Lin BY, Li P, Wu XD, et al. The relationship between
homocysteine, blood pressure variability, and left ven-
tricular hypertrophy in patients with essential hyper-
tension: an observational study. Adv Ther 2020; 37: 381—
389.

Dong YF, Zhan BM, Hao QY, et al. Plasma homocys-
teine levels are associated with circadian blood pres-
sure variation in Chinese hypertensive adults. Am |
Hypertens 2017; 30: 1203-1210.

de Ruijter W, Westendorp RG, Assendelft W], et al. Use
of Framingham risk score and new biomarkers to pre-

[38]

[39]

[40]

[41]

RESEARCH ARTICLE

dict cardiovascular mortality in older people: popula-
tion based observational cohort study. BMJ 2009; 338:
a3083.

Drewes YM, Poortvliet RK, Blom JW, et al. Homocys-
teine levels and treatment effect in the PROspective
Study of Pravastatin in the Elderly at Risk. ] Am Geriatr
Soc 2014; 62: 213-221.

Towfighi A, Arshi B, Markovic D, et al. Homocysteine-
lowering therapy and risk of recurrent stroke, myocar-
dial infarction and death: the impact of age in the VISP
trial. Cerebrovasc Dis 2014; 37: 263—-267.

Mckinley MC, Strain JJ, McPartlin J, et al. Plasma homo-
cysteine is not subject to seasonal variation. Clin Chem
2001; 47: 1430-1436.

Poduri A, Kaur J, Thakur JS, et al. Effect of ACE inhibit-
ors and beta-blockers on homocysteine levels in essen-
tial hypertension. ] Hum Hypertens 2008; 22: 289-294.

Please cite this article as: ZHANG ZY, GU X, TANG Z, GUAN SC, LIU HJ, WU XG, ZHAO Y, FANG XH. Homocysteine,
hypertension, and risks of cardiovascular events and all-cause death in the Chinese elderly population: a prospective study. J Geriatr
Cardiol 2021; 18(10): 796-808. DOI: 10.11909/j.issn.1671-5411.2021.10.005

808

http:/ /www jgc301.com; jgc@jgc301.com gat


https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1016/j.ebiom.2018.04.022
https://doi.org/10.1007/s12325-019-01154-7
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1136/bmj.a3083
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1159/000360153
https://doi.org/10.1093/clinchem/47.8.1430
https://doi.org/10.1038/sj.jhh.1002325
https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1016/j.ebiom.2018.04.022
https://doi.org/10.1007/s12325-019-01154-7
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1136/bmj.a3083
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1159/000360153
https://doi.org/10.1093/clinchem/47.8.1430
https://doi.org/10.1038/sj.jhh.1002325
https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1016/j.ebiom.2018.04.022
https://doi.org/10.1007/s12325-019-01154-7
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1016/j.ebiom.2018.04.022
https://doi.org/10.1007/s12325-019-01154-7
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1093/ajh/hpx116
https://doi.org/10.1136/bmj.a3083
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1159/000360153
https://doi.org/10.1093/clinchem/47.8.1430
https://doi.org/10.1038/sj.jhh.1002325
https://doi.org/10.1136/bmj.a3083
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1111/jgs.12660
https://doi.org/10.1159/000360153
https://doi.org/10.1093/clinchem/47.8.1430
https://doi.org/10.1038/sj.jhh.1002325

	METHODS
	Study Design and Population
	Baseline Data Collection
	Laboratory Examinations and Definitions
	Prospective Follow-up and Endpoints
	Statistical Analysis

	RESULTS
	Participants’&nbsp;Baseline Information
	Individual Association of Hyperhomocysteinemia with CVD Events and All-cause Death
	Combined Association of Hyperhomocysteinemia and Hypertension with CVD Events and All-cause Death

	DISCUSSION
	STRENGTHS AND LIMITATIONS
	CONCLUSIONS
	ACKNOWLEDGMENTS

