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Background: This study aimed to assess the relationship between ideal cardiovascular

health (CVH) metrics and incident ischemic stroke (IS) in hypertensive patients, especially

those with hyperhomocysteinemia (HHcy).

Methods: A prospective cohort study enrolled 5,488 hypertensive patients in Nanshan

District of Shenzhen City in southern China from September 2011 to December

2017. CVH metrics were defined according to the American Heart Association. Cox

proportional hazardsmodels were used to examine the associations between the number

of ideal CVH metrics and the incidence of IS by calculating multivariable-adjusted hazard

ratios (HRs) and 95% CI.

Results: During an average follow-up of 5.7 years, 340 IS patients were identified.

Compared with those having 0 ideal CVH metrics, the HRs (95% CIs) for IS among those

with 1, 2, 3, 4, and 5–6 ideal CVH metrics were 0.62 (0.31–1.25), 0.37 (0.19–0.74), 0.37

(0.18–0.74), 0.34 (0.16–0.71), and 0.28 (0.12–0.63), respectively (P < 0.001). An ideal

healthy diet score and ideal fasting blood glucose level were independently associated

with IS among participants, with HRs (95%CIs) of 0.53 (0.33–0.86) and 0.32 (0.17–0.66),

respectively. Additionally, compared with those with normal total homocysteine (tHcy)

levels (<15 µmol/L), the HR (95% CI) for IS among participants with HHcy and who had

5–6 ideal CVH metrics was 0.50 (0.27–0.92).

Conclusion: An increased number of ideal CVH metrics was inversely associated with

the incidence of IS in hypertensive patients. The participants with HHcy who had 5–6

ideal CVH metrics exhibited a lower IS risk than those with normal tHcy levels.

Keywords: ideal cardiovascular health metrics, ischemic stroke, hypertensive patients, prospective study,

hyperhomocysteinemia
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INTRODUCTION

Stroke is the leading cause of mortality and disability among
adults in China (1) and 87% of stroke-related deaths are caused
by ischemic stroke (IS) (2). Evidence suggests that hypertension
and hyperhomocysteinemia (HHcy) have a synergistic effect on
the risk of IS (3). We previously found that the hazard ratio
(HR) (95% CI) of IS caused by HHcy was 2.18 (1.65–2.89) in
a hypertensive Chinese population (3). Importantly, ∼80.3% of
the hypertensive patients in this Chinese sample had HHcy (4),
and the risk of stroke faced by patients with HHcy was 12.7 times
higher than that of adults without hypertension and HHcy (5).

The American Heart Association (AHA) has defined ideal
cardiovascular health (CVH) metrics. These include four
health behaviors [not smoking, a body mass index [BMI]
< 24 kg/m2, physical activity at goal levels, and a healthy
diet composition], and three health factors (untreated total
cholesterol <11.1 mmol/L, untreated blood pressure <130/80
mmHg, and untreated fasting blood glucose <5.5 mmol/L).
Mounting evidence shows an inverse association between the
number of ideal CVH metrics and the incidence of stroke across
diverse populations and types of patients (6, 7). However, there
are limited data to inform ideal CVH metrics that align with
the AHA’s definition of IS incidence in hypertensive patients,
and especially in patients with both hypertension and HHcy.
We hypothesized that an increased number of ideal CVH
metrics would be associated with a decreased incidence of IS in
hypertensive patients, and especially those with HHcy. Therefore,
we performed a prospective cohort study to examine whether
ideal CVH metrics were associated with a lower risk of IS among
Chinese hypertensive patients.

METHODS

Study Population
We performed a community-based, observational, long-term
follow-up study to investigate the epidemiology of IS in
Chinese hypertensive adults (3). This type of study design
has been described previously (3). This prospective study was
based on data from the hypertension management information
systems of 60 community health service centers (CHSCs) in
Nanshan District of Shenzhen City in southern China. The
inclusion criteria were as follows: (1) patients who had essential
hypertension and were ≥20 years of age; (2) local residents who
had lived in Shenzhen for ≥6 months; (3) Chinese citizens who
could receive follow-up without difficulty for at least 3 years; and
(4) patients whose health records had been established in a CHSC
hypertension management information system. The exclusion
criteria were as follows: (1) patients with secondary hypertension,
cancer, severe liver or kidney disease, or pregnancy; and (2)
hypertensive patients with IS.

From April 2010 to September 2011, 5,935 hypertensive
patients aged ≥20 years and who had lived in Shenzhen for ≥6
months completed the baseline survey (Supplementary Figure 1).
All of the patients were Chinese citizens who could be followed
up without difficulty for at least 3 years, and had established
health records at the CHSCs. The study was performed according

to the guidelines of the Helsinki Declaration and was approved
by the Ethics Committee of the Shenzhen Nanshan Center for
Chronic Disease Control. Signed informed consent was obtained
from all of the participants.

Data Collection
During the baseline survey, we used a validated questionnaire to
collect demographic characteristics of the participants. For more
details about characteristics, please see Supplementary Table 1.

In addition to the survey items, physical examination
data including height and weight were measured at baseline.
Height without shoes was measured to the nearest 1 cm with
a standard right-angle device. Weight was measured to the
nearest 0.1 kg with a spring balance. BMI was calculated as
weight/height2 (kg/m2). Blood pressure was measured three
times at 30-s intervals, using a standardized automatic electronic
sphygmomanometer after 5–10min of rest with the participants
in a seated posture, and the average of the three measurements
was used in all of the analyses. Essential hypertension was
diagnosed based on systolic blood pressure (SBP) ≥ 140 mmHg
or diastolic blood pressure (DBP) ≥ 90 mmHg, or self-reported
use of antihypertensive medication (8).

Laboratory Methods
Blood samples were collected from the antecubital vein in
the morning after an overnight fast. Serum uric acid levels
were measured by quantitative determination with uricase,
plasma total homocysteine (tHcy) levels were measured by the
circulating enzyme method, and serum creatinine levels were
determined by the Jaffe method using an automatic biochemical
analyzer (Hitachi 7080). tHcy levels ≥15 µmol/L was defined as
HHcy, according to the Guidelines for Prevention and Treatment
of Hypertension in China (2018 Revised Edition) (9). Total
cholesterol (TC) and fasting blood glucose (FBG) were measured
enzymatically with an autoanalyzer (Hitachi 7080).

Assessment of Ideal CVH Metrics
The CVH metrics adopted in this study were consistent with
the CVH metrics proposed by the AHA, which include seven
health behaviors and factors: healthiness of diet, blood pressure
(BP), physical activity, BMI, smoking status, TC, and FBG
(10). According to the AHA guidelines (10), CVH metrics are
classified as ideal, intermediate, or poor. The details of ideal,
intermediate, and poor CVH metrics as defined by the AHA and
by our modified version are described in Supplementary Table 2.
Because all of the subjects in the study were hypertensive patients,
BP was not included.

A total CVH score was calculated by summing scores for each
of the 6 CVHmetrics, ranging from 0 to 6, with the highest score
indicating a better CVH. Total CVH score was then categorized
into grades 0, 1, 2, 3, 4, 5, and 6.

Outcome Assessment
December 2017 was the end point of the follow-up period. After
5.7 years of follow-up, face-to-face interviews, physical exams,
and biochemical measurements were performed at the Shenzhen
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Nanshan Center for Chronic Disease Control. The methods were
consistent with those in the baseline survey.

The primary outcome was the first occurrence of IS.
This outcome was confirmed by examination of medical
records including reports of symptoms and examination
results. The examinations included computed tomography (CT),
magnetic resonance imaging (MRI), cerebral angiography, and
transcranial doppler ultrasound, in agreement withWorldHealth
Organization (WHO) criteria (11), and were conducted by two
cerebrovascular experts.

Transient ischemic attack (TIA) was also diagnosed as IS if
the scan did not visualize an infarction or hemorrhage, but the
patient had symptoms that met the WHO criteria for IS (12).
Both stroke and TIA were defined as cerebralvascular accident
(CVA) (13).

IS was coded as I63 and I64 according to the 10th
Revision of the International Classification of Diseases (ICD-
10) and classified IS into 5 subtypes: large artery atherosclerosis,
cardioembolism, small-vessel occlusion, stroke of other cause,

and stroke of undetermined cause according to the TOAST
classification (14).

Statistical Analysis
Categorical variables were described as percentages (%) and were
compared using the chi-square test. Continuous variables were
described as mean ± SD and were compared using one-way
analysis of variance. Variables with skewed distributions were
log-transformed to normal distributions.

Person years of follow-up were calculated from the date of
the initial baseline interview until the date when the participants
were diagnosed with IS, the date of death, or the end of the
follow-up period, whichever occurred first.

Multivariable Cox proportional hazards regression models
were used to examine the association between the number of
baseline ideal CVHmetrics and the incidence of IS by calculating
HRs and 95% CIs. Because only 35 (0.75%) participants had the
highest CVH score of 6, we combined them with the participants
who had a CVH score of five. We fitted three models to the data.

TABLE 1 | The HRs (95% CIs) of incident ischemic stroke by Cardiovascular Health Metrics and sex.

Characteristics* Cardiovascular health metrics P trend

0 1 2 3 4 5–6

MALES

Cases 8 23 47 42 21 7

Number of participants 84 348 647 700 401 147

M0† 1 [Reference] 0.73

(0.32–1.64)

0.35

(0.16–0.75)

0.41

(0.19–0.88)

0.37

(0.16–0.85)

0.22

(0.07–0.64)

0.006

M1‡ 1 [Reference] 0.70

(0.31–1.58)

0.32

(0.15–0.70)

0.38

(0.18–0.83)

0.34

(0.15–0.79)

0.21

(0.07–0.63)

0.005

M2§ 1 [Reference] 0.80

(031–2.07)

0.37

(0.14–0.94)

0.45

(0.17–1.17)

0.37

(0.12–1.08)

0.22

(0.06–0.81)

0.019

FEMALES

Cases 4 31 52 60 34 11

Number of participants 38 284 598 741 506 168

M0† 1 [Reference] 0.47

(0.16–1.36)

0.42

(0.15–1.17)

0.35

(0.12–0.99)

0.33

(0.11–0.95)

0.31

(0.10–1.00)

0.036

M1‡ 1 [Reference] 0.47

(0.16–1.36)

0.41

(0.14–1.14)

0.35

(0.12–0.98)

0.32

(0.11–0.93)

0.31

(0.09–1.00)

0.033

M2§ 1 [Reference] 0.42

(0.14–1.29)

0.30

(0.10–0.88)

0.25

(0.08–0.77)

0.25

(0.08–0.75)

0.25

(0.07–0.86)

0.020

TOTAL

Cases 12 54 99 102 55 18

Number of participants 122 632 1,245 1,441 907 315

M0† 1 [Reference] 0.57

(0.30–1.07)

0.39

(0.21–0.71)

0.37

(0.20–0.69)

0.36

(0.19–0.67)

0.28

(0.13–0.59)

<0.001

M1‡ 1 [Reference] 0.55

(0.29–1.04)

0.37

(0.20–0.68)

0.36

(0.19–0.66)

0.34

(0.17–0.64)

0.27

(0.13–0.58)

<0.001

M2§ 1 [Reference] 0.62

(0.31–1.25)

0.37

(0.19–0.74)

0.37

(0.18–0.74)

0.34

(0.16–0.71)

0.28

(0.12–0.63)

<0.001

BMI, body mass index.

*All non-pregnant participants older than 20 years with available cardiovascular health metrics were included.
†
Not adjusted.

‡Adjusted for age, sex.
§Adjusted for age, sex, education, alcohol consumption, diabetes mellitus, depression, family history of stroke, years of hypertension, antihypertensive medication, low density lipoprotein,

systolic blood pressure, diastolic blood pressure, uric acid, triglyceride, total homocysteine and creatinine.
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Model 0 (M0) was not adjusted. Model 1 (M1) was adjusted for
age and sex. Model 2 (M2) was further adjusted for education
level, alcohol consumption, depression, years of hypertension,
antihypertensive drug use, diabetes, family history of stroke, SBP,
DBP, low density lipoprotein (LDL), uric acid (UA), triglyceride
(TG), tHcy, and creatinine.

We tested the interactions between CVH metrics and age
(<60 years vs. ≥60 years), sex, hypertension duration (<5 years
vs. ≥ 5 years), BP (<130/80 mmHg vs. ≥130/80 mmHg) and
tHcy (<15 µmol/L vs. ≥15 µmol/L) after controlling for the
aforementioned covariates.

We also analyzed the risk of IS events, according to the
combined ideal CVH metrics, among participants with HHcy
compared with participants with normal tHcy levels. To test the
P trend, we assigned a numerical value to the number of ideal
CVH metrics and analyzed it as a continuous variable using the
PHREG process in SAS.

The data were analyzed using SAS 9.3 (SAS Institute, Cary,
NC). Two-sided p< 0.05 were considered statistically significant.

RESULTS

Baseline Characteristics
This prospective study initially enrolled 5,935 participants, of
whom 447 who presented with IS and CHD were excluded
(Supplementary Figure 1). After an average follow-up period
of 5.7 years, 826 of the remaining 5,488 participants were lost
to follow-up (15.05%), 348 refused to continue, 206 returned
to their hometowns, 164 changed their telephone numbers, 73
left the country, and 35 died. Finally, 4,662 participants were
successfully followed and included in the prospective study.

Supplementary Table 1 presents the baseline characteristics of
the participants according to the number of ideal CVH metrics.
The mean (SD) age of the study participants was 41.3 (7.4)
years, and 49.9% of the participants were male. Of the 4,662
participants, only 0.75% (n= 35) had 6 ideal CVH metrics; most
of them (57.61%, n = 2,686) had 3–4 ideal CVH metrics. The
participants with a greater number of ideal CVH metrics were
more likely to be female, to be younger, to have higher education,
to consume less alcohol, and to have experienced hypertension
for only 2–5 years.

Comparison of Baseline Characteristics
Between Participants Lost and Not Lost to
Follow-Up
Supplementary Table 3 summarizes the characteristics of the
participants lost and not lost to follow-up. Our analysis showed
that fruit intake, age, and SBP differed significantly between the
two groups (all P < 0.05).

Association Between the Number of Ideal
CVH Metrics and Incident Ischemic Stroke
Risk
After an average follow-up period of 5.7 years, a total of 340 IS
cases were identified. Unadjusted and adjusted HRs (95% CIs) of
the incidence of IS by both CVHmetrics and sex are presented in

TABLE 2 | The HRs (95% CIs) of incident ischemic stroke by each cardiovascular

health metrics.

Characteristics β HR* 95% CI P

Smoking status

Ideal −0.13 0.88 0.60–1.29 0.523

Intermediate 0.08 1.08 0.69–1.67 0.727

Poor Reference

physical activity

Ideal −0.12 0.88 0.67–1.16 0.371

Intermediate 0.08 1.08 0.69–1.68 0.733

Poor Reference

BMI

Ideal −0.17 0.84 0.58–1.22 0.375

Intermediate −0.16 0.85 0.59–1.21 0.380

Poor Reference

Healthy diet score

Ideal −0.63 0.53 0.33–0.86 0.010

Intermediate −0.43 0.65 0.42–0.99 0.047

Poor Reference

Total serum cholesterol

Ideal 0.05 1.05 0.62–1.76 0.861

Intermediate −0.06 0.94 0.63–1.41 0.771

Poor Reference

Fasting blood glucose

Ideal −1.12 0.32 0.17–0.62 <0.001

Intermediate −0.94 0.39 0.23–0.66 <0.001

Poor Reference

BMI, body mass index.

*Adjusted for age, sex, education, alcohol consumption, diabetes mellitus, depression,

family history of stroke, years of hypertension, antihypertensive medication, low density

lipoprotein, systolic blood pressure, diastolic blood pressure, uric acid, triglyceride, total

homocysteine and creatinine.

Table 1. Multivariable adjusted Cox proportional hazards models
indicated that the number of ideal CVH metrics were inversely
associated with the incidence of IS after controlling for the
aforementioned covariates. Compared with the participants with
0 ideal CVHmetrics, the HRs (95% CIs) for the participants with
scores of 5–6 ideal CVH metrics among all of the participants
was 0.28 (0.12–0.63). For males, it was 0.22 (0.06–0.81), and for
females it was 0.25 (0.07–0.86).

The Kaplan-Meier curves presented in Supplementary Figure
2 indicate that a graded decrease in the risk of IS is associated with
an increased number of ideal CVHmetrics (log-rank P = 0.002).

The associations between each CVH metric and IS
risk are shown in Table 2. After adjustments for the
aforementioned covariates, the ideal healthy diet score (7–
9 points) was independently associated with a decreased
risk of incident IS, with a HR (95% CI) of 0.53 (0.33–
0.86). The ideal FBG (<5.5 mmol/L) was also associated
with a decreased risk of incident IS, with a HR (95% CI)
of 0.32 (0.17–0.62).

The HR (95% CI) of incident IS risk in relation to the
number of ideal CVHmetrics among the participants with HHcy,
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FIGURE 1 | Adjusted hazard ratios and population attributable fractions of ischemic stroke events in relation to number of ideal cardiovascular health metrics among

participants with hyperhomocysteinemia compared with normal homocysteine. Pys, Person years; Hcy, homocysteine; CVH, cardiovascular health metrics.

compared with those with normal tHcy levels, is presented in
Figure 1. After being adjusted for the aforementioned covariates,
the HR (95% CI) of incident risk of IS was 0.50 (0.27–0.92) for
the participants withHHcywho had 5–6 CVHmetrics, compared
with the participants with normal tHcy levels.

Test for Interactions
Sensitivity analysis was performed for age (<60 years and
≥60 years), hypertension duration (<5 years and ≥5 years),
controlled BP (SBP < 130 mmHg or DBP < 80 mmHg and SBP
≥ 130 mmHg or DBP ≥ 80 mmHg), and tHcy levels (<15 and
≥15 µmol/L). There were no significant interactions between the
number of ideal CVHmetrics and these variables in relation to IS
risk (Table 3).

DISCUSSION

This community-based prospective cohort study revealed that
hypertensive patients with a greater number of ideal CVH
metrics had a lower incidence of IS during an average follow-up
period of 5.7 years. An ideal healthy diet score (7–9 points) and
ideal FBG (<5.5 mmol/L) were independently associated with
decreased risk of IS. The participants with HHcy who had 5–6
ideal CVH metrics were 50% less likely to develop IS than those
with normal tHcy levels.

Consistent with previous studies in China (15, 16), our study
found that only 0.75% of all of the subjects met all ideal metrics,
and that 26.2% met 4–6 ideal CVH metrics. These findings
suggest that the distribution of CVHmetrics among hypertensive
patients are similar to those in the general population and are not
well-controlled. The low prevalence of ideal CVHmetrics among
the participants in this study might be explained by the relatively
ineffective primary care for hypertensive patients provided by
CHSCs in Shenzhen (17). Another possible explanation for
these findings is the high prevalence of older adults among our
participants (49.6% of the participants were >60 years old), the
prevalence of healthy behaviors and positive health factors are
known to decrease with aging (2). This finding is consistent with
previous results showing that the proportion of older participants

who met 5 or more ideal CVH metrics was 2–3 times lower than
that of younger participants (18).

We noted that the Kaplan-Meier curves for outcomes for
metrics 1–3 and 4–6 merged toward the end (at about month 80),
which indicated despite the incident risk of IS among participants
with 4–6 metrics was lower than those among participants with
1–3 metrics during the most of the time of the follow-up, the
incident risk for those with 4–6 metrics were higher at the end
of the follow-up.

The prevalence of HHcy in Chinese populations (19),
particularly in those with hypertension, is very high
(approximately 80.3%) (4), besides, compelling evidence have
demonstrated that the risk of IS faced by hypertensive patients
with HHcy was 2.18 times higher than that of hypertensives with
normal Hcy (3), thus it is very significant to study the CVH based
on the stratification of Hcy in China. Importantly, we found that
hypertensive patients with HHcy who had 5 or more ideal CVH
metrics exhibited a significantly lower risk of IS events than
those with normal tHcy levels, which is the major finding of this
study. It’ s reported that hypertension with HHcy may just result
in higher incidence rate of IS events (20), which may explain
why hypertensives with HHcy more likely to prevent IS if they
had 5–6 ideal CVH metrics, even compared with hypertensives
with normal Hcy. Furthermore, another study suggested that
lower tHcy levels are significantly associated with a reduction in
first stroke risk in Chinese adults with hypertension (21). As a
result, in addition to general lifestyle interventions to improve
CVHmetrics, such as promoting a healthy diet, physical activity,
and non-smoking (22), the Hypertension Group, Cardiology
Branch of the Chinese Medical Association recommended that
supplementation with folic acid, which is abundant in green
leafy vegetables and fruits (23), can significantly reduce the risk
of first IS among hypertensive patients with HHcy (4). However,
in contrast with Western countries, China has not made the
folic acid fortification of grain products mandatory, and Chinese
populations have a relatively low dietary and supplemental
folate intake (24). Therefore, our finding strongly support the
promotion of the prevalence of ideal CVH metrics, particularly
increasing the intake of vegetables and fruits among hypertensive
patients with HHcy in China.
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TABLE 3 | The HRs (95% CIs) of incident ischemic stroke by Cardiovascular Health Metrics and age, hypertension duration, controlled blood pressure, and homocysteine.

Characteristics* Cardiovascular health metrics P trend
†

P for interaction

0 1 2 3 4 5–6

Age, years‡ 0.506

<60 1.00 0.82

(0.24–2.84)

0.36

(0.10–1.27)

0.46

(0.13–1.56)

0.39

(0.11–1.42)

0.14

(0.03–0.74)

0.020

≥60 1.00 0.52

(0.23–1.17)

0.33

(0.15–0.71)

0.31

(0.14–0.68)

0.31

(0.13–0.70)

0.35

(0.14–0.89)

0.025

Hypertension duration, years‡ 0.578

<5 1.00 1.52

(0.51–4.54)

0.83

(0.30–2.29)

0.56

(0.20–1.57)

0.77

(0.25–2.36)

0.32

(0.09–1.12)

0.009

≥5 1.00 0.32

(0.13–0.76)

0.18

(0.08–0.41)

0.20

(0.08–0.49)

0.15

(0.06–0.38)

0.17

(0.06–0.53)

0.006

Controlled blood pressure, mmHg‡ 0.508

SBP<130 or DBP<80 1.00 0.99

(0.34–2.95)

0.51

(0.17–1.48)

0.58

(0.20–1.67)

0.60

(0.20–1.78)

0.41

(0.12–1.38)

0.108

SBP≥130 or DBP≥80 1.00 0.32

(0.12–0.85)

0.21

(0.08–0.52)

0.18

(0.07–0.48)

0.16

(0.06–0.47)

0.21

(0.07–0.67)

0.007

Homocysteine, µmol/L‡ 0.412

<15 1.00 0.21

(0.09–0.49)

0.11

(0.05–0.24)

0.12

(0.05–0.27)

0.11

(0.05–0.26)

0.13

(0.05–0.35)

0.025

≥15 1.00 1.21

(0.38–3.84)

0.87

(0.28–2.65)

0.65

(0.19–2.15)

0.61

(0.17–2.19)

0.30

(0.06–1.40)

0.012

SBP, systolic blood pressure; DBP, diastolic blood pressure.

* All non-pregnant parti5cipants older than 20 years with available cardiovascular health metrics were included.
†
Trends were analyzed by logistic regression model with adjustment for age and sex.

‡ Adjusted for age, sex, education, alcohol consumption, diabetesmellitus, depression, family history of stroke, years of hypertension, antihypertensive medication, low density lipoprotein,

systolic blood pressure, diastolic blood pressure, uric acid, triglyceride, total homocysteine and creatinne.

In our study, ideal healthy diet score was significantly
associated with lower IS risk among hypertensive patients.
Previous studies have indicated that salt reduction (25), intake
of fruit and vegetables (5), whole-grain consumption (26), and
moderate intake of meat and eggs (26), which make up our
ideal healthy diet, were all related to a lower risk of stroke
incidence among hypertensive patients. Although the association
between Chinese cooking oils (mainly vegetable oils, including
rapeseed oil, peanut oil, and soybean oil) (27) and IS among
hypertensives is unclear, it is likely that the high omega-
6/omega-3 fatty acid ratio in these oils is highly prothrombotic
and proinflammatory and contributes to the prevalence of
atherosclerosis, diabetes, and obesity (28, 29), which are all risk
factors for IS among hypertensives (24, 30). Given that poor
eating habits, such as high fat and sucrose intake, insufficient
whole-grain consumption, and high salt levels, were still severe
among Chinese populations from 1982 to 2012, according to the
results of four Chinese national nutrition surveys (31), a healthy
diet is essential for Chinese hypertensive patients to reduce the
incidence of IS.

The ideal FBG (<5.5 mmol/L) was inversely associated with
the risk of IS, which is consistent with prior reports that a
baseline FBG concentration of ≥7.0 mmol/L, or diabetes, is
a significant and independent predictor of stroke in Chinese
hypertensive patients (24). Moreover, the findings of previous
studies have demonstrated that diabetes not only independently
multiplied the risk of stroke among hypertensives (32), but

was itself also an independent risk factor for stroke (33).
Therefore, together with existing evidence of the high prevalence
of diabetes among Chinese hypertensive patients (34, 35),
our findings suggest that the primary mode of preventing
IS in Chinese hypertensive patients should be maintaining
an ideal FBG.

Strengths
The strengths of our study include its prospective design,
rigorous ascertainment of IS outcomes, and validation of
diagnostic methods and biochemical indices at both baseline
and at the end of follow-up. To the best of our knowledge,
this is also the first study to reveal that the number of
ideal CVH metrics is inversely associated with the risk of
IS among hypertensive patients. Randomized clinical trials
evaluating the effects on IS of multifactorial interventions
in hypertensive patients have been sparse and yielded mixed
results (23). Observational studies with regard to stroke
effects among hypertensives have mainly assessed biochemical
indices (36). In this study, taking advantage of the AHA’s
ideal CVH metrics, we analyzed a comprehensive IS risk
factor profile among hypertensive patients to ascertain the
association of CVH metrics with IS risk. More importantly,
the consideration of the combination of Hcy and hypertension
differentiates the current study from other similar studies on
ideal CVH.
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Limitations
Nevertheless, several limitations need to be considered. First,
the novelty of our study might be limited, as there have been
multiple studies about CVHmetrics and various vascular diseases
risk since 2012 (6, 16, 18), however, considering the higher
prevalence of HHcy among hypertensive patients in China, our
study have advantages in promoting healthy behaviors in those
populations. Second, the sample resource of single center and
single district, as well as loss of more than 15% of participants
during follow-up might lead to the selection bias, thus the
findings of our study should be interpreted with caution. Also,
our findings are not generalizable to the general population due
to the inclusion of only a subset of the Chinese population
from Shenzhen. Besides, because Shenzhen is an immigrant
city with a large population mobility, only local residents who
had lived in Shenzhen for ≥6 months were included in our
study, however, this might lead to selection bias, because the
selected population would clearly be different from those who
do not have these habitat characteristics. Third, the assessments
of diet score, smoking status, and physical activity were based
on self-reporting, so the exposure levels of those variables
might not completely accurate. Moreover, although we modified
definitions of smoking status, BMI, and a healthy diet from the
AHA, these metrics may still be less valid and reproducible in
Chinese populations. Fourth, the metrics of healthy behavior
were evaluated only at baseline, so changes in these metrics over
time could not be accounted for in this study. Furthermore,
although we adjusted for the fruit intake, age, and SBP metrics
that differed significantly between the participants lost and not
lost to follow-up in the multivariable regression, there were
still follow-up biases. Finally, we could not completely rule
out all of the residual confounders that have been shown to
be associated with the risk of IS, such as income level (37).
Moreover, the use of medications (anti-diabetics, lipid-lowering,
aspirin, nitrates) were not available in our study, thus limited the
further analysis.

CONCLUSIONS

In this Chinese hypertensive population-based prospective
study, we found that the number of ideal CVH metrics was
inversely associated with the incidence of IS. Specifically, the
participants with HHcy who had five or more ideal CVH
metrics exhibited a lower IS risk than the participants with
normal tHcy levels. In addition, an ideal healthy diet score
(7–9 points) and ideal FBG (<5.5 mmol/L) were significantly
related to a lower risk of IS. Our findings provide guidance
for promoting healthy behaviors and health factors to prevent

IS among populations with hypertension, especially those
with HHcy.
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