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Background: H-type hypertension has a high prevalence in China. However,
the association of serum homocysteine levels with 1-year stroke recurrence
in patients with acute ischemic stroke (AlIS) and H-type hypertension has not
been studied.

Methods: A prospective cohort study of patients with AIS admitted to hospitals
between January and December 2015 in Xi'an, China, was conducted. Serum
homocysteine levels, demographic data, and other relevant information were
collected from all patients upon admission. Stroke recurrences were routinely
tracked at 1, 3, 6, and 12 months after discharge. The blood homocysteine level
was studied as a continuous variable and tertiles (T1-T3). A multivariable Cox
proportional hazard model and a two-piecewise linear regression model were
utilized to evaluate the association and ascertain the threshold effect regarding
the serum homocysteine level and 1-year stroke recurrence in patients with AIS
and H-type hypertension.

Results: Overall, 951 patients with AIS and H-type hypertension were
enrolled, of whom 61.1% were male. After adjusting for confounders, patients
in T3 had a significantly increased risk of recurrent stroke within 1 year,
compared with those in Tl as the reference (hazard ratio = 2.24, 95%
confidence interval: 1.01-4.97, p = 0.047). Curve fitting showed that serum
homocysteine levels were positively curvilinearly correlated with 1-year stroke
recurrence. Threshold effect analysis showed that an optimal threshold of serum
homocysteine level <25 wmol/L was effective in reducing the risk of 1-year stroke
recurrence in patients with AIS and H-type hypertension. Elevated homocysteine
levels in patients with severe neurological deficits on admission significantly
increased the risk of 1l-year stroke recurrence (p for interaction = 0.041).
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In patients with AIS and H-type hypertension, the serum

homocysteine level was an independent risk factor for 1-year stroke recurrence.
A serum homocysteine level of >25 uwmol/L significantly increased the risk of 1-
year stroke recurrence. These findings can inform the creation of a more precise
homocysteine reference range for the prevention and treatment of 1-year stroke
recurrence in patients with AIS and H-type hypertension and provide a theoretical
foundation for the individualized prevention and treatment of stroke recurrence.

serum, homocysteine, acute ischemic stroke, H-type hypertension, prognosis

1. Introduction

Stroke is the second leading cause of mortality worldwide
and the primary cause of disability and mortality in China (1-3).
In 2020, ischemic stroke constituted 15.5 million (86.8%) of all
incident stroke cases in the Chinese population aged >40 years
(4). Hypertension is one of the leading risk factors for stroke (1-
4). Previous studies have revealed a closer relationship between
hypertension and stroke in Asian populations, especially among the
Chinese, than that in the European, American, Australian, and New
Zealand populations (5-7).

H-type hypertension is used to describe hypertensive patients
with hyperhomocysteinemia (HHcy, homocysteine levels >10
pmol/L) (7, 8). H-type hypertension is a major disease in China,
with a prevalence of 29.5% in the Chinese hypertensive population
(9). Furthermore, H-type hypertension is an independent predictor
of stroke (9), increases the risk of early cognitive impairment
(10), is a dangerous predictor of small vessel disease of the
brain (11), and may lead to a higher rate of stroke recurrence
(12, 13). Most previous studies have discussed the influence of
H-type hypertension on stroke occurrence and prognosis. The
correlation between the serum homocysteine level and 1-year
stroke recurrence in patients with acute ischemic stroke (AIS)
and H-type hypertension has, however, hardly been studied. In
addition, the optimal threshold range for serum homocysteine
levels to effectively reduce the risk of 1-year stroke recurrence in
patients with AIS and H-type hypertension has been poorly studied.

Based on the results of the Xi’an Stroke Registry Database,
we investigated the association of the serum homocysteine level
with 1-year stroke recurrence in patients with AIS and H-type
hypertension, aiming to provide a more precise homocysteine
reference range for the prevention and treatment of 1-year stroke
recurrence in patients with AIS and H-type hypertension and a
scientific theoretical foundation for customized stroke recurrence
prevention and therapy.

2. Materials and methods

2.1. Study population
This study included patients with any stroke subtype admitted

to four first-class tertiary hospitals between January and December
2015 in Xi’an, China. A total of 2,066 patients with stroke received
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comprehensive medical examinations at the initial phase of the
study. After the symptom onset, follow-ups were performed at 1,
3, 6, and 12 months. Among these patients, 951 patients with AIS
and H-type hypertension were finally included in the analysis after
excluding those without AIS (n = 269) and hypertension (n = 546),
those with a homocysteine value <10 wmol/L (n = 189), those who
died in hospital (n = 7), and those lost to follow-up at 1 year (n
= 104). The detailed screening process and research flow chart are
shown in Figure 1. All the participating hospitals used consistent
diagnostic criteria.

2.2. Standard protocol approvals and
patient consent

The Declaration of Helsinki was followed when conducting
the present study. The Academic Committee of Xi'an No. 1
hospital and the ethics committees of all the participating hospitals
approved the study (Approval No. 2014 [5], Registration number:
ChiCTR-EOC-17012190). All the patients provided written and
oral informed consent.

2.3. Baseline data collection

Using information from the Xi’an Stroke Registry, we
conducted this multicenter observational cohort study (14).
Baseline data were gathered, including sociodemographic data,
medical history, hospital admission evaluation, and important
laboratory tests (Table 1). In addition to hyperhomocysteinemia,
the relevant criteria for medical history, risk factors, and definitions
were consistent with those used in the Chinese Intracranial
Atherosclerosis Study (15). The serum homocysteine level was
analyzed as both a continuous and categorical variable (tertiles,
T1-T3). The serum homocysteine levels were classified as follows,
from low to high: T1: <15.8 pmol/L, T2:15.8-24.6 umol/L, and T3:
>24.7 pmol/L.

2.4. Measurements and outcomes
Within 24 h of admission, fasting venous blood samples were

collected, and the serum homocysteine levels in unfrozen samples
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have Hcy value

2066 hospitalized stroke patients

Patients exclude
-269 non-acute ischemic stroke (include
cerebral hemorrhage, subarachnoid

hemorrhage)

1797 acute ischemic stroke

Patients exclude
-546 patients without hypertension
-189 Hey value < 10

hypertension

1062 acute ischemic stroke with H-type

Patients exclude
- 7 patients died in-hospital
-104 patients lost to follow-up at 1 year

hypertension

951 acute ischemic stroke with H-type

FIGURE 1
Screening flow chart for enrolled patients. HHcy, homocysteine.

were tested by high-performance liquid chromatography according
to the manual (12). Smoking was considered the smoking of at
least one cigarette each day before stroke onset for more than or an
accumulation of 6 months; smoking cessation was defined as having
previously met the definition of smoking but not smoking for six
consecutive months prior to the stroke. Drinking was defined as
drinking ~50 mL of alcohol per week prior to stroke onset. On
admission to the hospital, stroke was categorized according to
the National Institutes of Health Stroke Scale (NIHSS) score: a
mild deficit (<4), a moderate deficit (4-14), and a severe deficit
(>14). Hypertension was defined as a history of hypertension or
two instances of a resting systolic blood pressure >140 mmHg
and/or diastolic blood pressure >90 mmHg. H-type hypertension
was defined as hypertension with HHcy and homocysteine levels
>10 pmol/L. According to previous studies, the cut-off value
for the homocysteine level was selected as >10 pmol/L (7,
16-18). This study’s endpoint event, a new acute stroke event
at the 1-year follow-up (including cerebral infarction, cerebral
hemorrhage, and subarachnoid hemorrhage), was defined as a 1-
year stroke recurrence. A new acute stroke event was identified by
an independent panel comprising four to five stroke experts from
each hospital.
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2.5. Follow-up

After AIS onset, follow-ups were performed at 1, 3, 6, and 12
months. Less than 5 days was the permissible inaccuracy in follow-
up time. The trained research coordinators followed up all enrolled
patients via face-to-face interviews or telephone calls and recorded
the dates of stroke recurrence. Patients were deemed lost to follow-
up if they declined to participate in the research or were unable to
be reached by phone after three daily attempts for five consecutive
business days.

2.6. Statistical analyses

Normally distributed continuous variables are presented as
mean =+ standard deviation, while categorical variables and
deviation are expressed as frequencies and percentages. Based on
the different distribution of data, the one-way analysis of variance,
Chi-square test, and non-parametric test were used for comparison
between the groups. When the theoretical frequency was <10,
Fisher’s exact test was employed. Multivariable Cox proportional
hazard models were used to analyze the relationship between
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TABLE 1 Baseline characteristics by homocysteine tertiles (T1-T3) in patients with AIS and H-type hypertension.

Variables Homocysteine tertiles

T1,n=317 T2,n =317 T3, n =317

Demographic information

Age (years) 655+ 11.7 65.5+12.2 66.6 + 11.7 64.5+£11.0 0.074
Sex, 1 (%) <0.001
Male 581 (61.1) 167 (52.7) 203 (64) 211 (66.6)
Female 370 (38.9) 150 (47.3) 114 (36) 106 (33.4)
Education level, n (%) 0.708
Elementary or below 436 (45.8) 146 (46.1) 145 (45.7) 145 (45.7)
Middle school 200 (21.0) 65 (20.5) 74 (23.3) 61 (19.2)
High school or above 315 (33.1) 106 (33.4) 98 (30.9) 111 (35)
Cerebrovascular risk factors
Smoking, 1 (%) <0.001
Never smoking 538 (56.6) 210 (66.2) 177 (55.8) 151 (47.6)
Smoking cessation 178 (18.7) 50 (15.8) 67 (21.1) 61(19.2)
Current smoking 235(24.7) 57 (18) 73 (23) 105 (33.1)
Drinking, 1 (%) 0.32
No 717 (75.4) 248 (78.2) 237 (74.8) 232 (73.2)
Yes 234 (24.6) 69 (21.8) 80 (25.2) 85 (26.8)
Examination on admission
BMI (kg/mz) 24.1+£37 23.8+35 244440 241+£3.7 0.113
SBP on admission (mmHg) 150.4 £ 22.5 151.54+22.2 150.7 £+ 21.8 148.9 4 23.5 0.324
DBP on admission (mmHg) 883+133 87.5+12.5 87.8£13.2 89.8 £ 14.1 0.050
Heart rate (times per minute) 74.7 £10.6 75.6 £ 11.2 74.1 £10.5 74.5 £ 10.0 0.209
NIHSS score on admission, n (%) 0.003
<4 444 (46.7) 170 (53.6) 147 (46.4) 127 (40.1)
4-14 434 (45.6) 122 (38.5) 150 (47.3) 162 (51.1)
>14 73(7.7) 25(7.9) 20(6.3) 28 (8.8)
Pneumonia, 1 (%) 0.566
No 899 (94.5) 303 (95.6) 299 (94.3) 297 (93.7)
Yes 52 (5.5) 14 (4.4) 18 (5.7) 20 (6.3)
Previous medical history
Prior stroke, n (%) 0.651
No 631 (66.4) 204 (64.4) 214 (67.5) 213 (67.2)
Yes 320 (33.6) 113 (35.6) 103 (32.5) 104 (32.8)
Diabetes mellitus, n (%) <0.001
No 708 (74.4) 211 (66.6) 241 (76) 256 (80.8)
Yes 243 (25.6) 106 (33.4) 76 (24) 61 (19.2)
Atrial fibrillation, n (%) 0.370
No 878 (92.3) 291 (91.8) 289 (91.2) 298 (94)
Yes 73 (7.7) 26 (8.2) 28 (8.8) 19 (6)
(Continued)
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Variables Overall Homocysteine tertiles

n =951

T1,n =317 T2, n =317 T3, n=317

Laboratory findings
Total cholesterol (mmol/L) 44+ 1.1 44+ 1.1 44412 444+1.0 0.900
Triglycerides (mmol/L) 1.7+ 15 1.7+£12 1.7+ 1.5 1.8+ 1.6 0.675
HDL-cholesterol (mmol/L) 1.1£0.3 12403 1.1£0.3 1.14+0.3 0.021
LDL-cholesterol (mmol/L) 26+08 26+09 26+09 26+0.8 0.770
FPG (mmol/L) 6.1+25 6.4+28 6.0+2.6 57+21 0.004
Alanine aminotransferase (U/L) 2424178 243+ 18.1 242417.0 24.1+£182 0.992
Aspartate aminotransferase (U/L) 254+ 15.7 248+ 113 254 +13.7 26.1 £ 20.6 0.568
Alkaline phosphatase (U/L) 80.9+274 80.1 £ 25.9 81.9 £ 30.1 80.8 £26.1 0.697
Serum creatinine (pumol/L) 77.9 £37.5 73.0 £ 39.0 76.8 £26.9 83.8 £43.8 0.001
Blood urea nitrogen (mmol/L) 53+19 52+1.38 53+1.9 54+20 0.370
Uric acid (pmol/L) 291.6 £+ 98.9 282.5 £ 96.0 292.5 £ 106.0 299.4 £94.0 0.108
Leukocyte count (x 10°/L) 69+25 6.8 +25 6.9+26 7.1+25 0.425
Platelet count (x 10°/L) 186.1 £ 59.5 191.9 +61.6 184.7 £ 57.7 181.7 +58.9 0.087
Homocysteine (umol/L) 242+ 14.7 128+ 1.7 19.5+2.5 40.2 +15.3 <0.001

Data presented are mean + SD, median (Q1-Q3), or N (%).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, national institutes of health stroke scale; HDL-cholesterol, high-density lipoprotein cholesterol;
LDL-cholesterol, low-density lipoprotein cholesterol; FPG, fasting venous plasma glucose; T, tertiles. T1: <15.8 umol/L, T2:15.8-24.6 umol/L, T3: >24.7umol/L.

the homocysteine levels and 1-year stroke recurrence. Covariates
were included in the adjusted model as potential confounding
factors if they changed the estimates of the serum homocysteine
levels at 1-year stroke recurrence by more than 10% or were
significantly associated with 1-year stroke recurrence. A likelihood
ratio test was used to confirm the subgroup interactions. A two-
tailed value p < 0.05 was deemed statistically significant. All the
analyses were performed with the Free Statistics software version
1.3 (www.clinicalscientists.cn, free clinical Medical Technology,
Inc.,, Beijing, China) and R statistical software version 3.3.2
(www.R-project.org; The R Foundation).

3. Results

3.1. Baseline characteristics

A total of 951 patients (581 men, 370 women) remained in the
study at the completion of the 1-year follow-up (mean age: 65.5
= 11.7 years). The baseline clinical, biochemical, and demographic
characteristics of the homocysteine tertiles (T1-T3) were compared
(Table 1). Men, current smokers, and those with high NIHSS
scores on admission as well as those with high serum creatinine
levels had higher homocysteine levels. Furthermore, increased
homocysteine levels were significantly inversely proportional to the
ratios of the presence of diabetes mellitus, high-density lipoprotein
cholesterol, and fasting venous plasma glucose levels. No significant
differences were observed in the educational level, age, body mass
index, drinking, systolic blood pressure on admission, diastolic
blood pressure on admission, heart rate on admission, pneumonia,
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prior stroke, atrial fibrillation, triglycerides, total cholesterol, low-
density lipoprotein cholesterol, alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, blood urea nitrogen, uric
acid, leukocyte count, or platelet count.

3.2. Association between serum
homocysteine levels and 1-year stroke
recurrence in patients with AlS with H-type
hypertension

Table 2 displays the findings of the crude and multivariate-
adjusted Cox regression models. First, the homocysteine level was
used as a continuous variable for analysis. In the crude model, for
every 5-unit (5 wmol/L) increase in homocysteine, the risk of 1-
year stroke recurrence increased by 9% (hazard ratio [HR] = 1.09,
95% confidence interval [CI]: 1.02-1.17, p = 0.014). In the adjusted
model, the risk of 1-year stroke recurrence increased by 13% (HR =
1.13, 95% CI: 1.04-1.22, p = 0.003). Thereafter, the homocysteine
level was analyzed as a categorical variable (tertiles T1-T3). After
adjustment for potential confounders, patients in T3 had a higher
risk of 1-year stroke recurrence than did those in T1 as the reference
tertile (HR = 2.24, 95% CI: 1.01-4.97, p = 0.047). Each tertile of
the adjusted model showed a significant statistical difference in
the trend of rising hazard according to the trend test (p for trend
= 0.035). Furthermore, the Kaplan-Meier curve revealed that the
cumulative stroke recurrence rate in 1 year in T3 was significantly
higher than that in T1 (Figure 2).
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TABLE 2 Multivariate cox regression analysis of the homocysteine level and 1-year stroke recurrence in patients with AIS and H-type hypertension.

Variable Overall, n Event, n (%)  Crude model P-value P-value
Homocysteine, per 5 units increase 951 56 (5.9) 1.09 (1.02~1.17) 0.014 1.13 (1.04~1.22) 0.003
Homocysteine tertiles

Tl 317 13 (4.1) Ref. Ref.

T2 317 17 (5.4) 1.33 (0.64~2.73) 0.441 1.39 (0.59~3.25) 0.454
T3 317 26 (8.2) 2.08 (1.07~4.04) 0.032 2.24 (1.01~4.97) 0.047

P for trend. test 0.027 0.035

Crude adjust none; adjusted for age, sex, smoking, drinking, prior stroke, NIHSS score at admission, pneumonia, total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, FPG, alkaline
phosphatase, leukocyte count (x10°/L), BMI, diabetes mellitus, and atrial fibrillation. HR, hazard ratio; CI, confidence interval; and T, tertiles. T1: <15.8 pmol/L, T2: 15.8-24.6 wmol/L, T3:

>24.7 pmol/L.
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FIGURE 2
Cumulative risk of 1-year stroke recurrence after homocysteine
level as tertiles categorical variables (T1-T3).

3.3. Threshold effect analysis of
homocysteine levels regarding 1-year
stroke recurrence in patients with AIS and
H-type hypertension

After adjustment for potential confounders, the smoothing
curve fitting revealed a curvilinear relationship, with a positive
correlation between the serum homocysteine levels and 1-
year stroke recurrence in patients with AIS with H-type
hypertension (Figure 3). According to the two-piecewise linear
multivariate Cox regression model, 25 pwmol/L was the optimal
homocysteine threshold value. The likelihood ratio test showed
no significant statistical difference between the two linear models.
However, multivariate Cox regression showed that in patients
with homocysteine levels below the optimal threshold value, the
homocysteine levels (per 1 umol/L increase) were not significantly
associated with the risk of 1-year stroke recurrence in AIS patients
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with H-type hypertension (HR = 0.99, 95% CI: 0.89-1.11, p
= 0.935), whereas in patients with homocysteine levels above
the optimal threshold value, the risk of 1-year stroke recurrence
significantly increased (HR = 1.04, 95% CI: 1.01-1.07, p = 0.007;
Table 3).

3.4. Subgroups analyses

Stratified and interactive analyses were performed to evaluate
whether the association of serum homocysteine levels with 1-year
stroke recurrence was consistent across the subgroups (Figure 4).
The results revealed that the NIHSS score on admission (stratified
by scores of 4 and 14) performed an interactive role in the
association of serum homocysteine levels with 1-year stroke
recurrence (p for interaction = 0.041). Increased homocysteine
levels in patients with an NIHSS score of >14 on admission
significantly increased the risk of 1-year stroke recurrence (HR
= 1.10, 95% CI: 1.03-1.16). Although there was no significant
interaction between age, sex, incidence of prior stroke, diabetes
mellitus, and atrial fibrillation, the stratified analysis also found a
higher risk of 1-year stroke recurrence in patients with diabetes
mellitus (HR = 1.07, 95% CI: 1.03-1.12) and atrial fibrillation (HR
= 1.15,95% CI: 1.02-1.30).

4. Discussion

We found that in patients with AIS and H-type hypertension,
serum homocysteine was considered an independent risk factor for
1-year stroke recurrence, and serum homocysteine had a positively
correlated curvilinear relationship with 1-year stroke recurrence.
An optimal threshold of serum homocysteine level <25 pmol/L
was effective in reducing the risk of 1-year stroke recurrence in
patients with AIS and H-type hypertension. Elevated homocysteine
levels in patients with severe neurological deficits on admission
significantly increased the risk of 1-year stroke recurrence.

A review of the literature found that H-type hypertension is a
major risk factor for stroke incidence and stroke mortality (18) and
may lead to poor prognosis in patients with AIS (19). However,
most studies only focus on the effect of the presence or absence
of H-type hypertension on stroke occurrence and outcome, and
the correlation between serum homocysteine levels and stroke

frontiersin.org
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TABLE 3 Threshold effect analysis of homocysteine and 1-year stroke
recurrence in patients with AIS and H-type hypertension.

Variable HR (95%Cl) P-value
One-line linear regression model ‘ 1.03 (1.01~1.04) ‘ 0.002
Two-piecewise linear regression model

Homocysteine <25 pmol/L 0.99 (0.89~1.11) 0.935
Homocysteine >25 wmol/L 1.04 (1.01~1.07) 0.007
Likelihood ratio test 0.500

Adjusted for age, sex, smoking, drinking, prior stroke, NIHSS score at admission, pneumonia,
total cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, FPG, alkaline phosphatase,
leukocyte count (x 10°/L), BMI, diabetes mellitus, and atrial fibrillation.

recurrence in patients with AIS and H-type hypertension has rarely
been studied. In addition, the optimal range of serum homocysteine
levels for recurrent stroke remains unclear. This multicenter
prospective cohort study evaluated the association of serum
homocysteine levels with 1-year stroke recurrence and provided
a more accurate homocysteine reference range for the prevention
and treatment of recurrent stroke in patients with AIS and H-type
hypertension, based on the Xi’an Stroke Registry Database.
Previous studies have analyzed patients with AIS with and
without H-type hypertension (12, 13, 18, 19). Zhang et al. (12)
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performed a cross-sectional observational study and revealed that
recurrent ischemic stroke is associated with H-type hypertension.
Li et al. (13) also conducted a study on the relationship between
H-type hypertension and stroke prognosis and found that H-
type hypertension might lead to a higher occurrence rate of
endpoint events, especially recurrent stroke. However, even after
controlling for confounding factors, the results did not fully reflect
the independent role of serum homocysteine levels in stroke
recurrence in patients with AIS and H-type hypertension. When
the homocysteine level was analyzed as a continuous variable
after correcting for potential confounding variables, our study
demonstrated that every 5 wmol/L rise in the homocysteine level
raised the risk of 1-year stroke recurrence by 13%. This suggests
that a higher serum homocysteine level is associated with an
increased risk of 1-year stroke recurrence in patients with AIS and
H-type hypertension.

In addition, when homocysteine was used as a categorical
variable (tertiles), the risk was 1.24 times higher in T3 compared
to that in T1, which was considered a reference for patients with
AIS and H-type hypertension. However, no significant difference
in the risk between T2 and T1 was observed (Table 2). These
findings suggest the possibility of a threshold effect regarding the
role of homocysteine levels in stroke recurrence. In other words,
when the homocysteine level reaches a certain threshold, it may
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Subgroup n Events,n(%) HR(95%CI) P for interaction
Age
<65 458  15(3.3)  1.04(1.01~1.08) — 0.284
265 493  41(8.3) 1.02 (1.00~1.04) ——
Sex 0.535
male 581 33(5.7) 1.02 (1.00~1.04) ——
felmale 370 23 (6.2) 1.02 (0.99~1.06) ——

Prior stroke — 0.858
no 631 27 (4.3) 1.03 (1.00~1.05) —
yes 320 29 (9.1) 1.03 (1.00~1.06) —

NIHSS score on admission 0.041
<4 444 15 (3.4) 1.04 (1.01~1.08) ——t
4-14 434  21(4.8) 1.00 (0.97~1.03) ——it

>14 73 20 (27.4)  1.10 (1.03~1.16) —_—

Diabetes mellitus 0.148
no 708 42 (5.9) 1.02 (1.00~1.04) ——t
yes 243 14(5.8) 1.07 (1.03~1.12) ——
Atrial fibrillation 0.607
no 878 43 (4.9) 1.02 (1.00~1.04) -
yes 73 13 (17.8) 1.15 (1.02~1.30)

| | I
0.9 1 1.3
Effect(95%Cl)

FIGURE 4

Forest map subgroup analysis of serum homocysteine level and 1-year stroke recurrence. Stratified by age, sex, prior stroke, NIHSS score on
admission, diabetes mellitus, and atrial fibrillation

obviously cause the recurrence of stroke in patients with AIS and
H-type hypertension. To date, the optimal range of the serum
homocysteine level for 1-year stroke recurrence has not been
clarified, especially in patients with AIS and H-type hypertension.
To clarify this correlation, we investigated the threshold effect
and dose-reaction association of homocysteine levels with 1-
year stroke recurrence in a large multicenter prospective cohort
study. After controlling for potential confounders, a positive
correlation between the serum homocysteine level and 1-year
stroke recurrence was found in patients with AIS and H-type
hypertension (Figure 3). The threshold effect analysis revealed that
when the serum homocysteine level was >25 pwmol/L in patients
with AIS and H-type hypertension, higher serum homocysteine
levels were associated with a greater risk of 1-year stroke
recurrence. However, when the serum homocysteine level was <25
pwmol/L, the risk of 1-year stroke recurrence was not significantly
correlated with homocysteine levels (Table 3). Clinicians should
focus on homocysteine levels in patients with AIS and H-type
hypertension, and intervention when serum levels are above 25
pwmol/L may effectively reduce the risk of 1-year stroke recurrence.

Due to the large population, wide geographical area, and
differences in dietary habits, homocysteine levels are affected
to varying degrees in China, thus resulting in large differences
in survey results (20). According to epidemiological data, the
prevalence of H-type hypertension in China is higher in the inland,
western, and northern regions (21). The Xi’an district is located in
the northwest of the Chinese inland, which is a very representative
area. Folic acid reduces homocysteine levels (22-24). However, folic
acid supplementation or fortification is not widely used in China

Frontiersin Neurology

(25). If the range of serum homocysteine levels affecting stroke
recurrence can be defined and homocysteine levels can be reduced
to the optimal range, a theoretical basis can be developed for
formulating a treatment plan that matches the relevant population
characteristics and aids in the precise treatment of patients with AIS
and H-type hypertension. We found that a serum homocysteine
level of >25 pwmol/L significantly increased the risk of 1-year stroke
recurrence. This provides a scientific basis for the prevention and
treatment of stroke recurrence in patients with AIS and H-type
hypertension, especially in the Xi ’an area.

The subgroup analysis found that the NIHSS score on
admission was an interaction factor between serum homocysteine
and stroke recurrence, and patients with more severe neurological
impairment were more likely to experience stroke recurrence. The
NIHSS score is a direct indication of the degree of neurologic
deficit and has high accuracy in assessing prognosis (26, 27).
There is presently no particular therapy for stroke-induced cerebral
functional impairment, and the prognosis for patients with severe
neurological impairment is generally poor. We also observed no
significant interaction between serum homocysteine levels and 1-
year stroke recurrence in patients with diabetes mellitus and atrial
fibrillation. However, the stratified analysis also found a higher risk
of 1-year stroke recurrence in patients with diabetes mellitus (HR
= 1.07, 95% CI: 1.03-1.12) and atrial fibrillation (HR = 1.15, 95%
CI:1.02-1.30). Previous studies have indicated that stroke related to
atrial fibrillation has not only a high incidence of severe disability
but also a high risk of recurrence (28, 29). In addition, Zhang et al.
(30) observed that diabetes mellitus is an independent risk factor
for recurrent stroke in ischemic stroke patients. In summary, more
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emphasis should be placed on the consequences of homocysteine
changes and recurrent stroke in patients with severe neurological
dysfunction, atrial fibrillation, or diabetes.

The underlying mechanism of the association of a higher
homocysteine level with stroke recurrence in patients with AIS
and H-type hypertension remains unclear. HHcy induces complex
changes in vascular walls, including oxidative stress, endothelial
cell damage, altered lipid metabolism, and the promotion of
thrombosis (31, 32). Studies have also revealed that HHcy
stimulates angiotensin-converting enzymes by decreasing the
synthesis of endogenous hydrogen sulfide in the body, and the
subsequently produced angiotensin II acts on the corresponding
receptors, resulting in a sequence of pathological conditions, such
as elevated blood pressure and angiogenesis (33-35). Xu et al.
discovered that serum homocysteine levels are negatively correlated
with the proportion of CD4+ T cells. The decrease in total CD4+ T
cells further reduces the number of blood pressure-protective Treg
cells and leads to a relative increase in pro-inflammatory cytokines,
thereby aggravating hypertension and damage to target organs
(36). Additionally, our research found that serum homocysteine
levels >25 pmol/L in patients with AIS and H-type hypertension
were significantly associated with an increased risk of 1-year stroke
recurrence. This finding suggests that abnormally elevated serum
homocysteine levels may adversely affect the risk of recurrent
stroke. In addition, addressing abnormal serum homocysteine
levels is a potential therapeutic target for improving recurrent
stroke risk. However, further research is needed to confirm
this finding.

This research has several limitations. First, the homocysteine
levels were only assessed once within 24 h after stroke onset, and
no changes in the homocysteine levels or blood pressure were
observed throughout the duration of the long-term clinical follow-
up. Second, no records of diet or drugs that affect the homocysteine
metabolism were available. Third, data on homocysteine-related
genes, such as MTHFR and MTRR, were not available. In addition,
the four hospitals included in this research were all local third-class
hospitals, and there were no second- or first-class hospitals; thus,
selection bias is possible.

5. Conclusion

Our study revealed that the serum homocysteine level is an
independent risk factor for 1-year stroke recurrence in patients
with AIS and H-type hypertension. A serum homocysteine level
of >25 umol/L could significantly increase the risk of 1-year
stroke recurrence. Our findings suggest that clinicians should be
concerned about elevated homocysteine levels in patients with AIS
and H-type hypertension, and early attention and the necessary
intervention may help reduce the risk of 1-year stroke recurrence.

Data availability statement

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

Frontiersin Neurology

10.3389/fneur.2023.1161318

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee at Xi'an No.l Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

SW had full access to all of the data in the study and
takes responsibility for the integrity of the data, the accuracy
of the data analysis, and revised the manuscript for important
intellectual content. DZ and ZLi planned and designed the study,
contributed to the data cleaning and statistical analysis, and wrote
the manuscript. WG, QL, HZ, ZLe, PL, CH, JW, QC, XL, and FW
contributed to the follow-up of the patients and recorded the data
at each stage. All authors read and approved the final version of
the manuscript.

Funding

This work was supported by the Project of Shaanxi
Administration of Traditional Chinese Medicine (Grant no.
2022-SLRH-1J-013), the Scientific Research Project of the Xi’an
Health Commission (Grant nos. 2020ms03, 2020yb05, 2021yb33,
and 2022qnl1), the Science and Technology Program of Xian
City (Grant nos. 22YXYJ0061 and 22YXYJ0074), the Science and
Technology Program of Shaanxi Province (Grant nos. 2021SF-333,
2022SF-381, 2022SF-507, and 2023-YBSF-041), and the Scientific
Research Project of the Shaanxi Health Commission (Grant
no. 2022C005).

Acknowledgments

We are grateful to all the imaging and laboratory technicians,
medical staff, and nurses from the participating hospitals.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could Dbe
of interest.

construed as a potential  conflict

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.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1161318
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhang et al.

References

1. Collaborators GBDS. Global, regional, and national burden of stroke and its risk
factors, 1990-2019: a systematic analysis for the global burden of disease study 2019.
Lancet Neurol. (2021) 20:795-820.

2. Ma Q, Li R, Wang L, Yin P, Wang Y, Yan C, et al. Temporal trend and
attributable risk factors of stroke burden in China, 1990-2019: an analysis for
the global burden of disease study 2019. Lancet Public Health. (2021) 6:¢897-
906. doi: 10.1016/S2468-2667(21)00228-0

3. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality,
morbidity, and risk factors in China and its provinces, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet. (2019) 394:1145-
58. doi: 10.1016/S0140-6736(19)30427-1

4. Tu WJ, Zhao Z, Yin P, Cao L, Zeng J, Chen H, et al. Estimated
burden of stroke in China in 2020. JAMA Netw Open. (2023)
6:€231455. doi: 10.1001/jamanetworkopen.2023.1455

5. Kjeldsen SE, Julius S, Hedner T, Hansson L. Stroke is more common than
myocardial infarction in hypertension: analysis based on 11 major randomized
intervention trials. Blood Press. (2001) 10:190-2. doi: 10.1080/08037050152669684

6. Lawes CM, Rodgers A, Bennett DA, Parag V, Suh I, Ueshima H, et al. Blood
pressure and cardiovascular disease in the Asia Pacific region. ] Hypertens. (2003)
21:707-16. doi: 10.1097/00004872-200304000-00013

7. Li],LuX, Huo Y, Li N, Song N, Sun Y, et al. Expert consensus on the diagnosis
and treatment of H type hypertension. Chin J Pract Intern Med. (2016) 36:295-9.

8. Sacco RL, Adams R, Albers G, Alberts MJ, Benavente O, Furie K, et al. Guidelines
for prevention of stroke in patients with ischemic stroke or transient ischemic attack: a
statement for healthcare professionals from the American Heart Association/American
Stroke Association Council on Stroke: co-sponsored by the council on cardiovascular
radiology and intervention: the American Academy of Neurology affirms the value of
this guideline. Stroke. (2006) 37:577-617. doi: 10.1161/01.STR.0000199147.30016.74

9. Tu W, Yan E, Chao B, Ji X, Wang L. Status of hyperhomocysteinemia in China:
results from the China Stroke High-risk Population Screening Program, 2018. Front
Med. (2021) 15:903-12. doi: 10.1007/s11684-021-0871-4

10. Lu ZH Li J, Li XL, Ding M, Mao CJ, Zhu XY, et al. Hypertension with
hyperhomocysteinemia increases the risk of early cognitive impairment after first-ever
ischemic stroke. Eur Neurol. (2019) 82:75-85. doi: 10.1159/000504704

11. Li T, Liu X, Diao S, Kong Y, Duan X, Yang S, et al. H-type hypertension
is a risk factor for cerebral small-vessel disease. Biomed Res Int. (2020)
2020:6498903. doi: 10.1155/2020/6498903

12. Zhang Q, Qiu DX, Fu RL, Xu TFE, Jing MJ, Zhang HS, et al. H-Type hypertension
and c reactive protein in recurrence of ischemic stroke. Int ] Environ Res Public Health.
(2016) 13:477. doi: 10.3390/ijerph13050477

13. Li T, Zhu J, Fang Q, Duan X, Zhang M, Diao S, et al. Association of
H-type hypertension with stroke severity and prognosis. Biomed Res Int. (2018)
2018:8725908. doi: 10.1155/2018/8725908

14. Zou E, Tian Y, Wu W, Liu Z, Gao ], Lv Y, et al. Design and implementation of
management system for stroke data mining based on non-structured electronic medical
record. China Digital Med. (2015) 10:41-4. doi: 10.3969/j.issn.1673-7571.2015.3.014

15. Wang Y, Zhao X, Liu L, Soo YO, Pu Y, Pan Y, et al. Prevalence and
outcomes of symptomatic intracranial large artery stenoses and occlusions in China:
the Chinese intracranial atherosclerosis (CICAS) study. Stroke. (2014) 45:663-
9. doi: 10.1161/STROKEAHA.113.003508

16. Qin X, Huo Y. H-type hypertension, stroke and diabetes in China: opportunities
for primary prevention. J Diabetes. (2016) 8:38-40. doi: 10.1111/1753-0407.12333

17. Pang H, Fu Q, Cao Q, Hao L, Zong Z. Sex differences in risk factors for
stroke in patients with hypertension and hyperhomocysteinemia. Sci Rep. (2019)
9:14313. doi: 10.1038/s41598-019-50856-z

18. LiJ, Jiang S, Zhang Y, Tang G, Wang Y, Mao G, et al. H-type hypertension and
risk of stroke in chinese adults: a prospective, nested case-control study. J Transl Int
Med. (2015) 3:171-8. doi: 10.1515/jtim-2015-0027

Frontiersin Neurology

10

10.3389/fneur.2023.1161318

19. Zhong C, Lv L, Liu C, Zhao L, Zhou M, Sun W, et al. High homocysteine and
blood pressure related to poor outcome of acute ischemia stroke in Chinese population.
PLoS ONE. (2014) 9:e107498. doi: 10.1371/journal.pone.0107498

20. Hao L, Ma ], Zhu J, Stampfer MJ, Tian Y, Willett WC, et al. High prevalence of
hyperhomocysteinemia in Chinese adults is associated with low folate, vitamin B-12,
and vitamin B-6 status. ] Nutr. (2007) 137:407-13. doi: 10.1093/jn/137.2.407

21. Liang Z, Fan FE Zhang Y, Qin XH Li JP, Huo Y. Rate and characteristics
of H-type hypertension in Chinese hypertensive population and comparison with
American population. Beijing Da Xue Xue Bao Yi Xue Ban. (2022) 54:1028-37.
doi: 10.19723/j.issn.1671-167X.2022.05.033

22. Zhao M, Wang X, He M, Qin X, Tang G, Huo Y, et al. Homocysteine
and stroke risk: modifying effect of methylenetetrahydrofolate reductase
C677T polymorphism and folic acid intervention. Stroke. (2017) 48:1183-
90. doi: 10.1161/STROKEAHA.116.015324

23. Kaye AD, Jeha GM, Pham AD, Fuller MC, Lerner ZI, Sibley GT, et al. Folic
acid supplementation in patients with elevated homocysteine levels. Adv Ther. (2020)
37:4149-64. doi: 10.1007/s12325-020-01474-2

24. Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RE 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

25. Li J, Wang Y, Li H, Zuo Z, Lin ], Wang A, et al. Homocysteine level predicts
response to dual antiplatelet in women with minor stroke or transient ischemic attack:
subanalysis of the CHANCE trial. Arterioscler Thromb Vasc Biol. (2020) 40:839-
46. doi: 10.1161/ATVBAHA.119.313741

26. Yang N, Zhang B, Gao C. The baseline NIHSS score in female and male patients
and short-time outcome: a study in young ischemic stroke. ] Thromb Thrombolysis.
(2014) 37:565-70. doi: 10.1007/s11239-013-0986-9

27. Kwah LK, Diong J. National institutes of health stroke scale (NIHSS). J
Physiother. (2014) 60:61. doi: 10.1016/j.jphys.2013.12.012

28. Tsivgoulis G, Katsanos AH, Patousi A, Pikilidou M, Birbilis T, Mantatzis M, et al.
Stroke recurrence and mortality in northeastern Greece: the evros stroke registry. J
Neurol. (2018) 265:2379-87. doi: 10.1007/s00415-018-9005-6

29. Katsanos AH, Kamel H, Healey JS, Hart RG.
in atrial fibrillation: looking forward.  Circulation.
88. doi: 10.1161/CIRCULATIONAHA.120.049768

30. Zhang L, Li X, Wolfe CDA, O’Connell MDL, Wang Y. Diabetes as an

independent risk factor for stroke recurrence in ischemic stroke patients: an updated
meta-analysis. Neuroepidemiology. (2021) 55:427-35. doi: 10.1159/000519327

Stroke prevention
(2020)  142:2371-

31. Spence JD. Homocysteine-lowering therapy: a role in stroke prevention? Lancet
Neurol. (2007) 6:830-8. doi: 10.1016/S1474-4422(07)70219-3

32. Guo G, Sun W, Liu G, Zheng H, Zhao J. Comparison of oxidative stress
biomarkers in hypertensive patients with or without hyperhomocysteinemia.
Clin  Exp  Hypertens. (2018) 40:262-6. doi: 10.1080/10641963.2017.
1368535

33. Antoniades C, Antonopoulos AS, Tousoulis D, Marinou K, Stefanadis C.
Homocysteine and coronary atherosclerosis: from folate fortification to the recent
clinical trials. Eur Heart J. (2009) 30:6-15. doi: 10.1093/eurheartj/ehn515

34. Homocysteine Studies C. Homocysteine and risk of ischemic heart disease and
stroke: a meta-analysis. JAMA. (2002) 288:2015-22. doi: 10.1001/jama.288.16.2015

35. Laggner H, Hermann M, Esterbauer H, Muellner MK, Exner M, Gmeiner
BM, et al. The novel gaseous vasorelaxant hydrogen sulfide inhibits angiotensin-
converting enzyme activity of endothelial cells. J Hypertens. (2007) 25:2100-
4. doi: 10.1097/HJH.0b013e32829b8fd0

36. Xu H, Zheng H, Huang J, Shen Y, Luo M. T-cell subsets are
associated with serum homocysteine concentration in patients with essential
hypertension. Clin Exp Hypertens. (2017) 39:377-81. doi: 10.1080/10641963.2016.1
267189

frontiersin.org


https://doi.org/10.3389/fneur.2023.1161318
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1080/08037050152669684
https://doi.org/10.1097/00004872-200304000-00013
https://doi.org/10.1161/01.STR.0000199147.30016.74
https://doi.org/10.1007/s11684-021-0871-4
https://doi.org/10.1159/000504704
https://doi.org/10.1155/2020/6498903
https://doi.org/10.3390/ijerph13050477
https://doi.org/10.1155/2018/8725908
https://doi.org/10.3969/j.issn.1673-7571.2015.3.014
https://doi.org/10.1161/STROKEAHA.113.003508
https://doi.org/10.1111/1753-0407.12333
https://doi.org/10.1038/s41598-019-50856-z
https://doi.org/10.1515/jtim-2015-0027
https://doi.org/10.1371/journal.pone.0107498
https://doi.org/10.1093/jn/137.2.407
https://doi.org/10.19723/j.issn.1671-167X.2022.05.033
https://doi.org/10.1161/STROKEAHA.116.015324
https://doi.org/10.1007/s12325-020-01474-z
https://doi.org/10.1001/jama.2015.2274
https://doi.org/10.1161/ATVBAHA.119.313741
https://doi.org/10.1007/s11239-013-0986-9
https://doi.org/10.1016/j.jphys.2013.12.012
https://doi.org/10.1007/s00415-018-9005-6
https://doi.org/10.1161/CIRCULATIONAHA.120.049768
https://doi.org/10.1159/000519327
https://doi.org/10.1016/S1474-4422(07)70219-3
https://doi.org/10.1080/10641963.2017.1368535
https://doi.org/10.1093/eurheartj/ehn515
https://doi.org/10.1001/jama.288.16.2015
https://doi.org/10.1097/HJH.0b013e32829b8fd0
https://doi.org/10.1080/10641963.2016.1267189
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Serum homocysteine level is an independent risk factor for 1-year stroke recurrence in patients with acute ischemic stroke and H-type hypertension: results from the Xi'an stroke registry study of China
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. Standard protocol approvals and patient consent
	2.3. Baseline data collection
	2.4. Measurements and outcomes
	2.5. Follow-up
	2.6. Statistical analyses

	3. Results
	3.1. Baseline characteristics
	3.2. Association between serum homocysteine levels and 1-year stroke recurrence in patients with AIS with H-type hypertension
	3.3. Threshold effect analysis of homocysteine levels regarding 1-year stroke recurrence in patients with AIS and H-type hypertension
	3.4. Subgroups analyses

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


