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Association between homocysteine 
and conventional predisposing 
factors on risk of stroke in patients 
with hypertension
Hui Pang1, Bing Han1, Qiang Fu1, Lin Hao2 & Zhenkun Zong3

Previous studies have focused mostly on independent effects of the stroke risk factors, whereas little 
attention has been paid to interactions between individual factors which may be important for stroke 
prevention. We collected data related to the patients’ demographic characteristics, history of chronic 
diseases and lifestyle factors in 2258 patients with primary hypertension. Logistic regression models 
based on odds ratio (OR) with their associated 95% confidence interval (CI) were used to estimate 
an independent effect of homocysteine (Hcy) on the risk of stroke but also include the interactions 
between Hcy and other risk factors. Hcy was associated with an increased OR of the risk of stroke in 
both hypertension patients (OR, 1.027; 95% CI, 1.016–1.038; P < 0.001) and H-type hypertension 
patients (OR, 1.026; 95% CI, 1.014–1.037; P < 0.001), after adjustment for potential confounding 
factors. Among the hypertension participants, three tests of interactions between Hcy and other 
risk factors were statistically significant: sex, systolic blood pressure and diastolic blood pressure. In 
conclusion, complexities of the interactions of Hcy stratified by sex and blood pressure need to be 
considered in predicting overall risk and selecting certain treatments for stroke prevention.

In all 33 province-level administrative units in mainland China, cerebrovascular disease as the most common 
non-communicable disease, contributed much more to years of life lost in 20131. Stroke is becoming more com-
mon among younger people. The burden of stroke is rising in both developed and developing countries due to 
the resulting neurological impairment. Hypertension is the most important preventable cause of cardiovascular 
events, with a steep increase with ageing. When compared with other European-American individuals, there is 
a more close relationship between hypertension and stroke among patients with hypertension in China2,3. The 
China Stroke Primary Prevention Trial (CSPPT) trial was performed in hypertensive patients and demonstrated 
a positive effect in reducing risk of stroke4. However, there is evidence that, the reduction of clinic blood pres-
sure can not lead to an effective reduced incidence of stroke. Hyperhomocysteinemia (HHcy) has been widely 
accepted as a risk factor for stroke5. Furthermore, extensive clinical and preclinical data also support HHcy as 
an independent predictor of vascular contributions to cognitive impairment and dementia6, cerebral vascular 
resistance7, asymptomatic carotid stenosis8. Because of the known association of hypertension with both HHcy 
and stroke, we stratified the analyses by the level of conventional predisposing factors on risk of stroke and deter-
mined whether the plasma Hcy levels were associated with stroke. In addition, interactions between elevated Hcy 
and cardiovascular risk factors were also detected.

Subjects and Methods
Patients. This was a retrospective study of 2258 hospitalized patients with primary hypertension recruited 
from October 2013 to October 2014 from Brain Hospital, Affiliated Hospital of Xuzhou Medical University and 
department of Cardiology, Xuzhou Central Hospital. Three subtypes of stroke were included: cerebral infarc-
tion, cerebral hemorrhage and transient ischemic attack (TIA). Definition of stroke was based on the results 
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of strict neurological examination and computer tomography scans or magnetic resonance imaging accord-
ing to guidelines for the primary prevention of stroke9. Confirmation of hypertension in accordance with the 
European Society of Hypertension (ESH) Working Group on blood pressure monitoring, is reported in 2014 
evidence-based guideline for the management of high blood pressure in adults10. Hypertension is defined as 
values ≥140 mmHg systolic blood pressure (SBP) and/or ≥90 mmHg diastolic blood pressure (DBP), includ-
ing graded 1(140–159 mmHg SBP and/or 90–99 mmHg DBP), 2(160–179 mmHg SBP and/or 100–109 mmHg 
DBP), and 3 (≥180 mmHg SBP and/or ≥110 mmHg DBP). In addition, normal blood pressure in patients with 
hypertension previously controlled on drug therapy were also enrolled in our study. Definition and classification 
of dyslipidemia is based on 2017 American Association of Clinical Endocrinologists (AACE) and American 
College of Endocrinology (ACE) guidelines for the management of dyslipidemia and prevention of cardiovas-
cular disease11. Triglyceride (TG) levels <150 mg/dL are considered “normal”, with 150 to 199 mg/dL considered 
“borderline-high” and ≥200 mg/dL considered “high”. Normal values of non-high-density lipoprotein cholesterol 
(non-HDL-C) are classified as being less than 160 mg/dL, the borderline-high range is 160 to 189 mg/dL, and 
high risk is ≥190 mg/dL. The World Health Organization (WHO) and numerous other diabetes mellitus (DM) 
organizations defined the impaired fasting glucose (IFG) cutoff at 6.1 mmol/L. DM is diagnosed based on the fast-
ing plasma glucose (FPG) ≥7.0 mmol/L12. The upper limit of normal body mass index (BMI) in adults is 24 kg/
m2, defined obesity as a BMI ≥28 kg/m2, and designate a BMI between these values to be “overweight”13. The 
cutoff values for age are based on recommendations from the Global Burden of Disease Study 201014. Potential 
participants were excluded if they had a history of acute or chronic infectious diseases, primary glomerulone-
phritis, arthritis, systemic lupus erythematosus, or malignant tumor. Ethical approval was granted by the Ethics 
Committee of Xuzhou Central Hospital, and all patients provided written informed consent. All experiments 
were performed in accordance with relevant guidelines and regulations.

Data collection procedures. An electronic clinical information system was used to collect data related to 
the patients’ demographic characteristics, history of chronic diseases and lifestyle factors. The patients underwent 
a standard physical examination. All fasting venous blood samples and measurement of blood pressure were 
collected within 24 hours after hospitalization. Blood pressure of patients who had an acute stroke was set to be 
reassessed when arterial blood pressure and neurological status remained stable. FPG, total cholesterol (TC), 
TG, high-density lipoprotein cholesterol (HDL-C), and serum creatinine (sCr) levels were measured by using 
an automatic biochemical analyzer (HITACH 7080, Hitachi Instrument Ltd, Tokyo, Japan). Non-HDL-C is the 
sum of very low-density lipoprotein cholesterol (VLDL-C) and low-density lipoprotein cholesterol (LDL-C). The 
estimated glomerular filtration rate (eGFR) was calculated by using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) Study equation15. Subjects were considered to be smokers if they had smoked at least 
1 cigarette per day for 6 months or 46 months. Drinking was defined as 1 drink at least in the past 30 days. HHcy 
was defined as a plasme Hcy concentration ≥10 μmol/L. H-type hypertension was defined as subjects with con-
comitant hypertension and HHcy16.

Statistical Analysis. SPSS17.0 was used to perform the data analysis. Continuous variables were expressed 
as mean ± standard deviation and categorical variables were presented as frequencies and percentages. Intergroup 
difference was assessed by t test for continuous variables and χ2 test for categorical variables. Estimates of relative 
risks for stroke in hypertension patients with HHcy were based on odds ratio (OR) with their associated 95% 
confidence interval (CI) from logistic regression. Hcy values were log-transformed to normalize the distribution, 
with tertile levels as follows: <1.09 (lowest tertile); 1.09–1.23 (middle tertile) and >1.23 (upper tertile). We fur-
ther examined the detectable interaction between Hcy and stratified factors on predicting the risk of stroke by 
adding the Hcy × stratified factors cross-product to a logistic regression analysis of the hypertension participants. 
All P values were two-sided and P < 0.05 was considered to be statistically significant.

Results
Demographic Characteristics. Demographic and risk factor prevalence data for the study sample and the 
subgroup of persons with stroke were shown in Table 1. Stroke was detected in 206 (60.9%) of the 338 patients in 
the non-HHcy group and in 1312 (68.3%) of the 1920 patients in the HHcy group. In HHcy group, hypertension 
patients with stroke had the significantly higher FPG, SBP, DBP, and eGFR levels than those of patients without 
stroke, and DM was noted in 30.95% of individuals with stroke compared to 14.80% without stroke. In hyperten-
sion patients with HHcy, men were at higher risk of stroke and the age of stroke patients was statistically higher 
than that of patients without HHcy, as was also their exposure to environmental cigarette smoking and alcohol 
consumption. In HHcy group, the mean Log Hcy level in the patients with stroke was significantly higher than 
that in the patients without stroke.

Associations between Hcy and Stroke. The associations between Hcy and risk of stroke were provided 
in Table 2. The univariate logistic regression analysis revealed that Hcy was associated with an increased OR of the 
risk of stroke in both 2258 hypertension patients (OR, 1.027; 95% CI, 1.016–1.038; P < 0.001) and 1920 H-type 
hypertension patients (OR, 1.026; 95% CI, 1.014–1.037; P < 0.001), after adjustment for age, sex, BMI, SBP, DBP, 
FPG, TC, TG, HDL-C, non-HDL-C, sCr, eGFR and history of smoking, alcohol intake, DM, and hyperlipidemia.

The stratified analyses of the associations between Hcy and stroke were presented in Table 3. In patients with 
hypertension, an increasing level of Hcy was associated with higher stroke risk in the following stratified factors, 
including sex, age (range, 60–74 yrs), BMI (range, <28 kg/m2), FPG ranges (<6.1 mmol/L and ≥7.0 mmol/L), 
SBP (range, 140–179 mmHg), DBP (range, <110 mmHg), TG (range, <150 mg/dL), and non-HDL-C (range, 
<190 mg/dL).
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Among the 2258 hypertension participants, three tests of interactions between Hcy and baseline characteris-
tics of sex, age, BMI, FPG, SBP, DBP, TG, and non-HDL-C on stroke risk were statistically significant: sex (OR, 
1.186; 95% CI, 1.075–1.308; P for interaction = 0.001, Fig. 1), SBP (OR, 1.183; 95% CI, 1.107–1.264; P for interac-
tion <0.001, Fig. 2) and DBP (OR, 1.220; 95% CI, 1.149–1.295; P for interaction <0.001, Fig. 3), after adjustment 
for age, sex, BMI, SBP, DBP, FPG, TC, TG, HDL-C, non-HDL-C, sCr, eGFR, and history of smoking, alcohol 
intake, DM, and hyperlipidemia. However, other baseline characteristics of age, BMI, FPG, TG, and non-HDL-C 
showed no significant interactions with Hcy on stroke risk in this population.

Variables Total (n = 2258)

Non-HHcy

P-value1

HHcy

P-value2

Stroke Nonstroke Stroke

(n = 206) (n = 608) (n = 1312)

Male, no. (%) 1386 (61.38) 80 (38.83) <0.001 376 (61.84) 873 (66.54) 0.045

Age, years 60.75 ± 8.70 58.45 ± 10.08 <0.001 61.38 ± 7.80 60.92 ± 8.95 0.256

BMI, kg/m2 24.69 ± 3.48 24.09 ± 3.53 0.058 25.10 ± 3.33 24.58 ± 3.50 0.082

SBP, mmHg 155.70 ± 24.56 161.72 ± 26.92 0.708 141.87 ± 16.93 162.42 ± 24.53 <0.001

DBP, mmHg 92.18 ± 14.02 95.79 ± 16.13 0.628 85.64 ± 10.09 95.26 ± 14.30 <0.001

FPG, mmol/L 6.41 ± 2.20 7.14 ± 2.99 0.008 5.93 ± 1.58 6.56 ± 2.30 <0.001

TC, mg/dL 189.12 ± 39.37 184.28 ± 38.90 0.941 198.24 ± 36.16 184.50 ± 39.73 <0.001

HDL-C, mg/dL 36.88 ± 11.71 35.67 ± 11.16 0.337 40.54 ± 11.28 34.85 ± 11.35 <0.001

Non-HDL-C, mg/dL 152.35 ± 37.65 148.61 ± 36.62 0.709 157.70 ± 34.29 149.65 ± 38.79 <0.001

TG, mg/dL 164.22 ± 86.77 163.98 ± 80.06 0.759 163.28 ± 87.55 165.99 ± 88.30 0.531

sCr, mg/dL 1.03 ± 0.20 0.96 ± 0.18 <0.001 1.07 ± 0.18 1.03 ± 0.21 <0.001

eGFR, mL/min/1.73 m2 72.11 ± 16.12 74.4 ± 15.99 0.448 68.45 ± 13.39 73.43 ± 17.17 <0.001

Log Hcy 1.19 ± 0.21 0.92 ± 0.07 <0.001 1.20 ± 0.16 1.25 ± 0.20 <0.001

History of, no. (%)

  Cigarette smoking 1008 (44.64) 62 (30.10) <0.001 240 (39.47) 665 (50.69) <0.001

  Alcohol consumption 831 (36.80) 53 (25.73) <0.001 206 (33.88) 530 (40.40) 0.006

  Diabetes mellitus 596 (26.40) 78 (37.86) 0.048 90 (14.80) 406 (30.95) <0.001

  Hyperlipidemia 1101 (48.76) 96 (46.60) 0.766 315 (51.81) 626 (47.71) 0.095

Table 1. Demographic characteristics of patients with hypertension by homocysteine and stroke status. 
Abbreviations: HHcy, hyperhomocysteinemia; BMI, body mass index; FPG, fasting plasma glucose; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglycerides; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; Hcy, 
homocysteine. Continuous variables are expressed as mean ± standard deviation and categorical variables are 
presented as number (%). 1P-value was calculated by comparing demographic characteristics between two 
stroke groups and 2P-value was calculated by comparing characteristics between stroke and no stroke in patients 
with HHcy.

Homocysteine OR 
(95% CI) P-value

Total 2258

  Nonstroke 740

  Stroke 1518

     Model 1 1.024 (1.015–1.034) <0.001

     Model 2 1.024 (1.014–1.033) <0.001

     Model 3 1.027 (1.016–1.038) <0.001

H-type hypertension 1920

  Nonstroke 608

  Stroke 1312

     Model 1 1.023 (1.013–1.033) <0.001

    Model 2 1.022 (1.012–1.032) <0.001

    Model 3 1.026 (1.014–1.037) <0.001

Table 2. Associations between homocysteine and risk of stroke in patients with hypertension. Abbreviations: 
OR, odds ratio; CI, confidence interval. Model 1: unadjusted. Model 2: adjusted for age and sex. Model 3: 
adjusted for age, sex, body mass index, systolic blood pressure, diastolic blood pressure, fasting plasma glucose, 
total cholesterol, triacylglycerols, high-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol, 
serum creatinine, estimated glomerular filtration rate, and history of smoking, alcohol intake, diabetes mellitus, 
and hyperlipidemia.



www.nature.com/scientificreports/

4SCientifiC REPORtS |  (2018) 8:3900  | DOI:10.1038/s41598-018-22260-6

Log Hcy

P for 
Trend

P for 
Interaction

<1.09 
(n = 735) 1.09–1.23 (n = 813) >1.23 (n = 710)

Sex 0.001

   Male, n = 1386 1 1.064 (0.751–1.506) 1.637 (1.150–2.330) 0.007

   Female, n = 872 1 1.268 (0.872–1.843) 2.389 (1.441–3.962) 0.003

Age, years 0.537

    ≤ 44, n = 91 1 9.489 (1.132–79.524) 4.538 (0.740–27.848) 0.089

   45–59, n = 812 1 1.100 (0.720–1.679) 1.577 (0.970–2.564) 0.170

   60–74, n = 1275 1 1.133 (0.813–1.580) 2.021 (1.407–2.904) <0.001

   ≥75, n = 80 1 0.237 (0.020–2.864) 0.812 (0.063–10.492) 0.365

BMI, kg/m2 0.613

   <24, n = 967 1 1.195 (0.806–1.772) 1.873 (1.198–2.927) 0.020

   24–27.9, n = 938 1 1.217 (0.814–1.819) 2.193 (1.411–3.408) 0.001

   ≥28, n = 353 1 1.048 (0.560–1.962) 1.486 (0.757–2.916) 0.447

FPG, mmol/L 0.379

   <6.1, n = 1385 1 1.318 (0.969–1.794) 2.217 (1.565–3.140) <0.001

   6.1–6.9, n = 384 1 1.164 (0.597–2.270) 1.148 (0.587–2.242) 0.888

   ≥7.0, n = 489 1 0.924 (0.495–1.724) 2.370 (1.130–4.971) 0.027

SBP, mmHg <0.001

   <140, n = 517 1 1.182 (0.736–1.898) 1.852 (1.100–3.120) 0.056

   140–159, n = 746 1 1.153 (0.773–1.720) 1.754 (1.144–2.691) 0.027

   160–179, n = 514 1 1.866 (0.968–3.596) 2.659 (1.289–5.488) 0.026

   ≥180, n = 481 1 1.276 (0.504–3.231) 6.909 (1.370–34.840) 0.063

DBP, mmHg <0.001

   <90, n = 862 1 1.118 (0.778–1.605) 1.675 (1.125–2.495) 0.028

   90–99, n = 644 1 1.339 (0.837–2.144) 2.174 (1.286–3.675) 0.014

   100–109, n = 450 1 1.548 (0.797–3.007) 3.970 (1.697–9.288) 0.006

   ≥110, n = 302 1 1.595 (0.399–6.388) 4.256 (0.693–26.137) 0.292

TG, mg/dL 0.671

   <150, n = 1208 1 1.340 (0.939–1.912) 2.346 (1.584–3.475) <0.001

   150–199, n = 455 1 0.778 (0.436–1.388) 1.301 (0.675–2.510) 0.219

   ≥200, n = 595 1 1.121 (0.681–1.844) 1.637 (0.951–2.817) 0.165

Non-HDL-C, mg/dL 0.807

   <160, n = 1346 1 1.244 (0.891–1.737) 1.947 (1.348–2.812) 0.001

   160–189, n = 584 1 1.120 (0.672–1.868) 1.973 (1.132–3.439) 0.039

   ≥190, n = 328 1 1.291 (0.660–2.526) 2.056 (0.935–4.521) 0.195

Table 3. Stratified analyses of the associations between Hcy and stroke in patients with hypertension. 
Abbreviations: Hcy, homocysteine; BMI, body mass index; FPG, fasting plasma glucose; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TG, triglycerides. Adjusted for age, sex, body mass index, systolic 
blood pressure, diastolic blood pressure, fasting plasma glucose, total cholesterol, triacylglycerols, high-density 
lipoprotein cholesterol, non-high-density lipoprotein cholesterol, serum creatinine, estimated glomerular 
filtration rate, and history of smoking, alcohol intake, diabetes mellitus, and hyperlipidemia.

Figure 1. Interaction of homocysteine (Hcy) and sex on stroke risk. Among three different levels of Log Hcy in 
2258 patients with hypertension, the prevalence of stroke in female (77.16%) was highest in those with Log Hcy 
level >1.23.
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Discussion
In this study, we found that Hcy was an independene risk factor for stroke in both 2258 patients with hyperten-
sion and 1920 patients with H-type hypertension, after adjustment for age, sex, BMI, SBP, DBP, FPG, TC, TG, 
HDL-C, non-HDL-C, sCr, eGFR, and history of smoking, alcohol intake, DM, and hyperlipidemia. On the other 
hand, in models adjusted for the above potential confounding factors, female and elevated blood pressure sig-
nificantly modified the effects of Hcy on changes in stroke risk. Risk of stroke was more strongly associated with 
increased SBP and DBP in patients higher than 1.23 of Log Hcy than in those 1.09 to 1.23 of Log Hcy or those 
lower than 1.09 of Log Hcy. There was also a significant trend according to sex, with a higher risk of stroke in 
female patients with Log Hcy >1.23 than in those with Log Hcy ≤ 1.23.

Effective prevention included for the control of risk factors remains the best approach for reducing the bur-
den of stroke. Fortunately, there are enormous opportunities for preventing stroke. An analysis of data from 22 
countries found that 10 potentially modifiable risk factors explained 90% of the risk of ischaemic and intracere-
bral haemorrhagic stroke17. Most studies have found hypertension and HHcy to be independent stroke predic-
tors. In a retrospective analysis of 20 702 hypertensive patients from the China Stroke Primary Prevention Trial, 
visit-to-visit SBP variability was an independent predictor of primary stroke, independent of mean SBP over the 
follow-up period18. A prospective cohort study identified HHcy associated with ischemic stroke (hazard ratio, 
2.18; 95% CI, 1.65–2.89). Compared with normal level of Hcy (<15 μmol/L), the hazard ratio for ischemic stroke 
in the highest Hcy category (≥30 μmol/L) were 4.96 (95% CI, 3.03–8.12)5. Our data are in line with previous 
studies showing a relation between Hcy and the risk of stroke. The observed OR values are comparatively mod-
est. Because a greater prevalence of other important risk factors among hospital registers may have contributed 
to the generally lower OR values for the risk of stroke. The use of hospital registers is likely to have lower degree 
of underreporting and misclassification of potential stroke risk factors than community-based population. The 
validity of the database should be very high. In addition, our observation of associations in both crude and 
comorbidity-adjusted analyses suggests that Hcy act independently of other risk factors for stroke risk. Therefore, 
we strongly believe that the data are sufficiently accurate for this study purpose.

Figure 2. Interaction of homocysteine (Hcy) and systolic blood pressure (SBP) on stroke risk. Among three 
different levels of Log Hcy in 2258 patients with hypertension, those with both Log Hcy level >1.23 and SBP 
≥180 mmHg were found to have the highest stroke morbidity (98.74%).

Figure 3. Interaction of homocysteine (Hcy) and diastolic blood pressure (DBP) on stroke risk. Among three 
different levels of Log Hcy in 2258 patients with hypertension, those with both Log Hcy level >1.23 and DBP 
≥110 mmHg were found to have the highest stroke morbidity (98.06%).
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HHcy is not only an independent risk factor for stroke but also a marker of poor prognosis in stroke patients. 
In patients with acute ischemic stroke, white matter hyperintensity (WMH) in the periventricular and fron-
tal areas were found to be independently associated with Hcy level19. Moreover, minor ischemic stroke with 
WMH increase experienced more recurrent cerebrovascular events. A prospective cohort study reported that the 
National Institute of Health Stroke Scale scores of high Hcy level group were significantly higher than those of low 
level group in 194 acute ischemic stroke patients after 1-week tissue plasminogen activator treatment. The high 
Hcy group showed obvious symptomatic intracerebral hemorrhage risk after 24 hours. In addition, the modified 
Rankin Scale scores of high Hcy level group after 3 months, which compared with low Hcy level group20. Similar 
findings were reported that Hcy ≥30 μmol/L increased the risk of being discharged with poor functional status 
in elderly patients with acute ischemic stroke, compared to Hcy < 16 μmol/L21. Furthermore, another prospective 
study that included 3799 patients with acute ischemic stroke showed that HHcy was associated with the risk of 
stroke-related mortality in the large-vessel atherosclerosis subtype (adjusted HR, 1.80; 95% CI, 1.05–3.07) but 
not in the small-vessel occlusion subtype (adjusted HR, 0.80; 95% CI, 0.30–2.12)22. However, results concerning 
the relationship between Hcy and stroke outcomes are conflicting. This study recruited 594 elderly patients with 
first-onset acute cerebral infarction and found that elevated Hcy was not associated with functional outcome at 3 
months and 1 year after stroke8. Management of hypertension patients with HHcy, therefore, based on lowering 
blood pressure and Hcy as means to prevent stroke and improve prognosis after stroke is undisputed.

Besides an independent effect, a multiplicative effect of hypertension and HHcy substantially increases the risk 
of ischemic stroke23 and intracerebral hemorrhage24. To determine whether the association between hypertension 
and stroke might be explained through an effect on plasma Hcy, we observed a significant interaction between 
plasma Hcy and blood pressure on stroke risk. In the present study, we also proved the interaction between Hcy 
and sex on risk of stroke. In a Chinese nested case-control study with 39,165 participants who had no history of 
stroke, people with Hcy ≥20 μmol/L (OR, 5.1; 95% CI, 1.6–16.4) had higher risk of stroke death relative to people 
with Hcy <10 μmol/L. The risk of incident stroke (OR, 3.8; 95% CI, 2.3–6.4) and stroke death (OR, 3.2; 95% CI, 
1.8–6.0) in people with hypertension was higher than that in people without hypertension. People with H-type 
hypertension had an OR for incident stroke of 12.7 (95% CI, 2.8–58.0) and an OR for stroke death of 11.7 (95% 
CI, 2.5–54.7)25. In addition, H-type hypertension is also related to the development of secondary stroke (OR, 
2.990; 95% CI, 1.176–7.600)26. A clinical trial of 203 stroke patients, 26% had HHcy at 10 months post-stroke. The 
factors related with HHcy included malnutrition, heavy alcohol consumption and low level of folate and vitamin 
B1227. These factors in this study may be the potential mechanisms for how H-type hypertension might lead to 
recurrent stroke.

Study limitations. There are several limitations of the present investigation. First, given that this is a retro-
spective, single-center, observational study, a causal relationship between elevated Hcy concentrations and stroke 
risk cannot be established. Second, the specific cohort (hospital based, only patients from the Department of 
Neurology and Cardiology) may constitute a selection bias, which may not be representative for general popula-
tion suffering from stroke. Third, detailed data of when antihypertensive agents were given and for how long these 
remained in each patient were not included in the analysis. Thus, we were not able to analyze the effect of different 
antihypertensive drugs on associations between Hcy and stroke.

Conclusions
Although Hcy appears to be associated with stroke very weakly in patients with hypertension, the effects of Hcy 
on stroke risk improve strong likely mediated through interactions with sex and blood pressure, and effects inde-
pendent of sex and blood pressure.

References
 1. Zhou, M. et al. Cause-specific mortality for 240 causes in China during 1990-2013: a systematic subnational analysis for the Global 

Burden of Disease Study 2013. Lancet. 387, 251–272 (2016).
 2. Gong, L. et al. Shanghai trial of nifedipine in the elderly (STONE). J Hypertens. 14, 1237–1245 (1996).
 3. Wang, J. G., Staessen, J. A., Gong, L. & Liu, L. Chinese trial on isolated systolic hypertension in the elderly. Systolic Hypertension in 

China (Syst-China) Collaborative Group. Arch Intern Med. 160, 211–220 (2000).
 4. Huo, Y. et al. Efficacy of folic acid therapy in primary prevention of stroke among adults with hypertension in China: the CSPPT 

randomized clinical trial. JAMA. 313, 1325–1335 (2015).
 5. Han, L. et al. Homocysteine, Ischemic Stroke, and Coronary Heart Disease in Hypertensive Patients: A Population-Based, 

Prospective Cohort Study. Stroke. 46, 1777–1786 (2015).
 6. Hainsworth, A. H., Yeo, N. E., Weekman, E. M. & Wilcock, D. M. Homocysteine, hyperhomocysteinemia and vascular contributions 

to cognitive impairment and dementia (VCID). Biochim Biophys Acta. 1862, 1008–1017 (2016).
 7. Okura, T. et al. Hyperhomocysteinemia is one of the risk factors associated with cerebrovascular stiffness in hypertensive patients, 

especially elderly males. Sci Rep. 4, 5663 (2014).
 8. Jia, J. et al. Homocysteine and Its Relationship to Asymptomatic Carotid Stenosis in a Chinese Community Population. Sci Rep. 6, 

37361 (2016).
 9. Meschia, J. F. et al. Guidelines for the primary prevention of stroke: a statement for healthcare professionals from the American 

Heart Association/American Stroke Association. Stroke. 45, 3754–3832 (2014).
 10. James, P. A. et al. 2014 evidence-based guideline for the management of high blood pressure inadults: report from the panel 

members appointed to the Eighth Joint National Committee (JNC 8). JAMA. 311, 507–520 (2014).
 11. Jellinger, P. S. et al. American Association of Clinical Endocrinologists and American College of Endocrinology Guidelines for 

Management of Dyslipidemia and Prevention of Cardiovascular Disease. Endocr Pract. 23, 1–87 (2017).
 12. American Diabetes Association. Introduction: Standards of Medical Care in Diabetes-2018. Diabetes Care. 41, S1–S2 (2018).
 13. Endocrinology Branch of Chinese Medical Association. Chinese Expert Consensus Document on the Comprehensive Management 

of Comorbidity of Obesity in Type 2 Diabetes. Chin J Endocrinol Metab. 32, 623–627 (2016).
 14. Vos, T. et al. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: a systematic analysis for the 

Global Burden of Disease Study 2010. Lancet. 380, 2163–2196 (2012).



www.nature.com/scientificreports/

7SCientifiC REPORtS |  (2018) 8:3900  | DOI:10.1038/s41598-018-22260-6

 15. Auni Juutilainen et al. Comparison of the MDRD Study and the CKD-EPI Study equations in evaluating trends of estimated kidney 
function at population level:findings from the National FINRISK Study. Nephrol Dial Transplant. 27, 3210–3217 (2012).

 16. Li, J. et al. H-type hypertension and risk of stroke in Chinese adults: A prospective, nested case-control study. J Transl Int Med. 3, 
171–178 (2015).

 17. O’Donnell, M. J. et al. Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the INTERSTROKE study): 
a case-control study. Lancet. 376, 112–123 (2010).

 18. Men, X. et al. China Stroke Primary Prevention Trial: Visit-to-Visit Systolic Blood Pressure Variability Is an Independent Predictor 
of Primary Stroke in Hypertensive Patients. J Am Heart Assoc. 6, e004350 (2017).

 19. Gao, Y. et al. Homocysteine Level Is Associated with White Matter Hyperintensity Locations in Patients with Acute Ischemic Stroke. 
PLoS One. 10, e0144431 (2015).

 20. Yao, E. S. et al. Elevated Homocysteine Level Related to Poor Outcome After Thrombolysis in Acute Ischemic Stroke. Med Sci Monit. 
22, 3268–3273 (2016).

 21. Forti, P. et al. Homocysteinemia and early outcome of acute ischemic stroke in elderly patients. Brain Behav. 6, e00460 (2016).
 22. Shi, Z. et al. Elevated Total Homocysteine Levels in Acute Ischemic Stroke Are Associated With Long-Term Mortality. Stroke. 46, 

2419–2425 (2015).
 23. Towfighi, A., Markovic, D. & Ovbiagele, B. Pronounced association of elevated serum homocysteine with stroke in subgroups of 

individuals: a nationwide study. J Neurol Sci. 298, 153–157 (2010).
 24. Zhou, F. et al. Elevated homocysteine levels contribute to larger hematoma volume in patients with intracerebral hemorrhage. J 

Stroke Cerebrovasc Dis. 24, 784–788 (2015).
 25. Li, J. et al. H-type hypertension and risk of stroke in chinese adults: A prospective, nested case-control study. J Transl Int Med. 3, 

171–178 (2015).
 26. Zhang, Q. et al. H-Type Hypertension and C Reactive Protein in Recurrence of Ischemic Stroke. Int J Environ Res Public Health. 13, 

477 (2016).
 27. Choi, S. H., Choi-Kwon, S., Kim, M. S. & Kim, J. S. Poor nutrition and alcohol consumption are related to high serum homocysteine 

level at post-stroke. Nutr Res Pract. 9, 503–510 (2015).

Acknowledgements
The present work was supported in part by grants from the Jiangsu Provincial Medical Youth Talent 
(QNRC2016383), Xuzhou Municipal Bureau of Science and Technology (KC16SH042 and KC 17095), Xuzhou 
Double-Hundred Talents Project Grant, and Jiangsu Science and Technology Project (BE2017635).

Author Contributions
Hui Pang designed the study and wrote the main manuscript text; Bing Han, Qiang Fu, and Lin Hao were involved 
in data collection; Zhenkun Zong analysed the data. All the authors have read and reviewed this manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	Association between homocysteine and conventional predisposing factors on risk of stroke in patients with hypertension
	Subjects and Methods
	Patients. 
	Data collection procedures. 
	Statistical Analysis. 

	Results
	Demographic Characteristics. 
	Associations between Hcy and Stroke. 

	Discussion
	Study limitations. 

	Conclusions
	Acknowledgements
	Figure 1 Interaction of homocysteine (Hcy) and sex on stroke risk.
	Figure 2 Interaction of homocysteine (Hcy) and systolic blood pressure (SBP) on stroke risk.
	Figure 3 Interaction of homocysteine (Hcy) and diastolic blood pressure (DBP) on stroke risk.
	Table 1 Demographic characteristics of patients with hypertension by homocysteine and stroke status.
	Table 2 Associations between homocysteine and risk of stroke in patients with hypertension.
	Table 3 Stratified analyses of the associations between Hcy and stroke in patients with hypertension.




