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. Little is known about the association between homocysteine (Hcy) and asymptomatic CAS in the

healthy population. The purpose of this study was to investigate the relationship between Hcy

levels and asymptomatic CAS in a Chinese community population. The current study included 5393

participants who were age of 40 years or older, and free of stroke, transient ischemic attack, and

coronary artery disease. Demographic and clinical variables were investigated, and the presence

of CAS was assessed by Color Doppler Ultrasound. A multivariate logistic regression was used to

examine the association between Hcy levels and asymptomatic CAS. 361 (6.69%) participants were

- diagnosed with asymptomatic CAS, who had higher Hcy levels compared with those without (p-value

© fortrend =0.0001). After adjusting other possible risk factors, Hcy >19.3pmol/L was considered as an

. independent indicator of asymptomatic CAS (OR 1.53, 95%Cl 1.05-2.23; p-value for trend =0.0265),

. but with a difference between participants with diabetes and without [OR (95%Cl): 2.89(1.02-8.22)

© vs.1.42(0.95-2.12); P interaction < 0.05]. In this large-population, community-based study, Hcy is an

. independent indicator of asymptomatic CAS, especially in patients with diabetes.

. Stroke remains a major global health problem with a significant increase in stroke burden in the world over the
: last two decades!. The Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) Study Group found the rate
. of ipsilateral strokes in patients with moderate asymptomatic carotid stenosis (CAS) was 5.3%. Also, the risk of
ipsilateral stroke was higher in patients with progressive asymptomatic CAS? compared with those without.
Numerous researches have already confirmed that the total homocysteine(Hcy) level is a risk factor of
ischemic stroke (IS), especially in younger subjects and those with concomitant hypertension®*. Also, a prospec-
© tive study of a large stroke population with a median follow-up period of 48 months found elevated Hcy levels in
. the acute phase of ischemic stroke can predict mortality, especially in stroke patients with the large-vessel ather-
. osclerosis subtype’. Although mild elevations in Hcy levels have modest effects on cardiovascular risk, high Hey
. levels promotes atherothrombosis®. And proposed mechanisms of the complex changes within the blood vessel
- wall produced by Hey’ included oxidative stress, proinflammatory effects, impaired endothelium-mediated plate-
. let inhibition and suppressive growth of endothelial cells and vascular smooth muscle cells’. Most studies focus
: on the relationship between Hcy and restenosis after carotid endarterectomy(CEA)'® or symptomatic CAS>%,
. while only few focuses on the relationship between Hcy and asymptomatic CAS'"12.
: We hypothesized that Hcy levels may represent a potentially modifiable risk factor of asymptomatic CAS.
The objective of this cross-sectional study was to assess the correlation between Hcy level and the prevalence of
asymptomatic CAS in a Chinese healthy population.

Results
. Baseline characteristics. The baseline characteristics according to the classification of asymptomatic CAS
. were shown in Table 1. A total of 5393 participants were enrolled in the study. Compared with the group of
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Age, y, Median(Q1-Q3)(n) 52.32(45.64-60.90) 57.02(46.20-74.05) | <0.0001
Ethnic group (Han) n(%) 4962 (98.6%) 354(98.1%) 0.3575
Gender n(%) <0.0001

Male 2924(58.1%) 302(83.7%)

Female 2108(41.9%) 59(16.3%)
Current smoking n(%) 1548(30.76%) 169(47.0%) <0.001
Hypertension n(%) 2395(47.6%) 196(54.3%) 0.0142
Diabetes mellitus n(%) 589 (11.7%) 58(16.1%) 0.0185
Hyperlipidemia n(%) 2330(46.3%) 156(43.2%) 0.2744
Antihypertensive drugs n(%) 957(19.0%) 90(24.9%) 0.0061
Lipid-lowering drugs n(%) 69(1.4%) 6(1.7%) 0.6485
Antidiabetic drugs n(%) 293(5.8%) 32(8.9%) 0.0190
Atrial fibrillation n(%) 69(1.4%) 9/361 (2.5%) 0.1038
BMI level(kg/m?) Median(Q1-Q3)(n) 24.77(22.76-27.05) 24.09(21.97-26.57) <0.0001

<251n(%) 2656 (52.8%) 228 (63.2%) 0.0003

25-30n(%) 2041 (40.6%) 120 (33.2%)

>30 n(%) 335 (6.7%) 13 (3.6%)
hs-CRP,mg/dL Median(Q1-Q3)(n) 1.0(0.5-2.14) 1.1(0.6-2.95) 0.0054
Hcy (umol/L) Median(Q1-Q3)(n) 13.4(9.5-19.0) 16.3(11.9-22.8) <0.0001

1st tile(<9.6) n(%) 1316 (26.2%) 50 (12.9%) <0.0001

2st tile(9.6~13.6) n(%) 1257 (25.0%) 76 (21.1%)

3st tile(13.6~19.3) n(%) 1256 (25.0%) 92 (25.6%)

4st tile(>19.3) n(%) 1203 (23.9%) 143 (39.6%)

Table 1. Baseline demographic characteristics and cardiovascular risk factors between groups with/
without asymptomatic carotid stenosis. Values are median (interquartile range) or number (percent).CAS:
carotid stenosis; BMI: body mass index; hs-CRP: high-sensitivity C reactive protein; Hcy: homocysteine.
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Figure 1. Prevalence of asymptomatic carotid stenosis(CAS) stratified by quartile of homocysteine.

subjects without asymptomatic CAS, the group of subjects with asymptomatic CAS 1) had more elders, males
and current smokers (P < 0.05); 2) was more likely to have hypertension, diabetes mellitus and the use of antihy-
pertensive and antidiabetic drugs (P < 0.05); 3) had higher value of some biomarkers, such as hs-CRP and Hcy
(P <0.01); and 4) had higher Hcy levels (p-value for trend = 0.0001). Whereas there was no significant difference
in hyperlipidemia, atrial fibrillation between the two groups.

The correlations between the levels of serum homocysteine and asymptomatic carotid stenosis.
Prevalence of asymptomatic CAS stratified by quartile of Hcy could be found in Fig. 1, which showed that the Hcy
level was positively associated with the prevalence of asymptomatic CAS (p-value for trend < 0.001).
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Unadjusted <0.001
OR(95%CI) 1.00 (Reference) 1.66(1.14-2.40) 2.03(1.42-2.91) 3.15(2.25-4.42)

P 0.008 <0.001 <0.001

Model 1 0.0216
OR(95%CI) | 1.00 (Reference) | 1.22(0.83-1.78) 1.20(0.82-1.74) | 1.52(1.05-2.19)

p 0.32 0.35 0.03

Model 2 0.0265
OR(95%CI) | 1.00 (Reference) 1.23(0.84-1.81) 1.24(0.85-1.81) 1.53(1.05-2.23)

P 0.28 0.27 0.03
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Table 2. Multivariate-adjusted OR and 95% CI for asymptomatic carotid stenosis. OR: odd ratio; CI:

confidence interval. Model 1: adjusted for age and gender. Model 2: adjusted for age, gender, BMI, hypertension,
diabetes, hyperlipidemia, antihypertensive drugs, lipid-lowering drugs, antidiabetic drugs, current smoking and
hs-CRP.

Age 0.76
<60y 1 1.33(0.85-2.10) 1.56(0.99-2.46) 1.60(1.01-2.53)* 1.01(0.99-1.02)
>60y 1 0.98(0.46-2.06) 0.85(0.41-1.76) 1.03(0.51-2.10) 0.99(0.97-1.01)
gender 0.44
Female 1 1.27(0.68-2.39) 0.72(0.30-1.70) 1.71(0.76-3.87) 1.02(0.98-1.06)
Male 1 1.26(0.77-2.04) 1.39(0.88-2.22) 1.60(1.02-2.52)* 1.00(0.99-1.01)
Hypertension 0.74
No 1 1.53(0.91-2.57) 1.36(0.79-2.33) 2.05(1.22-3.44)* 1.01(0.99-1.03)
Yes 1 0.97(0.55-1.70) 1.08(0.63-1.85) 1.11(0.65-1.91) 1.00(0.98-1.01)
Diabetes 0.04
No 1 1.13(0.74-1.71) 1.30(0.87-1.95) 1.42(0.95-2.12) 1.00(0.99-1.01)
Yes 1 2.19(0.77-6.27) 0.90(0.28-2.86) 2.89(1.02-8.22)* 1.02(0.99-1.05)
Hyperlipidemia 0.59
No 1 1.63(0.97-2.76) 1.59(0.94-2.68) 2.16(1.29-3.64)* 1.01(0.99-1.02)
Yes 1 0.88(0.50-1.53) 0.90(0.52-1.56) 1.01(0.59-1.74) 1.00(0.98-1.02)

Table 3. Multivariate-adjusted OR and 95%CI for asymptomatic carotid stenosis according to quartile of
homocysteine, stratified by age, gender and selected risk factors. *P < 0.05. OR: odd ratio; CI: confidence
interval. Adjusted for age, gender, BMI, hypertension, diabetes, hyperlipidemia, antihypertensive drugs, lipid-
lowering drugs, antidiabetic drugs, current smoking and hs-CRP.

Prior to adjusting for any possible confounders, Hey levels >9.6pmol/L were associated with the presence of
asymptomatic CAS (Hcy 9.6-13.6pumol/L, OR 1.66, 95%CI, 1.14-2.40; Hcy 13.6-19.3pmol/L, OR 2.03, 95%CI,
1.42-2.91; Hey >19.3 pmol/L, OR 3.15, 95%CI, 2.25-4.42; p-value for trend <0.001). After adjusting for age,
gender, BMI, hypertension, diabetes, hyperlipidaemia, current smoking status and hs-CRP, only Hcy >19.3p
mol/L remained as an indicator of asymptomatic CAS (multivariate-adjusted OR 1.53, 95%CI 1.05-2.23; p-value
for trend = 0.0265). (Table 2)

Further analysis of the interaction effects of age, gender, hypertension, diabetes and hyperlipidaemia on
the association between Hcy levels and the prevalence of asymptomatic CAS showed that there was a signifi-
cant difference between diabetic and non-diabetic subjects (P for interaction 0.04). In diabetic subjects, those
of Hey >19.3 pmol/L were more likely to suffer asymptomatic CAS(OR 2.89, 95%CI 1.02-8.22), however, this
tendency was not found in non-diabetic subjects(OR 1.42, 95%CI 0.95-2.12). Other possible interaction factors
have no significant effect on the association (all of them P > 0.05), although some subgroups’ OR were signifi-
cant(P < 0.05). (Table 3)

Discussion

In this large sample of 5393 participants from Kailuan study cohort, a Chinese community population cohort,
association of Hcy level and asymptomatic CAS was observed, and that the prevalence of asymptomatic CAS
had elevated trends with higher quartile of Hcy. Also, the study suggested that elevated Hcy level was an inde-
pendent indicator for the presence of asymptomatic CAS, especially when Hcy level reached 19.3pmol/L and
above. Although numerous clinical studies have demonstrated that Hcy was an independent risk factor for
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cardiovascular disease, stroke and symptomatic CAS*!*14, and even was associated with poor outcome of the
patients with ischemic stroke>!>16, few study discussed the relation between Hcy and asymptomatic CAS. A
cross-sectional study of 1041 subjects from the Framingham Heart Study'! has showed that elevated Hcy was
associated with an increased risk of CAS, however, the subjects of their study aged from 67 to 96, which were
older than the subjects enrolled in our study. Also, the subjects of some other studies were primarily non-Asian,
while subjects of our study were all Chinese!>. Meanwhile, Catena et al. suggested that elevated plasma Hcy levels
were associated with carotid artery plaques and intima-media thickness (IMT) in hypertensive patients'”. Kim
et al. found that Hcy was independently associated with asymptomatic CAS in patients undergoing coronary
artery bypass grafting's. As CAS always occurred together with hypertension and coronary stenosis'®, the con-
clusions of many studies may not be able to apply to all healthy subjects with asymptomatic CAS. Based on the
Kailuan study, subjects in our study were randomly selected, all of which were without history of stroke, transient
ischemic attack, and coronary disease at baseline. Therefore, we further certified that elevated Hcy level was asso-
ciated with asymptomatic CAS in a large Chinese healthy community population.

The multiethnic population-based Northern Manhattan Study(NOMAS)'? showed Hcy was independently
associated with carotid plaque morphology and increased plaque area. Similarly, which has also been found from
a cross-sectional study in Chinese adults derived from a reference population of the Kailuan Cohort Study®.
Carotid plaque formation, together with CAS, were the results of atherosclerosis which might be caused by
hyperhomocysteinemia. But the mechanism is still controversial. Hyperhomocysteinemia could produce com-
plex changes within the blood vessel wall’. The proposed mechanisms include oxidative stress, proinflammatory
effects such as expression of tumor necrosis factor-o and inducible nitric oxide (NO) synthase (iNOS), impaired
endothelium-mediated platelet inhibition and suppressive growth of endothelial cells and vascular smooth mus-
cle cells”™. In addition, genetic abnormalities and nutritional deficiencies of B vitamins could result in hyper-
homocysteinemia and then lead to atherosclerosis®*2. As atherosclerosis is the main cause of CAS, our study
suggested that high level of Hcy was an independent risk factor of asymptomatic CAS.

Moreover, the analysis for the interaction effects showed that diabetes had an interaction effect on the associa-
tion between Hcy levels and asymptomatic CAS. Although many studies®-* found that the level of homocysteine
was higher in diabetics than those without in different genders, different races, and in patients with coronary
artery disease, no study suggest it in participants with asymptomatic CAS. Also, some studies found that indi-
viduals with Type 1 and Type 2 diabetes are more susceptible to the effects of homocysteine than non-diabetic
subjects?® and homocysteine might be associated with microvascular complication of retinopathy?»*”® and
nephropathy? in diabetes. Therefore the interaction of DM with high levels Hcy on the risk of CVD may have
an influence on the management of primary and secondary prevention in DM patients®, even in those already
with asymptomatic CAS. Meanwhile, The most likely reason of the interaction effect was that insulin resistance
or insulin secretion insufficient could influence Hcy level, and there was a negative relationship between insulin
and Hcy level®"*2. Meanwhile, diabetes and insulin resistance may also cause endothelial injury as well as ather-
osclerosis through systemic oxidative stress>>3, In addition to insulin resistance, studies have shown that some
inflammatory cytokines, such as C-reactive protein (CRP), sialic acid, tumor necrosis factor-o. (TNF-ov) and
interleukin-6 (IL-6), associated with diabetes, can also cause atherosclerosis>>3°.

To the best of our knowledge, the study is one of the first studies to assess the relationship between Hcy levels
and the prevalence of asymptomatic CAS in a large Chinese community-based study. However, the potential lim-
itations also merit consideration. Firstly, a cross-sectional study as ours cannot prove a causal relationship which
usually has to be shown in a longitudinal investigation. The results of our study only allow concluding on an
association between Hcy and asymptomatic CAS, while the role of Hey as a risk factor for asymptomatic CAS may
be shown in follow-up investigations. Secondly, all the participants were from area and same ethnic group. This
would limit the application of the findings to a population with broader geographic and ethnic diversity. Thirdly,
although ultrasonic method has been regarded as a noninvasive and convenient screening method to diagnose
CAS, it is not as accurate as DSA for determining CAS. In addition, the plasma concentrations and intakes of
vitamin B and folate were not collected and adjusted in our study, which may have mild effects on our results.

In summary, subjects with higher Hcy levels had a mildly increased prevalence of asymptomatic CAS in a
large-population, community-based study, and Hey is an independent indicator of asymptomatic CAS, especially
in patients with diabetes.

Methods

Study population. From June 2010 to June 2011, the baseline survey of Asymptomatic Polyvascular
Abnormalities Community study(APAC), employing a proportion of the large population of the Kailuan study
which included a total of 101,510 employees and retirees (81,110 men) of the Kailuan (Group) Co. Ltd, a large
coal mine industry located in Tangshan, Hebei Province®’, has been completed. This study is a population-based,
prospective, long-term follow-up observational study and has two phases- cross-sectional phase and longitu-
dinal phase. The inclusion criteria were as follows: (1) age of 40 years old and older; (2) no history of stroke or
transient ischemic attack; (3) no history of coronary disease. In the end, a total of 5440 participants were eligible
and recruited in APAC. Standard protocol was described previously®®. In the first cross-sectional phase, all study
participants have undergone extensive clinical, laboratory and bilateral carotid duplex ultrasound examinations.
However, fasting total plasma Hcy hasn’t been examined in 47 participants. Therefore, we enrolled 5393 partici-
pants in the study.

Assessment of homocysteine(Hcy). Blood samples were drawn by trained phlebotomists from the sub-
jects after overnight fasting. The venous blood samples in tubes containing trisodium ethylenediaminetetraacetic
acid were immediately placed on ice after antecubital venipuncture. Blood samples were then centrifuged for
10 minutes at 3000 rotations per minute at 25 °C. After separation, plasma samples were used within 4 hours.
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Fasting plasma glucose was measured using the hexokinase/glucose-6-phosphate dehydrogenase method. Total
cholesterol and triglyceride were measured enzymatically according to the manufacturer’s instruction (inte-
rassay coeflicient of variation <10%; Mind Bioengineering Co. Ltd., Shanghai, China). All biochemical varia-
bles were measured using an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory of the
Kailuan General Hospital. The Hcy levels were stratified in accordance to the quartile categories of serum Hcy
concentration- Q1 (plasma total Hey levels <9.6 umol/L), Q2 (9.6 pmol/L < plasma total Hcy levels <13.6 umol/L),
Q3 (13.6 pmol/L < plasma total Hey levels <19.3 umol/L) and Q4 (plasma total Hcy levels >19.3 umol/L).

Assessment of carotid stenosis(CAS). Each participant underwent a bilateral carotid duplex ultrasound
examination (Philips iU-22 ultrasound system, Philips Medical Systems, Bothell, WA) to evaluate CAS as a part
of their standard diagnostic workup. Bilateral carotid arteries, including the common carotid arteries (CCA),
internal carotid arteries (ICA) and vertebral arteries (VA), were all examined with the participants in a supine
position, head turning to the contralateral side. Both sides of carotid arteries were extensively evaluated. The
carotid ultrasound examination results were then reviewed by two independent operators. Discrepancies between
their evaluations were resolved by consensus. CAS diagnosis was made according to the peak systolic flow veloc-
ity (PSV) criteria that was published®. Briefly to say, the PSV for different arteries were: >125cm/s for the CCA
and ICA; >170 cm/s for the VA. In addition, when visible plaque and lumen narrowing were seen, it would also be
taken into consideration for CAS diagnosis regardless of PSV. CAS was diagnosed when at least one of the studied
arteries showed evidence of stenosis.

Assessment of demographic variables and cardiovascular risk factors. Information on demo-
graphic variables, including age, ethnic group (Han), gender, marital status (married), current smoking status and
alcohol consumption, was collected via questionnaires which were conducted in person by trained research doc-
tors. The participants were classified into two groups according to whether they have asymptomatic CAS or not.

Information on cardiovascular risk factors mainly contained hypertension, diabetes mellitus, hyperlipidemia,
atrial fibrillation, body mass index (BMI) level and high-sensitivity C-reactive protein (hs-CRP). Blood pressure
was measured on the left arm to the nearest 2 mmHg using a mercury sphygmomanometer with a cuft of the appro-
priate size. Hypertension was defined as the presence of a history of hypertension, or a systolic blood pressure >
140 mmHg/a diastolic pressure > 90 mmHg, or the consumption of antihypertensive medication. Diabetes mellitus
was diagnosed if the subject was currently undergoing treatment with insulin or oral hypoglycemic agents, or the
fasting blood glucose level was >126 mg/dl, or the subject has a past history of diabetes mellitus. Hyperlipidemia
was defined as the presence of a history of hyperlipidemia, or the total cholesterol level >220 mg/dl/,
triglyceride >150 mg/dl, or the consumption of medication. Atrial fibrillation (AF) was diagnosed using electro-
cardiography. All participants had a standard unfiltered 12-lead ECG. ECG criteria used for the detection of AF
included 1) the absence of P waves; 2) the presence of coarse fibrillatory waves; and 3) the presence of irregular
QRS complex. Meeting all the above mentioned 3 criteria, the participants would be diagnosed AF by ECG. Body
mass index (BMI) was calculated as body weight (kg) divided by the square of height (m?) and was categorized
according to the classification system established by the National Institutes of Health (<25, 25 to 30, and >30).
Blood samples were collected at the antecubital vein in the morning after an overnight fasting. For all participants,
hs-CRP levels were assessed.

Quality control (QC). Within a few weeks of the initial baseline survey in a particular community, QC
survey was done, involving around 1% of the participants randomly selected from that community with repeat
questionnaires and measures on selected items. During the course of the survey, regular central monitoring was
also undertaken to assess the distribution of certain key variables, the time delay with blood processing and the
consistency of data collected, both overall and by individual staff. On-site monitoring visits were also undertaken
every 6 months by staff from Kailuan general hospital.

Statistical analyses. Statistics were performed with the SAS software, version 9.3 (SAS Institute Inc., Cary,
NC, USA). We described continuous variables by their median (interquartile range) and categorical variables
were described as percentages. We used the Student’s t-test for non-paired samples for the comparison of nor-
mally distributed parameters and the Wilcoxon test for the comparison of non-parametric variables. The Chi
squared test was applied for the comparison of categorical variables. The trend of the prevalence of asymptomatic
CAS with increasing Hcy level was tested by the Chi-square trend test. Multivariate logistic regression analyses
were to calculate odds ratios (OR) and 95% confidence intervals (CI) for the associations of Hcy level with asymp-
tomatic CAS. Model 1 adjusted for age and gender; Model 2 adjusted for age, gender, BMI, hypertension, diabetes,
hyperlipidemia, antihypertensive drugs, lipid-lowering drugs, antidiabetic drugs, current smoking and hs-CRP.
Finally, for each model, a trend test was performed after the Hcy level was entered into the model and treated as
a continuous variable. Additionally, diabetes and other potential indicators were also evaluated to assess if there
was any significant interaction between these variables and the relationship between Hcy levels and asymptomatic
CAS presence. Two-sided P-values were reported for all analyses. A P-value < 0.05 was considered to be statisti-
cally significant.

Ethical approval. The study was approved by both the Ethics Committee of the Kailuan General Hospital
and Beijing Tiantan Hospital, in compliance with the Declaration of Helsinki. Written informed consent was
obtained from all participants. All the experiments described were performed in accordance with the approved
guidelines.

SCIENTIFICREPORTS | 6:37361 | DOI: 10.1038/srep37361 5



www.nature.com/scientificreports/

References

1.

2.

3.

w

=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

27.
28.

29.

30.
31.

32

33.

34.

35.

36.

37.

38.

39.

Feigin, V. L. et al. Global and regional burden of stroke during 1990-2010: findings from the Global Burden of Disease Study 2010.
The Lancet 383, 245-255 (2014).

Kakkos, S. K. et al. Predictors and clinical significance of progression or regression of asymptomatic carotid stenosis. J. Vasc. Surg.
59, 956-967.€951 (2014).

Towfighi, A., Markovic, D. & Ovbiagele, B. Pronounced association of elevated serum homocysteine with stroke in subgroups of
individuals: a nationwide study. Journal of the Neurological Sciences 298, 153157 (2010).

Zhong, C. et al. High homocysteine and blood pressure related to poor outcome of acute ischemia stroke in Chinese population.
PLoS ONE 9, e107498 (2014).

. Shi, Z. et al. Elevated Total Homocysteine Levels in Acute Ischemic Stroke Are Associated With Long-Term Mortality. Stroke; a

journal of cerebral circulation 46, 2419-2425 (2015).

Santilli, E, Davi, G. & Patrono, C. Homocysteine, methylenetetrahydrofolate reductase, folate status and atherothrombosis: A
mechanistic and clinical perspective. Vascul. Pharmacol. 78, 1-9 (2016).

Faraci, E. M. & Lentz, S. R. Hyperhomocysteinemia, oxidative stress, and cerebral vascular dysfunction. Stroke; a journal of cerebral
circulation 35, 345-347 (2004).

. Stanger, O. & Weger, M. Interactions of homocysteine, nitric oxide, folate and radicals in the progressively damaged endothelium.

Clin. Chem. Lab. Med. 41, 1444-1454 (2003).

Toole, J. E. et al. Lowering homocysteine in patients with ischemic stroke to prevent recurrent stroke, myocardial infarction, and
death: the Vitamin Intervention for Stroke Prevention (VISP) randomized controlled trial. JAMA 291, 565-575 (2004).

Assadian, A. et al. Homocysteine and early re-stenosis after carotid eversion endarterectomy. European Journal of Vascular &
Endovascular Surgery 33, 144-148 (2007).

Selhub, J. et al. Association between plasma homocysteine concentrations and extracranial carotid-artery stenosis. N. Engl. ]. Med.
332, 286-291 (1995).

Alsulaimani, S. et al. Elevated homocysteine and carotid plaque area and densitometry in the Northern Manhattan Study. Stroke; a
journal of cerebral circulation 44, 457-461 (2013).

Veeranna, V. et al. Homocysteine and reclassification of cardiovascular disease risk. Journal of the American College of Cardiology 58,
1025-1033 (2011).

Han, L. et al. Homocysteine, Ischemic Stroke, and Coronary Heart Disease in Hypertensive Patients: A Population-Based,
Prospective Cohort Study. Stroke; a journal of cerebral circulation 46, 1777-1786 (2015).

Tu, W.-]., Zhao, S.-]., Liu, T.-G., Yang, D.-G. & Chen, H. Combination of high-sensitivity C-reactive protein and homocysteine
predicts the short-term outcomes of Chinese patients with acute ischemic stroke. Neurol. Res. 35, 912-921 (2013).

Wu, X.-Q. et al. Acute phase homocysteine related to severity and outcome of atherothrombotic stroke. European Journal of Internal
Medicine 24, 362-367 (2013).

Catena, C., Colussi, G., Url-Michitsch, M., Nait, E & Sechi, L. A. Subclinical carotid artery disease and plasma homocysteine levels
in patients with hypertension. Journal of the American Society of Hypertension: JASH 9, 167-175 (2015).

Kim, S. J. et al. Biomarkers of Asymptomatic Carotid Stenosis in Patients Undergoing Coronary Artery Bypass Grafting. Stroke; a
journal of cerebral circulation 42, 734-739 (2011).

Bae, H.-J. et al. Correlation of coronary and cerebral atherosclerosis: difference between extracranial and intracranial arteries.
Cerebrovascular Diseases 21, 112-119 (2006).

Yang, X. et al. Homocysteine and carotid plaque stability: a cross-sectional study in Chinese adults. PLoS ONE 9, €94935 (2014).
Lee, M., Hong, K. S., Chang, S. C. & Saver, J. L. Efficacy of homocysteine-lowering therapy with folic Acid in stroke prevention: a
meta-analysis. Stroke; a journal of cerebral circulation 41, 1205-1212 (2010).

Smulders, Y. M. & Blom, H. J. The homocysteine controversy. Journal of inherited metabolic disease 34, 93-99 (2011).

Huang, E.-J. et al. Homocysteine and other biochemical parameters in Type 2 diabetes mellitus with different diabetic duration or
diabetic retinopathy. Clinica Chimica Acta 366, 293-298 (2006).

Masuda, Y. et al. Factors associated with serum total homocysteine level in type 2 diabetes. Environ Health Prev Med 13, 148-155
(2008).

Mahalle, N., Kulkarni, M. V., Garg, M. K. & Naik, S. S. Vitamin B12 deficiency and hyperhomocysteinemia as correlates of
cardiovascular risk factors in Indian subjects with coronary artery disease. ] Cardiol 61, 289-294 (2013).

Ferretti, G. et al. Homocysteinylation of low-density lipoproteins (LDL) from subjects with Type 1 diabetes: effect on oxidative
damage of human endothelial cells. Diabet. Med. 23, 808-813 (2006).

Cho, H. C. The Relationship among Homocysteine, Bilirubin, and Diabetic Retinopathy. Diabetes Metab ] 35, 595-601 (2011).

Xu, C. et al. Relationship between homocysteine level and diabetic retinopathy: a systematic review and meta-analysis. Diagnostic
Pathology 2014 9:19, 1-9 (2014).

Wang, T. et al. Diagnostic value of the combined measurement of serum hcy, serum cys C, and urinary microalbumin in type 2
diabetes mellitus with early complicating diabetic nephropathy. ISRN Endocrinol 2013, 407452 (2013).

Audelin, M. C. & Genest, J. Homocysteine and cardiovascular disease in diabetes mellitus. Atherosclerosis 159, 497-511 (2001).
Fonseca, V. A., Fink, L. M. & Kern, P. A. Insulin sensitivity and plasma homocysteine concentrations in non-diabetic obese and
normal weight subjects. Atherosclerosis 167, 105-109 (2003).

Pinheiro Volp, A. C., Santos Silva, E. C. & Bressan, J. Hepatic inflammatory biomarkers and its link with obesity and chronic diseases.
Nutr Hosp 31, 1947-1956 (2015).

An, X. et al. Insulin resistance predicts progression of de novo atherosclerotic plaques in patients with coronary heart disease: a one-
year follow-up study. Cardiovasc Diabetol 11, 71 (2012).

Karrowni, W. et al. Insulin resistance is associated with significant clinical atherosclerosis in nondiabetic patients with acute
myocardial infarction. Arteriosclerosis, Thrombosis, and Vascular Biology 33, 2245-2251 (2013).

Navarro, J. E. & Mora, C. Diabetes, inflammation, proinflammatory cytokines, and diabetic nephropathy. Scientific WorldJournal 6,
908-917 (2006).

Hajjar, D. P. & Gotto, A. M. Biological relevance of inflammation and oxidative stress in the pathogenesis of arterial diseases. Am.
J. Pathol. 182, 1474-1481 (2013).

Wu, S. et al. Prevalence of ideal cardiovascular health and its relationship with the 4-year cardiovascular events in a northern
Chinese industrial city. Circ Cardiovasc Qual Outcomes 5, 487-493 (2012).

Zhou, Y. et al. Asymptomatic Polyvascular Abnormalities in Community (APAC) Study in China: Objectives, Design and Baseline
Characteristics. PLoS ONE 8, e84685 (2013).

Grant, E. G. et al. Carotid artery stenosis: gray-scale and Doppler US diagnosis--Society of Radiologists in Ultrasound Consensus
Conference. Radiology 229, 340-346 (2003).

Acknowledgements

The authors would like to thank the staff and participants of the APAC study for their important contributions.
This work is supported by the Beijing Medical High Level Academic Leader (2014-2-010, 2015-2017, Xingquan
Zhao), Beijing Municipal Administration of HospitalsAscent Plan (Code: DFL20150501).

SCIENTIFICREPORTS | 6:37361 | DOI: 10.1038/srep37361 6



www.nature.com/scientificreports/

Author Contributions

X.Z. and S.C. planned and designed the study. ].W., W.J.W,, X.Y. and Y.Z. contributed to the acquisition of data.
A.W. analyzed the data. ].J. and A.W. were primarily responsible for writing the paper. All authors read and
approved the final manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Jia, ]. et al. Homocysteine and Its Relationship to Asymptomatic Carotid Stenosis in a
Chinese Community Population. Sci. Rep. 6, 37361; doi: 10.1038/srep37361 (2016).

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

M o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFICREPORTS | 6:37361 | DOI: 10.1038/srep37361 7


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

	Homocysteine and Its Relationship to Asymptomatic Carotid Stenosis in a Chinese Community Population

	Results

	Baseline characteristics. 
	The correlations between the levels of serum homocysteine and asymptomatic carotid stenosis. 

	Discussion

	Methods

	Study population. 
	Assessment of homocysteine(Hcy). 
	Assessment of carotid stenosis(CAS). 
	Assessment of demographic variables and cardiovascular risk factors. 
	Quality control (QC). 
	Statistical analyses. 
	Ethical approval. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Prevalence of asymptomatic carotid stenosis(CAS) stratified by quartile of homocysteine.
	﻿Table 1﻿﻿. ﻿  Baseline demographic characteristics and cardiovascular risk factors between groups with/without asymptomatic carotid stenosis.
	﻿Table 2﻿﻿. ﻿  Multivariate-adjusted OR and 95% CI for asymptomatic carotid stenosis.
	﻿Table 3﻿﻿. ﻿  Multivariate-adjusted OR and 95%CI for asymptomatic carotid stenosis according to quartile of homocysteine, stratified by age, gender and selected risk factors.



 
    
       
          application/pdf
          
             
                Homocysteine and Its Relationship to Asymptomatic Carotid Stenosis in a Chinese Community Population
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37361
            
         
          
             
                Jiaokun Jia
                Anxin Wang
                Jing Wang
                Jianwei Wu
                Xiujuan Yan
                Yong Zhou
                Shengyun Chen
                Xingquan Zhao
            
         
          doi:10.1038/srep37361
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep37361
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep37361
            
         
      
       
          
          
          
             
                doi:10.1038/srep37361
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37361
            
         
          
          
      
       
       
          True
      
   




