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Abstract

Background and Purpose: This study aimed to explore the possible association of plasma total homocysteine with carotid
plaque stability.

Methods: A cross-sectional study was conducted from 2010 to 2011. A stratified random sample of 2,919 Chinese
participants aged 40 years or older was enrolled. Plasma total homocysteine levels were measured and carotid plaques were
evaluated by ultrasonography. Logistic regression model was used to analyze the association of homocysteine levels to the
progression of carotid plaque development, while adjusting for demographics and vascular risk factors.

Results: The mean level of plasma homocysteine in the subjects was 14.9 umol/I. Along with increase in homocysteine level,
the risk of advanced carotid plaque elevated (odds ratio = 1.28; 95% confidence interval = 1.09-1.51) after adjusting for age,
sex, and other potential confounders. Stratified by sex, higher homocysteine level was strongly associated with advanced
carotid plaque in men (OR=1.41; 95% confidence interval =1.17-1.70), but not in women.

Conclusion: The findings suggest that plasma level of homocysteine may be associated with advanced carotid plaque,
which constitutes high risks of stroke, in male Chinese adults.
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between homocysteine and vulnerable carotid plaque has not been
investigated. Since unstable carotid plaque is a significant
subclinical marker of stroke risk [14,15], the main purpose of
the present study, a cross-sectional study conducted in a
community-based population in Northern China, is to analyze
the relationship between the complexity of carotid plaque and the
total plasma homocysteine level.

Introduction

Stroke is the second leading cause of preventable mortalities and
one of the leading causes of long-term disability [1]. In China,
stroke and ischemic heart disease were the leading causes of
DALYs (disability-adjusted life-year) in 2010 [2]. The medical
management of ischemic stroke becomes a heavy burden to the
modern health care system worldwide [3]. Ischemic stroke is
usually caused by acute thrombosis, which is triggered by unstable
atherosclerotic plaque instead of gradually progressive luminal
narrowing [4,5]. Previous studies already have found that
homocysteine is significantly associated with ischemic stroke [6—

Methods
Study Design and Population

This study was a community-based cross-sectional study in

12]. In 2013, the result of Northern Manhattan study (NOMAS)
presented that elevated homocysteine is independently associated
with plaque morphology and increased plaque area [13].
Accumulating studies mainly focus on relationships between
homocysteine and vascular diseases, especially cardiovascular
diseases in Caucasian population. So far, however, the relationship
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Chinese adults derived from a reference population of the Kailuan
Cohort Study. The subjects in the Kailuan cohort study were
enrolled from a population of 101,510 employees (81,110 males
and 20,400 females) of Kailuan (Group) Co. Ltd, a large coal mine
industry in Hebei Province, China. Standard protocols were
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described previously [16,17]. From June 2010 to June 2011, using
stratified random sampling method by age and sex, 7,000 subjects
aged =40 years were randomly selected. Among them, 5,852
signed informed consents and 5,816 individuals completed
baseline data collection. Among these 5,816 participants, 401
subjects failed to meet the following inclusion criteria and
therefore were excluded from this study: (1) No history of stroke,
transient ischemic attack at baseline by a validated questionnaire,
(2) Absence of neurologic deficits for stroke which was estimated
by experienced doctors, (3) Fasting total plasma homocysteine has
been examined. Among the 5,415 participants enrolled in the
study, 2,919 were selected for carotid plaque assessed by
ultrasonographic examination. The study was approved by the
Ethics Committees of the Kailuan General Hospital and Beijing
Tiantan Hospital. All participants signed informed consent.

Assessment of Homocysteine

Blood samples were drawn by trained phlebotomists from the
subjects after overnight fasting. The venous blood samples in tubes
containing trisodium ethylenediaminetetraacetic acid were imme-
diately 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. Fasting plasma glucose was measured using the hexoki-
nase/glucose-6-phosphate dehydrogenase method. Total choles-
terol and triglyceride were measured enzymatically according to
the manufacturer’s instruction (interassay coefficient of variation
<10%; Mind Bioengineering Co. Ltd., Shanghai, China). All
biochemical variables were measured using an autoanalyzer
(Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory of
the Kailuan General Hospital. Hyperhomocysteinemia was
defined as plasma total homocysteine levels no less than

15 pumol/1 [18].

Assessment of Carotid Plaque

Carotid plaques were evaluated to assess the complexity and
advancement by trained and certified sonographers with ultra-
sounds (Philips iU-22 ultrasound system, Philips Medical Systems,
Bothell, WA). Bilateral carotid arteries including common carotid
arteries, carotid bifurcation, internal carotid artery, external
carotid artery, were all examined with the patient in a supine
position, head turning to the contralateral side. Both sides of
carotid arteries were extensively evaluated. Carotid plaque was
defined as a focal structure encroaching into the arterial lumen of
at least 0.5 mm or 50% of the surrounding IMT value, or
demonstrated as a thickness of 1.5 mm from the intima-lumen
interface to the media adventitia interface. The carotid ultrasound
examination results were then reviewed by two independent
operators. Discrepancies between their evaluations were resolved
by consensus. In this study, advanced or complicated carotid
plaques were defined based on: (1) plaques with incomplete fibrous
cap or ulcerated plaques, according to the plaque morphology,
and (2) plaques with low-level or heterogeneous echoes, according
to the plaque echodensity. Representative ultrasound images for
different types of plaques were provided (Figure 1).

Assessment of Demographic Variables and
Cardiovascular Risk Factors

Information on demographic variables (e.g. age, sex and
previous history of diseases) was collected via a questionnaire
study. The participants were classified into two groups based on
their ages: 40-59 years old group and those aged =60 years. The
information of disease history mainly included hypertension,
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diabetes mellitus and hyperlipidemia. Questionnaires were also
used to collect information on smoking history, which was
classified as “yes”, or “no” according to self-reported information.
Body weights (accurate to 0.1 kg) and heights (accurate to 0.1 cm)
were measured, and the body mass indexes (BMI) were calculated.
Hypertension was defined as presence of a history of hypertension,
or using antihypertensive medication, or a SBP=140 mmHg, or a
DBP=90 mmHg. Diabetes mellitus was defined as a self-reported
history, currently treated with insulin or oral hypoglycemic agents,
or fasting blood glucose level =7.0 mmol/L (126 mg/dl). Hyper-
lipidemia was defined as a self-reported history, current use of
cholesterol lowering medicine, or total cholesterol level =
5.7 mmol/L (220 mg/dl) or triglyceride =1.7 mmol/L
(150 mg/dl). All the blood tests were done at the central
laboratory of the Kailuan hospital.

Statistical Analyses

Continuous variables were described by mean * standard
deviation (SD) and compared by ANOVA analysis. Categorical
variables were described as percentages and compared using Chi
Square tests. Logistic regression was used to evaluate the
relationship between level of plasma total homocysteine and
carotid plaque stability by calculating the crude odds ratio (OR)
and adjusted OR, with 95% confidence interval (CI).

The well-known and possible risk factors of stroke such as age,
sex, BMI, current smoking, alcohol use, hypertension, diabetes
mellitus and hyperlipidemia, were adjusted in the statistical
analysis. All statistical tests were 2-sided, and a significant level
was set as P<0.05. SAS (version 9.1, SAS Institute, Cary, North
Carolina, USA) software was used to perform data analyses.

Results

Characteristics and Risk Factors Associated with Carotid
Plaque Stability

Table 1 shows the distribution of baseline cohort characteristics
amongst those individuals with stable or advanced carotid plaque.
Among the 2,919 participants, the mean concentration of
homocysteine in elderly subjects (=60 years old) was
19.3%9.8 pmol/l, while 15.6%9.7 pmol/l in the middle-aged
subjects (40-59 years old). The level of plasma total homocysteine
was higher in men than that in women (19.2+10.4 pmol/l versus
12.6+6.6 pmol/I1 respectively, P<<0.01). By definition [18], 48.8%
of the total subjects had hyperhomocysteinemia (41.3% in male
and 7.5% in female). Advanced carotid plaque was detected in
1,517 (52%) participants. Among them, 76.1% were male. No
significant association was observed between carotid plaque and
BMI, alcohol use and hyperlipidemia.

Association between Total Homocysteine Levels and
Carotid Plaque Stability

As shown in Table 2, an association of increased levels of total
homocysteine with carotid plaque vulnerability in a mild dose-
response manner was identified. In all 3 multivariable-adjusted
models, higher levels of homocysteine were significantly associated
with the advancement of carotid plaque. The crude ORs for
advanced carotid plaque prevalence increased along with elevation
of homocysteine level. After adjusting for age, sex, smoking,
hypertension and diabetes mellitus, the association remained
evident. However, in this study, hyperhomocysteinemia was not
found to be significantly associated with the development of
advanced carotid plaque in the female participants.
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Figure 1. Representative ultrasound images for different types of advanced carotid plaques in study participants. A represents
ulcerated plaque; B represents plaque with low-level echo; C represents plaque with heterogeneous echo.
doi:10.1371/journal.pone.0094935.9001
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Table 1. Basic characteristics of participants according to the carotid plaque stability.

Carotid Plaque Stability

Overall participants characteristics (N=2919) P-value
Stable (N=1402) Advanced (N=1517)
Mean age * SD (years) 60.1+x12.4 56.5+11.2 63.4£125 <0.01
Men,% 714 66.2 76.1 <0.01
Mean BMI + SD (kg/m?) 24.9+3.2 249+3.2 249+*33 0.85
Current Smoker, % 44.5 42.6 46.3 0.05
Heavy drinker, % 14.9 14.7 15.1 0.76
Hypertension, % 59.3 54.9 63.3 <0.01
Diabetes mellitus, % 16.3 14.8 17.7 0.03
Hyperlipidemia, % 54.2 52.6 55.7 0.09
Mean Homocysteine = SD (umol/l) 17.3+9.9 16.3+9.6 18.3+10.1 <0.01

SD, standard deviation; BMI, body mass index;
doi:10.1371/journal.pone.0094935.t001

Discussion

To our knowledge, this is the first observational cohort study to
explore the potential relationship between plasma homocysteine
levels and development of carotid plaques in a Chinese adult
population. Our data identified a significant association between
hyperhomocysteinemia and the development of advanced carotid
plaques in this population with an OR of 1.28 (95% CI: 1.09-1.51)
after adjusting for age, sex, and other vascular diseases related

confounders. Our data also indicated that hyperhomocysteinemia
could increase the risk of developing advanced carotid artery
plaques by 28% in the population aged above 40.

In healthy population, the physiological range of plasma total
homocysteine concentration is 5-15 pmol/L, and hyperhomocys-
teinemia (=15 umol/L) is considered to be pathological [18].
Previous cohort studies such as the Northern Manhattan cohort
study, the Framingham Study and the British Regional Heart
Study all showed that elevated homocysteine increases the risk of
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Table 2. ORs and 95%Cls for advanced carotid plaque according to homocysteine levels.
Homocysteine P-value continuous
<15 umol/l =15 umol/l
Crude Model OR(95%Cl) Ref 1.62(1.40-1.87) <0.01 1.02(1.01-1.03)
Model 10R(95% Cl)’ Ref 1.28(1.09-1.51) <0.01 1.01(1.00-1.02)
Model 20R(95% Cl)? Ref 1.28(1.09-1.51) 0.05 1.01(1.00-1.02)
Sex
Female
Model 10R(95% CI)® Ref 1.06(0.75-1.49) 0.73 1.01(0.98-1.03)
Model 20R(95% CI)* Ref 1.05(0.75-1.49) 0.77 1.00(0.98-1.03)
Male
Model 10R(95% Cl)® Ref 1.40(1.17-1.69) <0.01 1.01(1.00-1.02)
Model 20R(95% Cl)* Ref 1.41(1.17-1.70) <0.01 1.01(1.00-1.02)
Age
40-59 y
Model 10R(95% ClI)® Ref 1.37(1.10-1.72) <0.01 1.01(1.00-1.02)
Model 20R(95% CI)° Ref 1.35(1.08-1.70) <0.01 1.01(1.00-1.02)
=60y
Model 10R(95% Cl) Ref 1.26(0.99-1.60) 0.06 1.01(0.99-1.02)
Model 20R(95% Cl)° Ref 1.28(1.01-1.62) 0.04 1.01(0.99-1.02)
OR, odds ratio; Cl, confidence interval;
"Adjusted for age (year) and sex.
2Adjusted for age (year), sex, hypertension, diabetes mellitus, current smoker.
3Adjusted for age (year).
“Adjusted for age (year), hypertension, diabetes mellitus, current smoker.
SAdjusted for sex.
SAdjusted for sex, hypertension, diabetes mellitus, current smoker.
doi:10.1371/journal.pone.0094935.t002
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stroke [8,11,19]. Our results also suggest that carotid plaque
development is associated with level of homocysteine, which may
be indicative of the increased risk of stroke. In other words,
formation of plaques in carotid artery walls can be an important
risk factor for ischemic strokes [20]. It is widely accepted that
about 60% vascular events are caused by rupture of vulnerable
plaques that contain a large, thrombogenic core of lipid and
necrotic debris [20].

Homocysteine is an amio acid in the plasma and plays an active
role in oxide metabolism. It can also cause atherogenesis by
impairing the inner vascular wall through different mechanisms,
including damaging endothelial cells, enhancing platelet aggrega-
tion, reducing nitric oxide availability, promoting vascular smooth
muscle cell proliferation, disturbing collagen synthesis, inducing
chronic inflammation, or disrupting cholesterol and triglyceride
biosynthesis [21-28]. Consequently, impairment of vascular wall
may lead to breakdown of the integrity of the normal metabolism
cycle, which could possibly change the plasma homocysteine
concentration. Our results suggest that hyperhomocysteinemia can
represent a sensitive predictor for carotid plaque development,
particularly for the development of the advanced, unstable plaques
in males. Future laboratory research is warranted to identify the
biological involvement of homocysteine in plaque development
and vascular injuries.

Nearly 50% participants in this study with carotid plaques had
higher plasma homocysteine levels. Among those subjects with
asymptomatic carotid plaques, their plasma homocysteine levels
with vulnerable carotid plaques were much higher than in those
with stable carotid plaques. Similarly, the NOMAS showed that
elevated levels of homocysteine are independently associated with
both echolucent, low-density plaques with low content of
calcification and echodense and high-density plaques with high
content of calcification [29]. Previous studies have shown that age
and sex are the major determinants of concentration of plasma
total homocysteine [30,31]. Our study reported similar findings.
We also found that the females had lower level of homocysteine as
comparing to males. This could be due to the higher transmeth-
ylation rate in women [32]. Higher cigarettes consumption in men
might be another contributing factor for the difference between
male and female participants, which is consistent the findings from
a study in Japan [30]. However, we could not exclude the fact that
fewer female participants were enrolled than male participants in
this study, and consequently the statistic power of the result found
in females was weaker than in males. Thus, the analyses were
further stratified by gender and age, respectively. Hyperhomocys-
teinemia in the male subjects were strongly related to risk of
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advanced carotid artery plaques, a phenomena that was not
observed in the female subjects. In regard to risk of age, both
middle-aged and elderly subjects with hyperhomocysteinemia
demonstrated susceptibility to development of carotid plaque, and
the ORs in subjects aged between 40-59 year old was slightly
higher than the elderly subjects. Mechanisms need to be further
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Higher levels of homocysteine may be an independent risk
factor of unstable carotid plaques. It is therefore speculated that
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1s influenced by nutritional status and genetic factors, difference in
homocysteine levels between subjects in our study and other
reports with Caucasians may be related to the different dietary
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In addition to the discoveries we have made in this study, the
work had a few limitations. This is a cross-sectional study, which
limits our ability to interpret the elevation of homocysteine level as
a consequence or a causative factor of the development of carotid
plaque. Also, we did not measure the plasma concentrations of
serum folate and vitamin B9, which might affect the homocysteine
level and potentially cause the bias. Further cohort studies are
needed to further investigate these questions.

Conclusion

In conclusion, the findings in this study show that higher level of
total plasma homocysteine may be an independent risk factor for
carotid plaque development in male Chinese adults. More
epidemiological and experimental investigations are needed to
explore whether increased homocysteine level plays a causative
role in the advancement of advanced carotid plaque.

Author Contributions

Conceived and designed the experiments: XY YZ XQZ W. Liang.
Performed the experiments: XY YZ. Analyzed the data: XY CL XG AXW
YMG. Contributed reagents/materials/analysis tools: XG AXW YMG W.
Li. Wrote the paper: XY YZ CL.

9. Giles WH, Macko RF, Amytis T, Danicla M, Bruce O (1999) Homocyst(e)ine
and Risk of Cerebral Infarction in a Biracial Population: The Stroke Prevention
in Young Women Study. Stroke 30: 1554-1560.

10. Bosts ML, Launer L], Lindemans J, Hoes AW, Hofman A, et al.(1999)Homo-
JHomocysteine and Short-term Risk of Myocardial Infarction and Stroke in the
Elderly: The Rotterdam Study. Arch Intern Med 159: 38-44.

11. Bostom AG, Rosenberg IH, Slibershatz H, Jacques PF, Selhub J, et al. (1999)
Nonfasting Plasma Total Homocysteine Levels and Stroke Incidence in Elderly
Persons: The Framingham Study. Ann Intern Med 131: 352-355.

12. Towfighi A, Markovic D, Ovbiagele B (2010) Pronounced association of
clevated serum homocysteine with stroke in subgroups of individuals: A
nationwide study. Neurological 298: 153-157.

13. Alsulaimani S, Gardener H, Elkind MS, Cheung K, Sacco R, et al. (2013)
Elevated Homocysteine and Carotid Plaque Area and Densitometry in the
Northern Manhattan Study. Stroke 44: 457-461.

14. Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, et al. (2003) From
Vulnerable Plaque to Vulnerable Patient A Call for New Definitions and Risk
Assessment Strategies. Circulation 108: 1664-1672.

15. Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ (2005) Atherothrombosis
and high-risk plaque: part I: evolving concepts. J Am Coll Cardiol 46: 937-54.

April 2014 | Volume 9 | Issue 4 | 94935



20.

21.

23.

24.

. Wang AX, Wu JW, Zhou Y, Guo XH, Luo YX et al. (2013) Measures of

Adiposity and Risk of Stroke in China: A Result from the Kailuan Study. PLOS
One 17; 8: ¢61665. doi: 10.1371/journal.pone.0061665.

. Wang CH, Gao X, Zhou Y, Zhou H, Wang AN et al. (2013) Cardiovascular

Health Metrics on the Prevalence of Asymptomatic Intracranial Artery Stenosis:
A Cross-Sectional Study. PLoS Omne 8: ¢58923. doi: 10.1371/journal.-
pone.0058923.

. Ueland PM, Refsum H, Stabler SP, Malinow MR, Andersson A, Allen RH

(1993) Total homocysteine in plasma or serum: methods and clinical
applications. Clin Chem 39: 1764-79.

. Perry IJ, Refsum H, Morris RW, Ebrahim SB, Ueland PM, Shaper AG (1995)

Prospective study of serum total homocysteine concentration and risk of stroke in
middle-aged British men. Lancet 346: 1395-8.

Pelisek J, Eckstein HH, Zernecke A (2012) Pathophysiological mechanisms of
carotid plaque vulnerability: impact on ischemic stroke. Arch Immunol Ther
Exp (Warsz) 60: 431-42.

Coppola A, Davi G, De Stefano V, Mancini FP, Cerbone AM, et al. (2000)
Homocysteine, coagulation, platelet function, and thrombosis. Semin Thromb
Hemost 26: 243-54.

. Lentz SR (2005) Mechanisms of homocysteine-induced atherothrombosis.

J Thromb Haemost 3: 1646-54.

Werstuck GH, Lentz SR, Dayal S, Hossain GS, Sood SK, et al. (2001)
Homocysteine-induced endoplasmic reticulum stress causes dysregulation of the
cholesterol and triglyceride biosynthetic pathways. J Clin Invest 107: 1263-73.
Hofmann MA, Lalla E, Lu Y, Gleason MR, Wolf BM, et al. (2001)
Hyperhomocysteinemia enhances vascular inflammation and accelerates
atherosclerosis in a murine model. J Clin Invest 107: 675-83.

. Tsai JC, Perrella MA, Yoshizumi M, Hsieh CM, Haber E, et al. (1994)

Promotion of vascular smooth muscle cell growth by homocysteine: a link to
atherosclerosis. Proc Natl Acad Sci U S A 91: 6369-73.

PLOS ONE | www.plosone.org

26.

30.

31.

32.

33.

34.

Homocysteine and Carotid Plaque Stability

Upchurch GR Jr, Welch GN, Fabian AJ, Freedman JE, Johnson JL, et al. (1997)
Homocyst(e)ine decreases bioavailable nitric oxide by a mechanism involving
glutathione peroxidase. J Biol Chem 272: 17012-7.

. Moat §J, Bonham JR, Cragg RA, Powers HJ (2000) Elevated plasma

homocysteine elicits an increase in antioxidant enzyme activity. Free Radic

Res 32: 171-9.

. Ferretti G, Bacchetti T, Moroni C, Vignini A, Nanetti L, et al. (2004) Effect of

homocysteilation of low density lipoproteins on lipid peroxidation of human
endothelial cells. J Cell Biochem 2: 351-60.

. Alsulaimani S, Gardener H, Elkind MS, Cheung K, Sacco RL, et al. (2013)

Elevated homocysteine and carotid plaque area and densitometry in the
Northern Manhattan Study. Stroke 44: 457-61.

Adachi H, Hirai Y, Fujiura Y, Matsuoka H, Satoh A, et al. (2002) Plasma
homocysteine levels and atherosclerosis in Japan: epidemiological study by use of
carotid ultrasonography. Stroke 33: 2177-81.

Kamdi SP, Palkar P (2013) Prevalence of hyperhomocysteinemia in healthy
Indian doctors. Bioinformation 9: 193-6.

Fukagawa NK, Martin JM, Wurthmann A, Prue AH, Ebenstein D, et al. (2000)
Sex-related differences in methionine metabolism and plasma homocysteine
concentrations. Am J Clin Nutr 72: 22-9.

VITATOPS Trial Study Group (2010) B vitamins in patients with recent
transient ischaemic attack or stroke in the VITAmins TO Prevent Stroke
(VITATOPS) trial: a randomised, double-blind, parallel, placebo-controlled
trial. Lancet Neurol 9: 855-65.

Pettigrew LC, Bang H, Chambless LE, Howard V], Toole JF (2008) Assessment
of pre- and post-methionine load homocysteine for prediction of recurrent stroke
and coronary artery disease in the Vitamin Intervention for Stroke Prevention
Trial. Atherosclerosis 200: 345-9.

April 2014 | Volume 9 | Issue 4 | 94935



