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INTRODUCTION 
 
Arterial stiffness is characterized by loss of elastin fibers 
and accumulation of stiffer collagen fibers in the media 
of large arteries, reflecting the result of arterial wall 
remodeling [1]. Generally, arterial stiffness progresses 
with aging and now considered as a hallmark of vascular 
aging [2, 3]. Patients with arterial stiffness are at high 
risk of cardiovascular disease and declined cognition [4, 
5]. Arterial stiffness may be assessed by different 
methods, of which the measurement of carotid-femoral 
pulse wave velocity (cfPWV) is proved to be simple, 
validated, and reproducible. cfPWV is well recognized 
as a golden standard for assessing arterial stiffness [6]. 
Increased pulse wave velocity (PWV) has been shown to 
be associated with traditional cardiovascular risk factors,  

 

such as aging, hypertension, and diabetes. Furthermore, 
arterial stiffness progresses more rapidly with increasing 
numbers of traditional risk factors [7–9]. 
 
Currently, some risk factors not traditionally recognized 
have also been linked to arterial stiffness [10, 11]. 
Homocysteine, a sulfur-containing amino acid and an 
intermediate product of methionine metabolism, is a 
nontraditional risk factor for cardiovascular disease. 
Deficiency of metabolic enzymes and co-factors of 
homocysteine, such as folic acid and vitamin B, may 
lead to increased homocysteine levels in humans and 
mice [12, 13]. In the last decades, the relationship 
between homocysteine levels and arterial stiffness has 
been repeatedly investigated; however, the results are 
controversial [14, 15]. This inconsistency may be due to 
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ABSTRACT 
 
This study aimed to investigate whether plasma homocysteine levels were associated with carotid-femoral pulse 
wave velocity (cfPWV), a golden standard of arterial stiffness, in a population from southern China. A cross-
sectional study was conducted on 713 patients admitted to the First Affiliated Hospital of Fujian Medical 
University from February 2016 to August 2017. They were divided into four groups based on gender-specific 
quartile of homocysteine levels. Age, cfPWV, uric acid levels, and percentage of hypertension increased with 
ascending quartiles. The duration of hypertension and systolic blood pressure were higher in the highest quartile 
than in the lowest quartile. Pearson’s correlation analysis and multivariate regression showed a correlation of 
homocysteine levels with cfPWV. A nearly twofold increased risk of cfPWV ≥10 m/s was observed in the highest 
quartile compared with the lowest quartile (in the highest quartile: odds ratio = 2.917, 95% confidence interval: 
1.635–5.202, P < 0.001). After stratification, this correlation was present in both sexes, in patients aged over 65 
years, and those with hypertension. The plasma homocysteine levels were independently associated with cfPWV 
in the population from southern China, especially in the elderly and those with hypertension. 
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the differences in studied populations and methods used 
for assessing arterial stiffness. A positive association of 
homocysteine with PWV has been reported in a 
population from Beijing in the northern part of China 
[16]. However, the existence of this relationship in the 
general population of China has not been verified. 
 
This study aimed to investigate the relationship between 
plasma homocysteine levels and cfPWV in a population 
from southern China. 
 
RESULTS 
 
The clinical characteristics of all 713 patients based on 
the gender-specific quartile of homocysteine levels are 
shown in Table 1. The mean age of patients was 59 ± 12 
years, 438 (61.4%) were male, and 275 (38.6%) were 
female. The plasma homocysteine level ranged from 0.5 
to 50 μmol/L, and the median was 11.2 μmol/L in male 
patients and 8.70 μmol/L in female patients. From the 
lowest to the highest quartile of homocysteine levels, the 
median and range were as follows: for male patients, the 
lowest quartile was 8.33 (0.72–9.35) μmol/L, second 
quartile 10.23 (9.36–11.11) μmol/L, third quartile 12.08 
(11.12–13.72) μmol/L, and highest quartile 15.99 
(13.73–50.00) μmol/L; for female patients, the lowest 
quartile was 6.19 (0.50–7.34) μmol/L, second quartile 
8.00 (7.35–8.68) μmol/L, third quartile 9.61 (8.70–
11.12) μmol/L, and highest quartile 13.00 (11.13–34.71) 
μmol/L. Of all the patients, 489 (68.6%) were diagnosed 
with hypertension and 166 (23.3%) with diabetes. 
 
The patients in a higher quartile of homocysteine levels 
were older. Hypertension was frequently observed and 
uric acid levels increased in the higher quartile. The 
duration of hypertension [6 (5–13) vs 1 (0–10) years], 
systolic blood pressure [(138.0 ± 21.4) vs (129.9 ± 16.8) 
mm Hg] were higher in the highest quartile than in the 
lowest quartile (P < 0.016). With ascending quartiles of 
homocysteine levels, a trend of increasing cfPWV was 
observed (8.73 ± 1.61, 8.88 ± 1.49, 9.33 ± 1.69, and 
10.40 ± 4.82 m/s, P < 0.001). No significant between-
group differences were found in diastolic blood pressure, 
fasting plasma glucose, total cholesterol, triglyceride, 
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), estimated 
glomerular filtration rate (eGFR), percentage of diabetes, 
and use of medication. 
 
Percentages of cfPWV ≥10 m/s in different quartiles of 
homocysteine levels are demonstrated in Figure 1. 
cfPWV ≥10 m/s was more frequently present in the 
higher quartile. A striking increase in the percentage of 
cfPWV ≥10 m/s was found from the third quartile to the 
highest quartile (17.2%, 18.9%, 28.7%, and 49.1%, χtrend 
= 54.097, P < 0.001). 

When analyzed as a continuous variable, the log-
transformed homocysteine level correlated with cfPWV 
(r = 0.275, P < 0.001) (Table 2 and Figure 2), even after 
adjusting for age, systolic blood pressure, heart rate, Lg 
triglyceride, and uric acid level (β = 0.147, adjusted r = 
0.175, P = 0.001). Standardized regression equation: 
cfPWV = –3.638 + 0.429 × Age + 0.283 × Systolic 
blood pressure + 0.169 × Heart rate + 0.147 × Lg 
homocysteine + 0.124 × Lg triglyceride + 0.041 × Uric 
acid; adjusted R2 = 0.459 (Table 3). 
 
Increasing odds ratios (ORs) for cfPWV ≥10 m/s were 
displayed from the lowest quartile to the highest quartile 
of homocysteine levels. The graded association remained 
statistically significant after adjusting for demographic 
data, anthropometric data, laboratory indicators, and use 
of medication. A nearly twofold increased risk of cfPWV 
≥10 m/s was observed in the highest quartile compared 
with the lowest quartile (highest quartile: OR = 2.917, 
95% CI: 1.635–5.202, P < 0.001) (Table 4). 
 
Before further stratification, interaction analyses were 
performed. Age and presence of hypertension were 
found to significantly modify the association of the 
quartile of homocysteine levels with cfPWV ≥10 m/s. 
After gender stratification, a significant association 
between the quartile of homocysteine levels and cfPWV 
≥10 m/s was observed in both male and female patients. 
This association appeared to be more prominent in male 
patients. After age stratification, a significant association 
was present only in patients older than 65 years, but not 
those younger than 65 years. The elderly in the highest 
quartile of homocysteine levels had a 6.6-fold increased 
risk of cfPWV ≥10 m/s compared with those in the 
lowest quartile (highest quartile: OR = 7.605, 95% CI: 
2.684–21.550, P < 0.001). After stratification of 
hypertension, a significant association persisted in 
patients with hypertension. Patients in the highest 
quartile had an almost 2.3-fold increased risk of cfPWV 
≥10 m/s compared with those in the lowest quartile 
(highest quartile: OR = 3.266, 95% CI: 1.671–6.383, P = 
0.001). However, the association became weak in 
patients without hypertension (Figure 3). 
 
DISCUSSION 
 
In this study, the homocysteine levels were shown to be 
independently associated with cfPWV, the golden 
standard of arterial stiffness. Furthermore, this association 
was pronounced mainly in the elderly and patients with 
hypertension. 
 
cfPWV has been recognized as an independent predictor 
of cardiovascular morbidity and mortality [17]. In-
creasing evidence indicates that cfPWV may be used as a 
parameter for better individualized treatment [18, 19]. 
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Table 1. Comparison of clinical characteristics of patients in the quartile of homocysteine levels (n = 713). 

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 F/χ2 P 
Homocysteine (µmol/L) Male 8.33 (7.58–8.90) 10.23 (9.85–10.60)* 12.08 (11.59–12.77)* 15.99 (14.72–19.45)* 318.807 <0.001 
Female 6.19 (5.33–6.76) 8.00 (7.65–8.20)* 9.61 (9.22–10.18)* 13.00 (11.74–15.11)* 200.015 <0.001 
Age (year) 56.2 ± 10.3 56.7 ± 11.2 59.9 ± 10.7* 63.2 ± 14.2* 13.918 <0.001 
Current smoking [n (%)] 38 (21.5) 55 (30.9) 56 (31.3) 64 (35.8) 9.182 0.027 
Body mass index (kg/m2) 24.6 ± 2.8 24.3 ± 4.4 25.0 ± 3.1 25.5 ± 3.8 3.383 0.018 
Hypertension [n (%)] 99 (55.9) 122 (68.3)* 122 (68.9)* 146 (81.6)* 27.162 <0.001 
Duration of hypertension (year) 1.00 (0–10.00) 2.50 (0–10.00) 3.00 (0–8.00) 6.00 (5.00–13.00)* 9.765 <0.001 
Systolic blood pressure (mm Hg) 129.9 ± 16.8 132.9 ± 18.3 131.6 ± 19.1 138.0 ± 21.4* 5.963 0.001 
Diastolic blood pressure (mm Hg) 80.7 ± 11.4 80.2 ± 12.1 79.2 ± 12.5 79.0 ± 13.0 0.792 0.499 
Heart rate (bp) 73.0 ± 11.9 71.2 ± 11.0 72.1 ± 11.0 72.3 ± 12.2 0.722 0.539 
Diabetes [n (%)] 37 (20.9) 41 (23.0) 41 (22.9) 47 (26.3) 1.468 0.690 
Fasting plasma glucose (mmol/L) 5.83 ± 1.70 5.79 ± 1.56 5.64 ± 1.65 5.55 ± 1.27 1.214 0.304 
Total cholesterol (mmol/L) 4.66 ± 0.94 4.65 ± 1.05 4.75 ± 1.13 4.75 ± 1.13 0.414 0.743 
Triglyceride (mmol/L) 1.25 (0.87–1.77) 1.29 (0.91–1.85) 1.29 (0.93–1.74) 1.43 (1.06–1.83) 2.546 0.055 
HDL-C (mmol/L) 1.27 ± 0.33 1.25 ± 0.33 1.28 ± 0.40 1.21 ± 0.34 1.247 0.292 
LDL-C (mmol/L) 2.89 ± 0.92 2.82 ± 0.91 2.99 ± 1.06 2.98 ± 1.01 1.174 0.319 
eGFR (mL/min∙1.73 m2) 99.0 ± 40.6 103.3 ± 35.5 98.4 ± 36.3 107.4 ± 47.9 1.169 0.321 
Uric acid (µmol/L) 346.8 ± 91.7 360.9 ± 89.7 379.2 ± 92.2* 413.9 ± 113.7* 15.214 <0.001 
cfPWV (m/s) 8.73 ± 1.61 8.88 ± 1.49 9.33 ± 1.69* 10.4 ± 4.82* 12.363 <0.001 
Use of ACEI/ARB [n (%)] 107 (60.5) 111 (62.4) 102 (57.0) 128 (71.5) 1.313 0.236 
Use of aspirin [n (%)] 92 (52.0) 91 (51.1) 88 (49.2) 102 (57.6) 1.946 0.123 
Use of statin [n (%)] 122 (68.9) 109 (61.2) 98 (54.7) 126 (70.4) 1.264 0.285 

Data are expressed as mean ± standard or median (25th–75th). ACEI: Angiotensin-converting enzyme inhibitor; ARB: 
angiotensin receptor blocker; cfPWV, carotid-femoral pulse wave velocity; eGFR, estimated glomerular filtration rate; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. *P < 0.016 vs. quartile 1. 
 

Age, blood pressure, and blood pressure–related 
parameters are associated with PWV, as confirmed in a 
previous study [20, 21]. In addition, some nontraditional 
cardiovascular risk factors, such as uric acid levels, 
albuminuria, and homocysteine levels, have also been 
reported to contribute to increased PWV [11, 22]. 

In the last decades, homocysteine was found to be 
associated with PWV in western populations [14]. 
Recently, the association was also shown in a population 
from Beijing in the northern part of China [23]. 
However, PWV and homocysteine levels were known to 
vary with ethnicity and lifestyle [24–26]. Dietary profile

 

 
 

Figure 1. Percentage of increased carotid-femoral pulse wave velocity (cfPWV) in the quartile of homocysteine levels (n = 713). 
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Table 2. Pearson’s correlation analysis for carotid-
femoral pulse wave velocity (n = 713). 

Variables r P 
Sex (male = 0, female = 1) 0.016 0.678 
Age 0.322 <0.001 
Current smoking (N = 0, Y = 1) –0.010 0.798 
Body mass index 0.144 <0.001 
Duration of hypertension 0.271 <0.001 
Systolic blood pressure 0.274 <0.001 
Diastolic blood pressure 0.025 0.506 
Heart rate 0.038 0.332 
Fasting plasma glucose 0.064 0.101 
Total cholesterol –0.087 0.025 
Lg triglyceride 0.028 0.469 
HDL-C –0.084 0.031 
LDL-C –0.062 0.106 
eGFR 0.137 0.005 
Uric acid 0.068 0.078 
Lg homocysteine 0.275 <0.001 

eGFR: Estimated glomerular filtration rate; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol. 
 
and habit in southern Chinese are different from those in 
northern Chinese. Generally, the dietary folic acid level 
is higher in southern Chinese than in northern Chinese 
[27] Therefore, it may be speculated that homocysteine 
levels are lower in southern Chinese, as verified in the 
present study. The median of plasma homocysteine 
levels was 11.2 μmol/L in male patients and 8.70 μmol/L 
in female patients, which was lower than that in the 
population from Beijing [16]. However, for these lower 
levels of plasma homocysteine, the relationship between 
homocysteine levels and PWV remained unchanged. 
 

 
 

Figure 2. Correlation of Lg homocysteine with carotid-
femoral pulse wave velocity (cfPWV) in scatter diagram 
(n = 713). 

Table 3. Stepwise multivariate linear regression 
analysis for carotid-femoral pulse wave velocity. 

Variables B E β r P 
Age 0.061 0.007 0.429 0.487 <0.001 
Systolic blood 
pressure 0.029 0.006 0.283 0.351 <0.001 

Heart rate 0.024 0.007 0.169 0.186 <0.001 
Lg homocysteine 1.812 0.560 0.147 0.175 0.001 
Lg triglyceride 0.999 0.485 0.124 0.141 0.004 
Uric acid 0.001 0.002 0.041 0.044 0.024 

R2 = 0.465, adjusted R2 = 0.459. Candidate variables: age, 
gender, current smoking, body mass index, duration of 
hypertension, systolic blood pressure, diastolic blood 
pressure, heart rate, diabetes, fasting plasma glucose, 
total cholesterol, Lg triglyceride, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, estimate-
ed glomerular filtration rate, Lg homocysteine, uric acid, 
and use of medication. 
 

Increased homocysteine level, termed hyper-
homocysteinemia, is defined as plasma homo-cysteine 
levels greater than 15 μmol/L [28]. As a matter of fact, 
when plasma homocysteine levels are higher than 10 
μmol/L, a dose–response relationship exists between 
homocysteine levels and cardiovascular disease [29]. 
Also, a 1.6-fold increase in the risk of cardiovascular 
disease has been reported for every 5 μmol/L increment 
of the plasma homocysteine level [30, 31]. The present 
study identified a positive association between 
homocysteine levels and cfPWV, and a marked increase 
in the percentage of cfPWV ≥10 m/s was observed at the 
homocysteine level of around 12 μmo/L in male patients 
and 9.5 μmo/L in female patients. This level was below 
the threshold of hyperhomocysteinemia. In this study, 
patients in the higher quartile of homocysteine levels 
were found to have more concomitant risk factors for 
cardiovascular disease. However, after adjusting for these 
traditional cardiovascular risk factors, the association 
remained unchanged. Hence, it was suggested that the 
association of plasma homocysteine levels with arterial 
stiffness was independent. 
 
Previous studies examined the relationship between 
plasma homocysteine levels and cardiovascular disease. 
However, the conclusions remain controversial. 
Bortolotto et al. reported that cfPWV was higher in 
patients with higher homocysteine levels [32]. In 
contrast, Nakhai-Pour et al. found no independent 
association of homocysteine levels with PWV [14]. Even 
in two samples from the Framingham Heart Study, Levy 
et al. and Lieb et al. drew different conclusions about the 
relationship between these two parameters [33, 34]. This 
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Table 4. Odd ratios of the quartile of homocysteine levels for increased carotid-femoral pulse wave velocity in 
univariate and multivariate logistic regression analyses. 

Homocysteine 
Univariate Multivariate 

OR 95% CI P OR 95% CI P  
       
Quartile 1 1 Reference  1 Reference  
Quartile 2 1.126 0.643–1.972 0.678 1.057 0.656–1.611 0.532 
Quartile 3 1.944 1.152–3.280 0.013 1.797 0.988–3.235 0.051 
Quartile 4 4.659 2.816–7.708 <0.001 2.917 1.635–5.202 <0.001 

Univariate: no adjustment. Multivariate: adjustment for age, gender, current smoking, body mass index, duration of hyper-
tension, systolic blood pressure, diastolic blood pressure, heart rate, diabetes, fasting plasma glucose, total cholesterol, 
triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular filtration rate, 
uric acid level, and use of medication. 
 

 
 

Figure 3. Forest plot of the quartile of homocysteine levels for increased carotid-femoral pulse wave velocity in stratified 
analysis by gender, age, and presence of hypertension. Q, Quartile. 
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inconsistency might be due to the different charac-
teristics of studied patients. The present study showed a 
positive association of plasma homocysteine levels with 
cfPWV only in patients older than 65 years and those 
with hypertension, which was consistent with some 
previous studies reporting a positive association only 
among patients with greater risks of cardiovascular 
disease, such as hypertension, diabetes, or chronic kidney 
disease, or elderly patients [35–38]. However, the 
mechanism underlying the interaction between homo-
cysteine levels and other cardiovascular risk factors has 
not been fully clarified. Nevertheless, all these 
cardiovascular risk factors, including age, may lead to 
endothelial dysfunction, and the damage may make the 
arterial wall more susceptible to the deleterious effect of 
homocysteine [39, 40]. This may explain a positive 
association of plasma homocysteine levels with cfPWV 
only in patients older than 65 years and those with 
hypertension. 
 
Although the positive association of plasma homocysteine 
levels with arterial stiffness was revealed, available 
evidence regarding the benefit of homocysteine-lowering 
therapies, such as supplementation of folic acid or 
vitamin B12, is inconsistent. The B-Vitamins for the 
Prevention of Osteoporotic Fractures study demonstrated 
that a 2-year supplementation of vitamin B12 and folic 
acid in elderly patients with hyperhomocysteinemia had 
no significant benefit on arterial stiffness [41]. In 
contrast, a Chinese study found that the combined use of 
folic acid and antihypertensive agents, compared with 
antihypertensive agents alone, might significantly reduce 
the risk of first stroke in patients with hypertension [42]. 
The benefit of homocysteine-lowering therapies against 
cardiovascular disease needs to be confirmed. The 
present study did not involve the use of homocysteine-
lowering therapy; however, arterial stiffening was known 
to have very limited reversibility. Therefore, it is not 
surprising that short-term homocysteine-lowering 
therapies yielded null results in the elderly. The greatest 
benefit of homocysteine-lowering therapies can be 
achieved in patients with no sign of arterial stiffness, but 
with multiple concomitant cardiovascular risk factors. 
 
A wide age range and a higher proportion of 
hypertension were unique aspects of this study, 
facilitating the stratified analysis. However, several 
potential concerns and limitations are worth mentioning. 
First, the sample size was relatively small. Second, no 
causal relationship could be determined because of the 
cross-sectional design of the study. Third, the population 
comprised inpatients, not community-based residents, 
thus decreasing the generalizability of the results. Finally, 
all patients were from Fujian province, and hence  
the conclusions drawn from this study could not  
be generalized to other populations. A prospective,  

long-term interventional study is needed to investigate 
the preventive effect of homocysteine-lowering therapy 
on the progression of arterial stiffness. 
 
In conclusion, an independent relationship existed 
between homocysteine levels and cfPWV. The 
association was more pronounced in patients older than 
65 years and those with hypertension. This study 
provided evidence for the association of plasma 
homocysteine levels with arterial stiffness in a population 
from southern China. 
 
MATERIALS AND METHODS 
 
Patients 
 
This was a single-center, cross-sectional, observational 
study. 
 
Ethics statement 
 
The procedures were in accordance with the Helsinki 
Declaration, and the protocol was approved by the 
Ethical Committee of the First Affiliated Hospital of 
Fujian Medical University. Informed consent was 
obtained from all patients. 
 
A specific protocol was established before data 
collection, and trained physicians were responsible for 
the procedure. Patients were recruited from the inpatients 
consecutively admitted to the general medicine 
department of the First Affiliated Hospital of Fujian 
Medical University from February 1, 2016, to August 31, 
2017. The reason for admission was to evaluate the 
patients as follows: routine health examination, or 
screening of hypertension-related or diabetes-related 
target organ damage, or treatment of coronary heart 
disease, peptic ulcer, Alzheimer disease, renal cyst, and 
so on. A total of 837 patients were included, of whom, 
124 patients were excluded due to myocardial diseases, 
valvular heart disease, atrial fibrillation, serious 
arrhythmias, a history of acute myocardial infarction, 
stroke within the last 6 months, peripheral artery 
diseases, carotid artery occlusion or carotid sinus 
syndrome, serum creatinine (Scr) >2.5 mg/dL, chronic 
liver failure, autoimmune diseases, active malignancy, 
acute infection diseases, connective tissue diseases, use 
of folic acid and vitamin B, or pregnancy. Finally, 713 
patients were enrolled in this study. 
 
Clinical data 
 
As described in a previous study, all patients were 
interviewed on admission to the hospital, and information 
was collected regarding age, gender, cigarette smoking 
and drinking habits, family history, medical history of 
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hypertension and diabetes, use of medications, and so 
on [43]. Current smoking was defined as consuming at 
least one cigarette per day for at least 6 months. 
According to the European Society of Cardiology 
(ESC)/European Society of Hypertension (ESH) 
guidelines for managing arterial hypertension, 
hypertension was defined as systolic blood pressure 
≥140 mm Hg and/or diastolic blood pressure ≥90 mm 
Hg and/or taking antihypertensive medications [44]. 
Diabetes was defined as taking antihyperglycemic 
medications or establishing a new diagnosis of diabetes. 
The diagnosis of diabetes was based on the criteria 
recommended by the Chinese Diabetes Society in  
2017 [45]. 
 
Height and body weight were recorded for patients in 
light clothes and without shoes. Height was recorded to 
the nearest 0.5 cm and body weight to 0.1 kg. Body 
mass index was calculated using the following formula: 
body mass index = body weight (kg)/height2 (m2). After 
patients rested for at least 5 min in the sitting position, 
the heart rate was taken and the blood pressure was 
measured using an automated sphygmomanometer 
(HBP-1300, Omron, Kyoto, Japan). The mean of three 
measurements was used for the subsequent analysis. 
 
The venous blood sample was obtained after overnight 
fasting. Plasma homocysteine levels were estimated by 
chemiluminescence microparticle immunoassay accord-
ing to the manufacturer’s protocol (Abbott GmbH & 
Co.KG, Wiesbaden-Delkenheim, Germany). The intra-
variable coefficient was 3%, and the inter-variable 
coefficient was 5%. The patients were divided into four 
groups based on the gender-specific quartile of 
homocysteine levels. The levels of fasting plasma 
glucose, serum creatinine (Scr), total cholesterol, HDL-
C, LDL-C, and uric acid were determined using an 
autoanalyzer (ADVIA 2400, Siemens, Germany). The 
eGFR was calculated according to the modification of 
diet in the renal disease equation: eGFR [mL/(min·1.73 
m2)] =186 × [Scr (mmol/L)/88.41]-1.154 × (Age)-0.203 (× 
0.742 female). 
 
Measurement of cfPWV 
 
cfPWV was measured using Complior Analysis  
(Alam Medical, Saint-Quentin-Fallavier, France), as 
recommended by the Artery Society and the European 
Society of Hypertension Working Group on Vascular 
Structure and Function, as described previously by our 
team [6, 21]. Briefly, smoking, caffeine, and alcohol 
intake were prohibited 12 h before the measurement. 
The patients were asked to lie down in a supine position 
in a quiet room with a stable room temperature. 
Measurements were performed by a well-trained and 
experienced technician. The direct straight distance 

between the right common carotid artery and the right 
common femoral artery was measured using a tape, and 
the tape-measured distance multiplied by 0.8 was used 
as the pulse wave traveled distance. Then, two TY-360 
pressure-sensitive transducers (Fukuda Denshi Co, 
Tokyo, Japan) were positioned at these two measurement 
sites, and two different pulse waves were obtained. This 
performance was repeated for at least 10 cardiac cycles. 
cfPWV was calculated according to the following 
formula: cfPWV (m/s) = carotid-femoral pulse wave 
travel distance (m)/travel time (s). The mean value of the 
two measurements was taken. If the difference between 
the two measurements was greater than 0.5 m/s, a third 
measurement was performed, and the median value of the 
three measurements was taken. Further, ≥10 m/s was 
used as the cutoff value of increased cfPWV. 
 
Statistical analysis 
 
Continuous variables were expressed as mean ±  
standard deviation or median, and categorical variables 
were presented as absolute numbers or percentages. 
Homocysteine and triglyceride levels were 
logarithmically (log) transformed for further analysis 
because of skewed distribution. Variables were compared 
by one-way analysis of variance or chi-square test. The 
correlation between variables was assessed by Pearson’s 
correlation analysis and stepwise multivariate linear 
regression. Multivariate logistic regression was 
performed to identify the association of the quartile of 
homocysteine levels with cfPWV ≥10 m/s, and the 
corresponding OR was calculated for increased cfPWV. 
Statistical significance was accepted at P < 0.05 for 
individual data. For multiple comparisons, the threshold 
levels of significance were adjusted by simple 
Bonferroni’s correction. All the statistical analyses were 
performed using SPSS statistical software, version 19.0 
(IL, USA). 
 
ACKNOWLEDGMENTS 
 
The authors appreciate Li Liu for her secretary 
assistance in editing the manuscript. 
 
CONFLICTS OF INTEREST 
 
The authors have no conflicts of interest to declare. 
 
FUNDING 
 
This study was supported by the grants from the Natural 
Science Foundation of China (Grant No. 81870316), the 
Natural Science Foundation of Fujian Province (Grant 
No. 2017J01193), and the Middle and Young Aged 
Backbone of Fujian Health Department (Grant No. 
2017-ZQN-44). 



www.aging-us.com 9716 AGING 

REFERENCES 
 
1. Laurent S, Boutouyrie P. The structural factor of 

hypertension: large and small artery alterations. Circ 
Res. 2015; 116:1007–21. 

 https://doi.org/10.1161/CIRCRESAHA.116.303596 
PMID:25767286  

2. Wen W, Luo R, Tang X, Tang L, Huang HX, Wen X, Hu S, 
Peng B. Age-related progression of arterial stiffness 
and its elevated positive association with blood 
pressure in healthy people. Atherosclerosis. 2015; 
238:147–52. 

 https://doi.org/10.1016/j.atherosclerosis.2014.10.089 
PMID:25485738  

3. Kotsis V, Antza C, Doundoulakis I, Stabouli S. Markers 
of Early Vascular Ageing. Curr Pharm Des. 2017; 
23:3200–04. 

 https://doi.org/10.2174/1381612823666170328142433 
PMID:28356037  

4. Yingchoncharoen T, Limpijankit T, Jongjirasiri S, 
Laothamatas J, Yamwong S, Sritara P. Arterial stiffness 
contributes to coronary artery disease risk prediction 
beyond the traditional risk score (RAMA-EGAT score). 
Heart Asia. 2012; 4:77–82. 

 https://doi.org/10.1136/heartasia-2011-010079 
PMID:23585778  

5. Cooper LL, Woodard T, Sigurdsson S, van Buchem MA, 
Torjesen AA, Inker LA, Aspelund T, Eiriksdottir G, Harris 
TB, Gudnason V, Launer LJ, Mitchell GF. 
Cerebrovascular Damage Mediates Relations Between 
Aortic Stiffness and Memory. Hypertension. 2016; 
67:176–82. 

 https://doi.org/10.1161/HYPERTENSIONAHA.115.06398 
PMID:26573713  

6. Van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P, 
Cruickshank JK, De Backer T, Filipovsky J, Huybrechts S, 
Mattace-Raso FU, Protogerou AD, Schillaci G, Segers P, 
Vermeersch S, Weber T, and Artery Society, and 
European Society of Hypertension Working Group on 
Vascular Structure and Function, and European 
Network for Noninvasive Investigation of Large Arteries. 
Expert consensus document on the measurement of 
aortic stiffness in daily practice using carotid-femoral 
pulse wave velocity. J Hypertens. 2012; 30:445–48. 

 https://doi.org/10.1097/HJH.0b013e32834fa8b0 
PMID:22278144  

7. Gong J, Xie Q, Han Y, Chen B, Li L, Zhou G, Wang T, Xie 
L. Relationship between components of metabolic 
syndrome and arterial stiffness in Chinese 
hypertensives. Clin Exp Hypertens. 2019; 1–7. [Epub 
ahead of print] 

 https://doi.org/10.1080/10641963.2019.1590385 
PMID:30964359 

8. Zhan B, Huang X, Wang J, Qin X, Zhang J, Cao J, Song Y, 
Liu L, Li P, Yang R, Wu Y, Wu Q, Zhang Y, et al. 
Association Between Lipid Profiles and Arterial 
Stiffness in Chinese Patients With Hypertension: 
insights From the CSPPT. Angiology. 2019; 70:515–22. 

 https://doi.org/10.1177/0003319718823341 
PMID:30651004  

9. Sun Z. Aging, arterial stiffness, and hypertension. 
Hypertension. 2015; 65:252–56. 

 https://doi.org/10.1161/HYPERTENSIONAHA.114.03617 
PMID:25368028  

10. Nagano S, Takahashi M, Miyai N, Oka M, Utsumi M, 
Shiba M, Mure K, Takeshita T, Arita M. Association of 
serum uric acid with subsequent arterial stiffness and 
renal function in normotensive subjects. Hypertens 
Res. 2017; 40:620–24. 

 https://doi.org/10.1038/hr.2017.10 PMID:28202946  

11. Huang L, Yang L, Zhang S, Liu D, Yan X, Yan S. Low-
grade albuminuria associated with brachial-ankle pulse 
wave velocity in young adults with type 2 diabetes 
mellitus in China. Diabetes Metab Res Rev. 2015; 
31:262–68. 

 https://doi.org/10.1002/dmrr.2598 PMID:25139614  

12. Schalinske KL, Smazal AL. Homocysteine imbalance:  
a pathological metabolic marker. Adv Nutr. 2012; 
3:755–62. 

 https://doi.org/10.3945/an.112.002758 
PMID:23153729  

13. Chen NC, Yang F, Capecci LM, Gu Z, Schafer AI, Durante 
W, Yang XF, Wang H. Regulation of homocysteine 
metabolism and methylation in human and mouse 
tissues. FASEB J. 2010; 24:2804–17. 

 https://doi.org/10.1096/fj.09-143651 PMID:20305127  

14. Nakhai-Pour HR, Grobbee DE, Bots ML, Muller M, van 
der Schouw YT. Circulating homocysteine and large 
arterial stiffness and thickness in a population-based 
sample of middle-aged and elderly men. J Hum 
Hypertens. 2007; 21:942–48. 

 https://doi.org/10.1038/sj.jhh.1002247 
PMID:17597801  

15. van Dijk SC, Smulders YM, Enneman AW, Swart KM, 
van Wijngaarden JP, Ham AC, van Schoor NM, 
Dhonukshe-Rutten RA, de Groot LC, Lips P, Uitterlinden 
AG, Blom HJ, Geleijnse JM, et al. Homocysteine level is 
associated with aortic stiffness in elderly: cross-
sectional results from the B-PROOF study. J Hypertens. 
2013; 31:952–59. 

 https://doi.org/10.1097/HJH.0b013e32835eb6b9 
PMID:23492646  

16. Xiao W, Bai Y, Ye P, Luo L, Liu D, Wu H, Bai J. Plasma 
homocysteine is associated with aortic arterial stiffness 
but not wave reflection in Chinese hypertensive 

https://doi.org/10.1161/CIRCRESAHA.116.303596
https://www.ncbi.nlm.nih.gov/pubmed/25767286
https://doi.org/10.1016/j.atherosclerosis.2014.10.089
https://www.ncbi.nlm.nih.gov/pubmed/25485738
https://doi.org/10.2174/1381612823666170328142433
https://www.ncbi.nlm.nih.gov/pubmed/28356037
https://doi.org/10.1136/heartasia-2011-010079
https://www.ncbi.nlm.nih.gov/pubmed/23585778
https://doi.org/10.1161/HYPERTENSIONAHA.115.06398
https://www.ncbi.nlm.nih.gov/pubmed/26573713
https://doi.org/10.1097/HJH.0b013e32834fa8b0
https://www.ncbi.nlm.nih.gov/pubmed/22278144
https://doi.org/10.1080/10641963.2019.1590385
https://www.ncbi.nlm.nih.gov/pubmed/30964359
https://doi.org/10.1177/0003319718823341
https://www.ncbi.nlm.nih.gov/pubmed/30651004
https://doi.org/10.1161/HYPERTENSIONAHA.114.03617
https://www.ncbi.nlm.nih.gov/pubmed/25368028
https://doi.org/10.1038/hr.2017.10
https://www.ncbi.nlm.nih.gov/pubmed/28202946
https://doi.org/10.1002/dmrr.2598
https://www.ncbi.nlm.nih.gov/pubmed/25139614
https://doi.org/10.3945/an.112.002758
https://www.ncbi.nlm.nih.gov/pubmed/23153729
https://doi.org/10.1096/fj.09-143651
https://www.ncbi.nlm.nih.gov/pubmed/20305127
https://doi.org/10.1038/sj.jhh.1002247
https://www.ncbi.nlm.nih.gov/pubmed/17597801
https://doi.org/10.1097/HJH.0b013e32835eb6b9
https://www.ncbi.nlm.nih.gov/pubmed/23492646


www.aging-us.com 9717 AGING 

subjects. PLoS One. 2014; 9:e85938. 
 https://doi.org/10.1371/journal.pone.0085938 

PMID:24475061  

17. Cecelja M, Chowienczyk P. Role of arterial stiffness in 
cardiovascular disease. JRSM Cardiovasc Dis. 2012; 
1:1–10. 

 https://doi.org/10.1258/cvd.2012.012016 
PMID:24175067  

18. Wohlfahrt P, Melenovsky V, Redfield MM, Olson TP, 
Lin G, Abdelmoneim SS, Hametner B, Wassertheurer S, 
Borlaug BA. Aortic Waveform Analysis to Individualize 
Treatment in Heart Failure. Circ Heart Fail. 2017; 10:10. 

 https://doi.org/10.1161/CIRCHEARTFAILURE.116.0035
16 PMID:28159826  

19. Borlaug BA, Olson TP, Abdelmoneim SS, Melenovsky V, 
Sorrell VL, Noonan K, Lin G, Redfield MM. A 
randomized pilot study of aortic waveform guided 
therapy in chronic heart failure. J Am Heart Assoc. 
2014; 3:e000745. 

 https://doi.org/10.1161/JAHA.113.000745 
PMID:24650926 

20. AlGhatrif M, Lakatta EG. The conundrum of arterial 
stiffness, elevated blood pressure, and aging. Curr 
Hypertens Rep. 2015; 17:12. 

 https://doi.org/10.1007/s11906-014-0523-z 
PMID:25687599  

21. Shen Y, Cai X, Lin L, Wu J, Xie L. Relationship between 
vascular overload index and carotid-femoral pulse 
wave velocity in essential hypernsive patients. Chin J 
Hypertens. 2018; 26:962–66. 

22. Bae JS, Shin DH, Park PS, Choi BY, Kim MK, Shin MH, 
Lee YH, Chun BY, Kim SK. The impact of serum uric acid 
level on arterial stiffness and carotid atherosclerosis: 
the Korean Multi-Rural Communities Cohort study. 
Atherosclerosis. 2013; 231:145–51. 

 https://doi.org/10.1016/j.atherosclerosis.2013.08.017 
PMID:24125426  

23. Qian G, Zeng LH, Liu YQ, Cao F, Chen YD, Zheng ML, 
Yang XC, Xu XP, Huo Y. Associations between plasma 
total homocysteine, blood pressure stages and pulse 
wave velocity in Chinese rural community population. 
Blood Press. 2015; 24:340–46. 

 https://doi.org/10.3109/08037051.2014.997089 
PMID:26043364  

24. Sluyter JD, Hughes AD, Thom S, Lowe A, Camargo CA Jr, 
Hametner B, Wassertheurer S, Parker KH, Scragg RK. 
Arterial waveform parameters in a large, population-
based sample of adults: relationships with ethnicity 
and lifestyle factors. J Hum Hypertens. 2017; 31:760. 

 https://doi.org/10.1038/jhh.2017.60 PMID:28974780 

25. Ganji V, Kafai MR, and Third National Health and 
Nutrition Examination Survey. Demographic, health, 

lifestyle, and blood vitamin determinants of serum 
total homocysteine concentrations in the third 
National Health and Nutrition Examination Survey, 
1988-1994. Am J Clin Nutr. 2003; 77:826–33. 

 https://doi.org/10.1093/ajcn/77.4.826 
PMID:12663279  

26. Krajcovicová-Kudlácková M, Blazícek P, Ginter E, 
Valachicová M. Homocysteine and its nutritional 
determinants in two ethnic groups of Slovakia. Cent 
Eur J Public Health. 2004; 12:217–19. 

 PMID:15666461  

27. Wang G, Huo Y, Wang M, Xing H. Distribution of serum 
folic acid level of patient suffered mild and moderate 
hypertension in six cities in China. Wei Sheng Yan Jiu. 
2007; 36:305–07. 

 PMID:17712946 

28. Veeranna V, Zalawadiya SK, Niraj A, Pradhan J, Ference 
B, Burack RC, Jacob S, Afonso L. Homocysteine and 
reclassification of cardiovascular disease risk. J Am Coll 
Cardiol. 2011; 58:1025–33. 

 https://doi.org/10.1016/j.jacc.2011.05.028 
PMID:21867837  

29. Towfighi A, Markovic D, Ovbiagele B. Pronounced 
association of elevated serum homocysteine with 
stroke in subgroups of individuals: a nationwide study. 
J Neurol Sci. 2010; 298:153–57. 

 https://doi.org/10.1016/j.jns.2010.07.013 
PMID:20810133  

30. den Heijer M, Rosendaal FR, Blom HJ, Gerrits WB, 
Bos GM. Hyperhomocysteinemia and venous 
thrombosis: a meta-analysis. Thromb Haemost. 
1998; 80:874–77. 

 https://doi.org/10.1055/s-0037-1615380 
PMID:9869152  

31. Wald DS, Law M, Morris JK. Homocysteine and 
cardiovascular disease: evidence on causality from a 
meta-analysis. BMJ. 2002; 325:1202–06. 

 https://doi.org/10.1136/bmj.325.7374.1202 
PMID:12446535  

32. Bortolotto LA, Safar ME, Billaud E, Lacroix C, Asmar R, 
London GM, Blacher J. Plasma homocysteine, aortic 
stiffness, and renal function in hypertensive patients. 
Hypertension. 1999; 34:837–42. 

 https://doi.org/10.1161/01.HYP.34.4.837 
PMID:10523370  

33. Levy D, Hwang SJ, Kayalar A, Benjamin EJ, Vasan RS, 
Parise H, Larson MG, Wang TJ, Selhub J, Jacques PF, Vita 
JA, Keyes MJ, Mitchell GF. Associations of plasma 
natriuretic peptide, adrenomedullin, and homocysteine 
levels with alterations in arterial stiffness: the 
Framingham Heart Study. Circulation. 2007; 115: 
3079–85. 

https://doi.org/10.1371/journal.pone.0085938
https://www.ncbi.nlm.nih.gov/pubmed/24475061
https://doi.org/10.1258/cvd.2012.012016
https://www.ncbi.nlm.nih.gov/pubmed/24175067
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003516
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003516
https://www.ncbi.nlm.nih.gov/pubmed/28159826
https://doi.org/10.1161/JAHA.113.000745
https://www.ncbi.nlm.nih.gov/pubmed/24650926
https://doi.org/10.1007/s11906-014-0523-z
https://www.ncbi.nlm.nih.gov/pubmed/25687599
https://doi.org/10.1016/j.atherosclerosis.2013.08.017
https://www.ncbi.nlm.nih.gov/pubmed/24125426
https://doi.org/10.3109/08037051.2014.997089
https://www.ncbi.nlm.nih.gov/pubmed/26043364
https://doi.org/10.1038/jhh.2017.60
https://www.ncbi.nlm.nih.gov/pubmed/28974780
https://doi.org/10.1093/ajcn/77.4.826
https://www.ncbi.nlm.nih.gov/pubmed/12663279
https://www.ncbi.nlm.nih.gov/pubmed/15666461
https://www.ncbi.nlm.nih.gov/pubmed/17712946
https://doi.org/10.1016/j.jacc.2011.05.028
https://www.ncbi.nlm.nih.gov/pubmed/21867837
https://doi.org/10.1016/j.jns.2010.07.013
https://www.ncbi.nlm.nih.gov/pubmed/20810133
https://doi.org/10.1055/s-0037-1615380
https://www.ncbi.nlm.nih.gov/pubmed/9869152
https://doi.org/10.1136/bmj.325.7374.1202
https://www.ncbi.nlm.nih.gov/pubmed/12446535
https://doi.org/10.1161/01.HYP.34.4.837
https://www.ncbi.nlm.nih.gov/pubmed/10523370


www.aging-us.com 9718 AGING 

 https://doi.org/10.1161/CIRCULATIONAHA.106.652842 
PMID:17533184  

34. Lieb W, Larson MG, Benjamin EJ, Yin X, Tofler GH, 
Selhub J, Jacques PF, Wang TJ, Vita JA, Levy D, Vasan 
RS, Mitchell GF. Multimarker approach to evaluate 
correlates of vascular stiffness: the Framingham Heart 
Study. Circulation. 2009; 119:37–43. 

 https://doi.org/10.1161/CIRCULATIONAHA.108.816108 
PMID:19103986  

35. Anan F, Masaki T, Umeno Y, Yonemochi H, Eshima N, 
Saikawa T, Yoshimatsu H. Correlations between 
homocysteine levels and atherosclerosis in Japanese 
type 2 diabetic patients. Metabolism. 2007; 56: 
1390–95. 

 https://doi.org/10.1016/j.metabol.2007.05.010 
PMID:17884450  

36. Chen L, Wang B, Wang J, Ban Q, Wu H, Song Y, Zhang J, 
Cao J, Zhou Z, Liu L, Cao T, Gao L, Guo H, et al. 
Association between serum total homocysteine and 
arterial stiffness in adults: a community-based study. J 
Clin Hypertens (Greenwich). 2018; 20:686–693. 

 https://doi.org/10.1111/jch.13246  
PMID:29481715 

37. Elias MF, Crichton GE, Abhayaratna WP. Interactions 
between plasma homocysteine and arterial stiffness in 
chronic kidney disease in community-dwelling 
individuals: the Maine-Syracuse Study. J Hum 
Hypertens. 2015; 29:726–31. 

 https://doi.org/10.1038/jhh.2015.17  
PMID:25787778  

38. Zhang S, Bai YY, Luo LM, Xiao WK, Wu HM, Ye P. 
Association between serum homocysteine and arterial 
stiffness in elderly: a community-based study. J Geriatr 
Cardiol. 2014; 11:32–38. 

 https://doi.org/10.3969/j.issn.1671-5411.2014.01.007 
 PMID:24748879  

39. Rajendran P, Rengarajan T, Thangavel J, Nishigaki Y, 
Sakthisekaran D, Sethi G, Nishigaki I. The vascular 
endothelium and human diseases. Int J Biol Sci. 2013; 
9:1057–69. 

 https://doi.org/10.7150/ijbs.7502 PMID:24250251  

40. Zhou T, Huang X, Cai X, Xie L. Combined treatment of 
irbesartan and diltiazem ameliorates endothelium 
dependent vasodilatation in hypertensives. Clin Exp 
Hypertens. 2017; 39:612–18. 

 https://doi.org/10.1080/10641963.2017.1306537 
PMID:28613098  

41. van Dijk SC, Enneman AW, Swart KM, van Wijngaarden 
JP, Ham AC, Brouwer-Brolsma EM, van der Zwaluw NL, 
Blom HJ, Feskens EJ, Geleijnse JM, van Schoor NM, 
Dhonukshe-Rutten RA, de Jongh RT, et al. Effects of 2-
year vitamin B12 and folic acid supplementation in 
hyperhomocysteinemic elderly on arterial stiffness and 
cardiovascular outcomes within the B-PROOF trial. J 
Hypertens. 2015; 33:1897–906. 

 https://doi.org/10.1097/HJH.0000000000000647 
PMID:26147383  

42. Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF, 
Tang G, Wang B, Chen D, He M, Fu J, Cai Y, Shi X, et al, 
and CSPPT Investigators. 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. 

 https://doi.org/10.1001/jama.2015.2274 
PMID:25771069  

43. Wang T, Zhong H, Lian G, Cai X, Gong J, Ye C, Xie L. 
Low-grade albuminuria is associated with left 
ventricular hypertrophy and diastolic dysfunction in 
patients with hypertension. Kidney Blood Press Res. 
2019; 44:590–603. 

 https://doi.org/10.1159/000500782 PMID:31387099  

44. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi 
M, Burnier M, Clement DL, Coca A, de Simone G, 
Dominiczak A, Kahan T, Mahfoud F, Redon J, et al, and 
ESC Scientific Document Group. 2018 ESC/ESH 
Guidelines for the management of arterial 
hypertension. Eur Heart J. 2018; 39:3021–104. 

 https://doi.org/10.1093/eurheartj/ehy339 
PMID:30165516  

45. Chinese DS. Guidelines for the prevention and control 
of type 2 diabetes (2017 Edition). Chin J Diabetes 
Mellitus. 2018; 10:4–67. 

https://doi.org/10.1161/CIRCULATIONAHA.106.652842
https://www.ncbi.nlm.nih.gov/pubmed/17533184
https://doi.org/10.1161/CIRCULATIONAHA.108.816108
https://www.ncbi.nlm.nih.gov/pubmed/19103986
https://doi.org/10.1016/j.metabol.2007.05.010
https://www.ncbi.nlm.nih.gov/pubmed/17884450
https://doi.org/10.1111/jch.13246
https://www.ncbi.nlm.nih.gov/pubmed/29481715
https://doi.org/10.1038/jhh.2015.17
https://www.ncbi.nlm.nih.gov/pubmed/25787778
https://doi.org/10.3969/j.issn.1671-5411.2014.01.007
https://www.ncbi.nlm.nih.gov/pubmed/24748879
https://doi.org/10.7150/ijbs.7502
https://www.ncbi.nlm.nih.gov/pubmed/24250251
https://doi.org/10.1080/10641963.2017.1306537
https://www.ncbi.nlm.nih.gov/pubmed/28613098
https://doi.org/10.1097/HJH.0000000000000647
https://www.ncbi.nlm.nih.gov/pubmed/26147383
https://doi.org/10.1001/jama.2015.2274
https://www.ncbi.nlm.nih.gov/pubmed/25771069
https://doi.org/10.1159/000500782
https://www.ncbi.nlm.nih.gov/pubmed/31387099
https://doi.org/10.1093/eurheartj/ehy339
https://www.ncbi.nlm.nih.gov/pubmed/30165516

