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ABSTRACT  

Background and Objectives: This study aimed to evaluate whether B vitamins 

supplementation would improve dyslipidemia, alleviate inflammatory state of patients with 

stable coronary artery disease (SCAD). Methods and Study Design: We conducted a 

randomized, double-blind, 12-week, placebo-controlled trial involving adults with SCAD, and 

who were randomly divided into B vitamins group (folic acid and VB6) and control group 

(placebo tablet). Blood tests had also been performed at baseline and endpoint. Results: After 

12 weeks of intervention, B vitamins supplementation significantly improved the 

concentration of serum TG, TC and HDL-C (p<0.05). Changes of serum homocysteine in B 

vitamins treatment were significantly different compared to placebo by the multivariate-

adjusted analysis (3.02±2.35 vs 1.55±1.58 p<0.001). Meanwhile, the levels of IL-1β and IL-

10, significant difference were observed between two groups after adjustment for 

confounding factors. Conclusions: Supplementation with B vitamins significantly improves 

lipid metabolism, alleviate inflammation and serum homocysteine concentration in patients 

with SCAD.  
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INTRODUCTION 

Coronary artery heart disease (CAD) is generally regarded as heart disease caused by 

coronary artery occlusion myocardial ischemia, hypoxia, coronary artery, and functional 

changes (spasm). As one of the leading cause of death worldwide, CAD and CAD-related 

diseases have caused 8 million deaths worldwide in 2013, and this number would increase to 

11.1 million by 2020.1 For Chinese population, it has been estimated that there were 11 

million have CAD or with CAD history.2 The incidence of CAD is increasing by years, and 

the most common type is stable coronary artery disease (SCAD), seriously affecting people's 

quality of life in China.3 Therefore, it is very necessary and urgent to take effective measures 

to prevent recurrence and aggravation of the disease and focus on the secondary prevention. 

Assessment of the risk of events among patients with SCAD mainly focused on clinical 

characteristics and biomarkers, such as lipidemia, glycemia, and inflammatory biomarkers 1.4 

In recent years, plenty of researches had also attached importance to effects of 

homocysteine (Hcy) on cardiovascular and cerebrovascular disease. Substantial studies have 

shown that hyperhomocysteinemia caused by abnormal metabolism of Hcy is an independent 

risk factor of CAD.5,6 As a generally used nutritional intervention, previous randomized 
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controlled trials (RCTs) have showed that B vitamins supplementation significantly reduced 

the levels of Hcy in patients with cardiovascular diseases.7,8 Besides, B vitamins 

supplementation can also significantly improve endothelial dysfunction in patients with CAD, 

and were linked to protection against inflammation.9,10 Moreover, in the Linlin Wang’s study, 

B vitamins supplementation significantly increased the level of high-density lipoprotein 

cholesterol (HDL-C) in healthy subjects.11  

However, few trials have focused on the effect of supplementation B vitamins in SCAD 

patients on blood lipids, especially for Chinese populations. Therefore, the present study 

aimed to investigate B vitamins supplement on blood lipids and inflammatory cytokines in 

Chinese SCAD patients with a double-blind placebo-controlled trial. We hypothesized that 

treatment with B Vitamins have a lowering effect on serum lipids and several inflammatory 

cytokines in patients with SCAD.  

 

MATERIALS AND METHODS 

Participants  

In total, 122 participants aged between 45 and 80 with SCAD history were recruited from 

December 2014 to March 2016 from 3 centers, which were outpatient cardiology Department 

in Qingdao Fu Wai Cardiovascular Disease Hospital, Qingdao Community Health Service 

Center of Lao Shan District, and Qingdao Zhong Ren Health Management Company. The 

inclusion criteria were (1) diagnosed by the Chinese society of cardiology criteria for stable 

coronary artery disease (SCAD) (2) without taking vitamins and mineral or other 

supplementation three months ahead of the screening test. The exclusion criteria were (1) 

having acute coronary syndrome, percutaneous coronary intervention or coronary artery 

bypass grafting, percutaneous or surgical revascularization within the previous 3 months; (2) 

patients who have acute infection, or severe liver and/or kidney disease, or tumor, or 

peripheral vascular disease, or recently underwent a surgery; (3) patients with disabilities or 

showed unwillingness to comply with study treatment. All participants provided written 

informed consent. The research was approved by the medical ethics committee of Qingdao 

Disease Prevention and Control Centre, Qingdao, People's Republic of China (NO.201409). 

This trial was registered in the Chinese Clinical Trial Registry (ChiCTR-IOR-15006804). 
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Study design  

The study was a randomized, double-blind, placebo-controlled trial. Subjects were randomly 

allocated to one of the two treatments by computer-generated random numbers, namely B 

vitamins group and placebo group. 

 

Interventions 

The participants in B Vitamins group were required to take two oral tablets, which included 

400μg/d folic acid and 10.0 mg/d VB6 per day. The placebo group received the same regimen 

of placebo tablets that were identical in appearance to the B vitamins tablets. The placebo 

tablets contain no active ingredients (folic acid, VB6), but the other components, product 

specifications, packaging, taste, color and other ingredients are all in line with intervention 

nutrients. All participants were requested to avoid supplements, which contained folic acid 

and vitamin B6 during the intervention. All participants received clinical treatment, including 

medication, diet instruction and guidance of physical activity, and different interventions.  

 

Measurements 

The baseline characteristics of the subjects had been collected, including gender, age, body 

height, body weight, waist circumference, hip circumference, blood pressure (BP), heart rate 

(HR), and smoking habits. BP and HR were measured by electronic sphygmomanometer 

(OMRON, HBP9020) when the participants kept calm in a quiet environment. The waist to 

hip ratio was used to define body fat distribution. Patients’ demographic characteristic, such 

as age, lifestyle factors, smoking consumption, and clinical information were obtained during 

a face to face interview with well-trained researchers. After 10 h fasting blood samples were 

collected into vacuum tubes from the antecubital fossa at baseline and endpoint. Serum was 

separated by centrifugation (3000 rmp for 15 min at 4 °C) and stored at -80 °C refrigerator for 

further analysis. Serum lipids, including triglycerides (TG), total cholesterol (TC), low-

density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) 

were evaluated using enzymatic method by automatic biochemical analyzer test. 

Immunoturbidimetric assay was used to determine hypersensitive c-reactive protein (hs-CRP). 

Hcy level was detected with high performance liquid chromatography (HPLC). Enzyme-

linked immune sorbent assay (ELISA) was used to detect the expression levels of interleukin 

(IL)-6, IL-1β, IL-4, IL-10, tumor necrosis factor-α (TNF-α), and adiponectin (APN). During 

the intervention, participants were interviewed on monthly basis by trained researchers in 
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either a hospital or a community clinic. Information on participants’ lifestyle, disease 

progression, as well as adherence to the intervention, was collected during the interview. 

 

Sample size 

Serum levels of Hcy were regarded as the primary outcome in the present study,12,13 as shown 

in a previous study. We assumed a detectable mean difference in Hcy changes of 13.0±2.1 vs. 

12.9±3.3 between intervention and control groups, and considered a power of 80%, then the 

significant level was set at 0.05. Assuming 20% dropouts in each group, a final sample size of 

at least 43 persons per group was determined to enable adequate power to assess the primary 

outcome. 

 

Statistical analysis 

All statistical analyses were performed by SPSS 22.0, and p-values <0.05 (2-sided) was 

considered as statistical significance. Continuous data were presented as means ± standard 

deviation (SD), while the skewed data were presented as the median (quartile range). For 

univariate analysis, the differences in the continuous and categorical variables were 

performed by using Student’s t-test and chi-square test, respectively. Besides, t-test was used 

to estimate the intervention effects of clinical characteristics before and after intervention. To 

assess the supplement effects on outcomes between groups, a general linear regression model 

(GLM) was used to test the difference in blood lipids and inflammatory cytokines, with 

adjustment for age, gender, BMI, BP, WHR, smoking habits, CAD family history. 

 

RESULTS 

Baseline characteristics 

In total, 99 subjects were included in this trial (62.40±8.80, 38.9% male), (Figure 1) and they 

were randomly assigned one of 2 groups: B vitamins group (n=46) and control group (n=53). 

Of these, 9 participants withdrawn from the study, including 5 persons refused to go back at 

the end of the trial, 3 persons were disengaged because of relocation or abroad, and 1 person 

died, leaving 90 participants who completed this study.   

Non-significant difference was detected between two groups with respect to demographic 

and lifestyle characteristics, biochemical parameters, except for age (p =0.036) (Table1).  
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Effects of B vitamins on the serum lipids of the participants 

A comparison with placebo for serum lipids changes in the group of patients receiving B 

vitamins supplement was presented in Table 2. After 12 weeks of intervention, B vitamins 

supplementation significantly reduced the concentrations of serum TG, TC and HDL-C 

(p<0.05). In addition, the net changes were statistically different in comparison with control 

group. In the multivariate regression analyses with adjustments for baseline values including 

gender, age, BMI, SBP, DBP, waist to hip ratio, changes in TC TG and HDL-C (p<0.05). 

 

Effects of B vitamins on the serum inflammatory factors of the participants 

The patients with B vitamins displayed a marked reduction in Hcy (p<0.05), and the 

multivariate-adjusted differences were also significant in B vitamins treatment compared to 

placebo (3.02±2.35 vs 1.55±1.58 p<0.001). 

The intention-to-treat of B vitamins supplementation on the serum inflammatory factors 

was presented in Table 3. The serum pro-inflammatory factors were decreased in B vitamins 

group. Especially, the levels of IL-1β were significantly reduced in B vitamins group in 

comparison with placebo group in the multivariate regression analyses with adjustments for 

confounding factors. However, there was not significant difference with respect to APN levels 

in the B vitamins group after 12 weeks, compared with control group (Table 3). Regarding 

IL-10, significant difference was observed between B vitamins group and control group after 

adjustment for confounding factors (-5.13±3.80 vs -3.20±4.13，p<0.05). 

 

DISCUSSION 

In the present study, the effects of B vitamins intervention on cardio-metabolic factors were 

systematically investigated in patients with SCAD. The findings of this study indicated 

supplementation with folic acid 400μg/d and VB6 10.0 mg/d per day significantly increased 

HDL-C, IL-10, and reduced TG, TC, Hcy, IL-1β in SCAD patients.  

Regarding risk factors of cardiovascular disease, it is generally accepted that 

hyperlipidemia is considered as the most important factor associated with the initiation and 

development of CAD.14 Especially for SCAD patients, HDL lowering treatment could reduce 

MI or strokes, potentially lethal complications either acutely or subsequently.15 However, few 

studies focused on supplemental B vitamins on serum lipids, which was the most concerned 

indicators in the treatment of SCAD patients. In this trial, serum HDL-C increased 16.7% in 

patients supplementation with B vitamins. Similarity, Imamura A et al. demonstrated that one 
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month folic acid supplementation significantly increased HDL-C levels by 6% (p<0.05) in 

healthy postmenopausal Italian women. One possible explanation was that B vitamins 

supplement might be related to improvement of hepatic metabolism and autoxidation.16,17 

Furthermore, we observed a significant decrease in serum level of TG and TC in B vitamins 

intervention group, they were respectively decreased 22.30%, 8.41% compared baseline 

(p<0.05). Based on our study, we assumed that B vitamins supplementation could attenuate 

lipid disorders of SCAD. Elevated serum TG and TC were independent risk factors for the 

morbidity and mortality of SCAD in primary prevention.17-19 Therefore, B vitamins 

supplementation could effectively improve cardiovascular events and quality of life in the 

patients with SCAD. 

Inflammation is the factor that causes the occurrence and development of SCAD. In our 

study, pro-inflammatory and anti-inflammatory factors were evaluated, respectively. Several 

studies have showed that Hcy may serve as an inflammatory marker.20,21 The Hcy-lowing 

effect of B vitamins supplementation has been reported in some reviews and meta-analyses. A 

meta-analysis of 25 randomized controlled trials involving 2596 hyperhomocysteinemia 

subjects, assessed the effect of B vitamins (folic acid supplements, with or without the 

addition of vitamins B12 or B6) intervention on plasma Hcy concentrations, the result 

revealed daily 0.2-5.0 mg folic acid supplement could lower total Hcy concentrations by 13-

25%.22 Similarly, the benefit effect of folic acid and vitamin B6 was conformed in our study. 

In the study, the participants were all from community hospitals and discharged patients, so 

the serum Hcy concentration was stable at a lower baseline (12.81 μmol/L). Nonetheless, A 

12-week B Vitamins intervention could effectively reduce Hcy concentrations by 23.60% in 

patients SCAD.  

Studies have found that abnormal levels of inflammatory factors are directly related to the 

occurrence of CAD.23,24 Toll-like receptors (TLRs) are important pattern recognition receptors 

that can specifically recognize pathogens and stimulate early immune response. After 

activation of TLRs, cells can secrete a variety of immune-related cytokines, among which 

TNF-α and IL-1β are the most important pro-inflammatory factors in the early inflammatory 

response and play an important role in the inflammatory response of coronary heart disease. 

IL-1β is associated with coronary endothelial dysfunction in patients with mTOR-inhibitor-

eluting stent implantation. Moreover, IL-1β is a crucial cytokine that induced a network of 

signaling pathways, IL-1β plays a distinct role in neointimal formation and smooth muscle 

cell proliferation.25 B vitamins supplement could effectively decrease the serum IL-1β levels 

in our study, one possible explanation was B vitamins could improve endothelial function. 
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As an inflammation cytokine, hs-CRP is related to the primary and secondary prevention of 

CAD. 26,27 Compared with baseline, participant in B vitamins intervention and placebo had 

significantly decreased serum hs-CRP, however, the changes between two groups with 

adjustments for baseline values had not significant difference. In contrast, some researchers 

observed B vitamins supplement could effectively decrease hs-CRP level in the patients with 

metabolic disease and cardiovascular disease.28,29 The difference with previous studies might 

be due to the enrolled participants with relatively low baseline hs-CRP (the mean 

concentration was 1.34 mg/L) in the 2 groups. 

IL-10, a protein consisting of 160 amino acid residues, is an important negative regulatory 

cytokine. It can inhibit the production of pro-inflammatory cytokines such as TNF-α, IL-6 and 

IL-1β, the activation of monocytes and T cells, and inhibit the production of macrophages and 

monocytes NO. Studies had demonstrated that IL-10 is an anti-inflammatory cytokine, which 

is associated with a humoral immune response and could limit the local inflammatory 

response, provide stability to the atherosclerotic lesion.30 In this experiment, IL-10 

concentration was significantly decreased in the SCAD patients group. This result means that 

B vitamins supplementation can improve inflammatory processes in SCAD patients. 

Our trial had several strengths. First, our study demonstrated that in patients with well-

controlled SCAD the intervention with B vitamins could improve Hcy concentration as well 

as lipid metabolism, inflammatory status. Second, the determination of B group vitamin 

dosing was made with reference to RDA and clinicians，and did not cause serious adverse 

effects. Third, this study included enough samples and implemented effective quality control 

to ensure compliance of participants. 

There are still several limitations in our study. First, the study was performed in moderately 

SCAD elderly individuals, therefore our results cannot be translated directly to the general 

CAD population. Second, the lack of food frequency questionnaires providing data on B 

vitamins intake might also be considered a limitation. Third, modest sample size (less than 

one hundred participants) was still too small for us to examine the effect of B vitamins 

supplementation on SCAD. 

 

Conclusions 

This study demonstrated that supplementation with B vitamins significantly improve lipid 

metabolism, inflammatory status and Hcy concentration in patients with well-controlled 
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stable coronary artery disease. Supplemental B vitamins could be regarded as safe and 

effective adjuvant therapy for stable stages of SCAD patients.  
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Table 1. Summarize the baseline characteristics of the participants 
 

  B vitamins group (n=42) Control group (n=48) p- values 

Men, n (%) 28 (66.67) 29 (60.42) 0.539 
Age (y) 60.33±9.2 64.21±8.1 0.036 
BMI (kg/m2) 70.36±10.02 69.72±11.24 0.664 
Weight (kg) 26.55±3.37 26.24±3.34 0.778 

WHR 0.94±0.05 0.95±0.05 0.284 
SBP (mmHg) 133.69±11.05 136.88±19.56 0.354 
DBP (mmHg)1 84.29±6.11 81.88±10.4 0.191 
CAD family history, n (%) 10 (23.81) 13 (27.08) 0.722 
Smoking, n (%) 23 (54.76) 25 (52.08) 0.799 
 

BMI: body mass index; WHR: waist to hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure.  

Continuous values are presented as mean±SD, and categorical variables are presented as number (%). p values were calculated by 

chi-square test (for categorical variables) or independent-samples t test (for continuous variables) to test the difference between the 

two groups at baseline. 
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Table 2. Utility of treatments in the serum lipids 
 

 B vitamins group (n=42) 

p-values† 

 Control group (n=48) 

p-values† p-values‡ p-values§ Time  Time 

Baseline Endpoint Change  Baseline Endpoint Change 

TG (mmol/L) 1.84±0.73   0.001  1.96±0.69   0.082 0.436 0.378 
 1.43±0.63     1.80±0.65   0.008 0.005 
  0.41±0.30     0.16±0.64  0.008 0.015 

            

TC (mmol/L) 5.47±0.98   <0.001  5.19±1.30   <0.001 0.247 0.102 
 5.01±0.93     5.12±1.29   0.673 0.120 

  0.46±0.23     0.07±0.05  <0.001 <0.001 
            

HDL-C (mmol/L) 1.32±0.33   0.013  1.30±0.28   0.037 0.678 0.372 
 1.54±0.60     1.43±0.42   0.096 0.047 
  -0.22±0.54     -0.14±0.44  0.017 0.020 

            

LDL-C (mmol/L) 3.16±0.94   0.07  3.34±0.75   0.828 0.333 0.197 
 2.88±0.61     3.32±0.71   0.001 <0.001 

  0.29±0.97     0.01±0.41  0.459 0.247 
 

TG: triglycerides; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.  

Continuous variable was showed as mean±SD.   
†p-values was calculated by Student’s paired t test to the changes from baseline to the end of intervention.  
‡p-values value was calculated by a crude general linear model to test the difference in treatment effects over time between the two groups.  
§p-values was calculated by a full general linear model with adjustments for BP, BMI, age, gender, and baseline values to test the difference in treatment effects over time between the two groups. 
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Table 3. Utility of treatments in the serum inflammatory factors 
 

 B vitamins group (n=42) 

p-values1 

 Control group (n=48) 

p-values1 p-values2 p-values3 Time  Time 

Baseline Endpoint Change  Baseline Endpoint Change 

Hcy (μmol/L) 
 

12.80±2.50   0.001  13.42±3.25   0.001 0.314 0.709 
 9.78±2.04     11.88±2.85   <0.001 0.001 
  3.02±2.35     1.55±1.58  <0.001 0.001 

IL-1β (pg/mL) 

 

71.49±13.36   0.001  72.53±14.50   <0.001 0.724 0.419 

 57.16±14.31     66.59±13.49   0.001 0.008 
  14.33±6.40     5.94±8.80  <0.001 0.001 

TNF-α (ng/mL) 20.45±7.56   0.168  20.99±7.35   <0.001 0.734 0.501 
 16.02±4.62     15.71±6.54   0.796 0.434 
  4.43±7.95     5.28±5.53  0.554 0.908 

IL-6 (pg/mL) 14.62±3.43   0.001  13.52±2.54   <0.001 0.083 0.152 
 8.82±2.85     8.59±2.93   0.705 0.898 
  5.79±1.74     4.93±3.61  0.157 0.110 

IL-4 (ng/L) 33.71±5.08   0.002  32.50±7.78   0.64 0.238 0.259 
 32.67±5.71     31.53±5.86   0.354 0.309 
  1.05±5.65     0.52±7.65  0.713 0.837 

CRP (mg/L) 1.33±0.99   0.001  1.50±1.23   <0.001 0.485 0.595 

 0.82±0.83     0.78±0.88   0.869 0.227 

  0.52±0.70     0.71±0.65  0.168 0.533 

APN (ng/mL) 

71.49±13.36   0.936  23.84±3.82   <0.001 0.655 0.955 

 57.16±14.31     26.16±4.60   0.049 0.099 
  -3.82±7.39     -2.31±6.46  0.302 0.274 

IL-10 (ng/L) 16.68±3.02   <0.001  15.60±3.16   <0.001 0.098 0.146 
 21.81±4.25     18.80±3.50   <0.001 <0.001 
  -5.13±3.80     -3.20±4.13  0.022 0.016 

 

Hcy: homocysteine; IL-6: interleukin-6; IL-1β: interleukin-1β; IL-4: interleukin-4; TNF-α: tumor necrosis factor-α; CRP: c-reactive protein; IL-10: interleukin-10; APN: adiponectin.  

Continuous variable was showed as mean±SD.   
†p-values was calculated by Student’s paired t test to the changes from baseline to the end of intervention.  
‡p-values value was calculated by a crude general linear model to test the difference in treatment effects over time between the two groups.  
§p-values was calculated by a full general linear model with adjustments for BP, BMI, age, gender, and baseline values to test the difference. 
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Figure 1. Flow chart of study participants 

 


