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Background: This cross-section investigation included 2,199 participants with hypertension complicated by diabetes mellitus, a cohort of the China Stroke Primary Prevention Trial in which 20,702 patients with essential hypertension were given enalapril with folic acid or enalapril-only double-blind treatment for 5 years. This study aimed to explore the correlation between folic acid supplementation and retinal atherosclerosis (RA) in adults with hypertension complicated by diabetes mellitus.

Methods: The diagnosis of RA was determined by non-mydriatic fundus photography and classified by the Keith-Wagener-Barker system. The statistical correlation of folic acid supplementation with RA prevalence and severity was assessed.

Results: Of our cohort, 1,698 (77.6%) participants were diagnosed with RA, and the prevalence in males and females was 78.0 and 75.6%, respectively. Participants in the enalapril group had higher total homocysteine (tHcy) levels than those in enalapril–folic acid group. Compared with the enalapril group in the tHcy > 15 μmol/L group of females, the odds ratio for the enalapril–folic acid group was 0.28 (95% confidence interval, 0.11–0.67, P = 0.0061).

Conclusions: The prevalence of RA was high (77.6%) in our cohort of adults with hypertension complicated by diabetes mellitus. Folic acid supplementation was significantly associated with reduced risk of RA in females with hyperhomocysteinemia. No significant association were seen in males.
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INTRODUCTION

Hypertension and diabetes cause noninfectious and retrograde pathological changes, or atherosclerosis, in the retinal arteries. Those changes are closely related to pathological changes in the vessels of other organs. The retinal blood vessels are the only directly observable vascular system in the human body, making them valuable for evaluating damage in target organs such as heart, kidney, and brain (Cheung et al., 2012; Ong et al., 2013; Kabedi et al., 2014).

Blood pressure (BP) and plasma glucose levels are important risk factors of retinal atherosclerosis (RA) (Hubbard et al., 1999; Wong et al., 2004). There is a positive correlation between BP, plasma glucose, and the incidence of atherosclerosis. Study shows that homocysteine (Hcy) level is also a critical risk factor of RA (Ghorbanihaghjo et al., 2008). A common feature of hypertension patients, especially those in China, is that they have higher Hcy levels (Hao et al., 2007; Chen et al., 2017). Many studies show that hypertension and high Hcy levels have synergistic effect in causing cardiovascular and cerebrovascular events (Bortolotto et al., 1999; Sharabi et al., 1999; Han et al., 2015). Reducing BP or Hcy level alone may not be sufficient to reduce the risk of cardiovascular and cerebrovascular events.

Folic acid consumption is the most efficient way to lower Hcy level (1998). The results of a meta-analysis (Wang et al., 2007) showed that 36-month consumption of folic acid and a 20% reduce in Hcy have a notable effect in preventing stokes. The study of the China Stroke Primary Prevention Trial (CSPPT) showed that in Chinese hypertensive adults, an fasting blood glucose concentration ≥7.0 mmol/L or diabetes is associated with an increased risk of first stroke, this increased risk is reduced by 34% with folic acid treatment (Xu et al., 2017). A large scale randomized, double blind and placebo controlled Women's Antioxidant and Folic Acid Cardiovascular Study (WAFACS) (Albert et al., 2008) confirms that angiotensin converting enzyme inhibitors (ACEI) and folic acid have a synergistic effect in reducing the risks of cardiovascular and cerebrovascular events. The effect is not shown in other antihypertensive drugs.

Most of the studies nowadays on the reduction of Hcy with folic acid focus on the effects on cardiovascular and cerebrovascular diseases, but not on the effects on RA, particularly those of patients with hypertension and diabetes. Our study focuses on the correlation of folic acid consumption of patients with hypertension and diabetes and their incidence of RA.

MATERIALS AND METHODS

Study Settings and Participants

All subjects in this study came from the exit visit of the China Stroke Primary Prevention Trial (CSPPT; clinical trials.gov identifier: NCT00794885), a large community-based, randomized, multicenter, double-blind, and actively controlled trial with a total of 20,702 participants. The study complied with the Helsinki Declaration and was approved by the Ethics Committee of the Institute of Biomedicine, Anhui Medical University, Hefei, China (FWA assurance number FWA00001263). All participants provided written informed consent. The CSPPT was designed to evaluate whether combination therapy with enalapril maleate and folic acid tablets was more effective at preventing stroke in Chinese adults with hypertension than enalapril maleate alone. Participants were randomly assigned to receive double-blind daily treatment with a single-pill combination containing 10 mg of enalapril and 0.8 mg of folic acid or a tablet containing 10 mg of enalapril alone. Participants in the CSPPT study were “relatively healthy” hypertensives without a history of myocardial infarction, stroke, heart failure, cancer, or other serious mental disorders. Details regarding inclusion/exclusion criteria, treatment assignment, and outcome measures of the trial can be viewed at http://clinicaltrials.gov/ct2/show/NCT00794885.

All subjects in this study came from the China Stroke Primary Prevention Trial (CSPPT), conducted from May 19, 2008, to August 24, 2013, in 32 communities in the Jiangsu and Anhui provinces of China. Among the 20,702 participants, 7,562 were excluded because of missing or low-quality fundus photographs; 10,752 were excluded because their fasting plasma glucose level was < 7 mmol/L or they had never been diagnosed with diabetes; and 189 were excluded due to unavailable Hcy levels. Therefore, the remaining 2,199 subjects were analyzed (Figure 1).
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FIGURE 1. Flow diagram of the screening and enrollment of study participants.



RA Classification

Non-mydriatic fundus photographs were taken in the posterior pole and macula-centered using fundus cameras (Topcon TRC-NW8 Non-Mydriatic Retinal Camera, Canon CR-2 AF Non-Mydriatic Retinal Camera, and Kowa Nonmyd 7 Fundus Camera). All photographs were randomly evaluated by four ophthalmologists with double-blinded. Consistency checks (kappa value, 0.71–0.95) prove the reliability of our results. RA was classified into four grades according to the Keith-Wagener-Barker system (Keith et al., 1974) (Table 1).


Table 1. The Keith–Wagener–Barker classification system for retinal atherosclerosis.
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BP Measurements

BP was measured with each subject in a seated position using a mercury sphygmomanometer with an appropriate cuff size. For each subject, BP was measured three times with a 5-min rest period between measurements. The mean of three measurements was recorded for the statistical analyses. Hypertension was defined as a BP > 140 mmHg systolic and/or 90 mmHg diastolic.

Laboratory Examinations

Laboratory examinations were performed at the core lab of the National Clinical Research Center for Kidney Disease (Nanfang Hospital, Guangzhou, China). After a 12–15 h fast, a venous blood sample was obtained from each subject. Serum or plasma samples were separated within 30 min of collection and stored at −70°C. The levels of glucose, Hcy, creatinine, uric acid, blood urea nitrogen (BUN), alkaline phosphatase (ALP), and lipids (including total cholesterol, high-density lipoprotein cholesterol, and triglycerides) of all the collected blood samples were measured.

Brachial–Ankle Pulse Wave Velocity Measurements

Brachial–ankle pulse wave velocity (baPWV) was automatically measured using PWV/ABI instruments (BP-203RPE; Omron-Colin, Japan) by trained volunteers recruited from local medical colleges. Occlusion and monitoring cuffs matched with oscillometric sensors were wrapped around the subjects' upper arms and ankles and pulse volume waveforms of the bilateral brachial and tibial arteries were recorded simultaneously to determine the time interval between the initial increase in brachial and tibial waveforms (transit time, ΔTba). The transmission distance from the brachium to the ankle was calculated by body height. The path length from the suprasternal notch to the brachium (Lb) was obtained using the following equation: Lb = 0.2195 × height of the patient (in cm) – 2.0734. The path length from the suprasternal notch to the ankle (La) was obtained using the following equation: La = (0.8129 × patient height [cm] + 12.328). The baPWV value was calculated as the ratio of the transmission distance from the brachium to the ankle divided by the transit time as follows: baPWV = (La – Lb)/ΔTba.

Demographic Data

All participants were interviewed using a standardized questionnaire that assessed for age, sex, sociodemographic status, education, occupation, diet, lifestyle, health behavior, medical history, and personal history including smoking status, alcohol consumption, and known systemic diseases. Anthropometric measurements were taken according to a standard operating procedure. Body mass index (BMI) was calculated as weight (kg) divided by height (m2). The waist-to-hip ratio was calculated as the ratio of waist circumference to hip circumference.

Statistical Analysis

All analyses were performed using EmpowerStats (http://www.empowerstats.com) and the statistical package R. Data are presented as mean ± standard deviation or proportion. Stratified analysis, interaction tests, and covariate screenings were performed. Binary logistic regression analyses were used to assess the associations between RA and treatment groups. RA was evaluated as a binary variable; grade 1 to grade 4 participants were merged together for the analysis. Total Hcy (tHcy) levels were evaluated as a continuous variable. The results are shown as odd ratios (OR) and 95% confidence intervals (CI) with adjustment for major variables including age, sex, study center, treatment group, BMI, systolic BP, diastolic BP, triglycerides, fasting plasma glucose, and creatinine. Two-tailed P < 0.05 were considered statistically significant.

RESULTS

The present study included a total of 2,199 participants from the CSPPT (n = 1,088 and 1,111 in the enalapril–folic acid and enalapril groups, respectively). Among them, 1,698 (77.6%) had RA, the prevalence of which in males and females was 78.0 and 75.6%, respectively (Supplementary Material). Demographic and anthropometric characteristics and the laboratory results of the participants are listed in Table 2. There were significant differences in mean arterial pressure (MAP; P = 0.049) and tHcy (P < 0.001) between the two treatment groups by sex and total participants. The enalapril group had higher MAP and tHcy levels than the enalapril–folic acid group. The mean tHcy levels for the enalapril–folic acid and enalapril groups were 12.70 ± 6.69 and 13.93 ± 6.94 μmol/L in total, 14.38 ± 8.72 and 16.19 ± 9.39 μmol/L in males, and 11.74 ± 4.94 and 12.55 ± 4.34 μmol/L in females, respectively.


Table 2. Baseline characteristics of the study participants.
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The tHcy levels were 5.51–114.37 μmol/L among all participants. Subjects were stratified into three groups according to tHcy levels: < 10, 10–15, and >15 μmol/L. General and biochemical characteristics of the study participants by tHcy level are displayed in Table 3. Comparing the different subgroups, by each sex and for the total participants, age (P < 0.001), uric acid (P < 0.001), creatinine (P < 0.001), and BUN (P < 0.001) increased from the lowest to the highest tHcy group, whereas estimated glomerular filtration rate (P < 0.001) decreased. Among the total participants, there were significant differences in smoking (P < 0.001) and alcohol consumption (P < 0.001) that increased from the lowest to the highest tHcy groups.


Table 3. Baseline characteristics by tHcy categories.
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To further explore the possible correlation between folic acid supplementation and RA, we conducted a stratified analysis and a logistic regression analysis. As a binary variable, compared with the enalapril group in the tHcy > 15 μmol/L group of females, the OR for the enalapril–folic acid group was 0.42 (95% CI, 0.20–0.85; P = 0.0191). Those associations remained unchanged after further adjustment. After adjustment, the OR for the enalapril–folic acid group was 0.28 (95% CI, 0.11–0.67; P = 0.0061), indicating that the enalapril–folic acid group had a 72% lower odds of RA in the tHcy > 15 μmol/L group of females (Table 4).


Table 4. Associations of folic acid intake with retinal arteriosclerosis.
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To explore the potential interactions between folic acid supplementation and related factors on the risk of RA, further stratified analyses were conducted (Table 5). After the adjustment of variables, the result showed that among non-smokers with a tHcy > 15 μmol/L, the enalapril–folic acid group had a 57% lower risk of RA (OR, 0.43; 95% CI, 0.20–0.88; P = 0.0248) than the enalapril group. Among non-drinkers with a tHcy > 15 μmol/L, folic acid supplementation lowered the risk of RA by 53% (OR, 0.47; 95% CI, 0.23–0.94; P = 0.0375). For patients aged 55–65 years with a tHcy > 15 μmol/L, folic acid supplementation was associated with a 73% lower risk of RA (OR, 0.27; 95% CI, 0.08–0.79; P = 0.0225). For those with a BMI of 24.9–29.9 and a tHcy > 15 μmol/L, folic acid supplementation was associated with a 66% lower risk of RA (OR, 0.34; 95% CI, 0.13–0.87; P = 0.0291).


Table 5. Logistic regression analysis of folic acid supplementation in relation to RA in different subgroups.
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DISCUSSION

This was the first community-based epidemiologic study of RA in rural China. Our results provide valuable information about the epidemiology of RA in a population with hypertension complicated by diabetes mellitus. This cross-sectional study of 2,199 participants with hypertension complicated by diabetes mellitus showed a positive correlation between folic acid supplementation and the risk of RA in females with hyperhomocysteinemia.

Increasing studies (Temple et al., 2000; Antoniades et al., 2009) have shown that hyperhomocysteinemia, characterized by an abnormally high level of tHcy (>15 μmol/L) (Sacco et al., 2006; Guo et al., 2009), is closely related to atherosclerosis. Hyperhomocysteinemia causes vascular dysfunction in two different ways (Sen et al., 2010). First, Hcy in the blood increases BP. Second, it activates metalloproteinase, which triggers the formation of collagen, causing an imbalance in the ratio of elasticity to collagen and reducing blood vessel elasticity. The metabolite of Hcy is hydrogen sulfide (H2S), a strong antioxidant and endothelium-derived relaxation factor. However, in the case of hyperhomocysteinemia, as the Hcy level increases, H2S production is decreased as cystathionine-γ-synthase is inhibited, causing hypertension and diabetes. Several studies have proven that hypertension and hyperhomocysteinemia have a synergistic effect for causing cardiovascular and cerebrovascular events. Liu's research (Liu et al., 2018) proved that comorbid prehypertension and hyperhomocysteinemia was an independent risk factor of subclinical atherosclerosis in asymptomatic Chinese adults, whereas isolated prehypertension or hyperhomocysteinemia was not. Graham's study (Graham et al., 1997) showed that hypertension complicated by hyperhomocysteinemia increased the risk of vessel diseases by 11 times (relative risk [RR] = 11.3).

Folic acid supplementation is currently the safest and most effective way to lower Hcy levels (Pezzini et al., 2007). Tetrahydrofolate, which can be formed from supplemental folic acid under the impact of dihydrofolate reductase and vitamin B12, carries one-carbon units to cause methylation in Hcy to form methionine, thus lowering Hcy levels in the blood (Stipanuk, 2004). In a meta-analysis (Wang et al., 2007) of clinical trials evaluating the efficacy of folate supplementation for stroke prevention, folate was associated with an 18% reduction (RR = 0.82; 95% CI, 0.68–1.00) in primary stroke risk. In the CSPPT study (Huo et al., 2015), the risk of stroke was reduced by 25% (RR = 0.75; 95% CI, 0.62–0.90). The reduction of risk became even more significant after the participants took folic acid for >36 months (RR = 0.71; 95% CI, 0.57–0.87) and the Hcy level decreased by 20% (RR = 0.77; 95% CI, 0.63–0.94). The Heart Outcomes Prevention Evaluation-2 (HOPE-2) trial (Saposnik et al., 2009) showed that folic acid supplementation significantly reduced the risk of overall stroke (hazard ratio [HR], 0.75; 95% CI, 0.59–0.97) and non-fatal stroke (HR, 0.72; 95% CI, 0.54–0.95). Also, people in the areas where the population did not consume supplemental folic acid (HR, 0.67; 95% CI, 0.46–0.97) and had higher Hcy levels (>13.8 μmol/L; HR, 0.57; 95% CI, 0.33–0.97) as well as those who had histories of stroke or transient ischemic attacks benefit more from folic acid supplementation.

The increasing activity of angiotensin converting enzymes (ACE) also contribute to hyperhomocysteinemia leads to hypertension (Poduri et al., 2008). Therefore, ACE activity should be inhibited, and antihypertensives with ACEI should be used while lowering Hcy in medical treatment (Dierkes et al., 2007). In the HOPE-2 study (Liakishev, 2006), 5,522 subjects ≥55 years of age with cardiovascular or cerebrovascular diseases or diabetes were given a vitamin B compound (2.5 mg of folic acid, 50 mg of vitamin B6, and 1 mg of vitamin B12) or placebo; 65% of the subjects were taking ACEI at the same time. During 5-year follow-up, the differential of Hcy of the two groups was 3.2 μmol/L, and a significant 25% decrease in stroke risk was seen in the group that took vitamin B with folic acid at the endpoint (HR, 0.75; 95% CI, 0.59–0.97). In the WAFACS study (Albert et al., 2008), the result showed that ACEI and folic acid have a synergistic effect in preventing cardiovascular or cerebrovascular events. The patients benefited by 19% (P = 0.03%). In conclusion, patients benefited more when folic acid is supplemented in addition to antihypertensives with ACEI.

A single-blind randomized controlled trial and a meta-analysis (Wald et al., 2001; Homocysteine Lowering Trialists' Collaboration, 2005) indicated that 0.8 mg of folic acid per day can have the best effect at lowering Hcy (the suggested maximum tolerance dose of folic acid by the United States Food and Nutrition Board is 1 mg per day). In our study, the enalapril–folic acid group took 0.8 mg of folic acid and 10 mg of enalapril per day. The CSPPT study (Huo et al., 2015) found that the enalapril–folic acid group had a significant risk reduction in first stroke compared with the enalapril-alone group (2.7% of participants in the enalapril–folic acid group vs. 3.4% in the enalapril-alone group; HR, 0.79; 95% CI, 0.68–0.93). Our study also proved that in female patients with hyperhomocysteinemia (Hcy > 15 μmol/L) and hypertension complicated by diabetes, folic acid supplementation lowered the risk of RA by 72% (OR, 0.28; 95% CI, 0.11–0.67; P = 0.0061).

Folates also contribute to enhanced endothelial function by increasing NO bioavailability within the vascular endothelium, thereby preventing or reversing the progression of cerebrovascular disease (Stanhewicz and Kenney, 2017).

We observed an interesting phenomena that folic acid supplementation may have a greater influence in female. Much experimental and epidemiological evidence reported that estrogen exert a vascular protective function and may have beneficial effects on endothelial function and atherosclerosis, raising the possibility of sex differences in arterial remodeling (Iorga et al., 2017). The difference we saw between male and females might because of their different lifestyles such as smoking and drinking.

Study showed that smoking affected the absorption of folic acid (Ortega et al., 1994). Smokers had lower levels of folic acid than non-smokers (Chen et al., 2015). Study showed drinking alcohol affected metabolism of Hcy, raising the level of Hcy (van der Gaag et al., 2000; Gonzalez-Ortiz et al., 2005). Gibson's research (Gibson et al., 2008) found that drinking alcohol lowered the levels of folid acid and vitamin B12 and raised the level of blood Hcy. In our study, 71.85% of the males and 5.52% of the females were smokers, 69.12% of the males and 7.11% of the females drank alcohol. This may be a possible explanation for the differences in associations of folic acid supplementaion and RA between males and females in our cohort.

The advantage of our study is that, although there have been many studies of the effect of folic acid consumption on reducing the risk or slowing the progress of atherosclerosis, hypertension, and stroke, no study has examined the correlation between RA and folic acid supplementation in patients with hypertension complicated by diabetes. Our study is the first on this subject. On the other hand, our study is a nested cross-sectional study from CSPPT, in which 20,702 essential hypertension patients were given enalapril and folic acid or enalapril-only double-blind treatment for 5 years to analyze the differences in the incidence of stroke and other vessel diseases at the endpoint.

Our study had limitations. First, although we considered many factors such as age, sex, BP, blood, and cholesterol levels and adjusted for them accordingly, we failed to consider factors such as MTHFR genotyping. Second, since folic acid supplementation is not common in China, although the significant effect of enalapril—folic acid is seen in rural Chinese populations in which microelement supplementation is insufficient, whether the same effect can be seen in urban areas where folic acid supplementation is more common has yet to be evaluated.

In conclusion, this cross-sectional study demonstrated that folic acid supplementation was significantly associated with RA and a high tHcy level in female. Folic acid supplementation lowered the risk of RA in females with hyperhomocysteinemia and hypertension complicated by diabetes. No significant association were seen in males.

AUTHOR CONTRIBUTIONS

LY, YH, XX, BW, and RL: study design; JiL, FH: literature research; KS, XC, YZ, XG, and GT: data acquisition; XQ: data analysis; JuL, HS, LZ, YP, JZ, and YM: fundus photographs analysis; HL and WY: statistical analysis; YM: manuscript preparation.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2018.01159/full#supplementary-material

REFERENCES

(1998). Lowering blood homocysteine with folic acid based supplements: meta-analysis of randomised trials. Homocysteine lowering Trialists’ collaboration. BMJ 316, 894–898. doi: 10.1136/bmj.316.7135.894

 Albert, C. M., Cook, N. R., Gaziano, J. M., Zaharris, E., MacFadyen, J., Danielson, E., et al. (2008). Effect of folic acid and B vitamins on risk of cardiovascular events and total mortality among women at high risk for cardiovascular disease: a randomized trial. JAMA 299, 2027–2036. doi: 10.1001/jama.299.17.2027

 Antoniades, C., Antonopoulos, A. S., Tousoulis, D., Marinou, K., and Stefanadis, C. (2009). Homocysteine and coronary atherosclerosis: from folate fortification to the recent clinical trials. Eur. Heart J. 30, 6–15. doi: 10.1093/eurheartj/ehn515

 Bortolotto, L. A., Safar, M. E., Billaud, E., Lacroix, C., Asmar, R., London, G. M., et al. (1999). Plasma homocysteine, aortic stiffness, and renal function in hypertensive patients. Hypertension 34(4 Pt 2), 837–842. doi: 10.1161/01.HYP.34.4.837

 Chen, S., Wu, P., Zhou, L., Shen, Y., Li, Y., and Song, H. (2015). Relationship between increase of serum homocysteine caused by smoking and oxidative damage in elderly patients with cardiovascular disease. Int. J. Clin. Exp. Med. 8, 4446–4454.

 Chen, X., Meng, Y., Li, J., She, H., Zhao, L., Zhang, J., et al. (2017). Serum uric acid concentration is associated with hypertensive retinopathy in hypertensive chinese adults. BMC Ophthalmol. 17:83. doi: 10.1186/s12886-017-0470-y

 Cheung, C. Y., Ikram, M. K., Sabanayagam, C., and Wong, T. Y. (2012). Retinal microvasculature as a model to study the manifestations of hypertension. Hypertension 60, 1094–1103. doi: 10.1161/HYPERTENSIONAHA.111.189142

 Dierkes, J., Luley, C., and Westphal, S. (2007). Effect of lipid-lowering and anti-hypertensive drugs on plasma homocysteine levels. Vasc. Health Risk Manag. 3, 99–108.

 Ghorbanihaghjo, A., Javadzadeh, A., Argani, H., Nezami, N., Rashtchizadeh, N., Rafeey, M., et al. (2008). Lipoprotein(a), homocysteine, and retinal arteriosclerosis. Mol. Vis. 14, 1692–1697.

 Gibson, A., Woodside, J. V., Young, I. S., Sharpe, P. C., Mercer, C., Patterson, C. C., et al. (2008). Alcohol increases homocysteine and reduces B vitamin concentration in healthy male volunteers–a randomized, crossover intervention study. QJM 101, 881–887. doi: 10.1093/qjmed/hcn112

 Gonzalez-Ortiz, M., Pascoe-Gonzalez, S., Kam-Ramos, A. M., and Martinez-Abundis, E. (2005). Effect of tequila on homocysteine, insulin secretion, insulin sensitivity, and metabolic profile in healthy men. J. Diabetes Complicat. 19, 155–159. doi: 10.1016/j.jdiacomp.2004.09.001

 Graham, I. M., Daly, L. E., Refsum, H. M., Robinson, K., Brattstrom, L. E., Ueland, P. M., et al. (1997). Plasma homocysteine as a risk factor for vascular disease. The European concerted action project. JAMA 277, 1775–1781. doi: 10.1001/jama.1997.03540460039030

 Guo, H., Chi, J., Xing, Y., and Wang, P. (2009). Influence of folic acid on plasma homocysteine levels & arterial endothelial function in patients with unstable angina. Indian J. Med. Res. 129, 279–284.

 Han, L., Wu, Q., Wang, C., Hao, Y., Zhao, J., Zhang, L., et al. (2015). Homocysteine, ischemic stroke, and coronary heart disease in hypertensive patients: a population-based, prospective cohort study. Stroke 46, 1777–1786. doi: 10.1161/STROKEAHA.115.009111

 Hao, L., Ma, J., Zhu, J., Stampfer, M. J., Tian, Y., Willett, W. C., et al. (2007). High prevalence of hyperhomocysteinemia in Chinese adults is associated with low folate, vitamin B-12, and vitamin B-6 status. J. Nutr. 137, 407–413. doi: 10.1093/jn/137.2.407

 Homocysteine Lowering Trialists' Collaboration (2005). Dose-dependent effects of folic acid on blood concentrations of homocysteine: a meta-analysis of the randomized trials. Am. J. Clin. Nutr. 82, 806–812. doi: 10.1093/ajcn/82.4.806

 Hubbard, L. D., Brothers, R. J., King, W. N., Clegg, L. X., Klein, R., Cooper, L. S., et al. (1999). Methods for evaluation of retinal microvascular abnormalities associated with hypertension/sclerosis in the Atherosclerosis Risk in Communities Study. Ophthalmology 106, 2269–2280. doi: 10.1016/S0161-6420(99)90525-0

 Huo, Y., Li, J., Qin, X., Huang, Y., Wang, X., Gottesman, R. F., et al. (2015). Efficacy of folic acid therapy in primary prevention of stroke among adults with hypertension in China: the CSPPT randomized clinical trial. JAMA 313, 1325–1335. doi: 10.1001/jama.2015.2274

 Iorga, A., Cunningham, C. M., Moazeni, S., Ruffenach, G., Umar, S., and Eghbali, M. (2017). The protective role of estrogen and estrogen receptors in cardiovascular disease and the controversial use of estrogen therapy. Biol. Sex Differ. 8:33. doi: 10.1186/s13293-017-0152-8

 Kabedi, N. N., Mwanza, J. C., Lepira, F. B., Kayembe, T. K., and Kayembe, D. L. (2014). Hypertensive retinopathy and its association with cardiovascular, renal and cerebrovascular morbidity in Congolese patients. Cardiovasc. J. Afr. 25, 228–232. doi: 10.5830/CVJA-2014-045

 Keith, N. M., Wagener, H. P., and Barker, N. W. (1974). Some different types of essential hypertension: their course and prognosis. Am. J. Med. Sci. 268, 336–345. doi: 10.1097/00000441-197412000-00004

 Liakishev, A. A. (2006). Homocysteine lowering with folic acid and B vitamins in vascular disease. Kardiologiia 46:70. doi: 10.1016/S0145-4145(08)70158-8

 Liu, B., Chen, Z., Dong, X., and Qin, G. (2018). Association of prehypertension and hyperhomocysteinemia with subclinical atherosclerosis in asymptomatic Chinese: a cross-sectional study. BMJ Open 8:e019829. doi: 10.1136/bmjopen-2017-019829

 Ong, Y. T., Wong, T. Y., Klein, R., Klein, B. E., Mitchell, P., Sharrett, A. R., et al. (2013). Hypertensive retinopathy and risk of stroke. Hypertension 62, 706–711. doi: 10.1161/HYPERTENSIONAHA.113.01414

 Ortega, R. M., Lopez-Sobaler, A. M., Gonzalez-Gross, M. M., Redondo, R. M., Marzana, I., Zamora, M. J., et al. (1994). Influence of smoking on folate intake and blood folate concentrations in a group of elderly Spanish men. J. Am. Coll. Nutr. 13, 68–72. doi: 10.1080/07315724.1994.10718374

 Pezzini, A., Del Zotto, E., and Padovani, A. (2007). Homocysteine and cerebral ischemia: pathogenic and therapeutical implications. Curr. Med. Chem. 14, 249–263. doi: 10.2174/092986707779941140

 Poduri, A., Kaur, J., Thakur, J. S., Kumari, S., Jain, S., and Khullar, M. (2008). Effect of ACE inhibitors and beta-blockers on homocysteine levels in essential hypertension. J. Hum. Hypertens. 22, 289–294. doi: 10.1038/sj.jhh.1002325

 Sacco, R. L., Adams, R., Albers, G., Alberts, M. J., Benavente, O., Furie, K., et al. (2006). Guidelines for prevention of stroke in patients with ischemic stroke or transient ischemic attack: a statement for healthcare professionals from the American Heart Association/American Stroke Association Council on Stroke: co-sponsored by the Council on Cardiovascular Radiology and Intervention: the American Academy of Neurology affirms the value of this guideline. Circulation 113, e409–e449. doi: 10.1161/circ.113.10.e409

 Saposnik, G., Ray, J. G., Sheridan, P., McQueen, M., and Lonn, E. (2009). Homocysteine-lowering therapy and stroke risk, severity, and disability: additional findings from the HOPE 2 trial. Stroke 40, 1365–1372. doi: 10.1161/STROKEAHA.108.529503

 Sen, U., Mishra, P. K., Tyagi, N., and Tyagi, S. C. (2010). Homocysteine to hydrogen sulfide or hypertension. Cell Biochem. Biophys. 57, 49–58. doi: 10.1007/s12013-010-9079-y

 Sharabi, Y., Doolman, R., Rosenthal, T., Grossman, E., Rachima-Maoz, C., Nussinovitch, N., et al. (1999). Homocysteine levels in hypertensive patients with a history of cardiac or cerebral atherothrombotic events. Am. J. Hypertens. 12(8 Pt 1), 766–771. doi: 10.1016/S0895-7061(99)00058-8

 Stanhewicz, A. E., and Kenney, W. L. (2017). Role of folic acid in nitric oxide bioavailability and vascular endothelial function. Nutr. Rev. 75, 61–70. doi: 10.1093/nutrit/nuw053

 Stipanuk, M. H. (2004). Sulfur amino acid metabolism: pathways for production and removal of homocysteine and cysteine. Annu. Rev. Nutr. 24, 539–577. doi: 10.1146/annurev.nutr.24.012003.132418

 Temple, M. E., Luzier, A. B., and Kazierad, D. J. (2000). Homocysteine as a risk factor for atherosclerosis. Ann. Pharmacother. 34, 57–65. doi: 10.1345/aph.18457

 van der Gaag, M. S., Ubbink, J. B., Sillanaukee, P., Nikkari, S., and Hendriks, H. F. (2000). Effect of consumption of red wine, spirits, and beer on serum homocysteine. Lancet 355:1522. doi: 10.1016/S0140-6736(00)02172-3

 Wald, D. S., Bishop, L., Wald, N. J., Law, M., Hennessy, E., Weir, D., et al. (2001). Randomized trial of folic acid supplementation and serum homocysteine levels. Arch. Intern. Med. 161, 695–700. doi: 10.1001/archinte.161.5.695

 Wang, X., Qin, X., Demirtas, H., Li, J., Mao, G., Huo, Y., et al. (2007). Efficacy of folic acid supplementation in stroke prevention: a meta-analysis. Lancet. 369, 1876–1882. doi: 10.1016/S0140-6736(07)60854-X

 Wong, T. Y., Duncan, B. B., Golden, S. H., Klein, R., Couper, D. J., Klein, B. E., et al. (2004). Associations between the metabolic syndrome and retinal microvascular signs: the Atherosclerosis Risk In Communities study. Invest. Ophthalmol. Vis. Sci. 45, 2949–2954. doi: 10.1167/iovs.04-0069

 Xu, R. B., Kong, X., Xu, B. P., Song, Y., Ji, M., Zhao, M., et al. (2017). Longitudinal association between fasting blood glucose concentrations and first stroke in hypertensive adults in China: effect of folic acid intervention. Am. J. Clin. Nutr. 105, 564–570. doi: 10.3945/ajcn.116.145656

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Meng, Li, Chen, She, Zhao, Peng, Zhang, Shang, Li, Yang, Zhang, Gu, Li, Qin, Wang, Xu, Hou, Tang, Liao, Yang and Huo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphar-09-01159-t004.jpg
tHey <10 (umol/L) 10-15 (umol/L) >15 (umol/L) overall

OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value
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Model 5 1.19(0.32, 4.41) 07948 1.25(0.72, 2.20) 0.4236 1.17 (0.56, 2.47) 06876 1.22 (083, 1.80) 0.3088
Model 6 1.04 (026, 4.09) 09573 1.28(0.7, 2.26) 0.3891 1.20 (056, 2.57) 0.6386 1.23(0.84,1.82) 0.2938
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Model 6 092055, 1.54) 07479 0.79(0.58, 1.16) 02298 0.28(0.11,067) 0.0061 0.77 (058, 1.00) 00544

Model 1: adjusted for age, SBR. DBP, B, WHR, education. Model 2: adjusted for age, SBR, DBR, BMI, WHR, education, smoking, alcohol consumption. Model 3: adjusted for age,
SBR. DBR, BMI, WHR, education, smoking, alcohol consumption, PWV, MAP. Model 4: adjusted for age, SBR, DBR, BMI, WHR, education, smoking, alcohol consumption, PWV, MAR,
cooking oil, consumption of bean prodtuct, consumption of meat, consumption of vegetables and fruits, vitamin supplementation. Model 5: adjusted for age, SBP DBR. BMI, WHR,
education, smoking, alcohol consumption, PWY, MAP, cooking oil, consumption of bean product, consumption of meat, consumption of vegetables and frits, vitarin supplementation,
Uric acid, Creatinine, éGFR, ALR, BUN. Model 6: adjusted for age, SBP, DBR, BMI, WHR, education, smoking, alcohol consumption, P, MAR, cooking oil, consumption of bean
product, consumption of meat, consumption of vegetables and fruts, vitemin supplementation, Uric acid, Creatinine, €GFR, ALP BUN, Glucose; Triglycerides, HDL-C.

S8R systolic blood pressure; DBR, diastolic blood pressure; BMI, body mass index; WHR, Waist-to-Hip Ratio; PWY, pulse wave velocity; MAR, mean arterial pressure; eGFR, estimated
glomerular fitration rate; ALP, alkaline phosphatase; BUN, blood urea nitrogen; HDL-C, high-density lipoprotein cholesterol.





OPS/images/fphar-09-01159-t005.jpg
n tHey < 10 (umol/L) 10 = < tHoy < 15 (umol/L) tHey >15 (umol/L) Overall

OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value OR (95% Cl) P-value

ReEy
<55 249 0.18(002,1.10) 00049  277(0.73,115) 01415 NA NA 1.10(054,224) 07938
55-65 976 127(087,236) 04497  094(057,154) 08078  027(0.08,079 00225  092(0.66,128)  0.6069
>65 974 0.86(031,241) 07784  071(044,1.12) 01407  091(044,1.84) 07926  080(057,1.12)  0.1846
836 085(037,1.99) 07146  1.18(068,247) 05211  086(033,214) 07769  1.02(0.70,150) 09109

1019 125(063,251) 05284  083(056,1.39) 05808  034(0.13,087) 00291  090(0.65,124) 05128
064(0.12,305 05804  0.49(021,1.15) 01056 NA NA 0.66(0.37,1.16)  0.1468

0.1404
0.1227

076 0.52, 1.10)
1,60 (0.8, 2.95)

0.43(0.20, 0.88)
1,68 (0.65, 4.43)

0.75 (0.58, 0.98)
1.50 (0.99, 2.29)

0.91(0.55, 1.52)
1.30 (037, 4.76)

0.85(0.51, 1.41) 063156 0.80(0.55, 1.16) 0.2382 0.47 (0.23,0.94) 0.0376 0.76 (0.59, 0.99) 0.0430
3.51(0.89, 16.89) 0.0896 1.22(0.67,2.23) 0.5088 0.99(0.39,2.44) 0.9760 1.33(0.88, 2.03) 0.1797
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Characteristics Enalapril-folic Enalapril P-value  Enalapril-Folic  Enalapriln =421  P-value  Enalapril-folic Enalapril P-value
acid n = 1,088 n=1,111 acid n =396 acidn = 692 n =690
Age, years 63.957.10 64.18.+7.30 0.481 64.42 £7.44 64.67 +7.52 0626 63.68 +6.88 63.85+7.47 0.657
BMI, kg/m2 26.14 £ 3.85 2617 +3.88 0.842 25.28 +3.67 25.38 +£3.84 0.699 26.64 +3.86 26.66 + 3.82 0910
WHR 094 +0.06 094+0.06 0613 094 0,06 094 +0.06 0501 093 £0.07 093008 0951
SBP, mmHg 13621 % 17.22 137.36 % 17.85 0.123 13330 £1650  135.64 + 1853 0088 137.88 % 17.37 188.42 + 17.34 0564
DBP, mmHg 8058 + 11.17 81.39 + 1101 0098 80,61+ 11.47 8220 + 1187 0.060 8056+ 11.00 80.83 £ 10.42 0529
MAP, mmHg 99.12 + 11.44 10004  11.34 0049 9847 £ 1131 100.07 & 12.21 0027 90.67 + 11.48 100.08 £ 10.78 0435
tHoy, umol/L 12.70 + 6,69 13.93 £ 694 <0.001 14.38 £8.72 16.19+£9.39 0.004 1.74£494 12.56 + 434 0,001
Uric acid, umol/L 324809614 820709519 0251 36522£90.61  36376+10098 0834 301.77 £8607  308.71+86.14 0.132
Creatinine, pmol/L 65.50 + 21.66 65.68 + 2037 0840 78.41 % 24.19 77.24 % 22.43 0471 58.11 £ 1592 58,62 £ 15.17 0543
Triglycerides, mmol/L. 231177 239212 0354 208:+185 2184226 0284 247 £1.70 251+201 0691
HDL-C, mmol/L 1.27+038 1.25+038 0187 1264034 1.24 +0.38 0620 1.27 +038 1.25+0.29 0190
Glucose, mmolL 925+ 3.07 9.40 +3.37 0276 9.24+3.18 931313 0766 9.25 £3.01 9.45 + 351 0252
ALP UL 98.40  31.49 97.50 + 30,76 0498 86.94 + 26.25 8855 + 2699 0391 1049243287 102.93481.63 0.250
€GFR, m/min/1.73 m? 90.56 + 15.83 90.46 + 15.93 0876 83.47 +16.34 89.23 + 16.99 0516 91.76 £ 15.41 91.21 £ 1521 0503
BUN, mmolL 6284198 6284188 0962 662:+205 662:+2.14 0955 609:+1.92 606+ 1.66 0797
PWY, mm/s 176302 £424.80 17859038279 0201  172801+42446 17487440698 0501 17828042404 18081036567  0.261
Retinal arteriosclerosis, n (%) 845 (77.67%) 852 (76.76%) 0656 311 (78.54%) 343 (81.47%) 0.336 534 (77.17%) 510 (73.91%) 0179
Cooking ail, (%) 0801 0304 0225
Vegetable oils only 858 (79.08%) 863 (78.24%) 207 (75.19%) 322 (77.08%) 561 (81.30%) 542 (79.01%)
Mainly Vegetable oils 207 (19.08%) 222 (20.13%) 84 (21.27%) 89 (21.20%) 128 (17.83%) 133 (19.39%)
50% Vegetable oils 17 (1.57%) 16 (1.45%) 12 (3.04%) 5(1.20%) 5(0.72%) 11 (1.60%)
Mainly animal olls 3(0.28%) 2(0.18%) 2(0.51%) 2(0.48%) 1(0.14%) 0(0.00%)
Consumption of Bean product, n (%) 0991 0626 0815
<1/week 546 (50.32%) 555 (50.18%) 145 (36.62%) 170 (40.48%) 401 (58.20%) 385 (56.04%)
1-2/ week 349 (382.17%) 353 (31.92%) 154 (33.89%) 146 (34.76%) 195 (28.30%) 208 (30.28%)
3-5/week 142 (13.09%) 146 (13.20%) 74 (18.69%) 80 (19.05%) 68(9.87%) 66 (9.61%)
Almost everyday 48 (4.42%) 52 (4.70%) 23 (5.81%) 24 (5.71%) 25 (3.63%) 28 (4.08%)
Consumption of Meat, (%) 0598 0.829 0578
<1/week 505 (46.67%) 490 (44.30%) 139 (35.28%) 139 (33.10%) 366 (58.20%) 352 (51.24%)
1-2/ week 372 (34.38%) 410 (37.07%) 145 (36.80%) 167 (39.76%) 227 (32.99%) 243 (35.37%)
3-5/week 131 (12.41%) 135 (12.21%) 63 (15.99%) 63 (15.00%) 68 (0.88%) 72(10.48%)
Almost everyday 74 (6.84%) 71 (6.42%) 47 (11.93%) 51(12.14%) 27 (3.92%) 20(2.91%)
Consumption of Vegetables and 0248 0.187 0.268
Fruits (per week), n(%)
<05kg 7 (0.65%) 15 (1.36%) 3(0.76%) 7(1.67%) 4(0.58%) 8(1.17%)
05-1.5kg 197 (18.17%) 197 (17.83%) 81 (20.45%) 67 (15.95%) 116 (16.86%) 131 (19.10%)
> 1.5kg 880 (81.18%) 893 (80.81%) 312 (78.79%) 346 (82.38%) 568 (82.56%) 547 (79.74%)
Vitamin supplementation, 1 (%) 092 0.429 0.154
Never 1032 (97.54%) 1059 (97.60%) 369 (95.84%) 406 (97.83%) 663 (98.51%) 656 (97.47%)
1-2/ week 5(0.47%) 7(0.65%) 5 (1.30%) 2(0.48%) 0(0.00%) 5(0.74%)
3-6/ week 7(066%) 7(065%) 4(1.04%) 3(0.72%) 3(0.45%) 4(0.60%)
Almost everyday 14.(1.329%) 12(1.11%) 7(1.82%) 4(097%) 7 (1.04%) 8(1.19%)
Education, n (%) 0257 0.98 0,059
lliterate 653 (60.35%) 676 (61.40%) 125 (31.65%) 133 (31.67%) 528 (76.86%) 543 (79.62%)
Elementary or junior high school 235 (21.72%) 210 (19.07%) 118 (20.87%) 123 (29.20%) 117 (17.08%) 87 (12.76%)
Senior high school or above 194 (17.93%) 215 (19.53%) 152 (38.48%) 164 (39.05%) 42(6.11%) 52 (7.62%)
Smoking, n (%) 327 (30.14%) 335 (30.29%) 0987 200 (73.23%) 296 (70.48%) 0426 37 (5.37%) 39 (5.68%) 089
Alcohol consumption, n (%) 319 (29.40%) 343 (31.04%) 0433 272 (68.86%) 292 (69.52%) 0897 47 6.81%) 51 (7.43%) 0731

Data are presented as mean = stendard deviation or number (%). P-velues were calculated using independent t-test for the continuous variables and chi-square test for categoricel veriebles. tHey, totel homocysteine; BMI, body mass
index; WHR, Waist-to-Hip Ratio; SBP, systolic blood pressure; DBF, diastolic blood pressure; MA, mean arterial pressure; HDL-C, high-density lipoprotein cholesterol; PW, pulse wave velocity; ALP, akaline phosphatase; 6GFR,
estimated glomerular fitration rate; BUN, blood urea nitrogen.
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105(97.22%) 415 (96.20%)

0(0.00%) 6(1.39%)
2(1.85%) 2(0.46%)
1(0.93%) 8(1.86%)

30(27.52%) 121 (27.50%)
30(2752%) 127 (28.86%)

49 (44.95%) 192 (43.64%)

78 (71.56%) 319 (72.34%)
81(74.31%) 303 (68.86%)

tHoy > 15 P-value
(umol/L)

267

66.94 £7.45 <0.001
2497 £3.76 0.134
094 +0.07 0.963
13438 £17.28  0.989
8028 +11.48  0.027
9832+ 11.66  0.191
416.70 £ 106.17 <0.001
90.08 +£32.68 <0.001
219+239 0.682
128+ 042 0.181
890 + 267 0.023
9056 +£28.68  0.102
79.16 +20.07 <0.001
7284268 <0.001

1770.49 + 0.151
476.02

220(82.40%)  0.205

033
198 (74.44%)
64 (24.06%)
3(1.18%)
1(0.38%)
0.037

123 (46.24%)
91(34.21%)
43 (16.17%)
9(3.38%)
<0.001

108 (40.60%)
99 (37.229%)
40 (15.04%)
19 (7.14%)
0412

6(2.26%)
44 (16.54%)
216(81.20%)

0.369

254 (97.69%)
1(0.38%)
3(1.15%)
2(0.77%)
<0.001
107 (40.23%)
84(31.58%)

75 (28.20%)

189(71.05%)  0.933
180(67.67%)  0.433

tHey <10
(umol/L)

431

60.92 £ 6.50
26.49 +3.78
0.92 +0.06
136.65 + 16.60
80.92 + 10.49
99.50 + 10.89
273.46 + 68.40
61.50 + 10.68
239+ 169
1.25 £ 0.27
9.66 + 351
99.18 £29.54
99.62 + 10.71
5.47 128

1701.97 +
340.45

312 (72.30%)

354 (82.33%)
73 (16.98%)
2(0.47%)
1(0.23%)

236 (54.88%)

125 (20.07%)
53 (12.33%)
16 (3.72%)

217 (50.47%)
150 (34.88%)
40 (9.30%)
23 (5.35%)

2(0.47%)
70 (16.36%)
356 (83.18%)

413 (98.80%)
0(0.00%)
0(0.00%)
5(1.20%)

321 (75.18%)
60 (16.16%)

37 (8.67%)

14 (3.26%)
22(5.12%)

Female
10= <tHey

<15 (umol/L)
718

64.45 + 6.60
26.76 +3.93
0.94 +0.06
138.49 £ 17.31
80.82 +10.95
100.04 + 11.23
306.46 + 79.05
58.16 + 13.33
252 £2.02
1.23+0.28
9.33+3.03
105.52 + 31.91
91.22 +£13.38
6.07 +1.63

1817.14 =
412.37

545 (75.91%)

561 (78.46%)
141 (19.72%)
13 (1.82%)
0(0.00%)

412 (57.70%)
213(20.83%)
61(8.54%)
28(3.92%)

366 (51.339%)

246 (34.50%)
82 (11.50%)
19 (2.66%)

7(0.98%)
128 (17.93%)
579 (81.00%)

683 (97.85%)
4(057%)
6(0.86%)
5(0.72%)

560 (78.76%)
108 (15.19%)

43 (6.05%)

43(6.02%)
56 (7.84%)

tHey > 16
(umol/L)

233

66.92 +7.38
26.60 + 3.69
0.94 +0.07
139.88 + 18.65
79.92 +£10.38
99.91 4+ 11.31
363.33 + 102.02
71.69 2031
259+ 1.62
1.36 + 0.42
9.04 + 3.47
107.78 + 35.62
77.26 +£17.35
7224244

1896.76 +
406.86

187 (80.26%)

188 (81.39%)
42 (18.18%)
1(0.43%)
0(0.00%)

138 (59.48%)

65 (28.02%)
20 (8.62%)
9(3.88%)

135 (58.19%)
74 (31.90%)
18 (7.76%)

5(2.16%)

3(1.20%)
49 (21.12%)
180 (77.59%)

222 (96.94%)
1(0.44%)
1(0.44%)
5(218%)

190 (82.25%)
27 (11.69%)

14 (6.06%)

198.19%)
20 (8.62%)

P-value

<0.001
0516
<0.001
0.055
0472
0.724
<0.001
<0.001
0.327
<0.001
0.166
<0.001
<0.001
<0.001
<0.001

0.075

0.154

0.521

0.057

0.426

0147

0.197

0.021
0.138

Data are presented as mean = standard deviation or number (%). P-values were calculated using independent t-test for the continuous variables and chi-square test for categorical variables. tHcy, total homocysteine; BMI, body mass
index; WHR, Waist-to-Hip Ratio; SBP, systolic blood pressure; DBF, diastolic blood pressure; MAP, mean arterial pressure; HDL-C, high-density lipoprotein cholesterol; PWY, pulse wave velocity; ALP, alkaline phosphatase; eGFR,
estimated glomerular fitration rate; BUN, blood urea nitrogen.
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