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Plasma homocysteine (Hcy) levels are associated with elevated blood pressure. 
However, the causal association between Hcy levels and the risk of hypertension 
remains ambiguous. Taking the study design effect into consideration, this study 
aimed to investigate this issue through a cross‐sectional and longitudinal analysis. 
Data were obtained from the Beijing Health Management Cohort study, which con‐
ducted routine health check‐ups from 2012 to 2017. Multivariate logistic regression 
was used for the cross‐sectional analysis, and a quadratic inference function ap‐
proach was performed for the longitudinal analysis. A total of 30 376 subjects (mean 
age = 50.0 years) were included in the cross‐sectional analysis, and a subgroup of 
3913 subjects without hypertension at baseline was included in the longitudinal anal‐
ysis. After adjusting for potential confounders, the risk of hypertension increased 
with Hcy levels in the cross‐sectional analysis using the traditional definition of hy‐
pertension (OR = 1.262, 95% CI: 1.155‐1.378, Q2 vs Q1; OR = 1.458, 95% CI: 
1.335‐1.593, Q3 vs Q1; OR = 1.520, 95% CI: 1.388‐1.664, Q4 vs Q1) and the 2017 
hypertension definition (OR = 1.159, 95% CI: 1.067‐1.259, Q2 vs Q1; OR = 1.328, 
95% CI: 1.221‐1.445, Q3 vs Q1; OR = 1.328, 95% CI: 1.217‐1.449, Q4 vs Q1). The 
longitudinal analysis showed that hypertension risk increased in the third quartile of 
Hcy (OR = 1.268, 95% CI: 1.030‐1.560, Q3 vs Q1). Elevated total plasma Hcy may be 
used as a predictive biomarker for hypertension. Attention should be paid to gender‐
specific mechanisms when issuing precise precautions.
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1  | INTRODUC TION

Hypertension contributes to the burden of heart disease, stroke, 
and kidney failure, as well as premature mortality and morbidity. The 
worldwide burden of hypertension has increased by almost 30% from 
1990 to 2010.1,2 Among Chinese people aged 35‐75 years, nearly half 
have hypertension.3 A previous study using a nationally represen‐
tative sample in mainland China proposed that 23.2% (an estimated 
244.5 million) of the adult population had hypertension, and another 
41.3% (435.3 million) had prehypertension,4 indicating that China may 
be facing serious issues with regard to the prevention of hyperten‐
sion. Hypertension rarely causes symptoms in its early stages, and 
many patients go undiagnosed. The identification of early biomarkers 
such as plasma homocysteine (Hcy)5-7 is of pivotal importance.

Plasma Hcy is a sulfur amino acid that is not included in the struc‐
ture of a protein. It is formed during the metabolism of methionine 
from diet or endogenous protein degradation.8 Converted by trans‐
sulfuration into cysteine, Hcy is cleared mainly through the kidneys. 
Published studies have shown that higher plasma Hcy levels increase 
the risk of diseases such as acute myocardial infarction, thrombosis, 
atherosclerosis,9 and elevated blood pressure.10 Elevated Hcy levels 
can be inherited and/or acquired.8,11 Multiple studies have demon‐
strated that elevated levels of Hcy may cause changes in the vascular 
endothelium, mainly mediated by the toxic effect of oxidized forms 
of this amino acid.12

Recent studies have shown that, among women, the concentra‐
tion of Hcy is 90% lower than the concentration found among men.13 
A prospective nested case‐control study14 highlighted that elevated 
plasma Hcy levels at baseline were associated with an increased risk 
of hypertension for men, in accordance with the results found by 
Yücel et al15 A cross‐sectional study revealed that Hcy was not asso‐
ciated with masked hypertension and/or high blood pressure levels 
in women. In contrast to the findings above, elevated plasma Hcy 
levels were not found as a significant risk factor for hypertension 
in women in a 2‐year follow‐up study.16 However, another study 
demonstrated that Hcy was an independent predictor in female pa‐
tients with hypertension.17

A recent meta‐analysis showed that the study design (eg, cross‐
sectional or cohort) contributed to the high heterogeneity of the ex‐
isting results.18 To date, only a limited number of prospective studies 
have been performed on this topic. For example, Borges et al19 re‐
ported that elevated plasma Hcy levels did not play a causal role in 
blood pressure. However, this study was conducted from 2004 to 
2005, and the time period was too short for a longitudinal analysis. 
Zhong et al20 suggested that Hcy may further increase the risk of poor 
outcomes among patients with hypertension, but the sample size in 
their study was relatively small to detect these effects. The present 
findings have not verified the hypothesis that Hcy plays a causal role 
in increasing the risk of hypertension. To the best of our knowledge, 
no study has addressed the comparison between the cross‐sectional 
and longitudinal relationships and between Hcy and hypertension in 
a general large‐scale population‐based study in China.

We hypothesized that (a) increased plasma Hcy levels may be as‐
sociated with the risk of hypertension specified by gender and (b) the 
study design may influence the results. Thus, the aim of the present 
study was to cross‐sectionally and longitudinally explore whether 
plasma Hcy levels are associated with hypertension in the Chinese 
population.

2  | MATERIAL AND METHODS

2.1 | Study sample

The Beijing Health Management Cohort (BHMC) study is a large 
prospective dynamic cohort study. The study design was illustrated 
in former research.21 Data on a total of 45 816 individuals were re‐
trieved from the BHMC study, with data collected annually from 
January 2012 to December 2017 from health check‐ups. Adequate 
measurements of variables such as biochemical indices and relevant 
demographic characteristics were missing for 15 440 respondents. 
Finally, 30 376 participants were enrolled in the cross‐sectional 
analysis.

For the longitudinal analysis, of the subjects who were included 
in the primary study (n = 30 376), we excluded 26 470 subjects for 
the following reasons: 13 750 subjects were excluded because only 
one measurement was made during the 6‐year follow‐up period, and 
12 720 subjects were excluded due to a prior diagnosis of hyperten‐
sion, a history of hypertensive diseases, or a history of taking antihy‐
pertensive drugs at baseline. Ultimately, 3913 subjects (1422 women 
and 2491 men) with 10 963 measurements (participants had more 
than one examination) were included in the longitudinal analysis.

The study followed the guidelines of the Declaration of 
Helsinki, and written informed consent was obtained from each 
subject. Approval for these experiments was obtained from the 
Ethics Committee of Capital Medical University (approval number: 
2015SY33).

2.2 | Definition of hypertension

Blood pressure (BP) was measured by a trained nurse on the right 
arm of each participant (after at least 5 minutes of rest) during the 
check‐up, using the standard classification criteria. In the 30 min‐
utes preceding the measurements, the participants were required 
to avoid smoking or the consumption of caffeine. Three readings of 
systolic and diastolic BP were recorded for each participant, and an 
average of the three measurements was used. Following the 2017 
American College of Cardiology (ACC), American Heart Association 
(AHA) High Blood Pressure Guideline,22 hypertension was defined 
as a systolic BP ≥130 mm Hg, a diastolic BP ≥80 mm Hg, and/or 
the use of antihypertensive medicine within 2 weeks before data 
collection. The traditional definition of hypertension, a systolic BP 
≥140 mm Hg, a diastolic BP ≥90 mm Hg, and/or the use of anti‐
hypertensive medicine within 2 weeks was used in the sensitivity 
analysis.
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2.3 | Measurements of the variables

Data on medications, biochemical indices, and demographic charac‐
teristics were obtained from all subjects who underwent successive 
standardized physical examinations. Participants were required to 
remove their shoes to measure their weight and height, and body 
mass index (BMI) was calculated as weight (kg) divided by height (m) 
squared. Lifestyle factors such as smoking and alcohol consump‐
tion were recorded using a practical and structured questionnaire. 
Blood samples were collected in the morning from an antecubital 
vein into tubes containing ethylenediaminetetraacetic acid. Blood 
platelets (PLT), fasting plasma glucose (FPG), triglycerides (TG), 
high‐density lipoprotein (HDL), low‐density lipoprotein (LDL), total 
cholesterol (TC), white blood cell count (WBC), red blood cell count 
(RBC), hemoglobin (HGB), red blood cell specific volume (HCT), cre‐
atinine (Cr), erythrocyte mean corpuscular volume (MCV), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), and hy‐
persensitive C‐reactive protein (hs‐CRP) were measured using an 
autoanalyzer (Sysmex SE‐9000, Kobe, Japan) in the same laboratory. 

The estimated glomerular filtration rate (eGFR) was calculated using 
the Chinese Chronic Kidney Disease Epidemiology Collaboration 
Equation 23

2.4 | Statistical analysis

The original continuous Hcy value was categorized into four levels: 
≤P25 for quartile 1 (Q1), >P25 and ≤P50 for quartile 2 (Q2), >P50 and 
≤P75 for quartile 3 (Q3), and >P75 for quartile 4 (Q4).

Descriptive analyses of the participants’ general characteristics 
were performed by gender, and levels of plasma Hcy. Continuous 
variables are shown as the means ± standard deviation, and categor‐
ical variables are presented as numbers and percentages. Normality 
assumptions of the continuous variables were tested. Student’s t 
test or Wilcoxon test was used for continuous variables to detect 
any statistically significant differences between genders. Quartile 
groups were tested using ANOVAs and χ2 tests when appropriate.

Multivariate logistic regression was conducted to assess the 
odds ratios (ORs) for cross‐sectional associations between Hcy and 

Variables
Total 
(n = 30 376) Male (n = 20 649) Female (n = 9727) P‐value

Hcy (mg/dL) 11.76 ± 7.63 13.24 ± 8.53 8.64 ± 3.68 <0.0001b

SBP (mm Hg) 123.87 ± 16.30 127.25 ± 15.18 116.67 ± 16.28 <0.0001b

DBP (mm Hg) 72.37 ± 10.92 74.45 ± 10.75 67.92 ± 9.90 <0.0001b

Age (y) 49.95 ± 12.76 51.04 ± 12.65 47.63 ± 12.69 <0.0001b

Egfr 107.50 ± 40.92 119.84 ± 38.78 81.27 ± 32.05 <0.0001b

BMI (kg/m2) 25.62 ± 3.75 26.30 ± 3.19 24.14 ± 4.43 <0.0001a

FPG (mmol/L) 5.60 ± 1.38 5.75 ± 1.49 5.28 ± 1.03 <0.0001b

TG (mmol/L) 1.67 ± 1.59 1.87 ± 1.77 1.25 ± 1.00 <0.0001b

HDL (mmol/L) 1.30 ± 0.35 1.22 ± 0.30 1.49 ± 0.38 <0.0001b

AST/ALT 1.19 ± 0.89 1.11 ± 0.96 1.37 ± 0.71 <0.0001b

HCT (%) 43.49 ± 3.99 45.23 ± 3.12 39.80 ± 3.01 <0.0001b

PLT (109/L) 227.36 ± 54.24 217.61 ± 49.94 248.06 ± 57.15 <0.0001b

WBC (1012/L) 6.20 ± 1.57 6.28 ± 1.58 5.81 ± 1.46 <0.0001b

RBC (1012/L) 4.77 ± 0.45 4.94 ± 0.39 4.41 ± 0.33 <0.0001b

TC (mmol/L) 4.79 ± 0.95 4.77 ± 0.97 4.83 ± 0.90 <0.0001b

HGB (g/L) 147.81 ± 15.72 154.91 ± 11.76 132.70 ± 11.96 <0.0001b

MCV (fl) 91.27 ± 4.95 91.69 ± 4.60 90.37 ± 5.50 <0.0001b

Smoker (n, %) 109 (0.36) 86 (0.28) 23 (0.08) 0.0144c

Alcohol user  
(n, %)

301 (0.99) 214 (0.70) 87 (0.89) 0.2439c

ALT, alanine aminotransferase (mmol/L); AST, aspartate aminotransferase (mmol/L); BMI, body mass 
index (kg/m2); DBP, diastolic blood pressure (mm Hg); Drinking, any alcoholic drinks once a week; 
eGFR, the estimated glomerular filtration rate; FPG, fasting plasma glucose (mmol/L); HCT, red 
blood cell specific volume (%); Hcy, homocysteine(mg/dL); HDL, high‐density lipoprotein (mmol/L); 
HGB, hemoglobin (g/L); MCV, erythrocyte mean corpuscular volume (fl); PLT, blood platelet(109/L); 
RBC, red blood cell (1012/L); SBP, systolic blood pressure (mm Hg); Smoking, any tobacco usage; TC, 
total cholesterol (mmol/L); TG, triglyceride (mmol/L) WBC, white blood cell (1012/L).
aThe result of student’s t test. 
bThe result of Kruskal‐Wallis rank test. 
cThe result of χ2 test. 

TA B L E  1   Characteristics of the study 
participants in the cross‐sectional 
analyses
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hypertension for each quartile compared to the reference group (the 
lowest quartile: Q1).

The quadratic inference function (QIF) approach was used to 
assess the relationship between Hcy and hypertension in the lon‐
gitudinal analysis. A previous study showed that the QIF method is 
more acceptable for correlated data because of its advantages over 
generalized estimating Equation.24 First, the QIF method requires 
fewer model assumptions.25 Second, this technique constructs more 
estimating functions than the number of parameters. QIF does not 
need to estimate the parameters in a given correlation structure, es‐
pecially when the working correlation is misspecified.26 Finally, the 
QIF estimators are robust with a bounded influence function against 
unduly large outliers or contaminated data points.27

To better clarify the relationship between hypertension and Hcy, 
several confounding factors were adjusted for multiple regression 
and the QIF models. Model 1 was a univariate model. In Model 2, 
gender, age, eGFR, BMI, FPG, TG, HDL, the ratio of AST to ALT (AST/
ALT), HCT, PLT, WBC, RBC, TC, HGB, and MCV were adjusted. In 
Model 3, we adjusted for smoking and drinking status, as well as the 
variables in Model 2.

All analyses were performed using SAS software (version 9.4; 
SAS Institute Inc, Cary, North Carolina, USA). Two‐sided P < 0.05 
was considered statistically significant.

3  | RESULTS

3.1 | Cross‐sectional characteristics

Table 1 summarizes the cross‐sectional characteristics of the par‐
ticipants. The mean age of all the participants was 50 years old, 

and 32.02% (9727/30 376) were females. No significant differences 
were observed in smoking prevalence by gender. Compared to men, 
women had higher levels of HDL, AST/ALT, and PLT (all Ps < 0.001) 
and lower stages of other clinical and demographic characteristics. 
We also analyzed plasma Hcy concentrations and its correlation with 
BP (Figures S1 and S2).

3.2 | Cross‐sectional association between Hcy 
levels and hypertension

The results of the cross‐sectional analyses from both the univariate 
and the multivariate regressions are described in Table 2. The preva‐
lence of hypertension at different Hcy levels shows the increasing 
trends in the different age groups (Figure S3).

A statistically significant association between Hcy levels 
and hypertension was observed (Model 1) for the whole sample 
(both men and women). The results did not vary appreciably in 
Model 2, and a statistically significant association was discov‐
ered in Model 3 (OR = 1.262, 95% CI: 1.155‐1.378, P = 0.0005, 
Q2 vs Q1; OR = 1.458, 95% CI: 1.335‐1.593, P < 0.0001, Q3 vs 
Q1; OR = 1.520, 95% CI: 1.388‐1.664, P < 0.0001, Q4 vs Q1), 
when using the traditional definition of hypertension. The same 
result was detected when using the new definition of hyperten‐
sion, and a statistically significant association was discovered 
in Model 3 (OR = 1.159, 95% CI: 1.067‐1.259, P < 0.0001, Q2 
vs Q1; OR = 1.328, 95% CI: 1.221‐1.445, P < 0.0001, Q3 vs Q1; 
OR = 1.328, 95% CI: 1.217‐1.449, P < 0.0001, Q4 vs Q1). All of 
the different gender populations followed the same association 
pattern except for females using the new definition of hyperten‐
sion. No statistically significant differences were found in Model 

Total

The new definition of hypertension The traditional definition of hypertension

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Q1 1 1 1 1 1 1

Q2 1.633 (1.530, 1.742) 1.160 (1.068, 1.261) 1.159 (1.067, 1.259) 1.632 (1.521, 1.751) 1.262 (1.155, 1.378) 1.262 (1.155, 1.378)

Q3 2.166 (2.030, 2.311) 1.329 (1.222, 1.446) 1.328 (1.221, 1.445) 2.104 (1.962, 2.255) 1.460 (1.336, 1.594) 1.458 (1.335, 1.593)

Q4 2.407 (2.254, 2.571) 1.331 (1.219, 1.452) 1.328 (1.217, 1.449) 2.335 (2.178, 2.504) 1.521 (1.389, 1.666) 1.520 (1.388, 1.664)

Male

Q1 1 1 1 1 1 1

Q2 1.148 (1.047, 1.259) 1.145 (1.027, 1.277) 1.143 (1.025, 1.275) 1.200 (1.092, 1.320) 1.225 (1.094, 1.371) 1.223 (1.092, 1.368)

Q3 1.337 (1.222, 1.462) 1.353 (1.217, 1.503) 1.351 (1.215, 1.501) 1.399 (1.276, 1.533) 1.447 (1.298, 1.613) 1.442 (1.294, 1.608)

Q4 1.352 (1.238, 1.477) 1.368 (1.232, 1.520) 1.365 (1.229, 1.516) 1.450 (1.325, 1.588) 1.534 (1.377, 1.710) 1.531 (1.374, 1.706)

Female

Q1 1 1 1 1 1 1

Q2 1.372 (1.236, 1.523) 1.191 (1.041, 1.362) 1.195 (1.045, 1.367) 1.488 (1.324, 1.672) 1.303 (1.122, 1.514) 1.298 (1.118, 1.508)

Q3 1.652 (1.464, 1.865) 1.262 (1.080, 1.475) 1.269 (1.086, 1.484) 1.807 (1.582, 2.063) 1.435 (1.210, 1.703) 1.426 (1.203, 1.691)

Q4 1.658 (1.414, 1.944) 1.105 (0.896, 1.363) 1.109 (0.899, 1.369) 1.903 (1.603, 2.259) 1.291 (1.029, 1.619) 1.286 (1.026, 1.613)

Q1‐Q4 represent 4 levels of the original continuous serum Hcy using the 3 quartiles (P25, P50 and P75) as cut‐off values. Model 1: univariate model; Model 
2: adjusted for gender, age, eGFR, BMI, FPG, TG, HDL, AST_ALT, HCT, PLT, WBC, RBC, TC, HGB, HCT, and MCV. Model 3: adjusted for variables in 
Model 2 and smoking and drinking.

TA B L E  2   Cross‐sectional association between Hcy and hypertension (n = 30 376)
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2 (OR = 1.105, 95% CI: 0.896‐1.363, P = 0.3514, Q4 vs Q1) and 
Model 3 (OR = 1.109, 95% CI: 0.899‐1.369, P = 0.3334, Q4 vs Q1) 
in women.

3.3 | Longitudinal association between Hcy and 
hypertension

Table 3 shows the characteristics of Hcy and BP together with 
the potential confounding factors at every measurement. The 
mean follow‐up period was 3.80 years (minimum = 2 years; maxi‐
mum = 8 years). The distribution of BP and other potential con‐
founding factors is shown in Table 4.

A statistically significant association between Hcy level and hyper‐
tension was observed in Model 1. The results did not vary appreciably 
in Model 2, which was further adjusted for age and gender, and a sta‐
tistically significant association was discovered in Model 3 (OR = 1.268, 
95% CI: 1.030‐1.560, P = 0.0249, Q3 vs Q1), which was further adjusted 
for the clinical indices, and Model 4 (OR = 1.265, 95% CI: 1.028‐1.557, 
P = 0.0263, Q3 vs Q1), which was adjusted for life customs and used 
the new definition of hypertension. The same result was detected when 
using the traditional definition of hypertension. The association between 
Hcy and hypertension in the longitudinal analyses is shown in Figure 1.

4  | DISCUSSION

Based on a well‐designed epidemiological cohort with a large sample 
size, the present study provides powerful evidence of a significant 
association between Hcy and hypertension, using both cross‐sec‐
tional and longitudinal analyses. Furthermore, elevated plasma Hcy 
levels may be an independent predictor of hypertension, regard‐
less of the study design (cross‐sectional or longitudinal) and gender 
effect.

The relationship between Hcy and BP has been proposed by 
several researchers.28-30 It has previously been suggested that high 
Hcy levels may damage vascular endothelial cells and affect the an‐
ticoagulant effect of endothelium cells, leading to the proliferation 
of smooth muscle cells.31 Plasma Hcy levels have been identified as 
a potential biomarker for endothelial dysfunction32 and have been 
linked to severe diseases associated with endothelial injury.33

The gender‐specific association between Hcy and the risk of hy‐
pertension has not been illustrated clearly by existing studies.34,35 
Some researchers have confirmed that the interactions of Hcy strat‐
ified by gender and BP need to be considered in the prediction of the 
overall risk of stroke and hypertension.36 However, the Framingham 
Heart Study found no major association between the baseline plasma 

TA B L E  3   Characteristics of study populations for longitudinal analysis by Hcy levels

Variables
Q1 
(4.40‐7.60 mg/dL)

Q2 (7.61‐9.70 mg/
dL)

Q3 (9.71‐12.60 mg/
dL)

Q4 (12.61‐44.70 mg/
dL) F‐statistic/chi‐square P value

Age (y) 44.46 ± 9.46 46.20 ± 9.92 47.67 ± 10.39 47.41 ± 11.20 148.8300 <.0001

SBP (mm Hg) 115.58 ± 14.37 119.69 ± 14.72 121.27 ± 14.43 123.20 ± 14.26 396.1135 <.0001

DBP (mm Hg) 68.05 ± 9.75 70.77 ± 10.08 71.63 ± 10.13 72.87 ± 10.09 342.8079 <.0001

eGFR 95.54 ± 30.03 104.15 ± 32.94 108.78 ± 34.24 116.52 ± 35.18 615.8940 <.0001

BMI (kg/m2) 24.25 ± 3.36 24.86 ± 3.38 25.50 ± 5.85 25.66 ± 3.24 264.1564 <.0001

FPG (mmol/L) 5.38 ± 1.28 5.47 ± 1.30 5.41 ± 1.08 5.42 ± 1.08 40.7914 <.0001

TG (mmol/L) 1.38 ± 1.92 1.57 ± 1.51 1.64 ± 1.34 1.74 ± 1.52 301.1583 <.0001

HDL (mmol/L) 1.42 ± 0.38 1.34 ± 0.37 1.29 ± 0.34 1.25 ± 0.32 339.6817 <.0001

AST/ALT 1.23 ± 1.04 1.15 ± 0.76 1.12 ± 1.55 1.10 ± 0.80 116.6284 <.0001

HCT (%) 41.41 ± 4.11 43.21 ± 4.10 44.09 ± 3.88 45.08 ± 3.47 1184.5767 <.0001

PLT (109/L) 241.32 ± 55.54 230.61 ± 55.15 223.66 ± 52.94 223.12 ± 49.53 205.8349 <.0001

WBC (1012/L) 5.99 ± 1.53 6.09 ± 1.59 6.08 ± 1.48 6.35 ± 1.65 70.2250 <.0001

RBC (1012/L) 4.56 ± 0.43 4.75 ± 0.44 4.85 ± 0.44 4.92 ± 0.42 1047.1519 <.0001

TC (mmol/L) 4.87 ± 0.97 4.89 ± 0.90 4.84 ± 0.44 4.85 ± 0.91 4.4282 0.2188

HGB (g/L) 138.78 ± 16.27 146.42 ± 16.15 150.14 ± 15.22 154.48 ± 13.54 1396.2364 <.0001

MCV (fl) 90.99 ± 16.27 90.94 ± 5.04 91.20 ± 4.58 91.72 ± 4.82 20.8424 0.0001

Smoker (n, %) 60 (0.92) 86 (1.22) 167 (2.5) 111 (1.66) 9.8579 0.0198

Alcohol user 
(n, %)

140 (2.15) 252 (3.59) 405 (6.07) 309 (4.63) 11.4073 0.0097

Q1‐Q4 represent 4 levels of the original continuous serum Hcy using the 3 quartiles (P25, P50, and P75) as cut‐off values.
ALT, alanine aminotransferase (mmol/L); AST, aspartate aminotransferase (mmol/L); BMI, body mass index (kg/m2); eGFR, the estimated glomerular 
filtration rate; FPG, fasting plasma glucose (mmol/L); HCT, red blood cell specific volume (%); HDL, high‐density lipoprotein (mmol/L); HGB, hemoglobin 
(g/L); MCV, erythrocyte mean corpuscular volume (fl); PLT, blood platelet(109/L); RBC, red blood cell (1012/L); TC, total cholesterol (mmol/L); TG, tri‐
glyceride (mmol/L); WBC, white blood cell (1012/L).
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Hcy level and hypertension incidence or longitudinal BP progression, 
after adjustment for age, gender, and other important confounding 
factors.37 In 2002, a cross‐sectional study38 based on the third na‐
tional health and nutrition survey in the United States supported the 
relationship between Hcy and BP levels, and this correlation seems 
to be more pronounced in women. A Danish study39 in the same year 
showed that the interaction between Hcy and hypertension was in‐
fluenced by renal function. The association between elevated Hcy 
levels with systolic BP was found only in smokers.

In a previous study in China, Wang and colleagues16 prospec‐
tively traced the BP progression of a normotensive population with 
different Hcy levels over a 2‐year period. The study identified a gen‐
der difference, indicating that Hcy was not a significant risk factor 
for women. A study in Liao‐Ning, Jiang‐Su, and Xin‐Jiang provinces 
found significant and positive associations of homocysteine concen‐
trations with hypertension and BP.29,40,41

Race may indeed be a specific factor influencing the interac‐
tion between Hcy levels and hypertension. Differences between 
these studies might be explained by the participants’ ethnicities. 
Total plasma Hcy levels have significant gender‐dependent differ‐
ences17,42 although the conclusions of the previous studies were 
conflicting.43-45

Our findings were consistent with the above‐mentioned prior 
studies. Furthermore, our findings were also supported by several 
previous studies, showing that plasma Hcy levels were significantly 
lower among women than among men.30,46,47 Both conduit and re‐
sistance vessel endothelial function may be damaged by elevated 

Hcy levels,33 resulting in the development of hypertension.48 Female 
hormones, which have been established to have antioxidant effects 
that may reduce the risk based on Hcy, may be responsible for the 
observed differences.17,34,42

The design of the studies contributed to the different observed 
results. In most retrospective studies, such as case‐control studies 
and cross‐sectional studies, plasma Hcy levels were related to an 
increase in BP and hypertension.41,44,49 However, different con‐
clusions were reached in large prospective studies after adjusting 
for confounding factors. Several studies found no major connec‐
tion between plasma Hcy levels and hypertension incidence after 
adjusting for sociodemographic and clinical covariates.37,50,51 
Randomization was applied to improve causal inference, showing 
that Hcy was more likely a marker than a cause of BP.19

In general, our findings should be taken with caution, because in 
the longitudinal analysis, only the third quartile (Q3 level) was statis‐
tically significant compared to the first quartile (Q1 level). This sug‐
gests that plasma Hcy levels may be a biomarker for hypertension 
and that the association between them may be partially causal.

Despite these important findings, there are two limitations to 
our study. First, attention should be paid to the gender‐specific 
mechanisms and possible intrinsic causal relationships; thus, a co‐
hort study with a longer follow‐up period is needed in the future. 
Second, the promotion of physical activity,51 type of dietary habits,9 
genetic defects of the metabolism of enzymes in Hcy and vitamin B 
supplements17 in the adult population may play important roles in 
affecting Hcy concentrations and attenuating the health effects of 

F I G U R E  1   The association between 
Hcy and hypertension in the longitudinal 
analyses
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deleterious conditions. More variables should be collected in future 
studies.

5  | CONCLUSIONS

Elevated total plasma Hcy may be used as a predictive biomarker for 
hypertension. Considering the biases in cross‐sectional studies, the 
present study highlights a longitudinal association between Hcy and 
hypertension. Attention should be paid to gender‐specific mecha‐
nisms when issuing precise precautions.
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