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ABSTRACT

Objectives Plasma total homocysteine (tHcy) has been
implicated in the development of cardiovascular disease.
This study aimed to assess the relationship of dietary
antioxidant vitamins intake with tHcy levels in middle-aged
and older adults with hypertension.

Design A cross-sectional study.

Setting The survey was conducted in the Nanshan district
of Shenzhen.

Participants A total of 1465 middle-aged and older
adults with hypertension were included between July and
September of 2013.

Measurements Hyperhomocysteinaemia (HHcy) was
defined as tHcy >15pmol/L. Some dietary antioxidant
vitamins (vitamin C (VC) and vitamin E (VE), carotenes, retinol,
lutein) intake was estimated using the Food Frequency
Questionnaire. Sociodemographic and potential covariates
were evaluated through questionnaires, anthropometric
measurements and blood tests. The association between
dietary intakes of antioxidant vitamins and tHcy concentration
were evaluated by multiple linear regression analyses after
napierian logarithm transformed. Multiple logistic regression
models were further used to determine ORs and 95% Cls.
Results The (3 (95% Cls) of VC intake and tHcy was
—0.050 (—0.084 to —0.016). Compared with the lowest
quartile in the fully adjusted model, the ORs (95% Cls) for
HHcy levels across quartiles of dietary VC intake were 0.82
(0.57 10 1.16), 0.49 (0.33 t0 0.74) and 0.40 (0.22 to 0.74)
(p for trend=0.001). The B (95% ClIs) of retinol intake and
tHey was —0.021 (-0.041 to —0.002) and the ORs (95%
Cls) in the third quartile of retinol intake was 0.61 (0.42

to 0.86), while the effect for the highest quartile was not
significant (p for trend=0.951). No significant association
was observed between dietary VE, carotenes and lutein
intake and HHcy.

Conclusions A linear inverse association between

dietary VC intake and HHcy prevalence, and an L-shaped
association between dietary retinol intake and HHcy
prevalence were found in Chinese middle-aged and older
adults with hypertension.

INTRODUCTION
Increasing evidence has shown that
elevated total homocysteine (tHcy) levels

Strengths and limitations of this study
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» This study focused on the risk of hyperhomocystein-
aemia (HHcy) among middle-aged and older adults
with hypertension.

» Alinear inverse association between dietary vitamin
C intake and HHcy prevalence and the threshold ef-
fect of retinol on HHcy was reported in this study.

» Based on a cross-sectional study design, we could
only draw a conclusion about correlation, not
causation.

» Although some confounding factors were included in
the analysis, other potential confounders may exist.

are associated with atherosclerotic cardio-
vascular diseases (CVD), stroke, peripheral
arterial occlusive disease and venous throm-
bosis.! * Hyperhomocysteinaemia (HHcy)
(tHcy =15pmol/L) ,?’ the result of a disturbed
methionine metabolism, may lead to an
enhancement of the adverse effects of risk
factors like hypertension on human health.*
Hypertension is a major risk factor for cardio-
vascular and chronic kidney disease and a
major cause of the global burden of disease
and mortality.”® It was estimated that the prev-
alence of hypertension in China in 2015 was
23.2%, and about 245 million Chinese adults
had hypertension.7 Notably, the incidence of
hypertension with HHcy, or ‘H-type hyperten-
sion’, is significantly higher compared with
other countries, representing 75% of Chinese
patients with hypertension.® Thus, the nutri-
tional treatment focus on the attempt to
reduce cardiovascular risk by reducing tHcy
is important, particularly among patients with
hypertension.

Increasing age, male sex, genetic factors,
consumption of alcohol or tobacco, kidney
function and physical activity are some of
the factors associated with tHcy levels."
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Epidemiological studies and clinical trials have indicated
that folate, vitamin B, and vitamin B status, well-known
predictors of tHcy, are important for tHcy metabolism.
The latest meta-analysis demonstrated that a lower risk
of stroke and overall CVD with folic acid supplementa-
tion, which may partly contribute to the decrease of tHcy
levels."!

Folicacid and vitamin B ,, which are involved in remeth-
ylation of homocysteine to methionine by methionine
synthase (MS) and vitamin B, which acts as a cofactor in
the transsulfuration of homocysteine to cysteine by cysta-
thionine B-synthase (CBS)."* Folate, a key factor of tHcy
metabolism, is very sensitive to free radicals."”" In addi-
tion, MS and CBS were strongly influenced by oxidative
stress, which may be associated with dietary antioxidant
vitamins and Hey levels.'®'” We hypothesised that antiox-
idant nutrients may regulate tHcy metabolism by influ-
encing methionine-homocysteine cycle. Plasma levels or
dietary intake of vitamin C (VC), vitamin E (VE) or B-car-
otene was inversely associated with tHcy levels, however,
the findings were not consistent.'*2° Of note, the associa-
tion has never been investigated among the hypertensive
population.

Therefore, this large population-based study aimed to
determine the association between the dietary intake of
VC, VE, carotenes, retinol and lutein and the prevalence
of HHcy in middle-aged and older men and women with
hypertension.

METHODS

Study design and population

This study consecutively recruited individuals with
hypertension from 60 community health service centres
(CHSCs) in the Nanshan district of Shenzhen from July to
September of 2013 using a three-stage random sampling
method. In the first stage, eight subdistricts were selected
in the Nanshan district; in the second stage, 6-8 commu-
nities were selected from each su-district using a simple
random selection procedure; and in the third stage,
individuals with hypertension were selected from each
community using isometric random sampling. All subjects
were of Chinese ethnicity and had lived in the Nanshan
district of Shenzhen for over 6 months. The individuals
were invited to visit the CHSCs, where the researcher-
administered questionnaire (including the validated
Food Frequency Questionnaire (FFQ)) was conducted,
the anthropometric measurements were recorded, and
fasting blood samples were collected.

We collected the data of 1802 participants, and
excluded 51 participants whose age was not reported or
who were aged <40 years and 27 underweight partici-
pants (body mass index (BMI) <18.5 kg/mQ), as well as
participants for whom fasting blood samples (n=74) and
complete dietary surveys (n=133) were not available. We
also excluded participants with an extreme dietary energy
intake (male: <800kcal or >4000kcal, female: <700 kcal

or >3500kcal) (n=52). Finally, 1465 participants were
included in the analysis (online supplemental figure 1).

Patient and public involvement

The development of standardised form is in response
to the public health need of preventing stroke among
hypertension population. Patients and the public were
not involved in the design of the study. The results of
our study will be disseminated through open access
publications.

Dietary assessment

The researcher-administered FFQ consisted of 92 food
items, which were assembled into 7 food groups: cereals,
vegetables, fruits, beans, animal foods, nuts and bever-
ages. The FFQ was based on the national FFQ used in
the 2010-2012 China National Nutrition and Health
Survey according to the Chinese Nutrition and Health
Surveillance in 2010-2012.*' Participants were asked
to recall the consumption of each item during the past
year, including the type of food, frequency and amount.
Food weight maps were available for participants to esti-
mate their portion size. Primary data obtained from FFQs
were doubly entered into the EpiData V.3.0 software by
two trained technicians to verify accuracy. Dietary energy
and other nutrients were calculated based on the Chinese
Food Composition Database.”” ** Dietary intake of VC,
VE, carotenes (consist of o-carotene, B-carotene and
B-cryptoxanthin), and retinol were calculated based on
the Chinese Food Composition Table 2002.** We report
carotenes and retinol separately, because we could not
get the accurate calculation for vitamin A, as the data for
carotenes were combined with different carotene, rather
than separate one. Dietary intake of lutein was calcu-
lated based on the food composition table of vegetables,
fruits, eggs and nuts that contain large amounts of lutein,
according to Chinese Dietary Reference Intakes 2018.%*
The intake of all dietary nutrients and carotenoids was
adjusted for energy using the residual method.” The
second FFQ was conducted 3 weeks after the completion
of the first FFQ among 108 participants. The intraclass
correlation coefficients of two administrations of FFQ for
nutrients of VC, VE, carotenes, retinol, lutein were 0.395,
0.477, 0.355, 0.551 and 0.350, and were all statistically
significant.

Assessment of other covariates

Participants’ sociodemographic characteristics (eg, age
and sex), lifestyle factors (eg, sedentary time), history
of chronic diseases and medication and supplement use
status were collected. Sedentary time consisted of time
spent watching TV and sitting, which were combined
into one variable with two categories, <3hours/day
and 23hours/day, based on a median sedentary time
of 3hours/day. The history of cardiovascular events
including coronary heart disease, cerebral haemor-
rhage, cerebral thrombosis and the history of diabetes
and kidney disease were recorded for each participant.
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The prescription use status was classified into two groups
(yes or no) corresponding to whether the participant was
taking any type or quantity of drugs, including antihyper-
tensive drugs, antihyperglycaemic drugs, lipid-lowering
drugs or tHcy-lowering drugs. Supplement use consisted
of vitamin A, retinol, B vitamins, VC, VE and folic acid
was included.

Anthropometric measurements

Height and weight and waist circumference (WC) were
measured by specialists. BMI was calculated as weight
(kg) /height (m?). Systolic blood pressure (SBP) and
diastolic blood pressure were measured from the right
arm of participants in a seated position after a sufficient
rest period using a mercury sphygmomanometer in the
morning. Blood pressure was measured manually and
recorded as the average of three measurements.

Laboratory tests and outcomes

Morning fasting elbow vein blood samples were required
to fastovernight (atleast 10 hours) were collected from the
participants at the CHSCs and transported under refrig-
erated conditions to a clinical laboratory of the Nanshan
Centre for Chronic Disease Control within 2hours. The
blood specimens were collected in a 5mL EDTA vacuum
tube. Blood samples were collected through deposition
and centrifugation for ten minutes at 3000 r/min at room
temperature. The concentrations of plasma tHcy, fasting
plasma glucose (FPG), total cholesterol, triglyceride
(TG), low-density lipoprotein cholesterol, uric acid and
creatinine were assessed on the day of blood collection
using enzymatic methods via an auto-analyser (HITACHI
7080). The interday quality control assessments met the
standard during the analysis. HHcy was defined as plasma
tHcy concentration =15pmol/L.

Statistical analysis

Demographic  characteristics were described by
means+SDs for normally distributed data, medians (IQRs)
for non-normally distributed data and numbers (percent-
ages) for categorical data. The differences between males
and females were compared using the t-test for normally
distributed variables, the Kruskal-Wallis rank test for non-
normally distributed variables, and the % test for categor-
ical variables.

Both dietary intakes of antioxidant vitamins and tHcy
concentration were napierian logarithm (In)-transformed
to improve normality before analyses and categorised into
quartiles. The associations between dietary antioxidant
vitamins intake and the prevalence of HHcy were analysed
using multiple logistic regression models, with the lowest
quartile as the reference category. Confounding variables
were selected based on the minimal sufficient adjustment
recommended by the Directed Acyclic Graph, created in
the online software Dagitty V.3.0 (online supplemental
figure 2). The selected potential confounders included
age, sex (‘male’ as the reference), BMI, sedentary time
(‘<3hours/day’ as the reference), the intakes of folate,

vitamin B and vitamin B, supplement use (‘no’ as the
reference) and the history of cardiovascular events (‘no’
as the reference). Linear trends were tested by creating
a continuous variable for dietary antioxidant vitamins
intake using the median value for each quartile. The sensi-
tive analyses between dietary antioxidant vitamins intake
and HHcy prevalence were applied among the popula-
tion who had never suffered cardiovascular events, or
among the population who never use the tHcy-lowering
drug.

To further explore the nonlinearity of the relationship
between dietary antioxidant vitamins intake and high
tHcy, we used restricted cubic spline with four knots at
the 5th, 35th, 65th and 95th percentiles of dietary antiox-
idant vitamins intake.

To evaluate the modification effect by some poten-
tial prevalence factors of HHcy, including sex (male or
female) and BMI (<24 or 224kg/m2), stratified analyses
were conducted by these potential factors and estimated
p values for interaction terms.

All data were analysed using the R Foundation V.3.1.2
and Empower X&Y Solutions. Statistical significance was
considered when p<0.05 (two sided).

RESULTS
In this cross-sectional study, 1465 participants (male:
729, female: 736) were included in the analysis, and
the mean+SD of age and BMI was 62.0+10.7 years, and
24.9+3.5kg/m” The tHcy levels of the participants was
14.63+9.06 pmol/L, and the number (percentage) of
HHcy was 469 (32.0%). The participants with HHcy were
older and more male, and have higher WC, SBP, tHcy,
uric acid, creatinine and higher percentages of history of
cardiovascular events (including coronary heart disease,
cerebral haemorrhage, cerebral thrombosis) and kidney
disease, and have lower FPG level (all p<0.05) (table 1).
The dietary intakes of nutrients were shown in table 2.
The median (IQR) of dietary antioxidant vitamins intake
were as follows: VC 153.5 (91.2, 240.9) mg/day, VE 25.0
(19.3, 31.9) mg/day, carotenes 3.3 (1.8, 5.6) mg/day,
retinol 138.3 (78.0, 283.6) pg/day and lutein 9.5 (5.2,
14.8) mg/day. Among the participants with HHcy, the
intake of carbohydrate was higher, and the intake of
fruit, protein, fibre, retinol, folate, vitamin B,,, saturated
fatty acid, selenium, magnesium, zinc was lower, and the
percentage of supplement use was lower (all p<0.05).
The association between dietary antioxidant vitamins
intake and tHcy levels are shown in table 3. The inverse
association between VC intake and tHcy concentration
after In-transformed in the fully adjusted model, and the
B (95% Cls) was -0.050 (-0.084 to —0.016), which was
consistent with the logistic regression as categorical vari-
ables. In model II, the significant association was found
in the third and highest quartile of VC intake, and the
ORs (95% Cls) were 0.49 (0.33 to 0.74) and 0.40 (0.22
to 0.74) (P, yena = 0-001). The retinol intake was also
inversely associated with tHcy, as the B (95% CIs) was
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Table 1 Basic characteristics of the participants*
Total (n=1465) HHcy (n=469) Non-HHcy (n=996) P value

Age (years) 62.0+10.7 64.4+11.4 60.9+10.2 <0.001
Gender (male, n (%)) 729 (49.8) 339 (72.3) 390 (39.2) <0.001
BMI (kg/m?) 24.9+3.5 25.0+3.4 24.8+3.6 0.252
WC (cm) 87.3+9.5 88.7+10.0 86.7+9.2 <0.001
SBP (mm Hg) 132.9+13.5 133.9+14.0 132.4+13.3 0.046
DBP (mm Hg) 80.4+10.6 81.2+11.4 80.0+10.2 0.050
tHcy (umol/L) 14.63+9.06 21.57+13.35 11.37+1.89 <0.001
FPG (mmol/L) 5.42+1.54 5.29+1.35 5.49+1.62 0.024
TC (mmol/L) 5.25+1.64 5.20+2.49 5.27+1.02 0.414
TG (mmol/L) 1.95+1.39 2.01+£1.34 1.92+1.41 0.254
LDL-C (mmol/L) 3.19+0.87 3.14+0.89 3.21+0.87 0.133
Uric acid (umol/L) 380+97 420+103 362+89 <0.001
Creatinine (umol/L) 83+44 98+67 76x25 <0.001
Sedentary time <3hours/day (n (%)) 667 (45.5) 211 (45.0) 456 (45.8) 0.776
History of disease (n (%))

Coronary heart disease 178 (12.2) 72 (15.4) 106 (10.6) 0.010

Cerebral haemorrhage 15(1.0) 11 (2.3) 4 (0.4) <0.001

Cerebral thrombosis 61 (4.2) 34 (7.2) 27 (2.7) <0.001

Diabetes 240 (16.4) 82 (17.5) 158 (15.9) 0.434

Kidney disease 57 (3.9) 34 (7.2) 23 (2.3) <0.001
Medications use (n (%))

Antihypertensive 1146 (78.2) 380 (81.0) 766 (76.9) 0.075

Antihyperglycaemic 21 (1.4) 8 (1.7) 13 (1.3) 0.547

Lipid lowering 21 (1.4) 5(1.1) 16 (1.6) 0.417

*Values are mean+SD or median (IQR) or number (percentage).

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HHcy, hyperhomocysteinaemia; LDL-C, low-
density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; tHcy, total homocysteine; WC, waist

circumference.

-0.021 (-0.041 to —0.002). After adjusting for age, sex
and BMI, the ORs (95% CIs) for HHcy prevalence across
quartiles of retinol intake were 1.00, 0.84 (0.61 to 1.16),
0.50 (0.35 to 0.70) and 0.55 (0.40 to 0.77) (P . =
0.003). However, in model II, the significant association
was only found in the third quartile of retinol intake,
and the ORs (95% Cls) was 0.61 (0.42 to 0.86) (P_
=0.951). The non-significant association between dietary
intake of VE, carotenes and lutein and HHcy prevalence
was found. The results were similar in the sensitivity anal-
yses that excluded participants with cardiovascular events
or who use the tHcy-lowering drug (see online supple-
mental table 1).

After fully adjusting for the potential confounders, the
association between dietary antioxidant vitamins intake
and the prevalence of HHcy were shown in figure 1. From
the cubic splines, we noted that the linear inverse trend
of VC intake and HHcy prevalence (p for overall associ-
ation=0.016, p for nonlinearity=0.055) and the L-shaped
relationship of retinol intake and HHcy prevalence (p
for overall association=0.011, p for nonlinearity=0.020),

which were consistent with the results of logistic regres-
sion analyses. The threshold analysis showed that the ORs
(95% CIs) of HHcy was 0.995 (0.991, 0.995) (p=0.005)
when retinol intake was lower than 147.2pg/day and
1.000 (1.000, 1.001) (p=0.094) when retinol intake was
more than 147.2 pg/day and the p value of log-likelihood
ratio was 0.003. The non-association between carotenes,
lutein and VE and HHcy was not shown.

In stratified analyses, the association between dietary
VC and retinol intake and HHcy prevalence were not
significantly modified by sex (male or female), BMI
(<24or224kg/m2) @IP (i eraciion WETE >0.05) (figure 2).
Similar results of stratified analyses of carotenes, lutein
and VE were not shown.

DISCUSSION

In this community-based cross-sectional study, we
observed some of the antioxidant vitamins intakes were
significantly correlated with the prevalence of HHcy.
After adjusting potential confounders, a linear inverse
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Table 2 The dietary intake of food and nutrients of the participants®

Dietary intake (/day) Total (n=1465) HHcy (n=469) non-HHcy (n=996) P value
Energy (kcal) 1488 (1172, 1899) 1508 (1202-1874) 1473 (1150-1913) 0.460
Vegetable (g) 383.7 (240.3, 578.0) 377.7 (227.2, 580.0) 388.2 (252.5, 577.1) 0.510
Fruit (g) 79.2 (39.7, 139.5) 75.4 (33.2, 127.5) 81.5 (42.1, 144.6) 0.036
Protein (g) 43.2 (35.4, 53.5) 41.7 (33.9-50.9) 44.2 (36.2-54.8) <0.001
Fat (g) 54.3 (42.2, 65.6) 52.5 (41.6-64.3) 55.1 (42.6-65.9) 0.055
Carbohydrate (g) 206.6 (179.4, 234.4) 212.6 (186.6-237.7) 204.4 (176.6-231.7) <0.001
Cholesterol (mg) 232.7 (152.3, 325.8) 228.3 (154.5, 313.7) 236.8 (147.3, 333.6) 0.229
Fibre (g) 11.2 (8.2, 15.2) 10.6 (7.9-14.8) 11.4 (8.4-15.2) 0.021
Vitamin C (mg) 153.5 (91.2, 240.9) 138.6 (85.6-231.6) 159.5 (93.6-242.7) 0.072
Vitamin E (mg) 25.0 (19.3-31.9) 24.1 (19.0-31.5) 25.4 (19.5-32.2) 0.154
Carotenes (mg) 3 (1.8, 5.6) 3.1 (1.7-5.5) 3.5 (1.8-5.6) 0.228
Retinol (ug) 138.3 (78.0, 283.6) 110.9 (62.2-239.3) 151.0 (83.3-317.6) <0.001
Lutein (mg) 5 (5.2, 14.8) 9.0 (5.1-14.2) 9.6 (5.3-15.0) 0.269
Folate (ug) 170.4 (109.4, 263.5) 160.0 (99.9-246.2) 176.1 (112.8-266.9) 0.009
Vitamin B, (mg) 3 (0.2, 0.5) 0.3 (0.2-0.5) 0.3 (0.2-0.5) 0.233
Vitamin B,, (ug) 7 (1.6, 4.6) 2.3 (1.4-4.0) 3.0 (1.8-4.9) <0.001
Saturated fatty acid (g) 10.6 (8 1-13.2) 10.2 (7.8-12.9) 10.8 (8.3-13.3) 0.016
Monounsaturated fatty acid (g) 12.7 (9.8-16.3) 12.4 (9.7-16.1) 12.9 (9.9-16.3) 0.111
Polyunsaturated fatty acid (g) 20.0 (14.9-26.4) 19.7 (14.9-26.0) 20.2 (15.0-26.7) 0.292
Selenium (pg) 31.3(23.2, 41.9) 28.6 (21.0-38.8) 32.5 (24.5-43.7) <0.001
Magnesium (mg) 216.1 (173.3-269.2) 205.8 (167.7-261.5) 221.3 (176.3-271.6) 0.011
Zinc (mg) 0 (6.0-8.3) 6.8 (5.9-7.9) 7.1(6.1-8.5) <0.001
Iron (mg) 16.6 (12.0-23.4) 16.5 (11.8-23.1) 16.6 (12.1-23.6) 0.295
Supplement use (n (%)) 302 (20.6) 80 (17.1) 222 (22.3) 0.021

*Values are median (IQR) or number (percentage).
HHcy, hyperhomocysteinaemia.

association between VC intake and HHcy prevalence,
and an L-shaped relationship between retinol intake and
HHcy prevalence were found, which were not modified
by sex or BMI. However, the non-significant effect of VE,
carotenes and lutein on HHcy was detected.

Numerous studies have suggested that HHcy may be a
modifiable risk factor for CVD, especially for stroke. In
the past decades, there were many clinical trials aimed to
show the effect of folate and vitamins B,, and B, supple-
ment on lowering the levels of tHcy, however, the negative
results were found in most studies.”® The potential reason
may be correlated with the harmful effect of unmetab-
olised excessive folate or the cyanide and thiocyanate
from excessive cyanocobalamin. In China, where folate
fortification has not been implemented, folic acid signifi-
cantly reduced the risk of stroke was observed from the
China Stroke Primary Prevention Trial (CSPPT).27 Thus,
appropriate B vitamins therapy is of great importance for
lowering tHcy levels in stroke prevention.

In the past decades, several researches reported the
potential association between plasma levels or intake of
different antioxidant vitamins and tHcy levels.'® ' 2%

In 1999, Brude IR et al observed the inverse association
between plasma tHcy concentration and dietary intake of
vegetables, VC and B-carotene from 41 participants.” In
addition, dietary intake of retinol equivalents, B-carotene
and VC were inversely correlated with plasma tHcy levels,
after adjustment for dietary B-vitamins, but not after addi-
tional adjustment for plasma folate and vitamin Bm.19
What’s more, the study focused on the effect of antiox-
idant vitamins on the plasma tHcy levels in a free-living
elderly population found that plasma VC, rather than the
intake and supplementation of VC, showed a negative
association with tHcy in simple regression analysis, and
also found that the plasma levels, as well as the intake
and supplementation of vitamin E, and B-carotene were
not associated with tHcy."® Similarly, the cross-sectional
National Health And Nutrition Examination Survey
1999-2002 study found that dietary VC and VE intake
were associated with a lower prevalence of elevated blood
tHcy concentration, whereas no association between
dietary carotenes intake and tHcy was detected.” In addi-
tion, Ullegaddi et al found that significant reductions
in plasma homocysteine in the group with antioxidant
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Table 3 B (95% Cls) and ORs (95% Cls) of dietary intakes of antioxidant vitamins and homocysteine levels among the

middle-aged and older hypertensive participants

tHcy Q1 Q2 Q3 Q4 P, ond

Vitamin C (mg/day) <91.2 91.2-153.5 153.6-240.9 >240.9

Cases (%) 132 (36.1) 122 (33.3) 104 (28.4) 111 (30.2)

Crude model -0.037 (-0.063, -0.011) Ref. 0.89 (0.65, 1.20) 0.70 (0.52, 0.96) 0.77 (0.56,1.05)  0.071

Model | -0.031 (-0.055, -0.006) Ref. 0.92 (0.66, 1.27) 0.64 (0.46, 0.90) 0.55(0.34,0.89) 0.048

Model Il -0.050 (-0.084, -0.016) Ref. 0.82 (0.57, 1.16) 0.49 (0.33, 0.74) 0.40 (0.22,0.74)  0.001
Vitamin E (mg/day) <19.3 19.3-25.0 25.1-31.9 >31.9

Cases (%) 122 (33.6) 126 (34.2) 113 (30.9) 108 (29.3)

Crude model -0.035 (-0.084, 0.014) Ref. 1.03 (0.76, 1.40) 0.88 (0.65, 1.20) 0.82 (0.60, 1.12)  0.139

Model | -0.007 (-0.053, 0.039) Ref. 1.10 (0.79, 1.53) 0.96 (0.69, 1.34) 0.95(0.68,1.33) 0.618

Model Il -0.009 (-0.055, 0.036) Ref. 1.12(0.80, 1.57) 0.95 (0.68, 1.33) 0.91(0.65,1.28)  0.412
Carotenes (mg/day) <1.78 1.78-3.30 3.31-5.61 >5.61

Cases (%) 118 (32.7) 136 (37.0) 99 (26.8) 116 (31.6)

Crude model -0.024 (-0.045, -0.003) Ref. 1.21 (0.89, 1.64) 0.76 (0.55, 1.04) 0.95 (0.70, 1.30)  0.315

Model | -0.022 (-0.042, -0.003) Ref. 1.22 (0.88, 1.69) 0.72 (0.51, 1.01) 0.93 (0.67,1.30)  0.254

Model Il -0.022 (-0.052, 0.009) Ref. 1.18 (0.84, 1.68) 0.68 (0.46, 1.02) 0.76 (0.43,1.35)  0.159
Retinol (ug/day) <78.0 78.0-138.3 138.4-283.6 >283.6

Cases (%) 147 (40.2) 133 (36.3) 91 (24.9) 98 (26.7)

Crude model -0.030 (-0.046, -0.015) Ref. 0.85 (0.63, 1.15) 0.49 (0.36, 0.68) 0.54 (0.40, 0.74)  0.001

Model | -0.027 (-0.041, -0.012) Ref. 0.84 (0.61, 1.16) 0.50 (0.35, 0.70) 0.55 (0.40, 0.77)  0.003

Model Il -0.021 (-0.041, -0.002) Ref. 0.90 (0.65, 1.25) 0.61 (0.42, 0.86) 0.86 (0.56,1.32)  0.951
Lutein (mg/day) <5.22 5.22-9.48 9.49-14.82 >14.82

Cases (%) 123 (33.7) 120 (32.8) 114 (31.1) 112 (30.4)

Crude model -0.028 (-0.053, -0.004) Ref. 0.96 (0.71, 1.31) 0.89 (0.65, 1.21) 0.86 (0.63,1.17)  0.311

Model | -0.024 (-0.046, -0.001) Ref. 0.98 (0.71, 1.37) 0.84 (0.61, 1.17) 0.87 (0.62,1.22)  0.331

Model Il -0.025 (-0.063, 0.013) Ref. 0.92 (0.65, 1.31) 0.76 (0.51, 1.14) 0.66 (0.37,1.19)  0.138

Model I: Adjusted for age, sex (‘male’ as the reference) BMI.

Model II: Adjusted for variables in model | and further adjusted for sedentary time (‘<3hours/day’ as the reference), the intakes of folate, vitamin By

and vitamin sz'
BMI, body mass index; tHcy, total homocysteine.

treatment (vitamins C and E) combination with B-vi-
tamin, compared with the group with B-vitamin alone,®
which support the importance of antioxidant vitamins on
tHcy metabolism.

Consistent with our findings, these studies have
a common conclusion that VC intake was inversely
correlated with tHcy levels. Given the report of an
interaction of VC and folate,”’ Magana et al found
the underlying molecular mechanisms that VC acti-
vates the folate-mediated one-carbon cycle in C2C12
myoblasts.”® Thus, VC has been explored as an attrac-
tive factor to increase circulating levels of folic acid
and to reduce Hcy levels.

We found an L-shaped association between dietary
retinol intake and high tHcy prevalence, which meant that
if the retinol intake was low, the risk of HHcy was decreased
as retinol intake increased, but the risk was not changed
when retinol intake reached certain level, which was more
than 147.2 pg/day among the participants in this study.
The dietary intake of retinol equivalents was inversely

supplement use (‘no’ as the reference) and the history of cardiovascular events (‘no’ as the reference).

correlated with plasma tHcy levels after adjustment for
dietary Bvitamins.'? Retinol, a preformed vitamin A, plays
an important role in vision, cellular differentiation and
proliferation, as well as the immune system regulation.
In addition, there is increasing evidence indicates that
retinol seems to inhibit thrombosis® and inflammation
effects,” which indicates retinol is emerging as a factor
of interest to CVD. Brazionis et al reported that plasma
retinol was a novel marker for CVD mortality in Austra-
lian adults, with an inverse association between plasma
retinol in the middle tertile and 5-year CVD mortality.”
Similarly, a strong association between low retinol and
the risk of sudden cardiac death was examined.” In addi-
tion, a nested case—control study showed a significant
inverse association between plasma retinol and the risk of
first stroke among Chinese hypertensive adults from the
CSPPT,37 which may due to relatively low baseline retinol
concentrations (median: 67.5pg/dL). Besides, the inter-
action of retinol and tHcy on CVD risk was also reported.
Yu et af” showed the inverse effect between plasma retinol
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Figure 1 Restricted cubic spline analyses illustrating the

shapes of multivariable association between dietary vitamin
C intake (A), or dietary retinol intake (B) and HHcy. Adjusted
for age, sex (‘male’ as the reference), BMI, sedentary time
(‘<3 hours/day’ as the reference), supplement use (‘'no’ as the
reference), dietary intake of folate, vitamin B, and vitamin B,
the history of cardiovascular events (‘'no’ as the reference).
BMI, body mass index; HHcy, hyperhomocysteinaemia.

and first stroke was stronger among the participants whose
tHcy <10pmol/L than whose tHcy 210pmol/L. Olsen et
al® found that the plasma tHcy was associated with acute
myocardial infarction only in the upper Vit-A tertile, and
the potential mechanisms may include inflammation and
lipid metabolism, which may be partly interpreted with
the high intake of retinol (1576 pg RAE/day).

In addition, the dietary source of retinol may
contribute to the non-significant effect of retinol in
the highest quartile in the fully adjusted model, as it
is present in animal-based foods, particularly in liver
and whole milk. In this study, we found the TG level
was gradually increased with the increase of retinol
(data not shown). High retinol intake may alter lipid
metabolism by increasing TG level, which may impact
the tHcy metabolism.*

At present, a few studies demonstrate the complicated
relationship between retinol, tHcy and CVD risk, but the
underlying mechanism has not yet been clarified.*’ The
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209 P for interaction=0.694 209 P for interaction=0.736
> >
2 Z
T 15 ] T 154 I I
: Lz l
ol T - T
2 i 2T
n w
2 0.54 I 1 2 0.5
[ '3
o [e)
00— T 7T 00— 7T
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
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Figure 2 ORs and 95% Cls for hyperhomocysteinaemia
(HHcy) prevalence according to vitamin C, retinol intake in
subgroups, stratified by sex (A), BMI (B). Adjusted for age,
sex (except sex subgroup), BMI (except BMI subgroup),
sedentary time (‘<3 hours/day’ as the reference), supplement
use (‘no’ as the reference), dietary intake of folate, vitamin By
and vitamin B, the history of cardiovascular events (‘no’ as
the reference). BMI, body mass index.

antioxidant activity of retinol may be a plausible mech-
anism that links the effect of retinol on tHcy levels, as
retinol is essential for the maintenance of immune func-
tion and antioxidant defence.” **

However, we found no relationship between HHcy
prevalence and dietary intake of VE. The aforemen-
tioned study has found significant inverse associations
between plasma tHcy and dietary intake of VE, but the
effect was not significant after adjusting B-vitamins
intake, which was consistent with our finding.19 On the
contrary, dietary VE (o-tocopherol) intake was associ-
ated with a lower risk of elevated blood tHcy concen-
tration among US adults.”

Epidemiological studies have reported the positive
role of carotenoids on human health. In this study,
we focused on the effect of carotenes (B-carotene,
o-carotene and B-cryptoxanthin) and lutein on tHcy,
however, the negative results were found. Many of the
aforementioned studies reported the protective effect
of B-carotene by lowering tHcy concentration," *® but
the risk of tHcy >13pmol/L was associated with the
total carotene intake from diet plus supplement use,
rather than the only intake from diet.* The negative
finding of lutein cannot be compared because of a
lack of previously reported data. Thus, more prospec-
tive cohort studies and randomised double trials are
warranted to indicate the relationship of antioxidant
vitamins with HHcy risk.

The strength of this study is the face-to-face researcher-
administered FFQ survey. First, to our knowledge, this is
the first study to demonstrate an association of dietary
intake of antioxidant vitamins with HHcy prevalence that
was conducted in both a male and female hypertensive
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population. Then, the researcher-administered face-to-
face interview was considered by validated FFQ), which was
designed to evaluate dietary intake and gave full consid-
eration to eating habits and food nutrient composition in
the Chinese population.

Our study has several limitations. First, based on a cross-
sectional study design, we cannot draw a conclusion about
causality. The strong effects observed in this study may
be enhanced because of selection effects, because hyper-
tensive individuals may have made changes to their diet
in response to diagnosis. Second, we adjusted the dietary
intake of folate, B12, B, rather than plasma concentra-
tions, which may could not eliminate confounding effect.
Just like Konstantinova sy reported, the inverse correla-
tion of dietary retinol intake and plasma tHcy disappeared
after adjustment for plasma folate and vitamin B ,. Then,
we investigated the participants whether they took dietary
supplements, while the detailed doses were not recorded.
Therefore, we are not able to eliminate the possible asso-
ciation between supplement use and HHcy prevalence.
Nevertheless, the study reported that there was some
potential benefit from the antioxidant supplementation
on plasma tHcy concentration,” which could stabilise the
positive results in this study. In addition, although some
confounding factors were included in the analysis, other
potential confounders may exist. For instance, the influ-
ence of smoking and drinking on HHcy was not assessed
because of the lack of information about the status of
smoking and drinking.

In conclusion, we found dietary intake of VC and retinol
was inversely associated with HHcy prevalence in middle-
aged and older adults with hypertension after adjusting
the potential confounders. Our findings have provided
suggestive evidence of an inverse relationship between
certain antioxidant intake and HHcy, which should be
the impetus for longitudinal and random control trails to
verify the relationship and direction and to elucidate the
underlying mechanisms in the future.
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