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Abstract: Whole grain intake was associated with better blood pressure control, but evidence is
lacking in non-Western populations with different grain intake patterns. We aimed to determine the
associations between coarse grain intake, usually considered as the best proxy of whole grain intake
for Chinese diets, with blood pressure and undiagnosed hypertension using baseline data from the
China Kadoorie Biobank study. After excluding participants with clinically diagnosed hypertension
or use of antihypertensive dugs, 435,907 participants were included in our analysis. A self-reported
questionnaire was used to measure coarse grain intake frequency. Overall, 12.8% and 29.2% of the
participants reported daily consumption and never consumption, respectively. With multivariable
adjustments including BMI, outdoor temperature, and physical activity, higher frequency of coarse
grain intake was associated with lower systolic and diastolic blood pressure in those older than
40 years, p trend < 0.05. Compared to never consumers, the odds ratio (95% CI) of hypertension
was 0.78 (0.73–0.84), 0.84 (0.77–0.91), 0.91 (0.88–0.94), and 0.97 (0.95–0.99) for daily, 4–6 days/week,
1–3 days/week, and monthly groups, P trend < 0.001. Our cross-sectional study in a nationwide
sample of Chinese adults suggests that higher coarse grain intake was associated with lower blood
pressure and lower hypertension risk.
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1. Introduction

Globally, elevated blood pressure was identified as a major modifiable risk factor for
non-communicable diseases, such as stroke and ischemic heart disease [1]. A 25% reduction of
elevated blood pressure by 2025 was set as a global target by the World Health Organization [2].
From the China Hypertension Survey 2012–2015, 23.2% of urban and rural adults were hypertensive,
and 53.1% of them were unaware of their hypertensive status [3]. Most likely, there was no intentional
medication or intervention on those people with undiagnosed hypertension. Many evidences were well
recorded for the dietary patterns in the control of blood pressure, such as the Dietary Approaches to Stop
Hypertension [4], and the Mediterranean Diet [5], both of which emphasize the intake of vegetables,
fruit, and whole grains, with reduced intake of saturated fat and red meat. However, these dietary
recommendations originated from Western populations, whose dietary pattern, cooking habits, and food
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supplies are different from those of Asians, including Chinese [6]. Therefore, the generalizability of
those observed associations is still uncertain for the general population in China.

From recent studies, increased intake of whole grains was associated with reduced blood
pressure [7–10]. Of note, the major resources of whole grains in Western diets are breads and
breakfast cereals [11], while in Chinese diets, rice and wheat products are the major forms in grain
consumption [12], often known as refined grain. Although brown rice was introduced as a whole
grain option, its popularity is very limited given its high price, unique taste, and different cooking
protocol [13]. In addition to refined grain, coarse grains (such as millet, corn, oats, sorghum, adlay,
and buckwheat) are major alternative grain sources among the Chinese [14]. In the China National
Nutrition and Health Surveillance, coarse grains were defined as grains or various beans (usually mung,
red, or kidney beans) other than wheat or rice products [15]. Coarse grains share nutritional advantages
with whole grains, such as richness in dietary fiber and B vitamins, which were related to improved
endothelial functions and vascular health [7]. In a group of apparently healthy young adult Chinese
with a mean age of 23 years, an inverse association between coarse grain intake and blood pressure
has been reported previously [16]. However, whether this association exists in other age groups is
still unknown. More importantly, the quantitative relevance of coarse grain intake for hypertension
prevention in general population remains to be elucidated.

In the present study, we aim to determine the association between coarse grain intake frequency
with blood pressure, and undiagnosed hypertension using cross-sectional data from a nationwide
large-scale cohort in China.

2. Materials and Methods

2.1. Study Design and Participants

We utilized the baseline data of the China Kadoorie Biobank (CKB). The detailed study design
has been described elsewhere [17,18]. In brief, the CKB study is a prospective cohort study among
0.5 million adult Chinese. Between 25 June 2004 and 15 July 2008, the baseline survey was conducted in
ten areas in China (5 urban, 5 rural), which were selected from China’s nationally representative Disease
Surveillance Points, to cover different socioeconomic levels, disease patterns, and associated risk factors.
All registered residents at local study areas were invited to participate in the baseline survey if their
age was between 35 to 74 years, and the average response rate was 30%. The final age range was 30 to
79 years after additional inclusion of about 2% of participants slightly outside the target age. The dataset
used in the current study was release 15.0, including a total of 512,715 participants at baseline. In order
to assess the association between coarse grain intake with undiagnosed hypertension, those who
reported a diagnosis of hypertension by a clinician or use of anti-hypertensive drugs (n = 76,697) were
excluded. In addition, participants with extreme blood pressure values (n = 109, systolic blood pressure
(SBP) <80 or ≥250 mm Hg; diastolic blood pressure (DBP) <40 or ≥150 mm Hg) or having missing
values (n = 2 for missing body mass index (BMI)) were also excluded, leaving 435,907 participants in
the present study.

2.2. Data Collection

At the study clinics, information on sociodemographic status, lifestyle factors (such as smoking,
alcohol drinking, and dietary habit), and medical history were collected via face-to-face interviews
by trained health workers, using laptop-based questionnaires. With all participants wearing light
clothes and no shoes, weight was measured using a bioelectrical impedance analysis instrument
(TANITA-TBF-300GS; Tanita Corporation, Tokyo, Japan). Standing height was measured to the nearest
0.1 cm using a stadiometer and BMI was calculated as weight in kilograms divided by the square of height
in meters (kg/m2). After at least five minutes’ rest, blood pressure was measured on the right upper arm
at least twice in a seated position using a digital sphygmomanometer (model UA-779, A&D Medical,
Tokyo, Japan) in a quiet and warm room. All devices were calibrated and measurements were done by



Nutrients 2020, 12, 3814 3 of 12

trained staff according to a standard protocol to ensure measurement consistency. Normally, the cuff of
the sphygmomanometer for adult size was used, while an alternative sphygmomanometer cuff size was
used if arm circumference was outside the normal range, with a proper elasticity. The center of the cuff

was approximately flush with the subject’s heart position. The average of the two measurements was
used in the analysis. Because blood pressure is strongly associated with outdoor temperature, we also
collected monthly mean outdoor temperature (MMOT) of each study area during baseline survey from
the website of the China Meteorological Administration [19]. Each participant was assigned an MMOT
according to the date when the baseline survey was done [20]. The study protocol was approved by
the Oxford University Tropical Research Ethics Committee and the Chinese Center for Disease Control
and Prevention Ethical Review Committee. All the participants provided written informed consent
prior to participation.

2.3. Dietary Assessment

A simple food frequency questionnaire was used to collect consumption frequency of 12 major food
groups, including the coarse grains [21]. It was expressed as “other staple food” (i.e., other than refined
grain rice and wheat products) in some other published papers from the CKB study [22]; however,
in the original Chinese questionnaire, it was expressed as “Za Liang”, with the same definition of coarse
grains as the China National Nutrition and Health Surveillance [15]. The participants were required to
answer the frequencies of food group consumption during the previous 12 months, by choosing one
of the five categories (daily, 4 to 6 days per week, 1 to 3 days per week, monthly, or never or rarely
(the reference category)). A validation study was conducted among a subset of the participants who
complete the dietary questionnaire twice with an interval of less than 1.5 years, and results showed
satisfying agreement between the questionnaire measurement and the average of 24 h recalls [23].

2.4. Definition of Outcomes

Undiagnosed hypertension was defined as having a measured SBP ≥ 140 mmHg or DBP ≥
90 mmHg.

2.5. Statistical Analysis

Mean (SD) or number (percentage) of population characteristics were presented by coarse
grain intake level. General linear model was used in comparing between-group differences for
continuous variables, and chi-square test was used for categorical variables. Adjusted means of SBP
and DBP were generated using general linear model by adjusting for age, sex, study area, education
level (no formal education, primary school, middle/high school, or college/university), smoking
(never, occasional, ex-regular, or regular), alcohol drinking (never, occasional, ex-regular, or regular),
physical activity level (metabolic equivalent of task hours (MET-hr)/day), BMI, and MMOT where
appropriate. Odds ratios (OR) of undiagnosed hypertension by coarse grain intake frequency were
evaluated using logistic regression. Age, sex, and study area were included as covariates in model 1;
education level, smoking, alcohol drinking, physical activity, BMI, and MMOT were additionally
adjusted in model 2. SAS 9.3 (SAS Institute, Cary, NC, USA) was used in data analyses, and R Software
(version 3.6.2; https://www.r-project.org) was used in plotting the figures. Two-sided P < 0.05 was
considered as statistically significant.

3. Results

Among all our participants, 127,277 (29.2%) reported never or rarely consume coarse grains,
while 55,997 (12.8%) reported daily consumption (Table 1). Daily consumers tended to be older and
physically active, and to have lower frequencies in alcohol drinking and smoking, and lower SBP and
DBP; while those choosing regular (4–6 days/week) intake but not daily, were more likely to be women
or to live in urban areas.

https://www.r-project.org
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Table 1. Characteristics of the participants *.

Characteristic Never or Rarely Monthly 1–3 Days/Week 4–6 Days/Week Daily All Participants

n 127,277 194,325 54,693 3615 55,997 435,907
Age (years) 49.6 (12.2) 50.4 (12.6) 51.5 (11.3) 53.8 (10.4) 56.2 (30.6) 50.8 (10.4)
Female (%) 55.4 60.5 62.4 65.8 56.2 58.7
Urban residence (%) 37.8 46.9 75.9 83.1 7.0 43.0
Education level (%)

No formal education 20.9 18.7 11.4 10.3 11.6 17.4
Primary school 36.5 32.5 17.9 15.2 33.2 31.8
Middle or high school 39.2 43.2 55.1 55.6 52.9 44.9
College or university 3.4 5.6 15.6 18.8 2.3 5.9

Household Income (%)
<10,000 yuan/year 29.9 27.4 21.2 17.9 39.1 28.8
10,000–19,999 yuan/year 25.7 27.5 28.3 30.2 43.4 29.1
20,000–34,999 yuan/year 25.1 26.1 29.2 29.5 13.1 24.5
≥35,000 yuan/year 19.3 19.1 21.4 22.4 4.4 17.6

Smoking status (%)
Never 56.3 63.5 67.3 69.6 60.2 61.5
Occasional 5.5 5.5 5.1 4.8 8.1 5.8
Ex-regular 5.6 4.8 5.9 6.4 5.7 5.3
Regular 32.7 26.2 21.6 19.2 26.1 27.4

Alcohol drinking (%)
Never 47.9 50.6 41.4 40.0 18.6 44.4
Occasional 24.7 29.9 36.8 38.6 59.4 33.1
Ex-regular 2.0 1.5 1.0 0.8 0.4 1.4
Regular 25.5 18.0 20.9 20.7 21.6 21.1

Physical activity (MET-hr/day) 19.4 (17.3) 19.2 (19.0) 19.3 (14.6) 19.3 (12.2) 19.7 (36.3) 21.9 (13.9)
BMI (kg/m2) 23.1 (4.5) 23.2 (4.9) 23.2 (3.8) 23.3 (3.2) 23.1 (9.5) 23.4 (3.3)
SBP (mmHg) 130.0 (25.4) 129.9 (27.8) 129.3 (21.4) 128.8 (17.9) 128.2 (53.2) 127.5 (18.9)
DBP (mmHg) 76.1 (14.6) 76.0 (16.0) 76.0 (12.3) 75.8 (10.3) 74.9 (30.6) 76.4 (10.4)

* Means (SD) standardized for age, sex and study area when appropriate. Categorical variables were shown as number (%). BMI, body mass index; DBP, diastolic blood pressure; SBP,
systolic blood pressure; MET, metabolic equivalent task. Values were all significantly different among groups (p < 0.001).



Nutrients 2020, 12, 3814 5 of 12

The adjusted means of SBP and DBP by coarse grain intake level and age group are presented in
the Figure 1. After multiple adjustment for potential confounders including physical activity, BMI,
and MMOT, higher frequency of coarse grain intake was associated with lower SBP and DBP across all
the age groups, with the strength of association being stronger among older participants (Figure 1a,b).
In stratified analyses by sex, the association was stronger in men than in women (Figure 1c,d). By further
checking the association by age and sex, we only observed significant coarse grain–blood pressure
association among men aged 40 years or older but not in other groups (Supplemental Figure S1).

Nutrients 2020, 12, x FOR PEER REVIEW 4 of 13 

 

The adjusted means of SBP and DBP by coarse grain intake level and age group are presented 
in the Figure 1. After multiple adjustment for potential confounders including physical activity, BMI, 
and MMOT, higher frequency of coarse grain intake was associated with lower SBP and DBP across 
all the age groups, with the strength of association being stronger among older participants (Figure 
1a,b). In stratified analyses by sex, the association was stronger in men than in women (Figure 1c,d). 
By further checking the association by age and sex, we only observed significant coarse grain–blood 
pressure association among men aged 40 years or older but not in other groups (Supplemental Figure 
S1). 

 

 

Figure 1. Adjusted systolic blood pressure (SBP) and diastolic blood pressure (DBP) by coarse grain 
intake frequency, age (a,b) and sex (c,d). Values were means adjusted for age, sex, study area, 
education level, smoking, alcohol drinking, physical activity level, body mass index (BMI), and local 
outdoor temperature. 

Figure 1. Adjusted systolic blood pressure (SBP) and diastolic blood pressure (DBP) by coarse
grain intake frequency, age (a,b) and sex (c,d). Values were means adjusted for age, sex, study area,
education level, smoking, alcohol drinking, physical activity level, body mass index (BMI), and local
outdoor temperature.

Coarse grain intake frequency was also inversely associated with the risk of undiagnosed
hypertension (Table 2). After adjusting for age, sex, and study area, the OR (95% CI) of undiagnosed
hypertension was 0.77 (0.72–0.82) for daily consumption, 0.86 (0.79–0.93) for 4–6 days/week
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consumption, 0.92 (0.89–0.94) for 1–3 days/week consumption, 0.97 (0.96–0.99) for monthly consumption
group, as compared with never/rarely (null) consumption group, p for trend <0.001. The association
was not substantially changed by further adjusting for education, smoking, alcohol drinking, physical
activity level, BMI, and MMOT (OR [95% CI] comparing daily vs. null consumption groups,
0.78 [0.73–0.84], P for trend <0.001). The associations were similar in different age groups, but tended
to be stronger among men and those living in urban areas, with ORs (95% CI) for daily consumption of
0.76 (0.70–0.823) and 0.74 (0.66–0.81), respectively, (p for interaction <0.05 for both, Table 2). However,
when the participants were dichotomized into regular intake (at least 4 days/week) and non-regular
intake ((less than 4 days/week)), we detected consistent inverse association between coarse grain
intake category and undiagnosed hypertension by age, urban rural residence, smoking, physical
activity, BMI level, and dietary intake frequency of rice and wheat products, while a sustained stronger
association in men and in older people (Figure 2). We also examined this association by study area
(Supplemental Figure S2) and similar direct associations were observed in 7 of the 10 areas. Moreover,
we evaluated the association between coarse grain intake with blood pressure among those already
diagnosed with hypertension within 3 years before baseline, and similar inverse association was
observed (Supplemental Figure S3).

Table 2. Adjusted odds ratios of undiagnosed hypertension by coarse grain intake frequency and
stratified results by age, sex, and residence.

Odds Ratio (95% CI)
p for TrendNever or

Rarely Monthly 1–3
Days/Week

4–6
Days/Week Daily

All participants

Model 1 1.00 0.97 (0.96–0.99) 0.92 (0.89–0.94) 0.86 (0.79–0.93) 0.77 (0.72–0.82) <0.001
Model 2 1.00 0.97 (0.95–0.99) 0.91 (0.88–0.94) 0.84 (0.77–0.91) 0.78 (0.73–0.84) <0.001

<50.1 years (Median)
Model 1 1.00 0.95 (0.93–0.98) 0.91 (0.87–0.95) 0.82 (0.70–0.96) 0.85 (0.75–0.95) <0.001
Model 2 1.00 0.96 (0.93–0.99) 0.93 (0.89–0.97) 0.83 (0.70–0.98) 0.95 (0.84–1.07) 0.001

≥50.1 years (Median)
Model 1 1.00 0.99 (0.97–1.02) 0.94 (0.91–0.97) 0.90 (0.82–1.00) 0.77 (0.71–0.84) <0.001
Model 2 1.00 0.98 (0.96–1.01) 0.92 (0.89–0.96) 0.88 (0.79–0.97) 0.76 (0.70–0.83) <0.001

Men
Model 1 1.00 0.97 (0.95–1.00) 0.92 (0.88–0.96) 0.81 (0.71–0.92) 0.71 (0.64–0.78) <0.001
Model 2 1.00 0.97 (0.94–0.99) 0.90 (0.86–0.94) 0.79 (0.69–0.91) 0.74 (0.66–0.81) <0.001

Women
Model 1 1.00 1.00 (0.98–1.03) 0.99 (0.95–1.03) 1.00 (0.90–1.11) 0.92 (0.84–1.01) 0.267
Model 2 1.00 0.99 (0.97–1.02) 0.97 (0.93–1.00) 0.95 (0.85–1.07) 0.90 (0.81–0.99) 0.020

Rural
Model 1 1.00 1.01 (0.99–1.04) 1.03 (0.98–1.08) 1.03 (0.85–1.24) 0.84 (0.74–0.95) 0.911
Model 2 1.00 0.98 (0.96–1.01) 0.95 (0.91–1.00) 0.95 (0.77–1.16) 0.86 (0.75–0.98) 0.008

Urban
Model 1 1.00 0.95 (0.92–0.98) 0.88 (0.85–0.91) 0.83 (0.76–0.92) 0.75 (0.69–0.82) <0.001
Model 2 1.00 0.97 (0.94–1.00) 0.91 (0.88–0.95) 0.86 (0.78–0.95) 0.79 (0.73–0.86) <0.001

Model 1, adjusted for age, sex, and study area; model 2, additionally adjusted for education level (no formal
education, primary school, middle/high school, or college/university), smoking (never, occasional, ex-regular,
or regular), alcohol drinking (never, occasional, ex-regular, or regular), physical activity (MET-hr/day), BMI, and local
outdoor temperature; All P for interactions were significant (p < 0.05) except for the interaction with age group
(p = 0.054 with model 2).
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4. Discussion

In this nationwide cross-sectional study in Chinese people without clinically diagnosed
hypertension, an independent inverse association was observed of coarse grain intake frequency with
blood pressure and risk of hypertension. This association was stronger among men or older adults.
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People diagnosed with hypertension, especially those without a proper control of blood pressure, are at
higher risks of cardiovascular mortality [24], whereas usual SBP within a wide range (~120 to 180 mmHg)
was continuously associated with elevated incidences of cardiovascular disease, and cardiovascular
mortality, regardless of a diagnosis of hypertension, or use of anti-hypertensive drugs [2,25].
Protective factors of blood pressure need to be identified to minimize the future cardiovascular
deteriorations attributable to elevated blood pressure among people without a clinical diagnosis of
hypertension, given the relatively low diagnosis rate of hypertension [26], especially in developing
countries such as China [24].

Several observational and interventional studies in Western populations showed that
increased whole grain consumption was associated with reduced blood pressure or lower risk
of hypertension [7–10]. In China, rice and wheat products are the major forms for grain intake, yet the
use of brown rice and whole wheat or their products are of limited extent, partly owing to their
availability, affordability, and unique mouthfeel [12,13]. By contrast, coarse grains, defined as grains
or various beans (usually mung, red, or kidney beans) other than wheat or rice products, are very
common in various food markets in China, but only 9.2%~14.6% of Chinese residents met the national
recommendation of coarse grain intake level (50~100 g/day) according to the 2010–2012 China National
Nutrition and Health Surveillance [15]. Given the shared nutrition advantages of whole grain and
coarse grain, it would be of particular public health significance if beneficial effects of coarse grain
intake on blood pressure control could be evidenced among the Chinese population.

In agreement with our pilot data in young adult Chinese (aged from 18 to 35 years) [16], the present
study with a large nationwide population suggest that higher frequency of coarse grain intake was
associated with lower blood pressure, across all groups (30 to 79 years). Furthermore, in our study
participants without prior diagnosed hypertension, daily consumption of coarse grains was associated
with a 22% lower risk of being diagnosed with hypertension, compared to those with never or rarely
consumption. Similarly, 16% lower hazards ratio (0.84 [95% CI, 0.76–0.93], quartile 4 versus quartile 1)
of incident hypertension comparing highest vs. lowest whole grain intake was reported in a study of
80,426 French adults participating in the NutriNetSanté cohort study [7]. In addition, a single-arm trial
among 45 patients with mild hypertension also showed that a 12 week substitution of staple food by
50 g/day foxtail millet (a major coarse grain in China) may reduce blood pressure by 4 to 5 mmHg [27].
Taken together, these observations may advance our knowledge of the potential preferable association
of coarse grain consumption with blood pressure control among general population in broad age range
and blood pressure range, which has not been reported before.

Intriguingly in stratified analysis by gender, the association between coarse grain intake with blood
pressure and undiagnosed hypertension was stronger in men than in women. In the previous studies on
the association between whole grain intake with blood pressure and hypertension, no gender-specific
results were reported [7–10]. However, in the Nurses’ Health Study and the Health Professionals
Follow-up Study, independent inverse associations between dietary fiber and potassium with blood
pressure were only observed in men, rather than in women [28,29]. Coarse grains, such as millet, corn,
and buckwheat are rich in dietary fiber and potassium. Although we were not able to check whether
the stronger association of coarse grains with blood pressure in men was driven by dietary fiber or
potassium, the renin–angiotensin–aldosterone system, a major physiological system for blood pressure
control, was highly influenced by sex hormones and menopause status in women [30], and was shown
to be downregulated in hypertensive mice fed with a high-fiber diet in favor of preventing the onset
of hypertension [31]. Those observations may partly explain the heterogeneity by sex observed in
our analysis.

The exact mechanisms underlying the association between coarse grain intake frequency and
blood pressure are not clear to us, although a few intervention studies suggested that dietary
fiber supplementation may effectively reduce blood pressure in patients with hypertension [32,33].
Meanwhile, experimental biology evidence suggest that a high-fiber diet may alter the gut microbiota
toward a protective profile in the development of cardiovascular disease and may change the gene



Nutrients 2020, 12, 3814 9 of 12

network of the renin–angiotensin–aldosterone system [16], which is fundamental in blood pressure
homeostasis. With fasting blood samples of our prior pilot study, we conducted untargeted metabolomic
and lipidomic profiling. Among the identified metabolites predicting blood pressure, sphingolipid
ceramides, triacylglycerols, phosphatidylcholines, and phosphatidylethanolamine were the major
component that mediated the associations between coarse grain intake with blood pressure [34].
Moreover, data from the Framingham Offspring Cohort suggested that increasing whole grain
consumption was associated with circulating sphingolipid ceramides [35]; evidence from animal models
suggested sphingolipid de novo biosynthesis was actively involved in cardiovascular homeostasis,
mediating vasoconstriction and blood pressure [36,37]. Obviously, further interventional studies are
needed to elucidate the effectiveness of increasing coarse grain intake in blood pressure control and
the underlining metabolomic pathways.

Our study has several limitations. Firstly, with a cross-sectional design, temporal association could
not be established; despite people with a known status of hypertension having been excluded from
analyses, the main results were not substantially changed in a sensitivity analysis by further excluding
those diagnosed with diabetes and cardiovascular disease, or those in the Henan area, where 99%
of participants reported daily consumption (Supplemental Table S1); secondly, the intake amount of
coarse grains at each occasion was not available in the current study, therefore we were not able to
evaluate the associations between intake amount with blood pressure, neither could we adjust for
total energy intake in the model. However, after adjusting for BMI and physical activity level, two of
the three parameters in the energy balance equation, the associations were not substantially changed.
Moreover, a potential collinearity between increased coarse grain intake with reduced salt intake
may also have biased the observed associations, which was to be elucidated in future. The strengths
of our study may include the following: large nationwide sample enables us to evaluate detailed
association patterns by age group, which is particularly critical for blood pressure control given their
strong linear association with blood pressure and cardiovascular diseases incidence and mortality [2];
reverse causation bias caused by lifestyle modification after diagnosis may be minimized by excluding
clinically diagnosed hypertension cases; individual level data of MMOT was adjusted for, thus the
potential confounding effects of temperature could be minimized. Whole grain was shown to be
prospectively associated with lower risks of coronary heart disease and stroke compared to Western
populations [11]. With similar nutrient advantages to whole gains, coarse grain intake may be also
related to reductions in risks of other cardiovascular diseases closely related to elevated blood pressure,
which require further prospective studies.

5. Conclusions

In summary, with data from more than 0.4 million adult Chinese free of diagnosed hypertension,
inverse independent associations were identified of coarse grain intake frequency with blood pressure
and risk of undiagnosed hypertension. Our results may provide insights into further interventional
and mechanism studies addressing the beneficial effects of coarse grain consumption on vascular
health, especially among Chinese populations without a diagnosis of hypertension, and in regions
where coarse grains are well-available and popular. Furthermore, to promote public awareness of
potential cardiometabolic benefits of coarse grain intake, new interventional approaches (e.g., social
media, school education) deserve further verification.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3814/s1,
Supplemental Figure S1. Adjusted ORs of undiagnosed hypertension in those who have regular coarse grain
intake (at least 4 days/week) vs. those who had no intake by study area. Supplemental Figure S2 Adjusted ORs of
undiagnosed hypertension in those who have regular coarse grain intake (at least 4 Days/Weeks) vs. those who
didn’t have by study area. Supplemental Figure S3 Adjusted SBP and DBP by coarse grain intake frequency
among diagnosed hypertension patients within 3 years before baseline (n = 34163). Values were means adjusted
for age, study area, education level, smoking, alcohol drinking, physical activity level, BMI, and local outdoor
temperature. Supplemental Table S1. Adjusted odds ratios of undiagnosed hypertension by coarse grain intake
frequency with additional exclusion criteria.

http://www.mdpi.com/2072-6643/12/12/3814/s1
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