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Abstract

Prior data on long-term association between legume consumption and hypertension risk are sparse. We aimed to evaluate whether total legume
and subtype intakes prospectively associate with hypertension incidence among 8758 participants (>30 years) from the China Health and
Nutrition Survey 2004—-2011. Diet was assessed by interviews combining 3-d 24-h food recalls and household food inventory weighing at each
survey round. Incident hypertension was identified by self-reports or blood pressure measurements. We applied multivariable Cox regressions
to estimate hazard ratios (HR) with corresponding 95 % CI for hypertension across increasing categories of cumulatively averaged legume
intakes. For 35 990 person-years (median 6-0 years apiece), we documented 944 hypertension cases. After covariate adjustment, higher total
legume intakes were significantly associated with lower hypertension risks, with HR comparing extreme categories being 0-56 (95 % CI 0-43,
0-71; Pyena < 0-001). Then we found that intakes of dried legumes (HR 0-53 (95 % CI 0-43, 0-65); Pyena < 0-001) and fresh legumes (HR 0-67 (95 %
CI 0-55, 0-81); Pyena < 0-001) were both related to decreased hypertension hazards. However, further dried legume classification revealed that
negative association with hypertension substantially held for soyabean (HR 0-51 (95 % CI 0-41, 0-62); Pyeng < 0-001) but not non-soyabean
intakes. In stratified analyses, the association of interest remained similar within strata by sex, BMI, physical activity, smoking and drinking
status; rather, significant heterogeneity showed across age strata (Pperaction = 0-02). Total legume consumption among the over-65s was related
to a more markedly reduced hypertension risk (HR 0-47 (95 % CI 0-30, 0-73); Pyrena < 0-001). Our findings suggest an inverse association of all
kinds of legume (except non-soyabean) intakes with hypertension risks.
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Hypertension poses a massive public health and economic
burden globally because of its high incidence rate and resulting
CVD, chronic kidney disease and premature mortality™. It is
estimated that one third of the world population over 20 years
of age, approximately 1-4 billion people, were suffering from
hypertension®. In China, with rapid urbanisation and ageing
of the population, the prevalence of hypertension has increased
significantly in recent years, reaching 44-7 % among Chinese
adults aged 35-75 years in 2017%. Hence, it is of great

importance to ascertain modifiable risk factors to prevent the
onset of this disease.

Since the Dietary Approaches to Stop Hypertension trial
elucidated that diet rich in fruits, vegetables and low-fat dairy
foods could reduce blood pressure (BP), the nutritional strategy
as an effective approach to reduce the risk of hypertension has
aroused an increasing scientific interest®>. Legumes/beans, an
indispensable part of plant-based diet, are packed with a variety
of beneficial nutrients including dietary fibre, vegetable protein

Abbreviations: BP, blood pressure; CHNS, China Health and Nutrition Survey; EER, estimated energy requirement; EI, energy intake; HR, hazard ratio.
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and minerals such as K, which are associated with the reduction
of BP®. Laboratory studies also suggested that legume intake
may decrease in vivo oxidation, reduce systemic inflammation
and improve arterial compliance, thereby showing a potential
protective role against hypertension incidence”. Up to now,
several retrospective studies and small-scale randomised clinical
trials have examined the effects of various legume intakes on BP,

119 Most randomised

but the conclusions were inconsisten
clinical trials probed the potential advantages of legumes supple-
mented for a short period at a relatively high dose among
overweight/obese group®'” or patients with the metabolic
syndrome'” or diabetes!'>!¥. The present available evidences
have limited power to detect the long-term association between
habitual legume consumption and incident hypertension in
general population. Thus, large-scale prospective studies in
support of this plausible association are admittedly needed.
However, to our knowledge, only a few prospective studies
have investigated the associations of legumes or specific sub-
types with BP change or hypertension and the results remained
highly conflicting">~'7. Further, different types of legumes may
differ in their nutritional contents and have discrepant impacts
on risk of hypertension®!?,

As an important part of Chinese traditional diet since ancient
times, more than twenty legume species are grown and about
200 kinds of legume foodstuffs (e.g. soyabean, adzuki bean,
common bean, cowpea, bean sprout, etc.) are consumed in
China®?. The average intake of legumes such as soyabeans
was reported to be >100 g/d among Chinese population, which
is nearly three times that among European and American
populations®”. In this context, we therefore utilised data from
the China Health and Nutrition Survey (CHNS) to evaluate the
longitudinal relationship between habitual legume intakes and
subsequent incidence of hypertension in the general Chinese
population.

Materials and methods
Study population

Candidates in the present study were participants in the CHNS,
which is a nationwide survey on health risk factors, nutritional
status and health-related outcomes of its population. The
CHNS is an ongoing open-cohort study conducted since 1989,
with the data followed up and released every 2—4 years. A multi-
stage, random cluster sampling method was utilised to draw the
individuals surveyed from twelve diverse provinces across
China. Details of the cohort and sampling procedure have been
published elsewhere®”. To investigate the associations of
dietary legumes with hypertension, we used data from CHNS
survey cycles from 2004, 2006, 2009 to 2011. The reasons for
choosing these waves were mainly concerning the changes in
dietary information collection methods in 2004. Specifically, all
foods and condiments were measured using Chinese balance
scales (graduation: 10 g), recorded with traditional Chinese mass
unit (JIN) and further coded based on 1991 China Food
Composition Tables in surveys before 2004. By contrast, digital
kitchen scales (graduation: 1 g) with international mass unit (g)
and updated version of Food Composition Tables (2002/2004)

were adopted in the following rounds (2004-2011)?**Y, To
maintain consistency and reduce measurement bias, we herein
did not cover the records before 2004.

The participants were restricted to those aged >30years,
ensuring a relatively high incidence of hypertension. We then
excluded pregnant women during the follow-up period. From
the 15818 candidates, those with an indistinct or missing
diagnosis of hypertension over the four waves of survey were
accordingly ruled out. After eliminating hypertensives at base-
line survey, 13 851 subjects free of hypertension were potentially
eligible for our cohort study. Individuals were also removed
if their 24-h dietary recall was uncompleted with missing infor-
mation on any survey day, or total energy intake (EI) was
identified as unusual (outside the range of 3-34-25-12 MJ/d for
men and 2-51-16-74 MJ/d for women)®”. Among the remaining
subjects, 4878 were excluded due to loss to follow-up after base-
line (2 1751) or first entrance into the CHNS in 2011 (12 3127).
Finally, there left a total of 8758 participants for the analysis
(Fig. 1. The present study was reviewed and approved by
Institutional Review Boards of the University of North Carolina,
Chapel Hill and the Chinese Centre for Disease Control. Each
subject gave written informed consent for participation prior
to the surveys.

Exposure measurement

In each CHNS cycle, data of dietary intakes were collected via
three consecutive 24-h dietary recalls at the individual level, in

l Participants in CHNS 2004-2011 (n 23 283) |

Excluded if participants aged <30 years
(n 7362) or got pregnant (n 103)

Y

l Participants aged =30 years without pregnant women (n 15 818) I

5| Excluded if data on diagnosis of
hypertension were unavailable (n 7)

v

Participants with intact information on hypertension diagnosis
(n15811)

| Excluded if participants were diagnosed
"1 with hypertension before baseline (n 1960)

Participants free from hypertension at baseline (n 13 851)

Excluded if data on 24-h dietary recall were
missing (n 153) or energy intake was
implausible (n 62)

Y
[ Eligible

participants (n 13 636) |

Participants lost to follow-up (n 1751) or
entered into CHNS in 2011 (n 3127)

v

‘ Baseline sample for analysis (n 8758) |

Fig. 1. Flow chart of sample selection from the China Health and Nutrition
Survey (CHNS).
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combination with conversion of cooking ingredients (such as
oils and condiments) at the household level acquired by the food
inventory weighing method. Participants’ food intakes were
thus updated at every follow-up survey, and the median time
of dietary assessments was three. Dietary investigation was
performed by trained staff using a standardised protocol, of
which the accuracy was validated previously against the doubly
labelled water method for energy (men: r 0-56; women:
70-60)% and the 3-d dietary recalls were highly correlated with
household food inventory weights for food groups (e.g. r 0-76
for legume)?”. We calculated the estimated energy requirement
(EER) for each subject with the use of total energy expenditure
equations published in the US/Canadian Dietary Reference
Intake report for normal-weight and overweight adults, in which
sex, age, weight, height and physical activity level are accounted
for using a doubly labelled water database®®. Energy mistre-
porting was evaluated by calculating the ratio of reported EI
to EER with an expected value of 1-0. Its 95 % confidence limits
with amount of variation inherent in EI and EER data considered
were computed as cut-off values to define misreporters®”.
Specifically, the calculation was realised by the formula 95 %

confidence limit = 2 x /(CVZy/d) + (CVyper)?, Where d
was the number of days of diet assessment (in this case, 3).
CVyg1 was the CV for EI records and assumed to have a pooled
average value of 23 %39, CV px represented the CV for EER and
was taken as 82 %>, By this approach, subjects were defined
as acceptable, under- or over-reporters of EI as having a ratio
of ELEER in the range 0-69-1-31, <0-69 or >1-31, respectively.
In the present study, the total legume consumption was
estimated as the sum of dried legumes and fresh legumes.
According to the Chinese Food Composition Tables, dried
legumes could be further classified into two types due to discrep-
ant nutrient compositions, one is soyabean (e.g. soyabean, black
soyabean, tofu and soyamilk) and the other is non-soyabean
(e.g. mung bean, adzuki bean, red kidney bean and pinto bean).
Comparatively, fresh legumes were defined including common

bean, bean sprout, string bean, cowpea, etc. Nutrient intakes
were calculated as multiplying the ingestion of each food item
by the nutrient content of a standard portion size of 100 g based
on the Food Composition Tables. We used nutrient density mod-
els to obtain energy-adjusted intakes (g/1000 kcal (4184 kJ))
instead of crude intakes, to account for confounding of total
energy requirements regarding body size, physical activity and
metabolic efficiency®". Given the large proportion of subjects
who did not report consumption of legumes and especially
certain subtypes during 3-d probe period, the total legume
and each subtype intakes were categorised by quartiles in addi-
tion to non-consumption, with the non-consumers set as the
reference group.

Outcome measurement

The outcome of the present study was incident hypertension that
occurred during the follow-up. At the baseline and each round of
follow-up survey, hypertension was defined as a self-report of
diagnosis by a physician, through the question ‘Has a doctor ever
told you that you suffer from high blood pressure? For those
who did not answer this question or answered ‘no’ or ‘unknown’,

we further examined their three-time averaged BP values.
Consistent with the WHO conventions (1999), hypertension was
diagnosed as average systolic BP/diastolic BP >140/90 mmHg.
The calendar year of diagnosis was recorded to estimate a time-
to-event endpoint with the view of survival analysis. Regularly cali-
brated mercury sphygmomanometers with appropriate-sized cuffs
were applied to measure BP by trained examiners. Measurements
were taken in triplicate after at least a 10-min rest, and the three
readings were averaged as the corresponding BP values to reduce
measurement errors.

Assessments of covariates

Specific information of participants on demographic, socio-
economic, lifestyle and dietary factors was collected and proc-
essed by certified health professionals via questionnaire-based
interviews. Educational attainment was categorised into three
levels (6 years/7-9 years/>10 years). We separated inflation-
adjusted per capita household income into tertiles (low, medium
and high). The urbanicity index, a multidimensional metrics
of urbanisation, was divided into tertiles. Tobacco and alcohol
consumption were both dichotomised as never or ever.
Physical activity covered four domains in the CHNS: occupation,
household, leisure time and transportation. Time spent in each
activity was multiplied by its assigned metabolic equivalent inten-
sity in accordance with the Compendium of Physical Activities?,
The total metabolic equivalents were then trisected as light, mod-
erate and vigorous efforts. Height was scaled with the subject
barefoot to the nearest 0-1 cm, and weight was estimated to the
nearest 0-1 kg with light clothing. BMI was computed as weight
in kg divided by squared height in m. We also included other
dietary covariates, such as total dietary energy, total fruits and
vegetables and total red meat intake, as the surrogates to control
for potential confounding from dietary pattern.

Statistical analysis

We termed the first available measurement as baseline and
deemed events to occur in the midpoint between wave of
the first hypertension diagnosis and the previous wave because
of the insidious onset of hypertension. To minimise within-
person variation and thus generate better estimates of long-term
intake, a cumulative average intake value was calculated and
utilised. Cox proportional hazards
between legume intake and hypertension through 2011, with
time at risk from a baseline questionnaire collected until
first event, death or censoring at return of the most recent
valid record, whichever came first. The proportional hazards
assumption for legume intakes and other covariates was
checked by Schoenfeld’s residuals, and no violation was found
(P> 0-05). Hazard ratios (HR) were applied to measure relative
risks of hypertension in higher intake categories compared with
the non-consumption group, and 95 % CI were calculated. The
following sequential models were built to account for potential
confounders in the aforementioned analyses: model 1 presented
the age and sex-adjusted results; model 2 added baseline socio-
demographic factors (such as education, income and urbanised
index) and lifestyle factors (including physical activity, smoking
status, alcohol intake, BMI and past history of diabetes mellitus)

assessed associations
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into multivariable analysis; model 3 additionally adjusted for
total EI and potential dietary confounders, namely total fruit
and vegetable, and total red meat intakes.

To evaluate confounding and effect modifications by demo-
graphic and lifestyle factors, we conducted stratified analyses by
sex (male and female), age at baseline (<65 and >65 years), BMI
(<24 and >24kg/m?), physical activity (<median level and
>median level), smoking (never and ever) and drinking (never
and ever) status. Tests for interaction were performed by includ-
ing a product term between each stratifying variable and total
legume intake in the full model and evaluating Wald P values.
In addition, we verified robustness of the primary results via con-
ducting several sensitivity analyses: (1) recalculate the person-
years by assuming the last time of visit as the date of incident
hypertension or quit, not using the middle point between
follow-up intervals; (2) further adjust for baseline systolic BP
and diastolic BP; (3) further account for important confounding
effect of salt consumption by including Na intake as a surrogate
in the final model; (4) since a history of diabetes, stroke or myo-
cardial infarction was, on average, highly related to hypertension
development and drastic change in dietary habits after perceiv-
ing these conditions, we repeated the analysis excluding adults
with indications of these diseases at baseline. Tests for trend
were performed by means of entering the categories as con-
tinuous variables in each model. Considering multiple dietary
factors often show high correlation with one another, we
estimated the effect of collinearity within them. All dietary
variables added into the model had a variable inflation factor
value <2 (mean 1-03 (sp 0-04))®%| and their correlation coef-
ficients were less than 0-3 (mean 0-10 (sp 0-09)). All analyses
were completed with SPSS version 13.0 for Windows (IBM
SPSS Inc.). All P-values were two-sided, and statistical signifi-
cance was set at P < 0-05.

Results

During 35 990 person-years (6-0 median years) of follow-up, a
total of 944 cases of hypertension were identified, with the inci-
dence rate being approximately 10-8 %. The baseline character-
istics of the study population by intake of total legumes are
shown in Table 1. Men and women in the higher categories of
total legume intake were slightly older and more physically
active with somewhat higher diastolic BP levels. A higher legume
intake was correlated with decreased consumption of alcohol,
higher individual income and higher degree of urbanicity.
With respect to dietary factors, those who consumed more total
legumes were, in general, more likely to have higher intake of
fruits and vegetables, but lower intake of total red meats and total
energy intake. As for energy reporting status, the higher the
legume intake category, the lower the energy misreporting rate.
Overall, the proportion of reporting acceptable EI was relatively
high as approximately 73-3 %. We also compared the demo-
graphic and health-related factors between the withdrawn and
included subjects (online Supplementary Table S1). Those
who were lost to follow-up tended to be slightly younger with
lighter physical activity levels. Also, they were more likely to gain
higher education and have higher income and urbanisation

index. While minor differences were observed in intakes of
total energy, fruit and vegetables as well as red meat between
these two groups, the difference in total legume intake was not
statistically significant.

Table 2 gives the associations between consumption of
various legume types and incident hypertension. In the age-
and sex-adjusted model, total legume intake was modestly
associated with reduced hypertension risks; a significant effect
estimate was observed for the highest intake group (HR 0-64;
95% CI 0-50, 0-82; Pror tena = 0-01) compared with the non-
consumption group. Additional control for non-dietary risk
factors slightly strengthened our results and the trend test yielded
a Pvalue smaller than 0-001. After further adjustment for dietary
factors, the inverse association between total legume intake and
hypertension hazard still held, with HR and 95 % CI for higher
categories being 0-70 (95% CI 0-55, 0-90), 0-48 (95 % CI 0-37,
0:62), 0-53 (95% CI 0-41, 0-67) and 0-56 (95% CI 0-43, 0-71)
(Pror trend < 0-001).

In terms of the specific associations for individual types
of legumes, participants showed a 47 % (95% CI 0-43, 0-65;
Pror trena < 0-001) lower chance of developing hypertension from
a higher intake of dried legumes in the top category when
compared with non-consumers. Similarly, greater fresh legume
intakes were also significantly associated with lower hyperten-
sion risks (HR 0-67; 95 % CI 0-55, 0-81) by using the same full-
model adjustment. When dried legumes were further classified
into soyabeans and non-soyabeans, the significant inverse
association with hypertension was only shown for soyabeans,
with fully adjusted HR comparing extreme categories as 0-51
(95% CI 0-41, 0-62; Pror trena < 0-001). Regarding non-soyabean
consumption, the HR of hypertension in the final multivariate
model was non-significantly lower in the top intake group
(HR 0-88; 95 % CI 0-65, 1-20).

In the a priori-determined stratified analysis (Table 3), the
inverse association of total legume intake with the development
of hypertension was mostly unchanged among participants with
various risk profiles characterised by sex, BMI, physical activity,
smoking and drinking status (Pro; interaction > 0-:05). However,
results appeared to distinguish across the age strata, with signifi-
cant interaction of legume consumption with baseline age
detected (P interaction = 0-:02). The multivariate HR of hyperten-
sion comparing top category of total legume intake with non-
consumption was 0-47 (95% CI 0-30, 0-73; Pror grend < 0-001)
among the elderly (>65years). In contrast, the association of
interest was less pronounced but still significant in the non-
elderly subgroup (HR 0-61; 95 % CI 0-45, 0-83; Pror rena = 0-04).

To examine the robustness of these observed associations, we
conducted several sensitivity analyses (online Supplementary
Table S2). Similar results were derived when we recalculated
the person-years not using the middle point between follow-up
intervals. Further adjustment for baseline systolic BP and
diastolic BP or the potential confounding effect of Na intake
in the final model yielded nearly the same findings. When
we repeated the analyses after excluding adults with indica-
tions of chronic metabolic diseases at baseline, the inverse
association was materially unchanged with the HR for hyper-
tension in the highest total legume intake group being 0-53
(95 % CI 0-41, 0-69).
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Table 1. Baseline characteristics of participants aged >30 years in China Health and Nutrition Survey (2004—2011) according to total legume intake
(Mean values and standard deviations; percentages)
Total legume intake
Non-consumers Q1 (lower) Q2 Q3 Q4 (higher)
Characteristics* Mean SD Mean SD Mean SD Mean SD Mean SD Pt
No. of subjects 749 2002 2002 2003 2002
Legume intake (g/1000 kcal (4184 kJ))
Median 0-0 207 391 60-3 974
Range <30-0 30-0, 49-0 49.0, 74-3 >74-3
Age at cohort entry (years) 51.8 144 487 12.7 49-3 12:6 49.2 122 49-6 12.8 <0-001
Male (%) 511 50-9 49.5 48-0 45-4 0-004
BMI (kg/m?) 22.9 33 230 31 231 32 233 32 233 32 <0-001
Physical activity level (%)§
Light 411 351 333 30-8 312 <0-001
Moderate 275 320 339 346 350
Vigorous 314 329 32-8 34-6 33-8
Cigarette smoker (%) 33-0 35-3 35-0 34-3 32.7 0-38
Alcohol consumption (%) 30-6 365 36-0 35.0 324 0-005
Education attained (%)
0-6 years 46-3 429 43.7 44.4 43-7 0-68
7-9 years 331 329 331 31.8 325 e
>10 years 20-6 242 232 238 238 9
Income level (%) 5
Low 370 335 330 324 317 0-008 <
Median 351 352 34.3 333 327 Q
High 279 313 327 343 357 '
Urbanisation index level (%)
Low 393 348 337 304 323 <0-001
Median 24.7 322 325 36-1 369
High 360 33.0 338 335 308
Total fruits and vegetables 1829 103-1 162-4 74-6 1783 78-9 192.8 86-0 220-8 110-1  <0-001
(9/1000 kcal (4184 kJ))
Total red meat 342 318 40-0 275 383 26-3 358 262 322 24.9 <0-001
(9/1000 kcal (4184 kJ))
Total energy (kcalt/d) 2085-8 655-0 2336-0 636-6 2287-8 581-1 2241.9 574.7 20923 5344  <0-001
SBP (mmHg) 122.0 18-3 120-6 167 120-4 16-2 120-0 159 1209 16-3 0-10
DBP (mmHg) 78-6 10-8 778 10-6 78-0 10-2 78-0 10-2 790 10-3 0-002
EI:EER ratio 1-03 0-33 113 0-32 110 0-29 1.07 0-29 1.01 0-29 <0-001
Energy reporting status (%)l|
Under-reporting 12.4 4.7 53 67 10-0 <0-001
Acceptable reporting 70-3 712 73-0 74-6 755
Over-reporting 17-3 241 217 187 14.5

Q, quartile; SBP, systolic blood pressure; DBP, diastolic blood pressure; El, reported energy intake; EER, estimated energy requirement.

* Data are expressed as means and standard deviations for continuous variables, or percentages for categorical variables.

1 Derived from tests of discrepancies across all categories of total legume intake, by ANOVA, Kruskal-Wallis test or 42 test as appropriate.

F To convert kcal to kJ, multiply by 4-184.

§ Energy expenditure on total physical activity; MET-h/week (metabolic equivalent task hours for each week) was calculated by multiplying the amount of time spent in each activity with the average MET values of each category.
Il The energy reporting status is determined by 95 % confidence limits of ratio of El to EER.
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Table 2. Risk of incident hypertension by categories of cumulative average intake of total legumes and subtypes in the China Nutrition and Health Study (CHNS) 2004-2011

(Hazard ratios (HR) and 95 % confidence intervals)

Levels of total legume and its subtype intake

Q1 Q2 Q3 Q4
Non-consumers Pior
(ref)* HR 95% Cl HR 95% Cl HR 95%Cl HR 95% Cl  trenat
Total legumes
Median intake (g/1000 kcal (4184 kJ))+ 0-0 20-7 (<30-0) 391 (30-0, 49.-0) 60-3 (49-0, 74-3) 974 (>74-3)
No. of cases/person-years 91/1941-5 223/7934-0 191/8838-0 0 221/8871-0 218/8405-5
Multivariate model 1§ 1-00 0-72 0-56, 0-92 0-54 0-42, 069 0-62 0-48, 0-79 0-64 0-50,0-82 0-01
Multivariate model 2|| 1-00 0-68 0-53, 0-87 047 0-37, 061 0-52 0-40, 0-67 0-56 0-43, 0-71 <0-001
Multivariate model 39 1-00 070 0-55,0-90 048 0-37,0-62 0-53 0-41, 0-67 0-56 0-43, 0-71 <0-001
Dried legumes
Median intake (g/1000 kcal (4184 kJ))t 0-0 14-0 (<20-5) 26-6 (20-5, 33-0) 409 (33-0, 51-8) 70-0 (>51-8)
No. of cases/person-years 230/6361-0 190/7046-0 171/7506-0 176/7864-0 177/7213-0
Multivariate model 1 1-00 0-80 0-66, 0-97 0-67 0-55, 0-81 0-66 0-54, 0-80 0-65 0-53, 0-79 <0-001
Multivariate model 2 1-00 0-74 0-61, 0-89 0-59 0-48, 0-72 0-55 0-45, 0-68 0-53 0-44, 0-65 <0-001
Multivariate model 3 1-00 0-75 0-61,0-91 0-60 0-49, 0-73 0-56 0-46, 0-69 0-53 0-43, 0-65 <0-001
Soyabeans
Median intake (g/1000 kcal (4184 kJ))t 0-0 13-6 (<19:5) 252 (19-5, 31-2) 389 (31-2, 49-1) 67-4 (>49-1)
No. of cases/person-years 270/7368-0 177/6833-0 164/7265-5 170/7577-5 163/6946-0
Multivariate model 1 1-00 0-75 0-62, 0-91 0-65 0-54, 079 0-65 0-53, 0-78 0-63 0-52, 0-76 <0-001
Multivariate model 2 1-00 0-71 0-58, 0-86 0-57 0-47,0-69 0-54 0-45, 0-66 0-51 0-41, 0-62 <0-001
Multivariate model 3 1-00 072 0-59, 0-87 0-58 0-47,0-71 055 0-45, 0-67 0-51 0-41, 0-62 <0-001
Non-soya beans
Median intake (g/1000 kcal (4184 kJ))t 0-0 6-3 (<10-8) 15-4 (10-8, 20-2) 27-3 (20-2, 36-0) 50-3 (>36-0)
No. of cases/person-years 802/29383-0 33/1596-0 37/1671-5 29/1667-5 43/1672-0
Multivariate model 1 1-00 076 0-53, 1.07 0-79 0-57,1-10 0-64 0-44, 093 0-85 063,116  0-01
Multivariate model 2 1-00 0-68 0-48,0-96 0-73 0-53, 1-02 0-63 0-43, 091 0-92 0-67,1-25 0-01
Multivariate model 3 1-00 0-69 0-49, 098 075 0-54, 1-04 0-63 0-43,0-91 088 065,120 0-01
Fresh legumes
Median intake (g/1000 kcal (4184 kJ))t 0-0 14-8 (<20-9) 26-6 (209, 33-3) 41.5 (33-3, 52.7) 747 (>52-7)
No. of cases/person-years 333/8039-5 147/6957-0 138/6953-5 150/7040-0 176/7000-0
Multivariate model 1 1-00 0-57 0-47,0-69 052 0-42, 0-63 0-56 0-46, 0-68 0-64 0-53, 0-77 <0-001
Multivariate model 2 1-00 055 0-45, 0-67 0-48 0-39, 0-59 0-52 0-43, 0-63 0-66 0-55, 0-79 <0-001
Multivariate model 3 1-00 0-56 0-46, 0-68 0-49 0-40, 0-60 0-53 0-44, 0-64 0-67 0-55, 0-81 <0-001

Q, quartile; ref, reference group.

* The non-consumers were set as the reference in all statistical models.
T Pror ena Values were calculated across the categories of legume intakes by dealing each ordinal score variable as a continuous variable in the model.

1 Median intake (range in parentheses).
§ Covariates: age (continuous) and sex.

|| Covariates: included the variables listed in footnote § plus BMI (continuous), physical activity (tertiles of metabolic equivalents), education (<6, 7-9, or >10 years), per capital household income (tertiles), urbanisation index (tertiles), smoking
(never/ever), alcohol drinking (never/ever), diabetes (yes/no).
9l Covariates: further added dietary intakes (continuous) of total energy (kcal/d), total fruits and vegetables (g/1000 kcal (4184 kJ)), as well as total red meat (g/1000 kcal (4184 kJ)) into the model in addition to variables listed in footnote II.
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Table 3. Risk* of incident hypertension by categories of cumulative average total legume intake stratified by various characteristics of participants in the

China Nutrition and Health Study (CHNS) 2004-2011
(Multivariate hazard ratios (HR) and 95 % confidence intervals)

Levels of total legume intake

Non- Q1 Q2 Q3 Q4
consumers
(ref)t HR 95%Cl HR 95%ClI HR 95%Cl HR 95%Cl Piytrendt Pior interactionS
Stratified by sexI|
Male 1-00 0-60 042,085 040 0-28,0-58 044 0-31,0-63 044 031,063 <0-001 0-14
Female 1.00 0-81 057,116 057 0-39,0-82 0-61 0.43,0-87 068 048, 0-97 0-04
Stratified by age
Age < 65 years 1.00 0-67 049,091 048 0-35 066 057 042,078 061 045,083 0-04 0-02
Age > 65 years 1-00 0-73 048,112 055 0-35 085 043 028,068 047 0-30,073 <0-001
Stratified by BMI
BMI < 24 kg/m? 1.00 0-66 0-47,0-94 053 0-37,0-75 056 0-39,0-79 0-64 0-46, 0-91 0-06 0-10
BMI > 24 kg/m? 1.00 075 0-52,1.08 048 0-33,069 052 036,075 052 0-36,074 <0-001
Stratified by physical activity
Physical activity < median level 1.00 076 056, 1.03 054 0-40,0-74 0-51 0-38,0-70 057 042,077 <0-001 0-28
Physical activity > median level 1.00 0-61 0-39,095 0-39 0-25,061 056 0-36,0-86 0-54 0-35,0-84 0-14
Stratified by cigarette smoking
Never 1-00 0-76 0.57,1.03 055 0-41,0.75 052 0-38,0-70 0-58 043,078 <0-001 0-34
Ever 1.00 0-54 0-35,0-85 036 0-22,0-57 051 0-33,0-80 050 0-31,0-78 0-12
Stratified by alcohol drinking
Never 1.00 0-83 061,112 052 0-38,0-71 0-60 0-44,0-81 066 0-49, 0-89 0-01 0-12
Ever 1-00 0-46 0-30,0-72 0-39 0-25,060 0-38 0-24,0-59 0-37 0-23, 0-58 0-001

ref, Reference group; Q, quartile.

* Covariates: age (continuous), sex, BMI (continuous), physical activity (tertiles of metabolic equivalents), education (<6, 7-9, or >10 years), per capital household income (tertiles),
urbanisation index (tertiles), smoking (never/ever), alcohol drinking (never/ever), diabetes (yes/no), dietary intakes (continuous) of total energy (kcal**/d), total fruits and vegetables
(9/1000 kcal (4184 kJ)), as well as total red meat (g/1000 kcal (4184 kJ)), except for the stratifying variables per se.

1 The non-consumers were set as the reference in all statistical models.

T Pror trena Values were calculated across the categories of total legume intake by dealing each ordinal score variable as a continuous variable in the model.

§ Pror interaction Values were calculated using likelihood-ratio test.

II'In the stratified analysis, characteristics of participants at baseline were used for stratification and adjustment.

**To convert kcal to kJ, multiply by 4-184.

Discussion

In this cohort of Chinese general population, we found that
higher intakes of total legumes, fresh legumes and soyabeans
but not non-soyabeans, were strongly associated with a reduced
risk of developing hypertension. These associations were inde-
pendent of established risk factors for hypertension, as well as
other major dietary confounders, and largely persisted in sub-
group analyses.

Prior epidemiological studies of the association between
legume intake and hypertension risk were inconsistent.
Papanikolaou and Fulgoni II utilising data from National
Health and Examination Survey (NHANES 1999-2002) found
that bean consumers had lower systolic BP and a reduced risk
of elevated systolic BP in comparison with non-consumers®,
which confirmed our results that the risk of hypertension could
be expectably reduced in virtue of regular legume consumption.
However, these findings are discordant with those of Golzarand
et al. who reported no significant relationship between legumes
and development of hypertension over 3 years''”. Importantly,
compared with daily average legume intake at 52-5 g/1000 kcal
(4184 kJ)) in our cohort, the highest legume intake (41-9 g/d) in
this Iran cohort may have not been enough to produce signifi-
cant effects on hypertension endpoints during a short follow-up
period. Besides, our study was consistent with some but not all
clinical trials"'3', For example, a small-scale 6-week rando-
mised trial concluded that substitution of red meat with legume
intake had no significant effect on systolic or diastolic BPY?,

Such inconsistencies may be partly attributed to the differences
in study populations, design and measures of outcome. Also,
short-run intervention cannot rule out the long-term benefits
from consuming legumes with regard to hypertension preven-
tion, as found in our study.

The mechanisms through which legume consumption
protects against hypertension have been suggested. Dietary
fibre, plant protein and unsaturated fat are all commonly
found in legumes and are inversely related to BP in previous
studies®*39. The possible biological pathways may involve
energy regulation, serum lipids improvement, blood glucose
control, as well as weight loss, all of which could help reduce
hypertension risk"'>3”. In addition, legumes contain large
amounts of minerals such as K, Ca and Mg, which can reduce
peripheral vascular resistance by virtue of facilitating the synthe-
sis of vasodilator prostacyclin and NO, as well as lowering angio-
tensin 1T levels®®3. K is also involved in the modulation of
extracellular fluid volume and accordingly helps regulate arterial
pressure“”. Moreover, legumes have other nutrients such as
folic acid that lower plasma homocysteine levels to reduce
the hypertension risk®”. Overall, the possible beneficial effects
of total legumes on hypertension development have a strong
biological basis owing to their various protective nutrient
constituents.

In subgroup analysis, we identified that intakes of fresh
legumes and soyabeans rather than non-soyabeans were promi-
nently associated with lower hypertension risks, which is in part
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consistent with some previous research that has reported asso-
ciations for specific legume types. Longitudinal study conducted
in America by Borgi et al. have shown a significant decrease in
hypertension risk with intake of tofu and soyabeans but not other
beans“V. Yang et al. also found that usual intake of soya foods
was associated with reduction of both systolic and diastolic
BP among late postmenopausal women”. It is plausible that
different legumes packed with varying nutrients may exert dis-
crepant effects on BPY%!?, For soyabeans, their higher content
of soya protein is reported to have markedly high biological
value especially pertaining to reducing BP among prehyperten-
sive patients”? and the potential pathways involve increasing
NO levels“? inhibiting angiotensin-converting enzyme and
producing a natriuretic effect similar to furosemide4>, Also,
soya isoflavones acting as oestrogen mimics have gained high
credit for deceasing in vivo oxidation, facilitating NO-dependent
endothelial vasodilation and thereby relieving systemic arterial
stiffness*®, Fresh legumes (such as string beans), which is
also referred to as ‘leguminous vegetables’, could deliver unique
nutritional benefits associated with not only legumes but also
vegetables; their antioxidant contents including vitamin C and
carotenoids like lutein may well contribute to their possible
hypotensive health effects“”. Of note, fresh legumes were com-
monly consumed at high levels (29-7 g/1000 kcal (4184 kJ) per d)
among our participants, which renders their potential protect
role against hypertension development. Regarding the null
results for non-soyabeans, it may attribute to the limited con-
sumption rate (15-8 %) or low average intake level in the present
study or a lack of true association with hypertension. More data
are needed to clarify the underlying nutritional links.

Several strengths enhanced the validity of our study, includ-
ing its large sample size, repeated assessments of exposure,
multivariate adjustment and the hierarchical evaluation of the
relationships between various legume consumption and hyper-
tension risk. Besides, the prospective study design helped to
eliminate potential recall bias which is of particular concern in
most retrospective post hoc analysis. Limitations of our study also
merit consideration. First, residual or unmeasured confounders
cannot be completely ruled out and thus hinder causal inference
based on these observations; however, we carefully controlled
for a broad range of potential covariates, and the stratification
analyses as well as sensitivity analyses (such as further adjust-
ment for Na intake) did not appreciably alter our results.
Second, even though the dietary assessment has been previously

d@?" and a large proportion of subjects reported

validate
acceptable EI, misreporting of dietary information is an unavoid-
able concern in the process of three consecutive 24-h food
recalls. Nevertheless, due to the prospective study design, poten-
tial misclassification of legume intakes was unlikely to depend
on study outcome and hence prone to biasing true associations
toward the null. Third, we adopted uncooked (dried) weight to
measure the intake of dried legumes which might lead to mea-
surement errors, although traditional cooking in China would
seldom alter the profile of legumes. Fourth, the definition of
hypertension was not validated and based largely (approxi-
mately 99-7%) on self-reported diagnoses from physicians.
Although self-report of hypertension diagnosis has been

suggested as a relatively reliable tool in previous research®®,

it could still inevitably introduce potential misclassification bias
and dilute the association. Also, we were not able to cover the
variable on receiving antihypertensive drugs due to substantial
missingness, which might have influenced the sensitivity
of defining hypertension cases. Fifth, participants lost to
follow-up in the present study were generally younger with
less vigorous exercises and at higher socio-economic levels.
Nevertheless, their legume intake and other important known
risk factors for hypertension (such as BMI and smoking) did
not vary from the included subjects, which makes our findings
not much biased. Last, the participants included in the present
study were predominantly Chinese adults with Asian ancestry,
and it is unsure whether our findings could be generalised
to other ethnic groups, so the results should be interpreted
with caution.

In conclusion, the results of this cohort study demonstrated
that usual intake of total legumes, fresh legumes, soyabeans
except non-soyabeans, could act as a potential protective fac-
tor for hypertension incidence. According to our present
knowledge and dietary recommendations to increase fruit
and vegetable consumption, increasing intake of legumes
may be an important part of diet interventions to reduce
hypertension risk. Public health initiatives on the primary pre-
vention of hypertension may consider our results as a rational
and feasible dietary modification, with support from further
appropriately designed intervention studies and formative
research.
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