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Abstract
Sichuan cuisine was previously fitted into the Chinese Heart-Healthy Diet (CHH) trial to verify the antihypertensive effect. Whether themodified
Sichuan diet lessens cardiovascular disease (CVD) is not fully explored. We aimed to estimate the effects of the Sichuan version of CHH diet
(CHH diet-SC) on the 10-year risk of CVD and vascular age. A single-blinded randomised controlled feeding trial was conducted. General CVD
prediction model was used in manners of intention-to-treat and per-protocol set. After a 7-d run-in period, fifty-three participants with pre- and
grade I hypertension from local communities were randomised and provided with either CHH diet-SC (n 27) or a control diet (n 26) for 4 weeks.
Mean absolute and relative estimated CVD riskswere reduced by 4·5 % and 27·9 % in the CHHdiet-SC group, and the between-group relative risk
reduction was 19·5 % (P< 0·001) using linear mixed-effects models. The sensitivity analysis with datasets andmodels showed consistent results,
and pre-specified factors were not associated with the intervention effects. The vascular age of CHH-SC group was theoretically 4·4 years
younger than that of the control group after intervention. Compared with a typical diet, adopting the CHH diet-SC over 1 month significantly
reduced 10-year CVD risks and vascular ages among local adults with mild hypertension.
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CVD is the leading cause of global mortality and is the foremost
contributor to illness and death in China(1). A suboptimal diet is
one of the main reasons for the rapidly rising burden of CVD.
China, one of the world’s twenty most populous countries, has
the highest rate of diet-related CVD deaths(2). A high-quality
healthy diet has been viewed as both amodifiable risk factor and
a vital lifestyle intervention strategy for CVD prevention(3).
Regularly monitoring CVD risk factors and assessing the general
risk of CVD in a specific period of time (5 years, 10 years or
lifetime) are jointly recommended by various countries for adults
who are prone to CVD(4–6). Risk estimation, as a method of
primary care practice, can reflect the aggregation and progress of
risk factors comprehensively.

A healthy dietary pattern for lowering CVD risk is encouraged
in groups with or without CVD(7). Dietary Approaches to Stop
Hypertension (DASH)(8), first proposed by the National Heart,
Lung, and Blood Institute in 1997, has attracted much attention
due to its initially distinct antihypertensive effect. Following such
a diet has also been found beneficial for other CVD risk factors

and metabolic-related diseases(9–16). Specifically, previous
studies(17–19) have shown that high adherence to the DASH-
style dietary pattern was associated with a reduced risk of
specific CVD events. However, unifying a healthy DASH-style
diet in massive regions of China can be challenging in
consideration of the external difference of China – the West
and the internal complexity of cuisine cultures. The Chinese
Heart-Healthy Diet (CHH) trial(20) has made the first attempt in
reducing blood pressure across major cuisine cultures. Among
them, Sichuan cuisine, originating from southwestern China, is
the most distinctive and biggest cuisine with an international
reputation for the multi-layered flavour and numb-spicy tastes,
while its features of greasy dishes and salty condiments can be a
potential barrier of health promotion and CVD prevention(21).

The potential impact of a modified diet pattern based on
Sichuan cuisine culture on overall CVD risks is unknown.
Moreover, the additional benefits of such an intervention on
abstract and visualised risks of CVD compared with a traditional
diet have not been investigated. The objective of this study was
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to examine the impacts of short-term consumption of a CHH
dietary pattern (Sichuan cuisine) for 4 weeks on the estimated
10-year general CVD risks. The laboratory version of the general
CVD prediction model (GCVD) was used to estimate the 10-year
CVD risk and to further calculate the vascular age as a risk-based
approach for patients to better understand the abstract risk. We
hypothesised that the CHH diet (Sichuan cuisine) would lower
the absolute and relative 10-year CVD risk and would have an
additional benefit in preventing CVD compared with a
regular diet.

Methods

Study design and participant eligibility

This secondary analysis of the CHH study used data in Chengdu,
which is under the far-reaching influence of the Sichuan cuisine
culture. The flow diagram of the Chengdu centre is shown in Fig. 1.

The details of the design and main results in reducing the
blood pressure of the CHH study have been published
elsewhere(20). Shortly, this previous study was a multicentre
(Beijing, Shanghai, Guangzhou and Chengdu), randomised
controlled feeding trial. The main aim was to access the efficacy,
preference and cost-effectiveness of the CHH diet. People aged
25–75 years old who were living in the local communities for at
least 6 months before entering the study and had a systolic blood
pressure (SBP) between 130 and 159mmHgwere eligible for this
trial. More detailed inclusion and exclusion criteria were
presented in the study design proposal(22). The study protocol
was first registered on the ClinicalTrials.gov (Unique identifier:
NCT03882645) on 18 March 2019.

Sample size

According to the findings from systematic reviews, the DASH
diet can result in the reduction of the 10-year Framingham risk
score for approximately 13 %. We conservatively assumed that
the intervention diet will reduce relative risk by 7·0 % in
comparison with the control diet in 4 weeks, with the standard
deviation of risk score being 12·0 in the control group according
to previous studies. To have 90 % power with a type I error rate
of 5 % to detect the assumed effect size, we would need a total of
sixty-two participants (thirty-one equally from each arm).
Because of the COVID-19 epidemic and the quarantine policy,
the study had to be terminated early, not achieving the planned
sample size. Ultimately, we recruited a sum of fifty-three
participants and reached 85·5 % of the goal setting.

Run-in phase (1 week) and baseline assessment

Formally screened subjects received a 7-d run-in phase during
which they were provided three meals per day for a total of
twenty-one regular meals. Essentially, the run-in diet con-
tained the feature of the common dietary pattern consumed by
the local people following the previous food frequency survey
and nutrition surveillance in Sichuan. Participants were asked
of food preference and adjustments were made to best fit their
preferred taste. A quantitative sample menu in the run-in
period was attached to the supplementary files (online

Supplementary Table 1). Subjects who failed to complete
the run-in phase as required or ate less than 80 % of the study
meals (at least eighteen meals) were excluded from the
following randomisation. After completing the run-in phase, a
self-designed questionnaire was administered in face-to-face
interviews to collect baseline information about general
demographic data, lifestyle, dietary habits, history of illness
and medication information.

Random assignment and blinding

Participants who passed the run-in phase were randomly
assigned to the CHH-SC group and the control group by a
computer at a ratio of 1:1. Due to the participant-blinded design,
the intervention and control groups ate at separate close-door
rooms without being informed about their group assignment.
Similarmenus and interchangeable ingredients were provided in
the same meal. Trained staff conducted blood pressure
measurements or collecting the laboratory measurements and
cooks were also masked in the assignment.

Interventions (4 weeks)

All participants were requested to consume the corresponding
three meals (breakfast, lunch and dinner) per day for the
following 4 weeks. No other interventions were employed in
either group. All study meals were prepared in standardised
research kitchens and consisted of available and interchange-
able foods on the premise of meeting the daily nutrient and
energy composition targets. It encompassed non-repetitive
menus within a cycle of 2 weeks, designed jointly by the study
nutritionists, dietitians and chefs. Quantitative sample dishes in
both groups were attached to the supplementary files (online
Supplementary Tables 2 and 3).

Participants assigned to the control group continued with the
regular diet as in the run-in phase. The control diet-SC was a

Fig. 1. Flow diagram of the trial.
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typical diet of Sichuan residents, based on previous surveys of
usual local foods. It was adjusted to the common flavour and
taste during the run-in period for higher adherence.

The CHH diet-SC was a healthy dietary pattern based on
Sichuan cuisine culture (e.g. the featured aromas of mixed
seasonings). The nutrients targets and primary components for
dietary classes were developed by integrating information from
the Chinese Dietary Guidelines, previous healthy dietary
patterns, Dietary Consumption Survey of Sichuan area and the
most common Sichuan cuisine dishes. Shortly, it modified some
key dietary factors (i.e. whole grains, fresh fruits and vegetables,
processed meat, low-fat dairy products, cooking oil and salt) as
regards healthy eating patterns, among which, researches
indicate that the DASH diet exhibits a substantial capacity in
lowering blood pressure and providing safeguarding benefits on
other CVD risk factors. The main cooking method consisted of
reducing cooking oil and salt by using natural flavours (such as
coriander and star anise) and using low-sodium salt.

Dietary assessments

During the whole intervention, we requested participants to
consume the dishes we provided at lunch and dinner on site
while the breakfast was distributed in advance at dinner the day
before. The leftovers and supplements of each meal and all
amounts of snacks outside the designwere precisely assessed by
the trained staff through weighing or validated visual estimation
by the help of illustrative food pictures albums.

Daily food intake and nutrients were appraised using the
nutrition calculator with the built-in China Food Composition
Table (2018) and Dietary Reference Intakes for Chinese (2013).
According to the Food Guide Pagoda of Chinese Dietary
Guidelines (2022), items of food groups and corresponding food
subgroups were classified to assess the food intake of the CHH-
SC dietary pattern. Food variety was calculated by summing the
number of unique food items with a minimum intake of 10 g
without cooking oils and condiments. Estimations of fatty acids
and vitamin B12 were further supplemented with the United
States Department of Agriculture Nutrient database.

Measurements of dietary adherence of participants and
CVD risk factors

All measurements conducted at baseline were repeated at the
end of the trial. In addition, blood pressure, body weight and
food preference score were measured weekly to track the trial
implementation.

For assessment of food preference, participants were asked at
the end of each week to rate their preference of the previous
week’s meals on a visual analogue scale ranging from 0 to 10 (10
represents most preferred).

Height and body weight were measured using a standard
protocol and used to calculate BMI. Morning blood pressure was
measured three times within a day (08.00–10.00, 14.00–16.00
and 06.00–20.00 hours), each time for three readings, using an
Omron HEM-7136 blood pressure monitor (Omron Health Care
Co, Ltd). A total of nine readings at baseline and at the end of
study were averaged and used in the analysis.

Morning fasting blood samples and urine samples were
collected and sent for analysis to a central laboratory. Total
cholesterol (TC), LDL-cholesterol, HDL-cholesterol, triglyceride
(TG) and urinary electrolytes were quantified from samples. The
definition of dyslipidaemia at baseline was according to the 2016
Chinese guidelines for the management of dyslipidaemia in
adults(23).

Considering 24-h urine sodium as the gold standard for
assessing salt intake, we transferred single-point urinary output
into 24-h urinary output using the method developed in the China
Salt Substitute andStroke Study(24), uncorrected for urine creatinine.
The estimated 24-h urine sodium equals (individual volume spot
sodium concentration in individual spot urine sample)× (volume
of an individual 24-h urine sample), where the mean sample
volume was 2·5 l from the first batch of urine samples.

CVD risk identification and vascular age

The general CVD prediction model (laboratory version)(25),
developed from the Framingham Heart Study, was generated
using a sex-stratified Cox proportional hazards regression to
predict individual overall CVD events (mainly CHD, stroke,
peripheral artery disease or heart failure). Sex, age, diabetes,
smoking status, treatment for hypertension, SBP, TC and HDL
were as risk factors involved in the laboratory-based version.
Smoking status, diabetes and sex were entered as binary
variables, while age, TC, HDL and non-treated/treated SBP were
entered as sequential components. To quantify the CVD risk, we
first established the major CVD risk factors in our study. TC, HDL
and SBP measured at baseline and after a 4-week intervention
were mainly used while other components of the model were
collected at baseline. Then, we used the general formula
calculation and the score sheet to assess an individual’s 10-year
total CVD risk score according to the layered sex.

Another sex-specific multivariable risk algorithm, the Globorisk
model (laboratory version)(26), developed by Harvard researchers
and recalibrated by Chinese cohorts population, was used in our
sensitivity analyses. In this model, fatal and non-fatal CVD rates
were calculated as fatal ischaemic heart diseaseþ fatal strokeþ (1 -
(1 – non-fatal ischaemic heart disease)× (1 - non-fatal stroke)),
allowing for the intending overlap between non-fatal ischaemic
heart disease and stroke. All calculation formula above was
described in the corresponding references.

The absolute CVD risk of an individual was further
transformed into the vascular age and lost age in the same
GCVD prediction model. Vascular age is a risk-based term of the
individual’s age with the same risk score but all risk factors at the
normal level. And lost age(27) was the loss of vascular age
adjusted for chronological age, implying the ongoing severity of
vascular ageing. For example, a 50-year-old man with a 65-year-
old vascular age was predicted to have lost years of 15.

Statistical analyses

We analysed our data using IBM SPSS Statistics for Windows
Version 27.0 (IBM Corp.). Means, SD or 95 % CI are presented for
continuous variables, and proportion and frequency are used to
describe qualitative data. We conducted a comparison of the
demographic characteristics of participants using the χ2 test or
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independent t test in accordance with categorical and continu-
ous variables. For quantitative normally and abnormally
distributed data, a paired t test or a paired Wilcoxon test was
used for within-group comparisons. To estimate the intervention
effects, linear mixed-effects models with the restricted maximum
likelihood method were used to examine differences in pre- and
post-intervention changes in the outcomes of two groups. In the
linear mixed-effects models, risk values were entered as
dependent variable, and the fixed portion of the models
included diet to get the between-participant intervention effect
and time-point to get the within-participant effect. A diet-by-visit
interaction termwas evaluated to assess the extent of differences
between groups over time. The random-effects portion of the
model included participant identification with a random
intercept. The models were also adjusted for the weight and
the baseline risk score to correct the weight changes and
differences in baseline value.

Primary analyses of CVD risk estimationwere restricted to the
per-protocol set data with complete blood pressure and blood
lipid data. Mean CVD risk scores at baseline and the 4-week visit
were calculated for each group. The primary outcomes were the
absolute and relative difference in the estimated 10-year CVD
risk score based on SBP, TC and HDL from baseline to the end of
the trial. For ease of interpretation, we used the absolute risk
reduction to compare the individual’s net change of difference
and the number needed to treat (NNT), the inverse of absolute
risk reduction, to assess the value of promoting such a diet to
prevent one CVD event. The relative risk reduction (RRR) was
then used to explore relative changes from baseline to the end of
the trial relative to the baseline level. RRR equals the baseline risk
scoreminus the final risk score divided by the baseline risk score.

In sensitivity analysis, the estimated 10-year CVD risks were
recalculated separately for the full analysis set and the Globorisk
model. The multiple imputation for continuous variables by
chained equations was used to replace the missing values in the
full analysis set. Agreement between the two methods was
assessed using the intra-class correlation coefficient to confirm
the robustness of the results among GCVD and Globorisk.

In the exploratory analysis, we evaluated interactions
between the interventions and subgroups categorised by
baseline factors (sex, age (< 65 years or≥ 65 years), BMI
(< 24·0 or≥ 24·0 kg/m2), history of hypertension (yes or no),
treatment for hypertension (yes or no), dyslipidaemia status (yes
or no), baseline SBP (< 140mmHgor≥ 140mmHg) and baseline
CVD risk (< 20 % or≥ 20 %)). We included a main effect for the
interventions and interactions between the subgroup and
the interventions. In addition, based on the risk estimation,
the between-group differences in changes in vascular ages and
lost ages were further examined.

Results

Baseline demographic characteristics

A total of fifty-three subjects were randomised into either the
control group (n 26) or the CHH-SC group (n 27). The baseline
characteristics of two groups are shown in Table 1, with baseline
comparability.

Dietary characteristics

Table 2 displays the dietary analysis of food groups and
subgroups for both groups. After 4 weeks of intervention, we
found a higher increase (P< 0·001) in dietary intakes of total
fruits, dairy products, soyabeans and nuts with the CHH-SC
group compared with the control group. Conversely, the daily
intakes of cooking oil (26·1 g/d v. 42·2 g/d) and salt (4·0 g/d v.
7·1 g/d) in the CHH-SC group were approximately half of those
in the control group.

Regarding food subgroups, whole cereals, stem, leafy and
flowering vegetables, kernel fruits and seafood were consumed
more, while red meat and tubers were restricted in the CHH-SC
group. For both groups, the daily intakes of important nutrient
components in a healthy dietary pattern are presented in Table 3.

Dietary adherence of participants and changes in CVD
risk factors

Of the randomised participants, 94·3 % completed the trial (50/
53). All three participants who discontinued our trial chose to
terminate the trial for personal reasons. The dietary adherence of
participants was assessed using both subjective and objective
measures (Table 4). Food preference scores were close to 10
points and were similar in the two groups (P= 0·841). Weight
loss was controlled within 2 kg, consistent with the study
protocol. The trends of 24-h urinary sodium excretion were in
line with changes in dietary sodium intakes.

Table 4 also displays the changes in CVD modifiable risk
factors (blood pressure and blood lipids) in this trial. Significant
intervention effects were observed for blood pressure. The CHH
diet-SC also resulted in slight but insignificant improvements in
the mean serum concentrations of blood lipids compared with
the control diet.

Estimated 10-year CVD risks and vascular ages

Table 5 shows that with comparable baseline risk, the within-
group risk of CVD was absolutely/relatively reduced by 1·6 %/
8·4 % and 4·5 %/27·9 % in the control and intervention groups,
respectively, at 4 weeks. The net difference in absolute risk
reduction between the CHH diet-SC and the control diet-SC was
2·9 % (95 % CI 1·1, 4·7; P= 0·002). The number of NNT was 22 in
the intervention group, while it almost tripled (NNT= 63) in the
control group. The between-group changes in RRR were 19·5 %
(95 %CI 9·6, 29·4;P< 0·001), representing a significant reduction
in the relative risk of CVD in the CHH-SC group compared with
the control group over 4 weeks. Table 5 also shows that the
results from the analysis of the full analysis set dataset were
virtually identical.

Moreover, the models showed relatively good agreement
between the risk scores, and the intra-class correlation
coefficient was estimated to be 0·860 (95 % CI 0·770, 0·916) in
men and 0·637 (95 % CI 0·428, 0·782) in women (not shown in
tables). No interaction effect was observed across subgroups for
CHH-SC v the control group (P all> 0·05) (Table 6).

Furthermore, the changes in vascular age were proven to be
effective in the CHH-SC group relative to the control diet-SC
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(P= 0·004), with saving the lost age of 3·6 years (95 % CI −6·3,
−0·9) (Table 7).

Discussion

Overall, our study indicated the potential benefits of the Sichuan
cuisine version of CHH diet in lowering the risk of 10-year
general CVD events in a group of adults with pre- or grade I
hypertension. The CHH diet-SC significantly reduced the
estimated 10-year overall CVD risk by 4·5 % (RRR of 27·9 %),
with a between-group difference in absolute risk reduction of
2·9 % (RRR: 19·5 %) over 4 weeks. The results were identical in
sensitivity analyses using different datasets and prediction
models. Among subgroups defined by baseline information,
the results of estimated risks were similar. In addition, our study
converted the abstract risks to vascular ages contributing to a
better understanding of CVD risk from the patient side and still
found nearly 4 years were regained after adjusting for
chronological ages.

One explanation of the protective association between CHH
diet-SC and CVD is that dietary adherence to DASH provided
certain evidence of the potential benefits for cardiovascular
health. Previous studies to investigate the effects of DASH on
specific CVD events have commonly used various risk assess-
ment models. Using the Framingham Stroke Risk Profile, Chen
et al.(28) documented that the original DASH diet reduced the
estimated 10-year coronary heart disease (CHD) risk by 18 %
compared with the control group. Framingham Stroke Risk
Profile produced sex-specific prediction for risks of developing
incident CHD in a white middle-class population(29). However,
for Asians, the original Framingham Stroke Risk Profile
overestimated the risk of CHD and needed recalibration to
improve the estimations(30). The new research(31) used the
American College of Cardiology/American Heart Associated
Pooled Cohort Equation, suggesting that compared with a
typical American diet, the DASH diet reduced 10-year
arteriosclerotic CVD risk scores by approximately 10 % in 8
weeks. The variation of effect estimations may be attributed to
the model heterogeneity and the interdietary characteristics. In

Table 1. Baseline characteristics of participants (Numbers and percentages; mean values and standard deviations)

Control-SC (n 26) CHH-SC (n 27) Total (n 53)

Characteristic n % n % P* n %

Age, years
Mean 60·7 59·8 0·712 60·2
SD 9·3 9·5 9·3

Male 17 65·4 11 40·7 0·072 28 52·8
Married 21 80·8 23 85·2 0·728 44 83·0
Household income (USD/month)† 0·64
$ 2900–7250 2 7·7 1 3·7 3 5·7
$1450–2900 5 19·2 8 29·6 13 24·5
< $ 1450 19 73·1 18 66·7 37 69·8

Occupation 0·757
Manual labourers 15 57·7 15 55·6 30 56·6
Housekeeping 9 34·6 11 40·7 20 37·7
Others 2 7·7 1 3·7 3 5·7

Education 0·268
Bachelor’s degree or college and above 5 19·2 2 7·4 7 13·2
High school or technical secondary school 4 15·4 7 25·9 11 20·8
Junior high school or less 17 65·4 18 66·7 35 66·0

Medical insurance 0·139
Employee or resident medical insurance 21 80·8 18 66·7 39 73·6
New rural cooperative medical insurance‡ 3 11·5 8 29·6 11 20·8
Others 2 7·7 1 3·7 3 5·7

Current smoking 6 23·1 4 14·8 0·501 10 18·9
Alcohol 5 19·2 2 7·4 0·25 7 13·2
Physical activity level§ 0·491
Inadequate 7 25·9 9 34·6 16 30·2
Adequate 20 74·1 17 65·4 37 69·8

Hypertension 17 65·4 19 70·4 0·697 36 67·9
Treatment for hypertension 12 46·2 15 55·6 0·494 27 50·9
Overweight and obese|| 21 80·8 23 85·2 0·728 44 83·0

Mean SD Mean SD Mean SD

Baseline BMI, kg/m2 25·8 2·2 25·9 2·2 0·928 25·9 2·2
Baseline SBP, mmHg 140·2 6·7 140·4 8·3 0·912 140·3 7·5
Baseline DBP, mmHg 88·3 7·7 87·8 8·6 0·835 88·0 8·1

CHH-SC, Sichuan version of Chinese Heart-Healthy Diet; SBP, systolic blood pressure; DBP, diastolic blood pressure.
* Independent t test and χ2 test for continuous and categorical variables, respectively.
† 1 CNY= 0·1450 USD.
‡ New rural cooperative medical insurance is a type of rural cooperative medical insurance based on overall planning for serious diseases.
§ According to the Chinese Dietary Guidelines (2022) recommendations on physical activity, a total of 150min or more of moderate-intensity physical activity per week is classified as
‘adequate’.

|| Overweight: 24·0≤ BMI< 28·0; obese: BMI≥ 28·0.
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contrast, another DASH-related randomised controlled trial
(RCT)(32) adapted the Chinese recalibration of Framingham
Stroke Risk Profile and found no significant between-group
difference in the reduction in 10-year CHD risk at 6 and 12
months. This finding reflected the possible restriction of the
dietary impact on lowering the CVD risk in a clinical setting.
Longer follow-up visits are warranted in a real-world setting.

The sensitivity analyses of the consistency towards the results
from GCVD and Globorisk models for predicting CVD risks
further verified the moderate stability of the association between
Sichuan-cuisine-based dietary intervention and lowering CVD
risks. Globorisk has modified by the Chinese adult population
where China Health and Nutrition Survey analysis files provided
the prevalence estimates of total CVD risk.

The NNT in our study, as a quantitative parameter of the
academic efficacy of the CHH-SC dietary intervention, allowed
health practitioners to be aware of the concept of how much
effort is needed to avoid a general CVD event. Our study also
extended the literature in the fields of dietary intervention and
nutritional counselling by investigating the effect of CHH diet-SC
on vascular age. How to improve patients’ self-management
awareness and treatment adherence is a plight for clinical
practice when it comes to risk-based estimates. Comparing with
informing patients about their risks, expressing as the vascular
age is viewed as an ideal approach for achieving better
communication and higher treatment adherence among patients
who have a higher baseline risk of CVD but have not yet
developed an actual CVD event(27,33). The CHHdiet-SC is valid as

Table 2. Daily average intake of food groups and diversity in 4 weeks, by CHH diet-SC and control diet-SC

Variables CHH-SC, mean Control-SC, mean Mean difference 95% CI P *

Daily food (g)
Cereals 381·2 369·2 12·0 –8·5, 32·5 0·250
Whole cereals 142·8 38·7 104·2 86·7, 121·6 < 0·001

Tubers 17·6 46·2 –28·6 –45·3, −11·9 0·001
Vegetables 434·4 452·1 –17·7 –45·2, 9·8 0·205
Stem, leafy and flowering 289·6 211·3 78·2 47·7, 108·8 < 0·001

Fruits 251·6 82·1 169·5 141·3, 197·7 < 0·001
Kernel fruits 170·1 49·8 120·3 95·2, 145·4 < 0·001

Animal food 205·3 203·0 2·3 –8·3, 12·9 0·669
Red meat 81·4 130·8 –49·5 –58·2, −40·7 < 0·001
Seafood 28·9 9·4 19·5 9·8, 29·2 < 0·001
Eggs 42·7 29·1 13·6 4·0, 23·3 0·006

Dairy products† 269·5 75·6 193·9 166·2, 221·6 < 0·001
Soyabeans and nuts 43·6 19·9 23·7 17·7, 29·8 < 0·001
Cooking oil 26·1 42·2 –16·1 –17·9, −14·4 < 0·001
Salt‡ 4·0 7·1 –3·1 –3·5, −2·7 < 0·001
Food variety§ 18·3 13·5 4·8 4·2, 5·4 < 0·001

CHH diet-SC, Sichuan version of Chinese Heart-Healthy Diet.
* Bold values were statistically significant.
† Low fat (2%) in the CHH-SC diet.
‡ Low sodium (76%) in the CHH-SC diet; normal sodium (> 99·9%) in the control diet.
§ Number of different food items consumed by participants. Condiments and cooking oil were excluded. Accounting for food items with> 10 g.

Table 3. Daily average intake of nutrients in 4 weeks, by CHH diet-SC and control diet-SC (95 % confidence intervals)

Nutrients CHH-SC, mean Control-SC, mean Mean difference 95% CI P*

Energy (kcal/d) 2253·0 2400·2 –147·3 –195·6, −98·9 < 0·001
Carbohydrate (% E) 57·3 52·8 4·6 3·5, 5·6 < 0·001
Protein (% E) 17·9 12·9 5·0 4·5, 5·5 < 0·001
Total fat (% E) 24·8 34·4 –9·6 –10·7, −8·6 < 0·001
SFA 6·2 9·6 –3·4 –3·8, −3·0 < 0·001
MUFA 7·5 12·9 –5·4 –6·0, −4·8 < 0·001
PUFA 8·9 9·1 –0·2 –0·6, 0·2 0·329

Fibre (g) 29·5 13·8 15·7 14·2, 17·2 < 0·001
Cholesterol (mg) 412·2 340·2 72·0 22·4, 121·6 0·005
Na (mg) 2492·5 5898·5 –3405·9 –4177·3, −2634·6 < 0·001
K (mg) 4108·7 2357·3 1751·4 1530·9, 1972·0 < 0·001
Ca (mg) 980·3 420·9 559·5 520·6, 598·3 < 0·001
Mg (mg) 550·4 316·2 234·2 210·9, 257·5 < 0·001
Se (mg) 47·6 36·4 11·2 7·8, 14·7 < 0·001
Vitamin A (μgRAE) 1047·8 668·1 379·7 60·6, 698·8 0·020
Vitamin E (mg) 46·9 40·7 6·3 3·6, 9·0 < 0·001
Vitamin C (mg) 152·2 120·7 31·5 15·5, 47·4 < 0·001
Folic acid (μg) 266·3 184·1 82·1 47·0, 117·2 < 0·001
Vitamin B12 (μg) 6·5 3·8 2·6 1·4, 3·9 < 0·001

CHH diet-SC, Sichuan version of Chinese Heart-Healthy Diet; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
* Bold values were statistically significant.
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a changeable part of primary health care for large amount of
population who get used to Sichuan cuisine widely.
Unexpectedly, due to the study sample size, our findings about
NNT and Vascular Age tool should be considered exploratory
rather than confirmatory.

The effect of the CHH diet-SC might be attributed to the
advantageous combination of modified food groups and
nutrients. The CHH diet-SC is a food-diverse pattern, high in
whole cereals, vegetables (in particular stem, leafy and flowering

vegetables), fruits and low-fat dairy products, with restrictions on
red meat, cooking oil and salt. Current studies have shown that
whole grains can help prevent CHD, CVD and all-cause
mortality. The relative risk per 90 g/d increase in whole grain
intake was 0·78 (95 % CI 0·73, 0·85) for CVD(34). Furthermore,
diets rich in vegetables and fruits might prevent the morbidity
and mortality of CVD according to several prospective cohort
studies(35). Among vegetable sources, green leafy vegetables
provided greater benefits, whereas kernel fruits provided greater

Table 4. Dietary adherence and CVD risk factors, by CHH diet-SC and control diet-SC (Mean values and standard deviations; 95 % confidence intervals)

Variables

CHH-SC (n 25) Control-SC (n 25)

Difference in difference 95% CI P‡Mean SD Mean SD

Food preference Baseline 9·7 0·5 9·6 0·5
4 weeks 10·0 0·0 9·9 0·2
Difference 0·3 0·5 0·3 0·5 0·0 –0·3, 0·3 0·841

Weight (kg) Baseline 64·2 8·5 64·0 7·8
4 weeks 63·1 8·6 63·6 7·6
Difference –1·1 1·0 –0·5 1·0 –0·7 –1·2, −0·1 0·022

UNa (mg/24 h) Baseline 6741·3 2911·8 7070·2 2594·4
4 weeks 4393·0 2214·2 7337·0 2681·8
Difference –2348·3 2397·2 266·8 3042·8 –2615·1 –4172·8, −1057·4 0·001

SBP (mmHg) Baseline 141·0 8·3 140·2 6·8
4 weeks 125·8 9·6 135·2 11·4
Difference –18·2 9·0 –9·3 12·1 –8·8 –14·9, −2·7 0·005

DBP (mmHg) Baseline 88·1 8·7 88·1 7·8
4 weeks 82·5 8·5 85·8 8·8
Difference –8·6 6·4 –4·2 6·2 –4·5 –8·1, −0·9 0·015

TC (mg/dl)* Baseline 175·7 33·7 180·5 33·8
4 weeks 159·4 27·5 168·5 35·0
Difference –16·3 17·3 –12·0 22·0 –4·3 –15·6, 6·9 0·440

LDL (mg/dl)* Baseline 100·4 29·5 98·9 32·0
4 weeks 90·7 23·3 89·8 24·0
Difference –9·8 15·8 –9·1 20·1 –0·7 –11·0, 9·6 0·895

TG (mg/dl)† Baseline 144·2 63·0 148·4 102·1
4 weeks 125·9 44·5 143·7 87·5
Difference –18·3 39·7 –4·6 34·5 –13·7 –34·8, 7·5 0·200

HDL (mg/dl)* Baseline 44·1 7·5 48·6 12·1
4 weeks 43·1 7·6 46·3 11·2
Difference –2·0 3·7 –2·3 4·3 0·3 –2·0, 2·6 0·808

CHH diet-SC, Sichuan version of Chinese Heart-Healthy Diet; SBP, systolic blood pressure; DBP, diastolic blood pressure; UNa, urinary sodium excretion; TC, total cholesterol; TG,
triglyceride.
* 1 mmol/l= 38·7 mg/dl.
† 1 mmol/l= 88·6 mg/dl.
‡ Bold values were statistically significant.

Table 5. Estimated 10-year CVD risk (%), by CHH diet-SC and control diet-SC (Mean values and standard deviations; 95 % confidence intervals)

Variables

CHH-SC Control-SC

Adjusted Mean Difference* 95% CI P†Mean SD Mean SD

Using general CVD profile – PPS
Baseline 16·6 11·2 21·7 11·3 0·118
4 weeks 12·1 9·0 20·1 11·7
ARR 4·5 3·1 1·6 3·4 2·9 1·1, 4·7 0·002
RRR 27·9 12·3 8·4 21·3 19·5 9·6, 29·4 < 0·001
NNT, n 22 63

Using general CVD profile – FAS
Baseline 16·8 11·5 21·1 11·4 0·173
4 weeks 12·6 9·5 19·7 11·6
ARR 4·2 3·2 1·4 3·5 2·6 1·1, 4·0 0·001
RRR 25·7 14·5 6·0 24·2 19·7 8·7, 30·6 0·001

CHH diet-SC, Sichuan version of Chinese Heart-Healthy Diet; PPS, per-protocol set; FAS, full analysis set; ARR, absolute risk reduction; RRR, relative risk reduction; NNT, number
needed to treat.
* All models adjusted for weight change and baseline risk score.
† Bold values were statistically significant.
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benefits among fruit sources. An inverse association between
diet diversity and CVD incidence was also observed among non-
Europeans consuming diverse food groups(36). In addition, the
consumption of low-fat dairy products, less red meat and less
cooking oil in the CHH diet-SC limited the intake of SFA. Overt
risk reduction by 17 % (relative risk: 0·83; 95 % CI 0·70, 0·98) in
combined cardiovascular events potentially resulted from
reducing SFA from systematic reviews(37). Moreover, a significant
linear relationship between dietary sodium intake and CVD risk
was found in a dose-response meta-analysis(38). The character-
istic of high potassium/low sodium in the CHH diet-SC
mechanically supported our results.

Considering the included CVD factors, except for the obvious
antihypertensive effect, our study found slight but insignificant
advantages of CHH-SC on the concentration of blood lipids.

Another meta-analysis(39) of twenty good-quality RCT showed a
significant decrease caused by the DASH diet in several cardio-
metabolic biomarkers, including SBP, diastolic blood pressure, TC
and LDL. However, these interventions did not affect TG, HDL or
glucose. In addition to the short-term intervention, the explanations
at the nutrient levelmight include themacronutrient pattern. Froma
meta-analysis of 121 eligible trials(40), neither DASH (moderate
macronutrient pattern) nor low-fat (≤ 30% fat) dietary patterns
were superior to the usual diet in terms of blood lipoproteins.

A major strength of our study is the strong internal validity
with the strict design of a controlled and randomised feeding
trial, the standardised assessments and the high adherence of
participants. The feeding design, as well as the quantitative
leftovers and snacks, ensured that the assessment of dietary
intakewas as precise as possible. Considering both the burden of
CVD and unbalanced features of the usual diet (e.g. high-fat and
salty dishes), another strength is that our study made translation
efforts to implement healthy dietary patterns and cater to
domestic cuisine culture to prevent CVD. Moreover, few studies
of dietary intervention have used general CVD event risk as an
outcome variable. To date, we are sure that this is innovative to
test the effects of a cuisine-culture-based healthy dietary pattern
on predicting total CVD outcomes and further visualise the risk
as vascular age using the GCVD prediction model.

Notably, our study was subject to several limitations. First,
although common for a feeding trial, the sample size was not
powered to analyse all subgroups. Second, the 4-week inter-
vention was too short to observe adherence in the real world due
to the cost restriction. Nevertheless, long-term randomised trials
with true CVD endpoints were not feasible for most dietary
factors. Third, our results of estimated 10-year general CVD risk
were assessed by the prediction model and were not the actual
CVD events. Thus, our conclusions should be extrapolated to
long-term, real-world situations with caution. Fourth, our regional
hub-data reflected the lack of representativeness of the
population. Future research should focus on establishing the
various components that are both most effective in reducing CVD
risk and most representative of Sichuan dishes. The challenge of
implementing the CHH diet-SC in a real-world setting cannot be
underestimated. If possible, the actual CVD event incidence
observed in follow-up visits should also be compared with the
estimated CVD risk as a surrogate outcome.

Table 6. Relative reduction (mean, 95% CI) in 10-year CVD risk score in
strata of baseline information (Numbers and 95 % confidence intervals)

Characteristic n Mean difference 95% CI Pinteraction

Sex 0·387
Male 27 13·2 6·5, 19·9
Female 23 24·0 14·6, 33·4

Age (years) 0·936
< 65 29 17·1 8·5, 25·8
≥ 65 21 19·6 12·7, 26·6

Baseline BMI (kg/m2) 0·489
< 24·0 10 13·6 2·7, 24·4
≥ 24·0 40 19·3 12·7, 26·0

Hypertension 0·902
No 15 18·2 8·2, 28·2
Yes 35 18·2 11·0, 25·3

Treatment for hypertension 0·372
No 23 18·9 11·6, 26·2
Yes 27 17·5 8·7, 26·4

Dyslipidaemia 0·958
No 32 14·4 6·9, 21·8
Yes 18 25·0 16·8, 33·3

Baseline SBP (mmHg) 0·224
< 140 25 16·1 9·1, 23·1
≥ 140 25 20·3 11·0, 30·0

Baseline CVD risk (%) 0·78
< 20 31 20·2 12·3, 28·1
≥ 20 19 14·8 6·8, 22·9

Overall 50 18·2 12·5, 23·8

SBP, systolic blood pressure.

Table 7. Chronological/vascular age and lost age, by CHH diet-SC and control diet-SC (Mean values and standard deviations; 95 % confidence intervals)

Variables

CHH-SC (n 25) Control-SC (n 25)

Difference in difference 95% CI P *Mean SD Mean SD

Chronological age (years) 60·3 9·5 61·1 9·4 0·766
Vascular age (years)
Baseline 68·6 12·8 70·7 10·6 0·541
4 weeks 62·7 13·7 69·2 12·5
Difference –5·9 5·1 –1·5 5·4 –4·4 –7·4, −1·5 0·004

Lost age (years)
Baseline 8·7 6·3 10·4 8·0 0·404
4 weeks 4·4 6·0 9·4 8·9
Difference –4·3 4·8 –0·7 4·8 –3·6 –6·3, −0·9 0·010

CHH diet-SC, Sichuan version of Chinese Heart-Healthy Diet.
* Bold values were statistically significant.
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In conclusion, the CHH diet-SC, tailored to local cuisine
features, has been proven to significantly lower the absolute and
relative estimated 10-year general CVD risk by 2·9 % and 19·5 %
and has a decrement of around 4-year vascular age in 1 month,
relative to a regular diet. Furthermore, our study provided
evidence to encourage further investigation of healthy diet
patterns to support groups exposed to multiple CVD risk factors.

Acknowledgements

All subjects involved in the study are gratefully acknowledged.
The study was funded by the National Key Research and

Development Program, Ministry of Science and Technology of
China (2016YFC1300201) and the Chinese Nutrition Society
Nutrition Science Foundation-Yum China Dietary Health
Foundation (CNS-YUM2019B16). The founders did not partici-
pate in the study design, analysis or article writing.

Main analysis of data and drafting the manuscript: D. S.;
critical revision for the submitted manuscript: H. C., Y. G., Q. F.,
M. Y., C. C., Y. Z., Y. Y. W., Y. F.W. andG. Z. All authors read and
approved the final manuscript.

The authors declare no conflicts of interest

Supplementary material

For supplementary material referred to in this article, please visit
https://doi.org/10.1017/S0007114523002416

References

1. Du X, Patel A, Anderson CS, et al. (2019) Epidemiology of
cardiovascular disease in China and opportunities for improve-
ment: JACC international. J Am Coll Cardiol 73, 3135–3147.

2. Collaborators GBDD (2019) Health effects of dietary risks in
195 countries, 1990–2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet 393, 1958–1972.

3. Abbate M, Gallardo-Alfaro L, Bibiloni MDM, et al. (2020)
Efficacy of dietary intervention or in combination with exercise
on primary prevention of cardiovascular disease: a systematic
review. Nutr Metab Cardiovasc Dis 30, 1080–1093.

4. Whelton PK, Carey RM, Aronow WS, et al. (2018) 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and
Management of High Blood Pressure in Adults: a report of
the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines.
Hypertension 71, e13–e115.

5. Williams B, Mancia G, Spiering W, et al. (2018) 2018 ESC/ESH
Guidelines for the management of arterial hypertension. Eur
Heart J 39, 3021–3104.

6. Writing Group of 2018 Chinese Guidelines for the Management
of Hypertension. (2019) 2018 Chinese guidelines for the
management of hypertension.Chin J CardiovascMed24, 24–56.

7. Chareonrungrueangchai K, Wongkawinwoot K,
Anothaisintawee T, et al. (2020) Dietary factors and risks of
cardiovascular diseases: an umbrella review. Nutrients 12, 1088.

8. Appel LJ, Moore TJ, Obarzanek E, et al. (1997) A clinical trial of
the effects of dietary patterns on blood pressure.New England J
Med 336, 1117–1124.

9. Lari A, Sohouli MH, Fatahi S, et al. (2021) The effects of the
Dietary Approaches to Stop Hypertension (DASH) diet on

metabolic risk factors in patients with chronic disease: a
systematic review and meta-analysis of randomized controlled
trials. Nutr Metab Cardiovasc Dis 31, 2766–2778.

10. Hikmat F & Appel LJ (2014) Effects of the DASH diet on blood
pressure in patients with and without metabolic syndrome:
results from the DASH trial. J Hum Hypertens 28, 170–175.

11. Razavi Zade M, Telkabadi MH, Bahmani F, et al. (2016) The
effects of DASH diet on weight loss and metabolic status in
adults with non-alcoholic fatty liver disease: a randomized
clinical trial. Liver Int 36, 563–571.

12. Asemi Z & Esmaillzadeh A (2015) DASH diet, insulin resistance,
and serum hs-CRP in polycystic ovary syndrome: a randomized
controlled clinical trial. Horm Metab Res 47, 232–238.

13. Asemi Z, Samimi M, Tabassi Z, et al. (2014) Effects of DASH diet
on lipid profiles and biomarkers of oxidative stress in
overweight and obesewomenwith polycystic ovary syndrome:
a randomized clinical trial. Nutrition 30, 1287–1293.

14. Hassoon A, Michos ED, Miller ER, et al. (2018) Effects of
different dietary interventions on calcitriol, parathyroid hor-
mone, calcium, and phosphorus: results from the DASH trial.
Nutrients 10, 367.

15. Azadbakht L, Surkan PJ, Esmaillzadeh A, et al. (2011) The
Dietary Approaches to Stop Hypertension eating plan affects C-
reactive protein, coagulation abnormalities, and hepatic
function tests among type 2 diabetic patients. J Nutr 141,
1083–1088.

16. Wen J, Gu S, Wang X, et al. (2023) Associations of adherence to
the DASH diet and the Mediterranean diet with chronic
obstructive pulmonary disease among US adults. Front Nutr
10, 1031071.

17. Feng Q, Fan S, Wu Y, et al. (2018) Adherence to the dietary
approaches to stop hypertension diet and risk of stroke: ameta-
analysis of prospective studies. Medicine 97, e12450.

18. Salehi-Abargouei A, Maghsoudi Z, Shirani F, et al. (2013) Effects
of Dietary Approaches to Stop Hypertension (DASH)-style diet
on fatal or nonfatal cardiovascular diseases–incidence: a
systematic review and meta-analysis on observational pro-
spective studies. Nutrition 29, 611–618.

19. Fitzgerald KC, Chiuve SE, Buring JE, et al. (2012) Comparison of
associations of adherence to a Dietary Approaches to Stop
Hypertension (DASH)-style diet with risks of cardiovascular
disease and venous thromboembolism. J Thromb Haemost 10,
189–198.

20. Wang Y, Feng L, Zeng G, et al. (2022) Effects of cuisine-based
Chinese Heart-Healthy Diet in lowering blood pressure among
adults in China: multicenter, single-blind, randomized, parallel
controlled feeding trial. Circulation 146, 303–315.

21. Wei Z (2018) Analysis of the performance and formation factors
for numb taste type of Sichuan cuisine. China Condiment 43,
197–200.

22. Xie W, Wang Y, Sun J, et al. (2020) Protocol of a multicenter,
single-blind, randomised, parallel controlled feeding trial
evaluating the effect of a Chinese Healthy Heart (CHH) diet
in lowering blood pressure and other cardiovascular risk
factors. BMJ Open 10, e036394.

23. Joint Committee for Guideline Revision (2018) 2016 Chinese
guidelines for the management of dyslipidemia in adults.
J Geriatr Cardiol 15, 1–29.

24. Huang L, Woodward M, Stepien S, et al. (2018) Spot urine
samples compared with 24-h urine samples for estimating
changes in urinary sodium and potassium excretion in the
China Salt Substitute and Stroke Study. Int J Epidemiol 47,
1811–1820.

25. D’Agostino RB Sr, Vasan RS, Pencina MJ, et al. (2008) General
cardiovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation 117, 743–753.

Heart-healthy diet and cardiovascular disease risk 1005

https://doi.org/10.1017/S0007114523002416 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523002416
https://doi.org/10.1017/S0007114523002416


26. Ueda P, Woodward M, Lu Y, et al. (2017) Laboratory-based and
office-based risk scores and charts to predict 10-year risk of
cardiovascular disease in 182 countries: a pooled analysis of
prospective cohorts and health surveys. Lancet Diabetes
Endocrinol 5, 196–213.

27. Lopez-Gonzalez AA, Aguilo A, Frontera M, et al. (2015)
Effectiveness of the heart age tool for improving modifiable
cardiovascular risk factors in a Southern European population:
a randomized trial. Eur J Prev Cardiol 22, 389–396.

28. Chen ST, Maruthur NM & Appel LJ (2010) The effect of dietary
patterns on estimated coronary heart disease risk: results from
the Dietary Approaches to Stop Hypertension (DASH) trial.
Circ Cardiovasc Qual Outcomes 3, 484–489.

29. Bos D, Ikram MA, Leening MJG, et al. (2017) The revised
Framingham stroke risk profile in a primary prevention
population: the Rotterdam study. Circulation 135,
2207–2209.

30. Wu Y, Liu X, Li X, et al. (2006) Estimation of 10-year risk of fatal
and nonfatal ischemic cardiovascular diseases in Chinese
adults. Circulation 114, 2217–2225.

31. Jeong SY, Wee CC, Kovell LC, et al. (2023) Effects of diet on 10-
year atherosclerotic cardiovascular disease risk (from theDASH
Trial). Am J Cardiol 187, 10–17.

32. Wong MCS, Wang HHX, Kwan MWM, et al. (2016) The
effectiveness of Dietary Approaches to Stop Hypertension
(DASH) counselling on estimated 10-year cardiovascular risk
among patients with newly diagnosed grade 1 hypertension: a
randomised clinical trial. Int J Cardiol 224, 79–87.

33. Groenewegen KA, den Ruijter HM, Pasterkamp G, et al. (2016)
Vascular age to determine cardiovascular disease risk: a

systematic review of its concepts, definitions, and clinical
applications. Eur J Prev Cardiol 23, 264–274.

34. Hu H, Zhao Y, Feng Y, et al. (2023) Consumption of whole
grains and refined grains and associated risk of cardiovascular
disease events and all-cause mortality: a systematic review and
dose-response meta-analysis of prospective cohort studies. Am
J Clin Nutr 117, 149–159.

35. Zurbau A, Au-Yeung F, Blanco Mejia S, et al. (2020) Relation of
different fruit and vegetable sources with incident cardio-
vascular outcomes: a systematic review and meta-analysis of
prospective cohort studies. J Am Heart Assoc 9, e017728.

36. Mozaffari H, Hosseini Z, Lafrenière J, et al. (2022) Is eating a
mixed diet better for health and survival?: a systematic review
and meta-analysis of longitudinal observational studies. Crit
Rev Food Sci Nutr 62, 8120–8136.

37. Hooper L, Martin N, Jimoh OF, et al. (2020) Reduction in
saturated fat intake for cardiovascular disease. Cochrane
Database Syst Rev 8, CD011737.

38. Wang YJ, Yeh TL, Shih MC, et al. (2020) Dietary sodium intake
and risk of cardiovascular disease: a systematic review and
dose-response meta-analysis. Nutrients 12, 2934.

39. Siervo M, Lara J, Chowdhury S, et al. (2015) Effects of the
Dietary Approach to Stop Hypertension (DASH) diet on
cardiovascular risk factors: a systematic review and meta-
analysis. Br J Nutr 113, 1–15.

40. Ge L, Sadeghirad B, Ball GDC, et al. (2020) Comparison of
dietary macronutrient patterns of 14 popular named dietary
programmes for weight and cardiovascular risk factor reduction
in adults: systematic review and network meta-analysis of
randomised trials. BMJ 369, m696.

1006 D. Su et al.

https://doi.org/10.1017/S0007114523002416 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523002416

	Effects of the Chinese Heart-Healthy Diet (Sichuan Cuisine Version) on the 10-year CVD risk and vascular age: a randomised controlled feeding trial
	Methods
	Study design and participant eligibility
	Sample size
	Run-in phase (1 week) and baseline assessment
	Random assignment and blinding
	Interventions (4 weeks)
	Dietary assessments
	Measurements of dietary adherence of participants and CVD risk factors
	CVD risk identification and vascular age
	Statistical analyses

	Results
	Baseline demographic characteristics
	Dietary characteristics
	Dietary adherence of participants and changes in CVD risk factors
	Estimated 10-year CVD risks and vascular ages

	Discussion
	Acknowledgements
	Supplementary material
	References


