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ORIGINAL RESEARCH ARTICLE

Effects of Cuisine-Based Chinese Heart-Healthy 
Diet in Lowering Blood Pressure Among Adults 
in China: Multicenter, Single-Blind, Randomized, 
Parallel Controlled Feeding Trial
Yanfang Wang, PhD*; Lin Feng , PhD*; Guo Zeng, MSc; Huilian Zhu, PhD; Jianqin Sun, MD; Pei Gao , PhD; Jihong Yuan, MBA; 
Xi Lan, MSc; Shuyi Li, MB; Yanfang Zhao, MSc; Xiayan Chen , MPH; Hongli Dong, MSc; Si Chen , PhD; Zhen Li, MB;  
Yidan Zhu , PhD; Ming Li, MD; Xiang Li, MSc; Zhenquan Yang, PhD; Huijuan Li, PhD; Hai Fang , PhD; Gaoqiang Xie, PhD; Pao-
Hwa Lin, PhD; Junshi Chen , MD; Yangfeng Wu, MD, PhD, for the DECIDE-Diet Study Group†

BACKGROUND: More than one-fifth of the world’s population consumes Chinese cuisines regularly, but no evidence-based 
healthy diets fitting the Chinese food culture are available for implementation.

METHODS: A multicenter, patient- and outcome assessor–blind, randomized feeding trial was conducted among 265 participants 
with 130 to 159 mm Hg baseline systolic blood pressure (SBP) for 4 major Chinese cuisines (Shangdong, Huaiyang, Cantonese, 
Szechuan). After a 7-day run-in period on a control diet matching the usual local diets, participants were randomized to continue 
with the control diet or the cuisine-based Chinese heart-healthy diet for another 28 days. The primary outcome was SBP, and 
secondary outcomes included diastolic blood pressure and food preference score. Linear regression models were used to estimate 
the intervention effects and adjustments for the center. The incremental cost per 1 mm Hg reduction in SBP was also calculated.

RESULTS: A total of 265 participants were randomized (135 on the Chinese heart-healthy diet and 130 on the control diet), with 52% 
women, mean age of 56.5±9.8 years, and mean SBP and diastolic blood pressure of 139.4±8.3 and 88.1±8.0 mm Hg, respectively, 
at baseline. The change in SBP and diastolic blood pressure from baseline to the end of the study in the control group was –5.0 
(95% CI, –6.5 to –3.5) mm Hg and –2.8 (95% CI, –3.7 to –1.9) mm Hg, respectively. The net difference of change between the 2 
groups in SBP and diastolic blood pressure were –10.0 (95% CI, –12.1 to –7.9) mm Hg and –3.8 (95% CI, –5.0 to –2.5) mm Hg, 
respectively. The effect size did not differ among cuisines (P for interaction=0.173). The mean food preference score was 9.5 (with 
10 the best preferred) at baseline, and the net change during intervention was 0.1 (95% CI, –0.1 to 0.2; P=0.558). The incremental 
cost-effectiveness ratio per 1 mm Hg SBP reduction was CNY 0.4 (USD 0.06) per day. No difference in the number of adverse 
events was found between the 2 groups (P=0.259), and none of the adverse events was associated with the intervention.

CONCLUSIONS: The Chinese heart-healthy diet is effective, palatable, and cost-effective in reducing blood pressure in Chinese 
adults with high blood pressure, with a clinically significant effect applicable across major Chinese cuisine cultures.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT03882645.
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Cardiovascular disease (CVD) remains the lead-
ing cause of global deaths and a major contribu-
tor to disability.1,2 High systolic blood pressure 

(SBP) ranked as the top modifiable risk factor for CVD 
burden.3 Enormous data have shown the causal rela-
tionship between dietary factors and blood pressure or 
hypertension.4 In 2017, 11 million deaths and 255 million 
disability-adjusted life years were attributable to dietary 
risk factors globally.5

In China, the CVD burden has increased rapidly in 
the past decades.6 Among the major factors driving 
the rise, the changes in diet toward an unhealthy pat-
tern are undoubtedly among the most important ones.6 
The 2012 China National Nutrition Survey showed that 

grain foods, tubers and legumes, and vegetables and 
fruits decreased by 34%, 80%, and 15%, respectively, 
compared with 1982 data; in contrast, meat, eggs, and 
edible oil increased by 162%, 233%, and 132%, respec-
tively (Report on China National Nutrition Survey Data 
Collection, unpublished data, 1985). The CVD burden, in 
conjunction with the departure from the once healthier 
traditional Chinese diet toward an unhealthy pattern, is 
increasing and has become a growing concern.7 It is 
clear that China, as the most populous country in the 
world, needs effective dietary strategies to improve the 
health status of its population.

Strong evidence supporting the effective blood pres-
sure– and CVD risk–lowering properties of healthy 
diets such as the Dietary Approach to Stop Hyperten-
sion (DASH) diet, Mediterranean diet, etc, have been 
obtained collectively during the past decades.8–12 In 
particular, the DASH study established the blood pres-
sure–lowering effect of healthy diets by providing the 
most substantial evidence with a rigorously controlled 
randomized feeding trial, which successfully reduced 
SBP by 5.5 mm Hg in 8 weeks.8 Since the creation of 
the DASH diet, numerous trials have demonstrated that 
it consistently lowers blood pressure across a diverse 
range of patients with hypertension and prehyperten-
sion, globally.13 However, implementing these healthy 
diets is challenging and unsatisfactory, and they are 
often criticized as unpalatable.14

Because of the complexity of Chinese cuisines and 
the obvious differences between Chinese and Western 
diets,15 the current evidence-based diets proven mostly 
in Western populations are hard to implement in China. 
Even within the same Chinese food culture, people living 
in different regions consume diets differently with dif-
ferent cuisines that bear strong local characters. “One 
size fits all” may not work in this situation, and thus a 
Chinese heart-healthy (CHH) diet incorporating charac-
ters of major Chinese cuisines has to be developed. In 
the DECIDE-Diet trial (Diet, Exercise and Cardiovascular 
Health), we aimed to develop and rigorously evaluate the 
CHH diet’s palatability, affordability, and health efficacy 
across major Chinese cuisines.16

METHODS
The data that support the findings of this study are available 
from the corresponding author (Yangfeng Wu) on reasonable 
request.

Study Design
The DECIDE-Diet study design and protocol have been published 
previously.16 Briefly, it was a multicenter, randomized, patient- 
and outcome assessors–blind, parallel controlled feeding trial 
to evaluate the CHH diet’s efficacy, preference, and cost-effec-
tiveness in lowering blood pressure and other cardiovascular 
risks among community residents with mild hypertension. The 

Clinical Perspective

What Is New?
•	 This study developed the first heart-healthy diet 

that fits Chinese food culture and emphasizes its 
palatability by involving master chefs in developing 
recipes.

•	 With a patient- and assessor-blinded randomized 
feeding trial, the study demonstrated that the blood 
pressure–lowering effect of the Chinese heart-
healthy diet could be substantial and compatible 
with medications while palatable and affordable in 
Chinese adults with high blood pressure.

What Are the Clinical Implications?
•	 Our results support the idea that “food is medicine” 

and will give many patients with high blood pres-
sure the confidence to adopt a healthy diet as their 
lifestyle treatment.

•	 According to the study, clinicians should recom-
mend that their Chinese patients with high blood 
pressure adopt a healthy diet with low sodium and 
high potassium, fiber, vegetables, and fruits as the 
first-line treatment.

•	 Restaurants and cafeterias should consider adopt-
ing the Chinese heart-healthy diet menu, particu-
larly those providing services to institutional living 
populations.

Nonstandard Abbreviations and Acronyms

CHH	 Chinese heart-healthy diet
CVD	 cardiovascular disease
DASH	� Dietary Approach to Stop 

Hypertension
DBP	 diastolic blood pressure
DECIDE-Diet	 Diet,  �Exercise and Cardiovascular 

Health-Diet
SBP	 systolic blood pressure
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trial was conducted at 4 study centers across China (Beijing, 
Shanghai, Guangzhou, and Chengdu), representing 4 major 
Chinese cuisines: Shandong, Huaiyang, Cantonese, and 
Szechuan. These cuisines represent the dietary styles of >80% 
of the total population in China.17 Each center chose a collabora-
tive local catering organization that was able to provide a kitchen 
with enough space, equipment, and dining rooms to run the 
study. The chefs were selected from the catering organizations, 
trained, and overseen by the research staff. The Management 
Committee designed and oversaw the trial in consultation with 
the Advisory Committee. The trial was supported by the National 
Key Research and Development Program, Ministry of Science 
and Technology of China. The Peking University Institutional 
Review Board approved the trial protocol. The trial was per-
formed in accordance with the principles of the Declaration of 
Helsinki. All participants provided written informed consent. The 
trial was registered (URL: https://www.clincialtrials.gov; Unique 
identifier: NCT03882645) for the first time on March 18, 2019; 
the first patient was enrolled on March 22, 2019. The inclusion 
criteria were updated to ensure the evaluation of the interven-
tion effect on blood pressure by requiring all participants to have 
SBP ≥130 mm Hg and extending the upper limit of the age 
range to 75 years because of difficulties in completing the first 
batch of 8 patients. We also replaced 24-hour urine collection 
with spot urine collection to increase the feasibility. The regis-
try information on these key modifications was first updated 
on July 5, 2019, but no significant changes were made after-
ward. The final follow-up of the last patient was completed on 
January 31, 2021.

Study Population and Screening
Men and women aged 25 to 75 years old, living in the target 
communities for at least 6 months before the study, with SBP 
between 130 to 159 mm Hg, were eligible for this trial. More 
detailed inclusion and exclusion criteria were presented in the 
design article. Meetings were held, and advertisement posters 
were placed in the relevant communities to recruit potential 
participants. The responders were first screened physically by 
a trained recruiter using a simple questionnaire and underwent 
blood pressure measurements. The potential participants were 
then invited to the study sites for the second screening by 
trained research staff to confirm their eligibility.

Run-In (7 Days), Baseline Assessment, and 
Recruitment
The eligible participants were invited to a 7-day run-in phase 
during which the usual local diets (control diets) were provided 
and further adjusted to fit best the participants’ usual diet taste 
and food preference. The baseline data were collected at the 
end of the run-in phase, including measurement of blood pres-
sure, pulse rate, height, and weight; a questionnaire interview 
was conducted on demography, lifestyle and health behaviors, 
medical history, current medication use, and the food prefer-
ence of the run-in diet. In addition, the spot urine was collected 
to test for urinary sodium and potassium excretion.

Specifically, blood pressure was measured 3 times within 
24 hours: 8:00 to 10:00 am, 2:00 to 4:00 pm, and 6:00 to 
8:00 pm. All blood pressure measurements were taken at least 
half an hour after each meal to ensure quality. Three readings 

were taken at each time point on the upper right arm with at 
least a 1-minute interval using an Omron HEM-7136 blood 
pressure monitor (Omron Health Care Co, Ltd; Matsusaka, 
Japan). The mean of 9 readings was used in the primary anal-
ysis. The pulse rate was measured with the same device for 
blood pressure measurement. Data on demography, lifestyle 
and health behaviors, medical history, and current medication 
use were collected with interviews by trained staff using a 
questionnaire.18 Body weight was measured using a standard 
protocol, and the food preference was measured by the par-
ticipants using a visual assessment scale with a score of 10 
indicating most preferred.

The participants who consumed more than 18 meals in the 
7 days and whose baseline mean SBP was still within 130 to 
159 mm Hg would be formally enrolled in the trial.

Randomization
All enrolled participants were randomly assigned in a 1:1 ratio 
to the CHH intervention and control groups using a central ran-
domization procedure stratified by study center and enrollment 
batch. A statistician based at the study coordinating center in 
Peking University Clinical Research Institute was responsible 
for generating the random allocation sequence using SAS V9.4 
(SAS Institute, Cary, NC). The allocation sequence was con-
cealed from researchers and participants.

Interventions (28 Days)
Immediately after completing the 7-day run-in phase, par-
ticipants in the CHH intervention group started to consume 
the CHH diet, whereas those in the control group continued 
with the same usual diet as provided during the run-in phase. 
All participants were asked to consume the study meals at 
3 meal times (breakfast, lunch, and dinner) for the next 28 
days. No other intervention was provided to the participants 
in both groups.

CHH Diet
As previously reported,16 the CHH diet encompasses 4 versions 
of Chinese cuisines, and each version contains a set of menus 
for breakfast, lunch, and dinner, with nonrepetitive dishes within 
a cycle of at least 2 weeks. The recipe of each dish was devel-
oped jointly by the study nutritionists, dietitians, and chefs in 
the study team in advance, according to the CHH diet daily 
nutrients and energy composition targets,16 and the availability 
and interchangeability of foods during the season. The daily 
nutrients and energy composition targets of the CHH diet 
were based on the Chinese Dietary Guidelines,19 knowledge 
obtained from previous successful healthy diets, particularly the 
DASH diet,8 Chinese food and nutrient intake levels from the 
recent national nutrition survey,20 and the most common local 
foods and dishes from our surveys. Compared with the nutrient 
composition of a usual Chinese diet in urban China, the CHH 
diet had reduced energy from fat by 5 to 8%, increased energy 
intake from protein by 3.5 to 5.5%, and increased energy from 
carbohydrates by 0 to 5%, respectively. Further, dietary fiber 
intake increased by 2-fold (from 11 to 30 g/d); potassium 
intake increased from <1700 mg/d to 3700 mg/d; and it is 
important that sodium intake reduced from nearly 6000 mg/d 
to 3000 mg/d. More details of the CHH diet composition can 
be found in the design article.16
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Control Diet
The menu of the usual local diet was developed according to 
our survey of common local foods. It was adjusted to the partici-
pants’ usual taste and flavor during the run-in period and was 
used during the 28 days of the randomized period.

Blinding
Participants in both groups were unaware of the intervention 
allocation and arranged to take their meals in separate din-
ing rooms. Although the nutrients targets differed between the 
control and CHH diets, each meal’s menu on the same day was 
kept as similar as possible between intervention groups, with 
the same dish name (eg, Kongbao chicken) and interchange-
able raw food ingredients. In addition, research staff blinded 
to the intervention allocation conducted outcome measure-
ments. Blood pressure was measured by the trained research 
staff blinded to the interventions, and laboratory measurements 
were performed by central laboratory staff without awareness 
of the randomization codes. Our assessment at the end of the 
study showed that the blinding was successful with a James’s 
blinding index of 0.68 (95% CI, 0.59 to 0.77).21

Outcomes and Follow-Ups
All the data measurements conducted at baseline were 
repeated at the end of the trial with the same methods. In addi-
tion, morning blood pressure, body weight, and food preference 
were measured weekly at the end of the intervention’s first, 
second, and third weeks. Morning blood pressure was mea-
sured using the same device and method used at the baseline 
and the end of the intervention.

The primary outcome was the change in SBP from base-
line to the end of the study. The secondary outcomes included 
the change in diastolic blood pressure (DBP) and food prefer-
ence. The mean costs of the CHH and control diets per partici-
pant during the intervention period (28 days) were calculated, 
and the incremental cost of the CHH diet was estimated per 
mm Hg SBP reduction.

The participants were reminded daily to keep their medica-
tions unchanged unless their physicians instructed it.

Quality Assurance and Quality Control
During the run-in and randomized intervention periods, the left-
over foods of each participant for every meal, as well as the 
food not provided by the study, were recorded to estimate their 
exact daily intakes of food and nutrients.

All participants were required to consume all of their meals 
on-site during the entire study period, with <20% of the study 
meals allowed to be taken home to eat with the investigators’ 
permission and to accommodate the participants when they 
were unable to consume the meal on-site. The amounts of left-
overs were assessed by trained study staff after each meal by 
weighing the leftovers or visual estimation of either real left-
overs or photos of leftovers submitted by the participants. The 
visual estimation method was validated by 19 staff before the 
study began. For 5 samples of study foods leftover, each had 
<20%, 20% to 39%, 40% to 59%, 60% to 79% and >80% of 
the original foods. Mean differences (SD) between estimated 
and weighted amount were +1.4 (4.2) g, +2.6 (21.0) g, +1.7 
(27.5) g, –1.3 (34.3) g, and –9.7 (29.1) g, respectively, for visual 

estimation of real foods; and were +2.5 (6.4) g, –2.5 (17.8) g, 
–1.4 (26.0) g, –0.6 (32.1) g, and –16.4 (34.3) g, respectively, 
for visual estimation of photos. The interobserver correlation 
coefficient ranged from 0.91 to 0.99 among regions for the 
real food estimation and 0.98 to 0.99 for the photo estimation.

If a participant’s body weight changed by >2 kg from 
baseline, their energy intake was adjusted immediately to sta-
bilize weight.

In addition, information on foods outside of the study was 
collected before every meal. Overall, the participants who 
consumed <80% of the study meals had their medications 
(medications to lower blood pressure, glucose, or serum lip-
ids) adjusted by either themselves or their physicians, and 
body weight changes >2 kg were considered a deviation from 
the study protocol and hence were excluded from the per-
protocol analysis.

We established an electronic data capture system that was 
centrally managed, allowed prompt data collection as the study 
moved forward, and enabled remote monitoring of the study 
implementation quality.

We determined 24-hour urinary sodium and potassium 
excretion by the measured concentration of the electrolytes in 
spot urine samples using the method developed in the China 
Salt Substitute and Stroke Study,22 in which individual spot urine 
sodium and potassium concentrations were multiplied by a sin-
gle estimated 24-hour urine volume that represents the aver-
age 24-hour urine volume of the study population. Our study 
obtained the mean volume (2.5 L) of 24-hour urine samples 
in the first batch of 8 participants in the Beijing study center.

Statistical Analysis
The study was designed to recruit 180 participants in each arm 
that would allow us to detect an intervention effect size of 3.0 
mm Hg in SBP in 4 weeks, assuming a SD change in SBP of 
8.0 mm Hg, with 90% power and a type I error rate of 5%.16 The 
effect size was conservatively estimated on the basis of data 
from the DASH trial.8

The primary analyses followed the intention-to-treat prin-
ciple and were conducted among randomized participants with 
blood pressure taken at baseline and final follow-up (or at with-
drawal). The linear regression model was used to estimate the 
net differences between the 2 groups for primary and second-
ary outcomes, reported as least square means after adjusting 
for the center as a fixed effect. We did not impute primary or 
secondary outcomes for the minimal dropout rate (3.7% in 
CHH and 1.7% in control).

The baseline characteristics were compared between the 2 
groups to examine the comparability. Sensitivity analyses were 
performed to repeat the analyses in the per-protocol set and 
adjust for the change in body weight from baseline to end of the 
intervention, as prespecified in the statistical analysis plan. More 
sensitivity analyses were conducted to explore further the pos-
sible effect of other factors on the intervention effects, including a 
linear mixed model to adjust for the center’s clustering effect and 
the baseline blood pressure values, another linear mixed model to 
adjust further for all possible confounders measured in our study 
(ie, age, sex, antihypertension medication use, alcohol drinking, 
and weight change from baseline to the end of study), and pool-
ing the center-specific estimations by the random-effect meta-
approach to account for different centers. The per-protocol set 
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excluded participants who consumed <80% of the study meals, 
had their medications (medications to lower blood pressure, glu-
cose, or serum lipids) changed, or had body weight change >2 kg 
during the intervention period.

The mean of the 3 morning blood pressure readings at all 
visits (baseline and end of first, second, third, and last week) was 
used as the outcome variable to test the temporal trend of effect. 
A linear mixed model was used to adjust for the center as a ran-
dom effect, time of visit, and the interaction term of dietary inter-
vention with the time of visit. Prespecified subgroup analyses 
were performed to identify potential modifiers of the intervention 
effect, including the type of Chinese cuisine, sex, age, hyperten-
sion status, baseline SBP, antihypertension medication use, and 
estimated 10-year risk of ischemic cardiovascular disease.

Each participant’s everyday nutrient and food intakes were 
estimated according to the standard daily menus, meal recipes, 
recorded amount of leftovers, and foods consumed outside of 
the study, using the China Food Composition Table.23 The base-
line intakes of nutrients for each participant were defined as 
the means during the last 3 days of run-in, and the interven-
tion intakes were defined as the means during the 28 days of 
intervention. The same model as for primary analyses was used 
to compare the differences in change in nutrients and foods 
between the intervention groups.

RESULTS
Implementation of the Study
Among the 2268 individuals screened, the eligible 332 
started the run-in phase. Of 332 initial participants, 265 
passed the run-in and were randomized (Figure 1). Be-
cause of the COVID-19 epidemic and the quarantine 
policy, the study had to be terminated early, achieving 
74% of the planned sample size (360). However, a high 
percentage (97%) of the participants completed the 
study, and on average, they consumed 97% of the meals 
provided by the study. The study recruited at least 20% 
of participants from each cuisine area.

The actual mean nutrients intake and energy com-
position of participants in the CHH intervention group 
were similar to the targets of the CHH diet (Table S1). 
Compared with the baseline intakes, the percentage of 
energy intake from carbohydrates and protein increased, 
whereas it decreased for fat in the CHH diet group. 
There were also increased fiber, potassium, magnesium, 
and calcium and decreased sodium intakes (all P values 
<0.05, Table  1). Meanwhile, the control group’s major 
nutrient intakes were almost unchanged compared with 
the baseline.

The net change in estimated 24-hour urinary sodium 
and potassium excretion was –2194 mg (95% CI, 
–2870 to –1517) and 941 mg (95% CI, 363 to 1519), 
respectively, in line with the changes in dietary sodium 
and potassium intake.

The mean change in weight from the baseline to 
the end of the intervention was –0.6 (±1.0) kg and 
0.1 (±1.0) kg in the CHH diet and control diet groups, 
respectively (P<0.001).

Baseline Characteristics of the Participants
The baseline characteristics, including the type of cui-
sine, demography, lifestyle, blood pressure, history of 
hypertension, antihypertension medication use, nutri-
ents intake, and food pattern, were compatible (all P 
values >0.05) between the 2 study groups (Tables 1 
and 2). The baseline characteristics of participants in 
the primary analysis were almost the same as those 
randomized.

Effect of CHH Diet on Blood Pressure
The primary analysis showed that the changes in SBP 
from baseline to the end of the intervention in the CHH 
diet and control diet groups were –15.0 (95% CI, –16.5 
to –13.5) mm Hg and –5.0 (95% CI, –6.5 to –3.5) 
mm Hg, respectively. The net difference in the change 
of SBP in the CHH diet group from baseline to the end 
of the intervention was –10.0 mm Hg (95% CI, –12.1 to 
–7.9) compared with the control diet group (P<0.001). 
For DBP, the corresponding changes in the CHH diet 
and control diet groups were –6.7 (95% CI, –7.5 to 
–5.7) mm Hg and –2.8 (95% CI, –3.7 to –1.9) mm Hg, 
respectively. The net difference in the CHH diet group 
was –3.8 mm Hg (95% CI, –5.0 to –2.5) compared with 
the control diet group (Figure 2). The sensitivity analyses 
in the per-protocol set, with weight change adjusted, ad-
justment for clustering and baseline values, adjustment 
for all possible confounders, and meta-analysis, showed 
similar results (Table 3).

Figure  3 shows the change in morning blood pres-
sure measured weekly from baseline to the end of the 
intervention. Morning SBP started to differ between the 
2 groups from the end of the first week, and the differ-
ence became wider until the end of the intervention. The 
mean DBP showed a similar trend and a significant dif-
ference at the end of the study.

Subgroup Analysis
The prespecified subgroup analyses showed that female 
participants experienced a greater reduction in SBP 
(–12.0 [95% CI, –15.0 to –9.0] mm Hg) than the men 
(–7.6 [95% CI, –10.4 to –4.7] mm Hg), with a P for in-
teraction of 0.037. All other prespecified factors did not 
significantly influence the effects of the CHH diet on 
SBP (Figure 4).

Effects on Food Preference and Food Variety
The food preference visual analytic score was 9.5 in both 
groups at baseline. The change from baseline to the end 
of the trial was 0.2 in both groups, and the net difference 
in the change between the 2 groups was 0.1 (95% CI, 
–0.1 to 0.2; P=0.558).
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The food variety defined by the number of food items 
consumed by study participants was, on average, 4.7 
(95% CI, 4.4 to 5.1) more in the CHH diet group than in 
the control diet group.

Cost of the CHH Diet in Comparison With the 
Control Diet
The average cost for food materials was CNY 24 
and CNY 21 per day for the CHH and control diets, 

Figure 1. Flow diagram.
BMI indicates body mass index; CHH, Chinese heart-healthy diet; FAS, full analysis set; PPS, per-protocol set; and SBP, systolic blood pressure. 
*One participant discontinued the intervention but had blood pressure measured at the withdrawal and was included in FAS. 
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respectively. Other costs, such as the expenses of chefs 
and assistants who worked for the study, were about the 
same between the 2 groups and were cancelled out be-
tween the CHH and local diets. The incremental cost-
effectiveness ratio for 1 mm Hg SBP reduction was CNY 
0.4 (USD 0.06) per day.

Safety Outcomes
Six adverse events were reported during the run-in 
phase and 14 during the intervention phase. None of 
them was a serious adverse event, and none was related 
to the intervention. No difference in the number of events 
was found between the 2 groups (P=0.259; Table 4). No 
participant withdrew because of adverse events.

DISCUSSION
The DECIDE-Diet trial showed that the cuisine-based 
CHH diet effectively reduced SBP and DBP by a mean 
of 10 mm Hg and 3.8 mm Hg, respectively, among Chi-
nese adults with mild hypertension. The participants’ 
flavor preference for the CHH diet was as good as 
the usual local diet. The incremental cost of the CHH 
diet per person per day (USD 0.6 for 10 mm Hg) was 
low and affordable for common people. Our study also 
found that the intervention effect applied to all 4 major 

cuisines of Chinese culture. According to the systematic 
review and meta-analysis,24 the effect achieved by the 
CHH diet, if sustainable, would lead to a 20% reduction 
in major cardiovascular disease, 28% reduction in heart 
failure, and 13% reduction in all-cause death. Consider-
ing the already high and still increasing prevalence of 
hypertension in China25 and the size of the population af-
fected, scaling the CHH diet up countrywide bears great 
significance in preventing and controlling hypertension 
and cardiovascular disease, which currently accounts for 
>40% of total deaths.25 Our study provides a strong sci-
entific base for implementing the “healthy eating” cam-
paign in China, which is the second priority among the 
Healthy China Initiatives.26

To the best of our knowledge, the CHH diet is the 
first healthy diet developed according to the Chinese 
food culture. The DECIDE-Diet study, with a rigorously 
randomized controlled feeding trial design, demonstrated 
that the CHH diet could produce a considerable blood 
pressure–lowering effect comparable with antihyper-
tensives among patients with hypertension. Our find-
ings supported the concept that “food is medicine” and 
highlighted the importance and practical value of healthy 
diets in controlling hypertension and related cardiovas-
cular diseases. The study menus were carefully planned 
while considering the needs for practical implementa-
tion and achievement of the nutrient targets, including 

Table 1.  Baseline, Intervention Period, Change From the Baseline, and Difference in Changes in Daily Average Intake of Nutri-
ents in Participants, by CHH Diet and Control Diet

Dietary nutrients/
foods

CHH diet Control diet

Difference in 
changes, mean 
(95% CI)

Baseline,
mean (95% CI)

Intervention 
period, mean 
(95% CI)

Change from 
baseline,
mean (95% CI)

Baseline,
mean (95% CI)

Intervention 
period, mean 
(95% CI)

Change from 
baseline, mean 
(95% CI)

Nutrients

  Total energy, kcal 2363  
(2276 to 2449)

2280  
(2212 to 2348)

–78  
(–125 to –30)

2394  
(2312 to 2476)

2464  
(2396 to 2533)

76  
(28 to 124)

–154  
(–220 to –87)

    Fat, % 36 (35 to 37) 24 (24 to 25) –11 (–12 to –10) 35 (34 to 36) 36 (35 to 36) 1 (0 to 2) –12 (–14 to –11)

  �  Carbohydrates, % 51 (50 to 52) 59 (59 to 60) 8 (7 to 9) 52 (51 to 53) 51 (50 to 52) –1 (–2 to –1) 10 (8 to 11)

    Protein, % 14 (14 to 15) 18 (18 to 19) 4 (4 to 4) 14 (14 to 15) 14 (14 to 15) 0 (0 to 0) 4 (4 to 4)

  Fiber, g 12 (12 to 13) 26 (25 to 27) 14 (13 to 15) 13 (12 to 14) 14 (13 to 15) 1 (0 to 2) 13 (11 to 14)

  Sodium, mg 5708  
(5364 to 6053)

2807  
(2625 to 2990)

–2836  
(–2957 to –2714)

5704  
(5356 to 6053)

5521  
(5337 to 5705)

–103  
(–226 to 19)

–2733  
(–2903 to –2562)

  Potassium, mg 2228  
(2134 to 2321)

3817  
(3715 to 3920)

1573  
(1476 to 1671)

2288  
(2154 to 2421)

2429  
(2326 to 2532)

125  
(27 to 224)

1448  
(1311 to 1586)

  Magnesium, mg 316  
(304 to 329)

512  
(499 to 526)

194  
(182 to 206)

323  
(309 to 338)

344  
(330 to 358)

19  
(7 to 31)

175  
(158 to 192)

  Calcium, mg 580  
(551 to 609)

984  
(963 to 1004)

413  
(385 to 440)

591  
(559 to 623)

564  
(544 to 585)

–18  
(–46 to 10)

430  
(391 to 470)

Diversity of food

 � Number of different 
food items con-
sumed by partici-
pants,* item/d

15.3  
(15.0 to 15.6)

21.0  
(20.6 to 21.6)

5.8  
(5.5 to 6.0)

15.3  
(15.0 to 15.6)

16.4  
(15.9 to 16.8)

1.0  
(0.8 to 1.3)

4.7  
(4.4 to 5.1)

CHH diet indicates Chinese heart-healthy diet. 
*Only accounting for food items with >10 g that participants consumed both within and outside of the study. Condiments were not included.
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choosing the right food materials, adjusting the energy 
composition, using a potassium-enriched salt substitute, 
and replacing regular milk with low-fat milk, etc. The 
CHH diet was designed with 2 weeks of nonrepeating 
essential menu dishes to ensure palatability. In addition, 
the involvement of master chefs during its development 
guaranteed the flavor of dishes through professional 
cooking to meet the CHH diet targets without sacrificing 
food flavor. In addition, seasonal vegetables were used to 
increase the feasibility and generalizability.

The observed blood pressure effect of the CHH diet 
may be attributed to nutrients that have been proven 
effective in reducing blood pressure in previous studies. 
Specifically, mean dietary sodium intake per estimated 
24-hour urinary excretion decreased by >2000 mg/d, 

and mean dietary potassium intake increased by nearly 
1000 mg/d, corresponding to a 38% reduction from the 
baseline sodium intake level and a 42% increase from 
the baseline potassium intake level. In addition to the dif-
ferences in sodium and potassium intake, the CHH diet 
had other vital differences from the control diet, which 
might also contribute to the blood pressure effect. The 
CHH diet increased energy from protein by 4%, more 
than doubled soluble fiber, and largely increased fruit 
intake. Previous meta-analyses of randomized trials have 
shown a significant association between reducing SBP 
and DBP and increased intake of soluble fiber,27 pro-
tein,28 and fruit and vegetables.29 In addition, the variety of 
foods increased significantly in the CHH diet compared 
with the control diet. It has been reported previously that 
food variety was associated with blood pressure level.30

The sex differences in response to the CHH diet 
observed in our study might be explained by women’s 
better adherence to the intervention. In our study, 52% 
and 42% of female and male participants consumed 
100% of the study meals.

Our study has several strengths. First, like the DASH 
study, we used a rigorously controlled feeding protocol 
in which all raw food materials and condiments were 
weighted. The meals were also measured before and 
after consumption, thus ensuring high precision in esti-
mating nutrient intakes. Second, adherence was high 
for both the dietary interventions and attendance at the 
follow-up visits. More than 98% of the participants con-
sumed >80% of all study meals in both the CHH diet 
and control diet groups. Only 3% of the participants were 
lost at the final study visit. Third, to ensure high quality of 
the blood pressure outcome and high adherence of the 
participants to the measurement schedule, we measured 
blood pressure 3 times within 24 hours, with 3 readings 
each time.31–33 To further reduce the burden on the study 
participants, we measured blood pressure only before 
and after the 4 weeks of intervention using this protocol. 
We measured the blood pressure only in the morning for 
the rest of the study visits.

Our study has some limitations. First, our study did 
not reach the planned recruitment target because of the 
COVID-19 pandemic and the strict quarantine policy. 
Although the sample size was adequate statistically in 
detecting the main intervention effect, the study may not 
have sufficient power to detect the effect of cuisine type 
on the effect. Second, we collected spot urine only in 
the morning for feasibility consideration. With the method 
proposed by Huang et al,22 our estimated 24-hour uri-
nary sodium and potassium excretion confirmed the 
corresponding changes in the dietary intakes of these 
2 minerals in the CHH and control diets. Third, the inter-
vention period lasted only 4 weeks because of budget 
constraints. Because our weekly monitoring of morning 
blood pressure showed the intervention effect increas-
ing with the study duration, we cannot conclude if the 

Table 2.  Baseline Characteristics of Participants Randomized

Characteristic
All participants 
(N=265)

CHH diet 
(N=135)

Control diet 
(N=130)

Chinese cuisines, n (%)

  Shandong 88 (33.2) 45 (33.3) 43 (33.1)

  Huaiyang 71 (26.8) 36 (26.7) 35 (26.9)

  Cantonese 53 (20.0) 27 (20.0) 26 (20.0)

  Szechuan 53 (20.0) 27 (20.0) 26 (20.0)

Demographics

  Male, n (%) 138 (52.1) 66 (48.9) 72 (55.4)

  Age, y, mean (SD) 56.5 (9.8) 56.3 (9.2) 56.6 (10.4)

  BMI, kg/m2, mean (SD) 26.2 (2.8) 26.2 (2.7) 26.1 (2.8)

Education level, n (%)

 � Elementary school and 
below

62 (23.4) 29 (21.5) 33 (25.4)

  Middle school 99 (37.4) 54 (40.0) 45 (34.6)

  High school 72 (27.2) 36 (26.7) 36 (27.7)

  College and above 32 (12.1) 16 (11.9) 16 (12.3)

Occupation, n (%)

  Labor work 162 (61.1) 81 (60.0) 81 (62.3)

  Office work 25 (9.4) 14 (10.4) 11 (8.5)

  Housework 51 (19.3) 28 (20.7) 23 (17.7)

  Others 27 (10.2) 12 (8.9) 15 (11.5)

Lifestyles

  Current smokers, n (%) 52 (19.6) 24 (17.8) 28 (21.5)

  Alcohol drinkers, n (%) 37 (14.0) 16 (11.9) 21 (16.2)

Hypertension status*, n (%) 196 (74.0) 101 (74.8) 95 (73.1)

Antihypertension medication 
use, n (%)

124 (46.8) 69 (51.1) 55 (42.3)

Blood pressure

  SBP, mean (SD), mm Hg 139.4 (8.3) 139.0 (8.0) 139.9 (8.7)

  DBP, mean (SD), mm Hg 88.3 (8.0) 88.6 (8.1) 88.0 (7.9)

BMI indicates body mass index; CHH diet, Chinese heart-healthy diet; DBP, 
diastolic blood pressure; and SBP, systolic blood pressure.

*SBP ≥140 mm Hg  or DBP ≥90 mm Hg measured at baseline or current 
antihypertension medication use.
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effect size would be further increased if the intervention 
is prolonged. Fourth, we did not use whole food analysis 
to measure nutrients contents in the actual meals. This 
limited our ability to measure the actual intake of nutri-
ents such as vitamins significantly affected by heating 
during food preparation. Fifth, unlike the DASH trial, our 
study could not separate the effect of reducing sodium 

intake from those caused by changes in diet by design. 
We believe that this is an important question that should 
be addressed in future studies. Sixth, we did not achieve 
the targets of calcium in the CHH diet during our inter-
vention. Typically, Chinese diet culture includes no or little 
dairy products, and thus to include dairy intake similar to 
that of Western populations would have been hard for 

Figure 2. The effects of Chinese 
heart-healthy (CHH) diet on blood 
pressure and food preference score.
Data shown are center-adjusted least 
squares mean differences of change 
between the 2 groups from linear 
regression model. A, Systolic blood 
pressure; B, diastolic blood pressure; C, 
food preference score.
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the participants to comply with.34 In addition to increas-
ing moderately the intake of dairy products in the CHH 
diet, we used other strategies to increase calcium intake, 
including increasing other calcium-rich foods such as 

legumes and tofu, etc. Our study showed that partici-
pants in the CHH diet group reached a mean calcium 
intake of 983 mg/d, which is about 80% of our target 
and more than the 800 mg/d recommended in the 

Table 3.  Sensitivity Analyses of the Effects of CHH Diet on Systolic and Diastolic Blood Pressure

Outcomes Statistics CHH diet Control diet
Difference in change 
(95% CI) P value

Per-protocol analysis N=119 N=120   

  SBP, mm Hg Baseline, mean (SD) 138.8 (8.0) 139.7 (8.7)   

End of study, mean (SD) 123.8 (10.3) 134.7 (10.6)   

Change, mean (95% CI) –14.7 (–16.3 to –13.2) –4.8 (–6.3 to –3.2) –9.9 (–12.1 to –7.8) <0.001

  DBP, mm Hg Baseline, mean (SD) 88.2 (8.0) 87.7 (7.9)   

End of study, mean (SD) 81.6 (8.4) 84.9 (8.4)   

Change, mean (95% CI) –6.3 (–7.3 to –5.4) –2.6 (–3.5 to –1.7) –3.7 (–5.0 to –2.4) <0.001

Secondary analyses in FAS N=130 N=128   

Weight change–adjusted*

  SBP, mm Hg Change, mean (95% CI) –14.8 (–16.3 to –13.2) –5.2 (–6.7 to –3.6) –9.6 (–11.8 to –7.4) <0.001

  DBP, mm Hg Change, mean (95% CI) –6.3 (–7.3 to –5.4) –3.0 (–4.0 to –2.1) –3.3 (–4.7 to –2.0) <0.001

Clustering effect and baseline value–adjusted†

  SBP, mm Hg Change, mean (95% CI) –15.1 (–18.1 to –12.1) –4.9 (–8.0 to –1.9) –10.2 (–12.2 to –8.2) <0.001

  DBP, mm Hg Change, mean (95% CI) –6.6 (–8.1 to –5.0) –2.9 (–4.4 to –1.4) –3.6 (–4.9 to –2.4) <0.001

Multivariable adjusted‡

  SBP, mm Hg Change, mean (95% CI) –14.8 (–17.6 to –12.0) –5.1 (–7.9 to –2.3) –9.7 (–11.8 to –7.6) <0.001

  DBP, mm Hg Change, mean (95% CI) –6.2 (–8.0 to –4.5) –3.1 (–4.9 to –1.3) –3.1 (–4.4 to –1.8) <0.001

Meta-analysis§

  SBP, mm Hg Change, mean (95% CI) N/A N/A –10.1 (–12.1 to –8.0) <0.001

  DBP, mm Hg Change, mean (95% CI) N/A N/A –3.8 (–5.6 to –2.0) <0.001

CHH diet indicates Chinese heart-healthy diet; DBP, diastolic blood pressure; FAS, full analysis set; N/A, not applicable; and SBP, systolic blood pressure.
*Primary analysis model plus adjusting for the change in body weight from baseline to the end of study.
†A linear mixed model adjusting for center as random effect and baseline blood pressure value as fixed effect.
‡A linear mixed model above with additional adjustment for age, sex, antihypertension medication use, alcohol drinking, and weight change from baseline to the 

end of study.
§Pooling the center-specific estimations by the random-effect meta-approach.

Figure 3. Trends in systolic and 
diastolic blood pressure measured 
in the morning during whole study 
period by intervention group.
The error bars represent 95% CI. CHH 
diet indicates Chinese heart-healthy diet; 
DBP, diastolic blood pressure; and SBP, 
systolic blood pressure. Comparison 
between groups: *P<0.05, **P<0.01, 
***P<0.001. 
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Chinese Dietary Guidelines issued by the Chinese Nutri-
tion Society. Further, data from the China National Nutri-
tion Surveys showed that the average dietary intake of 
calcium in China remained <500 mg/d.20 Last, because 

this is a controlled feeding trial, its generalizability to the 
real world requires further implementation trials to con-
firm. However, its excellent preference assessed by the 
participants, low incremental cost, and implementation in 
community kitchens all suggest high scalability.

To conclude, the DECIDE-Diet trial demonstrated that 
the CHH diet is effective, palatable, and affordable in 
reducing blood pressure in Chinese adults with high blood 
pressure. The effect size was more than expected and 
applicable across major Chinese cuisines. Scaling up with 
the CHH diet in the enormous population predominantly 
on Chinese cuisines throughout the world bears tremen-
dous significance in preventing and controlling hyperten-
sion and its related diseases in China26 and globally.35
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Table 4.  Adverse Events Reported in the CHH Diet and Con-
trol Diet Groups

 Run-in

Intervention

CHH diet Control diet

All adverse events 6 5 9

Self-reported symptoms

 � Cold symptoms 0 2 3

 � Vomit 1 1 0
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 � Discomfort 0 1 1

 � Dizziness 1 0 3

 � Ankle sprain 0 0 1

Laboratory findings

 � Serum potassium <3.5 mmol/L 1 0 1

 � Serum potassium >5.5 mmol/L 3 0 0

CHH diet indicates Chinese heart-healthy diet.
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