
Zhou et al. Nutrition Journal           (2024) 23:65  
https://doi.org/10.1186/s12937-024-00967-9

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Nutrition Journal

Effects of DASH diet with or without 
time-restricted eating in the management 
of stage 1 primary hypertension: a randomized 
controlled trial
Xiaoxin Zhou1,2,3, Xiaoqian Lin1,2, Jing Yu4,5, Yi Yang6, Hira Muzammel3, Said Amissi3, Valérie B. Schini‑Kerth3, 
Xun Lei7, Pedro A. Jose8, Jian Yang1,2* and Dan Shi4,5* 

Abstract 

Background Time‑restricted eating (TRE), a popular form of intermittent fasting, has shown benefits for improving 
metabolic diseases and cardiometabolic health. However, the effect of TRE in the regulation of blood pressure in pri‑
mary hypertension remains unclear.

Methods A 6‑week randomized controlled trial was conducted, in which a total of 74 stage 1 primary hyperten‑
sive patients without high‑risk were randomly assigned to Dietary Approaches to Stop Hypertension (DASH) group 
(n = 37) or DASH + TRE group (n = 37). Participants in the DASH + TRE group were instructed to consume their food 
within an 8‑h window. Scientific research platform in We Chat application was used to track participants. The primary 
outcome was blood pressure. The secondary outcomes included body composition, cardiometabolic risk factors, 
inflammation‑related parameters, urinary  Na+ excretion, other clinical variables and safety outcomes.

Results The reduction of systolic blood pressure and diastolic blood pressure were 5.595 ± 4.072 
and 5.351 ± 5.643 mm Hg in the DASH group and 8.459 ± 4.260 and 9.459 ± 4.375 mm Hg in the DASH + TRE group. 
DASH + TRE group improved blood pressure diurnal rhythm. Subjects in DASH + TRE group had decreased extracellular 
water and increased urinary  Na+ excretion. Furthermore, the decrease in blood pressure was associated with a reduc‑
tion of extracellular water or increase in urinary  Na+ excretion. In addition, safety outcomes such as nighttime hunger 
were also reported.

Conclusion Our study demonstrated that 8‑h TRE + DASH diet caused a greater decrease in blood pressure in stage 
1 primary hypertensive patients than DASH diet. This study may provide novel insights into the benefits of lifestyle 
modification in the treatment of primary hypertension.

Trial registration https:// www. chictr. org. cn/ (ChiCTR2300069393, registered on March 15, 2023).
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Introduction
Hypertension, a primary contributor to cardiovascular 
disease, overall mortality rates, and escalating healthcare 
expenditures, represents a significant and pressing global 
public health concern [1]. Based on epidemiological and 
clinical evidence, the 2017 ACC/AHA Guideline for the 
Prevention, Detection, Evaluation, and Management of 
High Blood Pressure in Adults updated the categoriza-
tion of hypertension, defining stage 1 hypertension as a 
SBP of 130–139 mm Hg or a DBP of 80–89 mm Hg [2]. 
Subsequently, similar categorization was also recom-
mended in other countries, including China [3]. Thess 
new guidelines may lead to a better control of blood 
pressure and more effective prevention of cardiovascular 
diseases.

The guidelines for blood pressure management clearly 
recommend patients with primary hypertension to 
choose lifestyle modification throughout the whole treat-
ment process [2, 3]. Comprehensive lifestyle modifica-
tions, including healthy diet, weight loss, reduced sodium 
intake, increased physical activity, regular rest and lim-
ited alcohol intake, are proved to reduce blood pressure 
[2, 4–6]. The 2017 ACC/AHA Guideline recommends 
lifestyle modification alone (without pharmacotherapy) 
in patients with stage 1 hypertension with no atheroscle-
rotic cardiovascular disease or estimated 10-year cardio-
vascular disease risk < 10% [2].  An estimated 22% of US 
adults meet the criteria for lifestyle modification alone, 
and many reported attempting behavior change [7]. Indi-
viduals with prehypertension and stage 1 hypertension 
can sustain multiple lifestyle modifications that improve 
the control of their blood pressure and reduce their car-
diovascular disease risk [5, 8]. Lifestyle modification such 
as the combination of the Dietary Approaches to Stop 
Hypertension (DASH) diet and exercise even effectively 
lowers blood pressure in patients with resistant hyper-
tension [9]. Thus, lifestyle modification has been shown 
to be important in the treatment of hypertension.

A healthy diet is an important component of life-
style modification. Studies have reported that reason-
able dietary modifications such as the DASH diet lower 
blood pressure and are recommended in the treatment of 
hypertensive subjects [10, 11]. Moreover, time-restricted 
eating (TRE), a unique form of intermittent fasting, has 
become very popular in recent years [12]. TRE does 
not require individuals to monitor their dietary intake 
or count calories during the eating “window” and has 
attracted increased attention for its beneficial effects 
in the management of some metabolic diseases such as 
obesity, type 2 diabetes, and nonalcoholic fatty liver dis-
ease [13–16]. Hypertension is also a metabolic disease. 
To our knowledge, there are only a few studies reporting 
the effect of TRE on blood pressure. TRE intervention 

improves cardiometabolic health, including significant 
decreases in systolic and diastolic blood pressures, in 
patients with metabolic syndrome receiving standard 
medical care [17]. TRE early in the day (8-h eating win-
dow from 7:00 to 15:00) also decreases diastolic blood 
pressure in adults with obesity [18]. However, the tar-
gets have been patients with metabolic diseases. To our 
knowledge, there is still no study reporting the effect of 
TRE in the treatment of primary hypertension.

We hypothesized that TRE would improve the blood 
pressure in subjects with primary hypertension. In the 
current study, we conducted a randomized control trial to 
investigate the effectiveness and safety of TRE in improv-
ing blood pressure in subjects with primary hyperten-
sion. It should be noted that only subjects with stage 1 
hypertension were chosen in our study because of two 
reasons: 1) lifestyle modification alone are recommended 
for subjects with stage 1 hypertension without risks as 
aforementioned; and 2) TRE may prevent or delay the use 
of medications to treat the hypertension.

The aim of this 6 weeks study is to investigate whether 
there is a difference in blood pressure regulation in 
patients with stage 1 primary hypertension when imple-
menting the DASH diet alone or in combination with 
TRE. Out of the 74 participants, 37 were randomly 
assigned to the DASH group and 37 were randomly 
assigned to the DASH + TRE group. Participants in the 
DASH + TRE group were instructed to consume their 
food within an 8-h window. Blood pressure, body com-
position, cardiometabolic risk factors, inflammation-
related indicators, other clinical variables, blood pressure 
rhythm, urinary  Na+ excretion, and safety outcomes were 
investigated.

Methods
Trial design and oversight
The primary objective for this study was to assess the 
role of TRE in stage 1 primary hypertension without 
high-risk. We conducted a randomized, controlled trial 
for 6 weeks, in which eligible trial participants were ran-
domized to either a DASH group or a DASH combined 
with TRE group by random numbers table (please refer to 
the Randomization Procedure for a detailed description). 
This clinical trial was conducted at the Third Affiliated 
Hospital of Chongqing Medical University (Chongqing, 
China), approved and overseen by the Ethics Committees 
of the hospital, and conformed with the principles in the 
Declaration of Helsinki. Prior to enrolling participants, 
the trial was registered at the Chinese Clinical Trial Reg-
istry (ChiCTR2300069393). In addition, the entire trial 
process was managed on a scientific research platform, 
and all the data were inputted and checked by different 
researchers.
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Randomization procedure
Participants were randomized using a random numbers 
table to ensure unbiased allocation. The table was used to 
randomly determine row and column numbers, and then 
sequentially read two numbers from left to right and top 
to bottom. Numbers ranging from 01 to 74 were selected, 
and repeated selections of previously chosen numbers 
were avoided. The single number has been included 
in the dash group, while the double number has been 
included in the DASH + TRE group.

Study participants
Trial participants were openly recruited from the Chong-
qing area between March 3 and April 17 2023 (time for 
recruiting) through online advertisements and distribu-
tion of posters. A total of 74 participants were recruited: 
37 participants were randomly assigned to the DASH 
group, while 37 participants were randomly assigned to 
DASH + TRE group. The inclusion criteria were as fol-
lows: 1) 18–70  years old; 2) the first-time diagnosed 
stage 1 primary hypertension without high-risk (defin-
ing stage 1 hypertension as a SBP of 130–139 or a DBP of 
80–89 mm Hg [2], without clinical complications, target 
organ damage or less than 3 cardiovascular risk factors); 
3) healthy mental without communication barriers; 4) 
habitual eating time window ≥ 10  h; 5) regular sleeping 
schedule. The following participants were excluded from 
the study:1) history of diabetes, hypoglycemia, and sec-
ondary hypertension; 2) current smoking, serious liver 
dysfunction or chronic kidney disease, serious cardio-
vascular or cerebrovascular disease, blood or rheumatic 
immune diseases; severe respiratory or gastrointestinal 
diseases, orthopedic or endocrine diseases; uncontrolled 
neurological or psychiatric disorder; 3) cancer or infec-
tious diseases, surgery in the 12  months before ran-
domization; 4) pregnant, breast-feeding, or planned 
pregnancy; 5) used medications or supplements that 
could influence study outcomes. All patients provided 
written informed consent prior to enrollment.

Sample size estimation
Since there are no previous clinical studies on the effect of 
TRE in primary hypertension, the results of the first four 
patients of each group decided by random numbers table 
in this experiment were used as preliminary experimen-
tal results for sample size estimation. The results showed 
that the mean ± standard deviation (SD) of SBP were 
132.25 ± 6.08 (DASH group) and 123.00 ± 7.79  mmHg 
(DASH + TRE group), and the mean ± SD of DBP were 
84.25 ± 3.10 (DASH group) and 75.00 ± 7.79  mmHg 
(DASH + TRE group). The power was set as 0.9 and α 

as 0.025, calculated by PASS software 15.0. Taking into 
account a 20% loss of subjects, at least 20 patients had to 
be recruited in each group.

Intervention plan
During the 6-weeks trial, participants in the DASH + TRE 
group were instructed to consume their diet within an 
8-h window during the daytime (9:00 a.m. to 5:00 p.m.) 
and fast the rest of the day [19]. Only water and energy-
free drinks (e.g., decaffeinated coffee, and diet sodas) were 
allowed outside the eating window [20]. Participants in 
the control group were instructed to consume DASH diet, 
with food consumed over more than 8 h per day [21]. And 
no energy restrictions were imposed on two groups. In 
accordance with the recommendations from The Chinese 
Dietary Guidelines and personal workload, a suggested 
food and menu list at the beginning of the trial were pro-
vided [22, 23]. The daily recommended drinking water is at 
least 1350 ml. All participants were instructed to maintain 
a steady daily physical activity, and recorded exercise time 
and exercise type. Clinical features of baseline and exercise 
were shown in Supplemental Table  1 and Supplemental 
Table 2.

Assessments and adherence
Dietary counseling was provided by trained nutritionists 
and physicians. The participants could contact nutrition-
ists or physicians at any time and any place though online 
communication and received dietary guides and ques-
tionnaires Participants have two options based on their 
personal habits of using the We Chat application. The 
first option is to utilize the scientific research platform, 
a mini-program embedded within the We Chat applica-
tion, while the other is to directly engage in group con-
versations with nutritionists and physicians via We Chat. 
Therefore, there is no substantial difference between the 
two methods. Through above two methods, participants 
shared images of their meals, which were then assessed 
and evaluated by trained nutritionists. Four partici-
pants opted for the mini-program, whereas 70 patients 
chose the group conversation function. One investiga-
tor checked and assessed the daily dietary record of the 
participants based on the nutritional content shown in 
Chinese Food Composition Tables, which was double-
checked by another investigator [24]. Another nutrition-
ist assessed, calculated and inputted the quantities and 
energy supply of the three major nutrients (carbohy-
drates, protein and fat) based on the types and quanti-
ties of foods consumed by the participants as shown in 
Supplemental Table  3. Participants who have not com-
plied with the DASH rule or eating time more than 8 h 
for DASH + TRE group were considered “not adhered”. 
Adherence to the dietary program was defined by the 
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number of days participants met the dietary require-
ments, and the adherence ratio was shown in results sec-
tion and Supplemental Table 4.

Measurement of trial outcomes
The primary outcome was the change in blood pressure. 
The secondary outcomes were changes in body com-
position, cardiometabolic risk factors, inflammation-
related indicators, other clinical variables, blood pressure 
rhythm, urinary  Na+ excretion, and safety outcomes. 
Physical activity, Pittsburgh Sleep Quality Index (PSQI) 
and score of life events were also evaluated.

All variables, including cardiometabolic risk factors, 
inflammation-related indicators and other clinical vari-
ables (liver and renal functions, etc.) were measured at 
baseline and the end of 6-week follow-up visits. Body 
weight and body composition, including total body 
water, extracellular water and intracellular water, fat 
mass, skeletal muscle mass, and basal metabolic rate etc., 
were evaluated by the direct segmental multifrequency 
bioelectrical impedance analysis method (Inbody S10; 
Biospace, Seoul, Korea). Waist circumference and hip cir-
cumference were measured by the same investigator to 
the nearest 0.1 cm for the calculation of the waist-to-hip 
ratio (WHR).

Urinary  Na+ was measured by  Na+ colorimetry (Nan-
jing Jiancheng Bioengineering Institute, Nanjing, China). 
Total nocturnal sodium excretion was calculated as the 
urine sodium concentration × nocturnal urine volume 
[25]. The intra-assay coefficient of variability (CV) was 
1.5% while the inter-assay CV was less than 5.0%. It 
should be noted that the participants in the DASH group 
were only required to collect their urine overnight, rather 
than over a full 24-h period, because we tried to increase 
the comfortable experience of control subjects. Night-
time urine was collected as the following: participants 
were instructed to ensure continuous and regular sleep-
ing before urine collection for at least 7  days. Starting 
at 23:00 on the day before urine collection, participants 
were instructed to empty their bladders and then go to 
sleep. After sleeping continuously for 8  h, participants 
collected the first morning urine. For the 24-h urine col-
lection: participants followed the same instructions for 
continuous and regular sleeping, and then urine was col-
lected over a 24-h period.

Blood pressure was measured by the same trained 
researcher with the same automatic device (Yuyue Medi-
cal Equipment Co., Ltd., Danyang, China). Participants 
kept the right upper arm at the heart level in a seated 
position, after at least a 5 min rest in a quiet room [26]. 
The average of three measurements was used for analy-
ses. Morning blood pressure was measured at 7:00 
a.m., and ambulatory blood pressure monitoring was 

performed at 7:00, 10:00, 13:00, 16:00, 19:00, and 22:00. 
The differences between the blood pressure levels in the 
morning and at night were recorded to determine the 
blood pressure fluctuations [27].

In addition, the Pittsburgh Sleep Quality Index (PSQI) 
was used to evaluate the sleeping quality of the par-
ticipants; a high PSQI score is indicative of worse sleep 
quality [28, 29]. The score of life events scale was used to 
calculate all the participants’ life events before and after 
the intervention [30]. The type, frequency, and duration 
of exercise were also recorded, and the PSQI and life 
events were used to exclude the possible effect on the 
patient’s blood pressure by sleeping or life events.

Safety outcomes (nighttime hunger, nocturnal hypogly-
cemia, stomachache, nausea, vomiting, diarrhea, consti-
pation, palpitations, chest tightness or chest pain, upper 
respiratory tract infection, other infections, pain in other 
areas, fatigue) and withdrawal from study due to adverse 
reactions were assessed by daily communication.

Data of blood pressure, urinary  Na+, weight, safety 
outcomes, PSQI, blood sample collection and life events 
were obtained within ± 3 days at the baseline (day 0) and 
final follow-up (day 42nd).

Statistical analysis
All analyses were performed with SPSS version 20.0 
(SPSS, Chicago, USA). The normal distributed data were 
expressed as mean ± standard error (SE) or mean ± stand-
ard deviation (SD); the non-normal distributed data were 
expressed as median (interquartile range). Normal dis-
tribution of data was tested by both Kurtosis and Skew-
ness Test. The two-tailed t test was used to compare two 
independent normally distributed samples, while non-
parametric tests were performed to compare non-nor-
mally distributed data. In addition, one-way ANOVA was 
used to compare more than two groups. Pearson corre-
lation analysis was performed to evaluate the correlation 
between each variable. A value of two-side P < 0.05 was 
considered statistically significant.

Results
Trial participants
From March 3, 2023 to May 29, 2023 (time for the 
entire experiment), a total of 74 subjects were ran-
domly assigned to either DASH group (37 participants) 
or DASH + TRE group (37 participants). The study dia-
gram is shown in Supplemental Fig.  1. The mean ± SD 
age of the participants was 48.34 ± 7.46  years, and the 
mean ± SD body mass index (BMI) was 24.35 ± 2.80  kg/
m2. The characteristic of the participants at baseline 
were similar between the two groups, including age, 
weight, BMI, SBP, DBP, body composition (such as 
total body water, fat mass, skeletal muscle mass, basal 
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metabolic rate, waist-hip ratio), fasting lipid and blood 
glucose levels, liver and renal functions, and night urine 
 Na+ excretion, etc. (Supplemental Table  1). Physical 
activity, PSQI, and score of life events were also simi-
lar between the two groups over the 6 weeks of the trial 
(Supplemental Table 2; Supplemental Figs. 2 and 3).

During the 6  weeks intervention, only the subjects 
who adhered to both the prescribed caloric intake 
and eating time period could participate in the final 
follow-up. Among 74 participants, 62 participants 
(83.78%) completed the entire 6-weeks diet record 
of three meals per day. Based on the photos of three 
meals per day uploaded to the scientific research plat-
form or instant chat communication group as records, 
the 8-h time restriction was followed. The contents 
of major nutrients (carbohydrate, lipid and protein) 
and the energy percentage from the major nutrients 
were both similar between the two groups during the 
6 weeks trial (Supplemental Table 3).

Role of TRE on blood pressure
Morning blood pressure lowering in the two groups
The SBP and DBP at 7 o’clock a.m. in both groups gradu-
ally decreased with the intervention time. However, the 
blood pressure of the DASH + TRE group decreased 
more than that of the DASH group, which was evi-
dent at the 27th day for SBP or at the 21st day for DBP, 
and maintained up to the 42nd day (Fig.  1). The reduc-
tion of SBP and DBP from baseline to the 6th week 
were 5.595 ± 4.072  mmHg and 5.351 ± 5.643  mmHg 
in the DASH group and 8.459 ± 4.260  mmHg and 
9.459 ± 4.375 mmHg in the DASH + TRE group. Besides 
the difference between two groups at 42nd day were 
2.920 mmHg and 3.919 mmHg respectively (Fig. 1).

Improvement of the blood pressure diurnal rhythm 
in the DASH + TRE group
To further explore the effect of TRE on blood pressure, 
we examined blood pressure diurnal rhythm (7:00, 10:00, 
13:00, 16:00, 19:00, and 22:00) of TRE participations using 
ambulatory blood pressure monitoring. The blood pres-
sure was reduced at indicated time point in this group, 
as shown in Table 1 and Fig. 2. The decrease in SBP at 22 
o’clock compared with 10 o’clock increased from 6.979% 
to 9.753% in the DASH + TRE group after intervention, 
while the decrease in DBP at 22 o’clock compared with 
10 o’clock increased from 7.869% to 11.473% (Calculation 
method: for each time point, the decrease was obtained 
by subtracting the post-intervention blood pressure from 
the pre-intervention blood pressure, and then dividing 
the result by the pre-intervention blood pressure). These 
indicated that DASH + TRE intervention improved the 
blood pressure diurnal rhythm.

Comparison of BMI, body composition, cardiometabolic risk 
factors, inflammation‑related parameters and other clinical 
variables before and after intervention in the two groups
In the DASH + TRE group, both weight and BMI 
decreased, which became significantly evident at the 
5th week of intervention (Fig. 3). On the contrary, there 
was no difference in weights before and after interven-
tion in the DASH group (Table 2). 40 variables, including 
body composition, cardiometabolic risk factors, inflam-
mation-related parameters and other clinical variables, 
were compared before and after intervention in the two 
groups. In the DASH group, all variables were unchanged 
before and after intervention (Table  2). However, sev-
eral of variables such as weight, BMI, and body fat mass 
were significantly decreased in the DASH + TRE group 

Fig. 1 Dynamic graphs of morning systolic blood pressure (A) and diastolic blood pressure (B) in patients in DASH group and DASH + TRE group. 
n = 37:37, *p < 0.05, #p < 0.01 vs DASH group. DASH, dietary approaches to stop hypertension; TRE, time‑restricted eating
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(Table 3 and Fig. 4). Since total body water, consisting of 
extracellular water and intracellular water, is part of the 
regulation of blood pressure, total body water was also 
measured. Our results showed that both extracellular 
water and intracellular water were unchanged before and 
after DASH intervention alone (Fig.  4). However, total 
body water and extracellular body water were decreased 
before and after combined DASH and TRE intervention, 
while intracellular body water was unchanged (Table  3 
and Fig. 4).

Role of TRE on urinary  Na+ excretion
Changes in urinary  Na+ excretion in the two groups
In order to clarify whether the antihypertensive effect 
of TRE was associated with sodium homeostasis, 
the urinary  Na+ excretion was measured before and 
after intervention. We found the urinary  Na+ excre-
tion after DASH + TRE intervention had a significant 
increase in the whole day, including daytime and night-
time (Fig. 5A-C). However, after 6 weeks there was no 

change of night urinary  Na+ excretion in the DASH 
group (Fig.  5D). The participants in the DASH group 
were only required to collect their urine overnight, 
rather than over a full 24-h period, because we tried to 
increase the comfortable experience of control subjects.

Correlation between decreased blood pressure, reduced total 
body water and increased urinary sodium excretion
We found that the decreases of SBP and DBP were asso-
ciated with the decrease in the extracellular water in 
the DASH + TRE group (Fig.  5E and F). Moreover, the 
decreases of blood pressures also correlated with the 
increase in urinary  Na+ excretion in this group (Fig. 5G 
and H). These results indicated that the increase in  Na+ 
excretion may be the mechanism for the TRE-mediated 
decrease in blood pressure. It should be noted that we 
did not analyze the correlation between the reduction 
in blood pressure and changes of extracellular water and 
urinary  Na+ in the DASH group, because there were no 
statistically significant changes in extracellular water and 
urinary  Na+ in the DASH group before and after inter-
vention (Figs. 4 and 5).

Safety and adherence outcomes
In the 6  weeks of the diets, no serious adverse events 
were observed; however, 8 of 74 subjects reported at least 
one mild adverse event, with nighttime hunger most fre-
quently reported. In the DASH group, nighttime hun-
ger, upper respiratory tract infection, and pain in other 
areas of the body occurred (Supplemental Table 5), while 
nighttime hunger, nausea, and diarrhea occurred in the 
DASH + TRE group (Supplemental Table  6). Night-
time hunger was more frequent in the DASH + TRE 
group (5.405%) than the DASH group (2.600%). Two 

Table 1 Diurnal change of blood pressure determined by 
ambulatory blood pressure monitoring in the DASH + TRE group

Data are shown as mean ± standard deviation (SD)

SBP Systolic blood pressure, DBP Diastolic blood pressure

Decrease of SBP 
(mm Hg)

Decrease of DBP 
(mm Hg)

P

7 o’clock 7.714 ± 6.667 8.029 ± 5.993 < 0.001

10 o’clock 7.429 ± 4.642 5.400 ± 3.238 < 0.001

13 o’clock 6.057 ± 7.384 6.657 ± 9.480 < 0.001

16 o’clock 6.800 ± 5.503 6.400 ± 3.782 < 0.001

19 o’clock 6.943 ± 6.677 8.257 ± 7.180 < 0.001

22 o’clock 10.429 ± 9.121 7.857 ± 6.971 < 0.001

Fig. 2 Blood pressure rhythm determined by ambulatory blood pressure monitoring in the DASH + TRE group. A Systolic blood pressure; B 
Diastolic blood pressure. n = 37 participants/point, *p < 0.05 vs 0 week, #p < 0.01 vs 0 week. ‑2 represents 2 days before the start of the experiment, 
and the rest are similar. DASH, dietary approaches to stop hypertension; TRE, time‑restricted eating
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participants in the DASH + TRE group and one partici-
pant in the DASH group experienced hunger while sleep-
ing in the early stages of the trial without hypoglycemia. 
In addition, the degree of hunger was mild, and the par-
ticipants got better after taking energy-free drink or fall-
ing asleep quickly. The remaining symptoms were not 
relevant to this study. Besides the adherence ratio were 
90.938% for DASH group while 90.476% for DASH + TRE 
group, which were shown in Supplemental Table 4.

Discussion
Regular meal timing influences the body’s internal cir-
cadian clock and enables physiological processes to be 
performed at the optimal time [31]. Recently, TRE, which 
belongs to intermittent fasting schedule, has become an 
effective and popular method in the regulation of body 
weight and metabolic diseases such as diabetes [14]. 
Moreover, epidemiological and animal studies have also 
shown that TRE can improve the cardiometabolic pro-
file and cardiovascular diseases, such as atherosclero-
sis [32]. However, the effect of TRE in the regulation of 
blood pressure in primary hypertension is still unclear. 
The current reports on the effect of TRE on blood pres-
sure were only in patients with metabolic syndrome and 
obesity [17, 18]. In our randomized controlled trial, both 
DASH and 8-h TRE + DASH regimens caused a decrease 
in blood pressure. However, the 8-h TRE + DASH regi-
men produced a greater decrease in blood pressure than 
the DASH regimen. Moreover, we also found TRE had 
a greater contribution to reduce blood pressure at 22:00 
o’clock.

The pathogenesis of hypertension is complicated, 
which includes arterial function, abnormal body 
sodium homeostasis, insulin resistance, and inflamma-
tion. In this study, we explored the possible reasons for 
the TRE-mediated regulation of blood pressure. After 

comparing 40 variables, including body composition, 
cardio-vascular risk factors, inflammation-related and 
other clinical variables before and after intervention, 
we found that extracellular body water decreased in 
the DASH + TRE group. Previous studies have shown 
the body water, including total body water, intracellular 
water and extracellular water are positively correlated 
with blood pressure in different patients, including 
those with chronic kidney disease [33], those on hemo-
dialysis and those with primary hypertension [34, 35]. 
Blood pressure is sensitive to extracellular body water; 
extracellular water overhydration was significantly 
greater in patients whose blood pressures increased 
post dialysis [36, 37]. We also found that the associa-
tion between decreased blood pressure and reduced 
extracellular body water in DASH + TRE group. Thus, 
extracellular water may be involved in the regulation of 
blood pressure by TRE. Moreover, the reduction in sys-
tolic and diastolic blood pressure of participants in the 
DASH + TRE group significantly exceeded that of the 
DASH group on day 27 and day 21 (as shown in Fig. 1), 
while weight loss in the DASH + TRE group occurred 
in the fifth week (as shown in Fig. 3). This indicates that 
the decrease in blood pressure among participants in 
the DASH + TRE group preceded the reduction in body 
weight. Therefore, we speculate that the blood pres-
sure-lowering effect of TRE is not attributed to weight 
loss. These findings warrant further validation in subse-
quent prospective studies.

Sodium homeostasis plays a vital role in the regulation 
of blood pressure;  Na+ accumulation inevitably leads to 
water retention [38–40]. We measured urine  Na+ excre-
tion of the participants in our study. Our results showed 
that the DASH + TRE group had a marked increase in 
night urinary  Na+ excretion relative to the DASH group. 
Moreover, the 24 h urinary  Na+ excretion after 6 weeks 

Fig. 3 Body weight (A) and BMI (B) in the DASH + TRE group. n = 37/time point, *p < 0.05 vs 0 week, #p < 0.01 vs 0 week. DASH, dietary approaches 
to stop hypertension; TRE, time‑restricted eating
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was increased in the DASH + TRE group, which is con-
sidered to be in accord with the TRE-mediated important 
effect, the normalization of the circadian clock. Studies 

have shown that time-restricted feeding exerts its physi-
ological functions by regulating the circadian clock [41, 
42]. We also found that the correlation between decrease 

Table 2 Changes in body composition, cardiovascular risk factors, inflammation related indicators and other clinical features in the 
DASH group

Normal distribution data are expressed as mean ± SD, and non-normal data are expressed as median (interquartile range)

n = 37:27 for most variables between two groups, n of IL-6 and blood routine for Post-DASH is 18 and 22 respectively, n of a few variables are between 20–26, a few 
outliers were excluded

BMI Body mass index, TG Total glyceride, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, HOMA-IR 
Homeostatic model assessment of insulin resistance, ALT Alanine aminotransferase, AST Aspartate transaminase

Variables Pre-DASH Post-DASH P

Body composition Weight (kg) 61.000 (11.750) 60.000 (19.000) > 0.05

BMI (kg/m2) 24.896 ± 3.302 24.950 ± 4.132 > 0.05

Total body water (L) 31.750 ± 2.590 31.578 ± 2.312 > 0.05

Protein (Kg) 7.800 (1.375) 7.900 (1.300) > 0.05

Fat mass (Kg) 13.800 (3.000) 14.900 (3.300) > 0.05

Percentage of fat 0.227 ± 0.045 0.241 ± 0.049 > 0.05

Skeletal muscle mass (Kg) 22.294 ± 3.917 22.552 ± 4.124 > 0.05

Basal metabolic rate (Kcal) 1208.000 (169.000) 1220.000 (173.000) > 0.05

Visceral fat area  (cm2) 93.106 ± 33.744 92.648 ± 30.877 > 0.05

Bone mineral content (Kg) 2.495 (0.618) 2.500 (0.830) > 0.05

Waist hip ratio 0.823 ± 0.054 0.829 ± 0.051 > 0.05

Cardio‑vascular risk factors AopA1/ApoB 1.620 (0.485) 1.670 (0.550) > 0.05

ApoB (g/L) 0.969 ± 0.261 0.898 ± 0.223 > 0.05

AopA1 (g/L) 1.535 ± 0.161 1.521 ± 0.172 > 0.05

TG (mmol/L) 2.280 (1.560) 1.850 (1.520) > 0.05

TC (mmol/L) 4.540 (1.295) 4.650 (1.010) > 0.05

HDL‑C (mmol/L) 1.337 ± 0.245 1.380 ± 0.267 > 0.05

LDL‑C (mmol/L) 2.750 (0.800) 2.750 (0.820) > 0.05

Fasting blood glucose (mmol/L) 5.075 ± 0.108 5.153 ± 0.128 > 0.05

Insulin (μU/mL) 12.530 (14.280) 8.750 (13.800) > 0.05

HOMA‑IR 3.023 ± 3.231 2.261 ± 2.439 > 0.05

Inflammation‑related parameters White blood cell count  (109) 6.650 (1.775) 5.900 (1.200) > 0.05

Neutrophil percentage% (%) 59.934 ± 7.183 59.241 ± 5.684 > 0.05

C reactive protein (mg/L) 2.000 (0.000) 2.030 (0.400) > 0.05

Interleukin 6 (pg/mL) 2.560 (1.695) 3.030 (20.215) > 0.05

Other clinical variables ALT (U/L) 18.300 (11.200) 15.800 (5.100) > 0.05

AST/ALT 1.150 (0.485) 1.180 (0.430) > 0.05

C‑glutamyl transpeptidase (U/L) 21.600 (14.200) 25.000 (26.100) > 0.05

AST(U/L) 20.900 (5.850) 19.400 (6.800) > 0.05

Serum total protein(g/L) 75.400 (5.100) 73.500 (4.400) > 0.05

Alkaline Phosphatase (U/L) 82.300 (28.450) 77.400 (32.600) > 0.05

Lactate dehydrogenase (U/L) 191.800 (27.300) 183.950 (31.500) > 0.05

Globulin (g/L) 29.200 (4.100) 28.300 (5.900) > 0.05

Uric acid (μmoI/L) 300.446 ± 88.022 292.626 ± 83.851 > 0.05

Urea nitrogen (mmol/L) 6.676 ± 1.350 6.022 ± 1.206 = 0.05

Creatinine (μmoI/L) 58.900 (16.200) 64.400 (17.800) > 0.05

Red blood cell count  (1012) 4.590 ± 0.360 4.423 ± 0.416 > 0.05

Platelets count  (109) 235.813 ± 64.486 236.091 ± 62.841 > 0.05

Lymphocyte percentage (%) 31.888 ± 5.968 31.032 ± 5.188 > 0.05
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in blood pressure and increased urinary sodium excre-
tion in DASH + TRE group. In addition, previous ani-
mal experiments have shown that time-restricted 
feeding decreases serum creatinine, increases creatinine 

clearance, and reduces blood pressure in two mouse 
models of hypertension [43]. These studies indicated that 
 Na+ excretions are important mechanisms of TRE-medi-
ated regulation of blood pressure.

Table 3 Effects of DASH and TRE Diets on body composition, cardiovascular risk factors, inflammation‑related variables and other 
clinical features

Normal distribution data are expressed as mean ± SD, and non-normal data are expressed as median (interquartile range)

n = 37:37 for most variables between two groups, n of few variables are between 30–36, n of  a few outliers were excluded

BMI Body mass index, TG Total glyceride, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, HOMA-IR 
Homeostatic model assessment of insulin resistance, ALT Alanine aminotransferase, AST Aspartate transaminase

Variables Pre-(DASH + TRE) Post-(DASH + TRE) P

Body composition Weight (kg) 59.980 (9.730) 55.930 (10.94) 0.029

BMI (kg/m2) 23.610 (2.790) 22.310 (2.560) 0.005

Total body water (L) 31.162 ± 1.716 30.251 ± 1.700 0.025

Protein (Kg) 7.900 (1.200) 8.300 (1.200) > 0.05

Fat mass (Kg) 12.484 ± 2.233 11.224 ± 2.293 0.019

Percentage of fat 0.207 ± 0.042 0.192 ± 0.042 > 0.05

Skeletal muscle mass (Kg) 22.778 ± 3.686 22.403 ± 3.458 > 0.05

Basal metabolic rate (Kcal) 1241.000 (197.500) 1226.000 (197.500) > 0.05

Visceral fat area  (cm2) 97.930 ± 27.513 100.678 ± 27.435 > 0.05

Bone mineral content (Kg) 2.920 ± 0.698 2.910 ± 0.645 > 0.05

Waist hip ratio 0.810 (0.100) 0.810 (0.080) > 0.05

Cardio‑vascular risk factors AopA1/ApoB 1.855 (0.663) 1.615 (0.660) > 0.05

ApoB (g/L) 0.840 (0.328) 0.910 (0.310) > 0.05

AopA1 (g/L) 1.464 ± 0.219 1.545 ± 0.134 > 0.05

TG (mmol/L) 1.025 (0.608) 1.300 (0.645) > 0.05

TC (mmol/L) 4.552 ± 1.005 4.906 ± 0.641 > 0.05

HDL‑C (mmol/L) 1.452 ± 0.338 1.445 ± 0.229 > 0.05

LDL‑C (mmol/L) 2.711 ± 0.909 2.956 ± 0.540 > 0.05

Fasting blood glucose (mmol/L) 5.084 ± 0.636 4.957 ± 0.652 > 0.05

Insulin (μU/mL) 6.290 (4.820) 7.530 (2.705) > 0.05

HOMA‑IR 1.701 ± 1.396 1.899 ± 1.073 > 0.05

Inflammation‑related variables White blood cell count  (109) 7.706 ± 1.615 6.250 ± 0.636 > 0.05

Neutrophil percentage% (%) 68.140 ± 7.205 64.200 ± 0.707 > 0.05

C reactive protein (mg/L) 2.000 (0.000) 2.000 (0.000) > 0.05

Interleukin 6 (pg/mL) 2.000 (0.260) 2.540 (1.108) > 0.05

Other clinical variables Alanine aminotransferase (U/L) 15.800 (12.200) 18.800 (12.200) > 0.05

AST/ALT 1.370 (0.605) 1.040 (0.395) > 0.05

C‑glutamyl transpeptidase (U/L) 18.300 (14.750) 26.900 (17.650) > 0.05

AST(U/L) 20.300 (7.450) 22.300 (6.650) > 0.05

Serum total protein(g/L) 75.400 ± 6.973 75.822 ± 4.258 > 0.05

Alkaline Phosphatase (U/L) 84.000 (26.850) 85.000 (26.350) > 0.05

Lactate dehydrogenase (U/L) 182.150 (40.150) 182.600 (33.000) > 0.05

Globulin (g/L) 27.713 ± 3.652 28.341 ± 2.773 > 0.05

Uric acid (μmoI/L) 350.076 ± 76.183 372.111 ± 80.169 > 0.05

Urea nitrogen (mmol/L) 4.800 (1.750) 5.200 (1.200) > 0.05

Creatinine (μmoI/L) 63.900 (19.900) 72.750 (15.25) > 0.05

Red blood cell count  (1012) 4.036 ± 0.835 5.335 ± 0.134 > 0.05

Platelets count  (109) 233.200 ± 17.441 210.000 ± 25.456 > 0.05

Lymphocyte percentage (%) 21.360 ± 9.582 28.100 ± 1.414 > 0.05
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We paid considerable attention to the adverse effects 
and safety of TRE. In this trial, only few had nighttime 
hunger. Two patients experienced hunger during sleep-
ing time in the early stages of the trial, suggesting that 
patients can tolerate TRE by establishing regular eating 
habits. Since there was no nighttime hunger before start-
ing TRE, this could be considered to be related to TRE. 
However, no hypoglycemia occurred, implying that TRE 
is relatively safe, and hunger may be based on lack of sati-
ety. The primary novelty of this study lies in its discovery 
of the effective blood pressure-lowering effects of TRE in 
patients with stage 1 primary hypertension. Our results 
demonstrate that TRE holds strong translational poten-
tial as a lifestyle intervention for stage 1 hypertensive 
patients. Additionally, this study concurrently identified 
that alterations in water and  Na+ excretion may be one of 
the key mechanisms through which TRE regulates blood 
pressure.

The strengths of this study include two intervention 
methods of DASH and DASH + TRE, while recording 
other major living factors such as sports, PSQI for sleep-
ing assessment and score of life events, and random 
control method was used to conduct research. We spe-
cifically chose stage 1 patients with low risk according, 
since guidelines recommend lifestyle interventions for 

such individuals. Each participant had been guided by 
at least one doctor and one nutritionist, and timely chat 
group have been set up at any time to interact with them 
at any time. Moreover, the nutritionist used pictures sent 
by the participants to assess in order to make sure on 
authenticity.

There are also some limitations in this study. First, the 
6-week time of follow-up does not allow us to observe a 
longer effect of TRE in the regulation of blood pressure. 
Second, the rhythmicity of the variables was not meas-
ured. Therefore, we could not be completely sure whether 
the beneficial effect of TRE on blood pressure was related 
to the circadian clock. Third, in order to ensure patients’ 
rest during sleeping time without affecting their normal 
biological clock rhythm, we did not measure blood pres-
sure between 22:00 at night to 7:00 in the morning. We 
look forward to subsequent studies using 24-h ambula-
tory blood pressure monitory. After the obvious anti-
hypertensive effect of the DASH + TRE group has been 
observed (Fig. 1), we hope to explore that for which time 
period is more obviously for the TRE to reduce blood 
pressure, so we only focused on the blood pressure 
rhythm of the DASH + TRE group. Moreover, the trial 
is subject to inherent biases that cannot be avoided, and 
blinding was not feasible in this study due to the nature 

Fig. 4 Body water before and after intervention in the two groups. A Total body water, extracellular water and intracellular water in the DASH 
group, n = 36:27, p > 0.05. B Total body water, extracellular water and intracellular water in the DASH + TRE group, n = 37:37, * p < 0.05, # p < 0.01

(See figure on next page.)
Fig. 5 Correlation between the decrease in systolic and diastolic blood pressure, and the decrease in total body water and increase in urinary 
 Na+ excretion in DASH + TRE group. A Night urinary  Na+ excretion before and after intervention in DASH + TRE group, n = 37, #p < 0.01. B 
Daytime urinary  Na+ excretion before and after intervention in DASH + TRE group, n = 37, #p = 0.01. C 24‑h urinary  Na+ excretion before and after 
intervention in DASH + TRE group, n = 37, #p < 0.01. D Night urinary  Na+ excretion before and after intervention in DASH group, n = 20, p > 0.05. E 
Correlation between the decreased SBP and extracellular water in DASH + TRE group, n = 37, r = 0.902, p < 0.01. F Correlation between decreased 
DBP and extracellular water in DASH + TRE group, n = 37, r = 0.416, p = 0.01. G Correlation between decreased SBP and increased 24 h urinary 
Na.+ excretion in DASH + TRE group, n = 37, r = 0.881, p < 0.01. H Correlation between decreased DBP and increased 24 h urinary Na + excretion 
in DASH + TRE group, n = 37, r = 0.439, p < 0.01
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Fig. 5 (See legend on previous page.)
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of the interventions. In addition, there may be occasional 
instances of potential deception in self-reported dietary 
intake by individual participants. Above limitations 
deserve to be improved in subsequent research.

Conclusions
In summary, our current trial found that 8-h TRE + DASH 
regimen produced a greater blood pressure lowering in 
stage 1 primary hypertensive patients than the DASH 
regimen. These studies may advance our understanding 
of the role of TRE in the control of primary hypertension 
and provide novel insights into the field of translational 
medicine, especially in the design of new lifestyle modifi-
cations in the treatment of hypertension.

Our findings suggest that TRE, a unique form of inter-
mittent fasting, exerts a beneficial effect in the regulation 
of blood pressure in subjects with primary hypertension. 
The increase in urinary  Na+ excretion may have medi-
ated the beneficial effect of TRE on blood pressure. These 
results suggest that as a promising lifestyle modification, 
it may be worthwhile to apply TRE regimen in the control 
of primary hypertension. However, more randomized 
controlled trials with more participants are needed to 
confirm the beneficial effect of TRE in primary hyperten-
sion. It is also important to determine, in the future, the 
underlying mechanisms of the beneficial effect of TRE in 
primary hypertension.

Abbreviations
BMI  Body mass index
CV  Coefficient of variation
DASH  Dietary Approaches to Stop Hypertension
DBP  Diastolic blood pressure
PSQI  Pittsburgh sleep quality index
SBP  Systolic blood pressure
TRE  Time‑restricted eating
WHR  Waist‑to‑hip ratio

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12937‑ 024‑ 00967‑9.

Supplementary Material 1: Supplemental Table 1. Comparison of clinical 
features between DASH and DASH+TRE groups at baseline. Supplemental 
Table 2. Times of aerobic and resistance exercise per week in DASH and 
DASH+TRE groups. Supplemental Table 3. Main nutrient composition 
between DASH and DASH+TRE groups after 6 weeks intervention. Supple‑
mental Table 4. Adherence to the dietary program. Supplemental Table 5. 
Adverse events in the DASH group. Supplemental Table 6. Adverse events 
in the DASH+TRE group.

Supplementary Material 2: Supplemental Figure 1. Participant flow dia‑
gram. Participants were randomized to either DASH (n=37) or DASH+TRE 
(n=37).Supplemental Figure 2. Pittsburgh sleep quality index (PSQI) in 
the two groups. A. PSQI before and after intervention in DASH group, 
n=26:26, p >0.05; B. PSQI before and after intervention in DASH+TRE 
group, n=37:37, p >0.05. Supplemental Figure 3. Life Events Score in the 
two groups. A. Life Events Score before and after intervention in DASH 
group, n=26:26, p >0.05; B. Life Events Score before and after interven‑
tion in DASH+TRE group, n=37:37, p >0.05. Supplemental Figure 4. Body 

weight (A) and BMI (B) in the DASH group. n=36/time point, DASH, dietary 
approaches to stop hypertension.

Acknowledgments
We thank all the trial staff and trial participants, three interns Le Ma, Han Yang, 
Geng Zou from Department of Clinical Nutrition, The Third Affiliated Hospital 
of Chongqing Medical University, Chongqing, China; Yu Zhang, Hongli Zhou, 
Yaoyao Zhou, Yaxuan Zhao, Yuzhu Zhang, Jingwen Zhao, Tiecheng Huang, 
Yixin Zhong, Zhenxing Wang and Zhangding Hu from Department of Nutri‑
tion and Food Hygiene, School of Public Health, Chongqing Medical Univer‑
sity, Chongqing, China; as well as nutritionist Bo Liu at Zhejiang Nutriease Co., 
Ltd., China. And we deeply thank others who gave us any help.

Authors’ contribution
J. Yang, and D. Shi contributed to the concept and design of the study. X. 
Zhou, X. Lei, H. Muzammel, L. Ma, S. Amissi and V. Schini‑Kerth contributed to 
statistical analyses and interpretation of the data. X. Zhou, and X. Lin and J. 
Yu participated in the data input. X. Zhou drafted the manuscript. J. Yang, D. 
Shi, and P. A. Jose critically revised the manuscript. J. Yang, D. Shi, and X. Zhou 
obtained the funding of the study. X. Zhou, Y. Yang and all the staff in the 
acknowledgments participated in patient screening, education, follow‑up, 
and other participant management. All authors contributed to the acquisition 
of the data and final approval of the version to be published.

Funding
This work was supported by grants from the National Natural Science Founda‑
tion of China (8210120502, 2021; and 82100459, 2021), Scientific Research 
Innovation Project for Postgraduate in Chongqing (CYB22227, 2022), Program 
of Chongqing Medical University for Youth Innovation in Future Medicine 
(W0085, 2021).

Availability of data and materials
The protocols of this article will be made available upon reasonable request 
from the first or corresponding authors.

Declarations

Ethics approval and consent to participate
The current study was ethically approved by the Third Affiliated Hospital 
of Chongqing Medical University before it started. A permission letter was 
obtained from the office. All methods were performed in accordance with 
the relevant tenets of the Helsinki Declaration and good clinical practice. 
Informed written consent was obtained from each respondent. The privacy of 
the respondents was respected. Confidentiality was maintained throughout 
the entire process of data collection and management. The trial for this study 
was registered at https:// www. chictr. org. cn/ (ChiCTR2300069393, registered 
on March 15, 2023). The study was reported following the Consolidated Stand‑
ards of Reporting Trials (CONSORT) 2010 statement.

Competing interests
The authors declare no competing interests.

Author details
1 Research Center for Metabolic and Cardiovascular Diseases, The Third Affili‑
ated Hospital of Chongqing Medical University, Chongqing, China. 2 Depart‑
ment of Clinical Nutrition, The Third Affiliated Hospital of Chongqing Medical 
University, Chongqing, China. 3 Translational CardioVascular Medicine, Faculty 
of Pharmacy, UR 3074, University of Strasbourg, Strasbourg, France. 4 Depart‑
ment of Nutrition and Food Hygiene, School of Public Health, Chongqing 
Medical University, Chongqing, China. 5 Research Centre for Environment 
and Human Health, School of Public Health, Chongqing Medical University, 
Chongqing, China. 6 Department of Logistics Management Division, Chong‑
qing Medical University, Chongqing, China. 7 Research Center for Medicine 
and Social Development, Collaborative Innovation Center of Social Risks 
Governance in Health, School of Public Health, Chongqing Medical University, 
Chongqing, China. 8 Department of Medicine and Department of Physiology 
and Pharmacology, Division of Renal Diseases and Hypertension, The George 

https://doi.org/10.1186/s12937-024-00967-9
https://doi.org/10.1186/s12937-024-00967-9
https://www.chictr.org.cn/


Page 13 of 14Zhou et al. Nutrition Journal           (2024) 23:65  

Washington University School of Medicine and Health Sciences, Washington, 
DC, USA. 

Received: 4 February 2024   Accepted: 6 June 2024

References
 1. Brouwers S, Sudano I, Kokubo Y, Sulaica EM. Arterial hypertension. Lancet. 

2021;398:249–61.
 2. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison 

Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, et al. 
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. 2018;71:e13–115.

 3. National Center for Cardiovascular Disease, Chinese Medical Doctor Asso‑
ciation, Hypertension Professional Committee of the Chinese Medical 
Doctor Association, Cardiovascular Disease Branch of the Chinese Medi‑
cal Association, Hypertension Professional Committee of the Cross‑Strait 
Medical and Health Exchange Association. Clinical practice guidelines for 
hypertension in China. Chin J Cardiol. 2022;50:1050–95.

 4. Wang Y, Feng L, Zeng G, Zhu H, Sun J, Gao P, Yuan J, Lan X, Li S, Zhao 
Y, DECIDE‑Diet Study Group, et al. 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. 2022;146:303–15.

 5. Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek E, Elmer PJ, 
Stevens VJ, Vollmer WM, Lin PH, Svetkey LP, Writing Group of the PREMIER 
Collaborative Research Group, et al. Effects of comprehensive lifestyle 
modification on blood pressure control: main results of the PREMIER 
clinical trial. JAMA. 2003;289:2083–93. https:// doi. org/ 10. 1001/ jama. 289. 
16. 2083.

 6. Pickering TG. Lifestyle modification and blood pressure control: is the 
glass half full or half empty? JAMA. 2003;289:2131–2.

 7. Jackson SL, Park S, Loustalot F, Thompson‑Paul AM, Hong Y, Ritchey MD. 
Characteristics of US adults who would be recommended for lifestyle 
modification without antihypertensive medication to manage blood 
pressure. Am J Hypertens. 2021;34:348–58.

 8. Elmer PJ, Obarzanek E, Vollmer WM, Simons‑Morton D, Stevens VJ, Young 
DR, Lin PH, Champagne C, Harsha DW, Svetkey LP, PREMIER Collaborative 
Research Group, et al. Effects of comprehensive lifestyle modification 
on diet, weight, physical fitness, and blood pressure control: 18‑month 
results of a randomized trial. Ann Intern Med. 2006;144:485–95.

 9. Blumenthal JA, Hinderliter AL, Smith PJ, Mabe S, Watkins LL, Craighead L, 
Ingle K, Tyson C, Lin PH, Kraus WE, et al. Effects of lifestyle modification on 
patients with resistant hypertension: results of the TRIUMPH randomized 
clinical trial. Circulation. 2021;144(15):1212–26.

 10. Couch SC, Saelens BE, Khoury PR, Dart KB, Hinn K, Mitsnefes MM, Daniels 
SR, Urbina EM. Dietary approaches to stop hypertension dietary interven‑
tion improves blood pressure and vascular health in youth with elevated 
blood pressure. Hypertension. 2021;77:241–51.

 11. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray 
GA, Vogt TM, Cutler JA, Windhauser MM, et al. A clinical trial of the effects 
of dietary patterns on blood pressure. DASH Collaborative Research 
Group. N Engl J Med. 1997;336:1117–24.

 12. Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Clinical application of 
intermittent fasting for weight loss: progress and future directions. Nat 
Rev Endocrinol. 2022;18:309–21.

 13. Liu D, Huang Y, Huang C, Yang S, Wei X, Zhang P, Guo D, Lin J, Xu B, Li C, 
et al. Calorie restriction with or without time‑restricted eating in weight 
loss. N Engl J Med. 2022;386:1495–504.

 14. Teong XT, Liu K, Vincent AD, Bensalem J, Liu B, Hattersley KJ, Zhao L, 
Feinle‑Bisset C, Sargeant TJ, Wittert GA, et al. Intermittent fasting plus 
early time‑restricted eating versus calorie restriction and standard care in 
adults at risk of type 2 diabetes: a randomized controlled trial. Nat Med. 
2023;29:963–72.

 15. Wei X, Lin B, Huang Y, Yang S, Huang C, Shi L, Liu D, Zhang P, Lin J, Xu 
B, et al. Effects of time‑restricted eating on nonalcoholic fatty liver 

disease: The TREATY‑FLD randomized clinical trial. JAMA Netw Open. 
2023;6:e233513.

 16. Kord‑Varkaneh H, Salehi‑Sahlabadi A, Tinsley GM, Santos HO, Hekmat‑
doost A. Effects of time‑restricted feeding (16/8) combined with a 
low‑sugar diet on the management of non‑alcoholic fatty liver disease: a 
randomized controlled trial. Nutrition. 2023;105:111847.

 17. Wilkinson MJ, Manoogian ENC, Zadourian A, Lo H, Fakhouri S, Shoghi A, 
Wang X, Fleischer JG, Navlakha S, Panda S, et al. Ten‑hour time‑restricted 
eating reduces weight, blood pressure, and atherogenic lipids in patients 
with metabolic syndrome. Cell Metab. 2020;31:92–104.e5.

 18. Jamshed H, Steger FL, Bryan DR, Richman JS, Warriner AH, Hanick CJ, 
Martin CK, Salvy SJ, Peterson CM. Effectiveness of early time‑restricted 
eating for weight loss, fat loss, and cardiometabolic health in adults with 
obesity: a randomized clinical trial. JAMA Intern Med. 2022;182:953–62.

 19. Andriessen C, Fealy CE, Veelen A, van Beek SMM, Roumans KHM, Connell 
NJ, Mevenkamp J, Moonen‑Kornips E, Havekes B, Schrauwen‑Hinderling 
VB, et al. Three weeks of time‑restricted eating improves glucose 
homeostasis in adults with type 2 diabetes but does not improve insulin 
sensitivity: a randomised crossover trial. Diabetologia. 2022;65:1710–20.

 20. Dong X, Li S, Sun J, Li Y, Zhang D. Association of Coffee, Decaffeinated 
Coffee and Caffeine Intake from Coffee with Cognitive Performance 
in Older Adults: National Health and Nutrition Examination Survey 
(NHANES) 2011–2014. Nutrients. 2020;12:840.

 21. Xie Z, Sun Y, Ye Y, Hu D, Zhang H, He Z, Zhao H, Yang H, Mao Y. Rand‑
omized controlled trial for time‑restricted eating in healthy volunteers 
without obesity. Nat Commun. 2022;13:1003.

 22. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard 
VS, Lee IM, Lichtenstein AH, Loria CM, Millen BE, College A, of Cardiol‑
ogy, American Heart Association Task Force on Practice Guidelines., 
et al. AHA/ACC guideline on lifestyle management to reduce cardio‑
vascular risk: a report of the American College of Cardiology/American 
Heart Association task force on practice guidelines. J Am Coll Cardiol. 
2013;2014(63):2960–84.

 23. Wang SS, Lay S, Yu HN, Shen SR. Dietary guidelines for Chinese 
residents (2016): comments and comparisons. J Zhejiang Univ Sci B. 
2016;17:649–56.

 24. Yang Y. China food composition tables standard edition. 6th ed. Beijing: 
Peking University Medical Press; 2018.

 25. Zhang Y, Wang S, Huang H, Zeng A, Han Y, Zeng C, Zheng S, Ren H, Wang 
Y, Huang Y, et al. GRK4‑mediated adiponectin receptor‑1 phosphorylative 
desensitization as a novel mechanism of reduced renal sodium excretion 
in hypertension. Clin Sci (Lond). 2020;134:2453–67.

 26. Joint Committee for Guideline Revision. 2018 Chinese guidelines for 
prevention and treatment of hypertension‑a report of the revision com‑
mittee of Chinese guidelines for prevention and treatment of hyperten‑
sion. J Geriatr Cardiol. 2019;16:182–241.

 27. Cortés‑Ríos J, Rodriguez‑Fernandez M. Circadian rhythm of blood pres‑
sure of dipper and non‑dipper patients with essential hypertension: a 
mathematical modeling approach. Front Physiol. 2021;11:536146.

 28. McGrath ER, Espie CA, Power A, Murphy AW, Newell J, Kelly C, Duffy N, 
Gunning P, Gibson I, Bostock S, O’Donnell MJ. Sleep to lower elevated 
blood pressure: a randomized controlled trial (SLEPT). Am J Hypertens. 
2017;30:319–27.

 29. Okada K, Saito I, Katada C, Tsujino T. Influence of quality of sleep in the 
first trimester on blood pressure in the third trimester in primipara 
women. Blood Press. 2019;28:345–55.

 30. Mo Q, Zhou L, He Q, Jia C, Ma Z. Validating the life events scale for the 
elderly with proxy‑based data: a case‑control psychological autopsy 
study in rural China. Geriatr Gerontol Int. 2019;19:547–51.

 31. Patterson RE, Sears DD. Metabolic effects of intermittent fasting. 
Annu Rev Nutr. 2017;37:371–93. https:// doi. org/ 10. 1146/ annur 
ev‑ nutr‑ 071816‑ 064634.

 32. Pan C, Herrero‑Fernandez B, Borja Almarcha C, Gomez Bris R, Zorita V, Sáez 
A, Maas SL, Pérez‑Olivares L, Herrero‑Cervera A, Lemnitzer P, et al. Time‑
restricted feeding enhances early atherosclerosis in hypercholesterolemic 
mice. Circulation. 2023;147:774–7.

 33. Yilmaz Z, Yildirim Y, Oto F, Aydin FY, Aydin E, Kadiroglu AK, Yilmaz ME. 
Evaluation of volume overload by bioelectrical impedance analysis, NT‑
proBNP and inferior vena cava diameter in patients with stage 3&4 and 5 
chronic kidney disease. Ren Fail. 2014;36:495–501.

https://doi.org/10.1001/jama.289.16.2083
https://doi.org/10.1001/jama.289.16.2083
https://doi.org/10.1146/annurev-nutr-071816-064634
https://doi.org/10.1146/annurev-nutr-071816-064634


Page 14 of 14Zhou et al. Nutrition Journal           (2024) 23:65 

 34. Zhou Q, Wang J, Xie S, Yuan S, Zhong L, Chen J. Correlation between 
body composition measurement by bioelectrical impedance analysis and 
intradialytic hypotension. Int Urol Nephrol. 2020;52:953–8.

 35. Seo HS, Kim EJ, Kim SW, Im SI, Na JO, Choi CU, Lim HE, Won Kim J, Rha 
SW, Park CG. Extracellular fluid adjusted for body size is contracted in 
hypertension. Hypertens Res. 2013;36:916–21.

 36. Nongnuch A, Campbell N, Stern E, El‑Kateb S, Fuentes L, Davenport 
A. Increased postdialysis systolic blood pressure is associated with 
extracellular overhydration in hemodialysis outpatients. Kidney Int. 
2015;87:452–7.

 37. Tangvoraphonkchai K, Davenport A. Changes in extracellular water 
with hemodialysis and fall in systolic blood pressure. Int J Artif Organs. 
2022;45:140–5.

 38. Brands MW. Role of insulin‑mediated antinatriuresis in sodium homeosta‑
sis and hypertension. Hypertension. 2018;72:1255–62.

 39. Rucker AJ, Rudemiller NP, Crowley SD. Salt, Hypertension, and immunity. 
Annu Rev Physiol. 2018;80:283–307.

 40. Titze J, Bauer K, Schafflhuber M, Dietsch P, Lang R, Schwind KH, Luft FC, 
Eckardt KU, Hilgers KF. Internal sodium balance in DOCA‑salt rats: a body 
composition study. Am J Physiol Renal Physiol. 2005;289:F793–802.

 41. Hepler C, Weidemann BJ, Waldeck NJ, Marcheva B, Cedernaes J, Thorne 
AK, Kobayashi Y, Nozawa R, Newman MV, Gao P, et al. Time‑restricted 
feeding mitigates obesity through adipocyte thermogenesis. Science. 
2022;378:276–84.

 42. Chaix A, Lin T, Le HD, Chang MW, Panda S. Time‑restricted feeding pre‑
vents obesity and metabolic syndrome in mice lacking a circadian clock. 
Cell Metab. 2019;29:303–319.e4.

 43. Sims BM, Goodlett BL, Allbee ML, Pickup EJ, Chiasson VL, Arenaz CM, Hen‑
ley MR, Navaneethabalakrishnan S, Mitchell BM. Time restricted feeding 
decreases renal innate immune cells and blood pressure in hypertensive 
mice. J Hypertens. 2022;40:1960–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Effects of DASH diet with or without time-restricted eating in the management of stage 1 primary hypertension: a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Trial design and oversight
	Randomization procedure
	Study participants
	Sample size estimation
	Intervention plan
	Assessments and adherence
	Measurement of trial outcomes
	Statistical analysis

	Results
	Trial participants
	Role of TRE on blood pressure
	Morning blood pressure lowering in the two groups
	Improvement of the blood pressure diurnal rhythm in the DASH + TRE group
	Comparison of BMI, body composition, cardiometabolic risk factors, inflammation-related parameters and other clinical variables before and after intervention in the two groups

	Role of TRE on urinary Na+ excretion
	Changes in urinary Na+ excretion in the two groups
	Correlation between decreased blood pressure, reduced total body water and increased urinary sodium excretion
	Safety and adherence outcomes


	Discussion
	Conclusions
	Acknowledgments
	References


