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Abstract
Background

Excessive salt intake is currently the foremost universal risk factor for controllable chronic disease. Reducing salt intake has been identi�ed as one of the
most cost-effective measures countries can adopt to improve the health outcomes of their populations. This study evaluated the short-term effects of a
modest salt intake reduction combined with the Chinese Modi�ed Dietary Approaches to Stop Hypertension (CM-DASH) diet on salt intake, certain
biochemical parameters, mean arterial pressure (MAP), and pulse pressure (PP) in hypertensive patients with type II diabetes.

Methods

Sixty-one participants were randomized to the intervention group (52% low-sodium salt and DASH intervention [n = 30, 11 men]) and control group (normal
salt and DASH intervention [n = 31, 14 men]). An 8-week dietary intervention was applied. Daily salt intake, blood pressure, and drug use were recorded every
week. Twenty-four-hour urine samples, casual urine samples, and blood samples were measured at baseline, the fourth week, and the end of the intervention.

Results

Of the 61 participants, 59 patients (25 men and 34 women) completed the entire study. The daily salt intake of all patients signi�cantly decreased compared
with at baseline (P < 0.001). The Na+/K+ ratio and urine creatinine decreased after the intervention, and the 24-hour urine potassium of the intervention and
control groups increased after the intervention and the fourth week, respectively. Additionally, 24-hour UNa, (MAU), and urinary microalbumin-to-creatinine
ratio(UACR) decreased signi�cantly after the intervention but increased after the fourth week. Finally, MAP and PP both decreased after the intervention, but
the difference between the two groups was not statistically signi�cant.

Conclusion

A modest salt reduction and the CM-DASH diet for hypertensive patients with type II diabetes can achieve the effect of salt reduction in a short period. Before
and after individual comparisons, sodium and potassium intake, MAU, MAP, and PP were improved, but no statistically signi�cant difference was observed
between the two groups regardless of the use of 52% sodium limited formula salt or traditional table salt. The salt reduction effect needs to be investigated
with an extended follow-up.

Trail registration

ChiCTR2000029017.Registered on 11/01/2020-Prospective registration, http:// www.chictr.org.cn/

Background
Hypertension and type II diabetes are recognized as the foremost risk factors for cardiovascular disease (CVD), and both conditions commonly coexist. A
survey has shown that in China, nearly 60% of patients with type II diabetes have elevated blood pressure [1]. Because both diseases have common
underlying causes and are also coexisting risk factors, an estimated 35–75% of diabetic complications can be attributed to hypertension [2], which remains
the leading direct cause of death due to stroke, heart attack, and heart failure in patients with diabetes [3, 4].

Related studies have shown that poor dietary habits, such as a low-potassium and high-sodium diet, are closely associated with the incidence of
hypertension and diabetes [5, 6]. The main source of dietary sodium is salt, of which the average daily intake of Chinese is more than 12 g (more than twice
the maximum daily salt intake recommended by the World Health Organization).7 High sodium intake can cause noncommunicable diseases such as
hypertension, CVD, and stroke, and reducing sodium intake can reduce blood pressure (BP) and the associated risk of noncommunicable diseases [8, 9].
Strong evidence suggests that the current salt intake is mainly responsible for increased BP and that a modest reduction in salt intake lowers BP, whether BP
levels are normal or elevated [10–13]. The degree of reduction in BP is affected by the degree and duration of salt reduction [11, 13]. No available evidence
indicates that reduced sodium intake, as a condition in intervention trials, presents any safety hazards. A reduction in salt intake is a cost-effective public
health measure that can save lives, prevent diseases, and lower health care costs [14]. The overall goal is to reduce the average salt consumption of the
world by 30% by 2025 [15]. However, no consensus currently exists on limiting salt intake in patients with type II diabetes.

The Dietary Approaches to Stop Hypertension (DASH) eating plan was originally developed from a study sponsored by the US National Institutes of Health.
The US study investigated the treatment of hypertension without drugs and successfully demonstrated a clinically meaningful hypotensive effect [16]. The
DASH diet emphasizes fruit, vegetables, fat-free or low-fat dairy products, whole grains, nuts, and legumes. It limits total and saturated fat, cholesterol, red
and processed meats, sweets, added sugars, and sugar-sweetened beverages and is rich in magnesium, potassium, calcium, and �ber [17]. Although this diet
was originally developed to prevent or treat hypertension [18], the effects of the DASH diet on patients with metabolic syndrome [19] and other populations
[20, 21] can be generalized to patients with diabetes. Among patients with diabetes, the DASH diet had bene�cial effects on cardiometabolic risks [22].
International diabetes [23, 24] and cardiovascular health–related [25–27] clinical practice guidelines have also recommended the DASH dietary pattern to
reduce the risk of cardiovascular disease.

In this study, wed explore the effects of modest salt reduction combined with the CM-DASH diet on salt intake, MAP, PP, and certain biochemical indices in
hypertensive patients with type II diabetes. We also compared the effects of two dietary arrangements (home-based eating and centralized feeding) on salt
reduction.

http://www.chictr.org.cn/
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Methods
Participants

This study is a quantitative clinical trial of advantages and disadvantages. According to our pre-trial data and the following formula, 46 samples are
required. Considering about 10% of the patients lost to follow-up, no less than 51 patients are included. 

This trial was conducted in Chongqing, China, during December 2019 to November 2020.We screened more than 1000 patients from the chronic disease
management system of Chongqing Nan’an District People’s Hospital, China. Hypertensive patients with type II diabetes who were being treated as
outpatients and were currently taking antihypertensive and antidiabetic drugs were enrolled in this prospective intervention study according to the following
criteria: age between 35 and 75 years, no plan to move out of their community in the following 3 months, residence near the indicated hospital for regular
follow-up visits, and ability to strictly follow the salt reduction and dietary recommendations during the trial. Additionally, the participants and the family
members with whom they were living were required to agree to the terms of the study and sign an informed consent form.

Participants were excluded if they had been diagnosed as having serious complications of hypertension or diabetes, hypercortisolism or hyperaldosteronism,
or an acute disease, such as upper respiratory infection, fever, or diarrhea. Participants were also excluded if they used potassium-retaining diuretics, they
were pregnant, it was not suitable for them to take the test product, or if they or their family members had abnormal kidney or liver function.

Study design

This study was designed and conducted as a randomized, controlled, single-blind trial(the patients do not know the speci�c grouping). After baseline
investigation and physical examination, we randomly assigned the participants to the intervention group (52% sodium-limited formula salt and CM-DASH)
and control group (traditional salt and CM-DASH diet) by using a random number table. From the day of their admission onwards, all participants were
subjected to salt restriction (less than 5 g/day) and food intake according to the CM-DASH diet. The 8-week diet intervention was divided into three stages:
DASH diet adaptation at home (weeks 1–2), centralized feeding in the hospital (weeks 3–4), and dietary behavior intervention at home (weeks 5–8).

Participants attended follow-ups at the hospital once a week to collect information on salt intake, o�ce BP, drug use, and the incidence of adverse events.
For safety considerations, the participants measured their BP by themselves at home every day. In addition, general inspection, blood samples, 24-hour urine
samples, and casual urine samples were measured at baseline, in the fourth week, and at the end of the intervention. 

The study protocol was approved by the Ethics Committee of Second A�liated Hospital of Chongqing Medical University,review date:2021.5.26,ethics code:
2021(54),which means that all methods were performed in accordance with the relevant guidelines and regulations.And all participants and their families
signed the written informed consent before enrollment in the trial.

Salt distribution, restriction, and surveillance

The intervention group was given 52% sodium-limited formula salt (Gu Da Chu, developed by Shanghai Institute of Ecological Health Sciences: solid
compound condiment; standard of execution, Q/BAAM0009S; food production license number, SC10334042205441; main ingredients, potassium chloride
[KCl] [31%], sodium chloride [NaCl] [52%], carbohydrates [9.2%], protein [4.4%]). The control group was given traditional salt (Jing Xin, developed by
Chongqing Salt Industry Group Co., Ltd: puri�ed salt; product standard, NY/T1040; sodium chloride content, >99%). All participants were subjected to salt
restriction (less than 5 g/day). The patients were given a week’s supply of salt (according to the number of family members) and a regular salt shaker (a �at
teaspoon is ~ 1 g). We instructed patients to reduce the use of salty seasonings and eat less pickles and other salted products. Professional staff measured
salt intake weekly at the hospital by using an electronic kitchen scale (accuracy, 0.1 g).

CM-DASH diet

We modi�ed the DASH dietary requirements of the participants according to the DASH dietary energy estimate sheet and sample recipes, the dietary pagoda
for Chinese residents, and the dietary habits of Chinese people. Food selections were recommended as follows: staple foods, coarse grain–�ne grain ratio of
1:1; lean meat and white meat; vegetables and fruits with low sugar; low-fat/nonfat milk; low-fat nuts; low sodium and high potassium foods; plant oils; and
less than 5 g of salt. 

BP measurement

Professional staff measured BP weekly in the hospital by using an upper arm electronic BP monitor (Omron HEM-7130 electronic sphygmomanometer upper
arm type;registration certi�cate number: liaoji note 20192070081;executive standard: GB/T 14710-2009;Omron [Dalian] Co., Ltd.). All measurements were
performed three times in the sitting position, and the average of the last two BP measurements was used for the analysis. PP was computed as systolic BP
(SBP) minus diastolic BP (DBP) (i.e., PP = SBP − DBP), and MAP was computed as the sum of DBP and one-third of PP (i.e., MAP = DBP + PP/3).

Twenty-four-hour urine collection
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The participants were carefully instructed on how to collect their urine. To minimize deviation, we asked the participants not to change their diet both before
and on the day of urine collection. Each participant was given a notepad to record the start and end of urine collection and any urine missed during the
collection process. The urine samples were discarded on the �rst morning of the �rst day and then collected in appropriate 3-L containers throughout the
day, overnight, and upon waking in the morning. After the 24-hour collection, the total amount of urine was measured, and samples were taken and stored in
a cool place. All samples were sent to the laboratory immediately after collection.

Laboratory measurements

Twenty-four-hour urine samples, casual urine samples, and blood samples were measured according to the methods of the Second A�liated Hospital of
Chongqing Medical University at baseline, the fourth week, and the end of the intervention, respectively.

General inspection

Height, weight, body mass index(BMI), SBP, DBP, pulse, waist circumference, hip circumference, and waist–hip ratio were measured at baseline, the fourth
week, and the end of intervention at the Second A�liated Hospital of Chongqing Medical University.

Statistical analysis 

Double data entry and logical error checking. Quantitative data are shown as Mean ± SD if normally distributed and as median and inter-quartile ranges
(25th and 75th percentile) if nonnormally distributed. Qualitative data are expressed as a frequency. Changes in the normally distributed quantitative data
are expressed as the difference between the baseline and the weekly mean and as the lower and upper 95% con�dence intervals of the difference. An
independent-samples t-test was used to compare the difference between the intervention and control groups. Categorical variables were compared using
Pearson’s chi-squared test or Fisher’s exact test. Quantitative nonnormally distributed data (baseline fasting blood glucose(FBG)) were compared using an
independent-samples Mann–Whitney U test. Multiple measurements of the same observation index of the same object at different time points, if normally
distributed, were compared using ANOVA of repeated measurements, a general linear model, and a group comparison by least-signi�cant difference. A P
value of <0.05 was considered signi�cant in all the analyses. All statistical analyses were performed using SPSS 24.0 (IBM, Armonk, NY, USA).

Results
Baseline characteristics of participants

A total of 61 participants were enrolled in this study, and 59 patients (25 male and 34 female patients) completed the entire study (one patient was unable to
attend regular follow-up because of severe back pain, and the other relocated because of work reasons). Several baseline characteristics (age, sex,
nationality, occupation, education attainment, DASH diet consumption, salt eating, smoking and alcohol consumption, waist circumference, hip
circumference and waist-to-hip ratio, height, weight, BMI, SBP, DBP, pulse, and FBG) were not signi�cantly different between the two groups (Table 1).

Daily salt intake

Except for weeks 3–4 (centralized feeding phase), during which every patient was restricted to a salt intake of 5 g/d, the salt intake of the remaining weeks
was calculated by weighing the salt shakers and inquiring about the number of family dinners, and the baseline salt intake was calculated by converting 24-
hour urinary sodium (24hUNa). Under the intervention, weekly salt intake was lower than at baseline, and the difference was statistically signi�cant (P <
0.001). However, the difference in salt consumption between the two groups was not statistically signi�cant (Table 2).

Twenty-four-hour urine and casual urine sample test

MAU, 24hUNa, and UACR initially showed a decreasing trend from baseline to the fourth week, and afterward, a rising trend was indicated (intervention: all
P < 0.001; control: P = 0.053, 0.027, and 0.005, respectively). The 24-hour urine potassium (24hUK) level of the intervention group increased after intervention
(P = 0.020), whereas the 24hUK level of the control group decreased slightly from baseline to the fourth week and increased signi�cantly from the fourth
week to the end of intervention(P 0.05). Na+/K+ ratio gradually declined after the intervention (intervention: P < 0.001), and urine creatinine decreased
gradually after the intervention (intervention: P > 0.05; control: P = 0.013; Table 3).

MAP and PP

After the intervention, weekly MAP in the intervention and control groups decreased compared with that of the baseline value. In each group, MAP was
signi�cantly different before and after the intervention (all P < 0.05), but with no statistically signi�cant difference between the two groups. The MAP of the
intervention group decreased most signi�cantly at the fourth week (11.13 mmHg, 95% CI: 8.12–14.14, P < 0.001), whereas that of the control group
decreased most signi�cantly at the �fth week (8.21 mmHg, 95% CI: 5.12–11.31, P < 0.001). Compared with at baseline, the PP of both groups decreased
after intervention and decreased most obviously at the fourth week (intervention: 9.53 mmHg, 95% CI: 4.35–14.71, P < 0.001), (control:5.83 mmHg, 95% CI:
2.33–9.32, P = 0.002; Tables 4 and 5).

Discussion
The main source of dietary sodium is salt, and because 90% of dietary salt is excreted via the kidneys, 24hUNa remains the most accurate indicator of
dietary salt intake [28]. As our results revealed, 24hUNa decreased signi�cantly after salt intake restriction, whereas it increased after the fourth week;
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however, the 24hUNa at all stages after the intervention was lower than at baseline. The 24hUK level of the intervention group increased after intervention
possibly because of the KCl in the 52% sodium-limited formula salt and the potassium enrichment in the DASH diet [17]. Our study also revealed that the
Na+/K+ ratio decreased after intervention. MAU predicts renal and cardiovascular complications in patients with diabetes, and short-term treatment-induced
reductions in MAU are associated with long-term renal and cardiovascular protection in diabetes [29, 30]. Epidemiological studies have identi�ed a direct
association between salt intake and MAU [31]. Lowering salt intake reduces MAU excretion in several populations; in addition, MAU is an important marker of
not only CVD but also diabetic kidney disease [32–35]. A randomized controlled trial involving 169 individuals with mildly hypertension demonstrated that a
reduction in salt intake by 3 g/day lowered 24-hour urinary albumin by 11% [36]. In Black patients with hypertension, reducing salt intake by 5 g lowered 24-
hour urinary protein by 19% [37]. Our results showed that MAU and UACR decreased after salt intake restriction but increased after the fourth week. The
increased levels of 24hUNa, MAU, and UACR after the fourth week (compared to the levels at the end of the intervention) may be related to our semiopen trial
after 2 weeks of centralized feeding in the hospital, in which we strictly controlled the participants’ diet according to the DASH dietary pattern and salt
restriction requirements. Perhaps patients did not control their diet during weeks 5–8 (home phase). Therefore, we preferred to conduct a short-term study
under close supervision of patients to better control their diet in the future. Furthermore, the overall levels of these biochemical indices may be greatly
affected by the indicators of some participants because of the small sample size. In both patients with type II diabetes and the general population, recent
studies have demonstrated an association between low 24hUNa and higher risks of cardiovascular and all-cause mortality [38–40]. On the basis of these
studies, the Institute of Medicine has cautioned against reducing dietary salt intake to less than 65 mmol/day in high-risk populations [41].

Cardiovascular and renal diseases are well-recognized complications of diabetes [42], and hypertension is a leading modi�able risk factor [3, 44]. Although
salt restriction is generally reported to be crucial for BP control, it is also valuable for reducing cardiovascular events in patients with diabetes [45].
Hypertension is associated with type II diabetes [46]that prospective cohort studies have demonstrated that a 1-mmHg increase in SBP is associated with a
1–4% increase in the type II diabetes risk [47, 48]. In addition to SBP and DBP, BP has stable and pulsating components, which are determined by different
physiological characteristics of the heart and vascular system and have different correlations with cardiovascular outcomes. MAP re�ects the stable
component of BP; it is mainly determined by cardiac output and systemic vascular resistance and is regulated by small artery and arteriolar tone [49]. In one
study, MAP was more effective than SBP or DBP in predicting mortality in patients with CVDs, including stroke and ischemic heart disease [50, 51]. PP
represents the pulsating component of BP and largely depends on cardiac volume and stiffness of the great arteries [49, 52]. PP has been identi�ed to
predict coronary heart disease risk, and in some cases, better than SBP and DBP, especially in older adults [53, 54]. Our results showed that modest salt
restriction combined with the CM-DASH diet improved MAP and PP, but the difference between the two groups was not statistically signi�cant. The original
DASH-Sodium feeding study lowered BP at 4 weeks, but no evidence of a plateau was highlighted, suggesting that the full effect of sodium reduction may
not have been realized by 4 weeks. By contrast, the DASH diet reduced BP within a week in the intervention group compared with in the control group, and
the effect seemed to plateau. The minimum length of time required to observe the full effect of sodium reduction on BP should be the subject of future
research [55]. In our study, the MAP and PP of the intervention group were both at minimum levels during the fourth week, whereas the MAP and PP of the
control group were at minimum levels during the fourth and �fth week, respectively. This �nding suggests that centralized feeding may be more bene�cial to
BP management than a home-based diet because the centralized feeding approach has fewer confounding factors. No signi�cant difference was observed
in the improvement of MAP and PP between the two groups, probably because of the small sample size, short intervention time, and the reduction in sodium
content of 52% sodium limited formula salt is limited.

The rapid increase in risk factors for chronic diseases is attributable to changes in dietary habits, increased engagement in unhealthy behaviors, and
increased pollution, all of which are due to rapid urbanization. This increase has been particularly pronounced among low-income groups and migrant
populations [56]. Excessive salt intake is currently the foremost universal risk factor for controllable chronic disease. The World Health Organization currently
recommends that adults should not consume more than 5 g/day [57]. However, the average daily salt intake in most countries exceeds this recommendation
[58]. In our study, baseline salt intake of the interventional and control groups was respectively 9.00 ± 2.51 g/day and 8.88 ± 3.08 g/day. Excessive salt intake
is associated with several health risks that result in millions of premature deaths each year; for example, hypertension causes approximately 9.4 million
deaths annually [59]. Reducing salt intake is a practical measure that can save lives, prevent related diseases, and reduce health care costs for individuals
and governments [60]. The overall goal is to reduce the average salt consumption worldwide by 30% by 2025 [61]. To this end, in 2016, the World Health
Organization recommended the SHAKE plan for successful salt reduction (S, surveillance; H, harness industry; A, adopt standards for labeling and marketing;
K, knowledge; E, environment). In this study, we achieved salt reduction within a short period. Effective measures for reducing salt consumption include
promoting the use of low-sodium salt substitutes, measuring and monitoring salt intake, identifying dietary sources of salt, collecting relevant consumer
habits, and providing a healthy eating environment through a modest salt reduction and the CM-DASH diet. Because of safety and accessibility, we
recommend the use of condiments with a low sodium content. Studies have shown that 18% sodium-limited formula salt (NaCl: 18%, KCl: 35%) not only
confers BP control and safety but also can reduce the use of antihypertensive drugs to a certain extent [62]. Further changes in salt consumption habits
require a broad range of strategies, including government policies, improving the availability and accessibility low-salt products, promoting healthy eating
environments, employing health education to inform people about the dangers of excessive salt, and monitoring consumer knowledge and attitudes about
salt. Salt reduction interventions in the United Kingdom cost £15 million and resulted in a 6,000-person reduction in cardiovascular deaths, saving the United
Kingdom £1.5 billion a year [63]. Interventions to reduce salt overconsumption in China may also yield considerable health bene�ts at a low cost.Our study
showed that a modest reduction in salt intake combined with the CM-DASH diet can achieve both recommended levels of salt intake and the control of BP in
hypertensive patients with type II diabetes, thereby reducing the risk of complications. In the context of safety and accessibility, we recommend the use of
condiments with low sodium content, such as 23% sodium-limited formula salt (NaCl: 23%, KCl: 56%), and the e�cacy of this approach will be further
investigated in subsequent studies. We also recommend promoting the use of healthy low-salt-consumption environments in communities, hospitals,
schools, and workplaces to maximize the proven bene�ts.

Conclusion
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A modest reduction in salt intake combined with the CM-DASH diet for hypertensive patients with type II diabetes can achieve salt reduction within a short
period. Before and after the individual comparisons, sodium and potassium intake, MAU, MAP, and PP were improved, but no statistically signi�cant
difference was observed between the two groups. The centralized feeding arrangement, which provides a healthy low-salt consumption environment, seems
to be more bene�cial than the home-based eating arrangement was. We therefore recommend the application and promotion of this healthy low-salt diet
arrangement. The salt-reduction effect observed in this study needs to be further investigated with an extended follow-up period.
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CM-DASH
Chinese Modi�ed Dietary Approaches to Stop Hypertension;MAP mean arterial pressure PP pulse pressure MAU urine microalbumin UACR:urinary
microalbumin-to-creatinine ratio;CVD:cardiovascular disease; BP:blood pressure; SBP:systolic blood pressure;DBP:diastolic blood pressure;BMI:body mass
index;FBG:fasting blood glucose;24hUNa:24-hour urinary sodium;24hUK:24-hour urine potassium;SHAKE:S, surveillance; H, harness industry; A, adopt
standards for labeling and marketing; K, knowledge; E, environment.
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Tables
Table 1. Baseline Characteristics 

Variable name  Intervention group  Control group  P- value*
Age, y 70.00±4.24 68.03±3.82 0.067a
Male, No. (%) 11(36.7) 14(48.3) 0.367b
Han nationality, No. (%) 30(100.0) 29(100.0) -
Occupation, No. (%):
farmer
Freelancer
retirement
others

 
2(6.7)
1(3.3)
24(80.0)
3(10.0)

 
2(6.9)
1(3.4)
25(86.2)
1(3.4)

 
 
0.923c

Education attainment, No. (%):
college/University
senior or technical school 
junior school
primary school or below

 
2(6.7)
5(16.7)
14(46.7)
9(30.0)

 
5(17.2)
4(13.8)
16(55.2)
4(13.8)

 
 
0.368c

Never tried DASH, No.(%) 30(100.0) 29(100) -
Salt eating, No.(%):
little
normal
salty

 
13(43.3)
14(46.7)
3(10.0)

 
9(31.0)
18(60.0)
2(6.9)

 
0.572c

Smoking, No. (%) 3 10 6( 20.69) 0.436c
Drinking, No. (%) 1 3.33 2( 6.90) 0.976c
Waist circumference,cm 84.80±8.47 84.86±6.49 0.975a
Hip circumference,cm 92.13±5.59 92.48±5.70 0.813a
WHR 0.92±0.05 0.92±0.04 0.914a
Height,cm 156.91±8.51 157.61±7.89 0.744a
Weight,kg 62.34±8.54 62.67±7.40 0.875a
BMI,kg/m 2 25.33±3.08 25.19±1.99 0.832a
SBP,mmHg 139.72±15.98 134.79±15.24 0.231a
DBP,mmHg 79.07±8.89 79.95±8.45 0.698a  
Pulse 91.53±15.95 85.72±15.98 0.168a
FBG,mmol/L 8.65(6.90,10.18) 7.00(5.90,9.95) 0.077d

a:Independent-samples t test.
b:Pearson’s chi-square test.
c:Continuous correction chi-square test.
d:Independent-samples Mann–Whitney U test.

 
 

Table 2. Changes in Salt Intake From Baseline During the Study
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Week Intervention Group Control Group
Salt Intake Change P Value Salt Intake Change P Value

Baseline 9.00±2.51 - - 8.88±3.08 - -
1 4.74±1.95 4.26(3.06,5.46) <0.001 4.68±1.02 4.20(2.87,5.53) <0.001
2 4.54±1.14 4.46(3.45,5.47) <0.001 4.79±0.79 4.08(2.81,5.36) <0.001
3 5.00±0.00 4.00(3.06,4.94) <0.001 5.00±0.00 3.88(2.71,5.04) <0.001
4 5.00±0.00 4.00(3.06,4.94) <0.001 5.00±0.00 3.88(2.71,5.04) <0.001
5 4.60±1.37 4.39(3.33,5.46) <0.001 4.58±2.07 4.29(2.91,5.67) <0.001
6 4.92±1.62 4.08(2.99,5.18) <0.001 4.32±1.06 4.56(3.33,5.79) <0.001
7 4.75±1.50 4.25(3.26,5.24) <0.001 4.39±0.99 4.48(3.25,5.71) <0.001
8 4.93±1.88 4.07(3.06,5.08) <0.001 4.66±1.35 4.22(2.90,5.53) <0.001

 
 
Table 3. Changes of Urine Test Results During the Study

  Intervention Group Control Group
Observation index Baseline Week 4 Final P-value* Baseline Week 4 Final P-

value*
Sodium (mmol/24 h) 153.95±43.01 104.66±30.96 130.54±52.97 <0.001a 151.87±52.62 124.25±43.69 134.04±55.80 0.027b
Potassium(mmol/24 h) 43.75±18.27 44.38±16.08 55.25±24.73 0.020c 44.71±17.12 41.80±12.04 45.49±19.89 0.306
Na + /K + ratio 3.75 2.80,5.06 2.48 1.84,3.07 2.37 1.84,3.35 <0.001d 3.60 2.58,4.55 3.13 2.30,3.83 3.00 2.07,4.07 0.227
MAU mg/L 34.5(9.93,89.03) 7.9(3.7,36.7) 52.55(16.2,81.0) <0.001e 18.9(10.6,73.5) 11.3(5.45,33.0) 50.30(20.80,89.95) 0.053
Creatinine mmol/L 13.44±6.71 11.04±5.61 10.93±7.85 0.106 13.53±6.95 11.26±5.29 10.18±4.60 0.013f
UACR mg/mmol 3.25(0.97,7.81) 1.08(0.46,2.74) 5.61(1.94,8.35) <0.001g 1.54(1.07,3.62) 1.15(0.68,3.03) 5.40(1.37,9.92) 0.005h

a Baseline vs Week 4 (P<0.001); Baseline vs Final(P=0.015 ; Week 4 vs Final(P =0.006) 
b Baseline vs Week 4  P=0.015  
c: Baseline vs Final(P=0.028); Week 4 vs Final(P=0.018 )  
d: Baseline vs Week 4 (P<0.001); Baseline vs Final(P=0.001
e: Baseline vs Week 4 (P=0.035); Week 4 vs Final(P <0.001 )  
f: Baseline vs Week 4 (P=0.036) ;Baseline vs Final (P=0.018) 
g:Baseline vs Week 4 (P=0.017); Week 4 vs Final(P <0.001) 
h: Baseline vs Final(P=0.017); Week 4 vs Final(P =0.017)

 
Table 4. Changes in MAP From Baseline During the Study

 
Week

 
Intervention Group

 
Control Group

 

 
Differences Between Groups

 
MAP Change P Value MAP Change P Value Difference of change P Value

Baseline 99.28±9.89 - - 98.23±9.96 - - 1.05(-4.12,6.23) 0.685

1 90.39±8.12 8.89(6.30,11.48) <0.001 92.32±9.78 5.91(3.29,8.54) <0.001 -2.98(-6.58,0.63) 0.104
2 92.16±9.09 7.12(3.89,10.35 <0.001 94.32±11.74 3.91(0.58,7.24) 0.023 -3.21(-7.75,1.33) 0.162
3 90.36±10.42 8.92(5.85,12.00) <0.001 91.93±9.76 6.30(2.50,10.10) 0.002 -2.62(-7.39,2.14) 0.275
4 88.16±8.63 11.13(8.12,14.14) <0.001 90.65±7.23 7.58(4.25,10.91) <0.001 -3.55(-7.93,0.83) 0.111
5 90.53±7.17 8.75(6.00,11.50) <0.001 90.02±7.51 8.21(5.12,11.31) <0.001 -0.54(-4.58,3.51) 0.792
6 89.53±8.47 9.75(7.04,12.47) <0.001 91.41±7.21 6.82(3.58,10.05) <0.001 -2.94(-7.06,1.18) 0.159
7 89.68±7.89 9.60(7.23,11.96) <0.001 91.47±7.37 6.76(4.24,9.28) <0.001 -2.84(-6.22,0.54) 0.098
8 90.22±7.16 9.06(6.69,11.43) <0.001 91.07±7.97 7.16(4.03,10.28) <0.001 -1.90(-5.72,1.91) 0.322

 
 
Table 5. Changes in PP From Baseline During the Study

 
Week

 
Intervention Group

 
Control Group

 
Differences Between Groups

PP Change P Value PP Change P Value Difference of change P Value
Baseline 60.65±13.41 - - 54.85±10.75 - - 5.81(-0.54,12.15) 0.072

1 55.73±9.95 4.92(0.41,9.43) 0.034 52.98±10.39 1.86(-1.03,4.75) 0.198 3.05(-2.23,8.34) 0.252
2 56.58±10.04 4.07(-1.28,9.41) 0.130 53.36±10.25 1.48(-1.66,4.63) 0.343 2.58(-3.54,8.70) 0.401
3 52.53±10.92 8.12(2.44,13.79) 0.007 50.64±8.76 4.21(1.05,7.36) 0.011 3.91(-2.50,10.32) 0.227
4 51.12±9.99 9.53(4.35,14.71) 0.001 49.02±9.65 5.83(2.33,9.32) 0.002 3.71(-2.45,9.86) 0.233
5 53.12±8.39 7.53(3.02,12.05) 0.002 49.86±8.03 4.98(1.72,8.24) 0.004 2.55(-2.93,9.22) 0.355
6 53.00±9.92 7.65(2.76,12.54) 0.003 50.69±8.39 4.16(1.02,7.29) 0.011 3.49(-2.23,9.22) 0.227
7 54.82±10.41 5.83(1.03,10.64) 0.019 51.22±8.95 3.62(0.34,6.90) 0.032 2.21(-3.52,7.95) 0.443
8 52.68±9.54 7.97(3.05,12.88) 0.002 49.10±9.37 5.74(2.55,8.94) 0.001 2.23(-3.53,7.98) 0.441
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