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Associations Between Salt- Restriction 
Spoons and Long- Term Changes in Urinary 
Na+/K+ Ratios and Blood Pressure: Findings 
From a Population- Based Cohort
Lei Hou, PhD*; Xiaolei Guo, MD*; Jiyu Zhang, MD*; Xi Chen, MD; Liuxia Yan, MD; Xiaoning Cai, MD;  
Junli Tang, MD; Chunxiao Xu, PhD; Baohua Wang, MD; Jing Wu , PhD; Jixiang Ma, PhD; Aiqiang Xu, PhD

BACKGROUND: There have been few studies on the relationship between long- term changes in sodium intake and blood pres-
sure. A method of reducing sodium intake in a population that is known for high- sodium intake based on homemade cooking 
is also needed.

METHODS AND RESULTS: Our study was based on a baseline survey of 15 350 individuals aged 18 to 69 years with multistage 
random sampling and a 3- year salt- restriction campaign across Shandong Province, China. We included 339 individuals from 
six districts/counties in this cohort study, and the 24- hour urinary sodium- potassium ratio (Na+/K+) served as an indicator of 
sodium intake. The average change in ratio was 2.39 (95% CI, 2.17–2.61) from 6.81 (95% CI, 6.41–7.21) at baseline to 4.41 
(95% CI, 4.18–4.64) during the resurvey. Following a reduction from low to high quartiles of urinary Na+/K+ ratio, the average 
increases were 10.9 (95% CI, 8.9–12.9), 9.2 (95% CI, 6.9–11.5), 6.3 (95% CI, 4.0–8.6), and 5.3 (95% CI, 2.9–7.7) mm Hg for 
systolic blood pressure (P for trend=0.019) and 3.8 (95% CI, 2.4–5.2), 2.9 (95% CI, 1.7–4.2), 1.6 (95% CI, 0.4–2.8), and −0.3 
(95% CI, −1.4–0.8) mm Hg for diastolic blood pressure (P for trend=0.002), respectively. A reduction in salt intake was evident 
for people using a 2- g salt- restriction spoon for cooking (−3.49 versus −2.22; P=0.027) after adjustment of confounding fac-
tors, compared with nonusers. Similar findings were obtained for other salt- restriction spoon–based indicators.

CONCLUSIONS: Our study indicated that using a salt- restriction spoon for cooking was associated with reduced salt intake that 
led to a blunting of blood pressure deterioration. This finding further supports the salt- restriction spoon–based strategy for 
people whose primary salt intake is from homemade cooking.
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A high- sodium diet is well known as an import-
ant risk factor for hypertension, contributing to 
1.65  million deaths from cardiovascular events 

worldwide in 2010.1 Population- based salt restriction 
has been implemented in many countries such as the 
United Kingdom,2 United States,3 Canada,4 and China.5 
However, studies with flawed methodologies such as 

the PURE (Prospective Urban Rural Epidemiology) 
study, the Health ABC (Health, Aging, and Body 
Composition) study, and a meta- analysis have gen-
erated controversy and cast doubt on current salt- 
restriction campaigns.6–11

The World Health Organization recommends a 30% 
reduction in salt intake by 2025, with an eventual target 

Correspondence to: Jing Wu, PhD, National Center for Chronic and Noncommunicable Disease Control and Prevention, Chinese Center for Disease Control 
and Prevention, 27 Nanwei Road, Xicheng District, Beijing 100050, China. E-mail: wujing@chinacdc.cn and Jixiang Ma, PhD, Chinese Center for Disease 
Control and Prevention, 155 Changbai Rd, 102206 Beijing, China. E-mail: majix@163.com 

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.119.014897

*Dr Hou, Dr Guo, and Dr Zhang share first authorship.

For Sources of Funding and Disclosures, see page 9.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley.  This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-3519-0839
mailto:wujing@chinacdc.cn
mailto:majix@163.com
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.014897
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2020;9:e014897. DOI: 10.1161/JAHA.119.014897 2

Hou et al Salt Spoon, Na+/K+ Ratio, and Blood Pressure

of <5  g/d worldwide.12 However, this target remains 
challenging for people with traditionally high- sodium 
diets. Situations in the real world are far more com-
plicated than those in the ideal context of randomized 
controlled trials, which impose relatively short- term 
effects of salt restriction upon hypertension.6,13,14 
Furthermore, evidence from industrialized countries 
such as the United Kingdom shows that salt- restriction 
strategies have mainly focused on reducing salt in 
packaged and processed food, which has resulted in 
a 15% reduction in the average salt intake of the popu-
lation within 7 years.2 However, in many countries such 
as China, 76% of dietary sodium is derived from salt 
added to home- cooked meals, which is dramatically 
different from Western countries such as the United 
Kingdom, where processed foods contribute to as 

much as 95% of sodium intake.15 Therefore, the salt- 
restriction strategies from industrialized countries are 
likely not suitable for Chinese people and other popu-
lations with similar dietary cultures.

Salt- restriction spoons have been extensively used in 
population- based salt- reduction campaigns such as the 
Shandong Ministry of Health Action on Salt Reduction 
and Hypertension (SMASH) in China. However, a ran-
domized community intervention study failed to find 
an association between using a salt- restriction spoon 
and reduction in 24- hour urinary sodium levels.16 Thus, 
the use of salt- restriction spoons is not listed in the 
Hypertension Management Section of the National 
Primary Public Health Services of China, which cur-
rently includes around 100 million patients with hyper-
tension.17 A 24- hour urinary Na+/K+ ratio, rather than the 
24- hour urinary sodium or potassium excretion rates, 
is most closely associated with blood pressure (BP).18 
Moreover, encouraging potassium intake, such as con-
sumption of fruits, vegetables, and potassium- enriched 
salt, was here considered an important piece of health 
knowledge to disseminate to the public as part of the 
SMASH project. For this reason, isolated concentration 
of sodium or potassium could not actually reflect the 
effects of this comprehensive intervention.

Nevertheless, no investigations on the association 
of long- term changes in both salt intake and BP have 
been performed to date, and it is also unclear whether 
salt- restriction spoons for cooking may serve as a 
link between reduced salt intake and BP. Therefore, 
the purpose of the current study was to investigate 
the association between long- term changes in salt 
intake, which was indicated by the 24- hour urinary 
Na+/K+ ratio, and BP and salt- related indicators in a 
population- based cohort.

SUBJECTS AND METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
This study was based on the SMASH project, which in-
cludes the entire population of Shandong Province (ap-
proximately 96 million people) in China.5 The SMASH 
baseline survey, which used staged- cluster sam-
pling, was conducted in June and July 2011. Figure 1 
shows that of a total of 140 districts/counties across 
Shandong, 20 were randomly sampled, using propor-
tional probability sampling, of which 48 communities 
and 108 villages from these 20 districts/counties were 
used for sampling participants at baseline conditions. 
According to the study guidelines, 100 individuals were 
randomly selected from a detailed list of names from 

CLINICAL PERSPECTIVE

What Is New?
• This study provides the first evidence indicating 

an association between long-term changes in 
24-hour urinary Na+/K+ ratios and blood pres-
sure in a real-world population.

• This study is also the first to indicate that the use 
of a salt-restriction spoon may be an important 
strategy for population-based salt reduction for 
blunting blood pressure deterioration.

What Are the Clinical Implications?
• Studies with flawed methodologies have gen-

erated controversy and cast doubt on current 
salt-restriction campaigns, but this study lends 
a support to an etiological relationship between 
salt intake and blood pressure in a large-scale 
background population that receives policy-
based salt-restriction interventions.

• This study suggests the use of a salt-restriction 
spoon–based strategy in countries in which 
there is a dietary culture of high sodium intake 
mainly from salt added to home-cooked foods.
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each unit, and 15  350 individuals (18–69  years old) 
were finally recruited into the baseline survey. Of these 
individuals, 24- hour urine samples were randomly 

collected from 2 184 individuals. Among 20 districts/
counties, we randomly selected 2 districts and 4 coun-
ties (Figure  2) in which 661 individuals had qualified 

Figure 1. Flowchart for recruitment of subjects.



J Am Heart Assoc. 2020;9:e014897. DOI: 10.1161/JAHA.119.014897 4

Hou et al Salt Spoon, Na+/K+ Ratio, and Blood Pressure

24- hour urine collected. In October and November 
2014, we resurveyed 339 of 661 individuals and ob-
tained their complete data including qualified 24- hour 
urine. The baseline characteristics of these 339 indi-
viduals and the total population of 15 350 people are 
shown in Table  1. Overall, the resurveyed individuals 
were generally similar to the background population 
with regard to baseline characteristics such as sex, 
smoking, BP, hypertension, and body mass index 
(kg/m2) despite being older and having lower levels 
of education. None of the cohort population at base-
line had taken any antihypertensive medicines within 
the previous 2 weeks, and in the resurvey we found 
that 28 individuals took this medicine within 2 weeks 
of follow- up. This study received ethical approval from 
the Ethics Review Committee of the National Center for 
Chronic and Noncommunicable Disease Control and 
Prevention, the Chinese Center for Disease Control 
and Prevention. All participants received information 
on the study and provided written informed consent 
to participate.

Acquisition of Salt- Intake Data
A face- to- face interview was conducted to complete a 
standardized questionnaire with trained public health 
professionals at baseline and follow- up. In summary, 
participants were required to answer questions re-
garding their knowledge, attitude, and behavior on salt 
reduction such as using a salt- restriction spoon for 
cooking and the use of low- sodium salt. Additional de-
tails regarding this questionnaire have been described 
elsewhere.19

Measurements of Urinary Na+/K+ Ratios 
and Blood Pressure
Timed urine samples were obtained over at least a 
24- hours period after discarding urine obtained im-
mediately before the collection period. Then, a 20- mL 

aliquot of mixed urine was stored at −20°C. Urinary so-
dium, potassium, and creatinine concentrations were 
measured, and the 24- hour urinary Na+/K+ ratio (mmol/
mmol) was calculated from the urinary electrolyte con-
centration measured with an ion selective electrode 
method (AU5800, Beckman Coulter, USA). Individuals 
with urinary creatinine levels of ≤6  mmol/d or less, 
together with a urine volume of <300  mL/d, were 
excluded from the study. Trained researchers meas-
ured BP in the morning fasting in a quiet room using 
a validated automatic BP monitor (HEM- 7071, Omron 
Corporation, Kyoto, Japan) with an appropriately sized 
cuff. After participants had rested for at least 5 min-
utes, 3 readings were taken in the left upper arm at 
1- minute intervals with the participants in the sitting 
position and the arm supported at heart level. Systolic 
and diastolic BPs were obtained from the mean values 
of 3 BP readings.

Definitions Related to This Study
In the SMASH project, the public across Shandong 
Province were promoted to follow commendations 
from the Chinese Nutrition Society, that is, salt intake 
<6 g/person per day as determined using a measuring 
spoon (2, 3, or 6 g salt per spoon) when preparing food. 
We defined normal, high normal, and hypertension at 
baseline as systolic BP (SBP) <120 mm Hg and dias-
tolic BP (DBP) <80 mm Hg, SBP=120 to 139 mm Hg 
or DBP=80 to 89 mm Hg, and SBP ≥140 mm Hg or 
DBP ≥90 mm Hg, respectively.20 Diabetes mellitus was 
defined as a fasting plasma glucose ≥7.0 mmol/L or 
the use of hypoglycemic medications within the past 
2  weeks. Also, we calculated body mass index ac-
cording to height and body weight.

Statistical Analysis
For practice, ratio decrease for quartiles 1 to 4 of Na+/
K+ were approximately defined as <0, 0 to 1.9, 2.0 to 
3.9, and ≥4.0. We used a paired Student’s t test for ex-
amining intraindividual differences in Na+/K+ ratio dur-
ing the 3- year implementation of the SMASH project. 
We employed an ANCOVA for comparing a change 
in the Na+/K+ ratio and BP within 3  years among 
groups and subgroups taking antihypertensive drugs 
of follow- ups and baseline BP stages; the dependent 
and independent variables in the ANCOVA model were 
the change in the Na+/K+ ratio or BP and grouping 
variables studied, respectively. Finally, we used a mul-
tiple linear regression with a quantitative Na+/K+ ratio 
change as independent variable for conducting a trend 
test after adjustments for confounding factors such as 
sex, age, education, smoking, alcohol intake, body 
mass index, baseline diabetes mellitus history, and use 
of antihypertensive drugs at follow- up (if applicable). All 
analyses were performed using the SAS 9.2 statistical 

Figure 2. Distribution of areas and population.
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software package (SAS Institute, Cary, NC, USA). All 
P values were 2- sided except for the P- trend tests, in 
which 1- sided P values were used. A P value <0.05 
was considered statistically significant.

RESULTS
Compared with the baseline measurements, the uri-
nary Na+/K+ ratio in the analyzed population decreased 
by 32.2% (interquartile range, 5.0%–54.3%); the aver-
age change in ratio was 2.39 (95% CI, 2.17–2.61) from 
6.81 (95% CI, 6.41–7.21) at baseline to 4.41 (95% CI, 
4.18–4.64) during the resurvey. This finding was highly 
consistent in all subgroups with different baseline char-
acteristics (Table S1), but this reduction was relatively 
small in people who were 40 to 59 years old. Individuals 
with a higher baseline BP category showed a greater 
reduction in Na+/K+ ratio (P for trend <0.001). Despite 
a decrease in Na+/K+ ratio, an overall increase in BP 
over time was observed; however, this BP change was 
reversely associated with a change of Na+/K+ ratio after 
adjustment for confounders (Table 2). Specifically, the 
average increases were 10.9 (95% CI, 8.9–12.9), 9.2 
(95% CI, 6.9–11.5), 6.3 (95% CI, 4.0–8.6), and 5.3 (95% 
CI, 2.9–7.7) mm Hg for systolic BP and 3.8 (95% CI, 
2.4–5.2), 2.9 (95% CI, 1.7–4.2), 1.6 (95% CI, 0.4–2.8), 
and −0.3 (95% CI, −1.4–0.8) mm Hg for diastolic BP, 
following a reduction from low to high quartiles in Na+/
K+ ratio, <0, 0 to 1.9, 2.0 to 3.9, and ≥4.0, within these 
3  years, respectively. The decreasing trends of BP 

increases associated with salt reduction, as shown in 
Figure 3A, were statistically significant for both SBP (P 
for trend=0.019) and DBP (P for trend=0.002); this as-
sociation was consistent in individuals who did or did 
not take antihypertensive medicine within 2 weeks of 
follow- up and especially evident in individuals with high 
baseline BP (Figure 3B through 3E). Of note, compared 
with individuals who exhibited no reduction in the Na+/
K+ ratio (ie, the lowest quartile), a reduction in the Na+/
K+ ratio of ≥2 (ie, the second- highest quartile) led to 
a reduced BP increase by 42.2% for SBP and 57.9% 
for DBP; this effect was 51.4% for SBP, and there was 
no increase in DBP in individuals with a reduction in 
the Na+/K+ ratio of >4 (ie, the highest quartile). A total 
of 29.5% of our study population reached 50% of re-
duction in Na+/K+ ratio and, following this reduction, 
obtained a large blunting of BP deterioration.

We further observed factors associated with a 
reduction in urinary Na+/K+ ratio. Table 3 shows that 
in the study population, individuals answering “Yes” to 
any indicator related to salt reduction had significantly 
higher Na+/K+ ratios during the resurvey compared with 
baseline. In terms of knowledge level, the percentage 
of individuals receiving knowledge from publicity 
campaigns increased from 34.0% in 2011 to 50.7% 
in 2014 through the implementation of this project. 
Compared with 2.4% and 12.7% at baseline, 18.0% 
and 33.5% of individuals, respectively, knew about 
use of a salt- restriction spoon during cooking and 
were familiar with low- sodium salt in the resurvey. For 
behaviors, when comparing the resurvey to baseline, 
more individuals used less cooking salt (46.9% versus 
15.3%, respectively). In particular, the percentages of 
those using a salt- restriction spoon and low- sodium 
salt changed from a much lower level (both 3.2%) to 
22.7% and 25.1%, respectively. These indicators of 
knowledge and behavior were partly translated to a 
reduction in the Na+/K+ ratio.

We found that some indicators of a salt- restriction 
spoon were associated with a reduction in the Na+/K+ 
ratio. For example, although the baseline mean Na+/
K+ ratio was non- statistically higher among the groups 
using the salt- restriction spoon approach in compari-
son to non- users (7.4, 7.9, 7.3, 7.1, and 6.6 for all users, 
users with 2- g, 3- g, and 6- g spoon, and nonusers, 
respectively), individuals using a 2- g salt- restriction 
spoon had a significantly greater reduction in the Na+/
K+ ratio compared with those reporting no use of any 
salt- restriction spoon (−3.49 versus −2.22; P=0.027) 
after adjustment of confounders, and this resulted in 
an overall marginal effect for using any salt- restriction 
spoon (−3.05 versus −2.22; P=0.053). Combining 
knowledge with behaviors was substantial for salt- 
restriction spoons. Compared with the controls, those 
aware of the use of salt- restriction spoons obtained 
a greater reduction in Na+/K+ ratios using the spoon 

Table 1. Comparison of Baseline Characteristics Between 
the Study and Background Population

Resurveyed (n=339) Total (n=15 350)

Women, % 50.4 50.0

Age, y 43.6 (14.0) 41.4 (14.1)

Rural people, % 63.4 68.7

Middle school or higher, %

Primary school or 
lower

41.4 33.5

Middle school 39.1 43.2

High school 13.0 15.5

College or higher 6.5 7.8

Smoking, % 26.6 26.7

Alcohol intake, % 35.5 39.5

BMI, kg/m2 24.8 (3.7) 24.4 (4.0)

Systolic BP, mm Hg 124.4 (19.7) 121.5 (18.6)

Diastolic BP, mm Hg 79.9 (11.0) 79.2 (11.7)

Hypertension, % 21.2 23.7

Diabetes mellitus, % 5.6 2.8

Data of age, BMI, and BP are means (standard deviations). BMI indicates 
body mass index; and BP, blood pressure.
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(−3.39 versus −2.20; P=0.022) or using less cooking 
salt (−3.41 versus −2.23; P=0.038). Contrary to the 
results of salt- restriction spoons, we did not observe 
an association between using low- sodium salt and the 
Na+/K+ ratio.

DISCUSSION
To the best of our knowledge, this study provides the 
first evidence indicating an association between long- 
term changes in 24- hour urinary Na+/K+ ratios and BP 
in a real- world population. This study is also the first to 

indicate that the use of a salt- restriction spoon may be 
an important strategy for population- based salt reduc-
tion for blunting BP deterioration.

Although the Health ABC (Health, Aging, and 
Body Composition) study and the PURE study have 
resulted in controversies on the association of salt 
intake with hypertension and cardiovascular risk,8,9 
the present study indicated that a reduction in the 24- 
hour urinary Na+/K+ ratio attributable to salt restriction 
resulted in a blunted deterioration of BP. Our study 
differs in many ways from previous studies. For ex-
ample, our findings on the association between the 

Figure 3. Relationship between changes in 24- hours urinary Na+/K+ ratio and BP within 3 years.
A, Overall trend for the increase in BP and decrease in the 24- hour urinary Na+/K+ ratio. B and C, Trend for the increase in BP and decrease 
in the 24- hour urinary Na+/K+ ratio in individuals with antihypertensive medications at the re- survey or not. D and E, Increase in BP and 
decrease in the 24- hour urinary Na+/K+ ratio in each BP category. Multiple linear regression models (stepwise method) were employed with 
BP increase as dependent variable and Na+/K+ ratio as continuous independent variable after the adjustment for age, sex, education level, 
smoking, body mass index, and diabetes mellitus at baseline, as well as the use of antihypertensive medications within the past 2 weeks 
at the resurvey (if applicable). BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.

A B

D E

C

24-h urinary Na+/K+ ratio reduction 

A, B, and C D and E

Table 2. Relationship Between Changes in the 24- Hour Urinary Na+/K+ Ratio and Blood Pressure Within 3 y

Decrease of Na+/K+ Ratio 
(mmol/mmol)

Systolic BP (mm Hg) Diastolic BP (mm Hg)

At. Baseline After 3 y Increase At. Baseline After 3 y Increase

First quartile (73 people) 120.7 (15.5) 131.6 (18.7) 10.9 (8.9–12.9) 77.4 (9.8) 81.2 (11.9) 3.8 (2.4–5.2)

Second quartile (99 people) 125.1 (19.3) 134.4 (20.2) 9.2 (6.9–11.5) 80.2 (10.3) 83.1 (11.9) 2.9 (1.7–4.2)

Third quartile (82 people) 122.8 (22.1) 129.1 (19.7) 6.3 (4.0–8.6) 78.5 (11.3) 80.1 (9.9) 1.6 (0.4–2.8)

Fourth quartile (85 people) 128.4 (20.6) 133.7 (20.5) 5.3 (2.9–7.7) 83.5 (11.9) 83.2 (10.0) −0.3 (−1.4–0.8)

P for trend* … … 0.023 … … 0.001

Total (339 people) 124.5 (16.4) 132.3 (19.9) 7.9 (21.1) 79.9 (11.0) 82.0 (11.0) 2.0 (11.5)

Quartiles 1–4 of Na+/K+ ratio decrease were defined as <0, 0–1.9, 2.0–3.9, and ≥4.0. An increase of BP after 3 years compared with baseline BP was a 
mean of BP changes within the study duration for each person. Data are means (standard deviations) unless an increase indicated by means with 95% CIs. BP 
indicates blood pressure.

*Adjusted for sex, age, education, smoking, alcohol intake, body mass index, and diabetes mellitus at baseline.
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24- hour urinary Na+/K+ ratio and BP were obtained in 
the context of salt- reduction intervention, which was 
applied to nearly 100 million people in the Shandong 
Province. Moreover, the association we observed was 
between changes over time in both salt intake and BP 
in the real world. We found that a large proportion of 
the population could obtain a substantial reduction in 
the 24- hour urinary Na+/K+ ratio within 3  years, and 
thereafter, a significant blunting of BP deterioration 
despite increasing age and use of drugs. This long- 
term and practical BP improvement should be com-
pared with a meta- analysis based on short- term and 
idealistic randomized controlled trials, although there 
was a greater effect associated with higher- baseline 
BP in these 2 studies.21 Nevertheless, our results pro-
vide new evidence for supporting an etiological rela-
tionship between salt intake and BP in a large- scale 
background population that received policy- based 
salt- restriction interventions.

Our study revealed an effect of a 2- g salt- restriction 
spoon on reducing the 24- hour urinary Na+/K+ ratio. 
This result should be compared with a previous in-
tervention study that was conducted for 6 months.16 
In this previous study, also conducted with Chinese 
community- based people, the use of a 2- g salt- 
restriction spoon reduced daily salt intake as mea-
sured in dietary records (1.42 versus 0.28 g; P<0.001) 
but failed to reduce 24- hour urinary sodium (34.8 ver-
sus 33.7 mmol; P=0.870) when compared with that of 
the intervention or control group. A long- term habit, 
especially in favor of salt, was difficult to change by a 

short- term intervention in the real world, as suggested 
by a systematic review,22 and a reduction of salt added 
in home cooking could receive compensation by the 
addition of condiments such as soy sauce or eating 
other food with salt that was not easy to measure. This 
could also result in the same effect on the 24- hour 
urinary Na+/K+ ratio as that of using low- sodium salt, 
which is usually less salty than normal- sodium salt, 
but was not indicated in our population. In the current 
study, we failed to find an association between using 
salt- restriction spoons and BP. This strengthened 
our knowledge that in this salt- reduction campaign, 
BP benefited from a reduction in salt intake, as mea-
sured via the 24- hour urinary Na+/K+ ratio, following 
the implementation of salt- restriction actions for the 
population.23

Of interest, our study suggests the use of a salt- 
restriction spoon–based strategy in countries in which 
there is a dietary culture of high sodium intake mainly 
from salt added to home- cooked foods. This strategy 
should include the following: public education of the 
influence of salt on health, an increased number of 
families with a salt- restriction spoon, an increased rate 
of using a salt- restriction spoon, and using less cook-
ing salt in combination with the use of a salt- restriction 
spoon. As indicated by the present study, approxi-
mately 50% of the people of Shandong received public 
education related to salt restriction despite mass media 
such as television, broadcasting, Internet, and public- 
service announcements advertising the SMASH proj-
ect during these 3 years.

Table 3. Effect of Methods for Salt Reduction on Sodium Intake

Indicators Related to Methods of Salt 
Reduction

Answer “Yes” (%) in 
15 350 vs 339 People Changes of 24 Urinary Na+/K+ Ratio After 3 y†

At Baseline
After 
3 y*

Answer “Yes” or “No” at the 3- y Follow- Up P Value Between 
“Yes” and “No” 

Groups‡Yes No

Receive knowledge from publicity campaign 34.0 50.7 −2.64 (−3.27 to −2.01) −2.13 (−2.70 to −1.56) 0.155

Knowledge of use of salt- restriction spoon 2.4 18.0 −3.20 (−4.40 to −2.00) −2.22 (−2.66 to −1.78) 0.052

Knowledge of low- sodium salt 12.7 33.5 −2.51 (−3.47 to −1.63) −2.09 (−2.47 to −1.69) 0.131

Use less cooking salt 15.3 46.9 −2.35 (−2.98 to −1.72) −2.43 (−3.01 to −1.85) 0.820

Use salt- restriction spoon 3.2 22.7 −3.05 (−4.14 to −1.96) −2.22 (−2.67 to −1.77) 0.053

2 g 0.9 9.7 −3.49 (−5.31 to −1.67) −2.22 (−2.67 to −1.77) 0.027

3 g 0.9 4.7 −2.66 (−4.62 to −0.70) −2.22 (−2.67 to −1.77) 0.654

6 g 0.9 6.8 −2.70 (−4.51 to −0.89) −2.22 (−2.67 to −1.77) 0.425

Know usage of salt- restriction spoon and 
use it

0 16.5 −3.39 (−4.65 to −2.13) −2.20 (−2.64 to −1.76) 0.022

Know usage of salt- restriction spoon and 
use less cooking salt

0.3 13.6 −3.41 (−4.84 to −1.98) −2.23 (−2.66 to −1.80) 0.038

Use low- sodium salt 3.2 25.1 −2.55 (−3.55 to −1.55) −2.34 (−3.04 to −1.64) 0.467

Change is indicated by means with 95% CIs.
*Grouping indicator.
†All Ps<0.01 for self- comparisons of subgroups within 3 years.
‡Adjusted for sex, age, residence, education, smoking, and alcohol intake.
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In Shandong Province, although residents are eligi-
ble to receive a free salt- restriction spoon with instruc-
tions for its use from healthcare centers and from the 
Centers for Disease Control and Prevention, this has 
not guaranteed that each individual or family will own 
and use this spoon. In our present study, <25% of the 
people used a salt- restriction spoon and <20% under-
stood proper usage. Even so, salt- restriction spoons 
are still recommended as a long- term method of salt 
reduction. As supported by some studies, most people 
who are given salt- restriction spoons do not or cannot 
use them correctly, such that they are not willing to 
abandon their high- sodium diet and fail to observe an 
association between knowledge, attitudes, and behav-
iors toward salt and actual salt consumption indicated 
by 24- hour urinary salt excretion, as suggested by a 
cross- sectional study.23–25 This phenomenon was also 
observed in our present study, in which a lower salt 
intake was observed, particularly in people who under-
stood the use of salt- restriction spoons and practiced 
a low- sodium diet (using salt- restriction spoons, by re-
ducing salt intake, or both).

Our present study implied that this salt- restriction 
strategy was likely more effective on higher baseline 
sodium intake and BP. This is important when adding 
salt restriction to follow- ups for patients with BP cat-
egories of normal- high BP or hypertension receiving 
the National Primary Public Health Services by primary 
healthcare sites, where effective nondrug interventions 
are lacking.26 Despite a practical salt- restriction strat-
egy, we found that its effect on people who were 40 
to 59 years old was minimal, and this was partly ex-
plained by poor compliance with salt restriction and 
outdoor dining of this population. This result also in-
dicated involvement of other salt- restriction strategies, 
such as intervention of the food and catering industry.

The present study has a few specific strengths. This 
study was based on a high- quality design, including 
a multiple- stage random sampling across Shandong, 
which is a typical province of China characterized by 
high- sodium diets.27 Also, this was a long- term cohort 
study in the context of the real world where we not 
only established temporality of the cohort study but 
also observed the dynamic relationship between long- 
term changes in salt intake and BP for up to 3 years. 
Additionally, assessment of salt intake by spot urine 
produced many controversies and criticisms of results, 
but the 24- hour urine collection method in this 3- year 
follow- up study is the gold standard for assessing 
salt intake and means a narrow range of measure-
ments that is remarkably reproducible over at least 5 
decades and across 45 societies and their unique di-
etary practices.28,29 Moreover, the balance of sodium- 
potassium is an overall reflection of the high sodium 
and low potassium intake of Chinese people, and the 
Na+/K+ ratio appears to be more strongly associated 

with BP outcomes than either sodium or potassium 
alone.18 More importantly, before intervention for this 
largest population of the salt- restriction world, Chinese 
people across China, similar to Shandong, had ex-
tremely low rates of use of a salt- restriction spoon and 
a high urinary Na+/K+ ratio of >6. Thus, our results are 
relevant for policy making to reduce future salt con-
sumption in China.

This study also has some potential limitations. First, 
the flow from 15 350 to 339 individuals resulted in se-
lection bias that reduced population representation on 
some indicators such as age, education, and history of 
diabetes mellitus, although there were similar baseline 
characteristics for the analyzed sample and sampled 
population, particularly for our primary indicators, that 
is, using a salt- restriction spoon (15.3% versus 14.6%) 
and the mean 24- hour urinary Na+/K+ ratio (6.81 versus 
6.8).30,31 Second, BP is not determined solely by salt. 
Therefore, we required information on antihypertensive 
drugs at follow- up in spite of no patients using anti-
hypertensive drugs at baseline, but these medications 
unchanged our findings. Also, the resurveyed individu-
als were older and have lower levels of education than 
the background population, and this likely resulted in an 
underestimation of the effect from various exposures 
such as the use of salt- restriction spoons. Third, our 
sample size appeared to be small, but because of ran-
dom sampling and 24- hour urine collection, this sam-
ple could produce more plausible results than some 
large- sample- size studies such as the PURE study, 
which was conducted with a nonrandom sample and 
used spot urine tests.6,9 Fourth, 24- hour ambulatory 
BP monitoring and multiple 24- hour urine collection 
were not performed, although we followed guidelines 
to conduct measurements and single 24- hour urine 
collection has been validated.28 Finally, we failed to ob-
serve the effect of using low- sodium salt in cooking, 
but salt- restriction spoons for cooking such as those 
in our study could prevent 183  000 fewer cases of 
cardiovascular diseases and avoid $1.4  billion in the 
annual cardiovascular disease treatment costs across 
China, as indicated by a modeling study.23 Additionally, 
our study included a before- versus- after comparison 
within a single group of people. Though less likely, the 
observed changes could also be attributable to time 
difference.

In sum, our study revealed that a salt- restriction 
spoon could be associated with a reduced salt in-
take that led to the blunting of BP deterioration. This 
finding further strengthens the use of a salt- restriction 
spoon–based strategy for a population in which salt 
intake is mainly derived from homemade cooking 
and supports the use of salt- restriction spoons to the 
National Primary Public Health Services of China for 
hypertension control and prevention. Considering a re-
duction of salt intake within 3 years in this study, the 
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salt- restriction spoon–based strategy could be import-
ant for achieving the World Health Organization goal by 
2025, especially in Chinese people and other popula-
tions with similar dietary cultures.
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Table S1. Effect of salt reduction in different populations within three years. 

 Na+/K+ ratio (mmol/mmol) 

 
At baseline After 3 years 

Changes 

 Difference* % 

Sex     

   Men (n=171) 6.86 (3.26) 4.60 (2.10) –2.25 (-2.79 to -1.71) 21.0  

   Women (n=168) 6.73 (4.19) 4.19 (2.13) –2.55 (-3.21 to -1.89) 19.2  

Baseline age (years)     

   18–29 (n=72) 7.52 (4.43) 4.72 (1.92) –2.81 (-3.85 to -1.77) 21.8  

   30–39 (n=81) 7.35 (3.43) 4.56 (2.47) –2.80 (-3.69 to -1.91) 26.3  

   40–49 (n=64) 6.14 (3.06) 4.31 (1.85) –1.83 (-2.59 to -1.07) 12.8  

   50–59 (n=60) 6.21 (3.87) 4.40 (2.35) –1.82 (-2.96 to -0.68) 6.8  

   60–69 (n=62) 6.52 (3.65) 3.99 (1.98) –2.53 (-3.38 to -1.68) 30.4  

Residence     

   Urban (n=124) 6.25 (4.25) 4.13 (1.99) –2.12 (-2.93 to -1.31) 10.0  

   Rural (n=215) 7.13 (3.39) 4.58 (2.21) –2.55 (-3.03 to -2.07) 25.9  

Education     

   Primary school or lower (n=140) 6.99 (4.21) 4.16 (2.09) –2.83 (-3.55 to -2.11) 26.5 

   Middle school (n=132) 6.67 (3.29) 4.68 (2.25) –1.99 (-2.58 to -1.40) 14.8 

   High school (n=44) 6.73 (3.18) 4.12 (1.45) –2.08 (-3.32 to -0.84) 15.7 

   College or higher (n=23) 6.62 (3.74) 4.54 (2.21) –2.62 (-4.18 to -1.06) 20.8 

Baseline BMI (kg/m2)     

   16.6–24.9 (n=190) 6.66 (3.49) 4.38 (2.14) –2.28 (-2.81 to -1.75) 19.3  

   25.0–29.9 (n=124) 6.30 (3.47) 4.39 (2.18) –1.91 (-2.58 to -1.24) 16.8  

   30.0–37.3 (n=33) 9.42 (4.95) 4.68 (2.07) –4.74 (-6.51 to -2.97) 36.0  



Baseline BP category     

   Normal (n=131) 6.26 (2.89) 4.49 (2.27) –1.77 (-2.37 to -1.17) 14.8  

   High normal (n=136) 6.75 (4.09) 4.38 (2.11) –2.37 (-3.08 to -1.66) 18.7  

   Hypertension (n=72) 7.91 (4.21) 4.33 (1.97) –3.58 (-4.54 to -2.62) 32.3  

Total (N=339) 6.81 (3.74) 4.41 (2.14) –2.39 (-2.61 to -2.17) 20.1 

BMI indicates body mass index; BP, blood pressure. Data are means (standard deviations) 

unless difference indicated by means with 95% confidence intervals. *All Ps < 0.01 for self-

comparisons in each subgroup within three years. %: difference divided by baseline value in 

each person. 

 


